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To Robert Forward, Charles Sheffield, and Hal Clement

They showed a scrupulous respect for the culture, methods, and findings of science, no matter where
theseled.

PART |

RAW MARS

The world will never starve for wonders; but only for want of wonder.
-Gilbert Keith Chesterton

The sun's seethe broke upward, flaring into a fountain of fire. A colossal magnetic arch trembled,
rubbery and snaking with scorching energies. At its very top the lacy magnetic fibers ruptured.



Virulent plasma poured forth, fleeing the star in furious jets. The angry spout curled and spat,
thundering into the vacuum, spreading, whipping into fresh filaments. White-hot, it splashed and
spun. Yet from this violence came structure. Crackling traceries writhed and coiled together.
Bright strands peeled from the outrushing flow. Howling ferocity fought, expanded, and then
cooled asthe billowing plume rose. Lacy arrays came and went as magnetic forces struggled
against the blaring heat of plasma now unleashed. Here and there, fields weaved and knotted.
Order arose in the sprawling, swelling teardrop. Internal wrath dimmed. The plasma gout sped
outward from the parent star, rushing into the realm of planets, bringing stormy funnels,
wriggling and fighting. A red world lay in its path, unshielded, its ancient rock cloaked only by a
thin film of gas. Yet life clung there. Frothing with great, seething energies, the tempest roared
toward it.

1
FIRM, FRIENDLY, POSITIVE

JULIA TURNED HER BEST SIDE toward the camera, athree-quarters shot, and spread her arms.
Okay, maybe a bit theatrical, but she had the backdrop for it.

"Welcometo Earth on Mard" She dways opened firm, friendly, positive. She swept an arm around,
taking in the stubby trees with their odd purple-green leaves, the raked mounds barely sprouting
brownish green patches, and aboveit dl, the shiny curve of the dome, ahundred meters high. Beyond the
dome's ultraviolet screening hung the dark bowl of space. The somber cap was awaysthere, reminding
them of how little atmosphere shielded them.

"We showed you the inflation of the big dome amonth ago, the planting of treesright after-now we have
grass”

Not any breed of grass you've ever seen before, though; it's a genetically modified plant more like
a dwarf bamboo, and technically bamboo isa grass, just a really stiff one, so...

"It be awhile before we can play footbal onit, true. Were pretty sure nothing like grass ever grew on
the surface of ancient Mars, even back in the warm and wet period. So thisprickly little fuzz'-she
stooped to stroke it-"isafird. It'll help along the big job that the microbes are doing down in the ground
dready-breaking up the regalith, making it into red soil.”

Was she sounding strained dready? It was getting harder to strike theright level of enthusasmin her
weekly broadcast to Earthside. She could barely remember the days, decades before, when she had
broadcast severd times aday, sometimes from this same spot. But then, they had been breaking new
ground nearly every day. And betting pools on Earth gave new odds every time they went out in the
rover, for whether they'd come back aive. Usudly about fifty-fifty. The good ol’ days.

She smiled, strolling to her right as Viktor panned the camera. She had to remember her marks and turns,
and to keep out of cameraview the crowd of camp staff watching nearby.

Viktor cdled, "Cut, got sun reflecting inthe lens™
"Whew! Good. Let me memorizeafew lines..."

She was glad for the break. It was getting harder to sound perky. The Consortium people had been
grousing about that lately. But then, they had done so periodically, over the two decades she and Viktor
had been doing their little shows. Media mavens had some respect for The Mars Couple (thetitle of the
Broadway musical about them), but the long shadow of the Consortium, which had backed the 2018



First Landing (the movietitle), wanted to keep them on the air for the worl dwide subscriber base-and
aways pumping the numbers higher, of course. Axelrod, still the head of the Consortium, The Man Who
Sold Mars (the miniseriestitle), and now probably the wedthiest man in the solar system, played
diplomat between them and the execs Earthside. Exploration? Discovery? Y es, they till got to do some.
But asafari that turned up nothing new-like the Olympus Mons fiasco { Climb the Solar System's
Highest Mountain!)-could drive down Consortium shares, send headsrolling a high corporate levels,
and make headlines. So she and Viktor tried not to think too much about the eternal mediaissues. It
never redly helped.

Viktor wasfiddling, changing cameraangle, and here came Andy Lang, trotting over with hisstudied grin.
"Julig, got an ideafor alast shot.”

"What isit?" Shelooked beyond him and saw the two arm wings Andy had brought from Earth the year
before, bright blue monolayer on a carbon strut. "Oh-well, look, we've done your flying stunt three times

dready.”

"I'm thinking just aclosing shot." He gestured up to the top of the dome, over a hundred meters above. "l
come off the top platform, swing around the eucalyptus clump, into Viktor'sfield of view-after you do
your lagt line"

"Ummm." She had to admit they had no good finishing image, and Earthside was away's carping about
that. "You candoit?'

"Been practicing. I've got the timing down." He was a big, muscular guy, an engineering wizard who had
improved their geotherma system enormoudly. And alooker. Axelrod made sure to send them lookers.
After dl, thousands volunteered to work here every year. Why take the ugly ones when the worldwide
audience liked eye candy?

Julialooked up at the ledge platform near the dome peak. Andy's earlier flights had gone around the
dome's outer curve, pleasantly graceful. The eucalyptus stand at the dome's center was her pet project.
Sheingsted on some blue gum trees from her Austrdian home, the forests north of Addlaide. Earthsde
dutifully responded with afunded contest among plant biologiststo find a eucayptus that could withstand
the deeting ultraviolet here. Of course, the dome helped alot; chemists had developed amiracle polymer
that could billow into abroad dome, holding in nearly afull Earth atmosphere, and yet also subtract alot
of the UV from sunlight-al without editing away the middle spectrum needed for plant growth.

The blue gums were adarker hue, but they grew rapidly in the Martian regolith. Of course she had to
prepare the sail, in joyful days spent spading in the humusthey had processed from their own wastes.
The French called it eau de fumier, spirit of manure, and chronicled every centimeter of blue gum
growth. She'd sprouted the seeds and nurtured the tiny seedlings fiercely. Once planted, their white flanks
had grown astonishingly fast. Their leaves hung down, minimizing their exposure to the resdud hard
ultraviolet that got through the domeé'sfiltering skin. But their trunks were spindly, with odd limbs sticking
out like awkward elbows-yet more evidence that bringing life to Mars was not going to be easy.

She consdered. Andy was amediahit with the ladies Earthside, if perhaps abit of acamerahog. She
had been giving him dl the airtime he wanted lately, glad to off-load the work. "Okay, get on up there."

She checked the timing with Viktor while Andy shimmied up the climbing rope to the pesk of the dome
and its platform, the big arm wings strapped to his back making him look like a gigantic moth. They
moved location so that Andy would be shielded from Viktor's view until he came around the clump of
whitebark eucalyptus trunks as Viktor panned upward from her concluding shot.

In afew minutes more they were ready to go. Juliawondered if she could ease out of thisjob atogether,



letting Andy the Hunk take most of it. She made a menta note to tactfully broach the subject with
Axdrod.

"Pogtiong!" Viktor caled. Andy nodded from the platform, wingsin place. "On," Viktor sad.

Without thinking about it Juliahit the same marker where she had |eft off. ™Y ou can't imagine how thrilling
itisto walk on Martian grass, without a space suit, bresthing air that smélls.... well, | wont lie, till pretty
dusty. But better, yes. To think that we used to test the rocks here for signs of water deposition! Once
the raw frontier, now apark. Progress.”

Of course, the hard part was turning regolith rocks and sand into topsoil, but that's booooring,
yes. Earthside had devel oped somefierce strains of bacteriathat could break down al comers-old
running shoes, hardbound books, insulation, packing buffers-into rich black loam amost as you watched.

She ducked as awhite shape hurtled by, narrowly missng her head. "Chicken dert!" she said lightly,
gesturing toward it with her head. It squawked and flapped, turning like a feathered blimp with wings.
"Who would have thought chickens could have so much fun up here, in thelow gravity? They find it far
easier to fly here than on Earth. Of course, we brought them here so we could have fresh eggs, and they
do lay, so we predicted that part correctly. But we don't dways know everything that's going to happen
inabiologica experiment. Thisisthe Mars verson of the chicken and egg problem.”

Viktor smiled dutifully; they'd shared thislittle joke before. The Earthside producer would more probably
wince. Okay, back to the script.

She waved a hand to her right, and Viktor followed the gesture with the camera, bringing in the view of
the dopes and hillsin the distance, beyond the green lances of the eucayptus limbs. The dopes were till
rusty red in the afternoon light, far beyond the dome that doped down to its curved tie-down wall eighty
meters away. They stood out nicely with the green eucalyptus foreground. The other trees-ranging from
drought- and cold-resistant shrubs from Tasmaniato hardy high-atitude species-dmost made a
convincing forest. The"grass' wasredly amixture of mosses, lichens, and smdl tundra species, too. A
big favorite of the staff was "vegetable sheep,” soft, pae clumps from New Zedand's high country.
Convincing to the visud audience-a golf course on Mars! -but aso able to survive acold Martian night
and even a sudden pressure drop. The toughest stuff from Earth, made still more rugged with

bioenginesring.

Axdrod had inssted on the visuds. Make it look Earthy, yes. She had worked for years to make the
inflated domes support life, and there was till plenty to do. Making the raw regolith swarm with
microbes to build soil, coaxing lichens onto the boulders used to help anchor the dome floorsin place,

being sure the roots of the first shrubs could survive the cold and prickly akainedirt... Years, yes,
grubbing and figuring and trying everything she could muster. For abeginning.

Pay attention! You're on-Camera, and Viktor hates to reshoot.

"Ah, one of my faves..." She altered course to pass by abaobab- atal, fat, tubular tree from Western
Audrdia, with only afew thin, spidery limbs sprouting from itstop, like anearly bald man. Early stlers
had used them for food storage, take shelter, evenjail cells. On Marsthey grew spectacularly fagt, like
eucayptus, and nobody knew why. Aussie plants generdly did better here, from the early greenhouse
daysof thefirst landing onward. Maybe, the biologist in her said, this came from the low-energy biology
of Augtrdia. The continent had skated across the Pacific, its mountains getting worn down, minerals
depleted, rainfal lessening, and life had been forced to adapt. A hundred million years of life getting by
with lessand less... much like Mars.

"For those of you who've loyaly stuck with us through these- wow!-twenty-two years, | say thanks.



Sometimes| think that thisisall adream, and dayslike this proveit. Grasson Mars! Or-" She grinned,
tilting her head up abit to let the filtered sunlight play on her gtill-dark hair, using the only line she had
prepared for this'cast. "Another way to say it, | started out with nothing and still have most of it left. Out
there-inwild Mars”

Not that this little patch is so domesticated. It's how we find out if raw regolith can become true
soil, and what will grow well here.

"Already, there are environmenta groupstrying to preserve origind, ancient Marsfrom usinvaders™” She
chuckled. "If Marswere just bare stone and dugt, I'd laugh-1 never did believe that rocks have rights. But
sncethereslife here, they have apoint.”

Thiswasjust editorid patter, of course, while Viktor followed her on the walk toward the fountain. It
tinkled and splashed in the foreground while she approached, Viktor shooting from behind her, so the
cameralooked through the trees, on through the clear dome wallsto the dusty red landscape beyond. "I
liketo gaze out, so that | can imagine what Marswaslikeinits early days, ahospitable planet.” She
turned, spread her handsin self-mockery. " Okay, we now know from fossils that there were no redlly big
trees-nothing larger than abush, in fact. But | can dream...”

She smiled and tried not to make it look calculated. After aquarter century of peering into camera snouts
she had some media savvy. Still, she and Viktor thought in terms of, If we do this, people will like it.
That had been asteadier guide through the decades than taking the advice about exploring Mars from the
Earthsde media execs of the Consortium, whose soleideawas, If we do this, we'll maximize our
global audience share, get ideas for new product lines, and/or optimize near-term profitability.

She paused beside the splashing fountain. She plucked up a cup they had planted there, and drank from
it. "On Earth you can drink dl the water you want and |eave the tap on between cupfuls. Here, nobody
does." She amiled and walked on. "Y ou've seen this before, but imagineif it were the only fountain you'd
seen in aquarter century. That'swhy | come here to read, meditate, think. That-and our newest
wonder..."

Let them wait. She had learned that trick early on. Mars couldn't be chopped up into five-second
"image bites' and leave any lagting impression. She circled around the constant-cam that fed aview to
Earthsgde for the market that wanted to have the Martian day asawall or window in their homes. She
knew this view sold especialy wdl in the cramped rooms of Chinaand India. It wasasolid but subtle
advertisement.

Crowded? Here's a whole world, only a few dozen people on it-well, actually, about ten dozen-and
it has the same land area as Earth. A different world entirely.

Thingswere different, al right. The dome was grest, the biggest of severd, afull 150 meterstal. It would
have been far more useful in the first years, when they il lived in gpartment-sized habs. Now her
pressure suit was supple, moving fluidly over her body as she walked and stooped. Thefirst expedition
suitswere the best of their era, but they still made you asflexible as abarely oiled Tin Man, as dextrous
asabear in mittens. The old helmets misted over unless you remembered to swab the insde with
ordinary dish soap. And the catheters had always been irksome, especidly for women; now they fit
beautifully.

Outside, the wind whistled softly around the dome walls. Another reason she enjoyed the big dome-the
sghing winds. Sounds didn't carry well in Mars thin atmosphere, and the habs were so insulated they
were cut off from any outdoor noise.

The grass ended, and she crunched over dightly processed regolith. Lichens could bresk the rock down,



but they took time-lots of it. So they'd taken shortcuts to make an ersatz soil. They mixed Martian dust
and small gravel-sized rock bitswith alot of their organic waste, spaded in over decades-everything from
kitchen leftoversto dightly cleaned excrement. Add compost-starter bacteria, keep moist, and wait. And
hope. Microbes liked free carbon, using it with water to frame el @borate molecules. She and Viktor had
doled it out for years under thefirst, small dome before even trying to grow anything. The Book of
Genesisgot it dl donein six days, but mere humanstook longer.

She hit the marker they had laid out-arock-and turned, pointing off-camera. "And now-ta'daah! -we
have asurprise. Thefirg Martian swimming pool.”

Okay, no swimming poolsin Genesis-but it's a step.

"I'm going for my first swvim-now." She shucked off her blue jumpsuit to reved ared bikini. Her aamsand
legs were muscular, breasts midsize, skin pae, not too many wrinkles. Not redly ababe, no, but she il
got mash notes from middle-aged guys, somehow |esking through the emall filters.

Hey, we're looking for market share here! She grinned, turned, and dove into the lapping clear water.
Surfaced, gasped-she wasn't faking, thisrealy was her first swim in aquarter century-and laughed with
sheer pleasure (not in the script). Went into a breaststroke, fegling the tug and flex of muscle, and
something inexpressible and smple burst in her. Fun, yes-not nearly enough fun on Mars.

Or water. They had moved from the origina base camp about elghteen years before. Once Earthside
had shipped enough gear to build ared water-retrieva system, and abig nuke generator to runit, there
seemed no point in not moving the hab and other structures-mostly light and portable-to theice hills.

Marswas in some ways an upside-down world. On Earth one would look for water in the low spots,
stream channdls. Herein Gusev water lay waiting in the hilly hummocks, termed by geologists "pingos.”
When water froze beneath blown dugt, it thrust up asit expanded, making low hills of afew hundred
meters. She recaled how Marc and Raoul had found thefirst ice, their drill bit steaming asice sublimed
into fog. Now Marc was abig vid star and Raoul ran Axerod's solar energy grid on the moon. Time...

She stopped at the pool edge, flipped out, and sprang to her feet- thanks, 0.38 g! "Thefirg swimon
Mars, and you saw it." Planned this shot a year ago, when | ordered the bikini. She donned ablue
terry-cloth bathrobe; the dryness made the air fed decidedly chilly. "In case you're wondering, sSvimming
doesn't fed any different here. That's because the water you displace makes you float-we're mostly made
of water, so the effect compensates. It doesn't matter much what theloca gravity is.”

Okay, slipped in some science while their guard was down.

"Behind al thisis our improved water-harvesting system.” She pointed out the dome walls, where pipes
stretched away toward asquat inflated building. ""Robotic, nuclear-powered. It warms up the giant ice
sheets below us, pumps water to the surface. Took nine yearsto build- whoosh! Thank you, engineers.”

What did the water mean? She envisioned life on atiny fraction of Marswith plentiful water-no longer a
cold, dusty desert. Under a pressurized dome the greenhouse effect raised the temperature to something
livable. Link domes, blow up bigger ones, and you have acolony. They could grow crops big-time. Red
Kansss...

A gout of steam hissed from arelease vaue, wreathing her in amoigt, rotten-egg smell. Andy had put the
finishing touches on the deep thermd system, spreading the upwe ling steam and hot water into apipe
system two meters below the dome floor. Their nuke generators ran the system, but most of the energy
camefor free from the magma lode kilometers below. Once the geologists-"areologists' when on Mars,
the purists said-had drilled clean through the pingos and reached the magma, the upwelling heat melted



theicelayers. Ducted upward, it made possible the eight domesthey now ran, rich in moist air. Soon
they would gtart linking them dl. She amiled as she thought about strolling aong tredined wakways from
dome to dome, across windblown ripe wheat fields, no helmet or suit. Birds warbling, rabbits scurrying in
the bushes.

Inthefirst yearstheir diet had been vegetarian. It made senseto eat plant protein directly, rather than
lose 90 percent of the energy by passing it through an anima first. But from thefirst four rabbits shipped
out they now had hundreds, and relished dinner on "meset nights." They'd have one tonight, after this
mediashow.

"So that'sit-life on Mars gets a bit better. We're still spending most of our research effort on the
Marsmat-the biggest conceptua problem in biology, we think. We just got anew crew to help. And
pretty soon, on the big nuke rocket due in aweek, well get alot more gear and supplies. Onward!™

She grinned, waved-and Viktor caled, "Isdone.”

She had waited long enough. She shucked off the bathrobe and tossed the wireless mike on top of the
heap.

"Amdill running.”

"Check it for editing,” she said quickly. "I'm going to splash.” She dove into the pool again. Grinning,
Viktor caught it in dow-mo.

Juliarolled over onto her back and took afew luxurious strokes. She caught Andy's kick off the platform
and watched him swoop gracefully around the dome. It was il abit of athrill to see. They kept the
dome at high pressure to support it, which added more lift for Andy. He kept hiswings canted against the
thermal s that rose from the warm floor, camera-savvy, grinning relentlesdy.

Even with the lower gravity and higher air density, Viktor and Julia had been skeptical that it could work.
But Axelrod and the Consortium Board had loved the ides, seeing tourism as along-term potentia
market.

And Andy did look great, obvioudy having alot of fun, his handsome legsforming anest line as he arced
above. Herotated hisarms, mimicking the motion birds makein flight, pumping thrust into his orbit. His
turn sharpened into asmdler circle, coming swiftly around the steepled bulk of the big eucalyptus. His
wings pitched to drive him inward, and wind rippled his hair. Juliawatched Viktor follow the accelerating
curve with the camera, bright wings sharp againgt the dark sky. Good Stuff.

But he was cutting it closeto the tree, till far up its dope. The Consortium Board had chosen Andy both
for hisengineering skillsand for this grinning, show-off persondity, just the thing to perk up their audience
numbers.

His T-shirt flapped, and he turned in closer till. Shelost sight of him behind the eucayptus, and when he
came within view again, there seemed to be no separation at al between his body and the tree. Ahead of
him alimb stuck out abit farther than the rest. He saw it and turned his right wing to push out, away, and
the wing hit the limb. For an ingtant it looked as though he would bank down and away from the glancing
brush. But the wing caught on the branch.

It ripped, showing light where the monolayer split away from the brace. Impact united with the changein
flow patterns around hisbody. Thethin line of light grew and seemed to turn Andy's body on apivot,

spinning him.



The eucalyptus wrenched sideways. It was thin, and the collision jerked.

Hefought to bring the wing into a plane with hisleft arm, but the pitch was too much. Juliagasped as his
right arm frantically pumped for leverage it did not have. The moment froze, dowed-and then he was
tumbling in ar, away from thetree, falling, gathering speed.

The tree toppled, too.

In the low gravity the plunge seemed to take long moments. All the way down he fought to get air under
his remaining wing. The right wing flapped and rattled and kept him off-kilter. His efforts brought his head
down, and when he hit in the rocks near the poal, the skull struck first.

The smack was horrible. She cried out in the silence.
Andy had not uttered a sound on the way down.

2

BOOT HILL

Thetraditiona dune buggy with the shrouded body crawled dowly up the smdl hill. Footprints had made
the entire area smooth, and the cortege followed awell-worn path. The stone cairn, which they'd erected
twenty years ago when the first mission landed, had had many visitors. Also by tradition, the buria would
belatein the day. Boot Hill looked out over thered and pink and brown wilderness of Mars. With the
domes of the colony in the distance the mourners were reminded of the strangeness of their new world
and surrounded with the beauty of aMars sunset. It was afitting send-off to afellow explorer and served
somehow to lessen therr grief.

Juliawd | remembered that small party of five who'd established the graveyard with the moundsfor Lee
Chen and Gerda Braun. Today there were twelve mounds and ten times as many mourners. Every time
they did thistheline was longer.

We lost Alexev in afall, Sheila Cabbot in an electrical failure. And, of course, two aerobraking
tragedies. Andy is the thirteenth.

Over the years they'd added far more graves than Julia had ever wanted to see, and had to expand the
original boundary circle of rocks savera times. None lost to disease yet. All accidents. She reached the
top of the hill and scanned back aong the line of suited figures trudging up the rise. The newcomers were
easy to pick out, sumbling dightly in an uncertain rhythm. The efficient "Mars gait” took abit of timeto
master. Also, the harsh redlity of Marswas likely hitting them full force for thefirst time. The younger
ones tended to babble in times of stress. The chatter in the suit mikes was unsettling; she switched hers
off.

Someone Juliadidn't immediately recognize was scanning asmall vid around the scene. Most everything
they did was recorded; she should have been used to it by now. But she still chafed under the watchful
lenseyes. It seemed like an intrusion here, just to make afleeting news item Earthside. But then, Andy
had loved the spotlight. He wouldn't mind.

Shelooked carefully at the figure holding the vid. Still no recognition.

Weve really grown; | used to know everyone instantly, just by gait and size. Usually without
looking at their suit markings. Hope this guy is new, and not someone |I've forgotten.

Viktor jogged her arm, and she turned back to the ceremony.



Sheleaned over and touched her hdmet to his. "Who's the guy with the vid? s he new?"
"Didier Rabette. From machine shop. Here two years dready.”

One of the geologists was alay preacher, and she'd volunteered to officiate. That, too, was new; they
wereredly beginning to specidize. Progress.

The ceremony was brief but effective. Julia thought suddenly about navy seaburias. Regrets, but the
mission must continue.

She let the bulk of the crowd leave, stung anew by the suddenness of death. She never got used toit:
how someone you'd just talked to, or someone who had aways been there, was now gone. She still held
interna conversations with her parents, although both were gone. Her father had dowly declined from
one of the newly emerging killer vird diseases, the zoonosis class that migrated from animasto humans,
fresh out of the African cauldron. It was redly no surprise when he died. But her mother's desth had
been sudden: abrief respiratory illness, one of the "new" flusthat roamed the crowded Earth, and she
was gonein lessthan aweek. From "doing fine" to "done for" in just over twenty-four hours, actualy.

Juliaredized that even if shedd not been 50 million miles away, shelikely would not have rushed to her
mother's bedside, because the course of the disease had been so ambiguous, the decline so sudden. At
least, she thought ruefully, it hel ped assuage her guilt alittle. But now Andy-plucked fromthemina
heartbeat. Asabiologist she understood intellectudly that evolution requires degth; if dl the origind forms
were gtill around, there would be no room for the new ones. But emotiondly it was very hard to
understand.

Afterward, on the way down, she was surprised by how large the colony looked. In the gathering dark,
lights twinkled in the distance, stirred by the dusty breeze. "Mars City" was beginning to take shape.

3
THE MARS EFFECT

"We MUST meet WITH the new ones,” Viktor said crisply the next morning over bregkfast in the
compact cafeteria. "First thing today."

They were sitting at their usud table, and nobody in the crew sat with them, by tradition. They werethe
founders, after dl. Juliasometimes waved some of them over, but usualy she and Viktor wanted privacy.
It reminded them of the early years, when the two of them had had Marsto themsalves. No onewithin
50 million miles. They'd staved off the lurking fears of abandonment and ever-present danger by creating
their own private redlity. By focusing closdly they became the whole world to each other.

Asthey had comeinto the cafeteria, the audio switched to some gospel music, an unusua choicefor her,
but it fitted her current mood. " Trouble of This World" by Bill Landford rang gracefully amid the clatter of
breakfast.

In the two days since Andy's death anumb, gray pall had descended. Juliaand Viktor had taken full
responsibility, and meant it. The Consortium Board, meseting in emergency session, had rejected that
explanation. Andy had flown inside the dome over a hundred times. Hang-glider enthusiasts around the
world had endlesdy rerun the pictures of Andy'stight glide, and they emerged with a consensus. he had
cut the margin too fine. Andy had never flown that tight a circle around the eucayptus before. He had

smply migudged.
The vast Martian subscription audience felt the same. There had been the usud abrasive commentary,



asking whether Juliaand Viktor had smply lost their judgment from the long years of running the Gusev
Mars Outpost, but that was so expected that nobody paid attention.

Not that any of it helped Juliaand Viktor. They did fedl responsible, and no media mavens could change
that. "Trouble of ThisWorld" mournfully underlined their mood. Juliasipped coffee and let her doubts
well up within. It was better to let the fedings wash over her and live in them fully, knowing they would

pass.

They had found long before that music knitted together the small community here, made it seem less
isolated from humanity. The occasiond disputes over what to play-the opera buffs thought Wagner for
breakfast was fine-wereworth it. Today it certainly helped to hear a chorus singing quiet spirituas over
the breakfast clatter.

She said nothing and gazed out the big window. Their table commanded its view, taking in the big new
dometo theleft, and beyond it the dozens of lesser domes, habs, Quonset huts and labs and depots. Al
with sandbags atop to shield againgt the solar wind and cosmic raysthat deeted down here eterndly.
Tracks crosshatched the whole area, and color-coded, suited figures moved everywhere in pressure
uits.

Ugly, she had to admit. Immediately shelooked beyond the bustling colony. Therelay beauty. Theroll of
dark hills acrossthe crater floor blended into the bright talus dopes that swept up into the craggy crater
walls. A kilometer up, the rocky edges of the crater blended into a pink-brown sky that quickly faded
into black. She never quite got used to that sky-blacker than ebony and holding a sun hard and bright
againg the dim backdrop of stars.

Raw Mars, gill out there.

She got homesick, of course, often triggered by the similar desert landscapes here. On summersin her
girlhood her family had returned to asmall town of one thousand in The Mallee region of north Victoria
There were unending games with the kids of the town, flitting among the blue gum trees along the shaded
billabongs. The dry heat had seemed to swarm up into her nogtrils like afriend, welcoming her back into
carefree summer.

There was cracker night, with fireworks shooting off in backyards and the town square. The dads drank
XXXX beer and lit fuses with glee. Dogs hid whimpering under beds, and crowds oohed a bursting
dars. The best part was the scary moments when something went wrong. Once her father somehow set
fireto an old dunny in the yard, and the heavy stench of old dung came rising out of the pit when they
hosed it down.

Her grandest adventure, carried out against the fearsome warnings of the boys, had been the Great
Ascent of thegrain silo. Sheld waited until nobody was about in the late afternoon, and the door stood
gar at the base of the empty, echoing 120-foot concrete tower. There was only pale wheat dust inside,
awaiting the harvest, but as she went up the narrow ladder with no rail, the dust made the rungs dippery.

When she reached the first landing, her right foot dipped on the dick dust and she fell to one knee,
snatching at the step and barely holding on. That deserved a pause, but the light was fading insde, so she
started up the next ladder, and without pause the next. The greet cylinder above seemed infinite, and the
six ladderstook her at last to a narrow platform that capped the roof. She peered out across the
chesshoard fields and to the east sighted the next silo, gleaming crimson in the sunset. To the west was
the next slo, and sheimagined them marching al the way to the vast Nullarbor, the null-arbor land of no
treesthat stretched afull thousand miles.

Then shelooked down. Her younger brother, Bill, waved up a her. He must have followed when she



snesked away. He was right below, staring up. He made his ghoul face, eyeswild. She spat abig
gob-her mouth was dusty-and watched it dwindle away, skating on the breeze. He danced away,
laughing. She was amazed, in her last long glance about, at how her feding for the land changed just by
getting aboveit. For the first time she sensed herself asatiny creature on agreat turning sphere benesth a
forgiving dar.

Back indde, on the way down, she dipped again and hung on with one hand. Somehow, though her heart
thumped, she did not fed fear. When she got home, her brother told on her and they both got a spanking,
her for the climbing and hefor telling. But worth it, oh yes...

Back to business. "Sorry, you were saying..."

"We must meet with new people,” Viktor said.

She sighed. "'l suppose s0."

He grasped her hand and squeezed. " Andy would not want the work to stop.”

"Um. Earthsde wanted-"

"Forget Earth."”

"I've got adesk of work to do-"

"Will wait."

Sherecdlled the schedule. Always the schedule. "L ook, weve only got aday |eft before-"

"I know, excurson." Hisface split with the familiar warm grin. "Weve got descent scheduled at that new
vent, Ste C4."

"And it'staken usamonth to arrangeit.”
"To overcome Consortium rules, you mean.”

"It'slike they don't want us-you and me-to ever go out again." She durped up some coffee without taking
her eyesfrom the view. His magic was working. She was getting back into life.

He shrugged, and hisdight smile crinkled at the edges, joining the spidery linesthat now laced down from
hiseyes. "We are too famousto lose.”

"So we haveto st indde forever ?"

Viktor'sdightly lifted eyebrows reminded her that he knew well the edge in her voice. She could see him
carefully look into her eyes and use the old tricks. "We not let them do this.”

"They can't ship us back.” After decades at 0.38 g, returning to Earth would be agony. Or maybe worse.
Nobody knew the long-term effects of returning, whether the stress to the body could ever be
compensated.

Viktor nodded. "Is advantage, in away. We can't go home, so we sit here.”
She snorted. "Museum exhibits.”

"Axelrod sent message, said to talk to the new onesright away. Especidly this'-he consulted a scribbled



note-"Praknor person.”

"Come on, he can't set schedules from the moon; we got away from that years ago.”

"Said wasimportant,” Viktor went on stolidly, his hedgehog maneuver she knew so well.

"We had the usua welcoming ceremony, made them Martians, the water ritua, the reception-"
"I think ismogtly paliticd"-for Viktor thiswasthe ultimate criticism-"and we mug.”

"L et them look around while were gone. It'll savetimeif they have afed for-"

"Mug."

"Um"

"Must." Viktor wasright, of course. She remembered the videographer she hadn't recognized at the
funerd; was she out of touch?

So right after breskfast they met with one Sandra Praknor-efficient, neat, intent, with a hawklike look to
her. She was a science manager, her dossier said, afield that had risen to prominence recently. Research
had gotten so complex back Earthside that awhole layer had grown to mediate between the actua
researchers and the resources they needed-computationa, smulations, dataanayss, and most of al the
atificid desgninteligences.

Science manager? She was aready overseeing the colony's extensive research program. It made sense
for that job to be on-site rather than at the Consortium. Paperwork was boring, even though it was al
digitd and Earthsde-Al-assisted, but overdl, the job was enjoyable; it let her vicarioudy experience dl
the studies going on, folded in with the huge Earthside effort. Even if they didn't get to go on al the
expeditions themsealves, she thought ruefully. Viktor was right: there was increasing res stance Earthsde
and on themoon to their engaging in "risky™ behavior.

She had sardonically observed, reading the dossier, "' Praknor has a 'cross-science degree-what's that?"

In person it was even harder to tell what areas Praknor knew. The Consortium had hired her away from
amgor lab, and she had a crisp, executive style. She opened with remarks about Andy, condolences,
and hopesthat the death did not compromise the future of exploration.

Juliacarefully put aside her emotions. She focused on Praknor's face, trying to read it but getting
nowhere. Midlength dark hair, rather mannishly cut; the expression in the eyestoo solid for ayounger
person; an open face that told nothing. As Julia opened her mouth to speak, Praknor threw her hair
back. It flounced in thelight gravity, reminding Julia.of dl theirritating blondes she had competed with in
schoal. Julias hair didn't work well that way, too fine, and the gesture dlone still set her teeth on edge.

She made hersdlf focus on Praknor's manner, trying to read it. In her previousjob this woman must have
been used to ordering the scientists around. She had a certain manageria blandness. No tics, no
nervousness, just resolve. She wondered if Praknor could be caught off-guard. And where was her
enthusasm?

"Weve had twelve degths,” Viktor said smply. "That did not dow us."

Praknor nodded and then went on and made the expected complimentary remarks. She mentioned how
she had as ateenager set out to go into exobiology, afield that came of age with their discovery of the
Marsmat. "I hopethat will help meimprove the program here," she concluded.



Viktor said warily, "Improve how?"

She gave them athin smile. "Chairman Axelrod hired me persondly. He wants me to impress upon you
the necessity to find products for export. We of the Consortium cannot depend upon our product lines
and the research investment of 1SA to sustain us here indefinitely.”

To Juliathis was transparently a prepared speech, and Viktor's dow blink told her that he thought so,
too. "Such as?"

Praknor smiled again, or rather the mouth did; the eyes stayed the same. "'Y our Marsmat foods
idea-well, it hasn't panned out."

"Does not taste good,” Viktor said. "And was Earthsde idea, not ours.”

"l sent those samples back for scientific purposes,” Juliasaid evenly. "Not for Axelrod to start a product

line
"Well, | wasn't with the Consortium then,” Praknor said, opening her |gptop date and consulting it.

She went into another carefully phrased opening statement about the need for al levels of the Consortium
to cooperate in developing new "revenue avenues." At this point Juliatuned her ouit.

Mars had some resources, but few that were worth shipping to Earth. Thefirgt hit was some "Mars
jewels' they found in the volcanic layers dotted around Gusev Crater. Pae, with mysterious violet motes
embedded in milky teardrops, they commanded huge pricesfor afew seasons. Some flecked
sulfur-laden stoneslater became fashionable. The perennid sdllerswere the "blueberries’ the'04 rovers
found, just hematite-but Martian hematite, so worth athousand bucks agram. Still, novelty only lasts so

long.

Viktor had thought of another sddline, one that Axelrod liked especidly. He had systematically rounded
up al the parachutes that had dowed the dozens of landers, rovers, and provisions carriersthat had
landed in Gusev over severd decades, ever sncethefirst one at Christmas, 2003. The silky parachutes
were seared by ultraviolet and solar wind particles, dirtied with red dust-and made grand T-shirtsfor the
fashionistas on Earth.

Later, Axelrod cut adea with several governments and made an even grester profit by returning to Earth
the original rovers and landers still stlanding on the surface. These went to museums and private
collectors. "Think of it as being able to buy the Nifia, the Pinta, or the Santa Maria," went one of the
glossy upscae brochures.

Some lesser billionaires had bought heat shields and other pieces discarded in the era of automated
exploration. Apparently they made handsome "found techno-art” displaysin the entrance foyers of big
corporations. Then Axelrod sold off the Origina Four's actua pressure suits, their houseware ("Dine as
they did!"™), even their worn-out flight jackets, T-shirts, and jeans. Raoul had reported in aletter that at a
cocktal party reception aman had come up to him and proudly pointed out that he was wearing the very
loafersthat Raoul had used in the hab. They did not go well with the tux he was wearing, but the man
didn't seemto care.

Juliakept her distance as much as possible. At first she had been cheerful about the whole
commercialization thing, but Axelrod's relentless marketing wore her down. Even hundreds of millions of
kilometers away, it got to her. She clearly recaled unwrapping supply drone packages and finding plastic
supermuscled action figures that bore caricatures of her and Viktor's faces. Then there was the movie,
miscast and scripted by writers who mostly knew four-letter words but no science. The animation series



had been no better. Juliarecaled al that in aflash, sudying Praknor's assured manner, and wondered
what would come next.

"The jewesare il asteady item, but my main effort will be to supervise more sudieson the..." Here
Praknor dowed, eyesflicking from Viktor to her date, and Julia knew what she was going to say.

"Mars Effect,” Juliafinished for her.
"Uh, yes, |-"

"Doesnot exist," Viktor said.

"Our data"

"Comesfrom good hedthy lifestyle," Viktor said, following the line they had agreed on. "Plenty work,
exercise, light diet, clean air. Also, we were picked because of good hedlth and physica condition. Plus
snats”

Praknor said, "For years there was excess hydrogen sulfide in the agro domes where you two worked.”
Viktor dismissed thiswith awave of hishand. "All filtered out now."

"Beforeits effects were properly sudied,” Praknor said exactly, "in coordinated trials."

"Stunk, wasits effect,” Viktor said.

"Y ou're not suggesting that hydrogen sulfide confers a health benefit, are you?' Juliaasked. Her first
experience of high school chemistry had been an experiment that made those rotten-egg fumes. Sheld
laundered her clothes every day, in the first dome years, to get the stink out.

"Something must explain your extraordinary longevity, as confirmed againin last year's Maxfield Index
Sudy.”

"That index has ahuge variance," Juliasaid to buy time.

"Itisuniversaly recognized asardiableindicator of expected longevity," Praknor said primly. ™Y ou two
have congstently scored very high in"-Praknor began ticking off itemson her fingers-"reflexes,
physiochem, metabolic rate, endurance, comprehens on speed, pre-cancer indicators-"

"All normalized to Earth,” Viktor said. "And for large samples. Hereis sample of two."

"Mr. Axerod fedsit isapowerful indicator. So do alot of other specidists. Y our bodies are not
showing the sag and weakening of the genera population-"

"Lower gravity,” Juliasad.

"-and I'm sure you aren't dyeing your hair." To their puzzled looks she said, "No gray. That certainly isnt
dueto mechanical effects.”

"Genetics," sad dulia. "In my family we don't get gray until werein our eighties.” Sheturned to Viktor.
"Wheat about you?'

He shrugged, acarefully blank expression on hisface.

Undaunted, Praknor showed them on her date acomplex, three-dimensiona data contour map. It wasa



tall hill, color-coded so that at the crown ayelow-green spot marked out the Mars sample range. "You
two, exposed to higher radiation doses and ultraviolet for over two decades, are doing better than 99
percent of the globa population.”

"Mog of that populationisstarvingin Asa" Viktor said conversationaly.
"Comparison with the Euros shows the same," Praknor shot back.
"Toorich diet, too little exercise" Viktor countered mildly.

"Look," Juliasaid, equaly mildly, "Axelrod has been pushing thisidea hard for, what, Sx, eight years? So
he can sl berths and luxury suitesin hisMars-Orb."

"Sdles prompted by your own results,” Praknor said, visibly not letting herself get roused. " Starting with
the tests eleven years ago.”

They had been shrugging off thisissuefor years. It had seemed just another of the Earthside fads that ran
for months and then faded. But now in Praknor's firmly set jaw Juliacould seetrouble.

Theworst vigtorsto Mars by far had been the Med Study Team, which had arrived al enthused with
testing and "optimizing" the physica conditioning effectson Mars. Thiswasin the days when Earthsde
still thought 0.38 g was bound to cause physiological damage-a holdover from the NASA programs that
had endlesdy obsessed over zero g, without ever doing centrifuga-gravity tests. The Med Study Team
brought with them stationary bikes, with which they hosted "spinning” competitions, and talked up how
much they were dl going to learn about the Mars Effect. That avful two years climaxed in agroup
"gpinning climb” called Mt. Everest Week. Everybody in base (alucky few were out on an extended
foray for samples, and spared) gathered in the dining area, which sported Tibetan prayer flagsand
burning candles. (The effrontery of burning anything on an oxygen-starved world hadn't occurred to the
Med Study Team, of course.) The big screen showed the redl Everest views, tracing their imaginary
progress with little flags on aninset map. They al pedded furioudy, swegting, spinning, and the Med
Study Team made measurements. They were supposed to be making an interna journey, whileliteraly
going nowhere. A team member dumped dry iceinto buckets of water to smulate Himalayan mists asthe
team leader announced after four hours that they were "ascending” the peak.

Viktor got therefirst. Everyonein the team took this as clear proof of the Mars Effect. Juliatook it as
adaptation, no more. But with Viktor's victory she had enough clout to do something. The team wanted
to stay, but she and Viktor used their immense leverage in Earthsde mediato legk thair irritation. They
sad they could study any Mars Effect on their own, thank you. The Consortium staled only abit. The
Med Study Team went back to Earth on the next boost, and she had never been so glad to see the back
of anyonein her life.

The Mars Effect talk had surfaced repegtedly after that. True enough, the physical exams showed that
sheand Viktor were not losing their resilience. The aging Earthside population in the advanced nations
had driven ahuge industry devoted to prolonging life spans, and their diagnostics now had great
predictive value. The battery of tests could warn aging managers when to retire, how to optimize their
remaining years, even what genetic markersforetold about their probable desth modes.

So the "Mars Effect” had emerged as she and Viktor stood up well in the tests, capturing yet more media
attention. Axelrod had seen aprofit awaiting and began his orbita retirement resorts. After dl, the man
had built himsdf into amulti-billionaire from mediaempires and red estate. Without him thefirs Mars
expedition would probably never have happened. After NASA's big blowup on the Canaverd pad
Axelrod had seen opportunity where others saw only disaster. He had put together the bones of the
Consortium, coaxed money from dozens of lesser hillionaires, and used leveragein the U.S. Senateto



make NASA e off their useless surplus-since, as everyone knew, NASA wasn't going to Mars,
ayway.

For such aman, setting the orbital hedlth resorts centrifugal gravity exactly at 0.38 g, plus advertisng
them with vids of Juliaand Viktor bounding in joyous, long steps over the Martian plains-well, that was
just marketing. It settled the Mars Effect into the collective mind. She dmost regretted making those
videos. Almogt; it had been great fun, especidly in their first mad romps without suitsingdethefirst are
odomes.

"The Mars Sat isthe most profitable sector of al Mr. Axelrod'sinnovations,” Praknor recited. "Further
testswould strengthen our advertisng campaign even more.”

"So how many rich folks bolshoi retreats has he now in Earth orbit?" Viktor asked mildly. Hetried to be
blissfully uninformed of metters commercid.

"Seven. | am hereto increase that number by nailing down the physiologica studies, and...”
She had caught Viktor'swary look, eyelids lowering. "And to ask if you would bea... donor."
Therewas along hush in the smal conference room. " Of?* Juliaasked into the sllence.

"Mr. Axdrod ordered amarket survey for new Mars products. The number oneitem, wildly popular in
trials, was ... poerm donation.”

Juliaand Viktor blinked together. At last Viktor said, "From? For?'
"Weve had some offers from the, uh, Founder's Movement."”

Juliacould not suppress her laugh any longer. It cameralling out in her old brassy Aussie style, aroaring
bark that rattled the room and only ebbed into acackle as her air ran out. "That's the ot that want ‘genes
from the best and brightest, right?"

"Yes." Praknor apparently did not think thiswas amusing, because, of coursg, it did involve money.
Juliasad, "And Viktor's gotten some offers?"

Praknor said, "Indeed. Some as high as $50 million."

"Doesthat include cost of shipping?’

Praknor did not get it. "Y es. Frozen-"

Viktor joined Juliain gasping, thigh-dapping glee. Praknor sat there staring at them until it wound down.
"It isaserious offer.”

Viktor made asolemn face and asked, "How is sample to be got?'

"I'm sure you know," Praknor said stiffly.

"And you are sent to gather it?' Viktor asked innocently.

Praknor's mouth took on astern curl. "If you're not going to teke this serioudly..."

"Should we?' Julia shot back. "This man-to whom I happen to be married, I might note in passing-has
spent over twenty yearsin a high-radiation environment, in stressful conditions, and iswell past



reproductive age-"
"And isdesired by many women. Heisintelligent, rugged, brave, famous-"
"Ah, isthefamous doesit." Viktor grinned.

Juliakept talking right over them. "-and should not be regarded as a profit margin item on anybody's

Silence. Looking into the other woman's face, she sensed how disconnected they were from Earthsde's
culture. To pay for famous sperm! The very ideacurled her lip. Y et Praknor considered it areasonable
bus ness proposition. Praknor findly filled the hush with, "I can seel am not going to get cooperation
from you on improving the margin here-which, incidentaly, is negative. Quite negative."

"We have lost money from beginning,” Viktor said.

Julia, cooling down, added, " Since we decided to stay on here, and let the nuke take Raoul and Marc
back. But Axelrod found away to keep us resupplied through the lean years. Now he seemsto think he
has to make abuck."

"The stockholders want to seeimproved profitability,” Praknor said evenly.
"Why do | sense another agenda here?" Julia spread her hands.

Praknor looked at them both without blinking. " Perhaps we need to meet again, tomorrow. Give you
timeto think theseideas through.”

"Wethink fast here" Viktor said.

"L et's meet tomorrow, sametime, okay?' Praknor said with utterly hollow brightness, tonerising on the
last words.

"Uh, | suppose s0," Juliasaid dubioudy. Another meeting like thiswas going to be even worse. | just
don't think we agree on which way the outpost hasto go."

"We are merdly capitaizing on the two most famous people on Earth,” Praknor said in afriendly tone.
"On Mars," Viktor corrected.

Juliaand Viktor never regretted staying on Mars, the whole swesty, frenetic hubbub on Earth repelled
them even then; now it was unimaginable.

Sherecdled an e-letter from Marc shortly after held returned to Earth, sentiments echoed by every other
returned Marsnaut.

"Yourushinto big halls," he had written, "and right away there are reporters and legions of devoted
waiting, and they want you to talk. Y ou're there to radiate certitude, and they want lots of that. Even
though you've become awalking mouth that shakes hands and you don't redlly have conversations
because everybody wants pronouncements. Y ou are the center of attention of every room you enter and
it getsold, old, old. 'What'sit like out there? gets asked athousand different ways, and it doesn't help to
answer, 'Read my book," because they aready have, and yet want more. They want a meta-you, the
complexity of your experiences shrunken down to recycled moments and phrases. explorer, adventurer,
authority on everything above the atmosphere.

"Y ou gart to notice that as your image swells, the actua you gets smdler, logt. It'saqueen beelife, with



handlers and lawyers and worse. Compliments rain down on you and it's embarrassing. Y ou do 'events
at which nothing happens except you talk. Y ou enter to gpplause and make the same opening jokes and
pretend it isall happening for the very firgt time, becauseit isfor them. Even adulation stops thrilling you
after awhile. The threshold rises, and routine superlativeswing by you with no effect. Y ou don't redlly
know whether they're clapping for you or for the meta-you, enshrined in history yet still walking around,
looking for the way offstage.

"After you run out of talk and the questions run down, too, out come the cameras. Everybody wants a
picture taken with you, and your fixed grin doesn't matter. Celebs move with an auraaround them, and to
depinddethat hao for amoment, get it frozen into digita, isakind of immortaity for them, you suppose,
from their excited eyes. They come up to you and flatter you beyond al believability. So many want a
precious moment with you, some with whispered theories about dien life and others about God,
somehow. So your exit is measured out in ten-second bursts of sudden intimacy. Some might even be
genuineif you had timeto stop and let dl the othersfall away and just talk to thisonerea person.

"No moment goes unrecorded, even down to the farts getting up onstage and the nose-blowing when you
have a cold. The cameralensesfollow you into the men'sroom. Y ou get advice shouted & you on the
street, most of it hopelesdy vague (‘Get more funding for Mars!") or uselesdy narrow (‘Get behind
mission profile redesign a Huntsvill€). Y ou're the boy in the bubble and the walls are dways

transparent.”

Shetook the letter out and read it to Viktor every few months. It worked wonders when their morae
was low.

4
VENT R

JULIA TRIED TO FORGET the whole hour with Praknor, which had seemed like aday, by tending to
the rabhits. She fed them, petted them, and tried not to think.

In the last two decades they had mined ice, inflated high-tech greenhouses, and grown crops, and were
never in danger of lean diets. But sending meat 100 million kilometerswas pricey, so early on they asked
for rabbits. The vegetarian movement had continued to grow Earthside, so there were demonstrations,
some violent, againgt shipping rabbits or any other living, high-protein source.

Inreply Viktor made avideo showing how much grunt work they did in aday, with hisvoice-over
saying, "Hard |labor needs solid food."

It worked. Omaha Steaks won the bidding to ship big canisters of beef and the fish Juliapreferred to
Mars, at their expense. Axelrod actualy made a profit on the dedl. The rabbits mated avidly, leaping
about, giving them both pets and along-term meset source.

Juliasaw no contradiction between caring for the animals and later daughtering them, but then, shewasa
biologist. Which wasn't alot different from being afarmer. And while she had longed for acat asapet,
she knew the price in meet to feed it.

Viktor camein and sat beside her while she stroked a big white female named Roberta. "Forget her," he
said, rubbing her neck.

"Hard to do."

"She got nowhere."



"Judt like the other idess, yeah,” Juliasaid, grinning with false cheer.

Thiswasn't the first weird marketing attempt. Y ears back there was the idea the Consortium had flirted
with for awhile: send small interest groupsto Mars. The "high concept” was that members of the newest
Earthsde socid movement, polyamory-multiple loving partners, with few strings attached-were just the
sort to colonize. They were "high-novelty-seeking individuas,” so they needed dternative sexua hijinks
over thelong journeys, or so the argument went. And many of them were wedthy, some from
Hollywood, and so could buy their own passage. Further evidence of a society with far too much time on
its hands, Viktor had remarked. But there was some sanity left Earthside. The mediagot wind of the
Consortium's marketing research and headlined this as the "sex, drugs, and rock 'n' roll in space agenda,”
and the marketing director got fired. Mercifully.

"I been thinking," Viktor said softly, hisway of introducing anew idea. He stroked a big male rabbit
thoughtfully. Juliaredlized it was the one they had named Andy.

"Y ou want to get away," she guessed.

He chuckled. "Wife dways knows what husband is thinking, before he does.”
Shetwigted her mouth. "Um. Tell Praknor?"

"Sheisbusy taking to Earthsde. We should not bother her.”

"l heard theré's abig solar storm on the way, too. It might cut off some of the low-frequency bandsto
Earthsde, the data streams." She grinned. " Praknor will be busy with that, too."

"S0 ... let her show up for our meeting, find us gone.”
Happily shesad, "l like that."

The Vent R team of eight wasready, details delegated. Viktor quietly mustered them and got aliftoff
time, 0600 the next day. Juliaand Viktor were nominaly in charge, but they had picked ayoung
biologist, Daphne Newmarket, to call the stages of the descent. Daphne was alab whiz and had done
some limited descentsin Vents A and C, nearby. She had aready smile and ample muscles, infectious
enthusiasm, blond hair tied back in aponytail, and at times made Juliafed athousand yearsold.

They dl went about their tasks without aword to the newbies, particularly Praknor, who was busy
Seiting up her own office and grousing about its Size. The bigger habitats adjoined the first domes,
affording views and much more space than the rambling, added-on hab Viktor and Juliashared. They
used the minicams distributed through the outpost to be sure Praknor was preoccupied by staff and
learning the endless details of lifeingde the linked cans and domes.

After the first expedition, the Consortium had reached an accord with their losing Chinese-Euro
competitors, the Airbus Group. Once the race for prize money ideaworked, big-time, it became the
modéd for al further solar system exploration. In the Vent R descent team were aBrazilian, aChinese,
and an Indian veteran biologist and medical tech, Vaguabal. Those countries plus a dozen others had
paid into the International Exploration Codition, though the Consortium and Airbus till played mgor
roles, grandfathered in-after al, they had put up the money and talent when no single nation would.

At 0530 they met in the assembly building, ahdf-cylinder of carbon compositelaid flat Sde down at the
edge of the landing field. The three other crew memberswere old hands, and they made quick work of
the systems checks. Their biggest suborbita lifter was ready, maintenance crew certified, and they loaded
swiftly. Gear did into dot-carries, secured by bungee cords and clamps.



Juliagot agood seat in the observing bubble. Viktor was copilot, running inboard systems monitorsthe
wholeflight. He would have liked to fly the bird, but the Consortium had its protocols ... Theliftoff wasa
steady rumble below them that pressed them a 3 g's, the rusty land falling away quickly. Mars had just
enough aimosphere to alow some aerodynamic lift in the rocket plane, so they spent five minutes flying
due west and then flipped and began the parachuted descent. A rumbling burst at an dtitude of three
kilometers settled them down without ajar in rumpled terrain.

Firgt, suiting up. Unlike the old days, thiswas now almost a pleasure. Julia's skinsuit was amarvel of
eladtic threads that dipped on like velvet.

She and Viktor checked and rechecked their sedls, oxy, temp. The newer staff rolled their eyebals abit,
and Juliaknew they werethinking, Hey, the new systems self-monitor, y'know. And she did know, but
decades of triple-checking did not wear off. One of the job specs for astronauts was an
obsessive-compulsive profile. No longer, it seemed. Someday, she was sure, one of the bright,
techno-savvy typeswould end up gasping for air in aremote canyon. There would be a panel review
and, my, my, anew malf route would be discovered.

Second, out into the big rover that rolled forth from their rear cargo bay. There was far more room
ingde, thick radiation shielding by water in thewalls, and eight big tractor whedls. She could close her
eyesand imagine shewasin alimousine. Viktor ingsted on driving, asusud.

Findly, out. Immediately Julia breathed easier. Here was raw Mars. Smooth basdltic flow below them,
nonfrigble, visblein the belly cam. They crossed low sandy basinsringed by ruddy hills, scribbling tracks
acrossthe belly of an ocean now 100 million yearsdry.

The vent mouth was afew klicks away. Viktor wanted to pick up the local geomonitors he had sent over
by rocket months before. He yanked each of the silvery lances out of the ground, using the rover robo
arm. The crew read them and downloaded their datainto a diagnostic program.

After the fifth geomonitor, Viktor turned over driving the rover and studied the andysis screens.
Frowning, he said, "These show same pattern we saw in Gusev."

Uchida, asharp-eyed geologi<t, asked, "The magnetic fidd strength?”

Viktor pointed to colored linesthat peaked severa times over the last severa months. "Loca magnetic
fields go up, so does vapor pressure in the upper Marsmat chamber-only hourslater. Same delay when
fiddsfdl."

Uchida cdled up afigure on an inset window. "Here'sthe cause, | bet. We've got lotsa satellite dataon
this. Herés afigure from a paper on the anomaliesin the south. In the north the solar wind flows
smoothly around, asit does on Venus. But the incoming solar wind veers around these field pesks-"

"Look like magnetic mountains," Viktor said, running his eyes down the sheets of data, histograms, and
plots benesth the cartoon figure, checking, checking. The usual scientific acronyms could not obscure the
flow of incoming solar winds-like the big one currently blowing-around pronounced mountainlike pesks
inmagnetic fidd.

"Question is, what causes them? The geologists say it's magma sheets, cooled off into magnetized rock.”
Viktor looked at Uchida skeptically. "Y ou are geologis.”

"Y eah, but the agreement between this data and what we know about the magma from seismology,
well..." Uchidashrugged.



"Not good,” Viktor sad.

"Thetroubleis, it varieswith time." Uchida produced curves showing therise and fal of the"magnetic
mountains'-not everywhere, but in certain spots around Mars. Long slence.

"And heré'sthe loca vapor pressure at those places.”
"Um." Viktor studied the curves. More silence.
"Julia, what do you think?" Viktor said.

Digtracted by the view, she studied the curves. Physics had never been her strong point, and she had no
ideawhy theloca magnetic fields should vary. But they did, thered line peaking every few weeks, the
blueline of vapor pressurefollowing. "Corrdations don't have to mean cause,” she said.

Uchida asked, "Which means...?"

"Maybe there's magma underlying this whole area, moving now and then. When it flowsin, the magnetic
fidd rises. It melts deep layers of ice, which percolates up into the mat chambers."

Uchidapursed hislips. "But there are waves, too. Magnetic waves." He showed them different curves,
these labeled with dates. Long sinusoids pulsed for hours, then faded. They combined at times, shaping
into complex waveforms.

"Hey, I'm not ageophysicigt,” Juliasaid, throwing up her hands.

"It doesn't make sense to me, either,” Uchida said. "Using the magma modd "'-he nodded to Juliawith, it
seemed to her, totally unnecessary diffidence-"these waves would come from fluid movements of the
magmain congtricted passages.”

He and Viktor got into an extended technical discussion.

Juliaturned to the big port view bubble and relaxed, preparing hersdlf for the coming descent, and
watched anew vigaunfold. Crystdline strata sparkled with diamondlike facets in the hard sunlight. Sullen
lavaflowswere asdull as asphalt in spots, and in others where the dust had worn them, shiny as black
glass. And everywhere, reds and pinksin endless profusion, myriad shades depending on composition,
time of day, and angle of sunlight. The crater cliffs began as brooding maroon ramparts at dawn, then
lightened to crimson at noon and did into blood red in the afternoon’'s danting rays.

Ayers Rock cmMars. | went so far away and found myself still at home.

In the red twilights of the long years here she had recaled her girlhood in Audtraia Not the rurdl
summerswith relatives north of Adelaide, with their droughts, brush fires, and smelly sheep, no. Nor the
fliesand hard work. Instead, the wide skies and wildlife returned to her in memory. The eucalyptustrees
were beautiful and endlesdy varied, with names like rose-of-the-West, yellow jacket, jarrah, Red River
gum, haf mahogany, grey ironbark, and especialy the ghost gum, which she soon learned was
Eucalyptus papuana, gppearing in its slvery grace on postage stamps, caendars, and teatowels. They
framed the human world of tea-colored, dammed-up ponds, of hot paddocks of milling sheep, of rusting,
corrugated shedstilted into trapezoids-trees sanding as sllent sentinds at sunsat, glowing likeaduminumin
the sttling quiet.

On impulse she had ordered a didgeridoo, the ancient echoing instrument of the Aborigines. It came at



her persona expensein their fourth shipment-at nearly amillion dollars, but they wererich in what Viktor
caled pseudomoney, from the book and interview rights; though Axelrod seemed to get most of it. The
dender tube was labeled in the manifest a"wood trumpet,” but it sounded nothing like that.

Some Aboriginads had complained that women were not alowed to play didgeridoosin their culture, that
she was showing disrespect, but when worldwide sales of didgeridoos and concert tickets rocketed, they
fdl slent. Shelearned thetrick of holding ar in her bulging cheeks and breething it out while her lungs
drew air in, so that she could maintain along, hollow tone. The skill was unique; normally people never
needed to speak while they breathed. The long, low notesfit into her memory of the great Augtrdian
deserts, and when she played, the notes somehow sang aso of red Mars.

Watching Gusev Crater through thewall screens-which improved in resolution and Sze with every
upgrade, so that these days it was as though they had abay window in each hab room-and playing the
didgeridoo, called forth her sense of bleak oblivion. The spareness of deserts had aways made her mind
roam fregly. She could find fresh perspectives on her field biology that way, and in those years had made
her reputation as the central authority on the Marsmat. Labs Earthside worked at her behest, comparing
Marsmat DNA to Earthly forms.

Somehow in her mind her girlhood and Mars blended. She had come to see biology as the frame of the
world in those girlish years- the whole theater, in which vain humans were only actors. Mars confirmed
this. On Earth, knowing biology quietly brought order to the ragtag rustling of people, ensured that their
lives had continuity with the hushed natural world.

Just asit could to Mars. On that article of faith she had built their years here together.

Over arise and there ahead the Vent R opening yawned, faint sulfur stains spreading from its mouth. The
sharp ridges framing this canyon could not dispel the sensation of spacious wedth. Satdllite observations
had first detected vapor here, then found hints of vent chemicals. Sure enough, the lambent light glowed
through an early morning fog before them. Iron-dark stains mingled near the vent splashes of ydlow and
orange. Red dopes nearby rose up and darkened to cobdlt, then into indigo. Evidence of other ventings,

long ago?

A dugt devil in the distance wrote afiligree path across the rusty plains. She had aways wanted to
somehow sense their sandstorm sting and the moist kiss of the dawn fogs. All thistime, and she had
never felt Mars on her skin. Not quite. Then sherecalled the hard days of the second year here, just
before the firgt return launch-which she and Viktor declined. There had been one emergency, when she
had been forced to run from their first, collapsing greenhouse-headed for the hab'slock in a stretching
minute of panic that she would never forget. Raw Mars, sucking at her lungs, drying her skin-

"Looks like an easy one," Viktor caled out asthey ground to a stop beside the broad mouth of the
thermal vent. Splashes of yellow and dingy brown marked the sand near the mouth. He pointed. "'V apor
deposition from active periods, too."

Uchidawas robo-magter, and he put them to work unloading. Julia paced around Vent R, letting her
sensestakein detailsit was easy to miss. Insgde asuit made it harder to get the fed of anew vent, the
traceries of vapor depostion, stains, erosons. Nothing could live on the surface, of course, in the stinging
oxidants and letha ultraviolet. But the Marsmat could not contain its moist hoard perfectly.

Gusev Crater had therma vents because the huge ancient impact had cracked the underlying layers,
letting magmaworm upward. The best place to go deeper into Mars seemed to be at the bottom of
Vales Marineris. That great stretched scar cut deep and broad. The barometric pressure there could
even dlow abriny dush on asummer afternoon, meting long-frozen chemica reserves and maybe letting



Marsmat get close to the surface.

She was curious about how the mat had used the deadly surface for an energy source without getting
stung by the ultraviolet and dkaline dusts. There were whole conferences Earthside on just that basic
physiological riddle. To get any work done here, she had to keep an open mind. Mars did not reward
fixed preconceptions.

She looked up at the hard black sky. Faint filigrees fought up there. Probably ionization curls, she
thought, from the solar storm streaming past Mars right now and slamming into the thin
atmosphere.

Survey done, she went back to grunt labor. Compared with decades before, the rover's cable rig was
firg-class. It worked from a single heavy-duty winch, with adifferentia gear transferring power from one
cableto the other depending on which sent acommand. It was the same idea asthe rear axlein acar and
saved mass.

Four tel epresence robots were standing beside the fissure. They had six spindly arms, four stubby legs,
and abig centra control box, all in deek polycarbon, and she no longer found them odd. These had done
the first study, lowering themselves on cablesto check for life. Long experience had shown that letting
'bots do alot of the roving saved time and accidents.

Sometimes Juliawondered if Mars could have been explored at al without plenty of 'bots. Sitting warm
and snug in the habs, she and Viktor and rotations of crews from Earth had tried out dozens of candidate
vents.

In two decades they had found that most fissures, especially toward the poles, were duds. No life within
the top kilometers, though in some there were fossils testifying to ancient mats attempted forays. Natura
selection-a polite term for Mars drying out and turning cold-had pruned away these ventures. The
planet'saxid tilt had wandered, bringing warmer erasto the polar zones, then wandering away again. Life
had adapted in some vents, but mogtly it had died. Or withdrawn inward.

Not this vent, though.

Somebody back at Gusev made the 'bots dl turn and awkwardly bow as the humans approached. Julia
laughed with the others, and, asif right on cue, Praknor came on the comm. No preliminaries.

"Y ou ddiberatdly scood me up.”
"Sorry, it was ascheduling mix-up,” Juliasad.
"] cannot believe-"

"Hey, got work to do here. Tdk later.” duliacut off the long-range comm frequency and switched to
locdl, 2.3 gigahertz. And felt an impish joy that turned up her lips. When shetold Viktor, he smiled, too,
with an expression she had come to cherish. Long relationships had their rewards.

Firg, asaways, they set up the base camp. The team was quick and precise, hustling in the
forward-leaning trot that was the most energy-€fficient way to move on Mars. Every expedition now,
there was new tech to make jobs easier, like the ball tents. She watched them deploy, nearly without
human effort.

Under pressure any object wants to shape into a sphere. The bal tents took advantage of this. The ball
was made of aflexible, thermaly insulating materia that could take wear and tear, especidly the constant
rub of dust. Light wires or ropes anchored the ball to the ground as an air tank inside inflated it, with the



people dready insde. A smal chem cracking plant squatted beside each bal, running steedily to split the
atmosphere's CO, for oxygen. Adding hydrogen from water |et the cracker build up stocks of methane
gas and oxygen, which could then burn to drive the rover. To get powerful methane fuel demanded only
the CO2 plus water from buried ice, which was everywhere. With energy, dl the chemistry became easy.

The robots had dready arranged the eectrical power supply, comm and computation center, and other
backups, al now standard for a descent. Telepresence had come along way. Bossed from the Gusev
tele-team, robots hel ped the humans put two tanks apiece on their lines, double-clamping them meters
above the persona yokes. She did not like the idea of that much mass ready to fal on her and checked
the clamps three times. Even robots make mistakes, maybe especially robots.

She got into the yoke, all sized and adjusted for her. Like putting on ajacket now, easy. Her shoulders
ached abit, maybe from her swvimming. She had gone back to the pool afew times, whenever she
started brooding about Andy Lang. Exercise erased cares.

"Isready?’ Viktor called. Everyone answered, "Aye!" and they began. The watch crew back at Gusev
sent them asdute, afew bright bars of John Philip Sousa

Backing down the dope, playing out their cables, Julialooked up into abowl of sharp Sars-dwaysthere,
even at high noon. The 'bots got the oxy tanks past the Y -frame that routed the lines. There was a neat
get-around, far easier than the awkward old days.

Rappelling, bouncing in the light grav, having fun. Down the first hundred metersin good time, just playing
out the monafilament cablesin astraight drop. She and Viktor were lowest and went down fast, clicking
on their suit lamps as the light from above faded. After weeks of indoor work it actually felt good to be
doing something-clean, direct, muscles and mind.

A largefolded digphragm lay at the bottom, where the fissure took an abrupt turn sdeways. "Pressure
sed," Juliasaid, and Viktor nodded.

"Four-leaf design,” Viktor observed, playing astrong beam of light over the interleaved folds. "Not see
that onefor atime."

Juliatook severd pictures. "Pretty thick. Got little grapplers at the edges, see? Sturdy.”

In the girlhood Australian ecology, water was the rare resource. Underground Mars, its pressure was
precious. Life evolved to sed off passages, allowing abuildup of local vapor dendty. Then it could hoard
the water and gases it needed, building up reserves from the dow trickle from below.

The mat kept itself secured from the atmaosphere with folded sticky layers, preventing moistureloss. The
vaults below were thick with vapor, but by ordinary gas dynamicsthat could not be sustained for long.
Thevave must cut off the losses to the surface, to manage this eerie environment. A pressure lock.

But how did the valve know to close? How to respond to pressures and moisture densities? She was
convinced that the glows and vapors somehow carried messages, organizing thiswhole shadowy realm.
Biologica organisms dways had good sensorsfor toxics they made, their own wastes. The mat exhaled
methane and probably had sensors that opened its vaves at the right time-or so said a paper with her
name on it, and she was halfway convinced. Still, progress in deciphering the mat's meanings had been
painfully dow, these two decades.

Thismat valve was classic, grown at anarrow turn in the vent. As nearly as Juliaand other biologists had
been able to determine, these were like Earthly ssomates, the plant cellsthat guard openingsin leaves.
Plants open or close the holes by pumping fluid into or out of the Ssomate cells, changing their shape.



Still, analogies were tricky, because the mat was not a plant or an animal-both Earthly categories-but
rather another form of evolved life entirely. Not just another phylum, but another kingdom atogether.
Some thought it should be classed with the Earthly biofilms, but the mat was hugely more advanced.

Daphne knelt beside apool covered with dime, next to the valve. The top was acrusty brown, and it
dented when she poked it with afinger. Underneath it was most likely apool of water.

"Standard defense againgt desiccation,” Daphne said. Julia had written a paper on that, but she said
nothing as Daphne teased apart the mat and scooped up some of the underlying liquid in asample via
and tucked it into her pack. Let them work, shethought. Anyway, independent confirmation is
always good. Julids paper had concluded that the pools of liquid in mats supported mobile agd
colonies, like Volvox and other pond life on Earth. But maybe this one would prove to be different, a
loca adaptation. Mars was abig place.

Juliaswept her handbeam around. The mat hung here like drapes from the rough walls. Viktor wastaking
high-res pictures. "The upper lip of the mat flows down," Juliapointed out. "It coversthis pool, keepsit
from drying out. Weve seen this at about every ste.”

Daphne scooped out some of the filmy water and put it under her hand microscope. "Wow, mobile agal
colonies-like Volvox." Shetook samples.

Juliasmiled and walked Daphne through the controls of the pulser. Viktor showed one of the crew how
torig the dectrical leadsto the dark tan wedges of the digphragm. The best place was aong the thin fans,
ribbed like the underside of a mushroom.

Thiswas one of the big controversid issues, the subject of many Earthside review pands. Many
biologists thought that any tampering with the mat wasimmord. Certainly, they said, jolting it with
currents could cause mgjor damage.

But there was no other way to get into theinner chambers. From the start Viktor and Juliahad used what
worked. For two yearsthey had held out at Gusev on their own, making several descents and setting the
protocols followed in dozens of later descents. Julia had reasoned by andogy with some attractive little
white seaurchins, Lytechinus, from which she had extracted eggs and sperm, back in grad school days.
Back then sheld used a standard technique, running asmal current through the weter, stimulating the
urchin's topmost pore-which duly released its eggs or sperm. The urchins hadn't seemed to mind, and
neither did the mat, decades | ater.

Earthsde howls of protest meant nothing to them. "Theory easy when your life not on theline" Viktor
had said in a public message at the time. There were demonstrations, people wearing Viktor masks,
carying Sgnssaying Torturer and Martian Criminal, Mat Murderer. When an interviewer asked
about these, Viktor just laughed. They both published a New York Times opinion piece, reasoning that
there were probably many chambers threading Mars, and the mat was large and robust-or elseit could
not have survived since the warm, wet eraover 3 billion years ago.

Certainly current was better than squirting the valve with oxygen, asthey had at fir, in an emergency.
That had caused visible damage, killing some of the mat, turning it dead gray. "Field trumpstheory,”
Viktor had said.

Viktor triggered the voltage impulse. A hushed silence, just the wheeze of breathing coming over the
comm. Then the |leathery folds dowly withdrew, inching back, contracting like muscles.

The capacitor was a bulky wedge on Daphne's backpack; she wastall and muscular. She peered intently
at her ammeter, careful not to over-stressthe thickly interwoven tissues. Viktor changed the pattern of



the pulser, looking for the best sequence. The folds showed no particular response, but they did
duggishly open. The digphragm took severd minutes to Spread, forced by the current flow. A two-meter
passage yawned. Pale vapor poured from the opening.

"Nineteen milliamps at 0.35 volts," Daphne cdled crisply. Then in adifferent tone she whispered, looking
at the dow withdrawd, "Wow..."

Juliaremembered that this was Daphne'sfirgt fresh vent. She had trained on Vent A, the "classic” entry
where they discovered the mat system. She was doing athesis on the mat's reaction to repeated
violations of itsintegrity by humans-oxygen exposure from lesks and exhdations from their early suits.

Though Daphne had been here ayear, Juliadid not know how the woman felt about the whole idea.
After dl, they were rupturing the mat's system. Some biologists argued for ago-dow srategy, checking
to see when avent opened of its own accord and venturing in only then. They had tried that for ayear
and got in agrand total of two descents. On the second one they'd had to eectricaly trigger the
digphragm to get back out. Juliaand Viktor had argued theissue in endlessinterviews and position
memos. Intheir view it basically came down to whether they did any research or not, whether humanity
ever learned more about the mat.

The United Nations had even gotten into the matter, solemnly instructing the Consortium to stop dl mat
activities. That got them headlines, but they had no way to enforce their words. Axelrod retaliated by
declaring that either the U.N. back off or he would lay claim to Mars. He left ambiguous whether he
meant the whole planet or just part. This Mexican standoff never got resolved. After awhilethe
Consortium gave the nod to resume descents. The incident stimulated the founding of the Internationa
Space Agency, though the contributing nations carefully kept control away from the U.N., of course.

Only yearslater did the world discover that Juliaand Viktor had conducted a dozen descents without
telling anybody. When they published their results, there was a predictable furor, but that died away, too.
Most biologists had decided that staying in perpetua high dudgeon over matters severa hundred million
kilometers away was pointless.

"Honor of firgt entry goesto..." Viktor played out the suspense for amoment, before bowing. "To
Daphne.”

She wasthrilled. The digphragm waswell clear of her body when she dropped down on her cable. She
followed her endlessdrills and immediately mounted a belaying assembly on thewall below.

"It goes vertica again,” she cdled. "Come on through. I'm on abare ledge, easy standing, no mat
underfoot.”

The entire crew followed her and fitted their cables through the assembly so they would have anew,
common descent point. All these procedures had been worked out by mountaineering experts Earthsde
and many tridls Marside. They kept mechanical damage to the mat at aminimum. Already, overhead, the
diaphragm started easing back together, trying to get a seal around their cables. It wouldn't work,
because the cables till needed to have free play.

Stll, it was reassuring to see the mat here trying the same solutions that Julia had seen elsewhere. It
wasn't injured, or eseit couldn't respond so quickly. Plus, it was further evidence that the mat system
exchanged information globally, or ese had evolved this defense mechanism so long ago-against
what?-that it wasingtinctive. Despite decades of wondering which explanation was right, she did not
know.

Julia paused for amoment. Marswas tiring. Whether this came from the unrelenting cold or the odd,



pounding sunlight (even after the UV was screened out by faceplates), or the simple fact that human
reflexes were not geared for 0.38 g, or some more subtle facet, nobody knew. But today she was fedling
it. Sheand Viktor were nearly twenty years older than the rest of the team, and she wished for amoment
that the Mars Effect would kick in right now.

Down into inky depths. They passed by lush mat. Gray sheets, angular spires, corkscrew formations of
pale white. These stuck out into the upwel ling gases and captured the richness. Some phosphoresced in
pale blue and ivory. Other brown growths had earlike fans to catch moisture, acommon festure. One
spindly, fleshy growth looked like the fingers of adrowned corpse, drifting lazily in the currents... She
gotitdl onvid.

The Mars-studiesindustry Earthside had classified al these types, coining termslike "extensors,”
"fungoidd extrusons” "asymmetriads” "symmetriads” and, inevitably, "mimoids’ for the timeswhen the
mat copied something human. Usudly the mat made arough humanoid shape, as had happened in the
second Vent A descent, in the first expedition. But now and then they were greeted with blocky copies
of instruments, backpacks, tools. Somehow the mat could sense these, leading to awhole school of
thought among biologists that the mat had optical sensors.

So far they hadn't found any. That might be because, despite Viktor's Mat Murderer image, he and Julia
had not taken many samples. They respected the mat. Severa scientists had died while studying it in the
first expedition.

"Notice how large and complex the structures are,”" she caled to the crew. "Daphne, that'sa purple
spore-thrower at your left.”

"Check. Big, multiple pods. Wow."

Thiswas hdf exploration, half atraining exercise. Daphne was bright and quick, and Juliawanted to
cultivate her as along-term member of Gusev. She always needed more biologists than she had,
especidly for descents.

Giving aguided tour of aplace she'd never been before felt abit awkward, but she had been on dozens
of descents, and training was essentid. Most of the crew would return to Earth within ayear or so,
beforethetria of returning to full g became too much. They had to learn and work before then. She
could tell by their expressionsthat they were still in openmouthed awe, even though the others had
severa descents between them. Was she getting jaded? No, she reassured hersalf, just accomplished.
Anair of certainty camed the others.

The harness and yoke under her arms was new and wonderfully flexible, giving her freedom. They
worked their way around a protrusion. Daphne led the way-dow, steedy, |etting their eyes pick out
telling details. The brown and gray mat was getting thicker on the dick, moist wals. Therest of the team
followed, leading a new batch of climbing 'bots they'd use for recon later.

Juliawas happy to leave that to others; her whole interest here was to sense a certain something she
could never define. Cdl it presence- thelooming fed of the mat, the sensation of being insdeits
workings. Julia supported her weight easily with one hand on the cable grabber, while she guided down
therock wall with the other. She concentrated. Every moment here will get rehashed a millionfold by
every biologist on Earth ... and the ones on Mars, too.

"Everybody ready for beams off?' Daphne called. She waited the full minute called for in the protocol.
Then: "Switch off!"

All around them apaeivory radiance seeped through the dark. Tapestries of dim gray luminosity. Julia



knew the enzyme, something like Earth's luciferase, an energy-requiring reaction she had donein atest
tube during molecular bio lab, afew thousand years ago. Sherecalled asagirl watching in awe
"glowworms'-redly fly larvae-hanging in long strandsin New Zedland caves, luring insect prey.

The mat grew ever larger and thicker on the rock walls as they went lower. Mat species covered most of
the tube walls now, gray and brown and black, with occasiond bursts of orange and blue. They stacked
thickly on every available out-jut, then worked up the verticals.

Just ahead, thin sheets of mat hung like drapes. Wisps of mist stirred when they passed by. Unlike scuba
gear, their suits did not vent exhaed gases, so they could not poison this colony of oxygen-haters. In the
first explorations she and the others had done just that.

They reached a branching point and elected to go horizontaly into the widest opening. Their beams cast
moving shadows, deepening the sense of mystery. Within minutes they found orange spires, moist and
dick. Beyond that were corkscrew formations of pale white that stuck out into the upwelling gases and
captured therichness. More pale, thin membranes, flapping like dow-motion flags. The bigger oneswere
hinged to spread before the billowing vapor gae. Traceries of vapor showed the flow, probably il
driven by their opening the digphragm.

A few steps more and they were in amurky vault that stretched beyond view. As Daphne's lamp svept
around, vapors reflected back its glare. Perhaps fifty meters above, mat sheets hung from the celling of a
vadt cavern. Under their beams this grotto came aive with shimmering luminescence: burnt oranges,
dapplings of vermilion, splashes of turquoise. A long silence.

"H-how bigisthis?' Daphne whispered.

Viktor said, "Can't seethewalls."

Julialooked down, careful of her footing. "Or thefloor, through this vapor.”
"Beamsoff in oneminute," Daphne caled.

All around, acomplex seethe of radiance. Juliaknew that on Earth, mats of bacterialuminesced when
they got thick enough. Quorum sensing, atechnica term. A way for the bacteriato takerall. A lot of
Earthside biologists thought that explained this phenomenon. But they had never sood in shadowy vaults
like this-the thirteenth such large cavern found in over twenty years of exploration. To seetherich,
textured ripples of luminogity that dowly worked across the ceiling and down thewallswasto stand in
the presence of mystery.

Another silence. Juliaand Viktor knew this moment well, had experienced it in the company of many
other crewswho came and went through the decades.

Again Juliafelt the churn of somber, dow luminosities stretching into the foggy darkness beyond their
lamps ability to penetrate. There was a sense of dlent vitality in the ponderous ferment of vapor and light,
alanguage beyond knowing. Asafield biologist she had learned to trust her fed for aplace, and this
hollow of light far benesth a dry world had an essence she had for decadestried to grasp, not with
human ideas, but by opening herself to the experience.

They snapped out of it. Shelet the otherswork, keeping to the Side. Sample taking, vidsto shoot,
measurements of distance and density and pressure; the usua. There was an advantage to standing apart
and watching the humans grub about at the bottom of the vast grotto, their lights spiking here and there
likefingers probing. At least they didn't talk much.



A movement in the ceiling caught her eye. Pale tan strands came lacing through the mat, stretching like
tendons. They made amassthat tilted and worked. Tubular stalks did, fibersforked into layers, shaping,
shaping. An outline seemed to bud up, shimmering and moist.

Julias heart thumped. Again. A pa pable sense of struggle, of concentration into this one focus...

The others saw it. They froze. "My ... God," Daphne whispered. "I've read your accounts, seen the
pictures, but..."

Julia had not seen the mat do thisfor severd years. On the second descent of thelr first expedition the
mat had made the same human ouitline, after two people had died of oxygen losswhile exploring Vent A.
She knew what to expect but found she was holding her bresth. And here came that old prickly feding
again, washing over her skin.

Two rough protrusions sprouted at the top. At its base two more protrusions, dabs of dark mass
extruding with aching effort into thicker tubes. At least three meterslong, in al. And from the upper sides,
above the two thickening tubes that now jutted from each side, athird blob, crusted asthick astree bark,
pulling itsdf out.

Viktor sad it. "Human shape.”

No mistake. The mat was responding, asit had before, to their entry. No one had died on a descent
sncethat first strange incident, so theintent could not be maicious.

Daphne said softly, "It'sso big...?"

To duliaher voice sounded dry. "It'sthe mat'simpression of us."
"How can it see us?' acrewman asked.

"It must sense enough to work out our outlines.”

"Eyes?' he asked.

"The glowing iscommon,” Juliasaid. "From surface webbed tissues, fed chemically by the substrate.” She
was sure they knew thisfrom the scientific literature, but it was something elseto actually seeit, degpina
gloomy cavern. They could be asking questions for the same reasons people talk in haunted houses.
"Apparently it communicates through its chambers with light. How far, we don't know."

Therewas moretalk, but she just looked at the dow-moving mass. Parts of the mat |ooked somewhat
like giant tube worms, such as those found deep in undersea vents on Earth. But there the anaogy ended.
The old questionsrosein her, ill unanswered. Sentience? Of some kind. Enough to control its
environment.

But sentience implied some kind of selection pressure. She and Viktor had proposed that rationing the
meager water resources could drive selection, and predictably, dozens of papers had criticized that. But
did it have intelligence? Whole symposia had been devoted to just that issue. Julia had stopped accepting
invitationsto ddliver interplanetary keynote addressesto those.

Viktor said, "We are thousand kilometers from other vents. Y et it knowsto do this."
Daphne sad, "And right away."

Juliaaimed her own microcam at the shape and carefully swept the areato takeit dl in. Wasthe mat



glow stronger around the form? " Thislooks about the same as the other manifestations. It'll probably stay
here until we leave, asbefore.”

"The entire planet is connected?' Daphne asked. "How?"

"With these glows?" Viktor answered, not moving, just watching the shape. " Or chemica sgnas?
Or-notice those seams of iron in the walls? Conducts e ectricity pretty well."

One of the crawmen asked, "Wasthiswhat it waslikewhenit... killed those two?"

Viktor said, "Was, yes. We never knew what happened, and has not happened again. Maybe was
holding them, feeling al over them. Had covered some of their suits. Maybe to find out what they were.

Anybody's guess.”

Juliasaid, "Enough. Timeto get back to sampling.” Then she sent a private comm to Viktor. "What was
that about theiron?"'

He came closer, so she could see hisgrin. "Y ou told me way back, in your minilectures, 'member? First
ggnof lifein foss| record was iron oxides, locking up the oxy that thefirgt life bresthed out.”

"So those layers-" She waved a gloved hand at the bloodred seams that ringed the cavern, and which the
mat pecies congpicuoudy did not cover. ™Y ou think they're evidence of the early origin of life here?’

"A ddeissue. | think like engineer. Occursto me, how to send information from Vent A to here?
Chemicals, hard to send so far. Glow-like relay stations through thousand kilometers of caves? Hard.
No. But wait-" Viktor's eyebrows lifted. "Layers of iron conduct dectricity. Send sgnds through them,
you have globa network built into planet.”

She blinked. ™Y ou never mentioned this before.”
"Never thought of it before-until just now."
"Um. If the geologistswork on it-"

"No need geologigts. Already have the magnetic data, right? | showed you. Something funny about this
vent, right in middle-yes, [ook."

Shefollowed his pointing finger. The Marsmat definitely clumped close to the seams, without covering
them. And the mat was thicker here than she had seen in any vent so far. "How's this explain your data?
Big, long-pulse € ectromagnetic waves?'

Viktor shrugged-visibly, despite the suit. "Not sure. When don't know, do experiment.”
"Huh?What?'

"We pulsed the pressure flaps, to open. Use same capacitor on those iron layers'-he gestured
enthusadtically-" see what happens.”

"Uh, now?" Descents were e aborately planned nowadays, and this had not been discussed.
"We have oxy. Others, crew, are doing routine work. Let's."

She eyed him skeptically. Sheloved thisguy, but he was sometimes crazed. He gave her the big, broad
grin, and she laughed. Maybe he wasjust being male; testosterone seemed to drive guys onward.



They got it rigged surprisingly quickly. Viktor was never happier than when he wastinkering, trying
something new. Cometo think of it, S0 was she. They attached long black shielded leads to two nearby
drata, only afew metersaway. Viktor drilled short holesinto the stone and sank stub contacts into them.
She suspected he had thought of this experiment before, else why bring just the right gear? But let it go.
The red bands were of some basdltic iron-oxide-rich layers, probably over 3 billion years old-or so said
one of theteam, the geo guy.

Following protocol, Juliaderted Gusev about what they were trying. Gusev objected right away and
pointed out that none of this had even been discussed in preplanning meetings. She told them they were
going to do it, anyway. The Gusev operations officer-the OO, whose always-seeing-trouble motto was
"oh-oh'"-garted sputtering.

Viktor caled out on their comm line that ran up the monaofilament to the winch. Reception was good,
another vast improvement over the reay system in the first expedition. He went through Expedition
Control and aerted the satellite superintendent to focus their orbiting arrays on the vent area. Those had
originaly picked up the odd low-frequency emissions during aroutine orbital scan of the whole planet.
Again objections. "Now Gusev actslike Earthsde," Viktor said, grimacing.

Julianodded, having fun. "Everything in triplicate.” More like playing hooky from school than research,
yes.

Viktor told them to just do it. Then he turned the capacitor system voltage to the max. Daphne asked
why. "Big lossesin strata, resistive load, have to overcome. Probly won't work. Get nothing. Still-" and
he closed the switch.

No drama. Some sparking for asecond at the lower connection, then nothing but the hum of the
electromotor discharge. Viktor kept it on for ten seconds, off for five, on for ten, then started amore
complex pattern.

"What's the point of this pulse pattern?’ Julia asked.

"Judt trying things™

"Y ou redly hadn't thought of this before, had you?'

He grinned, lines crinkling deeply around hiseyes. "Y ou dwayssay I'mtinkerer. So | do.”

He kept this up for minutes, watching the pulser readouts intently, and they got a heads-up call from the
O0. Juliawas off checking on the team, and when she came back over to his"experiment,” Viktor said,
"Orbitd low-frequency antennais picking up emisson. From here."

Juliafdt athrill, plus confuson. "Why?What'sgoing on?"'

"Stimulate asysem maybe."

Juliafrowned. "Some sort of-what?"

A team member said over comm, "How about some kind of induced resonance?'

Juliahad no ideawhat that meant. Viktor said carefully, "Morelikely, somebody answering.”

It took amoment for her to get her head around the idea. Viktor started switching the settings on the
pulser. "I'll run asequence, move around the parameter space,” he muttered to her. She could not keep
up with his moving hands, the readings for volts and amps. " System has high inductance.”



"Which means?'
"Responds dowly. So | go to longer pulses, see what high voltage gets us.”

He held the pulser to thirty-second sine waves. Minutes passed. The OO called through: higher emissons
from the satdllite antenna, dso now in thirty-second waves. "Isechoing,” Viktor said triumphantly.

"What's echoing?' Juliaasked. "Do you think the mat has some capacity to-"

Crackling came from the stub contacts. Julialooked toward them and saw some vapor steaming out from
the rock. "What?"

Viktor quickly turned down both volts and amps. "Funny. We are not putting much power through-"
The crackling got louder. Sparks at the contacts.

"Breakdown voltage?' Viktor asked, staring at the vapor now boiling from the contacts. "Our pulser,
we're not near that level. Must be coming in.”

Julia heard a humming from the capacitor. Green sparks jumped out from theiron seam. "What's-" Then
it exploded.

5
THE STROMATOLITE EMPIRE

Bringing Viktor up had taken forever, like hoursticking in the back of her mind. Juliahad lost it once,
shouting a them, pulling at his harnessto get it right, trying to be everywhere at once. Literaly- sheran
up beside him on the monofilament, holding on to the yoke and hanging beside him to see that the
pressure seal's on hiswounds did not come off or start to leak.

Early on, she had popped one of her emergency pills, called blue devils by the crew. Herswere
custom-designed and kicked in within aminute. She ordered the rest of the team to follow suit and was
surprised to find that they dready had. Way ahead of me...

It was hard treating injuriesinside a suit. The only thing to do wasto apply pressure wraps around it and
sed off the fluid seepage through the woven skinsuit. Still, blood oozed through. Somehow. She spent the
whole ascent tending to him, getting them around rocky obstructions, caling to Gusev for help when his
shoulder wound opened and started spattering blood onto her visor.

It sprayed from the pressure differentia, not because he was suddenly blowing an artery. She learned
that only minutes later, of course-no help when the blood spattered on her visor and helmet and she
could not see much, then smeared it trying to clear her field of view ... and she panicked. Flat out
panicked, no gpologies, just plainlosing it in the middle of adark vertica cavern with only her to look
after him.

He was unconscious, thank God, and could not hear her frantic panting, her spitting-mad swearing. She
had clicked off her comm, anyway, out of pure carelessness, aclumsy amateur error.

Only her training saved her, and maybe him. She moved quickly. Hafway up, leveraging him around a
tricky turn, she redized that she was cam again. And though she was fretting below the surface, on top
shewasdert, quick, crisp. The blue devil a work. But even it couldn't stop her from worrying.

The trouble with doing in-suit medica was you couldn't see more than the patient's face, or the wound,



couldn't do any diagnostics much beyond blood pressure and pulse rate-which were visible on the suit
backpack readout. Plus you were fighting the damned vacuum al the way. Slapping biomed patches on,
and then sdlf-sealants, wasjust about al anyone could do.

Asthey came over thelip of the vent, resdua moisture on their suitsfroze to rime and fell asadusting of
snow. Theflakes fumed away within seconds, but Julialost her hold on Viktor and he spun out over the
mouth and groaned. She cursed hersdlf and let the others secure him. She felt exhausted, heart
hammering. They got Viktor into therover at last.

They split up into the four who would remain to finish the descent research and the four who would fly
Viktor back. Vaguaba knew plenty more medicd than Julia, so he did most of the work on Viktor, right
after liftoff.

Threewounds, al bloody, seeping. Blood pressure low, unconscious, heart rate rapid, and Viktor's eyes
jerked darmingly behind his eydids. Vaguabd moved with assurance. Juliahanded him things from
med-stores and did not have nearly enough to do, so she fidgeted and checked the med display screens,
most of them unintelligible. Just before they landed, Vaguaba said, "Hes sable. | will do the surgery.”

"It's necessary?"

"We must dig out bits of shredded suit and capacitor.”

"How far in?'

"Not far, | think." Suddenly he beamed. "Heisin no red danger now, you know."
She made hersdlf take along breath. "No, | didn't.”

Despite Vaquabal, the operation took along time, and, worse, he would not alow her in the surgery.
There were qudified nurses, after adl, he argued. And she wastired and needed to lie down. All thiswas
doubtlesstrue, but none of such advice could she seem to make use of. Instead, she paced and her mind
spun and she could not even make any conversation longer than afew sentences.

Earthsde sent probing questions. Julia had gotten used to having minor incidents blown up into media
fodder, but thiswas red and she wasn't having any, thank you. Thetime ddlay wastensof minutesin this
part of the orbita cycle, a season when Juliaand Viktor avoided talking with Earth at al. One never quite
got over the need to get some response back. And the solar storm was blowing gouts of plasma, flooding
some of their linkswith static. The sun was going through rough wegther, spewing out big, noisy torrents.

Juliasent terse messagesto Viktor's relatives, none of them close any longer, and hersaswell. Then
Axelrod got on the big screen.

"What was he doing?' Axelrod asked after the usua extending of concern.

"Sending pulsed dectrica currentsinto an iron seam,” she began, and tried to explain, but shewasnot in
the mood.

So she signed off. Asif waiting for a cue, Praknor appeared. The woman seemed to have ataent for
showing up as something of far greater importance was about to happen-the expedition planning, the
descent itself, and now this.

Juliakept her face frozen while Praknor voiced the same sentiments as Axelrod, and then said,
"Assuming Viktor recovers"



"Asuming?'

A two-second pause, then: "Of course, he's going to be fine, but | meant-"

mWhat?

"-that it underscores the concernswe al have Earthside-"

"Youreon Mars."

"-that you've been risking yoursalves here for decades, for an entire generation, in fact-"
"Welive here

"-of course, and thisjust underlines the extent of the unknowns, so many unknowns, and-"
"Unknowns are why we're here.”

"-that you both are so famous now, that any possible injury to you gets big news coverage, doubts about
the entire program, causes Consortium stock to plunge-"

Juliasnorted sardonicdly.

"-and such ostillationsin profitability are just not in tune with astructuraly modern multiworld
corporation-"

"Theonly one, actudly.”

"-that you both, when you've redly had timeto consider theissuein full, should consider giving up this
risky lifeand-"

Juliagave her along moment, but nothing more came out. "And?'
"Mr. Axdrod really needs you on the moon."
IIWI,V?I

"Becauseit'salot safer. And there are alot of doubts about the whole Lunar Enterprises profile. Having
big namesin charge-"

"Were not CEOs. We're explorers.”
"-will shore up public confidencein that entire arm of the business”

Julialet afew secondstrickle away. People respond differently under pressure, and-"Y ou just gave away
your whole agenda, right?*

Praknor looked suddenly stunned. "Y es. Y ou needed to know. And in ahigh-stresstime like this, you
deserveto have dl the cards on the table.”

Julialet hersdlf down eesily into achair. "Thisis some kind of new management technique, right?”

Praknor betrayed amorsel of uncertainty, her lipsworking. "Theres abig nuke on itsway. Axelrod
wantsyou onit onthereturntrip.”



"Y ou wanted to know. The spacecraft just barely made the orbital window to get here.”
"And we don't know?"

"It's corporate confidentid."

"But not an utter state secret, because you-"

"Mr. Axelrod ingtructed me to broach-"

"Julia?' Vaguaba was at her elbow.

Juliaspun toward him, shoving Praknor away. "How-"

"Heisfine. Awake now."

Juliaturned back to Praknor, eyesflashing, breasth fuming. "We're going to goddamn well live forever,
y'know."

Viktor didn't want to dwell on the accident. " Just another data point,” he said. "God isto look for
pattern.”

"Um," she said. He dready had alaptop and was fooling around with the magnetic data. She said nothing
about Praknor, just sat and let him play. He had lost afair quantity of blood and taken penetrating
wounds at hip, right shoulder, and left Sde. The suit had absorbed alot of the blast, and itstight-woven
threads stopped the wound from rupturing out into the low pressure. He sat up in the crisp white sheets
and shrugged off questions about how he wasfeding. The point, he gruffly et her know, was not to fed,
but to think.

Juliaknew thismood was the best signal he could give her about how hefelt. She said softly, "I'll talk to
the misson andysis people-"

"You, we, never believe them,” he said. "They have data, but we were there. Big difference
"'Something went wrong with the capacitor, they're saying.”

Viktor managed adry chuckle, hands crinkling the sheets. "V oltage surge came fromiron layer.”
"Um. Why?'

"Y ou notice how mat |ooked?"

She closed her eyes, her method of recalling ascenein thefield, learned from long experience. "It...
fluoresced.”

"Da. What 7'
"Green sparks."

"Da. | check, use physicstables, isright color for smple voltage breskdown in water vapor and carbon
dioxide, at low pressure.”

She patted hishand. "Y ou dways do the numbersfirg.”

"Keegpsyou honest. So, at the pressure we measure, what voltage breaks down that gas?’



"Um, lots"

"Quantitative, is 640 volts per meter.”

"I'm supposed to be, what? Impressed?”

"| was sending couple voltsinto seam.”

"No chance the capacitor just failed?’

He shook hishead sadly at her ignorance. "'Discharge came from seam, not capacitor.”
"So what went wrong?'

"Nothing. Somebody got, maybe, enthusiastic. Somebody trying to get through.”
"To.."

"To answer, da."

The whole Praknor behavior pattern was another matter. Julia could see that the woman had aready
rubbed alot of the outpost staff the wrong way. She had aready spent ahaf year in narrow quarterson
the way to Mars, and plainly the stresses-despite plenty of Earthside training-had compressed an already
overcontrolled persondity into Strata of anxieties.

Confinement had away of telescoping relationships and tensons. On Mars, if the staff had had to stay
ingde for mogt of thetime, it would have become abarking asylum. That was why Earthsde carefully
studied possible crew members; but the stress of passage to Mars was even worse, and far less easy to
project from Earthsde smulations. The whirling stdlar void visble on interior screens, the looming
prospect of aerobraking-knowing that two had failed in the last twenty years, killing the crews-these
unsettled the mind. So why had Earthside sent this new-style manager type, whose specidty seemed to
be intimidation? Somebody didn't understand that explorers were not corporate types, so they had risked
random persona chemidtry-nitro, meet glycerin, you're going to have a blast.

She had a sudden hunch. Praknor had been sent as a specid emissary. Axelrod had probably smoothed
the way for her, and now Gusev Outpost was paying the pricein crew friction.

Another piece of data Juliachecked with Outpost Control, and, indeed, they were pumping extra-big
volumes of water up from theice sheets below Gusev, filling the plagtic-lined subsurface reservoirsthey
had labored for yearsto ingtal. Mars ran on energy from nuclear therma units and plenty of water. With
those they could do al the chemistry they wanted. It dso meant easy refueling for afast-turnaround nuke.

Theincoming nuke was " corporate confidentia," which meant that Axelrod had yet another trick up his
deeve. There were afew more days before it landed, ten klicks away, at the pumping station. So Julia
avoided Praknor and worked away in the lab. It could be her last chance to do biology that mattered.

The Stromatolite Empire.

Dreaming, she was standing on mud flats at low tide. Volcanic cones towered over a haze of gray ash,
the landscape lit by spurts of hot lava. Streams of lava hissed into a shdlow dark sea. Waves whipped by
high winds pounded basalt cliffs. Hummocks of basalt sood on the shoreline, glistening when thefitful sun
struck them with highlights of crystas. Gray-green life had begun on these mounds, clinging, fighting for
nutrientsin aviolent land. Clouds parted for amoment, and she looked up, expecting to see the moon's
paleface. Instead, a blue-green sparkle danced in the turbulent air. A swollen crescent moon leered at



the yellow horizon. Earth.
And maybe Mars, even earlier.
The Sromatolite Empire.

She studied the research summary squirted up from Earth at her request. She had not thought of looking
at the data.on stromatolitesin thisway before, but as soon as she did, plenty of researchers were willing
to help, so thisarrived within hours.

Life on Earth had taken off after an excruciaingly dow start. Though smple cells began within about 400
million years after the planet had cooled off enough to alow it, they took 2.3 billion yearsto get around
to making complex ones-eukaryotes-with machinery in anucleus. Another 400 million years plodded by
before smple seaweeds arrived. Stacking cells together to make more complicated plants was
apparently atough invention, taking 600 million years more. Only when dl thiswasin place, barely 600
million years ago, did the Cambrian explosion of species occur, and complexity took off on its
exponentid rise.

But by thetime dl thisrunaway action started, the plants had flooded Earth's atmosphere with oxygen,
making things tough on the anaerobes. So they had mostly retreated underground, where they ill thrived
down to depths of severa kilometers. Having a blanket of poisonous oxygen over the surface had
probably inhibited them. So she thought of 1ooking back, at the microbial communities which hed
survived through dmost dl the Earth's history-stromatolites.

As an undergraduate in Adelaide she took atrip to see what they looked like and was astonished that
they seemed to be just like rocks. Irregular, encrusted columns of rock.

For decades now she had seen just such bulging columns of microbid life, degp in the Martian caverns.
Forms on both planets used DNA to pass on their genomes, but there were myriad differences. Earthside
biologistswere ill fighting over theimplications of this, most of the discusson going right by her a high
velocity. She was an author on dozens of papers, arguing both sides of theissue, with titleslike "I dentity
and Evolution of Martian Vent Endosymbiotic Methanogens.” (After thefirst few, Viktor did not want his
name on such tongue-twisting papers and did not even read them anymore.)

Either Mars had sent life's early kernelsto Earth, in shards blasted out by incoming meteorites, or the
other way around.

Shedidn't caredl that much which way the argument would turn out. It was all wonderful.

Geologists gauged the growth of modern Earth stromatolites by seeing how much they had covered over
old soft drink bottles from the 1920s-about amillimeter ayear. The microbia matswere dow, careful,
with the gingerly care of the vastly ederly.

And when poisonous oxygen agppeared, they had |apsed. Their species numbersfell, but unlike the vast
run of dl life, they did not die out. Along afew shores and |ake beds, the mats still waited patiently, much
reduced, in their warm salty ponds, waiting to again dominate the oceans...

She remembered her dream. Stromatolites on Mars? Asthe thin atmosphere chilled and drained away to
space, the microbia colonies had to retreat. Into the soil. But without the competition of the oxy invaders
from above, they had not suffered the losses their Earthly brethren had to endure. They could spread in
thelarger caverns and rock poresthe light gravity Mars dlowed, find new waysto develop, makea



network that now wrapped in labyrinthian caverns through the planet. Perhaps they were not now
Separate species, but something that Earth had never seen: an integrated organism, based on cooperation,
the Martian Way.

Viktor hobbled into the conference room, leaning on Julia, scorning the crutch she offered. The physicist
Brad McMullen was waiting for them, the display screens around the room aive with colors. Uchidawas
working at akeyboard.

"We're getting plenty of those sgndsfromthe Vent R area, Sir,” Brad said.

Viktor let go of Juliaand spun on hisfoaot, letting the low grav bring him around and into the waiting chair.
"No'gr.' Just 'Viktor."

"Uh, wdl, here-"

The activity map told its own story: low-frequency signds, magnetic pulsesredly, of large amplitude. The
orbital antennas had picked up far more activity after the capacitor accident. It spread over abroad
spectra band and was tapering away only gradualy.

"Could not be from this solar storm that's blowing by us?' Viktor asked.

Brad shook his head. "We're getting surges from that, sure. The storm plasma emits higher harmonics,
which can screw up our readings on the ground-but we can filter that out.”

An orbiter had even caught aburst of light from the origina vent, Vent A, at thetime of the dectrica
surgeat Vent R.

Viktor beamed. "See?' he said to Julia. "The somebody who answered istrying to find us."
Juliaeyed the display suspicioudy. "What'stheteam at Vent R report?”

Brad said, "Plenty of light coming from the mat. They've wormed their way into some preity big
caverns-one bigger than abasketbal stadium, Daphne said-and they can see dl the way across the thing,
just fromthe mat glow."

"Damn," Juliasad. "l should be there"

"They send pictures?' Viktor asked, and she knew it wasto distract her. Brad nodded and popped some
up on the screens. Juliagasped at the brilliant ivory glow, the steepled vastness above, long streamers of
meat growth hanging in billowing orange banners, hollows and shadows and flickering luminogties, likea
thousand candles lighting astony cathedral.

"Something wantsto talk,” Viktor said with adow smile. "To do the talk magnetic.”

Praknor skipped the introductory smilethistime. "I've been instructed to curtail your exterior
expeditions”

Juliahad warned Viktor, but still his nogtrilsflared. "No descents? Preposterous.”

"The corporate Accident Review Board has reviewed your conduct,” Praknor said evenly, looking at
Viktor with aremote, steady gaze. "'Y ou conducted an unapproved experiment involving high voltages"

"Couple volts, milliamp currents” Viktor said.

"-endangering dl personnel, and suffering potentialy fata wounds. All without review, or ever a



suggestion of prior advisement.”

"Wasfidd experiment.” Viktor leaned forward significantly, clasping hisbig handsin front of him, eyes
narrowing acrossthe table a her. "Y ou have done such?'

"I am across-science specidist, and | know procedures must be followed in every hazardous
environment. So does the Consortium.”

"Um." Viktor raised his eyebrows. "Very impressive terms, but is not fieldwork."
Praknor gave each word weight. "Without. Proper. Procedures.”
"That isnature of field. New things happen.”

"I'm afraid the Consortium views this entire incident as asevere wake-up call. Y ou two are our primary
assats. The Consortium cannot alow you to risk yourselves.”

Juliahad been holding hersalf back, but now said as mildly as possible, "Don't you think that's up to us?*
Praknor said evenly, "We dl have the highest respect for you. Y our faces are known globally, your-"
"Wearejust peopletrying todo ajob.”

Praknor looked stymied, her lower lip turning in, teeth pressing the blood from the whitening red. She
blinked, making adecison. "All right, then, hereit is. Mr. Axelrod wants you back on the moon.”

A moment'ssilence, then: "Why?' Viktor demanded. "Nothing we can do there.”
"You'l be safe, secure, you canretire.”

Viktor looked more puzzled than affronted. His brow wrinkled, looking like the grain in aweathered
board |eft outsde. "Too young to quit!"

Praknor's face softened just a bit, her eyebrows rising. "Frankly thisisn't amiddie-aged game here.
Never was. It'stough.”

Juliagtiffened. "We know that better than anyone.”

"I'll skip over the early days, when, as| recal, Viktor got hurt in avent. Julia, just last year you sprained
an ankle. Three years ago Viktor broke an arm.”

"Accidents, isal-"

"Happening more and more often to you two-"

"-and dl better now," Viktor finished. "And what about Mars Effect, en?"
Praknor took abreath, soldiered on. " Still-"

"Moonisboring!" Viktor dammed hishand on the table. "Is dead!"

Praknor said, "I didn't want to put it thisway, but Axelrod said to use trumps, so-I'mjust relaying word
here. It'sa Consortium decision, not revocable. Y ou're going home.”

"Moonisnot home," Viktor said quietly.



"Y ou can't go to Earth, the gravity would immobilize you."
"Moon isboring! Nothing to do."

Juliasaid mildly, "The big microwave antennas the Consortium's building, the solar cdll farms-they're built
mostly by robots, right?"

Praknor nodded quickly. ™Y ou could learn dl those new technologies, supervise-"

"Plenty robots here already,” Viktor said. "Not good at exploring. Maybe putting up Tinkertoy
microwave antennasis okay for them. Not us.”

Praknor tried aquick, unconvincing smile. "How about taking it easy for awhile? Y ou could fly inthe
new pressure dome they're putting up-"

"Like Andy?" Juliashot back.
Praknor stiffened. "I didn't think you would bring that up, Since it was under your directive that he-"

"Hey, it was hisidea, and he had plenty of experience." Juliawas sorry she had said it the ingtant it was
out. Even if it wasindeed true.

Praknor said dowly, "That's not how the Consortium seesit.”

When they were done, Viktor was surprisingly cam. "We start publicity campaign, right now. Go to
Eathsde media”

"l agree" Juliasaid, though she had asinking feding. "Let's go through the Consortium publicity office.
Weknow them."

"Even 50, they'll block us. Maybe capture the broadcast.”

"Not if it'saninterview."

"Um. Maybe begt, yes. I'll send inquiry to somefriends, start them working onit.”
"We need abig splash.”

"I'll play up my injury, maybe say | can't travel." He grimaced. "Islie.”

"A mediauntruth.”" Julia patted his hand.

They tried to get back to work.

But Julia could not stop thinking about the fluorescent-lit, acronym-ridden, numbing culture she saw on
the vid. Some would dop over onto the moon, certainly. Any civilian with the bucks could buy aweek or
two there in the "pleasure domes'-though the orbital Mars Sats were the big draw and cheaper. Even the
thought of rubbing up against a steady stream of such people made her tired.

Mars never had. She wasn't young anymore, for sure, but there were moments when she till felt youthful
joltsof inexplicable exhilaration, energy mixed with yearning, acertain smmering sense of invincibility.
Maybe it was Mars. Here you needed rugged confidence, or else you'd cower in your hab, afraid of the
wholewide world outside. So she and Viktor had developed their own aspirations, steedy like afaith
that did not need expression, ahope that could sting like chlorine.



Without Mars, she knew shewould never fed that way again.

Daphne found Julia, intersecting her in one of the subsurface corridors. "Hey, got some results,” Daphne
sad brightly.

Juliablinked at her. The Vent R descent seemed like an age ago, though it was only aweek. "Uh, grest."

Daphne's " office” was atiny compartment. They wedged in as Juliareflected on the comparatively vast
gpaces she and Viktor occupied. "We got agood long way down, over aklick,” Daphne said. "Into side
channds, too."

Onthewall asatdllite photo appeared, overlaid with blue lines. "Here's the subsurface map. Got most of
it with those climbing 'bots we took down." Thelinesfollowed ajagged but mostly radid pattern, fanning
out from the Vent R mouth. "And now we add the magnetic field data, waves emitted from-"

Orange lines appeared. They were broader, mostly patterns of cross-hatching. "They follow the mat,"
Daphne concluded triumpantly. "Not perfectly, but close enough that it can't be an accident.”

"Striking." Julia peered a the cross-hatching. " The magnetic waves, the low-frequency emissions Viktor
has been working on-thisis where they come from?"

Daphne was abiologit like Julia, but Mars staff had to be versatile. She said, "I know, | can't see any
reason why they should overlap-but they do."

Juliasmiled. Daphnewasalot like her younger salf, plunging ahead. " So the mat uses e ectromagnetism,
too?

Daphne traced with her fingers some of thelines, thinking, not answering right away. "Seems unlikely,
doemntit?'

"BEvolutionisinventive.

"There are dectric edsthat use charge to find and shock prey. But waves..." Daphne shrugged. "What's
that saying of yours?'

Juliawondered if the staff thought of her and Viktor as pontificator has-beens. Then sheredlized that,
indeed, she did have stereotypica remarks. Like "Correlation may not mean causdity?'

"Y eah, that. | remember hearing that the disease rate in Europe goes up with temperature. But it'sthe
insects carrying the diseases that respond to temperature, get more active-not the weather making people
gck.”

"So the mat may not respond to magnetic fields directly?"

Daphne spread her hands. "Sure, 1-"

"But then, what blew our capacitor?’

Viktor caled her, and she found him collapsed on their bed. "Y ou're overdoing it."
Heignored her. "Got asquirt from Earthsde, mysterious.”

"Axelrod." Not aquestion.

"Assgtant to him. Said the moon antenna system launched a powered sail toward us."



Juliasat on the bed and felt hisbrow. Maybe alittle warmer than usud. "This soon? | thought they
weren't going to have the power transmission system up and running for years."

Viktor thumbed on their wall screen. A deep-space picture, magnified to the limits of resolution. A slvery
disk hung in the black. Below it, hanging by struts like a spiderweb, was a small golden package. "To
boost this lightweight package to high vel ocity takes only afew antennas. Axelrod said to send thisastest

package.”

Juliahad pad little attention to the grandiose Consortium plans. The collision between globa climate
change and risng energy demands was the biggest internationd issue Earthsde. Storms were wrecking
cities, the ocean was lapping at dikes, Kansas was adesert and India had floods. Y et the cheapest path
to prosperity wasto burn cheap coa and let somebody el se worry about the accumulated carbon
dioxideintheair. A classic tragedy of the commons-profit was private, waste was communal.

And here came the Consortium to the rescue. Viktor's next picture showed the beginnings of the
microwave antenna network Axelrod's web of companieswas building. Eventudly it would trace around
the moon's disk, as seen from Earth, because that gave the highest focusing of the incoming microwave
beams. Those beams would strike football-field-sized receivers, just chicken wireredly. Theinduced
power in those wireswould feed directly into Earth's power grid- cheap electricity.

The origind power would come from the harsh sunlight hammering a the moon's surface. Captured in
huge solar panels, fed to the microwave antennas, the energy source would bein itsway an
environmentalist's dream: the environment affected would be aquarter of amillion milesaway from Earth.

But that was a decade in the future, at |east. Robots were making the solar panel's on the moon,
extracting iron from the lunar regolith with magnets, making wiring from it, building the antennas. Nearly
al raw materidsthey got from the moon itself. Juliahadn't even realized that they had any of the big lunar
antennas up and running, but there they were-big wire cups on dender stalks, light in the lunar gravity.
They pointed skyward and radiated power to the silvery sail.

"Pushed it out of orbit around moon," Viktor said, thumbing through moreimages of the sall. "Gaveit
gpeed. Sent it into long orbit for Mars.”

Julia arched eyebrows, impressed. "Nice toy demo, but-"

"Itsjob, they say, wasto get here before that big nuke.”

"Huh?'

"Nuke had areedy |eft when Axelrod decided to send this," Viktor said. "To best itstimein getting here.”
"Why?

"That isthe mystery." Viktor grinned, though she could see he was bone-tired.

"Just showing off, | bet."

Hewaved thisaway. " Squirt from Earthside says not. Axelrod wants meto pick it up when it
aerobrakes.”

"What? Why-wait, you can't do it."

"Orders."



"You'rein no shape-"

"They said we should both get it. For our eyesonly.”

He grinned, dways happy when intrigues got more complicated.
"When'sit get here?'

"Two days. Sail burns up on entry. Payload chutes down. Trying to set the package-that little
golden-wrapped thing, you saw?-down in Gusev."

"Three days before the nuke." Juliafrowned. "Damned funny.”
"l like mysterious."

6

LAST TRAIN OUT OF DODGE

To KEEPHER MIND off their Stuation, she puzzled over the Vent R incident. Science best politics
every time.

Viktor had pointed out the biggest clue: the correlation between water vapor pressure near the Site and
the magnetic waves.

Except for birdswho used the magnetic fidd to find their way on migrations, Earthly life mostly ignored
magnetism. A few bacteria carried minute bits of iron and appeared to orient in amagnetic field, but how
it hel ped them was unclear. She shook her head; would evol ution have produced the same answer to the
riddle of survival on Mars as on Earth?

She sat and thought and watched the Martian landscape as sharp shadows stretched across the
afternoon. A thin filament of cloud towered in the distance. Sure enough, it wasin theright direction for
Vent A. The mat was opening itsthick seals again, following a pattern no one had deciphered yet. She
added one more data entry to her date; thiswas thefirst venting in several months. And nobody knew
why the mat did it, though there were plenty of theories. VVapor pressure...

The early discovery of methanein the Martian aimosphere, a ten parts per billion, had suggested that life
might be the source-but it was not aclear proof. Scientists could always rummage around and find other
interpretations, which in turn suggested further tests, and that was the dance of scienceitself.

Maybe a recent vol canic eruption had vented the methane from the warm interior; that happened often on
Earth. Or perhaps, since comets were known to have methaneices, one had blundered into the
atmosphere. And a calculation showed that the water vapor in the Martian atmosphere, kindled by
ultraviolet, could react with the methane and erase it in afew centuries. So any volcanoes or comets had
to be recent events. But in the hundreds of thousands of orbital photos there seemed no clear evidence
for recent volcano ventings, or impact craters from comets. So the issue had drifted along without clear,
sharp confirmation for any view. Until the Marsmat discoveries.

Now they knew that the Marsmat could send signals over great distances, hundreds of kilometers at
least, far larger than any single mat. They had seen that in Vent R, when the humanlike image shaped up
out of themat on afirg vigt.

Why communicate over such scaes? To sense acoming pulse of hydrogen sulfide vapor from deep
below, tell the entire network, and make ready? A clear surviva vauein that, she supposed. Could



organisms evolve such detailed response in this harsh place? Could an Earthly biofilm do it? Maybe
biologists had never noticed. On Earth mats like the stromatolites were considered to be early, primitive
formswith severe limitations and no future. The biofilms had just been outrun by other formsin therich,
warm, wet oceans.

Juliawent out to the big greenhouse and gardened to clear her mind. They all went to the greenhouse
when they weretired of the endless sunset hues of Mars. Or when they longed to see something dive that
wouldn't talk. That first whiff of greenhouse air was a great morae boost. Greenhouses processed air
better than any filter, carrying a particular fresh scent unlike Earth, undefinable, more raw. She would
MisSit.

She barely nodded to others working. Privacy was precious, and they'd adopted the Japanese habit of
not intruding on one another's space unless by mutua agreement. She skipped the fields of whest, rice,
and potatoes, various beans, lines of broccoli and tomatoes. These looked ordinary, and then she walked
under the canopy of carrot stalks so green they changed the Mardight.

No one could predict what the combination of low gravity and low sunlight would do; some crops died,
others became green gushers. There was something very caming about being surrounded by green leaves
and vines, dl nodding gently in the endless updraft. To strengthen trees and stalks, they had to run
breezes, fake winds. She recdled how, in the early years, she and Viktor had taken advantage of the
absence of others, off on rover trips, to make love amid the churning plants-exciting, though chilly. It'd
aways been a big turn-on for her to look over the shoulder of alover into the swaying foliage of atree.
Viktor said it showed shewasared primitive.

She worked with her handsto free her mind-pruning, harvesting, helping. Even abiologist had to keep
reminding hersdlf that life found ways nobody could foresee. Growing up in Audtrdia, she had marveled
at lizardsin the deserts that absorbed water through channelsin their feet, because they were most likely
to come across moisture in shalow damp spots. On the other hand, nature made its creatures narrow of

purpose.

Silently she joined ateam that was harvesting corn. It was good, solid work, letting her hands go and
have fun while her mind could idle, running on its own. Cut, sort, bag...

One winter she had gone out on aGirl Scout trip, and they had stayed overnight in a bush farmhouse with
atinroof. In the night birds thumped heavily onto the roof, because when they looked down from their
migrating patterns, it reflected the moon and so looked like an inviting pond. She had rushed outside and
found dazed ducks, given them water, and off they had gone-no doubt to make the same mistake again,
because nature saw no point in giving them the processing power to learn from experience, much lessto
tell othersof their kind. If there had been many tin roofs, they would never have made the migration,
never made new ducks. Nature had not made them too narrow, not thistime.

Too narrow ... Could evolution have found away to give the mat some use for the magnetic field waves?
It sounded crazy.

Juliawas thinking so hard about thisthat the burst of hand-clapping startled her. When she brought in a
bushe of picked corn, her coworkers applauded. " Fastest picking I've ever seen,” aman said. Juliawas
gtartled. She had not even noticed.

Sitting in the cafeteria, nursing acup of coffee, ayoung woman from the bio section asked, "Mind if | St
down?"' The room was crowded. Juliawaved her into a chair. Stephanie, she recalled, a biochem type.
They had even been on a dozen-author paper together, on how the Marsmat used sulfur for energy.

"Nothing much to do," the woman chatted on. "I'm asexile for the next few hours."



"Uh, what?'
"Exiled for sex. My roomiehasaguy in."

"Uh, oh." At firgt Juliablinked, affronted at this sudden bolt of intimate detail. Then sheredlized thet this
was another effect of living in atight little base, however grand the views were outside. Unavoidably,
formal hierarchy dissolved under the rub of informa daily life. See the commander daily durping coffee
and washing dishes, and pretty soon he doesn't look like the leader anymore. Even legends did scut
work-or should.

The woman started happily chattering, and her talk went in Julia's ear and out the other. Only when the
other woman started to notice did she make an attempt to respond. Juliawas busy realizing how out of
touch with the younger staff shewas. Could Praknor be right? Time to hang it up?

Praknor tried to put her foot down over their excursion, eyesflashing. "No, it'sridiculous.”
"Axelrod said we are to recover package,”" Viktor said.
"Y ou can barely walk!"

"I'll do thewalking," Juliasaid. "Theroute isaong one of our standard drives, and | can do the driving,
too."

"It'stwenty-three kilometers-"
"Weleave a dawn, back in plenty of time."
Praknor sat very dill. "I believe we must definejust who isnow in charge here.”

Juliasadin addiberately conversationa tone, "Waell, | hardly think it's adichotomous choice. Still, no
need getting our knickersin atwist when we can defer to Earthside on thisone, en?”

Earthsde would be very surprised to be asked; tight control of excursions had faded away years ago.
But she was counting on the fact that Praknor was so green she didn't know what the routine was.

Viktor picked thisup. "And can talk to staff, too."

Praknor sputtered, but Viktor'sintuition proved right. The staff would support the venerable Marsnauits,
not afresh manager who hardly had her Earthsde smell worn off.

Julia sent along message to the Consortium, and Praknor wrote one even longer. Off these went.
Experience proved the rule: Earthside dithered for hours. Praknor got distracted with work. Nudge
nudge, wink-

So they went. It helped that everybody was talking about the new results from the Pluto expedition, and
abit distracted. Nobody asked questions. The I SA discovery of abiosphere there had e ectrified them
al. Juliahad no ideawhat to think about the Pluto reports. The biology seemed impossible. But then, so
had the news that the solar system'’s bow shock was moving inward. She had long before learned to let
the outer world go on, without her attention. She put aside everything and focused on the task at
hand-aways, on risky Mars, agood idea.

Going out, Julia noticed how much of the landscape was now rutted and marked by the ever-busy
humans. She could see the towers of their water-drilling fieldsin the distance. Some pingos nearby were
thoroughly excavated, both for bio-signaturesin the deep ice deposits and for geologica data; then the



ice was harvested, leaving holes yawning like mouths. Not far from them was the crumpled descent
package.

Thiswas yet another miracle of design. Hardly the sze of a coffee table, the smart, carbon-fiber shell had
survived the blistering plunge by flying itsdlf. Stubby wingslet it use the infaling energy to bank and lift,
gaining thetimeto locate Gusev. Viktor indgsted on parking only meters away, so she had avery short
walk. The announced reason for thisflight was some vitd smal partsfor amafed pressure control
system, and they were indeed most of the payload mass. But when she lifted the parts out, there was a
cylinder a the back. On it in big stenciled letterswas FOR JULIA AND VIKTOR ONLY. In Axdrod's
hand.

She got it back into the rover, and insde was arolled-up letter. "It's so like Axelrod to send an
old-fashioned | etter rather than an eectronic squirt,” she said, openingit.

"Hang the expense," Viktor said. "Isaso much more secure thisway.”
They read it together. "Now will be much fun to talk to Praknor,” Viktor remarked.
"l can't believeit," Praknor said.

They showed her the letter. Axelrod had even written it by hand; he never trusted the security of digital
media and more than once had been proved right. Praknor read it over twice.

"Thebig nukeisfor heavy Marshauling, yes." Viktor began, as usud, by illuminating the tech angle. "Will
land with plenty supplies, rovers, support gear. Rut will take off with water in holds."

"Thisisinsane" Praknor said quietly.

"Maybe, but isorders.” Viktor even smiled.

"I thought, | wastold, | wasto prepare you for transfer to the moon. But, but-to send you to Pluto!™
"They need help,” Juliasaid. "Nobody there has experience dedling with dien life, communication-"
"And you..."

Praknor didn't finish her sentence, but Juliaknew how it went: You over-the-hill types are going to ride
out there in the biggest, best nuke yet built, to help? When young people like me are available?
Ah, the arrogance of youth!

"Weareonly part of it," Viktor said crisply. "This nuke has crew, supplies needed on Pluto, just needs us
for maybe hel ping with the communication problem. And Axelrod, he has money in hismind, too."

Praknor shook her head. "There's no money to be made at Pluto. That's an I SA expedition.”

Julia suppressed asmile. The whole nuclear rocket program had emerged from military, commercial, and
exploratory arms. The Mars Prizeitself had been thefirst step toward true international cooperation, and
it had drawn two entries. Axdrod's Consortium from the USA, flying in big chemical boogters, and the
Euro-Chinese end run, using anuke.

After that, it seemed obvious that merging abilities and assets, with economies of scale, could make
space afar eader enterprise. Ultimately that cooperation had formed the International Space Agency.
Axe-rod's can-do persondlity had driven much of it. Julia spoke with him nearly every week, still, but her
memories of him were over two decades old now and fading. But she was sure that the man would never



do anything that did not hold at least the promise of profit.
"Y ou forget theice asteroids,” Viktor said.

Praknor just looked perplexed, so he went on. "Inner solar system was dried out by early, hot sun-the T
Tauri stage, iscaled. Sun'slight pressure blew lots of light elements out, so the gas giantsare dl beyond
the asteroids-and even 'roids are dry. To develop inner solar system, need light eements-water, carbon
dioxide, methane. There are whole chunks of that orbiting out beyond Neptune-the Pluto expedition
found lots. Tested afew. Axerod wantsto move somein, far in-to here-so Consortium can use.”

Praknor snorted with derision. "Move asteroids? Wouldn't it take huge energies?”

"No, little needed. 'Roids out there move with orbital velocities of maybe one, two kilometers per
second. Slow. Takethat away, they fal straight in toward sun.”

"But even asmadl change, for such ahuge mass-"

"Use nuke reactor. Melt some of ice, heat, blow it out back, makes rocket. Use the 'roid'sowniceto
moveit. Cheap."

Praknor blinked, her mouth pursed, and then she stiffened. " That's what the board thinks?"

"Axelrod sayssoin hisletter," Juliaadded. "Me, | think he wantsto get al the help he can for the Pluto
expedition. After dl, it's getting plenty of media attention-distracting people from what we're doing here.”

Praknor said dowly, "He wantsto get back in the game.”

Juliacould tell by the subtle sag of Praknor's shouldersthat she was accepting defest. "I he can supply
water to people in the asteroid belt between Mars and Jupiter, he can capture dl the mining industry.
There are more metas available in the belt than in the outer crust of the Earth.”

"Butismore," Viktor said, eyes crinkling.
"What?' Praknor was guarded, aready hammered heavily by thistorrent of news.
"On Pluto expedition is his daughter. And they arein deep trouble.”

Beforefadling adeep, cuddling close, Juliasaid thoughtfully, "Didn't these last few days seem, well, abit
odd?'

"How you mean?' Viktor was deepy.

"First we get Praknor, who made amess of dealing with us. Got our backs up.”
"Axdrodisnot diplomat."

"No, he's an order of magnitude better than mere diplomats. HeE's a conniver.”

"How you mean?' Viktor turned off hislight and got his skeptical look on hisface. She knew that he
would listen for maybe aminute, then close hiseyes and drift off to deep. Very eficient.

"Praknor pushes us all out of shape by threatening to ship us back to the moon. She believesit, too, and
isthe mogt abrasive person I've ever seen sent out here.”

"Um." He did not open hiseyes, but he said dowly, "So wethink thisisfirst of new breed.”



"And she can point a the big nuke, duein soon.”

"Last train out of Dodge."

"Huh?'

"| been watching movies. Westerns."

"Oh. Then Axdrod dipsin thisfast sall message, absolutdy authentic, in hisown hand.”
"Persond touch."

"Good cop, bad cop.”

Viktor chuckled. "Praknor, very bad cop. Good cop saves us from aroutine life on moon. Holds out
Pluto, where the action isright now. The nuke is aready partway there, see? Energeticaly Marsisthird
of theway to Pluto.”

Sheran her hands over hisback. "I loveit when you talk technical.”
"l know this"

She made arude noise. "So we're to be part of agrand expedition, helping out his own daughter-and the
Consortium can play it asarescue plus science.”

"Sdlswdl."
"You got it. Great story, featuring our famous, fave heroes from the Mars Race.”
"Iswhat Axelrod intended al along. Moon was phony choice.”

She dapped his ass cheerfully. "And now were glad to grab the chance! A month ago I'd have resisted
leaving Marsat dl.”

"Now we are ready."

"Yes, weare."

"Axdrod smart guy.”

Julianudged him. "Plausible, right?"
"Does not matter."

"What? Why?'

"Because he could just order usto. But thisway we're enthusiastic. Much better to have employeeswho
want to do the work, da?'

Shefdt offended. "We're not employees!”

"To Consortium we are." Herolled over and put both arms around her. "L et them play their manager
games. We havethefun. Isdl that matters.”

PART I



THE FAR DARK

Immensity isits own justification.
-William Rotder

1

the zand

Light-pae, BLUE cold, little more than starshine-crept over the gray ice plains. Dancing blue and green
aurora sheets shimmered in the deep blackness above. On the dayside skyline aturbid yellow stain
swelled at the hard brim of the world. Then a sudden blinding-bright point threw stretched shadows
across the hummocked land. The seventy-seven hours night was over.

Sunlight, waxing yet still wan, laid Segeto arampart of spiky white needles. Temperatures edged up
from the night's 96 degrees Absolute that made everything here rock-solid. Even the methaneice hills
loomed like rumpled blue sted!.

But the coming of the sun-now apinpoint only as bright as a streetlight a block away-changed the
landscape. M ethane needles caught the sunglow, and their sharp crystalline spearpoints curled, sagged,
dumped. Gray vapor rose to meet the tepid dawn. It met even colder, drier air from Darkside that came
diding inonarushing wind.

Methanerain fdl in wobbly dollops, spattering on black ice. The zand awoke.

It peered out at the dow awakening of adumbering land. Its body stirred. These blesk days were not
remotely like the warm breath of summer, now long lost. Centuries would €l gpse before Pluto again saw
methane ice sublimeinto its pink haze. The grinning crescent of Charon above loomed large but was il
too small to hold its gases. The eons had stripped Charon of its methane, leaving bare, rock-solid water
ice. During the richly remembered summer Charon had grown apearly vapor tail like acomet, while ill
golidly performing its gravid waltz with Pluto. Now its vast, pocked plains yawned above as each world
rotated with the other, face-to-face. Like dancers forever doomed to the same pace, theice world's
cyclerepeated every 6.4 days.

Surface relays kindled by the sun sent crisp neurd discharges coursing through the zand's body. The
sphericd shell that had sealed it from the long night split and retraced. Brittle rods clacked, withdrawing
insgde, finding fresh socketingsin an internd skeleton. Pulpy organs duggishly awoke. In such deep cold,
only organic solvents could ooze to adow, throbbing pulse.

The zand turned itsice-glazed lenses directly toward the hard point of radiance. This prickly simuluswas
just barely enough. Radiance. Aided by energy hoarded through the bitter night, thick motor rings of
muscle aong the zand's daytime body began to pulse. The great beast moved. Suggishly.

Just before easing into deep the night before, the zand had marked an outcrop of foodrock and carefully
covered it with snow. Now the ever-thickening rain beat upon the cache. The zand splashed through
rivulets to the top of the knall, fighting the humming wind that blew toward the dawn. Asit struggled
uphill, the chilly breeze seemed to be dways againgt it.

Findly the top. Stiffly the zand extruded its blower and drove the rest of the damp, melting snow off the
outcrop.

Nothing. Something had harvested thislode in the long night.



Darksiders. One had gotten by their fragile lines. Perhapsto do damage el sewhere?
Despair swept through it. Darksiders could dip through because the zand were al wesak, terribly wesk.

Thenit put al thought aside and rested. Dizziness spun through the long body. Each move sapped its
precious stores, and it knew now that it had used too much from its small stock of energy. Thiswas going
to beavery near thing.

It mustered more chemical energieswithin itself and went on. Itslegs creaked and trembled.

Desperately it turned its head to scan the areafor food. From this hummock it could see farther. The
world's gentle curve was obvious from this height. If it found nothing, it would not live out another day.

Therel On the horizon black spore cases popped open. Nitrogen, compressed and pent up al night,
blew out thetiny cellslocked insde. The plant's shell was as hard as the zand's own night armor, but it
was designed to rupture a dawn.

Most of the hard seeds fell on barren ground and died. A few spun inlong arcstoward the zand. This
landed them &t the base of the knoll. They ingtantly burrowed in. Ravenoudy, ecdtaticaly, they ate. From
their positive poles hissed the buoyant lifegas the zand so badly needed. Within their bodies the powerful
solvent released by their banqueting reacted with their cell-stuff, yielding other, heavier gases. They split,
dividing to multiply. Wriggling, they squirmed deep into the porous foodrock and spread acrossthe
rumpled face, thelr surging mass smothering it in abrown carpet.

The zand edged closer, waited for the right moment-and struck. Greedily it sucked in degp savory drafts
of the zesty life-giving gasesthey gave forth. The brown mat curdled and died.

The zand's sick weakness vanished. The smoldering furnace of metabolism now ignited, and its fires sent
waves of strength surging dong its entire body.

For the first time since waking, the zand reared fully upright. 1ts spindly arms shook defiantly at the cold
sky. Its chilled mind now fully unlocked. Loudly it trumpeted ahymn of praiseto Lightgiver. That
magestic Source of dl life now floated entirely clear of the curved horizon, till shrouded in rising, swirling
blue-white vapors and the driving, big-dropped rain.

Something fluttered out of the cloaking mists. A flapper, it must be, riding the turbulent mist currents
toward the outcrop to steal from the dawn's wedlth. The zand tensed to fight.

But it struck theice, smacking and rolling. The big dark mass came thumping and tumbling to rest at the
edge of the foodrock, sending cold steam purling up from whereit lay.

Dead? More important-new. Strange. Round like Lightgiver, or like the zand itself at night, but smooth,
shiny, hot. It even melted the rock-hard ice beneath it. In its polished surface the zand saw itsdlf,
grotesquely distorted.

Heat was wedth. The zand hungrily reversed its blower-organ and vacuumed the thing into its forward
orifice.

Then camethefirgt shock. Thisthing was heavy, throbbing, worse than alarge flapper. Dull pain
throbbed through the zand's dimentary tract. Itsfirst impulse was to spew the offensive lump forth. But
the zand had not survived countless nightsto greet Lightgiver by merely obeying itsimpulses. It hunched
closer to the outcrop and scooped up agenerous helping of spicy mites. At once their furious body
chemigiry gave aid toitsown. A fuming corrosive kindled in their first digestive stage. This syrup bit into
the strange sphere. The shiny skin fumed and bubbled.



The zand'sinward discomfort transmuted into a heady glow of well-being. Strange, vibrant tastes rippled
through its body. Nothing except Self-merge had ever given it such joy.

It verged on ddirium. Dimly, through acurtain of pleasure, it felt therain of wobbly drops ease, mists
lifting to unvell the hard, hot glory of Lightgiver'sface. Ruby mdt fluid trickled from warming rocks.
Digestion smmering, the zand felt flooded as never before with power and hope. Turning its back to the
wind, it doshed away from the knoll whereit had very nearly died.

Without a pauseit dove into the dawn sea. Waves broke acrossit, bringing warmth. The sky brimmed
with Lightgiver's promise. It was at peace.

It wondered where the shiny sphere had come from. Over the horizon, toward Lightgiver. An excdllent
puzzle to solve on such afineday. It moved steadily, legs clacking, storing lifegas and burngas from the
brimming fresh air. Radiancefilled it.

Breething in deeply, it broadcast arejoicing morning song.

2

CALLINGHOME

Shanna put on the last movement of Beethoven's Fifth and turned up the gain.

Ludwig von Cornball, they had caled him back at M oonbase One. Hipitude: post-postmodern irony. All
because she played ol' Ludwig so much-but who was more appropriate? What spirit better expressed
the grandeur of an expedition to the edge of the solar system?

She could well visudize Dr. Jensen tut-tutting at thislatest display of childish dramatization. But

M oonbase and Jensen-and more to the point, her father, the Great Axelrod-were electromagneticaly five
hours and twenty minutes away. Physicaly, even at high nuclear impulse, they werewel morethan a
year away.

For now, within the surviva limits set by her spacecraft-Proserpina, yes, hers, evenif shedid haveto
pretend to egditarian methods with the crew, her crew-she could do what she damn well pleased. With a
happy sgh sherdlaxed into her hammock and gave hersdlf up to the symphony's triumphant chords.

Sill, indeed, she was on watch.

With afoot she pushed off against a bulkhead and swung dowly in the ship'slight centrifuga gravity, eyes
on thewall screen. Ludwig had never imagined aplace likethis, yet the muscfit.

Pluto was dim but grayly grand-lightly banded in pale pewter and sadlmon red, save where Charon cast its
huge gloomy shadow. Massive i ce sheets spread like pearly blankets from both poles. Ridges ribbed the
frozen methane ranges. The equatorid land was aflinty, scarred ribbon, rock hemmed in by the
oppressiveice. The planet turned amost imperceptibly, amgjor ridgeline just coming into view at the
dawnline.

Observers on Earth had thought Pluto, Charon, and the sun could only line up for an eclipse every 124
years-but in 2029, to the utter surprise of Earthside astronomers, both the satellite's orbit and the planet's
axis had begun to drift. By the time Shannas misson launched in 2044, Charon was eclipsing the sun
regularly each Plutonian day. Axesweretilting. WWhole worlds were spinning up.

Strange, but just the beginning, thought Shanna. The game's afoot, Watson.



Even from Earthsde satdllite observatories-forty Astronomica Units away-it was obvious that Pluto was
warming. The spectra bands of its nitrogen atmosphere showed steadily rising temperatures, working up
toward the heady heights topping 100 degrees above Absolute Zero. (Or more than 300 degrees
Fahrenheit below zero, for the American audience; when would they go metric?) All this, despite Pluto's
steedy retreat from the sun asit followed its 273-year, highly dliptica orbit. Into the far dark.

Nobody had expected the warmth. Or the steady intrusion of the interstellar gale, pushing in on the sun's
own solar wind. That steady pressure was ssmply the plasmaand gas that coasted between the suns,
pressing againg the prow of the sun's own wind, as the sun swept through the galaxy in its own orhit,
about the gdactic center. What the astrophysicists called the pause point-which meant where the solar
wind met itsequa and fought endlesdy-that point was edging in, steadily. Againgt an unseen pressure
from beyond the stars.

Why wasit coming in? How? Nobody knew.

And how typical of Pluto and its moon that they should thus confound Earth's experts-who had warned
her that thisremote, small, cold world would be dull, the mysteries arcane. Y eah, yeah, yeah: gray, dim,
frigid. (Hadn't she had a boyfriend say that once? And he'd been sowrong ...)

They-dl the astrobio experts, and the outright astronomers, too- hadn't seen any of the mystery here, the
magic. Fine, let 'em stay home.

Shannawondered about the glorious filmy auroras. They aone were worth the trip, even though a
beetle-browed congressperson from one of the finance committees would hardly have agreed.

Had the great, luminous auroras been here before ... well, before what? Nobody had a clue what was
driving the warming. Or the steadiily incoming pressure.

Could the auroras be involved? They were much like Earth's- sheets of excited moleculesradiating,
dtirred by theincoming deet of solar wind particles. Rut these danced far faster, rippling with vibrant

colors, likeflapping flags.

Shelet the view absorb her for alast few moments. Each of her fellow crew-the two Kares, Chow-Lin,
and Ukizi-had a specidist's fascination in the frigid vistas. But they were adeep, and she had awhole
planet to hersdlf.

Shewas not the theoretician of the crew at dl-rather, she was mission biologist/medica, a margina
pilot... and now captain. The physicist who had been captain, Ferrari, died in afreak accident while
working aft near the combustion zone, with the robots who tended the nuclear engines. They'd lost three
'bots, too, which were harder to get aong without than Ferrari, in her opinion, though she kept quiet on
that score.

A disagter, yes-but despite Earthside's hesitations, she had assumed command, leaving to Jordin Kare
the primary piloting jobs. It had been touch and go there for aweek, asthey drove outward at a steady
0.3 g acceleration. (Hey, maybe they'd pick up a little Mars Effect in the bargain.) That wasahuge
rate; if they'd had the fuel to keep to it for the whole outbound trgectory, they'd have gotten here in three
months. Asit was, the mission had very nearly been called back when Ferrari died. It had taken al the
sweet-talking she could muster to deal with both crew and Earthside, plus arm-twisting by good old

Dad. Never forget that, shethought ruefully.

So now, though nobody liked it al that much, Shannawasin charge. Astronautt type, subspecidistin
biology and medica, apractica bio degree, though not redly primarily a scientist-but agenerd science
fan, yes. Jordin and Mary Kay Kare, they werethe real secret strength out here-the tech typeswho



could repair anything but weren't narrow. The rest of the crew tended the big, roaring bulk of
Proserpina and didn't take alot of Shannastime, luckily. She wasn't redly amanager type.

The symphony ended with stirring punch. She could not resist the pleasure of dapping her hand down. A
heartbesat |ater amusical chime-rigged by Shannain protest against the usua peremptory besping
aams-told her that the data gathered since Proserpina’s last radio contact had now been encoded and
kicked back toward M oon-base One. She tapped akey, giving hersalf avoice channdl, reciting her ID
opening without thinking. "Okay, now the good stuff, gang. Aswe agreed, | am adding my own verbal
commentsto thedatal just sent you."

They had not agreed, not at dl. Many of the Pluto Mission Control engineers, wedded to their
mathematical dang and NASA's jawbone acronyms, felt that red, live human commentary was subjective
and usdless. Ephemerd stuff. Let the expert teams back home interpret the data. But the public relations
people loved anything that tickled the public's nose.

"Pluto isamuch livelier place than we ever imagined.” Shetook a bresth; aways good to have aclear
opening statement. "There's weather, for one thing-a product of the planet's six-day rotation and the
mysterious hegting. Turns out the melting and freezing point of methaneis crucia. With the heating-up the
mean temperature is high enough that nitrogen and argon stay gaseous, giving Pluto its thin aimosphere.
Of course, the ammoniaand carbon dioxide are solid as rock-Pluto's warmer, these days, but il
incredibly cold, by our comfortable standards.”

There was the sound bite maybe. Now the technical.

"Methane, though, can go ether way. It'savolatile gas. Earthside observers found methane frost on the
surface aslong ago as 1976- anybody remember?-and methane ice capsin 1987. They speculated even
then that some of it might start to thaw as the planet made its closest gpproach to the sun. Well, it did,
back in the late twencen- and still does, every Plutonian morning. Even better, the methane doesn't just
sublime-as it was supposed to because of the low atmospheric pressure. Nope, it melts. Then it freezes
a night. That makesit alife-supporting fluid, in principle.”

Now the dawn line was cresping at its achingly Sow pace over aridgeline, casting long shadows that
pointed like arrows across agreat rock plain. There was something there she could scarcely believe,
hard to make out even from their thousand-kilometer-high orbit under the best magnification. Something
they weren't going to believe back Earthside. So keep up the patter and lead them to it.

Their crew had debated how to announce thisfor days-with no result. So now that they were deeping,
shewould. Earthsde deserved to know, she reminded herself. It wasn't an ego thing at dl. But ill... she
was the captain.

"Meanwhile, on the darkside there's agreet 'heat sink,’ like the one over Antarcticaon Earth. It moves
dowly across the landscape as the planet turns, radiating heat into space and pressing down a column of
cold air-1 mean, of even colder air. Fromitslow, coldest point-the pressure point-winds flow out toward
the dayside. At the sunset line they meet sun-warmed air-and it snows. Snow! Maybe | should take up
skiing, huh?'

It was hard, talking to a mute audience. And she was getting jittery. Shetook ahit of the thick, jolting
Colombian coffeein her mug. Onward-

"On the sunrise side those winds meet sunlight and melting methaneice, and so it rains. Hard. Gloomy
dawn. Tough wegather- and permanent, moving around the planet like avell."

She close-upped the dawn line, and there it was-a great gray curtain descending, marching at about the



speed of afast car.

"So we've got a perpetud storm front moving at the edge of the nightside and another that travelswith the
unrise”

As shewarmed to her subject, al pretense at impersond scientific discourse faded from Shannas voice;
she could not filter out her excitement that verged on akind of love. She paused, watching the swirling
alabagter blizzards at twilight's sharp edge and, on the dawn side, the great solemn racks of cloud.
Although admittedly no Jupiter, this planet-her planet, for the moment-could put on quite ashow.

"Theresult isashalow sea of methane that moves dowly around the world, following the sun. Who'da
thought, eh, you astro guys?' A dight dam at the astrophysicists, who had foreseen none of this. Who
could have, though?

"Since methane doesn't expand asiit freezes, the way water does, methane icebergsjust snk." Okay, the
astro guys know that, shethought, but the public needs reminders, and this damn well was going
out to the whole wide bloomin' world, right? "Onceit freezes, it Snks. So I'm sureit'sal dush ashort
way below the surface, and solid ice from there down. But so what? The sealisn't stagnant, because of
what that big ol' moon Charon isdoing in its synchronous orbit. Asbig as Charon is- and as closeto the
planet asit's gotten sinceits orbit shifted, big-time-Charon makes a permanent tidal bulge directly
underneath it. Think of abig ridge of fat liquid, swarming over the whole planet.”

Like the Earth ocean tides, she thought. But much bigger, and somehow strange. "And thetwo
worlds are trapped, two dancers forever in each other'sarms.” Like the Earth-moon system, only
Charon'sfar bigger in relation to Pluto. "So that bulge travels around from daylight to darkness, too.
So sea currents form, and flow, and freeze. On the night Side thetidal pull puts stress on the variousiices,
and they hump up and buckle into pressure ridges. Like the onesin Antarctica, but much bigger.”

Mileshigh, infact, in Pluto'sweak gravity ... A huge wedge soaring to the dark sky. Marching toward a
dim horizon, grinding, grinding. Srange...

But her enthusiasm drained away, and she bit her lip. Now for the hard part.

Sheld rehearsed this a dozen times, after dl the arguments with the other crew-and till the words stuck in
her throat. After al, she hadn't come here to do close-up planetology. An unmanned orbital misson
could have done that nicely. Shanna had comein search of life.

Five decades before, in the twencen and its aftermath, the life-is-everywhere advocates had not had any
red evidence. Until the Mars-mat discovery in 2018. And the success of the SETI program, picking up a
faint message. Then the skies opened.

Attention pored over those mysteries, and in turn back on the old problem of communicating with
dolphins, whaes, and the like. By then there was a whol e academic discipline devoted to reading the
well-nigh unreadable.

Well, maybe that would help the ship coming out now, on Proserpina’s tail, with acrew of has-been
Marsmat folk. But for now she had different news.

The theory and code devel oped to wrestle with the SETI message's e egant mumbo jumbo was known
somewhat condescendingly as Wiseguy. It had discovered that the SETI signa was arepesting "funera
pyre'-left behind to proclaim the wonders of an extinct civilization, thousands of light-yearsfarther in
toward the galactic center. Applied to the microwave emissions from Pluto, Wiseguy suggested an
intelligent origin. Coherent, ordered emissions, it said-yet a code Wiseguy could not break. Nor could



any human.

But those signaswere refracted and damped by the plasma streams billowing forth from the sun, so the
Space Array near Earth got only glimmerings of the Plutonian emisson. Thiswas enticing-even
convincing-to the converted. The International Space Agency had decided to go full out and send a
manned expedition, putting Wiseguy within range.

She paused, held her breath dmost asif she expected a chorus of sighs, groans, shouts. But the
community that had hoped she would find astriking refutation to the nay-sayers-that band was clustered
around aview screen an unimaginable distance away.

"Thisisnt achemica biogphereat dl. That'swhy it canexis.”

She coughed, excused hersdlf self-conscioudy from people who would not hear the cough until fiveand a
half hours hence. Then she made her voice more brisk, scientific.

"Mind you, the hesting isthe real point. There's some driver in the whole magnetosphere, and | think
wevefoundit. A current isflowing in from farther out. I'm talkin' way, way beyond Pluto's orbit. Maybe
from the Oort cloud-that's the junk Ieft over from the formation of the solar system, out where the comets
comefrom.”

To her earsthis chatty bravado rang false, but maybe it would play better back Earthside.

"Weve detected some pretty huge currentsin toward Pluto. And little old Pluto packs awallop, too. It's
got astrong magnetic field, nearly perpendicular to its spin axis-we sent you the dataon thisdready. It's
agenerator, like Uranus. And out here in this neck of the woods, any energy sourceisbig news.”

She stopped, sensing the skepticism these last sentences would provoke six hours from now. She sighed.
Thiswas even harder than sheld feared. Her mind kept lurching off on tangents, spilling out scientific data
and ideas. Behind the facade she was afountain of emotion. Could they tell?

She took a deep breath and changed the subject. "And in the atmosphere there'salot more free
hydrogen than a planet thislittle ought to be able to hold. At some spots on the dayside we've measured
gaseous carbon dioxide, athough it al ought to be frozen. There are d so some strange spectra lines"

Shanna caught hersdlf before saying what those lines seemed to show. She was not ready to make that
legp of faith; not yet. "Anyhow, since my last report to you | have sent down one of the smaller probes. It
landed on alittle hill, one about to be submerged by the just-melting methane sea's froth. Smacked down
next to an ice crag which I'm pretty sureisammoniaand carbon dioxide. Telemetry will tell al. The
probe reported to me faithfully until an hour and ahaf ago, and then..." She paused to gather up her
courage, imagining her father's famous Axelrod rumbling, avalanche-on-the-way belly laugh and Dr.
Jensen's deep-grooved frown. Even though both her mentors were more than 6 billion kilometers away,
they were with her as she framed her next sentence. Taking a deep breath-

"And then I-I believe something ateit.”
3
THEWAY OF THINGS

Santing long in pale shades of crimson and violet, Lightgiver'srays broke through thinning, rasy methane
clouds astherains of morning dackened. Still the zand swam tirdlesdy on toward Rendezvous with the
othersof itskind.



Joy! It had not felt this strong for many, many long days. Vigor and potency throbbed through it. When it
found another of the zand and they Salf-merged-as usudly happened before day's end-there might even
be aBirthing thistime. How wonderful that would bel

Sudden, tearing pain lashed at the zand's belly. The hooked head of aborer twisted into the holeit had
gouged. Agony lanced up from the wound. The borer's tail whipped the red seainto foam, powering the
parasite's body around and around and in, in, deep and terrible.

The pain soared, and the dow, seeping faintness began. The zand's automatic neurd defense system took
over. Lifegas and burngas sighed from its Side compression chambersinto its central canal. A neurd
impulse connector parted, zapping aspark. Lifegas and burngasignited in ajet of searing fire. The zand
lifted up and away, out of the sea.

Theborer clung on, its narrow winding body writhing and lashing againgt the much larger zand. Theliving
rocket |eft atrail of ivory, aplume freezing into ice crystals. The zand rose. Air pressure dropped,
sucking the borer from itshold. 1t fought and held and then tumbled away into the sea.

The zand struggled to breathe, to live. Air rushing past soothed the seeping wound. Lightgiver be
thanked for fast reactions, the zand thought.

It trimmed its course to swing back down toward the sea, feding strength return. 1t was till charged with
the rgjuvenating energies, sucked from the strange thing it had esten earlier that morning. Theland below
lay rumpled and velled by the dawvn's migt.

The zand was tempted to remain airborne. Fly! You live! Fly!

But it would need itslifegaslater on, should there be no food a Rendezvous. By now most of the
rockfood on the daysi de was submerged benegth the lapping sea of warm red methane. But later the sea
would die, going duggish and then rigid with cold-asit dways did. The day would warp on and wrap up
into night, leaving the methane to freeze again, promise denied. Only the surge of tides could stir it. And
even that was pointless, without real warmth.

Such wasthe Way of Things. Peace lay in resignation to thistruth.

Againit sang acanticleto Lightgiver, weaving strand-songsin with its generd praise. To the dmighty
Nourisher of the World it gave its own specific thanks a having been spared for further life. The zand
vowed to the sky that it would teach young zand to revere Lightgiver's holy name, should Lightgiver see
fitto grant it aBirthing.

It banked on vagrant winds and sang. Ecstasy. Banked and sang.

A faint voiceinterrupted its meditations. The zand responded with its own distinctive pul ses,
rip-rap-tink, and received in return a conversational rush of joy from another zand. Old One had
evidently survived the night again.

Old One-there, inthe dark sky.

By mutua agreement both zand seded themsdavesin firm rgps of closng membranes. They expended
enough of their preciouslifegasto lift and float them just above the surface of the sea, resting.

"I am glad you have survived another day," the zand began, aswas proper for ayounger person to say.

"And | dso, that we greet one another, Y ou the Y ounger. We may not look forward to an indefinite
number of such days," Old Onereplied.



"Am | dwaysto bethe Y ounger?' the zand asked.
"Reishit,” the Old One said. "' Such aname does not come again.”

Life on their ever-changing world was precarious, but Old One's tone implied something far more
comprehensve and profound. In the Y ounger, intellectud curiosity-with an undernote of fear-prevailed
over the deference dueto age. "Explain,” Y ounger begged.

They hovered over the lapping sea. Winds snarled, buffeting them.
"Think back, youngling. Think back to your last Birthing. How did Lightgiver look in the sky?"

The young zand pondered. Sdf-merge and Birthing were such al-absorbing experiences that one did not,
at the time, pay much attention to one's surroundings. Not even to Lightgiver?-the zand's conscience
prodded, and atwinge of shamefilled it for its evident lack of devotion. And then it remembered.

"Lightgiver was brighter-and wanner-and ... and..."
"And larger?" Old One prompted.

"And larger, yes. A hit."

"Now let me share something with you before | die”

Old One brushed aside its companion's polite protests. "No, no- listen! | cannot go through many more
days and nights of gorge and deep, gorge and deep. So attend me while you can, and tell thisto the
other zand. | am the Old One. Probably the oldest in theworld. And | have watched the skieswith care.
Beyond the cycle of dark and light that we know isafar longer cycle. We have no proper way to
measureit. But | have thought thisout, and | cantell you that Lightgiver movesin and out, from Its
greatest width to Its narrowest. All this grest cycle occursin more than fourteen thousand of our short
cyclesof light and day. | mysdlf have seen two of these greeter cycles.”

"That much?" Y ounger was amazed. It dmost lost its purchase upon the winds that | ofted them above the
dawn sea.

"Yes-agreeat long while."
"You mugt have learned-"

"| learned this-that while Lightgiver is at Itsfarthest and coldest, the ice does not melt, and thereisno
seg, and even infull day all life deeps.”

Y ounger again nearly lost itself upon the winds. Thiswas adark ides, as black asthe world's somber
nightsdeitsdf.

Y ounger sensed awearinessin Old One's soul, aweight of pure remorsaesstimeitself. Soit tried to
express cheer: "And then Lightgiver comes back? Y es? And is close and warm, and life wakes again?”

"Yes. But inthefirst of these long cycles-great ages, through which | have lived-we numbered eight
thousand zand. We lost some to borers and flappers and starvation, and, of course, each night-then as
now-some never made it through to the morning. Oncein that cycle came agreat raid from Darkside-"

"Then! Itis!"

"Y es, youngling, the story told in the epic chant istrue. Intelligences exist back there, feeding on



Lightgiver knows what-and we drove them off in the terrible baitle of which legend tdlls, with much loss
of life"

"But... the Birthings?"

"Almost enough to maintain our numbers. But not quite. And so there remained more than seven
thousand of us, lean and hungry, when that long cycle reached the Great Night. When even at full
daytime, dl freezes."

Younger fdt awed. "You dl... dept?’

Looking toward the gathering day, Y ounger could see broad plains of warming rock, glimmering beyond
the methane sea. And in the distance, strange high towersthat it could not understand. Could they bea
part of this grand narrative, the tale Y ounger was privileged to hear from the Old Oneitself? It hoped so.
It hoped for some scrap of meaning in dl things.

"Yes, and Lightgiver shrank to Its smallest Sze-| assume, for, of course, | could not watch during the
frozen time. Then Lightgiver began to grow again, to the point at which It could again give uswarmth and
zest. But asthe second cycle began, fewer of us awoke. How many zand are there today?"

The daily Rendezvous ensured that al of them knew. "Y esterday there were 3,441."

"Half what there were before the last long freeze. And Lightgiver bestows lesswarmth and light every
day. Your persond experienceisthat of other zand: Sdlf-merge leadsto Birthing only when our world is
mogt warm."

"So we do not grow in numbers sufficient to replace oursel ves?!

"Y es, and then the long cold time takes afurther tall. If three thousand of uslive until the next great freeze
begins, far fewer still will wake for the start of the next warming cycle. Fewer till will seeitsend. A dark
day will come, therefore, when no zand at al will meet a Rendezvous, ever again.”

Terror shook the younger zand. "And if none of uswake and feed, who will be hereto sing Lightgiver's
praises?’

"The flappers and the borers, perhaps," Old One savagely replied. Then, more gently: "Go, youngling; |
havetold you. Go to Rendezvous! Tdl the othersl May you have good Sdlf-merge, with aBirthing and

many young. Saute!™

With ahissthe young zand deflated, dropped into the sea, and began almost desperately to swim. In
moments'Y ounger was gone into the pink dawn mists.

Old One had felt the warming, kindling steady and true through the long turns of the world. The past was
cold, the future warm. Why? What did those who ruled thisworld, the gods of darkness, mean by al
this? Why the Darksiders, who cameto kill so many?

Heat was good, bringing life to the world.
Warmth was the Good.

The Darksiders came dwaysin from the night sky and, once here, killed without mercy. From the Dark
came Evil. Why?

Buoyed by lifegas, the Old One floated and pondered the many seasons of joy and pain it had seen.



4
DISBELIEF
A RED LIGHT WINKED ON: she'shere.

John Axelrod crushed out his cigar stub, hurriedly shoved it and the ashtray into a bottom desk drawer,
and turned up the air circulator. Position had its perks.

In afew moments Dr. Jensen would be walking in, and there was no point in adding to the psychiatrist's
expectableirritation. To the traditiond medica and moral arguments against smoking had lately been
added a snob objection as well: tobacco use had come to be associated by Euro-Americans with the
tropical world's urban hells, where people till smoked because it was the only pale pleasure they could
afford.

The sealable double door swung open and Hilge Jensen stepped over the threshold. Shewasin her
hospital whites, not her office wear. Asusud, she started in as though they had been only momentarily
interrupted, even though it was fifteen minutes since he told her to cometalk this out in person.

"Look," Hilgesaid in her quick, flat tones, "consider her persondity profile. Smart asawhip, and she
paid for it inthe usua coinage-isolated with the elitein school, socidly abit dow. Raised by a
grandmother because neither of her own parents could be bothered-"

"Need | remind you that we are speaking of my own daughter here?" Axelrod kept hisvoiceflat and
objective, he hoped. "That's avery inexact description of my family Stuation to boot.”

"Well, of course-" Hilge blinked, recaculated. "But | am trying to be andytica-"
"Proceed.”
"Weéll, she has a problem with authority-"

"A mildway to put it." Axelrod kept hisface cam, but he sure as hell didn't fed that way. Shannawas his
daughter by his second wife-heéld had four wives before redizing that aworkaholic life that involved
commuting to the moon was incompatible with having afamily. Wife number threewas agold digger
without motherly ingtincts, and number four was abeautiful ice queen (what had he been thinking?) who
couldn't dedl with such aheadstrong child. Shanna had ignored both of them, he knew, recognizing that
they were likely to be temporary. His mother, the imperious Norma, was the most constant person in
Shannas early life, and eventualy sheld goneto live permanently at his childhood home with her. And
managed to grow up.

No, don't relive that again. Focus. "Very ... mild."

She read his expression and hurried on. "So shelearned early to live alone, after her parents divorced,
the usua problems-live with othersand likeit.”

"I know, this" Still objective. Faster to let her run on than challenge everything she says.

"Uh, yes. She takes on alate-teenage persona under pressure because that's the mode she used before
she started astronautt training. Solitary tech interests, which she coversin socia settingswith ajaunty air,
exuberance masking anxiety-again, fairly standard persondity strategy-"

"I do remember your reports,” he said dryly, still hoping to short-circuit the lecture.



Hilge'seyesjittered. "Uh, sure, but we knew she could fit well into that crew. Plenty of leadership skills,
well demo'ed in earlier flights"

"And now she'sreverted to an old pattern, the bright-eyed-kid persondity-I caught it, just listen to that
broadcast. Loaded with false voice sgnatures!™ He liked the quick blink Hilge dways gave when he used
her own jargon back on her. Did she think held made billions without having ingtinctive people-reading
ills?

"Uh, yes-and dong with it comesthe early idedism. She wants to find life on Pluto. There aren't any
green men or red princesses on Mars, just amat. So she's bound therell be something like them on her
planet. And when people start acting out thelr fantasies"

Heflared. "Y ou think she's hdlucinating?'
"She'salong way from home, rest of crew adeep, talking away, tired-"
"She'satrained astronaut.” Hetried to keep hisvoiceflat.

"But these descriptions-" Hilge spread her hands, raised eyebrows. "The astronomers say nothing like this
is"

"Widll, they haven't been there, have they?' He made himself be mild and steady again. "So what're we
supposed to do? Y ou can't give her word-association tests when it's five hours between the first word
and her response, and another five hours before you can throw her the next word.”

"Uh, her medication-"
"I know you snuck some of your pharm stuff into some of the mission foods."
"It was recommended-after long flights-"

"So we suggest some menu changes? Shell smell that right away.” A pattern he had heard before, drugs
as panacea, even the new smart drugs that everybody said were precision, zero side effects. Some damn
doctor had even suggested some for himsdlf. Hed stormed out of the office, of course. Alcohol, smdl
doses at the end of the day-that was all the chemical help he needed, thank you.

"Mr. Axdrod..."

He held ahand up to give himsalf time to get back to equilibrium. In Hilge's blank look-yep, that's what
shewas going to suggest next- he saw he would get no help from her. Pluto, he mused, sighing. The
name conjured up ether horror-the stern, just, and unforgiving Roman god of Hell-or else low humor:
Mickey Mouse's floppy-eared dog.

Y et Shanna had wanted to go there for so long. Other little girls idolsincluded holomovie hunks and
vid-song stars. His daughter's started and ended with Clyde Tombaugh, the gangly farm kid from Kansas
with his homemade tel escope who had gone out to the Lowell Observatory early in the twencen and
found Pluto within afew years... with ahigh school education.

Dr. Jensen was only the latest in along line of psychosnoops who had pestered Shannadl her short life
with therr why questions. Who knew? Axelrod's decades as an executive had taught that there would
never be any clear answersto the degpest motivations, including his own. Maybe especially hisown.
Therational carapace everybody wore was a shell, and should be left that way. Intact.

The problem for those skeptical therapists and soul-probers had been that Shannawas not, and never



had been, unfriendly or antisocial. A quick, lithe athlete, she had played on school teams, easily made
friends-but on her own terms and not because she couldn't bear to be alone. So the "psychodynamicigts’
skipped "Why Pluto?' and went directly to "Why do you want to be away for so long?"

"Sheis not following cooperative methods," Hilge said flatly. " She had the rest of the crew dancing to her
tune a first. Now some bardly tolerate her."

Axerod grinned. People had been barely tolerating him for most of his career. "My daughter! Maybe
she's dancing to the music of the spheres.”

"We must do something.”
" repeet: Shannamay beright. Ever think-"

Thered light came on again. "Hell. That damned new press secretary. Heinsisted on seeing me before
wegoonthear."

Hilge shifted gears; her voice became low, dow, and grim. "I know. | asked him to be here. Shanna's
actionsare dso, unfortunately, part of amuch larger problem. I'll let him fill you in."

Press Secretary Harvell Svain walked in with the air of one on amission. Axelrod hid his grimace behind
apam, faking asmall cough. NASA had forced Swain on himin return for clearing away bureaucratic
logjams. Axelrod longed for the grand old days when Marswas there for the taking, when NASA was
glad to be out of the spotlight because they had muffed their own programs so badly. Mere interplanetary
exploration was easy compared with the nasty art of politica infighting...

Tripping over the threshold on hisway through-he was arecent Earthside import, not yet used to lunar
doors or the lunar energy-saving walk-he sscumbled up to the desk, nodding formaly to both Hilge and
Axdrod. "l have come hereto tdll you that the press conference this evening must be called off."

"'Something the matter technically?' Axelrod countered.
"No. But we can't air that report from Astronaut Shanna.”
"What do you mean, can't?'

"Ligten-years weve been sweating out this misson. Some paliticians are il cdling the wholething a
boondoggle, that the Pluto mystery isjust scientists playing games. So now the captain says they've found
life. In asingle-person broadcast!”

"Grest find, I'd say."

"That's exactly the point!" Swain shot back. " So diensturn up just now? Just when Congressis
wondering if thewholeissueisahoax?"

Axdrod had seen the usual skeptics making alot of noisein the media, as excitement grew with
Proserpina’s approach to Pluto. There had never been datathat couldn't be read severa ways. The
welfare lobby eyed NASA's balooning budget and made afew phone callsand presto, there were
perfectly reputable scientists who didn't believe the solar pause point was moving inward. No threat
there, they said. So why al these dollars " sent out beyond Saturn”-as though Proserpina carried tanks
full of cash, not water?

"You don't redly beieve any of that hoax stuff, do you?' Axelrod asked with dow calm.



"It'stoo neat! They aren't going to believe her. And if you try to back her up, they won't believe you,
ether."

Axdrod knew the uses of being a hedgehog. He let the clock run.

The press secretary subsided, winded. Then he wound himself up for another try. "Look, Mr. Axelrod.
I'vegiventhisthingdl I've got. | laid alot of groundwork on Earth before coming up here.
Human-interest stories about the project, the works. '‘Outer darkness defied for adream by plucky girl
and loyd crew'-theworks."

"Y oung womean," Hilge automatically corrected.
"Sure, but shelookslikeagirl, faceit. And weal know why shegot onthismissonat al.”

An uncomfortable silence. Axdrod thought of saying, Sure, the whole world does-because she's
Axelrod's daughter. "Saying it doud here could till be dangerous, y'’know." The new robotic microbugs
could fly in through the ventilator ducts, crawl in dong walls, slow away on an incoming briefcase or
trouser cuff. So even in his own office he had to keep his mouth circumspect. Modern times!

Swain said nothing, just nodded. Copying the hedgehog Strategy?

"Okay," Axdrod dlowed, "intrepid explorer of our last frontier, check. In the horseracefor Truth,
Science comesway behind Perceptions.”

"Exactly. That'swhat you pay mefor."
"The taxpayers pay you, not me."
"But you can fireme. They cant.”

"Touché. But you redlize, don't you, that we have here more than an oral report? Shanna sent us data,
pictures. Plenty of which | have dready begun sending down to the New York Times database. Also to
theBBC."

To Axerod's surprise the press secretary stood his ground. "And you redlize, don't you, Sir, that data
nowadays can very effectively be faked? That's what they will think down there."

So much spunk all of a sudden? What, Axelrod wondered, does he know politically from Earthside
that | don't?

Timeto take the offensive. Axelrod stood up to hisfull height, which was consderable; aploy herarely
had to use. "L ook, there'sthis religion that broke avay from my own a couple of thousand years ago. It
and mine haven't dways gotten along. But itsfounder once said, Ye shall know the truth, and the truth
shall make you free. Free! Hell, if we cant stick with that, civilization-scientific civilization-might aswell
go out of business. We are going on this evening as scheduled, and take our chances with whatever
Shannasays."

"But it'sonly, how can |-"

"Doit." He stood there and gave them the long, firm look, knowing it would sink in. But he wasthinking
of years before, when dl this had Started.

Appropriately the desk announced, "Ten minutes."

"Dad, | need your help to get on the Pluto mission.” Shannalooked at him with that direct way she had,



mouth pursed.

Objectionsinstantly crowded his mind. God, he was so glad to see her. How long had it been? How
many months thistime? And now shewanted to do ... what?

To cover hisconfusion, helooked out of the window at the hot July afternoon. Huge shadowy
thunderheads were crawling across the sky. All that thick, moist atmosphere out there ... One g made
him fed heavy and out of sorts-maybe he was spending too much time off-planet. Or maybe coming
back was the problem.

She broke into hisreverie. "It's everything to me. It'swhat I've always wanted to do. I've just got to go."
He heard afamiliar urgency in her voice. Only child ... never gave her enough time ... maybe now |
can make up for it.

"Dad?It'snot like I'm not qualified; you know | am.”

His mind had drifted from the coming storm outside to the old oneinside him. Still, he ressted theimpulse
to make up for past sins. "What makes you think | can pick the crew? It'san ISA mission, after al.”

She laughed. "Y eah, and who bankrolls ISA? The Consortium."
"Anoveramplification. The|SA money isfrom the big nations.”

"Who come hat in hand-"

"Wejust got the jump on space technologies, that's al-so we licensethem to ISA."

"Look, Dad, everyone knows there would be no International Space Agency without you. Y ou can't play
coy with me." Sheflashed her engaging, wry smile. The power children have over you ... "You're not
testifying here, y'know."

"It'stoo dangerous. There are huge unknowns. Let someone else go.”

"Y ou sent people to Mars dmost twenty years ago; it was even riskier then."
"They wereal trained NASA astronauts-"

She jumped in. "And there was a$10 billion Mars Prize to win."

"Doyou think | risked their lives for the money?”

"Do you think I'm not as quaified asaNASA astronaut?’

"Y ou're not an astronaut until you've been through NASA training,” he said quietly, "no matter how good
apilotyou are.”

It was an old argument between them. Axelrod had beaten NASA to Mars, but he'd aways been careful
to use their resources whenever possible. Borrow from the best.

Their astronaut training, for example. He hired only government-trained astronauts for Consortium
missions. None of the orbital pilots from the little companies. Then the privatization of space that followed
theinitial Marslanding led to new ways of training pilots. NASA'sway wasto train people on the
ground, then send them into space. As soon as there was ready private access to space, off-planet

rocket jockeys could be trained in orbit directly. Better than ground training, yes. Shanna was one of
these; aveteran of three years of orbita flights and moon trips. Under an assumed last name sheld



worked her way through training and landed ajob with Hightsto the Stars, delivering tourists and cargo
to orbital hotels and moon resorts. It was an old division-like the merchant marine and the navy.

Shewasvighbly trying to keep cam. "The I SA has announced an open competition for the crew; it's not
just for 'nauts.”

"And you're going to enter,” he said mildly to cover hisinner confusions.
"Rumor isthe Consortium gets to choose one of the crew.”

"Rumor israrely accurate. We've agreed to underwrite one.”

She plunged forward, eyes big. "I want you to pick me."

"Do you think I'd risk my own flesh and blood-"

"Especidly oneyou ignored for years"

"l had abusinessto run, damnit." He dammed hisfist on the desk. "Y ou were well looked after. | made
aure of that."

"Dad." Therewasatremor in her voice hed never heard before. Eyes watery. "I've never asked you for
favors; never traded on your name. But thisis so important |.... | need to load the dice.” Shelooked
directly & him.

"Why do you want to do this? Seemsto meyou have an interesting life asitis.”

"The Pluto mission isagreat adventure! My job isjust”-ashrug- "spacebus techy, medicd.”

"Y ou've never even been to Mars. Go there for adventure! I'll be glad to make that happen for you."
"Other people are doing Mars. | want to go where no one has ever been.”

Axerod's mind was racing down nervous halways. If | don't help her, will she forgive me? What if |
turn her down and she makes it on her own? Can | make sure she doesn't get chosen? He shook
his head. She has such passion for this, how could 1? Such idealism-wait a minute...

"If you're the Consortium's representative, you'll haveto act likeit," he said dowly.

"Meaning?'

"Being aprivate enterprise, we need to turn a profit whenever possible.”

o

"Soif you work for us, part of your dutieswill beto look for possible revenue-generating opportunities.”
Shannalooked blank. "Y ou mean-like stuff to sdll?'

"Well want exclusve mediarights from you, for one."

"What isthereto sl on Pluto?' she sputtered.

"For onething, the experience. Everyone lovesto watch other peoplein danger from the comfort of their
living room sofa. Viktor and Julia have lived under the eye of the vidcamsfor twenty years. Areyou
willing to do that?'



"l g-guess 0." A pause. "Doesthe camerafollow them everywhere?"

"In the shared rooms, sure. In the contract. Not in their cabins, though.”

"Still..." Sheblinked, asif she had not thought about this part. Just akid, redly..."It must be hell.”
"It'swhat you want?"

The self-doubt blew away withasgh. "Yes. Yes"

Hedid what had dwaysworked a criss points. just let himsdf follow hisguy inginct. Even when it was
his daughter. "I'll have a contract drawn up.”

Her eyes widened, and he knew suddenly that she had not really thought she would win. She rushed
around the desk and hugged him, then ran out the door. "Y ou'll never regret this! | promise," she caled
behind her.

Much later, as he was staring moodily out the window, he recaled one of his mother's sayings. "If you
lovethem, let them go." Thanks, Mom.

The Pluto Mission Control auditorium was jammed. Newsies, bureaucrats, some lunar tourissswho'd
managed to get in from the big luxury hotel nearby-Fly the Great Lunar Cavern! -and even a scattering
of scientigts. All noisy, chattering. A fair fraction of the lunar population seemed to have wedged itsdlf in.
Axelrod took a deep breath and stepped out.

Applause spattered across the tiered seets as Axelrod came in from stage rear, with an apprehensive
Swain afew stepsto the rear. Behind them an enhanced image of Pluto as Proserpina had seenit froma
million kilometers out filled the large screen.

Showtime! Axelrod thought. He hated these and loved them at the same time. Nobody without a stresk
of showmanship ever got to run abig-time business. Even inits darkest days, with an accountant type as
administrator, NASA had put the best possible face on the shuttle-space station debacle.

He acknowledged the applause with a short wave of the hand. The cheerswere for Shanna, he knew,
not for him. He stepped into the chalk-marked area staked out for the holocamera focus. Uncomfortably
he became aware of the unseen eyes of Earth's billions alight-second and ahdf away.

"Ladies and gentlemen,” he began, "we have exciting news from Pluto tonight. At 10:30 thismorning,
GMT-whichisaso our local time here a Moonbase One-we received Astronaut Shannas latest report.
Tonight she speaksto us again, and thistime you are going to hear her in person. She'swell over 6 billion
kilometers away from us. That's 3.6 billion milesfor those of you who go in for nostagia”

Thislinegot aripple of light laughter in the hal, agood sgn. He made himsdlf amile. "And it won't bein
supersound. But | think we al want to hear what she hasto say. His eye caught the second hand of the
bigwall clock, closngin on adigita readout coming up on 2100, another (and expensive) concession to
nostalgia. Timing hislast words to end one second before the hour, he said, "All right, Shanna, comein.”

The words the young astronaut had spoken from Pluto orbit hours before came booming in,
overamplified, immediately covering them in adry wash of gatic.

Damn solar flares, Axerod thought, becoming once again the eectronics professona. Why'd the sun
have to get so wild just now? The scientists say it's just part of the long solar cycle, but it's coming
on top of all the crackle and fizz from near Pluto. Thisinterference was yet another sign that the bow
wave of the solar system was getting pressed back, dready closeto Pluto's orbit. Understanding thiswas



the second mgor motivation for going to Pluto. Could such distant events be significant? Or even
dangerous?

Asthe interference continued, people stirred restlessly in their seats. Y et the room filled with suspense,
for whatever words they could get would be from farther than any human had ever spoken. A voice, if
not from theinfinite, at least pretty damned close. Though there had been other reports, this one came
after thefirg surface landing.

The distortion stopped, the hiss faded. Thefirst word from Shannathat camein loud and clear at
Moonbase One and on Earth was, "Life! I'm sure of it!"

Thewoman's fresh, youthful voice exulted. The audience stirred. "1 matched every molecular combination
inthe library memory againgt it. The Kares both checked me, but they wanted me to makethecal, so
herel am again, stayin' up late, swillin' coffee, on the phone, cdlin' home."

Axelrod smiled. The homey touch awaysworked, clear acrossthe solar system.

"The only compound that even came close was chlorophyll b. So these are not only plants, they're
photosynthetic ones. Back when Pluto was considered more interesting”-she didn't try to keep an edge
of sarcasm out of her voice- "some hackers at JPL worked out a series of biochemical reactions that
theoretically could work here. It turns out they do. But!-they're not powered by Pluto's distant sun. It's
nine hundred times wesker than our sunlight here. There's not nearly enough energy init.”

The crowd stirred. This connected directly to the centra riddle. Why was Pluto so warm, just lately?
And what did this have to do with the data from the VVoyager probes, which showed that the interstellar
gas and plasmawere intruding farther into the solar system?

Shannatalked right through the buzz. " The plants combine ammoniaice with carbon dioxide ice and get
free hydrogen, carbon, and nitric acid. Presto! Then the nitric acid and the carbon recombine, releasing
more free hydrogen plus CO, and nitrogen-and that's where the animals come in!"

Her voicelilted on"animads," and the word sent another murmur through the crowd.

"They're methanogens-eaters of methane. Y ou have methanogenic microorganisms on Earth, kilometers
down. Since the Mars-mat discovery weve learned plenty about them. They branched off from our
chemicd forefathers about 3.5 billion years ago. Then they got pushed off to the ecologica edge of
things-chemical aso-rans. Here they're the main show. They recombine the hydrogen and CO, released
by the plantsinto free oxygen and methane. They store some of the hydrogen in their bodies, and then
they can inflate themsalves-hydrogen baloons! | watched two of them floating above the seathat way,

gpparently just passing thetime of day.”

Axelrod smiled. Nobody, not even that idiot press secretary, could believe Shannawas making this up.
He had depended on the timbre of her voice. The others had ventured their explanations before the
pictures camein. To prove her case, abig glossy picture of two spherica blobs came on the screen. It
was a high resolution, and the two hovered over ared lapping background, haf shrouded in pink migt.
They bobbed and turned in vagrant winds.

The room went absolutely slent. Shannadid not.

"They aso store the oxygen, near as| can tell. And they can combineit with hydrogen, like old-fashioned
rocket fuel. | saw one of them escape a predator of some kind by gracefully jetting up through the air,
whileitsexhaust froze behind it and fdll into the sea.”



"Redly, now!" snorted the woman science reporter from the New York Times. Axelrod hoped that gibe
hadn't gone out on the air to Earth. He would have shot her afrown, but he was gill on-camera. Instead,
amile, damn you, smile. Likeit was some mild joke.

With uncanny premonition Shanna's tone turned a shade argumentative. "Y es, apredator. Thisis
evidently acomplete, balanced planetary ecology. But | don't think the one that got my first rover was
just abeast. From the readings | was able to get before the rover hull dissolved, | think nitric acid ateit.
Thaose low bushes produce nitric acid and the animals don't.”

Puzzled frowns in the audience. Science reportersthey might be, but high school chemistry wasgoing a
bit too deep for most.

"So the creature that ate the rover was using a plant process, see? Not necessary for its own metabolism.
Using it to melt my probe, pry it apart-that's awfully closeto tool-using. Therés not only life on
Pluto-there's intelligent lifel”

Shannawent right on, her springy tone rolling over the shocked facesin the auditorium. "That's what
we've been able to learn by remote observation. Now, obvioudy, we have to go down there. I'm the
captain and the biologist. My job, theway | figureit. By the time you hear these words'-Shannas voice
rosein dmos childlike ddight- "well be on my way to Pluto!™

The rows of blank lookswould have been funny if Axelrod hadn't felt exactly the same.

"I've discussed thiswith the rest of the crew. Let's say the vote was, um, divided. So as captain | took
the responghility. After dl, it'smy risk and my field of study. I'm going down, with Jordin aspilot.” Her
voice softened. "Findly ... good-bye, gang. And especidly, good-bye to my dad. He dways said nothing
could redlly do more than dow down an Axelrod, and I'm proving him right again. Bye, Dad!"

After that, from distant Plutonian space came only awhispering hiss.

As so0n as the cameras went off, Hilge growled, "Y ou didn't give her permission to do that!"
Nobody could hear her rough whisper in the growing hubbub.

Axdrod grinned. "And | didn't say she couldn't.”

5

A DAY AT THEBEACH

Thelong ICE ridge rose out of the sealike agreat gray resf. Following its Earthly analogy, it teemed with
life. Quilted patches of vivid blue-green and carrot orange spattered its natural pallor. Out of those
patches spindly trunks stretched toward the midmorning sun. At their tips crackled bright blue St. EImo's
fire

Violet-tinged flying wings swooped lazily in and out among them to feed. Some, aready filled, dighted at
the shordine and folded themselves, waiting with their flat heads cocked a angles. The sky, even a
Pluto's midmorning, remained adark backdrop for the gauzy aurora curtainsthat bristled with energy.
Thisworld had grown its steadily thickening atmosphere only in the last few decades, the astronomers
sad. Theinfrared studies showed warming for maybefifty years. Y et the gathering blanket was till not
dense enough to scatter the wan sunlight, so the bow! of sky was a hard black.

Into this dow world came a high roar. Wings flapped away from the noise. A giant filled the sky.



Jordin Kare dropped the lander closer. Hislean, hawklike face seemed to be al anglesin the cockpit's
red glow. His eyes moved restlesdy over the board instruments, the view screens, the joystick he moved
through minute adjustments. Shanna's legs were cramped from the small copilot chair, and she bounced
with therattling boom of atmospheric braking.

Beside her in his acceleration couch Jordin peered forward at the swiftly looming landscape. "How's that
spot?' He jabbed afinger tensdly at the gpproaching horizon.

"Near the sea? Sure. Plenty of life-formsthere. Kind of like an African watering hole." Analogiesweredl
she had to go on here, but there was aresemblance. Their recon scans had showed aferment al dong
the shoreline.

Kare brought them down sure and steady above arocky plateau, their drive running red-hot. Streamers
of steam jetted down onto ice hardened like rock by the deep cold.

Thiswas a problem nobody on the mission team, for al their contingency planning, had foreseen. Their
decd eration plume was bound to incinerate many of the life-formsin this utterly cold ecosystem. Even
after hoursthe lander might be too hot for any life to approach, not to mention scalding them when
nearby ices suddenly boiled away.

Well, nothing to do about it now.
"Fifty metersand holding." Kare glanced at her. "Okay?'

"Touchdown," she said, and they thumped down onto the rock. To land on ice would have sunk them
hip-deep in fluid, only to then berefrozen rigidly into place. They eagerly waiched the plain. Something
hurried away at the horizon, which did not look more than akilometer away.

"Look at thoselichen," she said eagerly. "In so skimpy an energy environment, how can there be so
many of them?'

"We're going to be hot for an hour, easy,” Kare said, hiscam, careful gaze sweeping the view
systematically. Shanna could see what he meant: the lander rested on itsdrive, and dready, pae vapor
rose from benegath, curling up past their downview cameras. The nuclear pilewould cool intime, but it
might sublime away ice beneath them. The engineers had thought of this, so their footpads spread
broadly. Hot water could circulate through them, to prevent getting stuck in hardening ice later.

They had thought of alot of things, but certainly not this dim, exotic landscape. The ship's computers
weretaking digital photographs automatically, getting agood map. "l say wetake awalk."

They werelive raight to Earthside, and Shannawas glad he had voiced theideafirst. The mission
engineers had warned them to venture onto the surface only when unavoidable. Comethis far and never
feel the crunch of Pluto beneath your boots? Come, now.

The cold here was unimaginable, hundreds of degrees below human experience. In orbit they were well
insulated, but here the ice would stedl heat by conduction. Their suit heaters could cope, the engineers
said-the atmosphere was too thin to stedl heat quickly-but only if their boots alone actually touched the
frigid ground. Sophisticated insulation could only do so much.

Shannadid not like to think about this part. If it failed, her feet would freeze in her boots, then the rest of
her. Even for the lander's heavily insulated shock-absorber legs, they had told her, it would be touch and
go beyond astay of afew hours. Their onboard nuclear thermal generator was aready |aboring hard to

counter the cold she could see creeping in, from their externad thermometers. Their craft already creaked



and popped from thermal stresses.

Their therma armor, from the viewpoint of the natives, must seem a bristling, untouchable furnace. Y et
aready, they could see things scurrying on the plain. Some seemed to be coming closer. Maybe curiosity
wasindeed auniversd trait of living things.

Jordin pointed silently. She picked out a patch of dark blue-gray down by the shore of the methane sea.
On their console she brought up the visua magnification. In detail it looked like rough beach shingle. Tidd
currents during the twenty-two hours since dawn had dropped some kind of gritty detritus-not just ices,
apparently-at the sed's edge. Nothing seemed to grow on theflat, and-swiveing point of view-the ridge's
knife edge also seemed bare, reatively free of life. "Maybe awak down to the beach?' Jordin said.
"Turn over afew rocks?"

"Roger." They were both tiptoeing around the coming moment. With minima talk they got into their suits.

Skillfully, gingerly-and by prior coin flip-Shanna clumped down the ladder. She dmost envied those
pioneer astronauts who had first touched the ground on Luna, backed up by a constant stream of advice,
or at least comment, from Houston. The Mars landing crew had taken amutua, four-person single step.
Taking abreath, shelet go the ladder and thumped down on Pluto. Startlingly, sparks spat between her
feet and the ground, jolting her.

"Wow! Theremust bea lot of dectricity running around out here," she said, fervently thanking the
designersfor al that redundant insulation.

Jordin followed. She watched big blue sparks zap up from the ground to his boots. He jumped and
twitched.

"Ow! That smarts,”" Jordin said.

Only then did she redlize that she had already had her shot at historical pronouncements and had
squandered it in her surprise. And her first word-Wow-what a profound thought, huh? she asked herself
ruefully.

Jordin said solemnly, "We stand &t the ramparts of the solar system.”

W, shethought, fair enough. He had actually remembered his prepared line. He grinned at her and
shrugged aswell as he could in the bulky suit. Now on to business.

Againgt the gray ice and rock their lander stood like an H. G. Wdls Martian walking machine,
playfooted and ominous. V apor subliming from benegath it gave amyserious air.

"Rocks, anyone?' They began gathering some, using long tweezers. Soil samplesrattied into the storage
bin. She carefully ingpected under the rocks, but there was no sign of small life-worm tracks, microbe
gains, clues. The soil herewasjust regolith.

"Let'stakeadroll," Jordin said.

"Hey, close-up that." She pointed out toward movement above the sea.

Sometriangular shapes moved intheair, flapping. "Birds?"

She could faintly hear cals, varying up and down in pitch. Repeating the same few notes, too.

Jordin said, "Look in the water-or whatever that chemicd is"



"Methane? Like molasses.” Her eyes widened. On the dick, wrinkled surface, movement. Thingswere
swimming toward them. Just nubs barely visible above the oily surface, they made steady progress
toward shore. Each had a small wake behind it.

"Lookslike something'sup,” Jordin said.
Shefollowed and saw something odd. "Hey! What's that?"
A gray am with apincer a the end. Gray, lying on the sand. "L ooks metalic,” Jordin said.

There were bits and pieces littering the beach. "Fragments," Shanna said. "L ooks like some body, torn

They saw other parts aong the shoreline, most no bigger than ten centimeters. "Funny,” Jordin said.
"Might be amachine?'

"Probably a species we haven't seen yet,” Shanna said. "Gotta get a sample of that." They scooped up a
few pieces, filed it away mentaly under Mysteries, and waked on. When they came to a big boulder,
Jordin took an experimental leap. Hewent over it easily, rising to twice his height.

Shetried it, too. "Wheeee!" Fun. And good footage for the auto-cams focused on them from the lander.

Asthey carefully walked down toward the beach, shetried her link to the lander's wideband receiver.
Happily she found that the frequenciesfirst logged by her lost, devoured probe were full of traffic.
Confusing, though. Each of the beasts-for she was sure it was them-seemed to be broadcasting on dl
waves at once. Most of the signas were weak, swamped in background noise that sounded like an old
AM radio picking up anearby high-tenson line. One, however, cameroaring in like apop music station.
"Ouch!" She dapped on filters and then made the lander's inductance tuner scan carefully.

That pattern-yed It had to be. Quickly she compared it with the probe log she'd brought down on her
date. These were the odd cadences and sputters of the very beast whose breakfast snack had been her
first evidence of life.

"Ligtento this," she said. Jordin looked startled through hisfaceplate.

The signal boomed louder, and she turned back the gain. She decided to try the radio direction finder.
Jordin did, too, for cross-check. Asthey stepped apart, moving from some filmy ice onto abrooding
brown rock, she felt sparks snapping at her feet. Little jolts managed to get through even the thermal
vacuum-layer insulation, prickling her feet.

The vector reading, combined with Jordin's, sartled her. "Why, the thing's practically on top of us!"

She eyed the landscape. If Pluto'slords of creation were dl swvimming in toward thisidand ridge for
lunch, thisone might get herefirgt. Fired up by all those vitamins from the lost probe? she wondered.

Suddenly excited, Shanna peered out to sea-and thereit was. Only arailing, frothing ripple, likeaship's
bow wave, but arrowing for shore. And others, farther out.

Thenit bucked up into view, and she saw its great, segmented tube of abody, with a sheen somewhere
between mother-of-pearl and burnished brass. Why, it was huge. For thefirst timeit hit her that when
they all converged on this spat, it was going to be like sitting smack in amiddling-size dinosaur
convention.

Too late to back out now. She powered up the smal lander transmitter and tuned it to the signal she was



receiving from seaward.

With her equipment she could not duplicate the creature's cregtive chaos of wavelengths. For its personal
identification Sgn the beast seemed to use a smple continuous pulse pattern, like Morse code. Easy
enough to smulate. After acouple of dry-run hand exercisesto get with the rhythm of it, Shanna sent the
creature aroughly approximate duplicate of itsown ID.

She had expected a callback, maybe a more complex message. The result was astonishing. Itsinterna
rocket enginefired a bright orange plume againgt the sky's black. It shot straight up inthe air, paused,
and plunged back. Its splash sent wavesrolling up the beach. The farthest tongue of fluid broke against
the lander's most seaward leg. The beast thrashed toward shore, rode awave in-and stopped. Theliving
cylinder lay there, half in, half out, asif exhausted.

Had sheterrified it? Made it panic?

Cautioudy Shannatried the signd again, thinking furioudy. It would give you quite aturn, sheredized, if
you'd just gotten asfar in your philosophizing as”I think, therefore | am,” and then heard athin, tondess
duplicate of your own voice give back an echo.

She braced hersdlf-and her second signd prompted along, suspenseful silence. Then,
hesitantly-shyly?-the being repested the call after her.

Shannalet out her breath in along, shuddering sgh.

She hadn't redlized she was holding it. Then sheingtructed DIS; the primary computer aboard
Proserpina, to run the one powerful program Pluto Mission Control had never expected her to haveto
use thetrandator, Wiseguy.

She waited for the program to come up and kept her eyes on the creature. It washed gently in and out
with the [apping waves but seemed to pay her no attention. Jordin was busily snapping digitals. He
pointed offshore. "L ooks like we put astop to the rest of them."

Heads bobbed in the sea. Waiting? For what?

In afew moments they might have an answer to questions that had been tossed around endlessly after the
Marsmat discoveries. Could al language be trandated into logicaly rigorous sentences, relating to one
another in alinear configuration, structures, asystem? If so, one could easily program a computer |oaded
with one language to search for another language's equivaent structures. Or, as many linguists and
anthropologistsinssted-particularly in light of the achingly dow progress with the Marsmat-does atruly
unknown language forever resist such transformations?

Shanna stood absolutely till. Those minds offshore might make something of araised hand, ashifting
foot. Not al talk was verbal.

She felt the strangeness. Forbidding, cold, weird chemistry. Alien tongues could be outlandish not merely
invocabulary and grammatica rules but in their ssmantic swamps. Mute cultura or even biologica
premises wove into even the smplest of sentences. Blue skies Earthside lifted the spirits; here ablue gas
might be poison. What would life-forms get out of this place? Could even the most inspired
programmers, just by symbol manipulation and number crunching, have cracked ancient Egyptian with no
Rosetta stone?

Not moving, she sent, "Bring Wiseguy online verbd, now."

"Copy you," came word from Proserpina’s bridge. Ukiz, from the voice Sgnature.



She heard a ddlicate pop, and there was the burr of background- Wiseguy waiting for instructions. "Hey,
guy," shesad.

"I am not aguy, despite your nicknaming me, but thank you," the program answered in melodious mae
tones.

"We're going to feed you microwave code,”" Jordin put in. "Make the usua assumptions, as per training
protocol number three. Decodein red time."

"Now we ... wait," Shannasaid, mostly to be saying something. The chill was biting into her feet and
hands, and she wanted to move, get blood circulating. " Stay ill," she sent to Jordin.

"Wiseguy," Jordin said, "can you make anything of those birdcalls?’
"Médodic structures, smple,” the program said.
"Thought 0," Jordin said. "Maybe snging isauniversa.”

With the Pluto Project dready far over budget, the decision to send along Wiseguy-which took many
terabytes of computational space- had been hotly contested. The deciding vote was cast by an eccentric
but politicaly astute old skeptic, who hoped to disprove the "bug-eyed monster Rosetta stone theory,”
should life unaccountably turn up on Pluto. Shannahad heard through the gossip tree that the geezer was
gambling that his support would make ISA bring along the rest of the DIS metasoftware package. The
geezer had devoted decadesto it, and he passionately believed init. Thiswould be afield trial nobody
could have foreseen.

Wiseguy had learned Japanesein five hours, Hopi in seven; what smatterings they knew of dolphinin two
days. It dso mastered some of the fiendishly complex, multilogic artificia grammars generated from an
Earth-based mainframe,

The unexpected outcome of $6 billion and a generation of cyberfolk was smply put: agood trandator
had dl the qualities of atrue artificid intelligence. As systems got apparently smarter, the philosophers
fretted over how to tell an Al from just very fast software. By now the distinction had blurred. Wiseguy
was aguy, of sorts. It-or she, or he; nobody had known quite how to ask-had to have cultura savvy and
blinding mathematica skills. Shannahad long since given up hope of beating Wiseguy at chess, even with
one of itstwin processorstied off.

"I am laboring, though | must edit and substitute,” Wiseguy said.
"Okay, just hurry."

"There are Six transactions capable in human languages," Wiseguy said. "To make assertions, ask
guestions, issue commands, wish, promise, request. Further, al can be done negatively-"

"So?Hurry!"

"If there are othersthat diensuse, | will not even recognizeit. | suspect that is happening here. | shdll
place blanks where | suspect thisis happening.”

"Gregt-get on with it." She waved again, hoping to get the creature's attention. Jordin leaped high in the
0.1-g gravity and churned both arms and legs in the ten secondsi it took him to fall back down. Excited,
the flying wings swooped silently over them. The scenewas eeriein its hush. No cals now. The auroras
danced, filmy. In Shanna'sfeed from Proserpina she heard Wiseguy sscumbling, muttering ... and
beginning to talk. Not in English, but in the curious pips and dots of the microwave wavetrains.



She noted from the digital readout on her helmet interior display that Wiseguy had been running full bore
while eavesdropping on the radio crosstalk. Now it was galloping adong. In contrast to the smpleradio
sgnals she had first heard, the spoken, acoustic language turned out to be far more sophisticated.

Wiseguy, however, dedt not in grammars and vocabularies, but in underlying concepts. And it was fast.

Shannatook a step toward the swarthy cylinder that heaved and rippled. Then another. Careful. Ropy
muscles surged in it beneath layers of crusted fat. The cluster of knobs and holes at its front moved. It
lifted its "head"-the snubbed-off, blunt forward section of the tube- and a bright, fast chatter of
microwaves chimed through her ears. Followed immediately by Wiseguy's whispery voice. Discourse.

The big body had small cuplike appendages. Ears? But there were smaller openings below, too, with
leathery flaps that moved to track the sound of her footsteps. She guessed the cuplike ones were
microwave antennas. On a living creature, she thought, and then put aside her sense of awe. If they
were like the human-made mechanica antennas, they could both transmit and receive with them-unlike,

sy, eyes.

Another step. More chimes. Wiseguy kept this up at increasing speed. She was now clearly out of the
loop. Data sped by in her ears, as Wiseguy had nesatly inserted itsdf into the conversation, assuming
Shannda's persona, using some el ectromagnetic dodge. To her earsit was just anoisy, spurting stream.
The creature apparently still thought it was speaking to her; its head swiveled to follow her.

The streaming conversation verged now from locked harmoniesinto brooding, meandering strings of
chords. Shannahad played classica guitar as ateenager, imagining hersalf performing before concert
audiencesingtead of bawling into amike and hitting two chordsin arock band. So she automaticaly
thought in terms of the musica moves of the dataflow. Mgor keys gave way to dusky harmoniesin a
minor triad. To her mind this had an effect like a cloud passing across the sun.

Wiseguy reported to her and Jordin initswhisper. It and the dien- Ark-had only briefly had to go
through the "me Tarzan, you Jane"' stage. For alife-form that had no clearly definable brain she could
detect, the dien proved aquick study.

Shegot its proper namefirgt, asdistinguished from itsidentifying sgnd; its name, definitely, for the
trandator established early in the game that these organisms had no gender.

The zand, they called themsdves. And thisone-call it Ark, because that was all Wiseguy could make of
the noise that came before- Ark-zand. Maybe, Wiseguy whispered for Shannaand Jordin alone, Ark
wasjust a"place-note" to show that thisthing wasthe " presently here" of the zand. It seemed that the
name was generic, for dl of them.

"Like Earth tribes" Jordin said, "who name themselves the People. Individua distinctions are tacked
on?-maybe when necessary or socidly pleasant.”

Jordin was like that-surprising erudition popping out when useful, otherwise a straight supernerd tech
type. Nobody was going to find an dternative here to Earth'stiresome clash of sdfish individuaisms and
difling collectivisms, Shannathought. The politica theorists back home would gtill make much of this,
though, shewas sure.

Shannatook another step toward the dark beach where the creature lolled, its head following her
progress. It was no-kidding cold, sheredized. Her boots were melting the ground under her, just enough
to makeit squishy. And she could hear the sucking as shelifted her boot, too. So she wasn't missing
these creatures cdls-they didn't use the medium.

One more step. Chimesin her ears, and Wiseguy sent them apuzzled "It seemsalot smarter than it



should be."

"L ook, they need to talk to each other over distance, out of sight of each other,” Shannasaid. "Those
waxy al-one-wing birds should flock and probably need calls for mating, right? So do we." Not that she
redly thought that was a deep explanation.

"How do we frame an expectation about intelligence?’ Jordin put in.

"Y eah, I'm reasoning from Earthly andogies,” Shannaadmitted. "Birds and warusesthat use
microwaves-who wouldathought?"

"l see," Wiseguy said, and went back to speaking to Ark in itsringing microwave tones.

Shanna listened to the ringing interchange speed up into ablur of blipsand jots. Wiseguy could run very
fast, of course, but this huge tubular thing seemed able to keep up with it. Microwaves higher frequencies
had far greater carrying capacity than sound waves and this Ark seemed able to use that. Well, evolution
would prefer such afast-talk capability, she supposed-but why hadn't it on Earth? Because sound was so
easy to use, evolving out of breathing. Even here- Wiseguy told her in a subchannd aside-individua notes
didn't mean anything. Their sequence did, along with rhythm and intonation, just like sound speech.
Nearly al human languages used either subject-object-verb order or e se subject-verb-object, and the
zand did, too. But to Wiseguy's confusion, they used both, apparently not caring.

Basic vaues became clear, in the quick scattershot conversation. Something called Rendezvous kept
coming up, modified by comments about territory. Self-merge, the ultimate, freely chosen-gpparently with
al the zand working communaly afterward to care for the young, should there luckily occur aBirthing.
Respect for age, because the elders had experienced so much more. But respect tempered by
skepticism, because the el ders embroidered experiences when telling the young the tale of the raiders
from Darkside.

"And what's Darksde?" Jordin asked. He tirred restlessy, watching the seafor sgnsthat others might
come ashore. But the big bodies bobbed in the liquid afew hundred meters away.

Wiseguy supplied aguess: "The Outer, they call it aso. Perhgps meaning beyond Pluto's orbit? Far into
the darkness? There are other possible interpretations | can display in order of descending probabilities"

"That'sgood enough,” Shannasaid. "Onwithit."
"Hey, they'removing in," Jordin said gpprehensvely, mouth working.

Shannawould scarcely have noticed the splashing and grinding on the beach as other zand began to
arrive-gpparently for Rendezvous, and Wiseguy stressed that it deserved the capitd |etter-save that Ark
stopped to count and greet the new arrivals. Her earlier worry about being crunched under a press of
huge zand bodies faded. They were socid animals, and this barren patch of rock was now Ark'sturf.
Arrivaslumbering up onto the dark beach kept a respectful distance, spacing themselves. Like waruses,
yes.

Standing motionlessfor so long, Shannafelt asharp cold achein her lower back. The chill had crept in.
She was astounded to redlize that nearly four hours had passed. She made herself pace, stretch, eat and
drink from suit supplies.

Jordin did the same, saying, "We're 80 percent depleted on air.”

"Damnit, | don't want to quit now! How 'bout you get extrafrom the lander?"



Jordin grimaced. He didn't want to leave, either. They had dl dedicated their livesto getting here, to this
moment in this place. "Okay, Cap'n, Sir," he said sardonicaly as he trudged away.

Shefdt akind of dlent bliss here, just watching. Life, strange and wonderful, went on al around her. Her
running digital coverage would be ahuge hit Earthside. Unlike Axelrod's empire, the Pluto Project gave
their footage away.

Asif answering asignal, the zand hunched up the dope a short way to feed on some brown lichenlike
growth that sprawled across the warming stones. She stepped aside. Ark came past her, and another
zand did up dongside. It rubbed against Ark, edged away, rubbed again. A courtship preliminary?
Something about their movements made Shanna venture the guess.

The zand stopped and did flat tongues over the lichen stuff, vacuuming it up with adurp she could hear
through her suit. Tentatively the newcomer laid its body next to Ark. Shanna could hear the pace of
microwave discourse Ark was broadcasting, and it took alurch with the contact, dowing, dowing ...
Then Ark abruptly-even curtly, it seemed to Shanna-rolled away. Its Sgna resumed its speed.

She laughed aoud. How many people would pass up achance at sex to get on with their language
lessons? All dong the shingle beach, stretching to the horizon, the zand were pairing off. Except Ark.

"Y'know, sex took a couple billion yearsto evolve on Earth,” she said.
"Huh?' Jordin's voice sounded surprised. "Oh yeah. Here ... well, how old isthis ecology, anyway?'
"Pluto must've formed early, from condensation. This could be |ots older than us."

She muted the furious bips and dots of the Wiseguy-zand conversation. Occasiondly Wiseguy sent them
aquick termfor help- "Isthis sensble?’ the program asked. "Ontologica ?"

"Hey, is Wiseguy into philosophy adready?' Jordin asked. "I dunno what that means.”

"Ummm. Thebiology saying is ontogeny recapitul ates phytogeny- meaning, in development of the
embryo you see the past stages of the species. Once we had gills, back in our fishy days."

"Hey, pretty heady stuff,” Jordin said skepticdly. "So soon?'

"Waell, Wiseguy did train on the SETI messages.”

"Seemslikeit'sdigging a how the zand see their placein thisweird world.”

"Maybe canned brains are natura philosophers.”

"Y eah, they don't have sex to distract 'em.” They both laughed at that, releasing tension.

Here we are, Shannathought, the Columbuses of a new world, and we're waiting for a computer to
do the introductions.

"Y'know, | gottamove or I'm gonnafreeze," she said.
Jordin grunted assent. "'Fedls great to move. Hey-the zand are moving inland.”
"Uh-oh. Toward the lander.”

Shannawalked back carefully, feding the crunch of hard ice as she melted what would have been gases
on Earth-nitrogen, carbon dioxide, oxygen itsalf. Low-g walking was an art. With so little weight, rocks



and icesthat looked rough were still dick enough to make her dip. She caught herself more than once
from afull, facedown splat-but only because she had so much timeto recover, inadow fal. Asthe zand
worked their way across the stony field of lichen, they approached the lander. Jordin wormed hisway
around them, careful not to get too close.

"Wiseguy! Interrupt.” Shannaexplained what she wanted. It quickly got theideaand spokein short
bursts to Ark-who resent a chord-rich message to the zand.

They all stopped short. "I don't want them burned on the lander,” Shanna said to Jordin, who replaced
her suit oxy bottleswithout ahitch.

"Burned?| don't want them eating it," Jordin said.

Then the zand began asking her questions, and the first one surprised her: Do you come from
Lightgiver? As heralds?

In the next few minutes Shannaand Jordin redized-al from their questions done-that in additionto a
society the zand had arough-and-ready view of the world, an epic ord literature (though recited in
microwaves), and something that resembled areligion. Even Wiseguy was shaken; it paused initsreplies,
something she had never heard it do before, not even in speed trids. It waslearning not just an dien
language but an dienmind.

Agnostic though she was, the discovery moved her profoundly. Lightgiver. After all, shethought witha
rush of compassion and nostalgia, we started out as sunwor shipers, too.

There were dark patches on the zand's upper sides, and as the sun rose, these pulled back to reveal thick
lenses. They looked like quartz-tough crystals for arugged world. Their banquet of lichen done-she took
afew samplesfor andyss, provoking asnort from anearby zand-they lolled lazily in their long day. She
and Jordin walked gingerly through them, peering into the quartz "eyes." Their retinas were abrilliant blue
with red wirdike filaments curling through and under. Convergent evolution seemed to have found yet
another solution to the eye problem.

Jordin said, "Y'know, I'll bet these guys can see the sun the way we do.”
Shanna had been snapping her own digitals. "Meaning?'

"Our eyes aretiny in comparison. We're forty timesfarther away from the sun here, so these quartz eyes
areforty or so timesbigger. They can resolve the point of the suninto adisk.”

"Ah. Sowhat's our answer? Are we from Lightgiver?'
"Wéll... yourethe cap'n, remember." He grinned. "And the biologist."
She quickly said to Wiseguy, "Tell it: No. We are from aworld like this. From nearer, uh, Lightgiver.”

As soon and astectfully as possible, Shanna got the interchange turned around, so that shewas again
asking the questions and the zand answering them.

Discussing the sun was useful, too. They had a calendar concept of short and long warm-cold cyclesthat
intrigued her. Obvioudy it corresponded with Pluto's rotational day and centuries-long orbita "year"-an
impressive feat of observation and deduction for people who lacked atechnology. Shanna soon redlized,
however, that thisideawas new to the zand-that, in fact, it had learned the information that very planetary
day from an untutored geniusit referred to as Old One. She pressed it further and learned the cold
arithmetic. Ark said that this very day Old One had discoursed on such deep truths while floating over



the"amber sea”

The moment she redlized those numbers implication for the future of Piuto, she broke off. For the first
time since she had been avery small child, she blinked back tears.

Don't waste our damn time on tears, Shannagternly told hersdf. And certainly don't weep in a space
suit. But sheremained slent, truly at alossfor what to say.

Do not sad, the zand sent through Wiseguy. Lightgiver gives and Light' giver takes; but it gives
more than any; it isthe Source of all life, here and in the Dark; exalt Lightgiver.

"Incredible!" Shannasaid to Jordin. "Wiseguy must be sending Ark pretty sophisticated stuff.”
Jordin said, "Hard to believe Ark or Wiseguy can intuit our moods."
"And istrying to console us? Or just repesating some, well, theology."

Jordin said, "Unless Wiseguy'simposing human categories on Ark'slanguage. Which seemslikely-but
how'll we know?'

Wiseguy told her that the zand did not use verb forms underlining existence itself-no wordsfor are, is, be
-s0 "sad" became averb. She wondered what deeper philosophical chasm that linguistic detail reveded.

"Apparently,” Wiseguy said, "we have settled an interesting philosophical question, onethat arose with
the SETI codes, before | wasinvented.”

Startled, Shannaasked, "Whichis...?"

"Whether dl inteligenceswould useintertrand atable symbol grammars.”

"Uh, | see”

"The answer seemsto beyes. That iswhy | can so readily trandate the zand language.”

"Um." Lightgiver gives and Lightgiver takes. The phrasing was sartlingly familiar. The same damned,
comfortless consolation she had heard preached at her grandmother's rain-swept funeral.

Remembering that moment of losswith adeep inward hurt, sheforced it away. What could she say?
After an awkward silence Ark said something Wiseguy rendered as, | need leave you for now.

Ancther zand was pedling out Ark's persond identification sgna, with adight tag-end modification.
Traffic between the two zand became intense. Wiseguy did its best to interpret, humming with the effort
inher ears.

"Y'know, | had my doubts about using a program for first contact,” she said. "But it'sworking."

"What choice did we have?" Jordin asked reasonably. "We can't Sit down here for weeks chatting away
at our low, verbd bit rate.”

"Right. For onething we'd freeze our asses off."

Thisal became abundantly clear for the next two hours, when Wiseguy consulted them incessantly about
ambiguities, context, syntax-the gray areas where human intuition might still outclass Wiseguy's terabytes.
The process was wearing, but at least she and Jordin could rove the land and get afed for the cold



twilight strangeness here.

Finaly Shannaturned the trandator off. First thingsfirst, and even on Pluto therewas such athing as
privacy. Wiseguy had no need to hear frail humans discussing their weaknesses.

Jordin, ever the diplomat, began. "Y 'know, it's been hours..." Even on this 0.1-g world she was getting
tired. The zand lolled, Lightgiver stroking their skins-which now flushed with an induced chemica
radiance, harvesting the light. She took more digitals, thinking about how to guess the reaction-

"Y'know..."
"Yeah, right, let'sgo."

Stamping their feet to help circulation, they prepped the lander for liftoff. Monotonoudy, asthey had
done Earthsde afew thousand times, they went through the checklist. Tested the external cables.
Rapped the vavesto get them to open. Tried the mechanicas for freeze-up-and found two legs that
would not retract. The jointstook al of Jordin's powerful heft to unjam them.

Shannalingered at the hatch and looked back-acrossthe idyllic plain, the beach, the seadick like apink
lake. Chances are, I'll never be here again. Maybe the high point of my life ... an incredible vista.
She hoped the heat of launching, carried through thisfrigid air, would add to the sun'sthinraysand ...
and what? Maybe help induce a Birthing? She reminded hersdlf that she was abiologist, hereto
understand, not take sides ... Impossible.

Too bad she could not transmit Wagner's grand "Liebestod” to them, but even Wiseguy could only do so
much. Shelingered, held both by scientific curiosity and by anewfound affection. Then another miracle
occurred, the way they do, matter-of-factly. Sections of carbon exoskeleton popped forth from the shiny
skin of two nearby zand. Jerkily these carbon-black leaves articul ated together, joined, swelled, puffed
with visble effort into one greet sphere.

She knew-but could not say how-the two zand were flowing together, coupling as one being. Self-merge.

Inside, checked and rechecked, they waited for the orbital resonance time with Proserpina toroll
around. Each lay slent, immersed in thought. The lander went ping and pop with therma stress.

Jordin punched thefiring keys. The lander rose up onitsroaring tail of fiery steam.

The experience had been surredistic. Her biology training was shouting al during their time down there,
This makes no sense. No life chemistry should work well at such low temperatures. Enzymes might,
duggishly, but no other biological machinery she knew. But the zand played on...

Shannas eyes were dry now, and her next move was clear: I've got to talk to Old One.
6
OLD ONE

THEY SPENT A week recovering from thefirst landing. ISA insisted that they "restart their deep cycle,”
which meant rest up. No problem; she and Jordin were exhausted.

But recovery wasn't as easy as when she'd been ateenager; they'd expended alot of nervous energy.
Still, she bounced out of the sack thefirst day back after six hoursto find Jordin aready back at work.
Hewasfixing some gimpy gear and refitting the lander, filling supplies and kicking thetires. Engineers
think of their equipment as extensions of themselves and often take care of it better than their own



bodies.

They had to be debriefed. Shannarecorded a quick summary, mostly commentary on the red-time data
feed they had sent. Jordin grumbled and did the same. There were the mandatory media appetitesto
feed, too-a contractual obligation. Thanks, Dad. The Consortium's race to Mars two decades back had
built an enduring public for space, sold as real-time, you-are-there exploration.

As soon as possible, she got beyond Proserpina’s daily details and found time to think the easiest
way-by pulling extratime on wetch.

A darkness deeper than she had ever seen crept across Pluto. Night here, without Charon's glow, had no
planets dotting the sky, only the distant sharp stars. At the terminator line shadows stretched, jagged
black profiles of the ridgelinestorn by pressure from theice. The warming had somehow shoved fresh
pesksinto the gathering atmosphere, ragged and sharp. Since there was atmosphere far thicker and
denser than anybody had expected, stars seen from the surface were not unwinking points; they flickered
and glittered as on crigp nights at high dtitudes on Earth. Near the magnetic poles she watched swirling
blue aurord glows cloak the plains where fogs rose even at night. When Proserpina had first arrived,
Earthsde openly doubted the images they sent back. Clouds? Open bodies of liquid? Impossible...

Despite dl their discoveries, the basic mystery had only deepened. What was delivering such hest to the
icdands?

Shannaturned off the interior lights so she could see subtle shadingsin the crust. It was her nighttime
watch, by preference. All the crew were adeep but for her. Proserpina swung serenely about the
forbidding crescent of aworld that made no sense. Asabiologist she was adrift on seas of speculation,
asvadt asthe pewter-gray methane lakes that winked where the sunlight struck.

The dashboard clock's blinking crimson obediently reminded her that she should have filed another
report, but she had skipped it, letting Mary Kay file anomina status check and mission parameter index.
Even hillions of miles away there was paperwork.

A Pluto day lasts 6.4 Earth days, so by the time Proserpina wasfully functiond, the zand were just
about to wake up again. During the Pluto night Proserpina requested permission to drop smal, rugged
microwave sensors around the zand gathering areas. Earthside fretted and argued but after amere
severa days, agreed.

Down they went. Most survived and began picking up zand crosstak. By eavesdropping, it did not take
long to find the Old One, because it was the subject of many conversations. Old One proved to be not
just old but huge-three times bigger than any zand they had seen. The Old One seemed to be adifferent
kind of cresture-though in high-resolution optical observation from Proserpina it did look much likethe
zand. Or dsethe zand, like some Earth species, smply kept growing dl their lives, so abig zand was an
ancient one.

Wiseguy was grinding at the river of zand-talk data, steadily incoming from the eavesdropping sensors.
The program thought the "structure coefficients' of the microwave banter suggested a sophisticated
language and extensive knowledge, both about Pluto and about their own socia codes.

Very wdl; but why wasit there? Why such intelligencein this oddly barren place?

After days of threading through the Old One's conversationsthey hit agtartling level of complexity.
Shanna had scanned through Wiseguy'sinterpretations, and they astounded. Here, dl rolled into one,
was the Aristotle, the Bacon, the Galileo, maybe even the Eingtein of the zand species. Or elseit wasthe
latest in along line of hugeintelects, their knowledge handed down through many generations.



Shannaimmediately requested Earthsde's permission to speak directly to Old One. Again delay.
Arguments. Some theorists thought that Proserpina had dready gonetoo far in “interfering” with the
zand. Unforgivable, one senior biologist proclaimed in a public screed. But then, they'd said the same
about interactions with the Marsmat, too. Those who aways advocated going dow didn't understand that
people who did not live forever wanted some closurein their lifetimes. And that windows of opportunity
hed away of damming shut; ask Leif Eriksson.

After more days | SA agreed. Down went a complex microwave relay, positioned near the Old One.
Jordin had labored over it, adding asmall nuclear therma generator, packing in layersto insulate the
electronics againg the forbidding cold. Then Wiseguy made their overtures.

Theintroductions and first dialogues went surprisingly well. It was dmost asif the creature were
expecting them. Taking to it over microwave proved dizzying. Shannaingtructed Wiseguy to stop
fidgeting over pronouns-which the Old One seemed to fed wereirrelevant- and other such minor
grammatica distinctions. She went for the big, conceptua lumps. From the speed and insight of the Old
One's answers she felt the presence of avast intellect. The zand had produced such intricate, quick
thoughts! All with no written language or notationa system or even atelescope, much lessacomputer.

Any biologist would ask the obvious: where did such intelligence come from? This skimpy environmernt,
with few microbes and amost no faunabigger than her thumb, seemed inadequate. At least primate
intelligence had arisen in abroad, diverse biosphere ... but maybe that wasn't necessary.

The Old One wasthe premier zand philosopher-scientist, and it had the advantage of time. It had lived, if
Wiseguy's own beginning conversations with it were right, more than four hundred Earth years. Asfor
how old the zand were-well, the Old One had shied awvay from saying. Maybe it didn't know.

Old One had blithely skipped most of the semantic and conceptua preliminaries she and Wiseguy had
gonethrough with Ark. These guys learn! Infact, the native savant-its bulky, warudike body aready
gppearing on T-shirts Earthsde-shortly had started communicating directly with the Discursve and
Integrative System.

"Dis" wasthe Greek equivaent of Pluto, so the project's choice of acronyms was entirely appropriate.
Their DIS metgprogram was a superstructure above Wiseguy, tasked with integrating results with the
whole architecture of their onboard computing. Olympians, keeping their own counsdl, for now.

Wiseguy had ceased including Shannain the interchange most of thetime. That would have dowed them
down, and Shanna did need deep now and then. Old One didn't seem to, so the large zand and Wiseguy
exchanged sdlies of semantic battle without a break. She didn't like this, but that's how advanced

systems worked, a century into the computer revolution. Machines didn't bother dow-mo humans unless

necessary.

And Old One, unlike some geniuses Shanna had known on Earth, had tact. When she awoke and came
back into the loop, it had abruptly halted its datarate with Wiseguy. Abandoning what must have been
for it aheady conversationa brew, it deftly brought her up to date. As soon as she began a series of
questions, it knew what she wanted to ask.

Yes, it said-her vitamin hypothesis did, after afashion, fit the facts. The zand suffered from what
amounted to nutritiona deficiencies. Analogousto Earth species, they needed trace dementsfor full
hedlth and strength, even for survival. The remedy lay, in asense, close at hand-and in another way
frudretingly, tantalizingly far off.

That was why Old One had philosophically resgned itsdf to die in the next few day-cycles. It had readily
volunteered thisfact, as though they would understand. After al, weren't they aso from Lightgiver, or at



least in its neighborhood? They knew all, yes? Surely they could tell that another wave of Darksiderswas
coming, thistimeto bring atide of death?

Lights often streaked across Pluto's somber heavens. Some of them pounded into theice or plunged into
the seaaswhat Old One called skystones. As soon as she heard the trandated anthology word-a
common trandators programming trick, nailing terms together as an approximation-Shanna knew
whence they came: the cometary Oort cloud. That great gray swarm surrounds the solar systemto a
depth of athird of alight-year. Inconceivably vad, itsinner edge intersects the orbits of Pluto and
Neptune. Pluto, nearer the cloud than Earth and shielded by less atmosphere, isfar more vulnerable to
hammering by meteoric debris.

But something maignant fell from the sky, too, and then roved the surface, killing zand.

Shannas mind had skated ahead of even Wiseguy, dapping pieces of the puzzle together. The zand'slife
was even more precarious than she had imagined. Only by sheer cosmic accident-or asthey would have
sad, by the mercy of Lightgiver-had astray comet never pulverized Rendezvous. Or sent atidd waveto
roll over the zand during their brekfasting or a Birthing.

She thought about that in light of Pluto's long but odd history. Many astronomers thought it had started
lifeasamoon of Uranus, later liberated by some impact or else by the dow tugs of gravity from some
other passing body. Somehow the world had gotten free.

Maybe the origin of life here, and evolution, had started then. Maybe. Only by another accident-or
miracle; give the zand their nod-had they survived the Oort cloud bombardment-

Hey-wait.

A lightning hunch, like the onesthat had given Shannaa competitive edge during astronaut training, struck
her, hard. Evolve? Who said they evolved here?

Theimplications of that were too much for now-she brushed them aside. But one thing she suddenly
knew. The zand were meta -based life, dmost like machines, but driven by ametalic chemistry. Nobody
had foreseen such an exotic chemistry, blending meta'sliking for oxygen-like theiron rusts of Mars-and
achilly liquid chemistry of methane. Running low-temperature metabolism demanded rare e ements.
Churning chemistries had to be fed.

Out therein primordia Chaosand ancient Night, intiny but sufficient quantities, lay the heavy metdsand
rare earths the zand needed in their food. They harvested these, Old One said, from the skystones.

But that raised a practical problem. Most skystonesfell into the large methane sea, where at sunset they
irrecoverably froze. Or e se the skystones plowed into the cliffs and shadowy crevasses on the night-side.
Into those frigid lands the awvake zand never ventured; they dept through the coming of night. But the
falen skystones then sank into the liquefying ice fields at daybreak. The methane seacame from theices
and so consumed dl but atiny fraction of the vital skystones.

She pondered thisexotic biology. If azand was lucky enough to find a skystone a dawn, before the
precious stuff sank into the melt-or if it could diveinto the shalows, searching for treasure on the frozen
shdlf... But the chances of that had to be so dender. They had so little time.

Shannareluctantly-for such amass of knowledge remained untapped in that mind!-bid Old One farewdll,
through Wiseguy. Which even seemed to sense her mood, and said, "There will be other conversations.”
Hope so.



7
CRESCENDO

EARTHSIDE sent THEM ablizzard of questions. Shannatired of answering them. She had one of the
crew, Chow-Lin, do adownlink transmission because he had the old NASA-style jargon down pat.
Alphabet soup, with acronyms back-to-back. The message was that they had " contingency strategy
worked out" to avoid "any serious danger,” though they were "operating out of" their "planned parameter
gpace.” Therewasno "incremental creepinrisk,” just their "preplanned” (she always wondered what
"postplanned” might be) " spectrum of exploratory responses’ to a""knowledge-acquisition-driven
expedition” here on the "frontier of humanity." She had aways admired the way bureaucracies
spontaneoudy produced leaden prose, blandly diding from the mouths of people who absolutely believed
everything they said.

Then they had an dl-crew meseting. Around the table the rest of the crew looked grim, like a support
group for hemorrhoid sufferers.

"Wedon't understand,” Chow-Lin said. "The zand, the Darksders- what'sit mean?"

"I want to compliment you on how you handled the public angle.” Shanna had taken management courses
and remembered to open with acompliment, especidly if one wanted to present people with plansthey
might very well didike. "Quite adroit.”

But Chow-Lin wasn't having any. "We don't know what's going on!" Jordin said quietly, "Research is
when you don't know what you're doing.”

Mary Kay looked askance at her husband. "Or overdoing.”

Shanna asked her, "Y ou think we stayed down there too long?"

Chow-Lin said golidly, with aheavy-lidded blink, "Y ou were hours over nomina."
"Hey," Jordin said, "nomind isjust aguess, not an order."

Chow-Linwas unmoved, lipstwisted skepticdly. "If you'd had aliftoff failure, there wasn't timeto get
you up from the surface before you froze."

"We made the discovery of theage," Jordin said, <till sounding reasonable but hiseyes glinting. "That
tends to concentrate the mind."

Shannarecaled the old Samuel Johnson saying, something like, Nothing so concentrates the mind like
a pending execution. She stayed silent while Jordin and Chow-Lin traded gibes, with Mary Kay
dipping in worried remarks. Overture ... Then even Uziki, the quiet one, chimedin. Discord ... First
Theme. Shannarecognized the tones, listening for the underlying fedling rather than surface content. They
needed to get out their vexations, not about the danger of thefirst landing at dl, but about being left out.
Therapy time.

Now for Second Theme...

"Taking chancesian't the same as exploration,” Chow-Lin was saying, so she countered, "What were you
observing?'

Chow-Lin hestated only a second, nodded to Uziki, who punched acommand into one of the big wall
display screens, which was at the moment showing surf bresking on awhite beach. It flickered over toa



3-D diagram of the vicinity near Pluto, with Charon shown to the side. "We used radar backtracking of
incoming masses, as discussed. Thereis asteady stream'-the screen showed orange dots curving in from
farther out-"coming on nearly straight-falling orbits." The dotsfollowed yellow trgectory curves,
gpproaching Pluto and dowing.

"Not afreeinfdl, then," Jordin said.

"No, infact, there's considerable dowing on the approach. Then-" The dots entered the thin Plutonian
atmosphere, showing flaring trails.

"Aerobraking?' Mary Kay asked doubtfully.

Chow-Lin nodded. "Y eah-artificial as hell. Somebody's dropping descent packages on the surface, and
they're moving dow enough to survive theimpact.”

Mary Kay sad, "Ddliberately targeted, that's clear-this suff isn't naturd.”

Shannawondered for amoment if she had lost her capacity for surprise. So much ... Shethought slently
for amoment as the others discussed details, and then said dowly, "All those incoming arcs-they end on
thenightside.

Uziki sad, "Yes, | noticed that, too. For some reason-"

Jordin said, "Even when their aerobraking trgectorieswrap al the way around the planet, they end up
coming down at night. Damn funny.”

Shannamade her legp. "Those are the Darksiders! The zand call them that because they land when the
zand are adegp and most vulnerable.”

Chow-Lin sat back, faceimpassive. "Ummm, an hypothesis..."

"It can't be an accident that the incoming prefer to land a night, when they can't even see the landing zone
very wdl," Jordin said. "Hey, maybe that's why we found pieces of them on the beach-some of them hit
too hard and break up."”

"Maybe a Darkside landing istied to the biology," Mary Kay ventured, looking at Shanna

Who shrugged. "Could be. Night's pretty damned cold-even for Pluto. All I know from the Old One
trandationsisthat the zand are getting decimated by something called the Darksiders. If they'reto be
believed-and why not?-it's an ongoing genocide.”

Chow-Lin frowned, fidgeting with a pen. "With the strings being pulled by-"
"Something farther out-but what?

Uziki said to the screen, "Full outview." The screen scale expanded until Pluto wasasmdll circle, thena
dot. Theinfaling linesin yellow drew together, making along, dightly curved band. The scae continued
to expand but the yellow just kept going, until- "That's asfar as we can track with any resolution.”

"Wow," Jordin said. "They'refrom redly far out."

"No assignable origin,” Chow-Lin said crisply. "But their orbits point back to abig ice body." On-screen,
atiny dot got labeled: X. "Got it inthelow infrared. It'san incredibly cold place-but warmer than
anything else out here, except Pluto.”



"How could anything live there?' Mary Kay asked.

"How can the zand?" Jordin countered. "No question, thisis low-temperature chemistry we haven't aclue
about."

"Theré's got to be something more." Shanna peered off into nowhere. "Pluto'sis an ecology that'sthin, far
too sparse. No microbes in the soil-1 just ran the chem check and micron-level andysis. Now, that'sjust
plainimpossible. Biology builds up from the basic building blocks. Here there are none. Just afew
organisms and aspotty food supply. No pyramid of life, just afew big fauna sitting atop aset of ilts.”

"S0..." Now Mary Kay looked both skeptical and puzzled. "We're missng something.”

"Or ese our whole comprehension of biology iswrong. Y ou don't build up big crestures without ahuge
investment in processes, chem, metabolism..." Shanna stopped, frustrated, but knowing what to do next.

"Let'sleaveit to the biologists Earthsde," Mary Kay said. "We're explorers, not theory guys.”

"Right, explorers.”" Shannatook a deep bregth. "So let's explore. | say we go down there and see what
the Darksders are.”

"Hey, no," Chow-Lin said automatically. "Another descent so soon? | strongly-"

"We need to get the full story here," Jordin said. "Not go running home with more questions than
answers. We haven't got a clue what isdriving Pluto's warm-up, and that isour misson.”

Thiswastrue, but Chow-Lin's expresson told them that the argument cut no icewith him. He said, "l
think we've gone off the deep end here."

Mary Kay, showing some grit in her narrow-eyed expression, said, "We're at the deep end-the
borderland of the solar system. It took alot of money to put us here, and-"

"You'regoing to interferein an intelligent aien society, don't you redlize that?' Chow-Lin said.

"Wedready have," said Uziki, who usudly confined herself to computers and the robots. She seldom
sad anything about nonengineering matters, but Shannawas glad to have her come forward. "They're
part of the problem we came to solve, right? So we have to understand them.”

"We can't just blunder-"

"Do | hear echoes of the Prime Directive here?' Shanna said, absolutely straight, letting the words do al
thework that a sarcastic tone would have. Chow-Lin was afan of an ancient TV show, one she had
watched afew times. She knew just enough to make fun of it.

Chow-Lin said guardedly, "Wdll, we do have to follow some code."

"Look," Jordin said reasonably, "we don't have protocols from I SA on this. So we're free to deal with
opportunities asthey arise.”

"Y ou want to go down there again?' Chow-Lin countered. "It's dangerous.”

"Y eah, but that's not the gpped," Jordin said, only adight upturn at the corner of his mouth showing that
thiswasironic.

"We don't have permission,” Chow-Lin began. "I'll enter an objection-"



"No, youwont, mister,” Shannasaid mildly. "That's an order."

She had carefully chosen the moment to invoke her authority. On long missions crew saw their captain
sharing the scut work, doing her clothesin the washer, waking up after abad night's deep-and soon
enough, shedidn't look like avoice of authority anymore. But that didn't mean the mission could do
without one. It was ameatter of knowing when to remind them, alesson learned through the decades on
Mars and passed on.

Chow-Lin opened his mouth to say something, then dowly closed it. He shook his head for amoment,
biting hislip, and Shannathought she would have to ded with outright insurrection. But no; he looked
down, eyes boring into the black tabletop, and said nothing.

Into the silence Jordin said casudly, ™Y 'know, we could use a systems modification. For ... defense.”
Shannasad, "What?'
"If the Darksiders are bent on taking down the zand, maybe they'll come after us, too."

The crew rustled uneasily. Shanna hadn't thought of this possibility, and she could tell they hadn't, either.
"So how dowe...?"

"I'll modify the chem launch sequence. Cook up alittle surprisejustin case."

Chow-Linsad, "That'sentirely uncaled-for. Not only do we interfere with asentient alien form, we plan
anactionagang it!"

"Technically,” Jordin said, "the Darksiders are probably the second sentient form here.”

This gave Shanna an opening to help firmly defuse the confrontation. "We just don't know-and that's why
weregoing.”

She ended the mesting, setting another for the next day.

That gavetimefor therest of the crew to argue among themsalves, of course. Over the next few hours
she spoke privately to several of them and massaged the socia angles.

The Kares, Jordin and Mary Kay, were resolutely reasonable. They took it upon themsalves to make the
diplomatic arguments that Shanna could not, without appearing weak. They had discovered so much
aready, yes. The surface was treacherous, yes. The Darkside even more so. Y es. So why go? Because
it was their job, and anyway, the captain said so.

It took two days of talk and one more of fending off Earthsde's alarm. But she went-with Jordin, again.
Earthside wanted to use their experience.

Shannaknew very little out here, but one thing she knew for sure: the zand were worth protecting. What
was that saying? The fox knows many things, the hedgehog one big thing. Okay, shewasa
hedgehog.

Darkside beckoned. She was going to become ameteor miner. Crescendo.
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GMT 0940, Thursday, 12 May 2044

All hands on gation:

Descent to Pluto Surface

Descent Crew: Axdrod, Kare, J.

State of Ship

» Datasystemsrecycle and purge complete

» Thermography and ultrasound integrity check completed 0630 on lander by J. Kare; ready to deploy
» Consumables 38 percent above nomina usage rate

» Power generation rate 99.67 BOL

 Uplink rate maximum of IRSC

Orbita parameters within profile
Five-Day Outlook Summary
Tuesday, GMT 0900: Lander profiling and resupply

Wednesday, GMT 1230: Reactor reshipping by robot teams commences-three-day lining tests and
monitoring SUBT

Thursday, GMT 10.30: Systemstest of optical and infrared sensing
Friday, GMT 1100: Wiseguy update and Earthside UBK

Saturday, GMT 0300: Mechanicals review and monitor reboot
Crew QA:

Whereto begin, guys?

Quotefor the Day: "Details Are Our Business'

The big lander roared asit descended on its steam plume toward Pluto's nighted surface. They took it
cautioudy, through step-down orbits, pausing at each one to assess the surface and | et the detectors have
their feeding time,

Shannawatched somberly, her chair warming her againgt the seeping cold herein the planet's shadow.
She loved the view thislow, skimming. Astronomy's geometries were the essence of smooth
beauties-arcs and € lipses, crescents and circles, orbs round and fat in their perpetual, serene dance. This
deep range of pockmarked worlds held steep, chiseled mountains that had endured longer than whole
continents on Earth. She was gaining now a sense of the deep reservoir of time deeping out here.

But perhaps that deep was over. The astronomers were used to seeing this deep freeze asatabularasa,
unwritten upon since the solar system's creation, not as adynamic realm. But now they knew otherwise.

Their nomina mission was asecond sampling of the surface, thistime on the nightsde. Misson god: to
measure aimospheric changes as night came on, and to search for debris from the mysteriousincoming



orange packages-the Darksiders, presumably. Or so she had argued to I SA; but, in fact, shewas
seeking the meaning of this place-how it redlly worked. Too many things didn't add up.

"Getting something visble ahead," Jordin sent on comm.
"l seeit-down below the crescent,” she answered.
"Not areflection of agtar, either. Too bright.”

Lights. Brimming yellow dots on the upcoming horizon. Not in the Sky; ontheice. A prickly coldnessran
through her. In the intense cold below they would have much lesstime on the surface. |SA didn't want
them to do any EVA unless absolutely necessary.

Shannawished she had questioned Old One more fully before charging off thisway. The fox knows
many things ... Could the zand tribal epic, of the great raid from Darkside in the distant past, be true?

But there couldnt, strictly speaking, be any Darksiders. All the planet was exposed to the sunin due
course asit rotated. Surely "Darksiders' could come out in the zand's own territory after nightfdl, right?
And day-living borers and flappers and the zand could flourish on "Darkside" when it faced the sun.

Confusing. Maybe a huge mistake in Wiseguy'sinterpretation. She fretted. Then something like an
answer came. Asthey drove down farther into the night, the reactor in their belly humming and thrusting,
agreat, Sckly greenish yelow arc rose up before her, blotting out stars.

"Wow!" And just maybe she had part of her puzzle.

Ah. Charon was synchronousin its orbit-the fat gray moon hung perpetually abovethisarea. When the
twin worlds swung around into sunlight, Charon-so aptly named after the ferryman of Hades- cast alarge
shadow, eclipsing thetiny sun. Lightgiver would give even lesswarmth here than on the opposite
hemisphere. This side of Pluto was forever unfavored. It would be far chillier. Even at high noon here
methane snow would come drifting down. There was aDarkside, after all.

The sun was till four hundred times brighter than moonlight on Earth, she remembered from one of the
briefings. Enough to read a newspaper by, but without much atmosphere, al shadows were sharp, hard.

Okay, shethought, listening to Jordin bring them down to the presdlected landing zone-not far from the
odd lights, she noted. The Darksiders prefer to come in out of the night and land in the coldest
portion of the planet. Now think like a biologist.

Lifefilled its gppropriate ecological niches, as Darwin had seen in the Gaapagos long ago. One-hdf of
Pluto was home for the zand; the other was the domain of the "Darksiders.”

No, damn it! That wouldn't work. She did remember some of the astro briefings sheld had, after all.
Viewed from Pluto, Charon had only started regularly eclipsing the sun within the past haf century. The
agtro boys had nailed it findly in 2029, when both the satdllit€'s orbit and the planet's axis had begun to
drift. Big surprise. The orbital mechanics had changed.

And thewaltzing worlds had swung in their crazy, new looping orbits, not giving adamn that the
astronomers couldn't figure out why. By 2042, when their mission launched, Charon was eclipsing the
sun regularly each Plutonian day.

Come, now! Evolutionisnot that swift, no way.

Unless...



Unlessthe strange orbital shift waswhat had brought the Darksiders out of wherever they
hid-hibernated?for most of Pluto'slong orbital yesr.

Shanna shook her head in disbelief. Centuries ago, had Charon's orbit smilarly moved to screen out the
un? Are you getting enough oxygen! her nagging inner voice asked. Thisis strange, even for you...

She brushed aside her doubts. Follow your nose, girl. Damn the inner critics.

Okay. Did that have anything to do with the odd-but apparently natura-radio emissonsthat the Space
Array had discovered? The whole darm about the big plasma storms that might be washing into the solar
system, if the Voyager datawereright?

Put that by for now also. Then ... And then Darkside had raided Rendezvous? Old One had said lots
about that, clothed in mythic jargon even Wiseguy couldn't follow. The zand, their battle story told them,
hed barely survived that legendary Gotterdammerung. Or ismy liking for Wagner leading me astray
here? Twilight of the gods beside a methane sea? Ooooggg...

And thistime, Shanna suddenly redlized, if the Darksiders moved to the lightside within the next few
Earth hours, they would catch the greater part of the zand helpless, immobilized in the rosy afterglow of
Sdf-merge.

Had that happened before? Probably. Something had built those epic poems Old One recited at blinding,
Wiseguy-level speed. The zand feared the Darksiders for good reason. They were both predators, but
somehow the Darksiders were even better at it.

Jordin was on the comm, passing numbers and "okays' back and forth with Mary Kay on Proserpina.
When he had afree moment, she asked, "Y ou're sure the little surpriseis ready?"

He grinned. "It'stoo smple to go wrong. Just oxy and hydrogen feeds from our reserves. | fitted two
small nozzles and tucked them into a spare cylinder | had, to make areaction chamber. Just ali'l trick.”

"Um. Li'l trick." Jordin could rig up anything on short natice, it seemed. "Hope we don't need to use it.”

"Hey-look there, near our LZ." Jordin pointed. When she looked puzzled, he added, "L anding zone."
And sherecadled that he had started out asaMarineflyer.

"Thisthermd armor is pretty confining.” Shefelt it pinch at kneesand elbows. "'l know you think we need
it-"

"Y ou may bethe cap'n, but I'm the safety officer.” A nod of the head. "Maam.”
Small lights moved below. Scurrying patterns. "Thoselook... dive," Shannasaid.
"Maybethat'sthe Darksiders.”

On the attack? she wondered. Hey, don't get ahead of yourself.

She repeated her thoughts to Jordin as they descended gingerly, pausing at each orbital level to assess
the landing zone. He said, "Y ou got this place figured out aready?"

"Not redly. But something tells me we don't have time to hold seminars on the loca biology.”
He grinned. "Not that I'd attend, y'know."

"I know."



Shanna's grandmother had dinned into her "reverencefor life'-al life. Suppose the incessant motion
bel ow was a battle of some strange kind. Could she make aterrible choice, to save the zand? She gritted
her teeth.

A circle of greater darkness yawned bel ow, breaking the thinly moonlit landscape. It moved; she came
fully dert. Quickly shecdled on Proserpina's computer for data. The temperature differentias DIS
could measure in the lower infrared and group into amap.

Pregto! Insde aminute they had a sketch showing the walls and floor of adeep pit.
"Quite patently artificid,” shesad.

"Lookslikeittome, and I'm just aphysicigt.”

"| thought you were an engineer-pilot.”

"Hey, physicigs can do anything."

"Um. So they think. But not biology..." Shetold DIS to amp the center of the circle, use every pixd. In
secondsit did. The screen before her and Jordin zoomed in.

Down at the bottom moved blocky somethings, jointed at odd angles, limbs stubby, each outlined ina
blue glow. They moved, dow and deliberate.

"What'sthat blue from?" she asked.
"Spectrd lines say-let's ee-argon.”

More movement. Ghostly forms, duggish, asthough underwater. Patterns. Thejerky, angular shapes
were forming into neatly digned ranks and files, like an army on parade-or awar fledt.

" Are those organisms or machines?' she asked.

"OP DIS can't tell uswithout awhole further set of assumptions, I'd say.”

"I hate to go down there, not knowing."

Hewaved ahand at the starlit wastes below. "Out here do such distinctions even matter?”

"Good point. This pushes the boundaries." She frowned. In cold so deep asto be beyond al human
reckoning, maybe there were no boundaries.

The dim formswere moving into an intricate, ordered array. "L ooks like a search pattern,” she said.

Jordin was busy with their hovering pattern, but in 5 percent of ag there wastime to maneuver. The nuke
thrummed at their backs, and its plume caught starlight in afilmy gauze. "Maybe they're getting ready for
dawn," he whispered.

Too many possibilities, Shannathought. "What are they?"

On an inspired hunch Jordin asked DIS to search under " Superconductors.” He added, "And match to
the spectrd lines below."

It took only seconds. Good ol' DIS reported. Y es-there were plenty of compounds down thererichin
copper and oxygen, and dloys gaore. He grinned and said, " Could be that makes them



superconductors, at these temperatures.”
She frowned. "So?"

"So-remember those sparks that zapped us when we were walking, last time? There's abig potential
difference between the top of the atmosphere and the ground.”

"Isthat usua? | mean, thisplaceis plenty odd dreedy..." She had never had aredly intuitive fed for
physics, and it was showing.

"Not so unusud. Earth'slike that, too. When you're standing on the ground, there's a couple hundred
volts between your feet and your head. When you walk across a carpet and touch adoorknob, you're
just letting eectrons from the carpet fibers make their way to the higher eevation. Zgp!" He shrugged as
though thiswas obvious.

"So knowing that, you never jump when it happens?’

To hiscredit he laughed. "Touché My point here-thisis a guess, okay?-isthat energy isavailableto drive
anything that can harvest the potentid difference-voltage, | mean. We haven't measured it-1 didn't think
to-but from those sparks I'll bet it's considerable.”

"Butwhy isit hereat dl?'

"Umm, good point to you! Pluto turns pretty dow, and that's the ultimate source of the volts-spinning
planets with magnetic fidds are like generators whirring away in space. Pluto's should be weeker than
Eath's.." Hisvoicetrailed avay in puzzlement.

"Somehow the whole place is getting pumped by the electrodynamic weether, you think?* she
encouraged him.

He gazed at the surface, now so sharp in the stretched shadows of sunset that it looked like adrawing in
black and white. "One thing the Voyagerstold uswas that voltages are trickling in from the Oort cloud's
deep freeze somehow. Ummm ... There'sthat data showing the shock wave in the solar wind. | hadn't
thought that could berelated.”

She hadn't paid alot of attention to the briefings and endless 3-D color visuals about the region farther
out. The solar wind speed had dropped near the VVoyagers, decades back, she recalled, and the
physicists thought that meant V oyager was about to meet a shock wave. The multicolored graphics made
it look something like the shock coneriding just in front of asupersonic airplane, causing a sonic boom.
That was where the solar wind, which had thinned in its expansion al the way from the sun, finaly lost out
to the pressure of the plasmathat hung between the stars. "That's sure along way out,” she said.

"Y eah, but that fast probe, Ulysses, found that the shock's much closer in now than when Voyager found
it. They-we-cdl it atermination shock, and those are great a making fast particlesand dectric fields."

Shannaretreated to what she knew: biology. "There are edsthat can store charge indefinitely, | think.
Swimming batteries. They useit to discourage predators and stun fish.”

Helooked at her intently. " So being a battery might be away to keep energy reserveswhen it's night.
Then-those zand could just connect up their internal terminals and-zap!-a quick, sure source of efficient
energy. I'll bet it'sthe same for Darksiders.”

She sat upright, eyes on the main screen. " Something's flying down there.”



Small wing-shaped things hovered, then lofted upward together, circling within the pit. Bluelights around
the regimented ranks dimmed. "Hard to make them out,” Jordin said. "But they're organizing, yeah."

"Close-up ininfrared," sheingtructed DIS.
A dim view legped into focus on the screen. Shanna squinted. "They're ... pulling something apart.”
Something bigger than the moving things. Jordin said, "Lookslikethey'redicingupa... zand."

Her ssomach clenched, looking down at the black ice. "They attack the zand at night. The zand are
bigger, but they're deeping, | guess.”

The vague forms had pulled pieces away. Quick, scurrying moves.
"Let'shave alook, okay?'

Jordin nodded and started their last deceleration. Zero hour; no moretime for dispassionate sudy and
idle speculation. It felt good.

He hit the controls. The lander danced up and away, maneuvering above the center of the greet pit. Their
steam blurred the view.

Shannatook adeep breath. The lives below were at risk, and maybe she didn't fathom what was going
on here ... but she had to act; it wasin her nature. Her pulse pounded in her ears. She had gotten here by
following her ingtincts, the deft fed of intuition. Even if I'll regret it the rest of my life.

They could see better. "Y ep, that's adead zand,”" Jordin said. The shapes nearby moved into acircular
pattern. "They see us. Maybe hear us, too-if they have ears.”

Shannasaid tightly, "That il trick you rigged up-"
"Onit," Jordin said.

"They're coming fast-"

"Man, they look-"

"Y eah, dangerous." He put his hand on alittle switch on the far sde of the module from her. She hadn't
noticed it before, and he hadn't mentioned it, either.

So | wouldn't bump it by accident? But the call ismine...

More shapes swarmed in below. Jordin said very casudly, "Y 'know, we can't hover forever.”
"Check. Okay, land in that big broad spot. L ooks rocky."

"Yep,itis”

Hetook the lander into abare plain, severa kilometers from the Darksiders. They touched down, and
the steam plume seemed to blow off the hard ice nearby without even provoking aliquid shimmer.

Jordin read off the shutdown protocol, and she echoed it. They spent several minutes checking the engine
readouts, relayed the digital package up to Proserpina, and Jordin carefully evauated the lander pads.
"No mdting under us"

"Good, let's" Their audio rang with pops.



Jordin put their local radar on the big screen. "Yesh, | seeit.”
Dotswere converging from al around, making loca radar give off achorus of pings.
"Let'sget out of here" she said quickly.

"Done." He dapped the overrides, and the nuke flared again. A quick burst took them up a hundred
meters.

"I think," Jordin said mildly, "aprofessona biologist would label that aggressive behavior.”
"| tend to agree.”

Below, gray boxes moved with startling speed. They had rushed in under the lander's plume, meeting just
below. They now clustered and dispersed in quick, jerky movements.

"Ummm," Jordin said. "Waking washing machines™

"More like combinations. Legsthat end in whedls. Seethat one? It'srolling over the flat rock, then steps
over the smal boulders. Ingenious.”

"Wheds. Gotta be machines, not zand."

"Right. And look, they're extruding pipes out the top." She pointed where a cluster was poking narrow
tubes upward. Their steam dispersed quickly, so the boxy forms seemed to ripple. More came in steedlily
from the Sides. There were at least a hundred within view. Asthe newcomers arrived, they, too, started
extending thelr tubes.

"Ummm. Don' like thelook of that."

"Me, either.” Shefelt asudden prickle of fear.
"Likethey were ganging up to ... shoot at us."
"That switch?"

" egh”

"Draw themin." Shethought, Jordin and | have fashioned an instrument designed for delicate
exploration of an alien world ... into a bomb. "Then... doit."

Something flickered in Jordin'sface. "Y ou-redly-"

"I know, it'sabig step-"

"Let'sjust clear out of here." Hislips set firmly, resolved.
"Weve got to act,” she said quickly.

He looked at her. "We?'

"Okay, me. I'm captain, I'll take the respongihility.”

He nodded, lips working, then nodded again. "Right. Y our cdl." Histhumb touched the jury-rigged relay.
He made the lander lower abit. Darksiders came flocking in from the Sdes, moving even faster. Shanna
felt sudden fear. They were sofiercely agile, and in this degp cold. How could anything-



"Should drop some." Tensdly Jordin counted. The minicam showed the rocks below growing larger. An
ingtant before impact, he hit the probe's cutting torch. The oxy-hydrogen mixture exploded.

A giant yellow fist blasted out of the pit. Vapor boiled up, thick fog condensing a onceinto glinting
crystas. Debris shot far and wide.

A shock wave dammed into the lander. The deck rocked. Something solid screeched right through from
wall towadll, in and out again. Its passage rang like agiant's handcl ap.

Shannawas in her armor-otherwise explosve decompression would have finished her. Inthe air around
her she saw crystasrattle down in afrigid shower. Air screamed out of the lander.

Jordin fought the lander's controls. The vehicle swayed and sank like a drunken express eevator.
Decderation jets sputtered, then coughed out. With ashriek of twisting metal the lander thumped down.
Too hard. Threelegs groaned and buckled under, canting the deck steeply.

Shannadammed againgt thewall and felt blood run down one cheek. Her right shoulder hurt, sharp and
biting. The silencein the shattered cabin, after so much thunder, seemed eerie. Pluto's cold gases sighed
in. She saw her breath frosting over the faceplate and turned up the armor's heeter. It gave awan warm
breath at her neck. She breathed in shallow gasps, and the air cut her throat. Her legs were already
getting numb. Not much more time.

She glanced sideways, stopped. Jordin was sprawled hdfway out of his couch, mouth sagging,
unconscious. She shouted, but he didn't move. Dead? She couldn't tell if he was breathing.

Proserpina rasped in her ear, demanding answers.

Thecold ... A pouch near her mouth held medication designed for just such atermina emergency. No
pain, the briefers had told her; abland taste, drowsiness, and then-nothing.

She had told them back Earthside to take it out, but after launch she found that it was ill there.

No, damn it. With blunt fingers she punched in the suit command to call Proserpina onthehaling
frequency. "Were down, hull breach, trying to-" Her throat rasped, and her voice shut down. The cold
was tightening around her. Her arms and legs moved duggishly as she got up, turned to the dead
command board, then looked at the few screens till live.

Movement. A square, bulky object, outlined in cold blue light, lurched past the outside view screen.
Noise. Clanking, cutting rasps, thumping.

Sudden terror-red, little-child fright at monstersin the dark-- clutched at Shannas heart. The Darksiders
were here.

The creeping, aching cold fogged her mind. Some small corner of it still knew nonethelesswhat it was
doing. "Wisaguy! Wissguy!"

Dazed, she got the trandator up and running, ahissin her ears. Outside-direct interface. "Wiseguy ... talk
to them,” she hoarsaly whispered. "Explan...”

Talk to them how? Even with the smpler zand it had taken hours of eavesdropping...

A section of bulkhead wrenched away. Pale blue light. In through the ragged hole came a many-jointed,
metdliclimbendingina... lobster claw. It groped aong the control board.



"No-don't break anything!" she cried wildly. Asif having heard, the claw stopped. Extended. It jerked
forward. The arm swung, extended across the cabin, and touched her faceplate with a sharp click.

She blinked. Fast-growing frost crystas framed the claw in anivory glow.

Tired ... cold ... no ... mustn't-not yet. Poking blindly with her stiffening hands, she pawed at the claw.
"Wiseguy ... tdl them ... Warm..." Shannadumped. Her icy armor stung her flesh through her padded

jumpsuit.

Then shewasfdling through space, into an endless nighted gulf. The ultimate outrage wasthat alast lucid
gpark of awareness was able to watch it happening.

Down ... down ... down.
9
REBIRTHING

Long, danting afternoon rays stained the cliffs of Rendezvousin soft turquoise and pale gold. Thethin air
rang to the cracking and clanging of round, dark shells asthey opened like great eggs.

Old One hovered over the placid seajust offshore, drifting lazily on the welling heat from below. It came
dertly out of its meditations and deftly moved toward a stretch of barren rock shingle. Thereits particular
young friend and mate in Sdlf-merge drew gpart like giant, dick amoebas. And there, glistening on the
sand between them, feebly stirred seventeen splendid zand.

Harsh cries clashed in the cold air. Flappers, patiently poised above Rendezvousto wait for Self-merge
to end, now folded themselves and arrowed downward.

With quick energy it had doubted that it till possessed, Old Oneflipped over. It pointed its vent
gpertures at the sky-and fired. Therosy flamelit its plunge. It carved the sky, swooping by the furioudy
flapping shapes, turning the shrill exhaust on them.

Hunger callsturned to thin screams of dying rage. Blackening flapper bodies tumbled and fdll to ground.
A host of small scavengersraced out to feed on the smoking remains.

Baffled, the surviving flappers circled over the beach, readying to strike again. By thistime other zand
came scurrying into action. They had forgone the bliss of Sdf-mergein order to stand guard, awaiting
Birthings. A furious, snapping air battle erupted over the stony shores of Rendezvous.

The little new zand below obeyed the genetic impulse imprinted into them. Like baby turtles on tropica
ides, they scrambled down the sterile stretch of beach, searching for something to give them lifegas. Not
finding any, they dove with tiny splashesinto the sea. There beckoned agray scum of marine organisms.
Thefloating mites fed on microscopic crystals of ammoniaand carbon dioxide, exhaing hydrogen, the
gasdf lifeitsdf.

Adult zand flocked in behind the newborn and joined end-to-end in aliving wall, fencing off the shalows
asaswimming areafor the young. One warder on the seaward side cried out as its body took the impact
of aborer. Commotion, thrashing. A flapper darted in, nipped off the parasite's body behind the head,

and flapped away.

"Feed the young some of thisl" Old One commanded, jetting toward blue-gray scum. The zand rushed to
obey, catching the wrigglers. The young ate, breathed in lifegas, squeaked. Zand warbled gratitude. With
great effort the zand and their shelmates struggled up, groggy from Self-merge, and began weekly singing



thefirst notes of the Hymn of Birthing. All dong hillsdes and ice hollows of Rendezvous, other zand
joined in thanks and praiseto Lightgiver.

But a strange new sorrow gnawed at Old One. It joined, with the quavering of age, in the song, while
inwardly it wondered-did Light-giver truly hear? And what did the new beings mean, who brimmed with
fatal heat and acted so strangely? Could they be of Lightgiver Itself?

Old One had long been certain that Lightgiver did not move across the sky. Instead, somehow it knew
that the World in its day turned toward the bright body in the sky, warmed itself, and then spun away
agan, in endless cycle. Putting together its own thinking with what the hot strangers had said, it now
reasoned further-that in the much greater cycle from warm to cold, Lightgiver did not approach and
recede from the World. Instead-the thought eectrified-the World traveled in agreat eccentric loop, first
closer to the Source of light and life, then away.

Old One basked in thought. So far thiswas compatible with zand theology and perhaps even
strengthened it. Lightgiver was not awanderer across the sky but instead commanded, the unmoved
center of All. The strangers had implied astunning conclusion-that Lightgiver was, in fact, one of those
strange bright pointsin the sky that multiplied at twilight and grew fewer, thinner at dawn.

Now, asit listened to itsfellow zand sing chorus after triumphant chorus of the Hymn of Birthing, the
eldest of the tribe began to understand why the strangers had been reluctant to part with this stunning
information. The strong, smplefaith the zand had in Lightgiver, asthe knowing, caring Awakener and
Nourisher of dl life, had carried them since timeimmemorid through hunger and storms. Through the
attacks of flappers and borers. Through the gathering sad and bitter disgppointments of dwindling
Birthings. And through much esg, for cycle after hard, weary cycle.

With the new knowledge just gained of their World, they might yet prevail. But Old One decided it
would not, at thiscritical time, share with the others afurther revelation that must surely make them fater
and despair. Mogt of the motive essence that sustained them, the strangers had hinted, did not come from
Lightgiver at all.

The strangers had acted very much like followers of Lightgiver's Way. They had given, fredy and without
guestion. They had shared sadness and joy. And they had descended from the black sky, for the zand's
sake. They had risked life and in their duggish way sdlied off to Darkside.

Old One did not expect the strangersto return from Darkside, of course. Much imponderable evil lurked
there. Even those of Lightgiver could surely not master it.

10
HOUSEGUEST
Shannawoke.

She hadn't expected to. And none of the kinds of afterlife she had ever idly visualized included lying
naked in awarm nutrient bath.

Shelet her mind drift... wishing for more deep ... Then the green, acrid, medicina-sharp fluid drained out
beneath her. She sat up. Not amark on her; not even, so far as she could tell by fedl, afacial scratch
suffered in the crash. And interndly she fdlt fine. Ravenous but greet. Proserpina’s life-support program
was passing atest nobody on Pluto Project had ever imagined...

Then memory returned. Somehow Jordin had gotten her away from the Darksiders, had kept her dive.



"Jordin!"
He camein softly, carefully. "Y ou've had abig day.”
"How long was| out?"

"I'd say 'bout seven hours. Mary Kay sedated you so you wouldn't fed the work done on your skin." He
frowned, and hislipswere set in afirm, give-nothing-away cast she recognized. Withholding something
for later, yes.

"Freezer burn?' Shetried to Sit up and look but was il groggy.

"Y ou mean frogthite.”

"That wasajoke, Jordin."

Hedidn't smile. "We had to peel you some. Mary Kay did it, not me."

"Ummm, yeah, privacy..." But her mind wasracing now. "The Darksders?'

"They helped, kinda. | was knocked out, and they resealed some of thejoints."

"They what?"

"Some kind of vacuum welding, | guess. Assoon as | could get oriented, | lifted us off.”
"Youwereinjured"

" Ship operations helped. Mary Kay told me how to use the suit built-in injector, got some stimulant |
can't pronounce into me. Everybody helped. We had alittle trouble with the pumps. One shut down,
dunno why. I'm taking it apart now. Looks like afrozen-up valve, isdl."

"But you madeit! Wow!"

"Thought you'd appreciate getting back into abath.” His askew smile was the Jordin she knew so
well-never brag, just do the job. But he was hiding something, too.

"They repaired things?'

"Surelookslike. Vacuum welding ... They're smart.”
"Y eah. Everybody out here seemsto be."

"Uh, I've got to get back to work."

Jordin left, blushing a bit. Still with the funny set to hislips. Shelet hersdf laze about a bit, trying to read
Jordin's mood, then roused hersdlf. Time for rebirth. Shewas stiff, and her joints ached. As she stood to
climb out of the tank, atriumphant wave of eation surged through her and pushed al other thoughts and
painsaside. Hooray! I'malive!

She set the adjoining shower cubicle for afull, vigorous needle spray and stepped insde. She took it
happily, until the water recycler blinked to warn her that she was overusing. Then shelet agush of cold
water pour down on her for several seconds before shutting it off. Rather than activate the air-dryer, she
stepped out, tingling, and wrapped herself in ahuge bath towe.

Now you should get some soup into you, her grandmother would have said now. So she did.



The chatter with crew was warming, too. She programmed the autochef for one of its most elaborate
medls, the ingredients, recipe, and computer routine had been afarewell gift from France, of al places.
Preparation burbled happily and she snuggled hersdlf into afresh coveral. Some astronauts and
cosmonauts she had known, when not actualy working, adjusted temperature and humidity controls and
floated around in their cabins nude. Shanna, however, wore clothes every ship day for much the same
reason British colonid officersin the old days, even in the steaming tropics, donned full forma dressfor
dinner each evening-a connection with civilization. And if crew found out she was doing nudie floats...

The autochef chimed; first course served. Shanna turned up the audio and put on the Brahms German
Requiem, which, despite its sometimes lugubrious lyrics, seemed to her actualy one of the most joyous,
life-affirming works ever composed. Crew sat and ate and tolerated her taste, knowing she didn't want to
talk. They al had unspoken protocols.

"Here on earth we have no lasting abode," she sang, thinking of the Darksiders. She had just killed alot
of them, and yet they had saved her life. And if the zand legends could be trusted, they vicioudy attacked
the zand in the long Plutonian years. And she and Jordin had seen them with adead zand. She was
certain that only her crude bomb had stopped them from doing it again. How to judge?

Or was there something deegper happening here? She brought this up around the dinner table, al crew
present except the watch officer, Uziki. Shannawas American, so she opened with that. "Would an dien
outsider judge Americas performance by My La and Wounded Knee or by Lincoln and Jefferson?”

That got them started. Mary Kay said, "Aren't we getting anthropomorphic here? What kind of
consciousness-what kind of ethics-operates with a circulatory system running on liquid nitrogen?

Chow-Lin twisted hislips skepticaly. "Or did we get into something we don't have aremote chance of
understanding?’

Jordin said, "We surewon't unlesswetry."

Shannalet the talk run. She had given the orders, and the others weren't too happy with playing
spear-carriers. Fair enough. But democracy was aluxury out here. "There wasn't time for along
discussion,” she said. "Somebody had to act, if we were going to keep talking to the zand."

Mary Kay said, "Looksfrom the IR like the Darksders did pull back after you lifted off. No more feders
out to encircle that zand community.”

"Um." Chow-Lin looked melancholy, staring off into the distance. "Make awasteland and cdll it a

Shannawanted to bark back, "Enough of this nonsense! It's done, so welive with it"-but she held her
tongue.

Mary Kay said soberly, "We looked at what happened at the, uh, attack site, after you left. Toward local
noon, zand came into where you blasted the Darksiders. They ... atetheremains.”

Shannagaped, openmouthed. "They feed on..."
"Lookslike" Mary Kay said. "Tore the body parts down, ingested them somehow.”
Chow-Lin said, "Remember those parts you and Jordin saw on the beach?”’

Jordin sngpped hisfingers. "Darksider partd™



Shannawas awed. Here was a predator-prey relationship, of aweird kind. Maybe, maybe ... Darksiders
had the edge in the night, but zand could digest the Darksiders during the day. Overdl, the Old One said,
the Darksiderswere winning. "Speaking asabiologist,” she said, "thisis making some sense... but..."

She and Jordin gazed at each other, eyeswide. "Current-driven..." he said.

"Biogphere” shefinished.

Jordin blurted, "Enhance the chem reactions with current. Speed up dl the enzymes and protein folding...”
"To make achemica biosphere run asthough it was alot warmer," shefinished.

Mary Kay frowned. "Why? Because whatever built the Pluto biosphere knew lots more about eectricity
than it did about warm chemistry?'

The whole crew stared at each other. " Sounds good,” Chow-Lin said.

Shanna sat back. Wow. Can that be it? They needed to know more, sure, but she was captain, after all.
She should let the research angle rest, get down to business, check out status reports-and then her eyes
widened. "Hey, did anybody go down the checklist for the lander?’

Mary Kay sad ruefully, "Wewerekindain ahurry.”

"Worried about us, sure,” Jordin the peacemaker murmured, coming out of his distracted gaze.
Something il irking him.

A suspicion clicked in Shannas mind. She said nothing, just jumped up and wasfirgt to reach the
departure bay. They searched the lander, which was going to need alot of blowtorch-level work. The
dien patch-up had been hasty but remarkably firm and tight. "Thiswasn't done any way | can figure,”
Jordin said, running agammearray probe over the seam, which looked like brown, melted ice cream.
"Must be low-temperature metal bonding or something.”

"Spread out al over it and check every crevice," Shannasaid tersely. For what? She had no idea.

Shannaworked methodically, |etting Brahmsfollow her in her ear patch. Interna systems running okay.
Then the externa check, looking in every cranny, the underside, wiring boxes, thrusters, and-

Thereit was. A neat ova hole, cut al through the crumpled number four landing leg. Rimmed by an
equally neat patch of adull reddish materid.

"Red?' Mary Kay said. "Never seen that on the surface.”

"Only two centimeters across." Jordin took asample. "Big enough for a clawhold. Maybe somebody
hitchhiked aboard?"

They stared at each other. "Soiit's ... onboard?" Shannamentally kicked herself for not doing thisright
away. She had been lolling about in agoddamn medicina bath. Captains don't pamper themsel ves!

The breach was near the lander leg's chunky top swive joint, which was sitting amere meter from a
bulkhead that cradled Proserpina’s life-support tanks. (My God, do they know our ship blueprints,
too?) Between the bulkhead and cryo tank compartment the ceramo-carbon deck was scratched and
scored, asif something had dragged a heavy machine through. Or a machine dragged itself. A faint
tang of-ammonia? What chemistry worked in them?-hung inthear.

"Spread out through the whole ship,” she said. "Weve got to find thiswhatever-it-is." Darksider.



Houseguest.

They scattered. She raced hand over hand up onelevel, to the main ship computer console. An
al-systems check gave her nothing. A light winked at her imperioudy from one of the monitors. Input for
you from DIS, Shanna. Read me! The music ended. Shannalooked at the chronometer: 1700 GMT;
nearing the end of the misson'snomind day, but who was counting anymore? Two microwave schedules
missed; Earthsde must be frantic. She could not yet face playing back whatever worried, subtly
reproachful messages they meanwhile might have sent to her.

"Mary Kay! Call Earthside, tel them what'sup.” Ah, the pleasures of delegating. Timeto do some hard
looking.

"It'sin the cargo bay," Jordin said tightly over comm.

She had been fruitlesdy searching for over ten minutes now and saw immediately that he had donethe
right thing: look where people weren't, usualy. The Darksider was smart. And ... why?

"Let'scircleit,” shesent to dl crew, and started down to the cargo leve.

It wasthere, dl right, somehow running at atemperature it could never have evolved for. But then,
machinesdon't evolve...

A boxy meta thing, with odd burned-metal spikes, like an angry kitchen appliance. It lifted ashiny,
lopsided black claw toward them as they converged. Threatening? No-a scramble of microwave noise
camefromiit, hissed into her ear processor. Talking.

DIS sent, It says there is someone who wishes to communicate.

"And who might that be?' she said doud. Heads turned, eyes questioned. The whole crew was here,
surrounding the thing.

If it exploded, good-bye to the expedition. She gestured for most of them to leave. The Darksider did
not move when they did, but she could see glinting quartzlike sensors on each sde of it.

| amunsure. It speaks very similarly to the zand. | believe they are linked in some fundamental
way.

"Ummm. Even though they're blood enemies? Why'sit here?"
To make us listen. To help with the ... converse.

"With...?"

Those who made thisworld, it says.

"And who'sthat?'

Something ... big.

Thefeed cut out.

11

EVIDENCE OF THINGS NOT SEEN



"They are utterly strange.” Shannas voice resonated in the crowded, hushed hall. Axdlrod sat at adesk in
a capsule above the auditorium where the gaggle of reporters sat, buzzing. He puffed on acigar, and his
very own filter system sucked in the smoke so as not to offend the entire rest of the moon. He relished
the pleasure and privilege.

His daughter was sending without any visual feed. Probably because she was looking ragged, judging
from the high, tight notesin her voice.

The reporters caught her anxiety aswell. Their eyes narrowed.

"Even good ol' DISishaving ahard time making sense out of them, but we've figured one thing out at
least. The Darksiders are not native to Pluto at al. They didn't evolve abiology that could go with this
planet's chemigtry. Ingtead, | think, they shifted Charon's orbit-in order to make Pluto's daytime under the
satellite's shadow more comfortable for them.”

A rustling of startled disbdief. The briefing room on the moon was overheated and bleak benesth the
hard ceramic light, and the crowd of reporters and the snubbed snouts of the media feeds focused on the
stage, where Axelrod stood and listened with the rest of them, his face furrowed with doubt and a skating
anxiety. Shannastones did through the hushed silence of the room, subdued, distant, coming from
billions of kilometersinto thelong, far dark.

"They come from the Oort cloud. That much I'm sure of-the one onboard with us sent astrange,
warped-well, | guessyou'd cdl it amap. In three dimensions, in warped perspectives, with weird
sgnifierswe can't figure out yet. The sun's at the far left and down, and whatever made dl this happen,
itsalot farther out than Pluto.”

Another rustle of disbelief. Eyes cast sideways, eyebrows raised.

She went on, not knowing how her words would be received. From her tone she obvioudy didn't care.
"And it'sclear from al the vector digplays and orbitsthat this has been going on for along time. It picked
up when they started getting our radio sgndls, | guess, judging from the timeline-if weveread it right.
Thingis, Pluto, for them, isagreat experiment. By ddiberately infusing greeter energy than the planet's
own low-level ecology had available, they have evolved a sentient native Plutonian life-form-the zand."

The reporters were muttering, agitated.
"Yeah, | know-evolution doesn't work that way. Well, thisis driven. Forced change.”
More murmurs and grumbles greeted this.

"What I'm saying here isthat I've recognized what Pluto reminded me of. Grad school! Y 'know, when
you do those set-piece experiments? Testing Smple biospheres-in-a-box, to see how they respond to
higher sdinity, or heat, or chemica drivers? Pluto is a big lab experiment.”

An uproar. Scientists and reporters aike jumped out of their seats and shouted. Some shook fists.

Thisis going to look great on vid, Axdrod thought. Maybe we should put these press conferences
only on the pay channels.

Shannawent on, unperturbed, hours away at light speed. "Y ou tech guys are gonnalove this next part!
Simple ohmic hesting from currents wasn't enough. They'retrying to run it al that way, the whole planet,
including the borers and flappers-which | haven't even had time to study yet. So much to do!"

A famous biologist sood and started to make a gpeech to the audience, hisface red, eyes bulging.



Axelrod gathered that Shanna's views insulted not only the man's entire professona career but his
culture. Luckily the audience shushed him.

"They had to apply the planet's e ectrodynamically derived currents directly to the 'foodrocks the native
animals consume-and their interference with Charon's orbit has messed up that process abit. These
beautiful auroras are the wastage of the experiment... which may well befailing.”

Axelrod blinked. Thiswas far more than he could ever have imagined, but aready hismind spun with a
way to play it.

"Centuries ago the Darksiders culled the zand colony of unwanted genetic traits. The zand remember it as
abattle, we figure. Remember it with terror and pride-abig event in their folklore. A cold-blooded
Darwinian pruning operation, and yes-I'm having red trouble with the ethics of that. For sure. Maybethis
whole damned placeisa... well, aluxury. An experiment by beingswe haven't even seen yet.”

Her voice wastight, controlled ... and Axelrod could tell she was on the ragged edge of fatigue. Not
deeping; the ship monitors said so. And from the psychers feed line, they knew that the crew was
worried about her. Sure, they said, she was abrasive and intense, and yet they tried to support her, the
captain. Also their only field biologist, who wastrying to put the whole jigsaw picture together. But there
were limits. Her voice wasthin, stretched.

Axelrod grimaced. He couldn't do adamn thing to help her. He got to hisfeet, steaming with energy that
had no placeto go.

"The Darksiders themselves-or Oort clouders, whoever that might be-they've ... well, devel oped the
zand. I'm unclear what's really behind thiswhole ... project. Their idea seems to be to understand how
life can exist on worlds. 'Warmlife,' the Darksider said-but | think it's speaking for something else. That
something hastried to bridge the gap. Figuring out life on worlds. Running abig circuit, far larger than
planets. Somewhere there's a voltage source, and Pluto's at the other end, the resistor. Ohm's law,
big-time. Using eectricaly generated chemical energy for the ultimate purpose of exploring inward.
Toward the sun. Toward us. We are thelir frontier. And they are ours.”

Thisrush of information stilled the room. But only for amoment. A storm of dishelief stirred, faces
contorted. Shouts. The noted biologist was on hisfeet again.

"So we can't come back. Not yet, anyhow. That big nuke you're sending out to relieve us-well meet
them.”

"What!" Axelrod paced, hands behind back. "She can't just-" And he knew she could.

"What happened to us on the surface wasfirst contact, and avery strange one. DIS got us through it. So
on impulse-l admit it!-1 zapped them, the Darksiders. Then they saved my fool neck, and Jordin's, too.
Figure that one out. And now-now, asthe only humansin these parts, we're sort of elected as
ambassador to Outside. Somehow we've got to open negotiations with them. Or would you like the next
contact to take the form of arip-roaring interplanetary war? With beings we don't know anything about.”

Axelrod blinked again. In an ingtant he saw destiny wrapping itsef around his daughter like adark
ghroud. "Shanna, don't take any morerisks. It... it'snot worth it," he said softly.

Beside him Dr. Jensen spat back, "Shut up. You know itis."

For thefirgt time the young, confident voice wavered. "I'm making this decision sound easy. It's not; I'm
not that heartless. It's going to be londly out here. But my crew agrees, and we're staying. Beyond



nomina mission duration. Beyond nomina systemslifetime even, if we haveto. There are plenty of
backups onboard that big ol' nuke you're flying out to us. Extrasupplies, tech, crew. We can makeit!"

Agstonished slencein the room.

"And there were other things I'd hoped to do. WE'l keep on making our schedules, check in regularly.
Lots more to do out herel™

A long pause, then: "Good-bye, signing off for the crew of the Proserpina,” aquickly choked-off
breath, and then only the rumble of interstellar noise.

12
A HYMN OF DAY'SDEPARTURE

Cold dim SUNSET STAINED Rendezvousin agray glow. A hard black sea seethed on the far horizon,
awaiting the sun's banishment. Icy mountainsdes lay clean-picked of any food, save for the fine dusting of
brown spores that had settled when the afternoon air began to cool. Out at sea the massed zand,
thousands strong, sang the long, lacy Hymn of Day's Departure. The music soared through the dimming
air-amultipart canon. As each smal group of zand singing its part came to the song'send, it broke away
from the larger chair, its members dispersing over the lgpping violet sea.

The Ark-zand swam steadily toward the setting sun. Lightgiver's rays now streamed through agauzy vell
of storm clouds, and the searose steaming with arisng wind. They had lingered too long, the zand
feared, their chorus freighted with skittering anxiety. To be caught afl oat, when the falling temperature
irreversbly triggered its night-change, could well befatd. Already, the borers had vanished into the
freezing deep and the flappers were gone from the sobering sky.

And the zand had much to live for now, they knew. The young were quick, eager to learn, zestful. Nearly
al of them had survived, thanksto the huge loud vessdl from the sky, amiracle. It had killed many
Darksiders, leaving their carcasses littering the plains. From these the zand had fed. Even Old One had
shed its customary gloom and seemed determined now to live into another day, and many more.

Cloudsrolled up, towering redly into the sky, obscuring Lightgiver. A freezing blast from Darkside
brought the first whirling, spiky crystals of snow. Timewas running out. The sea dtiffened, readying to
turn hard.

Lift! Lift! Together, Snging, the zand decided to gamble some of their preciousfud reserves. Lifegas
flared in orange plumes. They soared steeply up from the freezing ocean. Far off, looming against the
oncoming storm, rose the pesks where they had spent their early morning recovery time. Arcing into deft
parabolas, the zand swarm drove on hard through the fast-cooling air.

Snow camein fiercely, blowing in bitter, blinding gusts. The zand reached their steepled retreat from the
long, hard night, some veering, crashing into the ramparts of acrag. Sealeve dropped precipitoudy as
the surface fluid froze, shrank in volume, and sank. The groans and shuddering spasms of the dally cycle
reverberated low and strong through the sharpening air.

Late! We arelate! Zand dammed into dopes, tumbled from the gathering air, died in their dozens. But
most landed and found shdlter. Quickly now the surviving zand drew in masses of the new, loose snow
and blew it over thefoodrock that would again, aslast night, serve asits cache. The foodrock brimmed
with fresh energy, gathered from the crackling soil itsdlf. Sparks till jumped when the zand tumbled
rocksinto place. The foodrock darkened in color beneath a blanket of freshly formed borer spores.



The Ark-zand stopped in its callsto the working ranks. Something here was different. Thefield of black,
night-ready spores was broken down the dope by an irregularly shaped mass not made of ice.

Lightgiver be praised! The heavenly Provider from the far dark had sent the zand a skystone.

And Old One had taught it how needful the skystoneswerefor life. A touch and they carried fresh
knowledge into al who would listen. VVoicesfrom the Great Dark.

Carefully the Ark-zand moved the rough stone up to the edge of the cache and covered it with snow. In
the snow blur it did not see through the blizzard's dancing curtains the small, smooth sphere which had
guided that skystone down so that it would land on the world gently, without the usud ice-shattering
explosion of hot vapor.

Nor did it know that the Earther it had met that day was at that moment dertly monitoring the little probe,
drawing it away from Pluto'swesk, icy grip.

Sighing, the Ark-zand settled into the grateful embrace of deep. It felt alast crackling surge of energy as
acurrent ran down from the sky and found waiting conductivity in the nearby rock. So it would be
through the long night. Currents flowed, storing energy within intricate chemica balances. Though this
voltage spike came from immensdy far away, in thin trickles of eectrons streaming across magnetic
fidds, to the Ark-zand it smply came from the Sky in aprickly, delightful gust.

All such giftswere from Lightgiver, it thought. Or €l se from the Far Dark, where legend said greater
entities lurked. So much to understand! The two rulers of the sky, apoint of fierce light and the opposite
realm of vast dark, were the twin poles of aworld that did not need explanation. Creation Smply ... was.

Asit ebbed into restful calm, it issued one last humble prayer of thanks. Creetion smply was.
13
POST FACTO

JORDIN GOT RIGHT TO the point. He rapped on the door of her cabin and sat in the only other chair.
Crisp, efficient. Hismouth not canted at that odd friendly angle anymore. Looking determined.

"Mary Kay and | have been talking.”

"y e

"Y ou nearly got us both killed down there."

"Y ou got us out, though. I'm recommending you for specia recognition by-"
He shook his head, two quick jerks. "We can't be taking risks like that."
"Just being out hereis risky-"

"I'm here to notify you that as per ship'sregs, and contractud congraints, I'm filing acomplaint with
ISA." He said thisin aflat monotone, memorized. He had probably written it out.

"GT?'

Clearly he had planned to leaveit a that, but he was tempted to say more, tongue darting over hislips.
"Thewholeideawasjust plain asking for trouble.”



"I'm not going to debate my decisons, especialy post facto.”
"Earthsgde says you told them we crew had al agreed.”

"Asl recdl, | said you would agree. When you had thought it over.”
He dammed a pam on her desk. "That's what | mean.”

"Jordin, | wasn't trained to be captain. I'm just making do.”

"Not doing too well, either," he said sullenly.

"A captainisn't dwaysright.”

"And crew dways has aright to their own opinions.”

"True-but they don't have aright to their own facts."

"Wedon't think al theseideas hold up.”

She shrugged-an effort, because her whole body had gonerigid. Tired. "Maybe they won't. That's
research.”

"Okay, fine, your privilege. Just thought I'd tell you. It's Earths de's matter now."
"Thanksfor letting me know."

His eyes darted around the room, not looking at her, acutely uncomfortable. "Y ou bet." Then hewas
gone.

She bardly had time to think about that when a beep told her an incoming vid was ready, defragged. She
caled it up on her cabin screen, and it was from Dad. No tag title, just Axelrod the Gregt popping up on
the screen, wearing dacks, blue shirt, auburn sweater. From the moon, in his persond study, fake digital
fireplace crackling with flame in the background for the homey touch. Personal message, the sub tracker
sad.

Uh-oh ... She paused it, got aglass of wineto brace hersdlf, and watched.

"Hey, honey, you've got the whole world agog down here. What discoveries! Asincredible asthe zand
vids are, the Darksiders are smply mind-blowing! Some kind of superrobots, they ook like. I've-the
Consortium has-gotta get some. Just think of what their tech will mean down here. Miles ahead of

anything on Earth. Asteroid mining will be acinch with those babies. Proserpina may be ISA, but High
Flyer isours, and theré€'s plenty of room to bring back interesting cargo. I'll tell their crew to get ready.”

Shanna suppressed aretort-no sense talking back to a recorded message.

"Sorry, got so excited about al your great work, | forgot to say how really worried | was about you.
Don't take more chances than you have to; you're ftill my little girl. Pretty dangerous stuff.” He paused
and nervoudy shifted in his segt, eyebrowslifting. "And, ah, rumor is, your crew may bethinking the
same.”

Hmm. What does that mean? Jordin? I'm gonna be replaced? And Dad kinda agrees with him?

Even across abillion milesthe rumor mill churned away-at light speed.



Herushed on. "I know, the Darksiders are alien and strange and all. But they're machines, right? Got to
be some patent opportunities there. They work in cold and near vacuum. Nobody here can figure out
how. Honey, you said there wouldn't he anything to sl on Pluto, except the story of going there. Not so!
Y ou just found it. Or found them-great name, too, the Darksiders. | can seeavid series, just using the
title" She groaned and dapped the pause switch. I'll watch the rest later -if my blood pressure goes
down. Viktor and Julia! The First Couple of Mars! Coming in with a huge shipload of Consortium
types, probably ready to strip the landscape. Gee, Dad, | can't wait.

She was suddenly drained. She closed her eyes and drifted into adream of € ectric-blue shapeswith
giant claws rushing toward her...

14
THISIMMENSE VOYAGE

LATER, Shanna SIGHED and stretched in the spaceship's comfortable pilot chair. Again she was watch
officer while crew dept. Sheliked it thisway.

Earthsde would come through in afew hourswith their response to Jordin'sfiling. There would be weeks
of messages dinging back and forth. Tedious, disheartening, divisve ... she could seeit coming.

Jordin might prevail. She had to admit, he had a case. She had alot of respect for Jordin Kare. But ISA
didn't like dissengion, especidly endangering this high-profile misson billions of kilometers away. Word
would leak, and their political stock would take adive. |SA wasthe role modd for internationa
cooperation; failure would echo around the globe, amped to the max.

But that was hours away, and now she had this last watch to stand by herself. Bliss. There was even
coffee.

Time to take stock, girl.

Thelander was awreck, but Proserpina’s resources could put it back together. Weeks in the machine
shop; do them al alot of good.

Meanwhile, the sole remaining probe functioned with grace and precision. And so would she.

Proserpina-Pluto's bride-had amother named Ceres, she recaled from the background briefings, a
goddess of the growing grain; whence the word "cered.” The daughter ended up stuck in the Underworld
sx months out of every year, which she guessed was the way the ancients poeticaly figured when to get
their cropsin and when to plant again.

Shanna, as sheindirectly helped the zand bring in their harvest, did not want to be smilarly mythologized.
She wouldn't communicate directly with the zand, at least not right away. They were going to have a
severe enough intellectud revolution asit was, when the impact of that Sngle meeting on the shore sank
in. The price of progressis often pain. Let them thank Lightgiver, not the Earth interloper, for this gift
from heaven.

Strange, wasn't it, how human and zand music, religion, and ways of caring so often paraleled each
other? Or did that smply show the limitations of DISand al semantics?

Through her gray fatigue shelet her mind idle. Could sheintroduce into Darksider ethics the revolutionary
notion that other sapients, even if less bright than onesdlf, ought to be treated not as means, but as ends?

A hugeleap.



The psychologists said humans learned that in childhood, only through tit-for-tat socia games. Well,
maybe that could work here, too-if there wastime. And there wasn't alot of time before the big nuke
rocket came swarming up here, bringing more opinions...

Speaking of ends and means, Earth's self-gppointed diplomat reflected, she had leverage; Proserpina
had physica capabilities the Darksiders could not fathom-which she could give or withhold-

Careful there, girl.

"Seepwdl," Shanna said toward the twilight view, where the zand were bedding down. Now the hard
part began. Her fingers danced over the probe controls. The little globe bobbled and bowed, then shot
toward the Darksiders domain, now enjoying its palid day.

Aloneinaworld of unrdentingly hostile cold and ominous dark, she was, without noticing it, supremely
tired and hugely happy. That thislast outpost of the sun had, however improbably, harbored life. That all
the smug scientists had been wrong. That this grand mystery was just the beginning of an even deeper
one.

Shewasahbiologig, trained in the conventiond litany, sure-but she knew when to abandon cherished
beliefs. Some guiding hand had stitched together low-temperature chemisiry and the tenuous energies of
electron flow, knitting here agossamer, lively web. Who? Why? To some godlike purpose?

Shanna mused about the lives she had blasted to oblivion, so quick in her certainty. Had those dim
mechanica formsbeen truly dive?

Definitions, her grandmother once said, had to be like afat man's belt-big enough to cover the subject
but eastic enough to alow for change. Out herelife clung to the last vestiges of possible chemistry. And
she was sure, now, that evolution alone could not have forged such an intricate ecology, with so few
species-not even in the 4 billion years Pluto had spun.

The topsoil samplesthey had brought back had yielded nothing. If Earth or even the dimmed ecology of
underground Marswas any guide, life found myriad smal speciesto kindle. Larger forms stood upon a
huge, broad pyramid of microbes beneath. Bare stony soil could yield little. Y et the zand, the
Darksiders-they were like cartoons of life-forms.

Woven from what?
Those thingsin the pit were not forged from nature's relentless mill, for they did not know anger .

They had not wreaked vengeance on her and Jordin when they had the chance. Instead, they had saved
them both.

For amoment Shanna pictured the Darksiders at the opposite extreme, as saints, but that, she knew
inginctively, was aso wrong.

They were, findly, congtructions. Theoretica models. More like robots than organisms, but way ahead
of Proserpina’s 'bots. Not machines, perhaps, but something that stretched the definition of lifeand
probably brokeit.

Shelet her intuition rummeage around abit... Yes. The Darksiders were agents of something larger,
something feding itsway, something ... dispassonate. But what?

Pluto orbited initsdliptica sway at the very verge of that realm where chemical reactions could proceed
duggishly. Beyond here lay ablack abyssin which the seemingly fragile bonds between moleculeswould



not crack before the weightless hail of sunlight. They congealed in the unending cold.

Inthat dark kingdom only eectricity could race and flow, to bring motive meaning from the potentias and
gravid capacitances, hanging in the vast vacant spaces. There, beneath distant star gleam, gossamer-thin
sheets of eectrons drifted silently before the subtle tugs of inductances, in vast circuitsthat light itself
could barely spanin afull day.

She shook her head, trying to see...

Biologigsthink in terms of dow, blunt chemistry. Out here there might be instead the rule of
electrodynamics, proceedings only atiny fraction dower than light. Intelligence set free from molecular
torpidity could dash acrossimmengties, unchecked by al but the gritty limits of matter'sinnate resistance.
There the speed of light was the natural speed of events. Of thoughts.

Something had made use of these truths, some brooding intelligence hitherto unsuspected, though the
basc laws-of thermodynamics, of eectromagnetic fields-had been known to humanity sincethelr
discovery in the nineteenth century. Back then the laws had emerged among people seeking to heat and
light their shadowy homes. They wanted efficiency. From such practical measures had come fundamental
truths. An old term cameto her: electrobiology. In the early twencen earnest physicians and greedy
quacks had sold appliances that meted out smal electric shocks, reputed to cure everything thet ailed the
human body. It hadn't worked back then, but something way out here was blending el ectrodynamics and
chemigry in the hard cold of Pluto.

For some reason the forces out there had conducted an experiment on thislittle dab of rock and ice,
blending the two sources of animation-chemistry, dectricity. Frankenstein's legecy?

What's more, the experiment was gtill young. It looked like awork unfinished, Ieft by giants for a better
day, vast and massive but incomplete.

When would the giants return?

The sun took more than six Earth daysto circle around Pluto's frozen globe, bestowing and withdrawing
its heat. But something more powerful now drove thiswarming world. Something invisible.

What had made all this happen now? The prospect of Earth'sincursion into this bitterly cold place?
Perhaps the entire experiment wasitself astrange form of communication...

And the Old One ... How had it learned so much? Superior intelligence? But what had selected for such
wit and insght out here? Where was the evolutionary pressure? Or could the pressure come from some
hugdly larger volume?

No ... too much. She had agut suspicion that centuries ago, when Old One was young, something began
aprocess of subtle tutoring. And before that, a process of deep, cerebral working among that zand's
fore-parents.

Otherwise how could one zand, unaided, have forged so far in explaining their bitter relm? That implied
some agency had begun Old One's education long before humanity even knew the outermost planets
exiged.

And to what end? Shannalooked outward at the unyielding black and wondered what huge surprises
waited there. And how long they would bein coming.

The new big nuke was behind them, coming up fast. If Proserpina burned her remaining reserves, she



could forge outward into those bleak vast spaces. Keep pace with the bigger nuke approaching from
below, surging up aong the long doping gravitationa potentid... out, ever outward into this space where
bodies cold and mysterious circled in dow orbits, very nearly free of the distant sun's governance. And
with sometricky maneuvering, Proserpina could find an iceball- maybe Charon-and melt some of that
vadt icy store for water, for their smaler nuke rocket.

They dl could sill be apart of thisimmense voyage.

She peered at the date-dark world turning below in the vast hard cold. Thinking. But not if I'm replaced
as captain. She sat bolt upright, fatigue swept away. Dad! The Great A! She flipped on the recorder
and started talking.

And down among the howling winds, in the gathering gloom of methane snowdrifts now mounding about
them, the zand dept on.

PART Il

BEYOND PLUTO

The real voyage of discovery consists not in seeking new land' scapes, but in having new eyes.
-Marcel Proust

1

LONG WAVELENGTHS

Onthelargest scale, Juliareflected, the solar system was a spheroid cloud of debris. She looked at the
big flatscreen digplay of an iceteroid they were passing, gleaming dully in the dim radiance of the
ever-more-distant sun.

Thewhole vast volume behind their ship, the High Flyer, wasfiligreed with bands and shells of flying
shrapnd. Beyond Neptune, big ice fragments coasted in the Kuiper belt. At any moment apair could
smash together, or just clip each other, getting thrown into long dlipses, degp wobbly orbits. And this
negligible-looking little blob of primordia gray ice and dust right here could, like the rest of the solar
sysem's dow leftovers, now and then make a sharp hook by skimming near another piece of scrap and
in afew years dam into a blundering planet. Earth's dinosaur-killer could have come from right around
here.

Julia shivered, not from the cold outside. Her pod was toasty-warm, comfy. But the strangeness that lay
before them was approaching, and she had no idea of even what it might be. The voyage from Mars had
taken months-amiracle, a speeds made possible by their fusion drive-and there had been plenty of time
to study, learn ... and worry. Proserpina, the ISA expedition, was low on supplies and would haveto
depart soon from Pluto, under their mission plan. But High Flyer was bringing enough to sustain them
both near Pluto for months more. High Flyer wasto assist Proserpina, particularly with dientrandation
problems. In trangit they had spent much time on the long-wave emissions from beyond Pluto. High
Flyer would aso venture out there, getting data on the bow shock. Those both at |SA and the
Consortium were gpprehens ve about the seat-of -the-pants style of dl this, but Juliaand Viktor shrugged
them off. They had been living that way on Marsfor decades, making do. Viktor still worked on the
Marsmat problem in his spare time, and when this adventure was done, they would go back to it. But
now they were focused forward.

"Anything new from Proserpina?" Viktor hollered from the control room. He could have spoken over



comm, but he just leaned back in his chair and called down the gangway. They spent enough time logged
into eectronics systems asit was. And a hushand and wife like to keep in touch in the most basic ways,
too.

"Not apeep. They're not due to report for nearly an hour."

Nervoudy she checked the al-sky scan, anyway. Y es-far back there, she could see through their nuclear
rocket plumesvirulent blue-white. Pluto glimmering, and Proserpina’s sgnifier overlaid. Two motes
svimming intheblack. High Flyer had completed its delta-V with both Pluto and Charon, looping a
figure eight through, to lose velocity. They swung by and turned outward, following the streams of current
that Proserpina had mapped. Straight out into the vast dark...

"Getting alot of that odd noise again,” Victor cdled. "Coming up in the ultralow frequencies.”
"Theduff Proserpina picked up?'

"Da-stronger aswe go out."

"| thought you said it was just more turbulence from way out at the bow shock.”

"Earthsgde advises me not. Say istoo low, very low frequency, for these high power levels.”
"Thenit goesinthe mygery bin."

"| dready sent to the Wiseguy compiler. Maybe someday it will tel us something, huh?' He leaned back
in hisflex-seat and grinned, so that she could see him down the gangway. "Before we retire, maybe
even."

Thiswas a standing joke between them. They would never retire unless the world ran out of mysteries,
and out here that was quite unlikely. She grinned back. "Wrong. | have a big file processing right now.
Remember, | sent your questions on? SETI Ingtitute ran their Wiseguy, cross-compared with our data,
and findly coughed up.”

"I don't believe!™
"Comelook." About timeto peek at the processing, anyway. Her curiosity was as hungry ashis.

They had reviewed Wiseguy's capabilities, read through its mediated talks with the zand, the crawlies of
Pluto. A spectacular discovery, the zand, Juliahad to admit. A sentient species! Even more exciting, to
talk with them. Her and Viktor'slong years of dow, difficult work on Mars had not produced anything
like the same result. The Marsmat was still an enigma; many till doubted if it was self-aware.

Not that they had been just studying old data on the way out. High Flyer was outfitted with big
phased-array antennas, to study the bow shock region. Their most intriguing work had been those
electromagnetic maps Viktor had been devel oping.

And now he and Earthside were using Viktor'swork to discern whether there were coded messages
coming in from the bow shock region. Shannas crew had picked up some hints; it was High Flyer's job
to sft through the sea of data, try to crack the meaning.

"Programissmart,” Viktor said. "Thinks can find words, connections.”

Juliablinked. She could not follow the spray of data on Viktor's working screen. But then she looked
closer and thought about how they had labored over similar problems, struggling to fathom the Marsmat.



The software-Wiseguy the semi-Al, plus e aborate metalinguistic codes-had been cobbled together
Earthsde. It followed on detailed theories of how language builds up from basic mental architecture. For
decades the linguists had used the primates asamodd, but in the last few decades they had extended it
to dolphinsand whales.

It turned out that whale song was el aborate, beautiful-and smple. Thefirst whae song deciphered had
the structural complexity of grand opera, but the message (like most opera plots, and that was no
coincidence) was, I'm homy, I'm homy, I'm homy. Later code work unfolded the intricate whale ways
of broadcagting I'm over thisway! and Food here. And, of course, Danger! There were other tribal
messages, too, but none that could not be expressed in a sentence. Nature did not always produce
sophigticated diadogue.

But why should that Earthly experience apply to the extreme low-frequency emissions from out here?
The old Voyager probes had first noted the noisy spectrum, but nobody thought it was more than plasma
waves, the local weather. Proserpina had captured more for detailed analysis. Thousands of Earthside
analysts had sweated over those, and High Flyer's better data. Viktor had been handling the elaborate
merging of dl this, and now...

Now there was anew angle to the process. Viktor pointed it out, and she saw it suddenly, after minutes
of scrutiny. Structure leaped out of the flow. Theincoming digital streams broke into congtellations that
resembled wordsin their numerica architecture.

"And they arel So the Earthside tech types say.” Juliafinished her explanation to ablinking Viktor. " Our
words. English!”

"Isimpossble”

She grinned and put on her mock-gruff Russian accent. "Isnot.”

"Must beerror.”

"Unlesswhoever's sending this has heard usfirst, and they're replying.”

"At ten kilohertz? No one uses frequencies that low. Waveforms are huge!™
"o

"Dal Even early radio, Marconi, he used only hundreds of kilo-hertz-pretty big waveforms already.” He
stopped, eyes widening with a sudden idea. "Must cal culate wavelengths.” He scribbled on hisdate,
frowned, and scratched his short, salt-and-pepper beard. "Ummmm ... Marconi could use those
frequencies because he was using redlly big antennas. Right.”

"Right how?"
"Da-made of chicken wire, they were, strung between houses, like early Russian pioneersin radio-

She chuckled. "Who discovered it dl first, dong with the telephone and laughing gas-yeah, I've heard.
Point is, my earnest darling?’

"That Marconi's antennas had to be at |east afraction of the size of the wavelengths he used. Or elsethey
couldn't radiate very much-or receive much, either.”

"That was the best he could do?"



"Da-and thisisthe best they can do.”

"Who?" Juliawas thinking about antennas, which she had worked with for decades but had taken for
granted.

"The whoever that sent these Signds at frequencies of ten kilohertz. Maybe they picked up our
transmissions-God help usl Maybe dl our radio and TV for the last century. But can't reply at those
frequencies. Because, see, at norma radio wavel engths, we're talking antennas maybe ameter in size.
Way too small for them. Insteed, they go for ten kilohertz-because that's a wavelength they can manage.”

Sheblinked. "Not ajoke, right?"

"Nope. Divide the speed of light by the frequency to get the wavelength and therefore the antenna size.
Old stereo systems had three speakers. the smallest, the tweeter, for high-pitched sounds; the big woofer
was for bass notes-down to low-frequency rumbles.”

Most of thiswas new to her, but she got the principle. "The thing that sent us these messages-the ones
the Wiseguy codes are grinding away at right now-is-"

He grinned. "Redly big woofer-at least thirty kilometers across. Aliensare giants.”

2

THE TOWERING ICE

SHANNA SETTLED DOWN INTO her smart couch and went through the setup protocols. Showtime!

Every time she went on watch, Shanna knew shewas born to do this. From the beginning of thislong
mission she had found her hours on watch the most exciting she had ever known. Even after years on the
mission, whose gods had veered radically asthey learned more, her pulse raced when she went on duty.

Being captain helped.

Telepresence duty was the absolute best. Boldly exploring, while sipping aromatic Colombian. In the 3-D
environment she saw the Pluto landscape in sharp detall merely by turning her head. No sensation of
movement, or of cold, but sounds came gplenty: the dow sigh of breezes, the crawler's clanking, the
crunch of ice, acrigp fizz of vapor bailing off, which was alot like bacon frying.

It had been weeks since she had actually been on the surface, and that was the crash. So thiswasthe
next best thing: phony Pluto. Digital discovery. Earths de was superworried about safety after that
crash-the Chicken Little culture was quite frustrating. Politicians actualy said, about every activity, even
exploration, that safety was aways the number one consideration.

Imagine human history if we had always felt that way, she thought. If it kept on likethisat I1SA,
nobody on Proserpina might ever get to go back down to the surface. Come billions of kilometersand
stop afew hundred klicks short... crazy.

She peered a the landscape steadily, letting detail sharpen. Stark shadows cut acrossthe dirty gray plain,
and the sun was aglaring point. Under Charon's gloomy crescent the thin methane atmosphere scattered
little light. Darkly twisted, tortured scul pturesjutted from the ice sheet. The dow-motion weether here
had worked on them for eons on the somber, deeping plain. The moon loomed huge and ominous above
asharp horizon.

It held a certain austere beauty, but the mere landscape told nothing of itsincredible cold. They had been
drawn here by the unexplained growing warmth of this place-yet "warmth" was the wrong word. That



grim, disma view was only 120 degrees above absolute zero. Compared with Pluto's temperature
measured Earthside back in the twencen, abrisk 42 absolute, thiswas Florida. A moment's exposure
would not merely freeze her; it would snap her bonesinto confetti from thermal stresses.

Y et herelife stirred. Incredibly. She had been down there twice, and it was still hard to believe,

Life on Pluto. Amazing enough by itself. Not just the simple legged forms that crawled and
walked these bitter, barren hills-recent discoveries, thanks to tel epresence, letting her drive the
crawler fromorbit. Or the flyers, angular or bulbous. No-there were others who descended from
the sky, those from even farther out, beyond Pluto: the Darksider machines.

Nobody, not even the most extreme exobiologists, could have guessed.

Shannaresisted amorbid feding: that the fragments of crumpled metal she and Jordin had picked up,
mingled with those ice chunks, were actudly scraps of ... wll, flesh.

By now sheknew better. Not flesh, but once living-if machines could truly live, even very smart machines
like the Darksiders. But emotion yields dowly to reason; she dtill thought of the Darksiders as
autonomous intelligences. Even after their captive onboard turned out to be arobot of sorts, ableto carry
out indructionswell but incapable of origina action.

Sheinched her crawler forward. Working in acomfy work pod, directing the crawler with telepresence
gloves, she had to be careful not to darm her prey. Ahead, the gunmeta-blue, oblong Darksider didn't
seem to notice. Maybe it was recovering from itslanding. Or playing possum.

Remember, you're the new kid out here. Maybe we don't know all that lurks in these shadows. You
might look like an intriguing new kind of lunch.

She moved her handsin their command gloves and made the crawler grind forward another meter,
crunching ice. Her low crawler was cregping on treads up to the Darksider at a shadowy angle. In the
incredible cold here dow was always agood idea. Parts froze up without notice. Circuitry went dead,
and even an emergency warm-up couldn't revive it. When the crawler stopped or pivoted, she sent a
surge of dectricity through it just to keep it warm. Moving here had an ominous, ponderous fed that got
on her nerves.

Another duggish move, then await. The Darksider didn't ssem to mind.

Scavenging for Darksider remains had turned out to be easier than skystone hunting. Earthside wanted
more parts, to better understand the different Darksider designs. Skystones, arather poetic namefor the
rain of incoming meteors. She had come to like the whispery acoustic language of the zand, and their
namefit, acombination of "zany" and "grand." They were both, speaking in long, wispy chords that
skated gresat distances through the thin nitrogen-methane air. Chilled words, peding out with arolling
rhythm that reminded her of whale song. But unlike the whales, thistime she caught what the zand were

saying.

Thiswas yet another wonder, but one human-made. Wiseguy had picked "skystones' as more
expressive than English's"meteors.” And indeed, theincoming rocks did not flarein the chilly "air" here,
just dammed into theice, carrying fresh Darksiders-from where? Their captive Darksider would not say;
perhapsits narrow intelligence did not know.

"Got the target?" Jordin asked over comm.

"Dead on. Big one, looks like parabolic antennas sticking out of the carapace.”



"Let me know, huh?' His tone was edgy. "I'm on thiswatch, too, y'know? It's not niceto just say
nothing, leave me hanging here."

"I'll try being nicer if youll try being smarter.”
"Hey, just because | screwed up capturing that pair of Darksiders"

"Okay, okay." She should be keeping peace, but he was sometimesirksome. And he had messed up the
last telepresence run. "I'm just watching it for now."

"Oh. I'll get on the spectrd scan.”

"Actudly | thought you were ngpping.”

In hislady familiar miffed tone he shot back, "I'm checking your every step.”
"Don't need a babysdtter, y'know," she said. "Catch up on your deep.”

"That an order, Captain?' Jordin said stiffly, with a subtone of derision to boot.

Yep, I'm still captain, and that's what's bugging him. "Sure. Nod off al you want. Earthside won't
know."

"Might just do that."

Actudly hewasright. They had al been working so hard, for so long, that four days ago Earthsde told
her to ingtitute mandatory days off. Nobody was going to honor that, she could tell right now. They all
loved thisvadt, strange problem set before them. The shadowy mysteries kept them going.

Jordin signed off, though it would be just like him to keep his headphones on as he dept, just in case. She
couldn't seem to strike the right notes with him these days. She knew she was getting a bit snappish, but
no wonder. The approach of High Flyer was stirring anxieties old and new. And thislong misson was
rubbing persondities againgt each other. Plus some unusua stresses...

Dear old Dad had come through for her, right-but as Axelrod the Greet, wielding hislegendary
deal-making magic. They'd had alot of conversationsthe last few days-one-way at atime, of course,
given the huge distances.

"I'm gonna have to burn alot of chitsto keep you as captain,” Axelrod's concerned face had said. "It's
going to take promises, and I'll have to make good on them. Remember what we talked about
before-plenty of people want Darksider tech. They're betting it'll blow away any robots weve got here.”

Meaning, of course, that the Consortium was betting. Even though thiswas an |SA mission. "Well," shed
replied, "as captain I'm your best bet to get anything at dl from thismisson.”

Hisanswer hours later had infuriated her. ™Y 'know, honey, High Flyer can get usDarksiders, if
necessary."

Lucky for tape delay; her first reaction would've been a disaster. Something on the lines of "The Mars
Couple? Over the hill, Dad." Finaly sheld settled for "It might be tricky for the Consortium to get around
ISA'sclamsof first discovery. AsK your battaions of lawyers. But if | back up your claim, asthe
Consortium'srep on thismission al dong, it'll bealot easer. Daddy dear."”

Hisface showed grudging admiration on the next vid. "Good point; so we have aded. Oh, and I'm
getting interest in having some small zand back here, if the exobiologists can figure out how to manageit.



Wewant them alive, not stuffed. Possible? Nobody knows. I'll have more details later.”

What a Victorian he'd have made! Zand aren't European, white, or Christian, ergo they have no
rights. Without seeming to disagree, sheld sent, fingers crossed behind her back, "Asthey're sentient,
they'll haveto agree to go, Daddy dear." Might aswell keep the edge in the diadogue.

Shewasdlill waiting for hisreply.

A ping from the instrument board snapped her back to the present.
Hey, concentrate.

One more meter ... Out of shadow now. Closer...

Her boards reported weak microwave emissions from the prey, but it remained stark and silent on the
snow. But no, not a corpse, she reminded herself. The latest arrival, radar tracked from far beyond Pluto.
Better to grab than pieces. Her handsmoved inair likeapianist's.

Move. Close with it.
The crawler probe clanked forward and stuck out spindly grapples. Grasped. Gotcha.

Sherededin her catch like afish-back to the waiting lift vehicle, in dow, ddliberate moves. Whilethe
probe and its burden were il lifting off for the mother ship, Proserpina, the DIS computer ship-mind
whirred through a preliminary analysis. Shannaweatched the silvery ship rising toward them over the curve
of the planet and felt sharp anticipation.

The probe made it back without incident. The crew did maintenance, getting ready to leave orbit. Shanna
waited for her chance to see the new catch up close.

The new Darksider was nasty, which to abiologist meant interesting. Those fierce-looking
claws-tantalum carbide, hard and tough even in supercold. The sructurd shell-duminunvtitanium aloy.
(Magnification, please.) Those looked like mechanical relays of some sort, and they were made of solid
mercury? Sure; at these temperatures, why not?

But what was the purpose of those patterns of rare earths? And those curves, seen in projection, looked
amogt like aconventiondized helix-Oh.

Shanna spoke into her recorder. "Hypothesis. these devices, whatever they are, contain agenetic model.
Yeah! A hdlix, too, recaling DNA. A modd of what? Of the 'ided’ zand, from a Darksider's point of
view?' Her mind made alargeleap. "We dready know that these infals came periodicaly, from dating
the ones we found, centuries old. Chow-Lin did it using isotopes, | dunno how. So-when Pluto arcs out
aong itsseeply dliptica orbit, something hammersit with Darksiders. Been doing it for at leest three
planetary orbits-that's nearly athousand years! Darksiders scan the zands. Those that don't measure up

they squish.”
Guided evolution? Part of the grand experiment on Pluto?

The probe clunked into its housing; she heard it ring. A conveyor rattled, taking its burden down to
Proserpina’s low-temperature |aboratory. Timeto get to work.

Appropriate background? Something romantic but reflective, she decided; Schumann's Konzer stiick.

Supported by mellow French horns, the piano chords rolled out while DIS, now in direct physical



contact with the specimen, shifted into high speed. She fancied she could hear it hum.

Views of their catch filled the curved screens around her. Well, well-this beast hadn't been bent from
sheet meta in a machine shop, that was sure. Coldformed, one molecular layer at atime, grown as
crystals were. From the Oort clouders massive perspective, she guessed, adelicate job of

microenginesring.
And the chilling thought came: from that same perspective, theinjection of those "tools" into the zand
culturewould beno morea'raid” than the injection of antibioticsinto ahuman bloodstream.

The thing was not dead, instruments said. Maybe shut down by itsdlf, to save power. Or maybe orders
from some mysterious Other. With care, and with the help of DIS, she could probably feed atrickle of
tallored DC into its superconducting circuitry and bring it back to life. Make it move, clash those jagged
claws, jJump up and down. (Boogie! she dmost heard Grandma say. Her father, aas, never got that
loose.) Possibly attract its makers attention that way?

If one of her own hemoglobin moleculestried to get her attention, would she notice? That wasthe
relative scale between hersalf and the hypothetical somber dwellersin the Oort cloud, in the far dark
beyond the warm worlds. Y et they had made the rickety zand biosphere, whoever or whatever they
were.

They had plenty of room, too. Where the sun's gravitationa grip dackened, countlessicy idands swung,
taking centuries to complete asingle orbit around the dim home star. That archipelago stretched halfway
to the next gleaming sars. Asinfinitieswent, it would do quite nicely.

They had come seeking the root of amystery, never anticipating that the answver would be so vast and
gartling. At the end of the twencen, Pluto's atmosphere had seemed to start cooling off, asthe planet
arced outward on its danting dlipse. Atmospheric speciaists predicted it would freeze out somewhere
before 2020.

Only it hadn't. Instead, even asthe first probe sped outward, the thin film of chilly nitrogen and methane
cloaking Pluto began to warm. Other compounds began spiking their spectral Signatures up on the most
sengitive Earthbound detectors: water vapor, carbon dioxide, even nitrogen wedded to oxygens.

And as the mission had prepared, afurther, ominous puzzle arose: the solar system's bow shock was
moving. This"pause point” isthe working front where the sun's outward wind of particles meetsthe
interstellar plasma. Thisforms asurface much like the curve made by a ship powering acrossalake, seen
from above. Before, the nearest this bow shock had gotten to the sun was about one hundred
agtronomica units, afull hundred times farther than the Earth-sun distance. But now that fluttery front lay
only afew AU beyond Pluto, now just atad beyond 40 AU from the sun.

If the solar wind let that wall of molecular hydrogen behind the shock intrude into the inner solar system,
Earth could be destroyed. Even approaching partway in, say into Saturn, would be very dangerous. That
seemed unlikely to the specidists, but without an explanation of what was happening beyond Pluto, few
found that comforting.

At firgt Shannahad thought the bow shock issue was pretty nebulous-after all, it was about thin gases,
right?-and had to keep reminding hersdlf of an old diagram from the early space program. It showed the
solar system plowing through the interstellar spaces, pushing gas and plasmabeforeit like asnowplow. If
avoyage from the sun to the nearest star were like a marathon, in reaching Pluto the runner would have
gone only fifteen feet. Both Voyagers and Pioneer had passed into the outer redlm, genuineinterstellar
space. But if the solar snowplow weakened-or the pressure of the interstellar gas increased-the boundary
would intrude farther in, brushing the planets. One swipe with molecular hydrogen and Earth's oxygen



would combine, making water and alot of energy. The biogphere would get hot and breathless within
days. Evenlittletrickles of hydrogen could hurt alot.

She often gazed at the old NASA sketch-from back beforeit joined | SA-of the region they were now
exploring. All very clean and scientific. No mention of |lethal westher.

And now Pluto held life. Not just chilly dimemolds and smdl crawly creatures, but afew speciesin dl,
crowned by the salf-aware zand. And her bet was that these in turn were being dtered by the sky-stones
that fed them ... and the Darksiders that bled them.

Earthside scientists now bet that Pluto was driven by energies somehow imported from where the bow
shock roiled and frothed in plasma arcs bigger than planets.

DISsad, "Transmisson due.”

"Ummm." She owed it to Earthside, after the grief sheld given them, to at least keep punctudly to their
radio schedules. A fundamental rule of missions: there was dwaly's some damn thing interrupting. Shetold
DISto dart trying reviva methods on the newly captured machine. It had gone silent shortly after they
began talking to it. Chow-Lin and Jordin had spent weeks trying to get thefirst Darksider-their
hitchhiker-to respond, and concluded that it had been ordered (by what?) to shut down. Now she
wondered if anything would work on the new one.

She switched on audio and visud and tried to relax in her obliging smart chair. Deep breath-

"Thisis Astronaut Shanna Axelrod, aboard Proserpina, in Pluto orbit.” It still gave her achargeto be
ableto say that. (And Grandmawould have warned her not to get so swellheaded.) They would edit and
polish for the whole brimming Earthside audience, of course, as now required by full-disclosure laws. She
hoped no laser-link pirates had caught her latest reports. They had started to swoop into the beam and
carried off choice nuggets, decrypting them and bootlegging them in time to compete with the cleaned
verson. Embarrassments gaore, unless she kept close to the vest. But who could, dl the time?

In the background Schumann sang, and DIS clucked and ruminated, while she talked. Arpeggiosrose
from sonorous lower octaves. The longer this mission went on, the more she needed music's sense of
human connection, of grand prospects. For that, the romantics were better than even Bach, for her.

"Not much progress on the Darksiders. The onesin the cold lab talk for abit, then shut down. DISis
working on it, but my guessisthey're unable to run very long without instructions-from where, though?"

Shefet afluttery twinge of unease. Minimal speculation, |SA had ordered. Earthside thought she was
moving too fast. She wanted to know-and it was their liveson theline out here, right? Easy, now- keep
your tones proper and level. Or should she record these little reports and have DIS take out the
stress-diagnostic frequencies? Y ep, she should consider that. Tomorrow.

"So, zilch. Theloca Pluto life-forms, the zand especidly, I'd love to take the time to study them. But
they're maybe a sideshow, Jordin and I-and the rest of the crew-think. Y ou're just going to haveto rely
on our judgment.”

She took adeep breath. Even after years of talking into silence, knowing that her message would take
hoursto get to its listeners made her uneasy. Humans need conversation, not oration.

Then there was the psychers explanation. Reminding her of how far away they were from help? With
one exception, yes.



"And, spesking of the zand, I've had some second thoughts on what to do about their Stuation. They're
on the wrong end of a predator-prey dynamic. We can help them, sure, though that goes way beyond
our misson profile. And we're using the Darksider-type strategy! Hiding from sight and occasionaly
sneaking ameteorite in amongst them might be as bad for them asto have Lady Bountiful descend from
the cloudsin full view. It could make them completely passve.”

Amateur psychoandysis, sure, but it made sense even for diens. Skystones will fall when needed, right?
Lightgiver will provide; they need do nothing.

"There's quite enough externa control over their fate asit is, with even their genes-if | can use that word
imprecisely-messed with by outsiders. 1'd like to see the zand stand up on their own feet, even though
feet are something they haven't got.”

Hopel ess anthropomor phism: she could al but hear Dr. Jensen snap out thewords. Hey, it'sa
metaphor, guys.

Avoid argument, Shannatold hersdf; you're really in charge out here, calling all the shots. Captain!
But get some advice first.

"S0"-pause for the beat-"1'm having DIS plot us anew course, toward High Flyer. | want to link up with
them. | know, | know-Proserpina wasn't made to go out into the comet-rich inner disk. But weve
picked up alot of easy water here, hegting theice. We had the lander haul some up on the return from
recon descents, using our ‘bots to do the grunt work. Were fully fueled. The mysteries of Pluto can't be
solved on the planet done, and well make apowerful team out there, with High Flyer."

There, it'ssaid. Not crazy, no. Hell, Earthsde sends atotally new kind of ship out to explore further and
wants us to meekly head on home? Asthe originad mission plan called for?

Therest of her crew agreed, of course, but not strongly, and it was my decision, damn it! Mine alone.
Captain.

Proserpina’s pokey fisson nuke drive could only make it far enough to nip at the fusion-burn hedls of
High Flyer. She made hersdlf take along breath. We can stay in the game. "1 want you to consider this
as an add-on to our mission. Also backup for High Flyer. We-"

Clanging. Loud, rasping darms.

Shannalegped from theimmersion pod, heading for the pilot's chair. "All hands up!™ she sent on comm.
A wholerow of instrument lights winked red. The hull was overheating.

But how? Panic flailed her. Heating from atmospheric friction? Maybe-were they faling out of orbit into
amosphere?

But, no-the holoscreen image of the planet and its satellite showed Proserpina precisdly onitslooping
curve, where it should be. What could be hegting the hull and blasting salvos of static into her music
deck? Reflexively she shut it off.

Radio and microwave readouts jumped to the top of their scales. The externa camsflared with light.
Sheets of rippling eectricity, swathing Proserpina’s hull and rebroadcasting like crazy. "What!"

Could any get in here? FHlashes of light current? And how much microwave dosage was she getting?

Best get into her insul-suit-and fast. "Crew! Go to insul-suits." She shucked her coverdl and squirmed
into antiradiation garb that looked like aslvery wetsuit. It clung coldly to her bare skin. Jordin came



through ahatch, doing the same.
Banging. Thumps. Screeching metd on metd.
Fromingde

"Oh damn! The Darksiders-" Shannaraced hand over hand, down atube, around a corner. She could
hear crew footsteps thumping in the corridors above. She dipped, hit the wal, rebounded from a
bulkhead, swiveled-and stopped before the view port for the cold lab. Cracks snaked across the frosty
crde

The dien body insde had revived. Itstin-gray parts moved with jerky purpose. It jumped and jittered. A
claw swung at the view port again and stopped. Shannaflinched away.

It-or the intelligence contralling it-must have realized what would happen if it broke out. Emerging into
ship temperature, the rules of superconduction would be suspended. Ordinary eectrical resistance would
prevail. Heat would build up asits currents suddenly met resistance. Zap. Death by Ohm'slaw.

She watched the thing jitter around uncertainly. The Darksider body must have reacted reflexively to the
input surge DIS had tried. It cameto life and automatically fought to escape. And then thought better of
it... Now it ssood motionless on the cold lab's examination table amid the restraining straps tangled ruin.
Shannafancied thet it glared.

"What's up, DIS?" she asked.

" am trying to integrate its behavior patterns with input.”" The voice was coded to be mae and warm,
tallored to her tastes, but it still managed to come over as canned.

"Any ideas?" Jordin asked.

"It has some limited autonomy. | gather from inductively reading itsinner currentsthat itiscaughtina
behaviora dead end.”

"Something likealogicd loop?!

“Perhaps”

Without being asked to, DIS had switched from lab andysisto dedling with the immediate emergency.
Good d' DIS. The hesting of the hull, its sensor monitorsinformed Shanna, affected the surface skin
only. Those secondary, lightning-bright lower-frequency discharges were annoying-obvioudy she wasn't
going to finish her message to Earthside just yet-but nothing more than that.

"Jordin, keep an eyeonit,” Shannasaid. "I'll brief the crew and check the hull.”

Sherelied on her training, got that done, then got hersalf calmed down. Getting her immediate
adrendine-pumping dlarm to fade, her racing heart and gulping breath settled back to norma-with
meditation skills, that took two minutes. Then came awave of fiercejoy.

She couldn't reach out to the presumptive aoof denizens of the Oort cloud. But quite evidently something
had come exploring on its own and touched them instead. Rippling currents along their hull, prodding its
emissary Darksider 'bot.

Wheat could do that? Time to gather the crew and do some brain-storming. The burden of being captain
was the detail, but the reward was seeing the problems, having first crack a them. Maybe have alittle



party afterward to celebrate leaving Pluto orbit. They were dl getting irritable, even the once amiable
Jordin. So she gave hersdf one more minute and listened to good ol' bombastic Wagner.

3
INSTIGATOR

Though the galaxy appearsto be aswirling pinwhed of light, most of it isnothing. Emptiness. Utter black
oblivion.

Or s0it seemsto smal mortd eyes. Y et huge resources abound in the dark. Entities move there, unseen.
They witness the ebb and sway of worldsfrom far beyond. Their perspectiveislarger, longer. Thisis
how they seetheinner, warmer realm:

The forms of life that arise on planets, encased in flesh or cargpace, in fur or fin, see the universe through
anarrow dit of the spectrum, light's brimming wedth.

Evolution prunes and whittlesits subjects so they take advantage of the greatest flux their parent stars can
offer. Seldom does planetary life evolve to sample the lazy, meter-long wavelengths of theradio or the
pungent snap of X-rays.

So they do not witness the chaotic tumble of great plasma clouds between the stars. They see nothing
hanging between the hard points of incandescent light, and so they falsdy assume that what they call
spaceisjud that.

Y et stars, those brimming balls of radiance, continually spew forth matter which fillsthe void. The
sarwind streams out, expelled by snarling magnetic storms.

A human hand dipped into this gae from a spacecraft would snatch up only afew tens of molecules. By
the time the thinning gale reaches the rim of the solar system, the density drops to athousandth of that
handful. Then this billowing wraith wind thins further-and meets the colder, denser fog that hangs between
the sars.

There, between sun space and interstellar space, the comets coast, waiting for a chance collision to begin
their weary inward journeys. Something happensin that realm that is no mere meaningless dance of
matter and energy. Though invisible to human eyes, the banks of clotted plasmamoving there are
complex and forbidding. And dive.

Seen in animmenseradio lens, the vast reaches would seem to have knots and puckerings, swirlsand
crevasses. Here the particles thicken, there they disperse into gossamer nothingness. And moving amid
this shifting structure are thicker clots still. Some huge eye, sensing radio waves akilometer long, would
see them asincandescently rich. Their skinswould shine where magnetic congtrictions pinch and comb
ther intricate internal streamings. Flamentslike glistening hair would wave and shimmer in the dow sway
of ancient, energeticions.

An even larger "eye" could hear the booming calls and muted, tinkling cadences of their conversations.
Their talk began before the birth of the arrogant star nearby, now blaring away its substance in winds and
magnetic whorls.

These Beings are unseeable by anything that evolved on smple, raw planets. They live through the adroit
weaving of dectrical currents. They feed on the el ectric potentials that trickle through the comet clouds.
Thelr interiors are highly ionized plasmas, filigrees of ions and dectronsin their eternd deft dance, long
strands smoldering and hissing with soft energies. Moving at tens of kilometers per second, these inner



cores sweep up magnetic fields and harness the induced e ectricd fidds.

Even the best astronomy of smdl, planet-bound, chemically driven intelligences could only glimpsethe
momentary flaring of these plasmaveins. The larger arteries and organs of the Beings would be beyond
al but truly immenseradio eyes-certainly far larger than anything contemplated by humans, even after the
rocket-powered breakout into their own solar system. Each of the Beings stretches across alight-day of
thick plasmaand molecules.

If the entire solar system, including dim Pluto, were reduced to the Size of ahuman fingertip, the bulk of
the Oort cloud of icebalswould lie ten yards away from that finger. Y et these spaces could il
encompass only afew hundred of the Beings, and have for billions of years.

Bodies so vast must run by delegation. A pulsing ssomach busy digesting induced currents cannot know
immediately that adistant molecular arm hungersfor this spark of life. Theintelligencesthat evolved to
govern thishuge bulk then resemble parliaments rather than dictatorships.

Y et even assemblies have names. And must at times gpeak with one voice.

The habit of these particular Beings had long been to assign names by the principd traits each
displayed-age-old but not immutable. Still, to other intelligences these traits themsal ves were mysterious,
fundamentally unfathomable. To represent them by the signs and conventions of morta discourseisto
fddfy.

Further, over the yawning eons, Beings formed linked pairs, an eectromagnetic yin and yang. This
proved to have greater stability, since countercurrents repul sed, keeping nearby Beings from merging
destructively. Most moved and grazed on upwelling fresh fields, in company with aBeing of opposite
polarity. Assgning the linkmates gender, as she or he, isahuman convention only.

Outlining the unknown begins with a gesture toward the known. To convey even adiver of theflavor,
though, demands smplification. One must remember that the gift and curse of languageisto render
complexity into clarity, through asmplicity that must lose much. This can make profundity appesar
commonplace. Yet it must be.

What follows should best be understood as singing.
Let usend this pernicious search now, Forceful broke along, tense silence.

Absolutely, Serene echoed. Thiswas no surprise. She had opposed the Inbound investigation from the
dart.

From Ring, Forceful's grim linkmate, came ringing agreement. A quick chorus of assent forked forth from
Mirk and Chill, their socid offspring, now grown beyond the early stage of Protos. Beings shaped
natural, recently born Protos into members of their community.

The young onesliked thefar, cold reaches of the Vastness beyond al stars; it kept them agreeably out of
reach. Soon, despite the time delay that waves took to span these reaches, came assents from them and
their linkmates, Sunless and Dusk. These were echoing cdls, hollow-sounding and rich in bassion
harmonics

Someoneistrying to force acusp point, a crisis-and before we can recover from the bad news,
Recorder mused.

They formed ablock of six: Forceful and Ring, their Protos Mirk and Chill, and their Protos linkmates
Dusk and Sunless. Thusfar they had been able to outweigh with firm argument the others, the Eight, who



still wanted to press on. That faction desired to plunge in past the outermost planet's eccentric orbit and
into the hot lower depths.

Only once before had any Being ventured into those treacherous regions. The ancient, woeful tale of
Incursor had taught the Beings not to venture inward.

That Incursor had been brave was never doubted. In the Beings early era, when they first evolved to
consciousness in the bow shock, much had been ventured. Incursor's aim had been to fathom fully their
own origins. He had voyaged inward, in an expedition assisted by many Beings, afaction known il as
the Inbounds. Incursor discovered much, but in studying an inner world he became lost. Legends spoke
of occasona bursts of Incursor's unigque voice, but the messages were tangled in the sarwind and never
lasted long. Sobered by this, the Beingstook as an article of faith the Outbound view-that exploration of
the sarswastheir destiny.

But the Inbounds never quite gave up. Ingigator had dowly marshaed her strength. For long eras she
had worked to understand how life of any kind could ariseinward, and her experiments were renowned.
Ingtigator's findings were dready revered by Beings around distant Sars.

And now the balance had been thrown even further the way of the Inbound Eight, by disaster.

Rumors had whispered in from distant Beings-remote even by their own vast sandards for measuring
gpace-who fed near the older stars. Strange talesindeed. Stories of the surfaces of many little rocky
worldstucked in closeto stars, which had lately been rotting into life. Here "lately" meant on the proper
scae of high intelligences-the time needed by a star to trace out its orbit around the center of the gdaxy
itself. A respectabletime.

The words from the stars spoke of alow, obscene, hot life. Solids. Not powered by the clean
transformations of eectromotive force, but by the clumsy building up and tearing down of molecules.

These rot-born beasts were swamps. They seethed with the messy contaminants that made up the
cometary iceballs. Their spectral sgnals the Beings had deduced from their explorations of theicy motes
that would, on occasion, loop in and out of planetary systems, swinging into lethal zones where heat
clawed at them.

They are cropping up everywherein the galaxy, Instigator had told her fellow workers. That was some
time before, when she had first reported on the genetic experiment she had started on thisloca system's
outermost world, nearly agaactic cycle ago. They are quick! And quite successful! They spread.

Forceful shot back, Y ou are making copies of thislore, are you not?

Ingtigator sent fluttering coils of turbulence at thisinsult. | use the ample datathat flowed down inthe
star-messages.

Mereimitation, Forceful dismissed.
None of us has ever before made asolid being! Instigator shouted.
None ever wanted to, Sunless and Dusk sent in their gibing, hollow tones.

Evenin thisargument they and Mirk and Chill followed the ancient convention, that subordinate
generations spoke as one. If they disagreed among themselves, they remained silent-which was often a
blessing, their elders strongly believed.

This achievement, though only partid, islike that of older Beings, such as Incursor. He ventured inward,



sent back knowledge, then was log, Instigator sent. Like Incursor, | am doing thisfor usall.
Forceful rgjected thisin plumes of incandescent effrontery. Y ou are doing it from vain pride.

Ominoudy Ingtigator coiled portions of hersdlf into dark gtriations. | do not tolerate insults well, as many
here know.

Y ou have had quite a bit of practice at that, Recorder noted. | feel some of us have been intolerant of ...
eccentricity. The pause before the last symbol-term was significant, placing Recorder midway between
thefactions.

| have had quite ahit of provocation! Instigator shot back.
Y ou arc over to aconclusion-state without just cause, Forceful said.

| got the basic plans and methods from along star-message-the pedling chorus that singsto usfrom the
distant plane of the galaxy. Profound truths! They are of the very greatest wavel engths and require much
study to comprehend. Instigator purled off portions of hersdlf to show disarming openness. The passages
were laden with import and acall to dertness.

Forceful sent coils of skepticism. Not al such messageslive up to their grandiose billing.

But they can, Recorder observed. In this case-but mind, with no promise of future agreement-l side with
Instigator. We must prepare prudently.

How? A chorus of Ring, Forceful, Mirk and Chill, Sunless and Dusk-all sent the same doubtful
interrogation.

Recorder showed startled puzzlement. By alowing Ingtigator to act according to her character. We must
all go to the Cascade soon, to feed. Let usdo soin aproper spirit. We must allow some freedom to
each other.

Y ou are being too soft! Forceful sent with quick, angry striations. Y our hunger for the Cascade speeds
you to hasty decison.

Recorder sent rumbling bass notes of discordance. Careful what you say. I, the local eldest, fed that we
can afford to continue experimenting with the solid mechanisms.

Itisfull of risk! Forceful countered. We could be vulnerable to disorders we do not know. Even the
star-messages you cite say this!

Recorder sent firmly, The risks of contact with such unbearable, beyond-dl-reckoning cold are

inca culable. Our bodies would condense out upon solids-that iswhy even you, Ingtigator, do not directly
touch worlds. We dedl in éectrica energies and dance with magnetics. Such dangers of contact-actudly
touching solidg!-are in the end attractive only to the rash, the occasiondly foolish-that is, to Instigator and
itsmany parts. Let Ingtigator digest therisks, | say.

Asl do, Ingtigator sent.
We need Crafter! Dusk sent. One who knows how to work with tiny things.

| speak with Crafter often, Instigator said. We collaborate on these problems. He will want to be part of
the contact.

Crafter should spegk to us, Ring said with an indignant aura. Directly.



Crafter likes solitude, Instigator sent mildly. To craft.

Very well. Recorder paused to let their momentary angers disspate a ong the intricate magnetic field
lines. Let us go to the Cascade in agoodly spirit.

Derisive laughter came, but in such long wavelengths that the Being-or Beings-who sent it could not be
resolved, even using the antennas of the largest of them, Recorder. Vexing, but Recorder had suffered
such insouciance before.

Come, Recorder said. | am hungry.
4
THE SOLAR RAMPARTS

Shanna GAZED at the pae crescent of Pluto falling behind. I1ts moon, Charon, looked outsize, fat. It
was, at about half Pluto's diameter. Thirty years ago, the astronomers said, it wasjust aniceball. Now it
brimmed with afiligree of warming nitrogen and water, as Pluto did. Pae gas rimmed both crescents.

The source of the energy that drove thislay farther out from Pluto. And Uziki, the shy physicstype, had
found out how. After Ferrari's death, the remaining five had reshuffled dutiesto cover the tasks. Her
origina crew position wasin engineering and computers, but she had aPh.D. in plasmas. She had found
that the energy camein subtly, aseectrica currentsin athin plasmacolumn, pointing straight in toward
the sun.

The nuclear drive rumbled hard at her back, rattling the decks. Proserpina was now riding along that
column's outer shegth. The plasma physcists Earthside thought they could learn alot about how the
whole mechanism worked by looking at the conditions at its boundaries, for some reason.

Not her field of expertise, but it made sense-something was confining the current flow, shaping it neetly
toward Pluto. What lay at the other end of this mechanism nobody had even guessed, so far. Something
big and strange, for sure.

"Picking up alot of turbulence,” Jordin said from the side couch.
"Plasmawaves?'
"Yeah, alot like the stuff coming from the bow shock zone up ahead, 1'd say.”

"Low frequency? Like Voyager picked up?' About plasma physics she knew at least enough to ask
questions, but not much more.

"Sureis. Pressure waves, running down this shesth, keeping the currents nicely aigned.”
"A kind of ... plasma pipe?’

"Y ep. Energy flow pipe, with Pluto-Charon at the far end of the circuit.”" Jordin wasintrigued, fingers
working in his command gloves. He waved in the space before him, and pretty colored displays outlined
the flow patterns. Currents arcing in, nose-diving, finally captured by the crusts of the two worlds. The
heeting effect flared visbly asadull orange glow intheicy crusts. Filigrees ran under the blue ice sheets,
melting the thinnest layersinto gossamer vapors. Clouds fumed into the gathering atmospheres.

"Damned odd,” was dl Shanna could think to say.

"Not an accident, no way," Jordin whispered, eyes intent on the constant play of pattern.



"Wheat kind of thing can set up magnetic pipes bigger than planets?

Jordin shrugged. "I dunno. Earthsdeis il talking about al this asawhole new kind of biosphere, driven
from outside by currents-"

"I'll say!"

"-but natura. The astrophysicists are playing games with the bow shock region, tying itsmoving into al
this commotion on Pluto.”

She snorted. "That just moves the problem back a step. What made the bow shock boundary movein
from 100 AU?'

"Y ou don't get the game." Jordin grinned. "Moving the cause into their ballpark meansthey get to make
the pitches. Get the hurry-up funding. Make headlines.”

"So young and aready so cynicd.”
"Y ou expect scientiststo beloftily aboveit al?"
She nodded grudgingly. "Okay, now you're starting to sound reasonable. Time to up my medication.”

It took six daysfor Proserpina to overtake High Flyer. Its exhaust burned diamond-hard against the
black. Escape velocity from Pluto was 1.1 km/sec, only atenth of what it took to escape Earth's grasp.
Orbital speedswere low out here, too. Pluto moved at a patry 500 m/sec, not awhole lot faster than a
jet plane. Out therein the Oort cloud, speeds got even dower. Shanna had amomentary comic picture
of hersdf running to catch up with aplanet...

And thereit was, abright dot rushing into the far dark.

High Flyer was ahuge thing, like a skyscraper with abig bright rocket flare stuck on one end. Most of it
was gray bottles of water blocking the hind drive from the living quarters.

In space geometry isthe only guide to size, and even geometry needs a measuring stick. Here the only
guideto her eyeswastheair lock, the bulky structure amere small cap near the top third of the craft.

Thiswasa big nuke. And thefirst fusion rocket of major scale, built for both speed and distance. No
mere pod Sitting atop abig fud tank, which in turn fed into the reactor. Of course, the parts had to line up
that way, no matter how ornate the subsections got, because the water in the tank shielded the crew up
front from the reactor and the plasma plume in the magnetic nozzle.

To even seethe plume, High Flyer had arearview mirror hung amid-ship, out ten metersto the sde. The
whole stack wasin zero g, except the top thick disk, which the crew seldom |eft. Forty metersin
diameter, looking like adirty angd food cake, it spun lazily around to provide afull Earth g at the outside.
There the walls were meter-thick and filled with water for radiation shielding. So were the bow walls,
shaped into a Chinese hat with forward viewing sensors. From inside, nobody could eyeball the outside
except through eectronic feeds.

Thewhole ship was well over ahundred metersiong. Built like abarrd, it rode a blue-white flare that
stretched back ten kilometers before fraying into steamy streamers. Plasmafumed and blared dong the
exhaust length, ions and dectrons finding each other at last and reuniting into atoms, spitting out the
actinic glare. The blue pencil pointed dead astern, so that at the right angle the whole scenewas an
exclamation point, with the sun asthe dot. Proserpina hauled up within akilometer, and the two ships
fretted over the details of making the transfer.



In the end Shannawon out. Proserpina was cramped and showing wear; and she wanted to seeinside
the bigger ship. She, Jordin, and two other crew would come acrossin the shuttle. Part of her wanted to
play status games and make them cometo her, but her own curiosity won out. She wanted to see what
this monster of a ship looked like, and it would indeed be good to get out of the house for awhile.

Not that she looked forward to atech-talk fest. Whenever ship crews got together, there was alot of
talking shop, but out here she could use some simple human contact. Being captain dways kept you a a
distance from your crew. And the hyperlink to Earth was no substitute for red talk, either. Last week she
got amemo that said, " Cascade thisto your people and see what the push-back is." It put her off reading
her eemail for days.

They wedded to the air lock gingerly. The lock was big and bulky, like everything here, with fancy safety
bellsand whigtles. Mass to spare, she thought sourly.

They cycled through, in formation. For Earthside audiences High Flyer was recording every greeting,
handshake, joke, and guffaw. They got through it, agreed to turn the cameras off, and Shannahad a
moment to assess this Julia Barth, senior woman among astronauts, legendary for acrusty exterior that
concedled asharp intelligence. She stood straight, shoulders back, smaller than Shanna had expected; the
great should be larger, to match the reputation. Juliawas compact asal astronauts were, maybe atad
stringy. Her face was lined, mouth cocked at an ng angle, eyes quick. Suntanned, too, from
working in the Martian domes. Already, Shannawas Szing her up.

Her husband, Viktor, was quiet and gruff, big and muscular among the dim astronauts, eyesflicking from
one face to another as the conversation moved. Equally famous, just as at ease. They both seemed
energetic but cam. Maybe the Mars Effect was rea. Shannawondered how they werein bed together...

Everybody knew each other's profile, had read their books (some ghost-authored, some even eloquent),
and they passed through the usua compliments. Shannaknew she would take an industrid-strength
makeover to be presentable, but the High Flyer men dl told her how great she looked. One, Hiroshi
Okada, had gleaming eyes and amirthful grin. Sheliked him & once, and not just because his
compliments didn't seem forced.

Inculturd profile High Flyer's crew was like hers. By no accident, most spacers were from North
Americaor ASa. Those were the cultures, mid-twenty-first century, where young people till asked,
When can | do X? The Europeans usually said, with dread, How do we stop people from doing X?
And X could bejust about anything technologica. Genetically modified food, screening for future disease
risk, opening up the asteroids for mining of scarce metds, living longer through genetic tailoring, beaming
microwave power from space, living haf-timein virtua villages, sending abeacon signd to the stars.

ISA was mostly backed by Asians and Americans. Euros didn't go into space-Y ou could die! It would
cost alot!-and were busy shoring up their aging societies with plentiful taxes and fearful politics, eyeing
the ever-growing population of Mudimsin their midg... Shannawas quite glad to be out here, away from
the swamp of Earthside.

They sat around the ship's pedestal messtable, a polycarbon white circle. An awkward moment.
Everybody beamed, glad to see fresh faces, but nobody spoke. An epic moment far from Earth. All
sorts of firsts here. How to start? Then Viktor produced, improbably, two bottles of champagneto
mark the moment. That loosened everybody even before lips touched liquid.

Sure enough, thefirst socidizing was about the latest Earthsde news, most of it just the usua wrangling
and angling that passed for palitics. That done, like dogs sniffing noses, they rel axed.

Shannallet the chatter run for about half an hour. They dl had the zand interpretations, the spotty



information on the Pluto biosphere. So they concentrated on reviewing the data, dancing around
hypotheses. Viktor reported on hisideathat the wavel engths received from farther out meant that the
radiators were tens of metersin size, at least. Maybethat's just their antennasize, Chow-Lin said.
Franklin agreed. After al, our antennas are pretty big, too.

But, Viktor countered, the sgnds are from places where there are no worlds at dl. Certainly nothing
remotely aslarge as Pluto. They got into atechnica discussion, and momentum flagged. Tit for tat,
counters, hedges. Shannalet it run as long as she could bear before saying, abruptly, "What do you make
of our ... hogts?'

Viktor'sfacewasvelled ashe sad, "Y ou think big things make the smd| Pluto things?"

Wow, he knows how to cut to the chase. "Somebody did," Shannasaid. "We're not looking at natura
evolution here, for sure.”

"Jduliathinks so, too,” said Viktor. "Sheis pretty good biologist. Hasintuition.”

Shannafelt astab of jedlousy. Damn, she's good. How did she come up with it so fast?
Jordin sent her alook she could not decipher. "We haven't actualy discussed al thisyet.”
Good old Jordin, undercutting my claimto first discovery, Shannafumed.

"The antenna-size argument,” Chow-Lin pointed out, "just setsalower bound. The creatures could be far
larger. Werelots bigger than our eyes.”

Viktor said, "All assuming that the antennas are eyes-| mean, not atechnology. Because we see no
technology out there, just empty space.”

Julids mouth tilted skepticaly. "I rather think these zand of yours are not naturaly evolved, but how can
something bigger than amountain-maybe the size of continents-make them?”

"Not aclue" Shannasaid. "But they didn't evolve on Pluto. That's not a biosphere back there, not atruly
integrated system. It's a base camp, getting by on energy rations."

"And run by dectrica power that comes from way beyond,” Jordin added.
Juliaswary gaze did not ater. "No chance Pluto's been running that way for along time?"

Jordin shook hishead. "It looks ... well, recent, contrived. The whole planet's got a narrow pyramid of
life, few microbes, just ahandful of amino acids-the minimum to make it work."

"Built by something really strange,” Shanna said.
Viktor said, "So weinvoke that rule, the knife something-"

"Ockham'srazor,” Shannasaid. She had been reading plenty of philosophy of science; it seemed agood
investment, out here amid the truly weird. Plus science fiction, of course-lots of Arthur C. Clarke. "Weve
got two strange things, SO maybe one causes the other.”

"Three strangethings,”" Juliasaid matter-of-factly. " ou got the transmission Earthsde sent forty-two
hours ago? They've decoded that low-frequency stuff that kegps washing over us.”

Shannaraised eyebrows and nodded reluctantly. "I can't follow it l, but... okay, one more mystery.”



"Getting to be lot of mystery out here," Viktor observed.

Hiroshi nodded. "'1've been running codes, aong with the Earthside spectrd andlysis. They're-the big
things-sending stuff in English, thet's certain.”

Thiswas new. There followed an extended discussion of how to decode. Mary Kay said, "That's my
area. Transcendenta Grammar, the Earthside cryptandystscal it.”

Shannasaid, "lan't that secondary, compared with the basic biology?"

"Not at dl, Captain." Mary Kay'stonewas just civil. How come? Shannathought. Long-mission
syndrome, as Jensen called it? Or do they all just dislike me?

Mary Kay went on in agtiff, I-am-being-professona manner, "Whoever is sending, they don't use
punctuation the same way we do. Commeas, periods, semicolons, dashes-they dl help organize the
relationships between parts of the sentence, yes?' She amiled brightly, as though thiswas obvious, though
Shannahad never thought of it that way before. " Semantic amplifiers, they are, adding precison and
complexity to meaning.”

Jordin nodded, backing up hiswife. "Increases the information potentid of strings of words.”
"Thetrick," Shannasaid, hiding exasperation, "isto figure out whét they are, not just how they talk."
"Not tak," Viktor sad. "More like writing, by the time we-DIS and its handyman, Wiseguy-get done.”
Shannasaid, "Because we can't hear it?"

"Writing isamillion times weeker than speech,” Mary Kay said incisvely. "No inflection, tone, smiles,
winks, raised eyebrows, hand moves. Got to alow for that."

Chow-Linsaid, "Sort of like ahieroglyph competing with asymphony?"
Mary Kay nodded, and Viktor said skepticaly, "Y ou think they have such things?”

Chow-Lin shrugged, an example of what he meant. "Ther€'s plenty in the wave spectrum we can't
decode. Look, I'm kinda reaching here."

"And I'm getting logt," Shannasaid. "I'm abiologi<t, not an information theorigt. | think in terms of
species, biogpheres. | want to get down to what kind of creaturesthesethings are.”

Juliasaid, "Our Wiseguy has been working on their low-frequency transmissions. We can eavesdrop.
They cdl themsdvesthe Beings”

"Also the Digphanous,” Hiroshi added precisdly.

Shannanarrowed her eyes. "Y ou should have sent thisinformation over."
Juliagmiled. "We wanted to explain in person.”

Shannasaid, "'Digphanous? Imagine-what avocabulary.”

"l had to look it up,” Viktor admitted. "And I'm human. Wiseguy said was good synonym for awhole
conddlation of meanings.”

Juliasmiled & him. "Mos of thetime."



"They must've been lisiening to us-to al Earthsde-along time," Hiroshi said carefully. "It isthe only way
to explain how it can-"

"How they can,” Jordin interjected.

"Right." Hiroshi nodded vigoroudy. "How they can know so much of our language. English, anyway,
though there were piecesin German-1ch muss diese Frage verstehen, as| remember. ‘| must
understand this question.™

"Hey, jointhe club," Chow-Lin said, which got alaugh dl around.

"Maybe they have only one language.” Shannalaughed, too, but made herself stay on the problem. Even
though it wasrisky for acaptain to think out loud. But here I'm just one of two. " So they eavesdrop on
some Earthside broadcasts and includeit dl, thinking German isjust some English they dontt
understand?"

"Um." Hiroshi thought. "German's close enough to English, one of the two roots of it. Maybe they can see
that. Incorporate the German?”

Viktor blinked. "What amind."

"Minds," Jordin corrected him. "Earthsde has gotten clear conversationsin every batch. Interplay. Cross
talk. We're overhearing them.”

"But they're sending to usdirectly in English, too." Viktor frowned.

"Earthsde has cracked their language,” Jordin said. "Throw afew thousand crypterst it, you get results.
We can eavesdrop on them now."

"l am gtill amazed that anyone could figure out what so strange athing was saying,” Viktor said
disarmingly. He gazed at Jordin and Mary Kay. "Can explain?'

This brought them a beaming smile. Shannaknew well by now that Jordin was afrustrated professor and
would no doubt be area one someday. For now he was stuck being amere astronaut. "The key isthe
chromatic scale. Y ou know, the way notes are arranged on the piano. Our Western do-re-mi isasubset
of that. Turns out, people worldwide put extraemphasis on tones that correspond to the notes of the
scae. Welike doing it. Y ou record people talking, they put more energy into those specia notes.”

Juliasad, "Redly?| never noticed.”

"Nobody does. Wethink it'snatural. And it is! That's the breakthrough. Once we found this out, half a
century or so ago, everybody thought it was a biologicd thing. Maybe we as primates heard bird song,
invented some crude music, and after that learned to talk. Kept the same scale-note structure, see?”

Shanna had heard all thisbefore, but it was fun to see the others react. Sure, they'd gotten squirts from
Earthside about dl this, but who had time-or more important, given how badly written most of it was,
who had interest-to make their way through it? The High Flyer crew was enthraled, champagne
forgotten, except for Viktor, who sipped automatically. Maybe likes the alcohol a little too much! She
would have to remember that. Maybe he was the weak link in High Flyer.

"But for along time," Jordin went on earnestly, "the math folks thought the scaleitself came from
harmonics, theratio of numbers, dl that Pythagorean stuff. Ancient history! Only it turns out to beright.
See, the scale gives us pleasant harmony in music. That's why the twelve-tone garbage back in the
twencen wasthe end of classca music.”



Blank looks dl around.

He hurried on. "They forgot the scale! We're conditioned by evolution to like the harmonics, the basics of
music. So do dolphins, whaes, birdd! All of us™"

Viktor scowled owlishly. "Amlosing you."

"Oh. Sorry. A liking for harmony is gpparently a universa-that'swhat | deduce from al these waves
weve been getting. Whatever's sending them, they'resinging!™

"Can see data?' Viktor looked unconvinced.

They spent half an hour looking a spectra on screens, Jordin and Mary Kay doing most of the talking.
Jordin said, "Those intermediate-frequency plasmawaves we detected coming out? Turns out there were
plenty more picked up on the Deep Space Network-Goldstone and all those others, Parkesin Austrdia,
you know-at least the higher-frequency modes, the upper hybrid ones, the descending helicons that
go"'-hewhigtled-"and they all fit. Lotsa datathere. Plenty of cross-correlations. One big conclusion. In
these 'Beings speech-both the stuff they send usin English and the substuff, the crosstalk they're having
with each other-in that gpeech there is the same spectrum of harmonic emphasis.”

Viktor took another sip of champagne. Nobody said anything. Viktor's eyes squinted as though he were
looking upwind into agde. "Ismeaning?’

Jordin did not take this clue. "That the Beings communicate by acoding system that islike ours.”

InViktor the light dawned. "So ... on that your crew-no, Earth-side-can hear their talk? And Wiseguy
deciphers?'

"Yes" Mary Kay said. "Soon welll be ableto talk back-through Wiseguy."

Innocently Viktor said, "Can hear their inner thoughts?*

Jordin blinked. "Those may be the plasma waves were getting. Can't understand them, though.”
Juliasad, "Thought isn't likesinging, | suppose?’

Jordin spread his hands. "' Guess not-our thoughts aren't, right? Not mine, anyway." Thisgot alaugh. He
went on, "Maybe the stuff we don't understand is leskage. From whoever is sending thetalk. | dunno.”
Vigorous head shake.

"Amazing," Juliasad. "Well haveto integrate our datawith yours, through Wiseguy."

Shannalet out her breath. It was going to be hard to break in on al this, but she had to get somethings
straight. "Say, let'stake a break, gang. How about atour of your ship?’

Thiswas fun, especidly watching the 'bots working near the drive systems. Robotics plus nukes werethe
future.

Camerastracked the impromptu tour everywhere; the Consortium would wring every dime out of the
footage. After an hour of this, when she and Juliawere out of view, Shannasaid, "Y ou and | have some
stuff to discuss. Don't want to bore everybody. Can we take it into another cabin?’

"We cdl them rooms," Juliasaid dowly. " Seems better, more homey. Uh, of course, let's.”
They dipped away with anod to Viktor, who was leading the tour, holding forth as host. Julialed the



way through acircular hatch rimmed by pale emerad emergency phosphors.

Shannafollowed briskly. They cameinto acompact compartment she assumed was Julids office, though
no adornment of the inward-d oping faux-mahogany walstetified to this. There were contour chairs
made of something pae effervescent blue and so thin that when shelifted it the 0.38 g field to face Julia,
Shannaflung it toward the celling-and, startled, let the revolving chair spin with classcad downessinto the
corner. "Uhhhhh-oops." Sheretrieved the chair with one quick swoop of her left arm, flicked on the
magnetic anchors, sat-

And wondered how to start. She had fretted for weeks about this moment, but now, actudly in Julia's
presence, she marveled. The years had lined that face, but it was still the one Shanna had on her dorm
roomwall in college. Thiswoman had changed space travel, revolutionized biologica studies. Juliadidn't
just take part in the first manned mission past the moon but stayed there and made a home, back when
astronauts were still hopping up and down from space like it was hot water they couldn't stand to stay in.
Shanna swallowed, and set aside her hero-worship attitude toward Julia. Face it-you want to be like
her, the benchmark of greatness. Which means you have to keep hold of your results out here, not
let the media feature the Mars Couple every other minute...

The absurd chair gymnastics seemed to bresk the ice between them. Unplanned, but who knew what the
unconscious could do? Shanna had learned to go with the flow of events and surf on it when she could. It
was the only wisdom she could pretend to hersdlf that she had actudly discovered, instead of just reading
about, but maybe it was enough. Anyway-"Let'stak as captains, en?’

"I'm actualy not captain,” Juliasaid.
"What? Earthside-"

"I'min charge of scientific matters. Viktor's Captain, but he and | are married, so we have split the duties.
That'sour gyle”

"That's completely contrary to-"
"Chain of command, | know. We cut aded with Earthsde. Whatever they want to cdll it, fine."

Shannakept her face asimpassve asafirmwall againg getting irked and losing it. "Because you're
famous, you think you can abuse-"

"Use, not abuse." Julialeaned on the dim black poly table between them. "Having the Axdlrod name
must've been useful in keeping your captaincy, eh?"

"That was alittle matter-"
"L ook, we're 6 billion klicks from Earthside regulations-"

"And you and Viktor," Shanna spat back, "the oldest crew in the astronaut corps, you're going to bein
charge?'

"Not at dl,” Juliasaid mildly. "Experience does count, seniority might matter-but we have two ships, so
we have two captains. Aswe're dl on the same scientific expedition, we have to agree on methods,
results, risks. Viktor and | have more experience than you-"

"On Mars, which isan oven compared with Pluto. Why, we've had telepresence crawlers freeze right
into the regolith, first day out! Took steam piped from the ship to get it free. I've had alot more
experience-"



"Than we have at superlow temperatures, yes." Julias eyes narrowed, her mouth twisted wryly. "But the
biggest problem out here, the reason for the gigabucks spent to put us here at top speed, is the bow
shock."

"If it'sathreat.” Shanna's words rapped out. " Earthside westher hasn't shown any changes-except for
the globa warming, of course- even though the shock wall has gonefrom 100 AU to 42 AU in
thirty-some years.”

"I know the data, for goodness sake! But ahedll of alot of numerica smulations show big effectsin the
offing. The molecular hydrogen that's leaking into the inner solar system, it'll build up and start reacting
with the free oxygen in our upper aamosphere.”

"And make water, big deal. Nobody knows-"

"Plenty of energy yield there, that's the point. Heat up the upper mesosphere, and that drives big changes
below. Screws up the stratosphere temperature profile, and pretty quick that heat moves down toward
the business end, where our wegther gets made."

Shannasniffed, nose turned up. "I see where you're going with this. We should be looking mostly at the
shock edge, find out what'sdriving it. But Pluto is key here. That's what my, our discoveries show.
Something'srunning dl this, and it isn't supid.”

"Nobody said the problem wasn't interconnected.”

"Thisisn't about dumb weeather!" Shannatossed her head back, her hair cascading dowly inthe low
gravity.

"Okay, smart wegather, then. Point is, the zand are pretty interesting. Y ou were lucky to have sumbled
into first contact with asaf-aware pecies.”

Shannafdt her defensve wals come up. "Not stumbled-more like ferreted out,” she shot back. "Some
people thought | wasjust imagining the whole thing, that | wasfaking the deta, even.”

"To besure. The early criticism was unwarranted, but that's often what you'll get from Earthside. A lot of
second-guessing and tall-poppy cutting.”

"Huh?1 don't get it." Shannalooked perplexed.

"Aussedang. Grow into atal poppy, people dice you off, whittle you down to size. Put another way,
the Greeksfdt their gods punished excessive hubris. It's the same thing.”

"Oh, | see. Hm. Never thought of it that way."

"It helps not to take the automeatic criticism persondly. Save that for the important objections. Thetrick is
to tell them gpart.”

Shanna felt some of her anger ebbing away. In her defense against coming across as a hero-worshiper
sheld forgotten that Julia had endured decades of scrutiny and bad-mouthing. Julia pressed on. "But
we're moving beyond the zand, now, to contact with the movers and shakers out here-that's the main
event. And if | may offer abit of advice on the zand, you have to get over pretty fast your claim of
exclusivity. Y ou don't own the zand just because you discovered them. Hundreds of scientists Earthside
are now reworking their research agendas to focus on the ecology of Pluto. No, make that thousands.
Not to mention al theink that will be wasted by the 'What doesit all mean? crowd.”



"Y ou want to have acrack at them?' Shanna resented the rebuke.

"Look." Juliasat back, shaking her head. "We can't start out like this, with afight. We cooperate out here
orwede"

Shannanodded, thinking furioudy for away around thiswoman, to hold her own. Go crying to
Earthside? Not again. Try to marginalize her in future? Hard to do, on another ship. Okay, put
that aside for now, but keep looking for an advantage. "Okay."

"I know Axd-sorry, your father-spoke with you about our taking some Darksiders back with us.”

"Hey, 'Axdrod isfine. | didn't see him much asachild." She made awry face. "Y eah, | know he wants
them. | even agreed to ddiver some, if we can." Shefdt suddenly drained. Timeto end this
conversation.

Juliasat, unmoving. Shannameade hersdf amiledightly. Bad beginning. She looks tired. My turn to try
to lighten this up. "Hey, my father thinks we're both bad girls"

Juliamade asmadll, thin smile. "We are, no doubt. Maybe we're both abit, how to say, heavy-handed?
Onething you learn as captain isthat there are very few problemsthat can't be helped by orders ending
with'or die™

Shannasighed. "I discovered that mysdf. My crew isirritated with me."

Juliastudied her. "Y ou've been on duty too long. Y oure worn down."

Shannas eyesflashed. "Uh-uh. | and my crew are asfit for service as anybody."

"I'm sure,” Juliasaid giffly, getting up. "Look, you and | haven't exactly hit it off-"

"'l say!"

"-but let'skeep it to ourselves."

"Right. Professond.” She cocked awry smile. "'l guessthis day was atota waste of makeup.”

Thismade Juliasmilefaintly, grudgingly. "It wasn't wasted on my crew, believe me. The guys have had
only two women to look at for ayear, me and Veronique."

"Sameon Proserpina, meand Mary Kay, only it's been years."
"Not easy, working in tight quarters. The hormones get going.”
"Sure do, and not just among the men."”

"Hal-I'll say. Luckily | have Viktor."

"Y es, ahusband. | neglected that point before shipping out.”

Juliasmiled without mirth. ™Y ou may not know this ancient history, but our being married was a, shdl we
say, ‘condition of employment." Marry or be replaced.”

"Huh? That's Victorian."

"They fdt that an unmarried woman couldn't go into space for years with three men.”



"Who? The Consortium?'
"No, Axdrod-your father.”

Shanna opened her mouth, closed it. The silence stretched. Julia said softly, "Luckily it'sworked out
terrifically. We madeit done on Marsfor two years without killing each other.”

Shannajust stared.
Julialooked tentative, haf turned, then looked back. "A piece of advice..."
"In dedling with the men?"

"Yes, and not just for the men.” A thin smile. " Always keep your words soft and swest, just in caseyou
haveto eat them."

5

STRANGE SYMPHONY

Juliawas glad to see them go.

She had thought that she would be very glad to see fresh faces, but they wore out their welcomein aday.

Maybe she was getting too old for this spacer stuff. Or maybe her diplomatic skillswere wearing thin.
Had that been behind the trouble with Praknor? Anyway, the Shannawoman was abrasive,
self-obsessed, smug-and those were her good points. Julia suspected that in a pinch the woman might
a0 be cardless, the one sin redlity never forgave.

The first hour had told the tale. Of course, they had more techy discussions, crews getting to know each
other, al aware of the collaboration to come. But the edgy distance between herself and Shanna had
been an undercurrent beneath every moment. Everybody fdlt it, but thank God, didn't talk about it. Until
they were gone.

"You need rest," Viktor said flatly when the lock clanged down.
"Yes, gr, Capn, Sir.”
"Redly."

"Point taken. That Shannareally wore me out. The way she tosses her hair back, showing off-arrggh!
That's aways irked me. Worse than dealing with that Praknor-hey, think it's agenerationd thing?"

"Hope not. Am not ready to be 'old fuddy-duddy generation.™
Shelooked at Viktor gppraisingly. "1'd choose your old fuddy-duddy over any young guy.”
"According to Praknor, many women Earthsde agree with you."

"Ah, the sperm king!" She laughed and collgpsed into alounger. Thelogistics and tech issues had
dominated everything, as one would expect of astronauts. But somehow al the time she was seeing their
ship anew, through the others eyes. They thought it wonderful, ornate, opulent compared with their
fisson-driven craft. Fat cats of High Flyer. Well, fair enough-fusion had come available a just theright
time to make High Flyer awhole step up, and it showed. A great way to sail into the abyss, indeed.



High Flyer's designers hadn't much consulted any of the future crew about interior design-it had al been
done on the hustle-so it reflected Earthside's latest notions. Appliances and even furniture looked as
though they had grown there-ductile, rounded, even drippy asif recently melted. The stylewascdled
blobjects, and this ook made them seem organic, natural.

But, in fact, they were the opposite, stuffed with smart chipsthat processed data without Ietup. If acrew
member was carrying avirus- no medcheck caught al of them-High Flyer wanted to know it. If you had
fallen adeep in the common room and were about to miss your watch, the room noticed and High Flyer
beeped you awake. Even in the stringy little microgravity "beds' at the axis for low-grav deep, they could
mommy you to degth, if you let them.

Like many of Earthsdes cities, the "smart ship" embraced itsinhabitants, keeping tabs and worrying over
hedlth, safety, supply and demand of air, moisture, heet, power, the works. She had found it weirdly
claustrophobic at first and for weeks did not deep well, feding that some thing was watching. Then as
they flew a grest speed into cold, dark spaces with no humanizing glimmer of promising light, High Flyer
seemed to become warm, comforting, restful. Home. Which was the idea of her designersdl aong.

"The Vid Kids hauled off their stuff,”" Veronique reported briskly. She was trim but managed to have an
Earth Mother persona, ared trick in the astronaut corps. She was the crew comic, too, hearty when al
the rest were withdrawn. Vauable beyond measure, on along mission.

Viktor nodded. They had labeled the Proserpina crew with that name because they had anxioudy asked
for the latest vids the High Flyer might have brought-indeed, it was a big part of the"mail" they'd asked
for from Earthsde.

"Maybe they don't like their own company too much by now," Viktor said with awry eyebrow lifted.
"How long have they been gone?' Veronique asked.

"Two years, five months" Julia supplied. "Time wears out the best of friends. Be grateful we'reriding a
fusion torch, not afisson one.”

"They dso tried out the smart-ship functions,” Veronique said, stabbing at the air irritably. "One of them |
found ordering amartini from ship's tored!”

"I know, | camein after you stormed out,” Juliasaid wanly. "And ship was ddivering, too. | never
thought to ask before.”

Veronique said sharply, "Y ou should've protested! Hospitdity is one thing, but-"
"Yes, iswaste of ship timeand resources,” Viktor said mildly. "But is diplomacy here, too."

Veronique wasn't buying this, Juliacould tell. Shewasabrilliant al-round type, good at six different skill
sets, but abit wearing when she got on acause. Viktor started speaking in his mild, caming manner, and
sheleft that job to the resident expert. Julia needed to get away from them all. Far away.

Decades of Mars duty had taught her to create her own privacy. Nothing like cramped quartersto
concentrate the mind! She had learned to disappear within herself, walling out sounds and smells and
vibrations, to creste atill, silent space where she could live, rest, think. In the continua noise of the hab
she had learned to hear well, diagnosing the ship's vibrations. But just aswell, she knew how to listen
carefully, or to deliberately not hear. An essentid skill, taking years of daily practice to master.

Living in space created rituas and customs, even taboos, to keep buffers between people. This extended
even to language, dlowing her to politely avoid any question she didn't want to answer.



So she had inssted on this cabin artfully crafted of paper walls and tatami mats and small, delicate
decorations. Smplicity madeit easy to stay within her masslimit. Andilluson helped. If it was
high-resol ution enough, even knowing that aview was phony did not rob it of its effect.

She sat cross-legged.

Watching asunset on apersona wall screen was perfect for this. Listening to the interior rain-the fall of
vapor sheets on each wall, images playing on their thin surfaces-brought delicate splashesinto her
concentration ... and the present vanished.

The smple thatched hut sat on thick hardwood pylons above a sweep of immaculate white sand. Maples
surrounded it, and she approached it on stepping-stones so perfectly set in the moss that they seemed to
have grown there. On the veranda were sitting cushions, for seldom would anyone want to Sit ingide, in
the single room of hewn beams and rustic screens. This ceremonid teshouse was for teaand thought
done.

All hersfor now. She shared it only with Hiroshi Okada, and he was on 'bot duty. Crew needed their
retreats, and Juliahad in the long decades on Mars come to understand well the Japanese cultura way of
dedling with an ever-pressing crowd you had to get dong with. Getting awvay wasthe only strategy. She
and Hiroshi had pooled their dlotted ship space in thisway.

Sherose and entered the masdessretrest she had fashioned hersalf-the essentials of aclassic garden:
stone, water, bridge, pavilion. They al hung in the spaces of her own private place. Only visud, but still
teling, restful.

It wasacylindrica volume of faling mists, each athin tranducent sheet that descended inthe light air as
holographic projections played on its surface. A few feet away the pleasant moisture tingled in the nose,
and the images framed the room into the Harmonies Garden of Wu Xi, aclassic spiritua retrest.
Cinnamon camphor trees perfumed the air. A tinkling waterfall splashed on worn stones. She sat inlotus
position on atatami mat and watched the cascading stream legp over convoluted limestone. Thewalls
had curious cylindrica holesthat had been worked by flows millions of years ago.

Stone.

Waeter.

Bridge.

Pavilion.

Until her next watch.

Three dayslater, the bare nugget sun now lost in the glare of their blaring fusion torch, she sat with Viktor
and Veronique and tried to make sense of their new discoveries.

Veronique played them the complex waveforms, souped up from their origina very low, infrasound
frequencies around ten kilohertz, into the audible. It was the strangest symphony anyone had ever heard.

At timesthe haunting low notes were like the beating of a giant heart, or of great booming waves crashing
with aching downess upon acrystal beach, playing the ceramic sand like aresonating instrument. Juliafelt
the notes with her whole body, recaling atime when she had stood in a French cathedral and heard Bach
played on the massive pipe organ that sent resounding through the holy stone box wavel engths longer
than the human body, so the ear could not pick them up at al, but her entire body vibrated in sympathy.
It was afedling like being shaken by something invisible. It conveyed grandeur in away beyond words.



And now thething that made this strange symphony wastolling like animmense bell that itsdlf enclosed
an entire cathedral, and used it for the dow, swinging clapper.

Into her mind came the memory of awhae she had sighted offshore Sydney, breaching fully into the
summer air. The long shape had burst neerly free of the sea, flukesturning lazily in the sharp sunlight. She
had bought many recordings of their songs. Even if they had smple messages, she found them haunting.

Sitting back, she tried to envision what would radiate waves tens of kilometerslong. To such creatures,
humans might be asinconsequentia asthe lice that pestered the skin of abluewhae. Thelongest
waveengths High Flyer had detected (barely) weretruly gigantic, up to amillion timeslonger than those
that ushered in classicd radio astronomy. A century ago the center of the galaxy was detected by an
amateur astronomer, Grote Reber, using a backyard dish strung from ordinary household wireson a
wooden frame. He used wave engths as big as ahuman. What could humans glimpse in wavelengthsa
milliontimeslarger?

Juliareminded hersdlf that it was only because they were out here, beyond the dense plasmas blown out
by the effervescent sun, that they could detect anything at dl in thisregion of the electromagnetic
spectrum. By accident High Flyer had strung its antennadements dong its great length, so they were
seeing with an "eye" effectively hundreds of metersiong. Y et even such an aperture could sense
wavelengths of many kilometers only dimly. But they had detected those waves, and that had changed

everything.

The grest virtue of discovery, she mused, isthat it raises more wondrous questions than it answers. She
had a quick image of humanity's perceptual universe, expanding outward in a sphere from the sun. To be
sure, they came to understand what lay in that increasing sphere's volume, in time. But the price-or
reward-was that the surface of that sphere, the edge of the unknown, aso increased. There was more
known, but always more to be known.

Yes, shethought, and the unknown can masqguerade as the unknowabl e.

She thought of the actua sphere of the solar wind and wondered if the sun at its center kept these huge
beings at bay. Not so long ago, humans kept wolves prowling at the rim of their campfires-but not
venturing farther in-out of fear. Did something like that keep these huge beasts from plunging into the
realm of the planets?

Andif s0, should amere ship venture into that dim twilight beyond the fiery campfire, where truly gigantic
wolvesmight lurk?

6
TINY THINGS

THEY ARE COMING, Serene sent from afar. She was cautious and wanted no part of any strangetiny
thingsthat intruded.

Thisisyour work! Forceful said to Ingtigator.

| did not bring thisforth, Ingtigator said, her intonation deflecting criticism. And we did al approve my
studies and experiments on the smal world, to learn more of theways of smdl life.

| sense danger here. Mirk's signal worked with worried low notes.

All dueto you Inbounds, Sunless said.



Thisisyet another risk! Ring charged. Recall Incursor'sfate!
Ingtigator said sharply, We do not know what befell Incursor.

Mirk sent, He was among the inner hot worlds. Perhaps he touched one, condensed, knew aTrue
Death.

If anything happens, it isyour fault, Ingtigator, Chill said sternly.

Isn't making things happen what we wish? Ingtigator sent. We seldom enjoy such opportunitiesto sample
anything from the Hot.

We want discovery without danger! Chill said.

A chorus of voices agreed. Subharmonics made a droning chorus of dread.
Recorder said dowly, as bespokeits age, The two seldom go together.

7

SPIDER NET

Viktor wasirked.

"Damn! Wereflying straight, straight as arrow-and they're not.”

Juliasat down in the paralld acceleration couch and for some reason, staring at the sprawled array of
dataand indicators and views fore and aft, remembered when she had been ateenager and had lived in a
comfortably neet world, had believed utterly in the civilizing power of fresh lipstick and combed hair and
not talking out of turn. Things had changed.

"Not being proper and orderly?' she asked him lightly.
"Making this plasmawiretrick hard to work."
"They're not holding to course?"

"Getting buffeted, they say. Lighter ship, could be s0."
"Digplay the net?" Juliaasked Veronique. Shedid.

Proserpina wasjiggling dightly, yes. The shipswere thousands of kilometers apart, two piercing flames
inthe obsdian void. Proserpina’s fisson glow was muted, its plasmanot long lived. High Flyer's flared
brilliant blue-white behind them, fuson plasmadive with avibrant incandescence formerly seenonly in
the hidden hearts of suns.

Except-at higher resolution the image picked out tendrils of snaky blue, each athread connecting the
ships. A spider net of plasma strands, the only way to listen to the deeps beyond. A grid for receiving
waves of ascae no one had ever contemplated until now.

Their plan had been worked out by myriad plasma physicists swesting over test chambers and calculating
pads, back Earthsde. The first idea had been to gect awire with tiny rockets at both ends. Fired off,
they would uncoil thewire from acentral processor and power supply, al leftin High Flyer's wake.

When the rockets played out, they would detach, leaving awire a thousand kilometerslong. Thiswould



unfurl the largest smple dipole antenna humanity had ever made. In the 1890s Marconi had made smple
antennas like this, though those were about the size of himsdlf-and he had changed the world. Thistime, a
mere 150 years|ater, they might use such an antennato discover beings beyond the imagination of
anyone in the nineteenth century-except, that is, H. G. Wdlls.

It had been a pleasant image when Juliafirst heard of it. Stringing wire, like the radio pioneers. But too
awkward, the engineers decided; too ... well, massve. Even hair-thin wires thousands of klickslong add

up.

So their ships carried plasmaguns, not wires. The gunswere marvels of artifice, able to emit steady
streams of barium ions and their court jesters, the eectrons. These beams ran from High Flyer to
Proserpina, dender and elegant.

Their own eectrical currents provided the magnetic fields that confined them to threads abare centimeter
wide. Unlike bulky wires, which can stretch quitelittle, twist only abit, and often break, these plasma
beamsinherited theinfinite flexibility of magnetic fidds. These wrapped themsalves around the currents
that passed between ships. The bands of invisible magnetic loops could flex and swerve and contort to
accommodate the varying distances between the huge spaceships. They kept contact going.

But they were dso smply current carriers, like wires, only far more insubstantiad and vulnerable. They
worked as the effective wires of an antenna, stretched between the speeding ships a velocities of tens of
kilometers per second.

These plasma pinches could pick up the waves incoming from the outer reaches, just as ordinary wires
could. Processors aboard both ships then deciphered the oscillationsin current and voltage as signals. H.
G. Wells had never thought of this, much less Marconi.

"But what could make Proserpina jounce around?' Juliaasked. "Thisisempty vacuum, after al."

"Not quite," Veronique said. "We're getting close to the bow shock. Ah yes-there, that ruby glow
ahead." Diffuseradiancefilled haf the sky.

"But that'sjust where the plasmas meet. Thin stuff.”

"Put it into aresonant wave, just about the Size of your ship, and the effect pilesup,” Veronique said.
"Likewind forcing oscillationsin abridge. Acting dl dong the sde of Proserpina, it can hit that
resonance. Or maybe just as bad, it'slike asteady wind on acar. The faster we go, the bigger the
effect.”

"Ummm." Juliafrowned, darmed. A threat in empty space? "Should we dive straight into the nose of
the bow shock?’

"Da. Isclosest part, the nose,” Viktor said. "Like the prow of aship, bow shock spreads out fromit. We
want to know what's up, best placeto go."

Juliareminded hersdf that Viktor was captain, even if she was deegping with him. She would keep her
worriesto hersdf for now. "If it can shove Proserpina around that way..."

"We are much bigger, heavier." Viktor grinned wickedly. "Sois Proserpina. May lose the antenna, yes,
but need the shock data. And will be fun. First personsto crossinto interstellar space!”

Julialaughed. "Once apilot, awaysone," she whispered to Veronique, not so soft he wouldn't hear.
"Not just for thrill," Viktor said soberly.



"Y ou haven't forgotten that we're down to 28 percent on water?' Veronique said timidly.
Viktor glowered. "Of course not. We can run another month on that.”

Veronique said evenly, "We're not supposed to run less than 20 percent.”

"Well find iceteroid, no problem,” Viktor said decisvely.

"I thought they were supposed to be pretty far apart out here," Juliaput in. "We passed one acouple
weeks back, though.”

Viktor said bearishly, "We do not turn back."

"I didn't mean we should,” Veronique said. " Just-"

"After we blow the nosg"-Jduliagrinned at him as she said it- "well look for someiceto melt down.”
With acurt nod Viktor said gruffly, "What | had inmind."

Julia could see that even after more than ayear of crewing with them, Veronique was till working out
how to dedl with a married couple who could read each other's every unspoken cue.

"Check spectrum locus, eh?' Viktor said, pretty obvioudy trying to change the subject.

Veronique caled up the mapping their plasma-net antennawas making. Spotty, but the concluson was
clear: "Mogt of the redly long wavelength stuff is coming from around the nose," Veronique said.

"It'snot just noise?" Juliaasked.

In answer Veronique flipped on the audio. Long, humming chords. Thin leitmotifs atop that, skittering
down the scale. A spray of sharp noteslike harsh shoutsin adistant fog.

"Working on the decoding?' Viktor asked, eyes never leaving the displays.

"You bet,” Veronique said crisply. "I think | can break it into words soon.”

"Words dready? Y oureusing just the SETI codes?' Julia asked wonderingly.

"Well, with abit of spin of my own." Veronique grinned. "I think the other Sdeis making it easy for us."
"The... source?"

"Sources. Near as| cantell, there are plenty of them.”

Juliablinked. "Y ou can tell them gpart?'

"Except the rude ones. They talk over the others.”

Viktor nodded. "Too many of uslikethat."

Juliawas amazed. Decoding the low-frequency, long-wave ength signals had been afeat of intellectua
daring. After al, what could humans share with them? If the thingsthat made the Sgnalswerelarge, inthe
depths of space beyond stars, maybe they were not even used to stable structures. She sat back and
mused.

One could think of them asbeing likejelly creatures maybe, awash in adark environment. They might not



think mainly in terms of numbers, but of geometry. Their mathematics would be mostly topology,
reflecting their concern with overdl sensed structure rather than counting or size. They would lack
combustion and crystallography but would begin their science on afirm foundation of fluid mechanics, of
flows and quditative senses.

But others Earthside argued that no matter what the environment, creatures that made it in aharsh place
would evolve basic ideas like objects, causes, and goals. Still... what objects were hundreds of
kilometersin sze? lcebdls, al right, but crestures? And what about causes? Even in quantum mechanics
theideawasn't crysta clear.

Stll, every environment had limits. Scarcity would bite, forcing the idea of redizable gods. Hardship
would reward those who caused goals to come to pass, acting on whatever objects the vast creatures
could see.

So maybe there were universals among intelligences, even if abit abstract. The critica point had come
with the redlization that the harmonic structure of sound had anumericd key, that the notes of the scale
were the ratios of whole numbers. This unlocked the code. Do-re-mi, achild'srhyme, had turned out to
be fundamentd.

A noted twencen physicist, Richard Feynman, once said, to the horror of some philosophers, that "the
glory of mathematicsisthat we do not have to say what we are talking about.” So sense could fly on the
wings of mathematics, of encoding, without having to point to common, shared objects-chairs, sunsets,
bodies-to make a sentence that made sense.

Beyond that, the argument descended into ornate relays of mathematics. Or maybe it ascended; anyway,
Juliacould not navigate the logic.

"What arethey saying?' she asked.
"Soundslike..." Veronique paused. "Maybe warnings. Maybe threats."
Viktor grimaced. "Hard to know which | would prefer.”

"Wiseguy is having problems. Context related. But it can trandate to know they're talking-singing-about
danger.”

Juliahad amomentary vision-an intuition, but from where?-of aspongy, swarming thing likeacloud. Y et
aso athing of currents and whirling motion, athinking tornado. And athin extruded tendril of it-hesitant,
flexing, touching, feding ... inward. A giant'srub.

8
CASCADE

The ETERNAL COOL GALE came howling in from Upstream. To meet it, aconstant roar of the
starwind came soaring out from the eternal, prickly Hot.

Sheets of heavy spray dashed a the Beings asthey came to feed. Hot plasma streamers curled and
smashed howling againgt their outer wings. The curling waves were steep and bregking into coils. Some
of these gnawing whorls were large enough to engulf an entire Being, and when onedid, it carried the
hapless, rubbery shape of intense magnetic order down a dope of ravening turbulence, to dash it into
rivulets that scoured its hide.

Then the Being would be buried glorioudy in the food it sought- gorged on it, lacerated by the very



energiesit needed to live. This paradox dwelled at the center of their art and philosophy, the
contradiction between feeding and being ravaged.

At theworgt, not merely to be flayed by the frying of dying magnetic fields but to be cut, seared,
feathered, and frayed. Diminished.

Most Beings knew how to skirt the worst of it, skating the edge while absorbing magnetic whorls and
digesting them into stronger fieldswithin themsdves. They valued the hdlicity above dl, the twisted fields
that carried the tight strands like rubber bands, that enabled a Being to confineitsalf. Sinew gave strength.

Y et the awesome power of the Cascade never deterred, for thiswas the pesk joy for them all. They
rolled and basked and breached in the dide of the interstellar plasma, atorrent eternaly incoming,
Smashing againgt the resolute wind from the distant Hot.

Together asaways, Mirk and Sunlesswere hogging over the crests of blithe helicity, diding down their
dick dopes. Ther very perimeters sagged and staggered under the chop, absorbing energies and being
seared by them, athousand egting tongues forking into their magnetic skin.

Joy came diding in with the spitting fear, aways. Some Beings dreaded the necessity of the Cascade.
Otherslonged for the shaking, damming, pitching verve of it. Chill and Dusk broke with glee through
mountainous crests, skating on the seethe. Battered, they lunged into the roar of magnetic sormsand
spitting ions, rolled and swamped by them, besting them with cries of triumph. Hissing fireslitin their

bufferskins.

Swimming, they sang.

Ah, the young, Recorder said, feeding sedately on minor vortices.
They are older than some stars, Ring chimed.

Tel me again whose Protos they are, Forceful said.

Some of ours, once. We helped in their upbringing, as| recal, Ring sent in diplomatic calming notes.
Time erodes such specificities.

Merriment hasits place, and thisisit, Ingtigator sent, lolling from one great churning crest of magnetic
twist to the next. Ah!

Instigator adroitly sucked in the morsels of delicious hdlicity, absorbing their angular momentum. Pleasure
suffused its body, a shape deek and dim and the Size of planets. It loved basking in the surges of energy
as some of its unwanted hair-finefidds-ugly, with frayed ends, unsghtly tangles, and nets-dissolved in
heat and plasmajets. Knotsthat Instigator could never unwind it let meet other such repulsive, contorted
messes fresh in from interstellar space.

Fizz! Hideous, snarling wrath dissolved into balmy energy. Whenever fidds of opposite direction were
shoved together, the opposites canceled. Their energiesflared beautifully along Instigator's lean flanks,
lighting up its best features. It thought its eegantly tapered in-mouth was the best, a purse like no other
among the Beings. And its marvel ous antennas. streams of elegantly confined plasma, arcing to and fro as
tagteful advertisement. Through these it knew the Whole, and what other agency of itsalf should be as
beautiful ?

Part of the refinement of this harvest wasin just this state, Ingtigator thought. Bliss, while tumbling
mouthlong into the abyss. The Cascade.



For they were shooting down the coiling rapids. At their backs pressed the Upstream, heavy and eternd,
cool and certain. Here cametheinterstellar plasma and gas, the charged and uncharged wedded by their
long association, dl coasting dong at their minor velocities between the stars. Until the Hot came plowing
aongitsgreat path, the arc that would takeit al the way around the Hub in duetime, circling the entire
gdaxy. In the frame of the Beings, carried dong by the Hot's dow sway, the Upstream wasthe eternd
gtorm that fed them. Manna.

All dong the parabola of the Hot's province, vast turbulence negotiated the collision of Hot and Stream.
Squallslarger than worlds perpetudly broke there, in energies comparable to the pae Hotlight that shed
upon this.

Something coming! Mirk called.

From the curl! Chill supplied.

Curling out of the churn, they dl caught the low-frequency wave front.

Hotcloud! Sunless shouted. These came seldom and could berich.

| senseitisfruitful, Recorder said dowly. Thick, fresh-not collisioned, dulled, and dumbering.

Hotclouds were the occasiond nuggets that came forth when the Hot raged. Furious and doomed,
Hotclouds came from stormsthat burst into froth. Asthey rose, they ebbed, died. The Hotclouds bounty
was gained at the expense of aframework that might have made aBeing. But it would be arebuke not to
feast upon the vagrant energies remaining in the Hotcloud, after dl. The cloud wasthick plasma, cooling
and clasping itsfields poorly. It was child's play-and if achild were nearby, it would be encouraged to be
thefirgt-to rip this poor bag and eat its momentary wealth.

Ring began, We may have children nearby, Protos.

The nearest is hundreds of Beings away, Recorder said. Thiswasthe old way of measuring distance,
though Beings varied greatly in size according to age and whether they had ever been Diminished. And
this coming thing is not good food.

It smelled wrong, scorched and bristling. Too ... dive. Hotclouds had settled into decay and were easily
torn. Thistorch cut upward through the waves, not minding the curl of them, boring, cutting outward.

So tiny but 0 angry, Ring observed warily.
We should back away! Chill said, the nearest to it. Chill flexed away from the speeding bite.
Forceful spokefor thefirst time. AU avoid it. Now!

Too late. The Hotpoint punched through the strong field blanket Chill had raised to protect itself. Fields
flared and died as the onrushing lance of plasma punched through Chill. Long, agonizing peals came from
Chill. Shells of opposite currents peded away. Dusk, Chill'slinkmate, fell awvay in apanic. The very tones
of Chill'soutcry shifted aslayers swamped and filled with virulent plasma, stifling chords.

It istoo quick! Recorder sent.

Catch the plasmashells asthey uncoil! Dusk called, struggling toward Chill'sraked image. Chill's mental
architectureswill die quickly if we cannot-

A sudden searing wail froze them. Chill was being stripped by the warm, fast eectrons. Flowing faster



than field knots could impede them, they made new conducting paths within the vast body. Chargeslong
held apart suddenly united. Frenzy. Memories and structural parts of Chill popped and moaned in pitiful
low tones ... and fell Slent.

Pull away! caled Mirk from afar, but it was far too late.

Chill splintered now. They dl rushed to capture parts of Chill as he shredded. Shards of plasmacaught in
magnetic traps fumed free, lost. Colossd flares burst along the body asfids, newly connected by the
ravening plasma, canceled each other out. Thisliberated raw energy blew apart more parts of the

rupturing body.

| can seethe center of it, Ingtigator said. | matched speed with it-so fast!-and above the center dl is
dark.

An object! someone called.
Y our damnable smdl cold things! Sunless shouted.

Itistiny, Ingtigator went on carefully. Not anything I-we- have made, | assureyou. It is one of the smdll
hot solids from the inner worlds. | did not think it was dangerous.

Do not mind what itis, kill it! Forceful sent in shrill tones.
Ingtigator said, | think the hot plasma spews from the cold ship.
Impossible! Sunless sent. Hotter makes hot, not colder.

Not now. Ingtigator's words carried menace. | will try to stuff the plasma hotnessinto thetiny cold
creature. See what it can withstands.

Mirk sent mournfully, Parts of Chill! I am finding shards...

| compacted mysdlf. Ingtigator was grim. | clasp the Hotpoint plasma-now.
Mirk sent, ... that isdl thereisnow.

| haveit! | chokeit! Ingtigator cried in triumph.

9

RAM PRESSURE

"Drivefal!" Viktor shouted. "Right in middle.

"Burnfalinginthe core?' Veronique asked. "I'll-"

"No-getting back pressure.” Viktor's hands flew in the command gloves, but the complex, luminous
display hanging before him did not change. "Plasma coming back into the magnetic nozzle. Damn!”

"How canit?' Veronique caled Hiroshi for backup while the picture before them both worsened. The
plumethey saw from two aft cameras was hunching up, asif rippling around some unseen obstacle. The
logjam thickened as they watched. Vibrations came through the deck, al the way from hundreds of
meters down the long stack.

"Getting alot of jitter,” Veronique reported. "Building up.”



"Ram pressureisinverting profile,” Viktor said crisply. "Never happens, this. Not even in smulations.”
"l can fed it," Veronique said. "Thismuch vibration, thisfar away, the whole config must be-"

"Too much plasma jamming back into the throat.” Viktor gestured to where the Sde profile of the engine
showed the blue magnetic hourglass-shaped throat. No matter could survive the fused plasmathat flowed
aong that pinch-and-release flaring geometry. Made of fields, it could adjust at the speed of light to
changesin the furiousionsthat rushed down it, fresh from their fusion burn. But it could only take so
much variation before snarling, choking-and blowing ahole.

"I must shut down,” Viktor said withicy cam.

"But well-"

"Go to reserve power."

"That won' last long,” Veronique said asshedid it.

Hiroshi worked sending data, hisvoice grim. "Proserpina’s behind us, seems okay, though. Were
getting lots of plasma pressure. Must be the bow shock.”

Juliaburst in, face flushed. The sphere of eectrosensors registered her presence and decided to ignore
her. Viktor's hands moved in the air, capturing and changing ship contrals. "What's-," she began, and
seeing Viktor'sface, stopped in midsentence.

A long, low note rang through the ship. No one had heard that sound since training. The drive had not
been off since then. Muted, yes-as they maneuvered near Pluto-but never gutted and silent.

Over audio came abuzzing. "What'sthat?' Juliaasked.

"Not from the engine," Veronique said, "that'sfor sure.”

"Canyou locdize?' Viktor asked, eyes not moving from the control space before him.
"Yeah, it's-hel, dl around us" Veronique looked puzzled. "L ow-frequency stuff.”
"Ligen," Juliasaid softly, "itsamost likeasong.”

10

SORE DIMINISHED

YouKILLED IT! Ring cried with glee.

Dusk echoed dl their joy. Crack the cold tiny thing!

| cannot, Ingtigator sent. | have no way to hold it. It has done something, turned inward. Thefields at its
hot end, they withdrew, sucked back into the cold body.

Afrad! Forceful celebrated. Thetiny thing is quite properly afraid. Othersjoined initsjoy.

How is Chill?dl wanted to know. Even distant Beings, just hearing on the fast frequencies of the attack,
chimed in, much delayed.

Fragments. Sore ... Diminished. Dusk was dazed, dow.



It will repair, Ring said. I will give of my partsto rebuild.

Thanksto al, Mirk broadcast as others poured in with promises of help. Already, streamers of
augmented field nuggets began to arrive near the Chill spaces. Gingerly parts of the great body began the
dow labor of remaking their inventories, pressures, currents, and knots. What memory remained within
Chill itself would, of course, be honored in the reconstruction and spliced in seamlesdy. But somewas
lost forever. To be so ruddy, aruptly Diminished was the worst of fates. It meant strands of selfhood
cut, continuity amputated. Among al Beings near and far, aloss.

| am aongside the fragments, wrapping around. Instigator sounded firm and sure, but with an undertone
of gpprehension it could not disguise.

Very good, Forceful said. | am coming to help.
Itisasmall cold shard now, dippery inmy grip.

| will cail in from your topmouth, to help, Forceful said.
| fed the pressures again, Instigator said. It fedlslike-

In defense Ingtigator had made a hollow column of itsdf. Actinic violence flared there. Ingtigator
screamed. A white-hot lance gouged in its bowels. The cutting sword shot out of the cold thing, roaring in
mad rage. Instigator unwrapped, coiling away from the flaring plume. She tried to veer away from
exploding radiance but | eft shreds of hersdf behind.

Panic. A chorus of screams pedled into the distance as Beings sensed the eruption.
| am burned, Ingtigator sent. But safe.
| am dongsde! Forceful caled. Hurry, itisgoing fast away.

Clear away from its path! Ring ordered al those younger, who were many. They scattered, sending pips
andydps.

Recorder sent, It isso smdl, on the end of thislance. Can we use that?
Forceful said angrily, We can knock the cold vessdl off the hot jet! Makeit turn.
If dl together-yes, come! Ingtigator was dmost joyful. If we dl together-

Inarush, pressures gathered from al those Beings within range. Magnetic fields can thicken and flex as
quickly aslight, bringing vector forcesto bear.

All ononesdel Forceful sang, initseement.

They heaved and worked, dl Beings nearby diding sections of themsalvestogether into athin disk. This
diced againg the tubular throat at the base of the smadl cold thing. The arc shuddered and fought along its
length asthethroat that formed it worked feverishly to adjust to sudden sidewaysthrusts. The system
could not cope with the canny way the magnetic disk cut, moved and tilted, cut again.

Itistoppling! Forceful sent in triumph.
11
DRAGONSIN THE NIGHT



"Damn! Haveto shut down again,” Viktor said grimly.

They were dl rotating dowly, hanging sdewaysin their couches. The entire ship moved asit had never
been meant to. Creaks and groans ran dong it, big booms and warning clangs echoing down the softly lit

passageways.

"Thethroat'sgoing?' Julia asked.

"Mdfing." Viktor spoke clearly through clenched teeth. "Big error sgnds. Does not explainitself.”
"Y eah, systems analysis saysit doesn't know why," Veronique added. "No smulation-"

"Shutting down now," Viktor said. The rumbling aft faded. Eerie popping noises came through the
support beams around their cabin. Creakings. A sour stench of something scorched. The display space
before Viktor and Veronique seemed calm.

"That buzzing again,” Jliasad.

"| got better directiondsthistime,” Veronique said firmly. "I rotated some aft antennas, the sideband
controllers, too."

"Wherésit from?' Viktor asked. "Around us, yes?'

Veronique frowned. "Intensity plot-well, look at this. Max on the sides. | thought it'd bein the rear
someplace. Something to do with the nozzle shutdown.”

Juliawatched the shape form up, afilmy blue image on the screen beforethem dl. "Damn,” shesaid. "A
wedge of magnetic fields and plasma. It's running dongside us. Kesping up. Even though we're tumbling.”

"The emisson region, look. Big, yes-we have found the source of the low waves," Viktor said. "Nasty,
too, they are. Trying tokill us."

"What'll we do?" Juliaasked. We went looking for dragons, and now we found them. "We can't
tumblelikethisforever. The plasmaantennagrid-it'sout of commission, like this.

"These thingswon't go away, | bet," Veronique said. "What are they?'
"Dragons,” Juliasaid. "Dragonsin the night.”

Viktor grimaced. " So we punch back. I'll fireasmall side jet, rotate on the other axis, take our aft around
onthem."

Juliasaw what he meant as his hands traced acommand system into being in the space before him. A
faint rumbling began. The ship began to dide Sideways, or that's how it felt to her. Multiple-axis
accelerations had never been her strong point in training, and that had been decades ago. Her head spun,
her somach lurched. Y et she felt awe at the presence of theseimmense ... things.

Viktor glanced at her, frowned in concern. "'Is okay?"
Juliasaid softly, "I'm glad somebody knows what to do.”
"I try, isdl." Hewinked.

The diding feding got worse, and something strummed deeply, amid more popping Noises.



"Ready power up?' Viktor caled to Veronique. "We befast now."
"Roger.”
The surge made Julias gorge rise. Whirling, wrenching-she held on.

"High Flyer, coming in on port approach,” came Shannas clear voice. "Were out at 1,237 klicks,
closing dow. Gather you have trouble.”

"Something we can't see with eyes, yes," Viktor called back. "But on-screen...”
"Dragons” Juliasaid. "Stay well clear of the plasmaemisson zone, Shanna.”

Viktor brought up apicturewith Proserpina’s bright flare at its center. Wisps of ivory luminescence
crawled across theimage, blurred asif out of focus. "To port. Acquiring your close-upped image. Y our
burn looks stable.”

"Right, but between us therere some vague shapes,” Shannasaid. "Like worms, coiling around each
other."

"Masmadischarges, I'll bet,” Veronique said. "'l saw some, back in the dayswhen | did lab work at
Cdtech. They'rediffuse, like aneon light, but they're long threads. Means there must be pretty powerful
magnetic fidds around them.”

"Ummmm," Viktor murmured, staring at the traceries that moved like kelp in the dow wash of tides.
"Magnetic pressure we can counter with plasma pressure, right?!

"Good ideg," Shannasaid sharply. "Bringing our tail around.”
IIDaII

Proserpina’s image began rotating. The bright flare of itsdrive glared asit came around to point in their
direction. Julia could seefiligrees of exhaust licking out acrossthe great distance, moving at tens of
kilometers per second, to judge by the scale. Where the wash of it struck, the threads of ivory plasma
shredded, blown apart. Their soft glow dissolved.

"Got them!" Shannacalled.

"Copy that. Pour it on," Viktor caled happily. "I'm bringing ours around, too."
More lurching. A nasty rumblein the deck. Juliahung on.

12

HARD PLASMA

It cuts! Mirk cried. Sharp!

The other hotshot has turned! Dusk called. It expands now- so fast.

Mirk called, We are caught between them.

Back away, dl! Recorder sent at high amplitude.

| am wounded, Forceful reported camly.



|, too, Dusk admitted, her tone laced with skittering pain.

They were dl withdrawing, trailing some fields they would losein their haste. The example of Chill had
brought caution to them all.

It burns as bright as ever, Ingtigator said ruefully. We did not hurt it, only interrupt.
Let us keep pace, however, Recorder said. We are not so hurt asto let this affront pass.

No, no, no, al chorused-al but Chill, who was silent and would probably be so for sometime. With
Diminishment came not only damage but loss of status. Do not let them escape.

To where? Recorder said. Both came from the Hot but show no signs of wishing to return.
Mirk sent, See-they turn, asif to run alongside the Cascade.

Their pursuit had carried them safely upstream of the roaring Cascade, but they till felt vibrations and
shocks from it reverberate through their bodies.

A long silence hung between them. Each mended its skin and currents, rebuilding where hard plasmahad
torn raw goutsin filmy magnetic structures. In the quiet, upstream from the thunder and boom of the
Cascade, afaint whispering came to them. Jittery spikes came from the two tiny cold things.

Hear that? Sunless and Dusk sent together.
It is not froth from the Cascade? Ring asked. So busy!

Sunless sent adick burst of layered nuances, piling language into stacks. See? Thisishow they arrange
their speech.

Y ou think it is speech? Dusk asked. So noisy!

We can decodeit, | think, in time, Sunless answered. Seeyou, it is not too gresetly different from the
orderingswe receive in the startalk frequencies. Thereisamathematica ordering here. If we can find its
CUES ...

Do thiswork, yes, Sunless, Forceful said. There must be senseto al of this.

Recorder sent along, thoughtful roll of waves, whoseimport was, Do we think-isit possible?-thisan
intermediary from Incursor?

Mirth greeted this. Impossible! Forceful said.
Dusk dismissed theidea. Such aswe surdly cannot grow from tiny cold kerndls.
We came of grander stuff, Ring added. And not cold! Not solid!

Recorder recoiled abit from the chorus of derision. But these come from inward, and so may know how
Incursor fares-if helives, Hill.

Such motes? Forceful said. What could they know?
Dusk added, No trueintelligence can residein chilly specks!

Someone farther out sent, without an identity Sgnature, The Laws of Beings do not permit it. Obvioudy.



Recorder said patiently, We should aways ask oursalves how to use any new thing, to gain accessto the
Will.

Forceful sent dtriations red with disagreement. We are living in afortunate time. The Cascade pressesin
toward the Hot, asit has not done for along era. Let ustake advantage of this moment! Use it to destroy
thetiny life on the inner worlds. Stop them from coming out here, or else we shdl share Chill'sfate.

Recorder's aura became uneasy. | remind us al that the last time the Upstream delivered such high flows,
forcing the Cascade inward, we made no progressin learning of that fearsome region. We surely do not
want to venture so far in that we would meet Incursor'sfate.

Forceful brigtled, shimmering its outline. Past failureis not an arguments.

We have experienced many of these inward incursions of the Cascade. Recorder sent them al apicture
of past ages. Images laced among them dl-of eras when, under the Upstream'srising pressure, the
Cascade had pressed in upon the orbits of the giant worlds. Each time, we venture abit inward but fail to
learn much that isuseful.

Remember those who became trapped inward, Dusk added, and arelost to us.
We have not forgotten, Ring sent mournfully, tinged with asad aura.

They dl knew that Ring was the closest relation to Incursor, lost long ago to inward, near the Hot-a
tragic, historical agony.

Do not forget our successes, Ingtigator insisted. Remember how we pushed some of thelittle iceballs
inward, carefully targeting them to strike the inner worlds. That was atriumph!

So from theflares of theicebdls impact, we learned some of this ‘chemistry’ you love so much, Ring said
adamantly. | am not impressed with knowing such dirty facts.

All learning can be useful, Indtigator said firmly. Will be useful, intime.

Dusk sent, Far better to learn at adistance, never venturing Inbound. Ingtigator learned much of
chemistry that way. Incursor sent us the molecules that can copy themsalves, recall. That wasatriumph!
For which it paid dearly.

Ingtigator said, Without those | could not have assembled and tuned my experiment on the small, near
world. Even with them | had to resort to eectroshaping them. Then | was forced-with noble Chill and dy
Crafter-to devise the Darksiders, al to prune and tune my little coldworld experiment. Troubles, yes-but
knowledge demandsthis.

Into the middle of this came along, pleading note. | petition to addressyou dl. It was Chill.
Forceful sent, as custom required, Approach and spesk.

| apologizefor my failurein our engagement with the smdll, cold, solid thing. | am humiliated by my
wounds and ask to be Diminished.

A rustle of concern washed among the Beings, who had drawn nearer.

Forceful said, We need your abilities, not merely your presence. Diminished, you would be of lessuseto
usat thispressngtime.

Chill replied with aclear shame aura. | have begun to compose my poem-song, that by custom | should



create.

Congternation swept through the Beings. Thiswas amajor step, one that |eft no doubt about Chill's
resolve,

Oh no, please do not! Dusk sent.
| mug.

Beings could fray, dissipate, then recompose. Feeding lustily in the Cascade ran the risk of such erosions.
Thiswas where the more primordia of Beings had learned the arts of suffering loss and then rebuilding
themsdlves. By 00zing soft currents, carefully using the eternd laws of induction and conduction, those
early, rather dim intelligences had with agonizing d owness mastered Resurrection over Diminishment. The
gaaxy had spuninitseternd gyre fully fifteen times before the Beings had fathomed how to become
immortd.

But only if they wished. Resurrection soon-on atime scale whose long unit was that gyre-became of far
greater significance. The Resurrection skills alowed Beingsto manifest in fresh form. To choose
Diminishment-not merely to suffer it from the outrageous surges of the Cascade or the magnetic insults of
apassing molecular cloud-was an act of nobility and honor. It could lead to the highest status among all
Beings, near and far.

Onésfaeinlife, dl Beings hed, was set by deeds performed in past Manifestations. Previous wise acts
yielded, in time, superior magnetic shapesin this present life. Bad or stupid acts gave the reverse-poor
character, low status, even ruin.

Since the Origin, Beings had passed through many Manifestations. Some traces of these past lives and
deeds il lingered in core memory. Those feather-light remembrances were the bresth of eternity, the
high wisdom of previous saves.

How beautiful life therefore was, and how sad. How flegting, suspended in alimitless now that embodied
al that had come before, but was ill now, the only time one could change. Eternity stretched away in
both time directions, while aBeing was pinned to the moment. Such was the sate of Being.

| forbid it! Forceful sent.

Chill indgsted. | ask permission to subtract by humble self-reconnection.

We need you now, Dusk said anxioudy.

| could use atime, going into the greeat void before Remanifestation.

Recorder said, Permission refused.

Might you approve later? Chill asked plaintively. | beg again to end myself.
Recorder said, Y ou are needed.

Then | gpologize. Allow meto do something of hazard, that | may redeem mysdif.

Ingtigator fizzed with excitement. | do have an idea, one you could aid in. Chill, you areasmdler
Being-deft, agile. If Crafter's arts can be brought to bear, you might be able to insert yoursdlf into these
tiny solid bodies. Thinly. It would be dangerous. But we need now to make direct contact, to test if
intelligence lurks in such microscopic scaes.



The other Beings sent cries and shimmering auras of alarm. Some fizzed with anger at the very idea
But Chill answered, Show me how.
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BURNT-YELLOW FINGERS

In THE AFTERMATH OF the assault, Juliaretreated into her meditations. After timein the diding vapor
world of her Japanese garden she knew what to do next.

Y ears before, while adapting to Mars, she had discovered by Web browsing the melancholic poetry of
A. E. Housman, an English poet dead now well over acentury. A particular piece of that man'swisdom
sheand Viktor had applied:

Ah, spring was sent for lass and lad,
"Tis now the blood runs gold,

And man and maid had best be glad
Before the world is old.

Sex, after al, wastheflip sde of death.

So sheand Victor had aritua. They answered every brush with danger-and there were many,
particularly in the years they held on together at Gusev-by making love, laughing, shouting out their joy in
the moment, thumbing their noses a gloomy ol fate. Ahl-yes.

Afterward they talked. The crew could keep track of the €l ectromagnetic blizzard their plasma net was
ddlivering. Proserpina wasflying in clean formation now, so they could use dl their gossamer
plasma-web ability. Earthside was gobbling up the broadband data feed, andyzing, theorizing, decoding

thelong gtrings of mystery.

They taked about mysteries, too. The discovery of life on Mars had ignited an ongoing debate Earthside,
of course. The prevailing view now emerging was not that of the chattering classes of the long-dead
twencen. Back then, dl the smart folk thought that the universe was a pointless cosmic joke, on us.

Now the Martian experience-de ving into whether weird, world-spanning, and ornate molds were
sentient-had opened the plausible case that the universe was a meaningful entity. Increasingly it seemed to
be made down at the lawmaker'slevel to generate life and then minds. Brute forces seemed bound,
inevitably to yield forth sysems that evolution drove to construct models of the external world. Inevitably
those modelsworked better if they had amodd of... well, models. Themselves. A sense of sdif.

So if even archaebacteria could evolve in Martian cavernsinto thinking beings, then awhol e landscape of
mind opened. Admittedly the Marsmat had rather inscrutable traits. Still, the tantalizing suggestion had
emerged, from al their fieldwork. Could evolution yield up, along strange paths, beings who could
discern truth, apprehend beauty? Maybe even yearn for goodness and define evil, experience mystery,
and fed love? Even dlowing for the human habit of projecting their minds traits onto other species, that
was acompelling possibility, to just about everybody. Y et Juliahad to remind herself that yearning was
not proof.

Viktor was, of course, ever the skeptic. "What of these things that try to disable my ship?”



Juliagrinned, suitably relaxed. "Were on their turf. Remember, when Lef Eriksson landed in the New
World, thefirgt thing to meet him was aflight of arrows."

Viktor scowled. "These things, big as buildings-aready | see on Net that ignorant people Earthsde think
these are gods or something!"

Julia poked him and wrestled around among the bedding until she was sitting on top of him. "So what if
they do?'

Viktor snorted. "Is childish. People want gods who pay attention to them, isal.”

She held hiswrigts down and demanded, ™Y ou mean, can humans claim any spiritua specid satus?
Compared with what?'

He gave her abroad, silent smilethat said he could easily tumble her off but wouldn't. She persisted,
"Look, we both came out of a Christian background.”

"Not me! Was brought up to be proper atheist."

"Y es, another gift of the Soviets." She remembered the church her family had attended, pillarsand
vaulting white as plaster, like a cast around the broken bone of faith. Still.... "Chrigtianity hasthe most to
losefrom intdligent diens, right? Jesuswas our savior. Dolphins and gorillas and supersmart diens-he
didn't diefor them."

"Um." Viktor sighed, resgned to adiscusson. "Jesus was God's only son, yes?'
"TheBible says s0."

"So unless God has the same son go around to every planet...”

"Or wherever these thingsweve found live-"

"Dying at every one of them? | am no expert, but-seems crud.”

"Worsg, it means part of God hasto go around dying al thetime."

"Amglad I'm not atheologian.”

"Me, too. | looked up this stuff, and there's even a quotation about Christianity and extraterrestrials from
Thomas Paine, the American revolutionary-over two centuries old! He said”-she glanced at her notepad,
ontheir sdetable-"Let's see, He who thinks he bdievesin both has thought but little of either.
Ouch!"

"I wonder if isright way to think of intelligence, anyway. These big crestures-have consciousness maybe,
but how about ethics? Sin?"

"I'm pretty surethey'll fear death. Sn?Hédll, | don't believein that! And ethics-well, sure, in the sense of
socid rules”

"Socid ruleisliketake off hat when enter room. Ethics, you need philosophy.”
"Okay, any socid being will need some philosophy. But-"
"l am socid, do not need philosophy.”



She grinned. "Y ou only think you don't. We don't know how to think about ETS, that's for sure. Can one
becomeaMudim? A Jew?'

Viktor gave her asoulful ook, big brown eyesliquid in the hard incandescent light. ™Y our meditation, the
Japanese thing-it's about this?"

She sat back uncomfortably. "I suppose. The Buddhists and Hindus seem the least threatened by
advanced diens-they took the Marsmat in stride, remember?”

"Doesideaof dien Jew make sense?”
"To who? Maybe not to us. But they do have abig, open ideaof God."

Viktor frowned and grunted skepticaly. "Those Baptist and evangdlica guyswho attacked the Marsmat
finding..."

"Right, they're the opposite. But they've been losing out lately, Earthside.”

"So now we have abig God, coming out of cosmic evolution, give usthe biologica universe? Better than
the supernatural one of the ancient Near East, sure.”

"I'll buy thet."

"Only, makes mewonder. Thesethingswefind-arethey extraterrestrial s?*

She paused. "Oh, | see-do they have a planet?’

"Maybethey live on icebals, maybe not. Hard to see how they get so big, on smal worlds.”
Shefrowned. "But they must've."

"Or are they maybe thisbig God you tak about?"

"Oh, comeon."

"This God might show up in person-wrong word, but you know what | mean-sometime.”
"Now?Here?' She chuckled uneasly.

"God needs only be better than we are. Not perfect.”

"l see ... Never mind who made the whole universe, maybe there are bigger minds than ours aready in
it?" Shelaughed, head tilted back. " So until the Creator shows up, we can get by worshiping something
that's better than us?"

"We are at edge of solar system. Maybe once we get out of our cage, we get aprize.”
"Hmmm ... And you said you didn't dedl in theology."

Andarm clanged. Their comm beeped. Hiroshi said, "We're getting alot of high voltagesin the plasma
net. Bigdgnas"

"How'sdrive?' Viktor demanded.

"Running hot and smooth,” Veronique said.



“Coming!" Viktor called.

They hustled into clothes and got up to the bridge double time. The audio piping in aspectra summary of
the e ectromagnetics was blaring through the spaces where the entire crew was on duty. Juliasaid, "Turn
it down," and from the lower frequencies came again the strange symphony she had heard, haunting in its
sense of meaningslayered in harmonics.

"Big voltagesin the whole antennasystem,” Veronique said tersdly.

"Damn!" Hiroshi waved his handsin the active control space, trying to keep ahead of the surges. Viktor
barked orders to them and the other crew, al in their work pods. A sour smell of tension crept into
Julids nogtrils, and the scent was not dl her own.

"We're getting feed-through,” Veronique cdled. " Something's putting big inductive voltagesin the whole
damn plasmaarray.”

Viktor blinked. "How far away is Proserpina?"
Veronique rapped out, " One thousand seventy-three klicks."
"What can put voltages al dong aplasma conductor that long?' Veronique asked.

Nobody answered. The visible control display surged with red readings. "We're getting in deep here,"
Juliasaid softly.

Veronique cried, " Systems crash!”
Hiroshi legped up. "'l can't shut down the antenna systems at all. It's feeding back into us-"

A ydlow arc cut through the space before them. They dl bailed out of their couches and lay flat on the
deck asthe snapping, curling discharge twisted in the air above. Viktor caled, "Stay down! It's some
high-voltage phenom-"

The crackling thing snarled around itsalf. Sparks hissed into the air. Coilsflexed, spitting hard orange
light. When a coil approached the metd walls, it veered back, snaking into the open space. A smell like
burned carbon filled the air. Thefoot of it flared into blue-white, keeping contact with thewall terminals
where the antenna systems all fed. Juliawatched it, keeping flat on her back.

Viktor said, "To bresk down air, thevoltageis"
"Megavolts" Veronique snapped. "Stay flat. Stick your head up, it'll draw current, fry you."
"They-it-istrying tokill us," Hiroshi said through clenched teeth.

The audio raged. Sparks snapped. Nobody moved. Then the discharge arched and twisted and abruptly
split. Y ellow-green strands shaped into...

"Human shape!” Viktor said. "Making ... likeus."

The shape was like abad cartoon, never holding true for long. Elongated legs, wobbly head, arms that
flailed aout in crimson disorder, handsjutting out, flaling, and then collgpsing into Szzle and flicker.

Juliafet her heart thump. "They can see us! So they're sending us an echo, an image to-make some kind
of... communication?"'



Thefigure wriggled and sputtered. Juliaraised her right hand dightly into the singed air. A long moment.
Then dowly, agonizingly, the figure moved, too. It raised itsleft hand, mirror image. Wavered. The hand
flexed, and with afedling of visble effort, shaped itsdlf carefully into ... fingers. Thumb. The skin of it was
yelow-bright, surging like the surface of the sun in hot brilliance. Meanwhile, the body faded into apae
ivory discharge, an eectricd fog flickering on and off asif barely ableto sustain the Szzling voltage.

The Marsmat did something like this. Somehow they know we are visud animals. Maybethisisa
universal way to make contact. Get into the other's frame of perception...

Juliadowly flexed her fingers. The echoing fingers moved, too, suffused in awaxy, saffron-mellow glow.
It hovered inthe ar unsteedily, holding pattern, dl energies focused on the shimmering, burnt-yellow
hand.

"Let'stry-," Viktor began.
The arc snapped off. There was nothing in the air but a harsh, nose-stinging stench.

V eronique was sobbing softly. Hiroshi jumped up and turned in al directions but could see nothing to do.
Somehow there wasin the space an aching sense of vacancy.

Viktor patted Veronique on the shoulder, her mouth open and working but unable to say anything.
Hiroshi said, "They ... want to talk?"

"Tak?' Juliarecalled what Viktor had said: This God might show up in person sometime. Shelaughed
with ahigh, nervous edge.

14
STICK-OUTS
They aretruly tiny! Chill cried, awed.

Who? Crafter's tones were, as aways, somber and of exceptionally long waveength. The other Beings
hed to strain to hear them.

Chill's voice wavered up the narrow spectrum. Long tones came from the blanket Chill had formed
around the solid, moving ships. It kept agingerly distance from the spewing plasma plumes. The motes. |
dipped in-such small spaces!-and framed my eyesinto receiving antennas. | saw them! Shaped so odd.
Not likeaclasscd figureat dl. Not eegant, like us. Isthere such athing asachemica shape, Instigator?

| have no ides, Ingtigator sent, deeply confused. Chemistry was the province of itself and of Crafter,
because they were the only oneswho cared for such ugly, liquid matters. But achemica shape? What
would masses driven by such blundering energies make themsdavesinto? It strained the imagination. Send
describing images.

Five stick-outs from arectangle-l can say picture no better. | saw four of these shapes.
A chorus of disgust, wonder, darm. How did they change? Ring asked.

Chill's aurorasurged with excited puzzlement. That isthe oddity. They kept shape! Instead, one of them
moved one of its stick-outs.

Instigator was beginning to doubt dl this. Chill might be merely having delusions, brought on by the
extremity of what it had attempted. Even with Crafter's help the task was probably impossible, after al.



How?

They hold to shape, Chill answered. They could al seethat he had unwrapped from the speeding mote,
careful not to diffuseinto the plume of hard plasmathat bloomed behind it. Sticks-outs upon
stick-outs-very strange. Then it moved. | moved to echo. It did, too!

Chemical intdligence? Forceful fumed redly. Nonsense.

Not! Mirk shot back. Chill has redeemed itsdlf supremely. Has discovered more than even Ingtigator.
Forceful said, 1 will go into thething. | do not like these motes. Crafter! Come-help me.

Crafter was Slent.

Chill sent, darmed, Do not!

Ring screamed, | can't go with you. She fearfully unlinked from Forceful.

Must. Forceful madeitsway toward the flaring, killing plume. Must.

15

THE VIOLENCE OF THE AMPERES

They were standing around, babbling in the way people have when tension is suddenly released, an
aromarising from them, al nervous and quick-eyed and chattering. Primate patterns.

Then thedarm clanged again. Hair stood on end.
Juliadove for the floor. VVeronique did, too, but she wasthelast to do so, and she paid for it.

The burnt-yellow discharge surged from the antenna board, snarling. The air bristled. A tendril shot forth
and caught Veronique as she fell. She crackled with the violence of the amperes that surged through her.
Juliawatched as Veronique's mouth opened, a shrill shriek escaped-and then the mouth locked open,
frozen. Smoke fumed from her hair.

Veronique jerked, screamed. Her blue coverall sparked at the belt. She struck the deck, tiny firesarcing
from her fingers. Her hair burned away in aflash. She shuddered, twitched-was lill.

A vagrant spark struck Hiroshi. He jerked, screamed. Hisjaw dammed shut, opened, yawned, dammed
down again. "Ahhh-!"

Again theelectrica energy vanished.

Seared slence. The acrid air stung their nodrils.
Viktor said bitterly, "They want to talk, do they?
Hiroshi's breath whistled between broken teeth.
Julia sobbed beside Veronique's singed body .

16

TUBE WORM



Shannaflinched. The video feed was dl too clear.

"The damned thing'sinvisblel" Jordin said. "I can pick it up on al the low-frequency bands, sure. But it's
not even plasma.”

On-screen, Shanna gazed at the charred lips of Veronique's corpse asthe High Flyer crew lifted it,
carried it away. The whole face was swollen, bruised, dready darkening. The fingers were blackened by
the discharge. Only afew days before, she had seen that mouth lifting in asmile, laughing, Spping
expend ve champagne that fusion power had hauled 100 million miles.

"Itswhatever holds plasma,”" Shannasaid. " See? Those strands, they're confined by magnetic fields. Just
like our plasmareceiver net. Currentslock in theions and el ectrons.”

Jordin nodded. "A magnetic intelligence?"
"Thousands of kilometerslong,” Shannasaid. "And we thought the zand was a strange form of lifel™

"It was-is. But this..." Jordin stared at the video feed, then looked over a the multiple screens that
showed the sources of the low-frequency waves they were receiving. "I've got that new software running,
pulling these weak cyclotron harmonics out of the noise. Look-"

Shanna had trouble focusing on what he was saying. But indeed, there wereimages, flickering a the very
edge of detectability, on the whole-space screens.

Jordin's hands swept the air, sharpening the images. "There's a shape that's making those waves.
Wrapped around High Flyer. Look-"

Once he pointed it out, Shanna could see thefilmy, foggy form. A long tube with many smdl openings,
like puckers or pores. And a big tubular opening-amouth?-at the head of it. Head? Y es, it moved
forward, and the front weaved asif it was scanning its surroundings. A huge magnetic tube worm.

"So that'swhat they look like," Jordin said wonderingly. "But look beyond-in the higher cyclotron
harmonics.”

Shannafdt avisceral nausea "Disgudting.”

He upped the register and drew out of the background more faint traceries. "Those are much farther
away. My God, they must be huge."

"Thisone'scloser, smdler.” Shannas mouth narrowed, lips pressed pae.
"Y eah, it'swrapped around in a closed shape."

"Let'sgiveit some of what it gave us," Shannasaid bitterly. She had met Veronique when High Flyer
arrived and liked her immediately. Hiroshi, too. Hisfront teeth were shattered, only stubs|eft. The
medical team was patching him up.

She grabbed the controls. "Whereisthat bastard?
17
SUDDEN PRIDE

The darting fire caught Forceful. Burning hard plasmablew away its outer layersin asingle gout of raging
fire. He veered to avoid, but the flame followed.



Come, help! Forceful cdled.
We come! Crafter'slow drone was welcome, but it came from far away.
The two motes are turning. Both! Ring was darmed. They concentrate the plasmaon you.

| flee! Forceful turned and wriggled away. Its magnetic columns flexed into quick, darting parts. It could
dissolveinto smdler, coherent structures and run faster, it knew, but the price would be along, agonizing
reassembly. And some humiliation, too. Sudden pridefilled its strands. It bellowed, To flee before the
enemy! No!

Resolute, it turned. | flee no more.

The hard plasmacameinto it, and the searing pain was suddenly everything.

18

THE EATERS OF GODS

Juliafelt wan, pale, sad. Her breath came dowly, asif dredged up from far below.

They were drifting now on minimal thrust. It seemed plausible that the magnetic creatures were drawn to
the plasmaof their fuson drive, for some reason. So this coasting was an experiment. The Beings seemed
to have withdrawn. Viktor had ordered double watches, looking in al directions and in every wave band
they had. The ship rang with tension. They al needed time to recoup. Veronique's death had shattered
their peace of mind. They al knew it was dangerous out here, but this...

And what of those crestures? Downloading Jordin's improvements on the signa/noise software that
Earthside had sent to upgrade Wiseguy helped. The High Flyer crew numbly looked & the images
traced out by the weak cyclotron emisson.

The wormlike thing that had electrocuted V eronique was moving away, shredded and pocked. Beyond
it, the entire sky seemed filled with dim images of many more. The scale of them, implied by the intensity
and gpparent sze ... Her mind boggled.

S0 huge, they were like gods. Or were they worse? Could they be the eaters of all the gods that
humanity had ever imagined? Brrrr...

Only hours after Veronique's death, when they had to get back to work-a spacecraft under boost needs
tending-did Hirashi discover that their antennas were dead. Externa cameras showed that they were
fused. Theintensty of the current-voltage surges had smply melted their fragile wire webs. So they had
to fix those, and right away. If their attackers returned, High Flyer needed to know about it. Hiroshi was
aft, getting the robots set up.

Viktor worked beside her as she stared mutely at the images. Ever the practical one, he was assembling
radar images of their vicinity. "Thisonelooks good,” he said.

"Oh?" She came out of her daze. A pa e greenish blotch swelled in one of the side screens. "An
iceteroid?’

"We better try to refud. That last time, | burned up alot of water."

In the end dl long-distance rockets are steam rockets. Whether liquid hydrogen married to liquid oxygen,
or water passing by dabs of hot plutonium, or through a fusion-burning core, they dl flashed into plumes



of seam.

Real space commerce demanded high energy efficiency. Redization of thisreturned to NASA in 2005,
with the hesitant first steps of Project Prometheus (every bureaucracy loves resplendent names). Thefirst
rush of Mars exploration had proved the essentia principle: refue at the destination. Don't haul reaction
mass with you. Nuclear rockets are far easier to refuel because they only need water-easy to pump, and
easy tofind, if you pick the right destination. Nearly al the inner solar syslem isdry asabone. If ordinary
sdewak concrete were on the moon, it would be mined for its water, because everything around it
would befar drier.

Marsisanother story. It bore out the generd rule that the lighter elements had been blown outward by
the radiation pressure of the early, hot sun, soon after its birth. This dried the worlds forming nearby and
wetted those farther out-principally the gas giants, whose thick atmospheres churn with ices and gases.
Mars proved to be wetter overall than Earth, though without much atmosphere. Not massve enough to
hold on to its atmosphere for long, its crust had been sucked dry by the near vacuum. But benegth the
crust are thick dabs of ice, and at the poleslie snow and even glaciers. So explorers there can readily
refuel by melting the buried ice and pumping it into their tanks.

In time the moons of Jupiter and the other gas giants would become similar gas stations, though they orbit
far down into the gravitationa well of those massive worlds, demanding alot of ddta-V, tens of
kilometers a second, just to get to them. This makes Pluto asurprisingly easy mission destination. Small,
deeply cold, with alarge ice moon like ayounger twin, it takes only akm/sec delta-V to land upon.

Of course, theice was rock-hard, taking alot of thermsto melt. But the nuke had thermsto spare. And
beyond it, now, the refuding targets were even easier.

"What'sits 9ze?"' she asked.

"L ooksto be two three seven klicks diameter," Viktor read off the flickering scale. " Surface grav, maybe
ahundredth of ag."

Easy to gpproach and hang dongside. Hard labor, lugging the hoses around, melting that incredibly
tough, deep-frozen ice. But it would be R R, too. As her mother used to say, Your mind working too
much? Use your hands instead.

"How far?'

Viktor beamed. "Two daysflight, with sometime for delta-V. | was worried maybe we not find muchice
near this bow shock.”

"Enough timeto fix the antennas?’ Julia asked.

"Some, anyway." Viktor grimaced. "WEell haveto run the dl-'bot teams. And get them ready to operate
onthisiceteroid, too."

Juliafinaly managed to rouse hersdf from her lethargic depression. She had lost team membersin the
long decades on Mars, starting in the first expedition, with the two who had ventured into Vent A on their
own. But never quite so brutally. And never to an enemy other than carelessness and bad luck. "I'll go
hdp."

Veronique had been principaly in charge of the robots. Her loss meant they would dl haveto pitchin.
Hiroshi volunteered right away. Juliafound in thefirst hour that she was rusty. She had tel epresence kills
learned in the generations of workbots sent to Mars, but these were the very latest designs and built for



different tasks. In the flight outward V eronique had done too much of the work and tutored too little. But
then, they had dl been infernaly busy. A new ship isafresh menu of troubles.

On High Flyer robots did maintenance and repairs outside and in the fusion region. If they got hot near
the reactor, they then cooled off in a shielded vault, nestled beside the huge water cylinders, until ready to
use again. They never entered the living quarters. If they themselves needed repair, the work was done
by other semiautonomous robots, operating under smart tel epresence.

"How're they looking?" she asked Hiroshi in the midpod, between life systems and the water columns.

"Cranky." He looked distracted, punching in commandsto abig, cylindrical stack of multipurpose
armatures. The many arms made it look like avery dangerous Swiss Army knife with jets attached.

"Lemme see.”" She started on prep.

None of the ship's robots looked remotely human. A two-armed, two-legged 'bot would be mal adapted
here. Spindly ones operated in the zero-g sections near the axis, and on the hull when they were not
boosting. Other bulky ones had multisocketed arms, so they could lurch from socket-hold to tielinein
the rugged radiation environments of the drive. Slender, snaky formslabored to check and patch the vast
water cdlsthat had to be kept from freezing. Water circulated by duggish pipesto the warming zone of
the reactor, but the joints had a tendency to pop.

They were smart 'bots, of course, because they had bodies. This dementary point had eluded the
twencen Al savants. intelligence builds up from sensory-motor experience, not from logical rules. Start
with abody and build amind.

So therise of the robots, starting in the early twenty-first century, meant that form of Al cameinto its
own. No more software and wiring diagrams, bring on the neural plagticity and learned paiterning. A
working robot was not aset of abstract reasoning software walking around in ameta skirt. It was
instead amind brought up on adiet of inertia, fraction, torque, and balance. All dong through the 2020s
and 2030s, machines learned from animals, not from logicians. In space they crawled and dithered and
even flew-all usng methods mimicked from worms and rattlers and octopi.

Shetold the hull botsto check for flaws and damage, delegating a specia, spindly team with big handsto
ingal| faraday shields around the microwave antennas, once another team had replaced them. These
were just wire cages, with grid spacing greater than the emitted micro-wavel engths. Since the big power
they were getting camein far longer wavel engths, this should protect their comm gear against overload
and blowout.

Robots grew up in atechno-universe that was getting embedded, smaller, snegkier, and everywhere.
High Flyer was not made on the mode of the stalwart Titanic, solendid gray iron in hull and hammering
engines. It wasinstead amoving bulk ruled by anervous system of chips and 'bots-buggier, not just
bigger.

"Hey, Viktor, we need zero g now," shewasfinaly able to send on comm. "Gotta get these 'bots out.”

"Was quick," he said approvingly, and the rumble of the drive cut off. Julia clung to abeam, and the 'bots
went into their automatic, gyro-stabilized positions, ready to work. She wished Hiroshi werethereto
help, but he was sedated.

Out the 'bot hatch they went-along tube leading to an automatic air lock. They popped into space, got
oriented, and started. Juliawatched and corrected.



She could fed the whole system at work, in the working immersion pod. Tuning into the embedded, fixed
sensors, she picked up the whole-body fed of the Swiss Army cylinder baanced intricately on agasjet.
It was remarkably like sensing the entire High Flyer, because the perception space was the same. When
Viktor let her immersein High Flyer, she could feel how itsfusion flame adjusted itsflight, sensethe
throb as pumps moved its arterial water and air through capillaries. She saw the framed scenes as
artificia eyes peered into circuit tangles and even thefusion hellhole,

Shewould never forget thefirst time she saw their drive, from the inside. She had never paid much
attention to fusion, bdieving-as the skeptics had said for haf a century-that controlled fusion power
plantslay twenty years ahead, and awayswould.

But the sudden advent of a high-quality fusion rocket made her hit the books-or rather, the Net-and
fathom the magnetic doughnut that held the ions of boron and hydrogen. The ions snaked around the
geometry and then dammed into each other, giving forth brimming radiation, spitting hot dpha particles
out. Then the doughnut collapsed. lons et fly. The rocket engine was this flickering, come-and-go
doughnut, holding the plasma, then letting it fly as the doughnut died.

This caled up the memory of scubadiving in Hawaii, on the north coast of Oahu, offshore Turtle Bay.
The wonder of it had charmed her. Hanging upside down above acora reef, she had learned to blow
bubblesthat, rising, formed into rings. They were magicaly exact, thinning into hoops a hand wide but of
thicknesslessthan alittle finger.

Toroids, she remembered from high school geometry. A fat one was like adoughnut. She floated thirty
feet down, utterly relaxed, and watched the floppy bubbles shape themsalves into beautiful rings, order
emerging from chaos, another of natures miracles.

Like now: another doughnut of fiercefires, dying. Theions escaped down amagnetic gullet that became
athroat, shaping the plasmainto aferociousfire that jetted out the back. The doughnut died, crumpled
magnetic field lines sagging. Another torus, she remembered from Hawaii, seeing them shape magicaly
into toroids, into rings. Nature found so many uses for the same geometries.,

Tending the 'bots was not so romantic. When she switched theimmersion pod to the 'bot world, she
sensed the moving, momentary minds of the working 'bots. Those methodica programs puzzled over
their driver problems, moving flanges and lifting hatches and turning tools-all to do the myriad minor jobs
agiant needed. But a proper ship 'bot worked asasmple Al, al done below consciousness, please-like
digestion and excretion, not suitable subjects for meaningful discourse.

They spent days on the litany of the big, complex ship-maintenance, maintenance, maintenance-before
attempting any new mission. Days later, when Juliagot back to their quarters, frazzed out, therewas a
vid tagged Personal from Axelrod.

She watched it with Viktor. Axelrod came on splendidly dressed, probably after some big corporate
to-do. His suit was artfully formfitting, concealing the bulgesthat lower lunar gravity seemed to ordain,
especidly around the middle. But his smile was sunny, and she knew the look from experience.
Sdf-satisfaction beamed forth, confidence radiating, and as he spoke, hisvoice fairly bubbled with gurgly
chuckles. Histeeth were perfect, and his smile broadened even further at the end of sentences, stretching
asif the amile were shooting its cuffs.

"I think it'sjust greet that you're following your nose out there," he said grandly. "Find out how those
Darksiders get made! We can use every scrap of detail. Take samples! Hell, take Darksiders! | told
Shannayou'd be there to take them in charge.”

"What?' Julia shot back to the screen. "We haven't even seen the damn things yet!”



"Maybe take wholeiceteroid,” Viktor said sardonically.

"I've just been at ameeting of our backers, and they're 100 percent behind you. Take every precaution,
of course'-he beamed-"but take every opportunity, too!"

"Doesredly think we need pep tak?'

Julianodded. "It'sal he can do. For executives you can't just do nothing but wait. Not alowed.”
Viktor curled hislipsin aknot and turned off thevid. "For thisl, too, can wait. Until we are done.”
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ICETEROID

Their nozzles burning soft and pale at low drive levels, the two long cylinders swooped down toward the
palegray iceteroid.

The astro folks Earthside said there were over forty thousand iceteroids like this out in the dark, at least.
Pluto wasn't redlly a planet, they said, just the biggest of these " cometoids’ that others wanted to call
Plutinos-so maybe it wasn't surprising that there was one fairly near the nose of the bow shock. Still, it
was suspicious, because the blocky body looked odd. They expected the usua dirty-gray ice, but it was
adull green.

"Lotsof current in the plasmaaround us, too," Jordin reported.

"Reminds me of Pluto," Shannasaid, frowning. "Warmer than it should be-look, there's afunny brownish
haze around the thing. An amosphere!”

"Now, that's plain impossible," Jordin said. "A chunk of ice can't hold onto agasat dl.”
But it wasthere, al right. "Methane, the spectrum says," Jordin admitted.

"One other thing..."

"What? It's pretty thin stuff, not much of an atmosphere-"

"No, the spin." Shanna pointed. "It isnt."

The chunky, potato-shaped mass held steady on the screen. Jordin said, "Ummm ... maybeit'sreally
dow."

"No, been tracking it for hours. Zero spin. Never saw a naturd object that didn't have some.”

They camegliding in carefully, High Flyer on the other side, to provide maximum coverage of this
miniworld, which they had decided to call Iceball.

Shanna sent one of her bulky 'bots shuttling over to gingerly touch down. Proserpina had no need of
water-they had refueled on Pluto's glimmering ice fid ds-but Shanna wanted to seeif further cluesto the
zand could he here. The incoming Darksider machinesthat dropped on Pluto had to come from
somewhere, and |cebal was upstream of the currents from the bow shock. Somehow, al thisdiffuse
energy had to fit together.

High Flyer was deploying 'bot crews on the other side. Their teams set to, hauling out pipelinesto melt
ice and suck up water. Proserpina would havefirst crack at the science, then. Their spidery,



many-armed 'bots hit gingerly in the microgravity, snking anchor lines through the odd green-brown
splashesthat covered about haf the ground. They had dl crew available running 'bots, the comm air dive
with fretful crosstalk. Jordin ran the chemica anayzer 'bots, Shannathe patrol 'bots. Her point-of-view
choice was a'bot that didn't anchor, jetting instead over the visibly curved, bumpy surface. Bird 'bot, she

thought.
"Y'know, thisis damned strange,” Jordin said on comm from his control pod.

"Tell me about it." Shanna's 'bot had arced over abrown crest. Beyond stood a complex construction,
house-sized and spiky with contorted flanges, tubes, valves, chutes, and prongs like abig arc-welder rig.
"Got an artifact here."

"A Darksder?'
"Maybe the factory that made them."
"A working factory?'

"| can see parts moving. Some dust in a column, spinning around. Purple sparks, too, jumping around
ingde the column. There are pipes, trangparent pipes. With fluids pumping through them-liquids | can see
shining by their own light.”

Jordin said, "Wow. Me, I'm getting boring readings on methane and anmonia and-wait, looks like maybe
complex organicsin the stew here, too."

"Y'know what | think? Thisis somebody's workshop."
"Like Pluto, you mean. Y eah. Sureaint naturd.”

"Hey, the fluids are anvfully bright. | wonder if they're-well, metds? In somekind of plasmadischarge, not
solid-but metds, yes."

Jordin's doubtful tone was clear even over the raspy comm. ™Y ou got spectra?’

"Here." She shot the data over and was gratified when, in lessthan aminute, hereplied, "Y ep, there's
iron and nickel and copper. Uranium, too."

"So it'swhat, a plasmafoundry?’
"Y eah. Here, where ambient's, lemme see-wow!-46 Kelvin!"
"And we thought we were engineers.”

Shannawatched as ascoop dowly descended from the porcupine-like structure. With ahuge claw it
scooped up materia from atray and deposited the man-sized pile in ahopper. Something sucked the
materid into acylinder, and some actinic flashes came from the studded walls of it. Then the tray began
moving awvay oninvishblejets, lifting and sailing over the horizon.

Shannamade her 'bot lift some dirty ice ameter and let go. Theice took an eerie minute to fdl, straight
down. "Y'know, the zero spin makes sense. Moving something takes nearly nothing, and it's easy to get it
to drop where you want, when ther€'s no rotation to mess you up.”

"Easy if you're amachine cdibrated that low, yeah," Jordin said. "Not easy for our 1-g reflexes.”

"This'-in an ingtant she was sure of it-"this must be where the Darksiders get made.”



"Yeah?' Dishdief colored Jordin's voice. He sent his'bot scooting after the loaded tray. Spindly and light
and ashig asit was, it gill moved well. "Let's see.”

From the 'bot point of view the gray ice shot by below. Small gas bursts dtered its straight-line path to
curve around the close horizon. Jordin was hard put to keep the tray-flyer in view. Theice herewas
crusty, spattered with brown. Then something new bulked up, large, atangled structure rising over the
horizon'sicy rim. Columns of moving, e ectric-blue dust whirled in the vacuum, somehow confined. They
passed through the dark struts and corridors of the-Well, Shannathought, might aswell call it a
factory; it sure looks like one-and dectric-green arcs flashed every few seconds, sending weird
shadows stretching across the plain and up through the twisted towers above.

"Look there," Jordin said.

Theflying tray had disappeared somewhereinto the labyrinth. On the dirty ground at the factory's edge
stood haf adozen congructions, in various stages of assembly. Small machines worked over them. "I'll
bet when they'refinished, they'll be Darksiders."

"No bet-good cdl." They watched slently as myriad smal machines prowled the strange, shadowy
gructure,

One passed nearby, and Jordin did aquick spectral scan. "I wondered how they handled seeing. Those
big eyes are calcium carbonate.”

Juliacamein, voicefant. "Can't be. That'sthe stuff of thewhite cliffs of Dover. Biologica."

Shannamade a superior smirk. "Plenty of nonbio chemica waysto makeit, though. Trilobite eyeswere
made of it, 400 million years ago. There's atrangparent, crystaline form, and the trilobites used that-a
unique invention, never duplicated later. So somebody designed these to use calcite crystals. Maybe they
work better at redly low temperatures.”

Julids voice was etched in doubt. "Oh? Never heard that."

Jordin seemed to sense the edgy tension rising, and said quickly, " So trilobites and these things could
both give you astony stare, huh?'

The women laughed, maybe alittle too much.

They got to work, taking pictures and working their way through the complex. Shannaliked immersing
hersdf in the shadowy lanes and weird worked architectures, losing hersdf to the strangeness of it. Ice
crunching, the 'bot's clanking. An hour went by without her noticing it, in part because their link to Julia
dropped out and she could work without always thinking about the other woman. But then-

"Hey down there!” 1t was Juliaon comm. "Werein good range again.”

"Cant tak much,” Shannasaid. "We're watching the natives." She sent acam-view attachment on a
Sdeband and was gratified to hear Julia's gasp.

"What are they?" Juliawhispered.
"Minions," Jordin whispered back. "1 aways wanted to use that word, and these sure seem to fit."
"Minions of what?"

"The magnetic beadts, I'll bet,” Shannasaid. " Certainly not the other way around. Ever sncel saw my



first zand, | was sureit couldn't be naturd. | mean, couldn't have arisen and evolved on Pluto.”

Jordin made his 'bot extend atoal, effectively pointing to ateam of three small devicesthat skimmed out
from the edifice, over theice, and then swarmed around a partialy finished Darksder. "Right, no way.
There's not the complexity of anatura biogphere. No pyramid of life, nothing. Just raw materiasand ...
mechines

"Ummm,” Juliasaid. "Like abiosphere designed by something that didn't know the steps?

"Or wanted to cut to the chase," Shannasaid.

"Something inahurry," Jordin said. His breath came fast over the comm, but hisvoice wascam.
"Now the diplomacy begins" Shannasaid. "We're on the ground, might aswell introduce oursalves.”
"Think they'll notice?" Jordin asked quietly. "They've sureignored usso far.”

"Look," duliasaid, "ants crawling across your desk don't know they're interrupting a superior being
reading e-mail. They don't noticeyou at al."

Shanna nodded. " So we use something they will notice."
Julia asked, "What? We don't-"

"We hauled it al the way from Pluto, and it's been itching to get out. Let's deploy that Darksider |
caught.”

20
TOROIDS

FORCEFUL HURT. | should be grateful... He paused to summon energies. ... that | did not suffer more
... Diminishment.

Y ou were brave, Ring sent. Gallant!

| was damaged, Forceful sent sourly. And they both got away.

Not far, Sunless said. They are within the outer skirts of my own body now.

They are at the Orb? Ingtigator asked with darm.

Very near, yes, Sunlesssaid. | did not think that significant, compared with Forceful'slosses.

Never mind Diminishment, even if suffered from such motes asthese, Ingtigator said. Quick, what are
they doing?

Nothing, Sunless said. Drifting. Their fires burned low and now are out. They hang like the dead beside
the Orb.

They are atacking my experiments Ingtigator sent.

We must converge, Recorder sent to al. This series of incidents strongly suggests that we are suffering an
incurgon from life-formswho wish us no good.

But the two fire-breathers together! How- Sunless cried.



Wewill surround them. Forceful sent weakly but with acam ruthlessness. With our fields
concentrated-intermingled-we may be able to apply enough pressure to gutter them out.

Y ouwish revenge, Chill said carefully.

Who would not? Forceful's voice was fading.

Very well, Recorder said, signaling an end to discussion. Together, now-
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WANJNA

Juliatook along break from the 'bot-controlling job and walked to her private preserve. The water
collection went on, most of the crew running the 'bots ... and she needed to think. There was something
brewing here, events moving too fast, and she needed to be centered to fathom it. She shut out her ship's
eternal hum and concentrated.

The diding sheets of water again caught the projected scenes she had not seen in person now for
decades. One of the obliging, scanty comforts of Mars had been its sometimes eerie Smilarity to the great
red interior of Australia, where she grew up.

So she caled up in the wals around her the abrupt scarps of sandstone in Audtrdia, the lashing rains
pouring over them, and shortly after, the scorching summer turning the rock to furnace hedt. Y et the
grand rocks looked redder after the rare rains, standing out in sunsets against lush grasses as wide swags
of pearly cloud hung over the flood-plain. In the northwest she had once seen wall paintings of spiritua
beings, Wanjina, with huge eyes and no mouths-beingswho saw al but judged nothing.

The memory cameto her abruptly. The human legends of higher creatures who saw all but judged
nothing-yes. The pressing human need, embodied in legends of goblins and angels and golems and trolls
and faeries and so many-the need to find another voicein thisindifferent universe.

Wasit so demented? Pethetic?

And now herewasthe possbility.

But how to talk?

She remembered a classic story from Kyoto lore.

Two men wer e watching a beautiful pool and the koi fish that swam just below its calm, clear
surface.

"The fish are happy," said one man.

The other asked, "How can you possibly know?"
"How can you know if | know?"

"How can you know | cannot?"

"That is not the point,” the fish said.

So how to think about this?



Expect the unexpected.

Sighing, she left the security of her personal space and trudged out into the command deck. Viktor was
there, dedling with details astheir complex sensorium sampled and delved and fidgeted with the immense
landscape presented by the panoply of sensors High Flyer carried. The new software gave them a
holigtic view of things never glimpsed by the human eye: magnetic fidds, plasmafluxes, the dow clash of
pressures and shock waves at the boundary of Things Solar and Things Stellar. Humans had evolved in
theflat dry plains of Africa, and their sensory inputs (to use acomputer freek's terms) were of ablithe
Eudlidian geometry in obliging finite gpaces, flat planes, and simple forms. Human eyes were not made for
the surge and suck of such three-dimensiona turbulence. But they tried.

Instead of talking, that blunt medium, she smply embraced him.
Took him to bed. Made love and made it matter.
Thereisdways something ultimately fatal about sex. How did that poem go...?
What use to rise and rise?

Rise a man a thousand mornings

Yet down at last helies,

And then the man iswise.

But it doesn't have to be so, she redlized.

Something clicked.

"I'vegot it!" shesad.

"| thought you just had,” Viktor said, lounging, grinning.

"No, not that-1 mean | understand.”

He snorted. "Having done experiment, we now get theory?*

"No, the magnetic things, creatures, whatever. They can reconnect their field lines, the way the Earth's
magnetic fields do after they've been battered by a solar windstorm. They can rebuild! So they don't have
todie"

"Everything dies. Isevolution.”

"Not evolution out here! They don't have to die. Imagine a cregture that from the very beginning,
however they first were born, had the gbility to tailor its cdlls, its basic units.”

He blinked. "Animals do not know they will die-isamost definition of animd, right?*

"Animas, yes. And maybe that's the big difference between us and these things. We fought them off. But
to them thismay have just been amaneuver, atemporary loss-nothing realy important.”

"| thought the scans showed that we wasted the magnetic bastards.”

"No, just that some of their field structures-those arcades and archipel agoes, remember?-they glowed
and seethed and then-zap! - they were gone.”



"We maybe killed them+-it-whatever. Da."

"No, we didn't. Damaged but not dead."

"So thisstuff | see on dl the screens, closing in on us-it'sthe same things? The Beings?!

"Creatures, yes. And they know what happened, they were there. We can negotiate with them.”
"They seem not interested in negotiation.”

"That first appearancein the ship, it seemed to want to connect with us. It mirrored my movements.”
"Second time, though-"

"Maybe that was amistake, amisca culation. How could they understand what is dangerousto us and
what isn't? They don't even have solid bodies! Electrica discharges sustain lifeto them.”

"We can kill them with plasma? Disrupt their ectromagnetic fields maybe.”
"But they won't be dead! So to them dl lifeisanegotiation, 'cause they never die”
"All measures are temporary?' He wrinkled hisforehead.

"Inaway we can't ever know, yeah. Everything's temporary. Like the weather. The only thing that ever
lagtsisthem.”

Viktor arched his heavy black eyebrows, bemused. "Interesting theory, m'dear. Makes our job out here
maybe easier, though.”

Hiswords jerked her out of her gauzy speculations. "What?"

"Bow shock coming closer and closer, and these things may be the cause. And we cannot hope to kil
them.”

She nodded. "But they have killed one of us.”

"We have ajob to do, and if we keep letting them damage us..."

Juliasighed. "We haveto let them know that we mean business? | had hoped we could learn...”
"In way, makes communiceation job easer. We can damage them but not kill. So they learn.”
"Learnto ... fear us?'

"Maybe best to think of them as animas-who don't know about degth, either. But they can learnto
respect.”

She eyed him. The andogy to animas had apoint. "Veronique..."

Viktor frowned. "Da. We are smdll, they large. They may respect usif we can hurt them.”
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FREE RADICALS

"I'vegot it figured,” Jordin caled joyoudy. "I know what makes those lichen possible.”



Shannawas carefully maneuvering the captured Darksider toward the factory complex, using dight
shoves across the soft starlit plain. But she, too, had wondered at the puzzle of how anything managed to
live on adab of ice under lower illumination than aflashlight. "Oh? Al mein."

"My chem-sampler 'bot-it's fished up awhole soup of stuff, yeah- but the tdltaleis, thisicebdl isrich.”

"Um." The Darksider was twitching, but her 'bot had it in three claws and wasn't letting go. Whatever had
made Darksiders, it had little appreciation for gravity. Her 'bot, on the other hand, could maneuver ina
full Earth g if it had to. It was maybe a hundred times stronger than the Darksider, and she had to be
careful not to cave in the Darksider carapace with too swift amovement. The two machines scooted
dowly toward the spindly dark factory. "Uh, yeah?"

"It'sricher than Earthsde ocean water. See, thing is, thisiceball has been here in the dark many billions of
years, doing nothing but sopping up cosmic rays. Free energy. The high-energy cosmic raysbarrel into it
and create ionized atoms. On Earth it'swarm enough that they find each other right away and recombine.
Not here. Theradicals stay frozen, ready for the lichen stuff to eat.”

"Yummy." She brought the 'bot over the horizon, made it survey for suspicious movement, then went
ahead. None of the Darksiders parked in front of the factory showed any reaction.

Like most tech guys, Jordin took any vague murmur as encouragement. " So the smple molecules can
sometimesfind others, build up more complex stuff-just like in our ocean, only at 50 degrees Kelvin.
Amazing!"

She dowed and lowered the 'bot. A long moment of diding silence, only her own breath rasping in her
ears. No reaction from the lined-up Darksiders. So she let hers go. The captured 'bot settled to the
surface, taking afull minute during which Shanna concentrated for any sign of reaction among the others.
Jordin was talking organic chemistry, carbon and its many friends, her least favorite subject in university,
and it went right by her.

"Not only that, theice has plenty of uranium 235 init. Another energy stock. That'swhat this fungus stuff
we seeis doing-burrowing through the ice, collecting the U-235. Usesit for warmth, eats the organic
compounds left by the cosmic rays-it's awhole ecology. |ce worms crawl around and gobble up the

fungus”

"l don't see any gobbling going on,” Shanna said warily. Her Darksider was shuffling forward toward its
kin. "Thingsre pretty dow out here."

"Wdl, sure," Jordin said with undiminished enthusiasm. "Low temperatures-but |ots of time, maybe since
the galaxy formed 10 hillion years ago. Theturtle beats the hare-it's wonderful "

"Hey, they haven't beaten us yet."

The Darksider convention wasin dow motion. Herslifted one of its odd, X-shaped grapplers and
touched one of the others. A pae ydlow spark arced. Nobody moved. Then another spark, but thistime
from the other Darksider to hers. "And they look like they're communicating with jolts of eectricity.”

Thisinterested Jordin enough that he tapped into her bot sensorium. "Ummm, makes sense, kinda. So
damn cold here you have to give somebody a smack just to get thelr attention.”

Shannablinked. The Darksiders suddenly moved, forming acircle. They projected arrays of wires above
their "heads’-knobby tool assemblies, redly-and a sudden crackling cameinto her ears. "They're sending
something in microwaves," shesad. "A ... buzzing."



"Sure," Jordin said happily. "They're talking to their gods."

"What?" She got the sudden impression that her Darksider had sent a status report, and now al of them
were ... praying?"No, maybe just reporting in.”
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PLASMA DRAGONS

Forceful sad firmly, We mugt attack. These cold, solid thingswill cause us much damage if they suddenly
flareto life, spewing plasma.

Mirk added, When we are bunched together so, yes. We have not met thisway in how long? My
memory of such an event isin long-duration storage, and Sow to revive.

Too long, by my measure, Recorder said. But | know-nearly one galactic rotation.

Solong! Ring responded quickly, sSinceit was so nearby. | can fed the strumsof usall, our digestive
juicesflowing, our dim internd murmurs.

But wait! Ingtigator caled. | have touched my experiment. It callsto me. One of my emissariesto the
Large Cold Place has returned-brought by those solids!

Impossible! Ring derided.

Instigator sent reassurance underlain with perplexity. Not. | can sense them grouped. The emissary | sent
to adjust the life-forms there. To subtract what was not according to plan.

Ring shot back, But your theory of lifein the Hotsphereisthat it has no plan.
Ingtigator sent subtonics of admisson-with-riposte: | have dtered the life-forms abit.
To achieve quick results? Mirk sent ingnuatingly.

The Hotsphere began to bear smple life not long after our origin-or have you forgotten the last few
findings sent by Incursor? He had begun his own experiments with those forms. A great long age ago! |
did not wish to take such along time to gain some understanding.

Recorder said formally, We can review your work later. Now we meet a true antagonist-one you gave
us no warning of.

Ingtigator retorted, WWho could imagine that cold solids could spew out hot stuff-of-life?
Recorder spiked back, Y ou. Y ou were supposed to discover the potentias of solid life.

They awaited areply, but Ingtigator paused, puzzlement cregping into its emisson. The mechnicasl
formed, devel oped-they signa me. To report strange things. Thereis one of the several-spoked things
near them.

Dusk ventured, They are ... studying us?
Through Indigator'sinventions, Sunless said. How symmetric.
How so? Recorder asked.

We were persuaded long ago to let Instigator proceed to study the Hot by making actua solid



manifestations. Tools. Now they study usthrough our own tools. The severa-spoked things-do they look
like our tools?

Instigator answered, No, not at al.

Then the several-spoked are tools, too, | would wager. Sunless bore down upon the point. Symmetric.
Then thelarge solids that burned poor Chill and Forceful ? Recorder pressed. Wheat are they?

They must be the true intelligences. They are plasmadragons!

A tremor swept through them al, detected asfast ripplesin the bas ¢ background magnetic field. The
gpatter of thisfizzy noise sobered them.

That isan old, discredited legend, Recorder said primly.
These areredl! Forceful indsted. They spit plasma of a hardness and sting we have not known.

That does not mean they are the ancient dragons. | firmly believe the conventiona wisdom of the far
voices. Dragons were descended from amongrel form of sun, dight and bristly and aways angry at the
other suns because of their far greater Size. Those explode in wrath, leaving only the dragons. Then the
dragons spit and fume and damage such as us-who never did anything to astar, and surely are the very
children of the suns.

Ingtigator said mildly, hoping to calm them al, The plasma dragons these might be, but they are small. We
can overwhelm them.

Y es! Forceful seized upon the moment. Let us!
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CREATURESASGAUZY ASLACE

"They're coming!" Jordin cdled. "Thebig guysfor sure. Lots of strong magnetic waves on the ship
antennas.”

Shannawas watching the 'bots maneuver on dirty ice. "Damn! | want to see what they do next.”
"L ook, the Beings made those."
"Sure, but we can see the Darksiders.”

"Darksidersve caled down their makers, I'll bet." Jordin was agitated. He pulled out of his sensorium
hood and said directly to her, ameter away, "Wed better tuck in, and pronto.”

"Okay." Shannajerked her head out of the confines of the sensorium hood and looked around. In the
mild, air-conditioned deck nothing seemed awry. Y et she knew huge things were coming, creatures as
gauzy aslace but asdeadly asaviper. "What'll we-"

The deck shook. Circuitsin thewal fizzed with overload currents.
"Julid" shecdled. "What're you-"

"It'sdamming usaround. Hard." Julia's voice over comm had lost her usua calm, Great Lady of Space
tone. That alone shook Shanna. "Weve got to damage these damned thingd!”



"Damage?’ Shannafelt aquick burst of irritation. She had felt that way, sure, but-"They're trying to
communicate! | think they're monitoring this Darksider, learning from it. Even Veronique's deeth, that
might have been-"

"Y ou don't know any of this."
"I... cdl itintuition."

Julidstonewas coal. "1 felt the same way as you, but we must remember. They've done us damage,
invaded a ship. They're quite probably behind the bow shock that's moving in. Viktor has convinced me
that we have to put our misson firg."

You never know what goes on inside a marriage ... "We don't know that they're behind the bow
shock phenomenon.” Shannastruggled to keep thiscivil.

"We can't kill them, | think. They'vekilled one of us. We have to make a show of force."

"| don't agree.”

"We're under orders from Earthside to stop the bow shock from moving farther in, if I-we-possibly can.”
"Thanksfor adding the ‘we,' Cap'n."

"Whét'sthat mean?’

"Sarcasm isjust one more service we offer out here-to newcomers.”

Julias voice was suddenly tight, controlled. " Captain, you will assst us. High Flyer has overal command
of thisexpedition.”

"Don't remind me."
"And Viktor agreeswith me."
"I'm so surprised.”

Juliaignored thisgibe. "1 want usto coordinate our thrust vectors. To bring our exhaust plumesto bear
on the same volume of gpace. That should maximize-"

"Weve got to talk to them. | damn well didn't spend ayear on Pluto to see you just comein and-"

"You will comply, Captain. Switch on your full screens-| noticed from your internals that you've been too
busy arguing with meto tend to business-and run the new software we got from Earthside. The
sgnd-to-noise enhancer. So you can envision the magnetic structures.”

"Wevegot it up, sure.” Shannafrowned. "Why, what's-"
"So well know where were shooting.”

Shanna sucked in adry breath, made hersdlf breathe out-calm, calm-and nodded to the rest of the
crew. Their eyeswere white.

Jordin muttered under his breath and sprang to the centra position on the bridge. They both strapped in
as other crew dashed to their stations. Shanna watched the screens anxioudy asthe ship rattled and
cresked with stresses.



Jordin and Mary Kay got the full software running, cdibrated. Shanna studied the images. Was ulia
right? She sensed the hand of Viktor in this shift.

On the screens the fluxes whirled and merged, mere digital analogs of aredity no human eye could
grasp-beings bigger than continents, sweeping in on them like furious tornadoes with agrudge. Or were
they? Shefdt them al swept forward, emissariesin acollison of beingsthat neither side could have
foreseen. And | thought the zand were exotic!

Pluto had been alot easier.
25
SMOKE RINGS

JULIA FELT HER SHIP shudder. Considering itsimmense length and mass, this spoke powerfully of
the net pressure even afilmy, lacelikefiligree of magnetic field could exert.

"Let'sgo!" she ordered Viktor. " Give them some prop wash.”

High Flyer surged onward, arelentless kick in the pants, accelerating on jetting coils of fresh, snarling
plasma The mottled iceball fell awvay. Far off, Proserpina, too, flared and followed. Between them
snaked forth bright electron beams, marked by their gauzy radiance where they excited the clotted
hydrogen that backed up from the raging bow shock. Starlight sprinkled the ship as aurord fires danced
adongitsflanks. Energies born of magnetic fields pressed at them.

"I'm getting alot of that same low-frequency hash,” Viktor said.
"The high-power stuff that sarted al this?!
"Da, issame." Helooked sgnificantly at her. "Y our creatures.”

"Hey, they're not mine." Though she had to admit to herself that she didn't want to kill them.
Stll-"They're drawingin close?

"I'm not getting agood image." Viktor thumbed over to the Proserpina link. "Send latest, eh, Jordin?"

Their screens brimmed with twisting shapes-dow, smooth. Juliahad learned to make out structuresin the
shifting magnetic topo maps, like looking down on hillsthat kept moving around, growing taller or
shorter, restless blobs. "Bunching up at our tail, lookslike" Juliasaid.

"Timeto spring trap?'

Juliawondered. Poking them with the fusion drive'slance might just get more of her crew killed. She
doubted that anything could dismember such moving mountain-sized thingsfor long. She caled out,
"Shannal Come dongside uswell have to use both torches.”

"Min€esalot less cutting than yours," Shanna sent back. They were both gunning it and weaving together
in programmed dodges, to throw off their pursuers. But flies can't dodge trucks, as many windshields
have proved. Julia could see big bunched masses of high magnetic fields converging on both ships.

"Let's get closetogether, then turn our thrust at the maximum field points,” Juliasaid.

Theideaof dueling with such beasties was laughable, and both their ships were like lumbering tank ships.
But Viktor sent High Flyer into along curve toward Proserpina.



"Punch that way!" Shannacaled. "DIS-navigation override: DEC 48, RA 23."
They seared the sky together.

Fuming, the magnetic whorls backed away. But the ships could perform this gravity-free gavotte only so
long-then their plumes drove them apart. Long minutesticked by as both crews watched their screens.
Nobody moved, not even to get coffee. The magnetic stresses crept back in. Feelersfilled the spaces.

"Damn!" Viktor said.

"We can't do thisforever," Juliasaid.

"They'll figure out anew trick,” Shannasaid. "Thisisther turf."

Juliatook along breath of the ship'sdry air, smelling the swesty fear around her. Nobody spoke.

She had to get them out of thistrap, thisendless cycle of violence and terror. "That is not the point,”
the fish said.

"Y es, but how to break the..." She pursed her lips. Some problems just curve back in upon
themselves, and that is the only solution.

Wasthat it? The figure that curves upon itself.

Shesaid to Viktor, "The fusion equilibrium, it'satorus, right?"

He was busy, and hisfingers danced in usdless, fretful patterns. "Isworking fine, don't worry."
"Can you clean the system now?" she pressed him.

"What?" he sputtered. "We do that only to go to shutdown.”

"I know. Y ou pulse the top magnetic fields, force the toroid down through the magnetic nozzle."
"But only to finish the burn!™

"Doit."

"What?' Dishdlief.

"Now."

He peered at her for along moment. "It is our defense, the exhaust-"

"They gave usahumanlike figure. We could show them something like themselves. It'sal weve got.”
"But the danger! Will take timeto reconfigure the drive, Sabilize-"

"Now. Please."

It took more long minutes, but he did it. The great circulating doughnut shape squeezed downward,
hesting further as it compressed through the knothol e of the curved magnetic nozzle, and popped free.

It was hotter than the ordinary exhaust and brimmed with fresh virulence, burning saturation holesin their
aft view screens. The doughnut expanded, cooled, and traceriesworked aong its dick surface. All this
they witnessed on the same grid display that showed the magnetic structures. The toroid was smadll, tiny



compared with the Beings. But it grew. Dimmed, cooled, but swelled asits magnetic field linestried to
graighten out. The plasmaingde cooled, recombined, gave off aflash of bluelight.

Shannacdled, "What the hell isthis?’

"Cdculated risk." Juliasad it forcefully, but she was suddenly full of doubts. She had acted on impulse,
on ahunch. She had done that on Mars before, and it had worked. But here...

She whispered, "Viktor, better start building afresh toroid.”

"I will haveto reset the induction coils, prime the Marshdl guns-"

"Please, yes. In casewe haveto ... well, run for it."

Shannasaid, "Y ou sureflip-flop. | thought you were the one who wanted to zap them.”
"I, we, do-but something I remember..."

Then the screens brimmed again with furious activity. In the whorls of magnetic turbulence she saw again
aspinning, spitting torus-the shape she remembered from Hawaii, when she had blown bubbles and seen
them shape magicdly into airy toroids; in the core of her own fusion rocket, the magnetic torus that
kindled ions-a geometry so sought by nature that it appeared in vastly different places. Now it condensed
into an immense, wobbly doughnut shape. Both ships speared through the hole of it.

"Like anoosethat can choke us,” Viktor said sourly. He turned back to work on reboosting their fusion
core.

"Or..." Jlialet theword hang inthetense air.
"Thetoroid,” Shannasaid. "They're making themsalves, dl of them, into one huge-"
"They're echoing us," Jordin whispered.

Juliawatched the giant tructure form, a curve thousands of kilometers long. Capable of pressing against
their ships, yes. Or doing another job?

"They echoed our human shapes.”
"And killed Veronique." Shannas lips pressed so thin they turned white.

"Yes... dill..." Juliawas guessing, but it felt right, and she had learned to shoot such rapids with no
quam. "Now they're echoing our fusion doughnut. But it's their shape aswell thistime. So they know
thereis some sort of basic kinship between us. A love of geometry- particularly of geometry that works.”

Viktor laughed dryly. "Euclid would be pleased. Hislanguage!"

A cdl from Mary Kay interrupted. "Weve gotten low-frequency communication from somebody. Big
wavetrain. DIS put Wiseguy to work onit." She paused. "High Flyer, are you getting it, too?"

"Yeah, big amplitude.

Long, coasting minutes ... Mary Kay said, "They say they'll withdraw abit. Want to speak among
themsdlves."

Juliashrugged. "I wonder if we can eavesdrop?’ Viktor nodded.



Mary Kay said, "They've put up some sort of ... well, screen. A blob of plasma, wrapped around us.
Both ships”

Shanna sent, "We're seeing that, too. Wow, it'sbuilding in dengity."”

Jordin came on. "Maybe that's to give them some privacy. If they talk to each other in low frequencies, it
won't come through that blob because the plasma frequency is higher. Just like Earth'sionosphere- we
can't receive low-frequency stuff through that, either.”

Viktor said, "How long they want talk?"

Mary Kay sad, "There's a phrase here, Wiseguy just delivered. 'Half period of small world." What's
thet?'

Viktor said, "Hopeis not orbital period-that's centuries. Must mean rotation-few days.”
"Well, at least it buysustime.” Juliashrugged. "L et Eathsde worry for awhile.”

At dinner they durped up the meaty stew ravenoudy and crawled into bed. Juliawas exhausted. More
like completely drained. Looking at Viktor, she could tell that he was, too.

"I wonder if the Beings degp?’ she asked, yawning.
"No reason. No day or night out here. So they talk for next few days. About us."
"Thingis," shesaid, "l can till do ahard day, maybe two in arow, but then I've got to recoup.”

Viktor grunted assent. "Not youngsters anymore, the two of us. Wish for more of Mars Effect. But
remember motto: age and cunning can defeat youth and strength anytime.”

She drained the last of her hot cocoa and snuggled down into the covers. "Unfortunately we're on the
same S de as the youth and strength brigade. We're supposed to cooperate with them.”

Viktor waslooking blearily at alaptop screen. " Speaking of which, we got urgent message from Praknor.
Too busy earliertolook at it."

Thelast thing Juliaheard before dipping into blacknesswas Viktor's quizzica tone. "Big things happening
on Mars, sametime ashere.”

PART IV
COSMIC UNREST

It appears that the radical element responsible for the continuing thread of cosmic unrest isthe
magnetic field. What, then, isa magnetic field ... that, like a biological form, is able to reproduce
itself and carry on an active life in the general outflow of starlight, and from there alter the
behaviour of stars and galaxies?

-Eugene Parker,

Cosmical Magnetic Fields
1
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Both ships had to wait weeks, through long and sometimes tedious trand ations, to discover the truth-or
at leest averson of it.

Asdtronauts are obvioudy not ambassadors, nor are they expertsin linguistics. But they made do.

Sowly the complexity of Being society emerged-often through misunderstandings. Wiseguy
groused-unusudly vexed, but then, it was atruly advanced self-learning program-that matters were made
more difficult by the Beings habit of using no particular word order in clauses that made up conditiona
statements. Everything seemed to depend on everything else, so a sentence could mix up word order,
and yet to the Beings it meant the same thing.

Perhaps this came from their having no sharp boundaries, so flow and flux were the basics of life, not
barriers. Some human senses are like this: we fed that metas are cool even if they're aswarm asthe
room, because we sense the rate of heat |oss, not the temperature itsdlf. Y et the Beings could count.
They knew basic arithmetic and were whizzes with an intuitive fed for calculus, particularly integras. For
gigayearsthey had been integrating fluxesthat nourished them.

Only aminority of them were interested in the Hotness, which seemed to mean the realm of planetsand
sun. Most were engaged in conversations or works that even the Beings could ill describe. Wiseguy
findly gave up trying to trandate into human terms, though the closest gpproximation seemed to be "the
Long Dance."

So with plenty of Earthside computationd help, they let Wiseguy assume arolein the didogue, one that
Dr. Jensen christened "Gofer to the Beings'-with only dight irony. Wiseguy's orders were to focus on the
bow shock problem.

"Got acdl infrom Shanna," Juliaheard in her headphones, from the watch officer, Doug Killings.
"Forwarding."

Juliasighed. Shewastrying to keep their shipsworking together well, but Shannawasn't making it easy.
When Shanna came on, she started right in: "'I'm picking up alot of movement from some of those
Beings, the oneswho pulled farther out.”

"So0?" Juliawastrying to thread her way through alot of Wiseguy results and did not like her
concentration broken.

"Ukizi broke the Dopplers down. There's some spikes, looks like smdll, fast things.”
"Um. So?'

"Well, anything new makes me recdl what happened before. Veronique.”

Juliasad giffly, "Shewasin my crew. I'll take respongibility.”

"Not what | meant. Bewarned, isdl.”

"Roger. Out." The old pilot-spacer jargon worked well if you wanted to be abrupt.

Juliasighed with relief. Back to Wiseguy. Wow, was this dense stuff. The program's most probable
interpretation was that the Beings were not ingtigators of the bow shock intrusion-even though one of
them went by that name and seemed to have earned it. Ingtigator had started the whol e agenda of
duplicating "hot" life on Fluto.

Earthside had aconsensus theory for the Beings, garnered both from Being talk and from their



movements. Whole teams had followed the gusher of data the two ships had sent back, and applied vast
computer resources. From that trove they had tracked the Beings movements using the High Flyer and
Proserpina radars. With more intricate work Earthside had outlined them and picked up features of their
geometry, al seen by their plasmawave emissons. These last sounded in audio like fizzing howls played
against a basso background.

Legionsof "experts' (whatever that meant) had profiled from thislode. The Beings, they thought, were
opportunists. Every now and then, the Beings said, clots and clouds drifting in the realm between the
stars would wander into the path of the Hotness, which apparently meant the sun. Those big clouds had
increased density and mass and smacked into the prow of the solar system. For a"short while'-which
seemed to mean centuries-the interstellar wilderness where the Beings thrived would pressinward. Most
Beings avoided that turbulent zone. But thisloca group relished the chance to feast on an enhanced
Cascade-their harvesting of incoming energy.

So they ventured inward. And fed. And ingtigated.

It was not clear why. Certainly the turbulent zone where the solar wind met the interstellar plasmawas
ripe with energy. And asthat boundary, the "heliopause,” bulged in, forced by the increased interstel lar
pressure, the Beings moved with it.

Perfectly naturd, follow the food. But why the Pluto experiment? Juliafelt that they were just born
curious. Maybe that was a universal, too, among intelligent crestures. Perhaps curiosity was how they got
smart.

Shanna, in her role of discoverer of Plutonian life, thought there was some ancient driver. She asked
Wiseguy to scan carefully the Beings word choices, for termslike "ancient,” "epoch,” "age span,” "eon.”
"| think they want to find out where they came from," she had said. "Which seemsto be 'the Fount,’

whatever that is”

"Somewherein the solar system?" Viktor had scowled doubtfully at Shanna's screen image.
"That'swhat they say-I think. These codesin Wiseguy aren't perfect.”

"Unlike her," Viktor said out of range of the microphones.

The codeswere fast but blunt, yes, but in time they served. Onething was clear: the Beings seemed
troubled. Some of their party had departed in arage. These Earthside had identified by their "color"-
low-frequency emissions, gpparently leakage from their interior thoughts. The Beings left behind kept up
arunning debate-on which High Flyer and Proserpina eavesdropped, with Earthside'slegions
kibitzing-about what to do. Some felt they should break off contact because it was dangerous, new,
frightening. New opinions camein daily, from Beings so distant that the light travel time was just getting to
them.

Thiswas another clue that the Beings had an ornately complex society, which one might well expect,
given that their apparent age was 3 or 4 billion years. This Wiseguy eavesdropped from conversations,
their time scale used as a unit circuits of the sun around the galaxy, which is about 250 million years. Not
much younger than the sunitself. And at least one, called Recorder, said it had been around back then.

This conclusion had taken awhile to check and even longer to get used to. They had invited Shannaand
some of her crew for adiscussion of it.

"Cannot be creatures who liveforever," Viktor maintained.



Shannaand Julia agreed, which surprised them both-brows furrowed, eyes carefully not looking at each
other-even though they were both biologigts. "Evolution aways trades off long-term traits against
short-term advantage," Shanna had said, her tone implying that she had not expected thisfrom Viktor.
"That'swhy we age."

Viktor had shaken his head. "We wear out, isal." He had sprained hisfoot the day before doing some
repair work and illustrated histhesis by limping across the dayroom deck.

Juliasaid helpfully, "Look at our hearts. They work fine for awhile, when werre mating and bringing up
children, but then they get clogged and fail.”

Viktor grinned. "1 know theory. But these Beings, they say they do not reproduce.”

Both the women biologists blinked &t this. How aBeing could arise without natural selection through
reproduction was amystery. Even beyond carbon-based molecules, the principles were supposed to be
universd. "Thisfeds pretty damned anti-Darwinian,” Shannacaled it, shaking her head.

"But they are here." Viktor grinned again.
"Mugt be they started off growing from some kernd," Juliaventured. "Their growth was sdected for."

"Um." Viktor was not convinced; his mouth twisted at both sides, in opposite directions. " So they get
smarter when get bigger? Or started smart?'

"Traitsevolve," Shannasaid, "they don't just pop out full-blown. Each step hasto give the organism some
incrementa advantage.”

"Oh?" Viktor shrugged. "Maybe Darwin not so universad.”

The biologists agreed to leave the theory for later. Viktor judged thisto be avictory, though it was
unclear for whom, and brought out some champagne he had hidden deep in the bowels of High Flyer.
"Hard timeslately," he observed. The sound of popping corks pleased everyone.

2
MASSISBRUTE

Forceful coiled itsdlf about ametallic dab of matter-gingerly, gingerly. The masstumbled in blackness,
glinting withice. Y et the Beings could sense its hardness, its dow-yiel ding mass.

Sunless sent, | wonder if thisact isagoodness.

Do not question now! We left because we are at the critical cusp time. Someone must act! Now help
me. Angrily Forceful intensified its magnetic fluxes near the tumbling mote. Arcs of spitting ions sprayed
the lump.

To Sunlessthis place was dready uncomfortably warm. They had abandoned the others, then followed
an arc around, to harvest energies near the Cascade. Then they converged, conversing softly, planning,
gathering their strengths. Plasma gnawed at their boundaries, irksome and itching. The Six spiraled near
each other restlesdy, some light-minutes away from the solid ships. Sunless and Forceful had broken of f
from the Eight as soon as the solids sent a confirming signd, the smal shape of atoroid-the basic form of
Banglife

Now there would follow some tedious and disagreeable exchange of sgnas-talk, talk, talk, endlesdy.



The Eight would debate the meaning of such motes knowing the toroid, and whether thisin some
elementad way meant that motes could attain the satus of Beings. Such ideas were too much for the Six.
They seethed with impatience.

Forceful had goneto the rest of the Six and made his case. If their goal of Outbounding was ever to
cometo pass, they would need the Eight. But Ingtigator had captured the attention of the Eight with its
dangerous experiments on the cold world. Now the vermin from the Hotness threatened them dll. The
case was clear: Wemust find away to destroy these tiny things and the machinesthey fly, Forceful
finished.

Dusk, now Forceful's new pair-partner, had necessarily gone dong, but remained quiet. Ring and Serene
were distant, pondering matters. Mirk, now paired with Sunless, was smilarly reluctant. Out of politeness
Forceful dragged aong the forlorn, shrunken Chill. Though Forceful had mentored Chill, Forceful bristled
with spires of pinched, angry energy asit towed the pae and withered, Diminished Chill. None could
bear to see the ragged shreds of murmuring plasmathat festered from Chill's boundaries, pathetic and
diseased.

Forceful asked them al with due formdity and quite politely: would they join in another attack?
No. Somehow the novety of the moment had shettered the Six.
But not Sunless and Forceful. Each seethed with rage, sending snarled traceries down their field lines.

Forceful spat as heworked. | have paid strict attention to that strange voice, the one that saysit speaks
for the cold ones, the Chemicas. Forceful had shaped itsdlf, cupping its speech to broadcast outward.
Those Beings farther out would hear hisfury song. Perhapsthey could be dliesin future. It seeksto blunt
the Cascade! Asksthe help of Beingsto push the Cascade outward. Arrogance! From tiny things.

From the outer reaches came a caming song. Do the Chemicals not realize that even they were governed
by the spirit, too? That we must live in balance with the naturd spring? That the Cascade is the source of
us, unquestionable? Surely even the dow, doppy surges of their bodies aso somehow capture some
whisper of thiswisdom.

Forceful fumed and did not deign to answer. It radiated afury pure and righteous.

Sunlessreplied in avoice studied and calm. They cometo injure us. It seemstheir way. Alien beyond
knowing.

Forceful continued to work but et no sign of thismix with itsradiations. His tone waslofty, in casethe
Eight heard. When | asked that voice of thetiny machines-so loud it is, but with no Being body
attached-to giveitslegends, it answered. Such fantases! The drooling fears of the young, before they
discern the scheme of life.

This provoked relieved mirth from the Six. Forceful dways knew how to shift discussonsinitsfavor,
winning with charm. He fumed, ripe with thoughts now, burning his stored reservesin hisfury. There
were dight signsthat they did fathom bits of higher truths. They had alegend about a Chemica pinned to
apiece of dead matter and alowed to die that way-Diminished to extinction! Apparently acommonplace
among Chemicals. Y et after thisfearsome | oss, the identity emerged from itsfull subtraction-to clam life
again. Such adesperate story! Elementary knowledge tells us that such things do not happen, of course.
But the existence of such an ancient story suggests how much they yearned to not be governed by their
own blunt, chemica ways.

Sunless knew to let Forceful talk. Now she did in with, Understandably. Extinction! Total subtraction!



Why do they persst in remaining Chemical at al?

They could bring doom to us, Forceful said. They can cut us and yet do not possess wisdom. Even their
legends are primitive.

Thesetiny things-why, then, do you play with them? Sunless said.

Wemust! | haveagrip onit. Forceful was not skilled at tiny operations, having long ago left that to the
likes of Crafter. Get another such. They have mass but no other useful property.

Thetwo Beingswere in essence flexing fields. Only in long-term memory did they have need for aredm,
tucked in deep indde themsdlves, for permanent fields that could hold memory for the ages. There, static
arrays held fixed their core persondities, built up over billions of years. External forces could destroy
these. Indeed, a Being named Thoughtful, legendary in wisdom, had been rendered stupid by apassing
shard of cold matter that diced through its central web of magnetically hoarded memory. Such amassas
the one Forceful now grasped, tugging it and dinging it about, uncertain but angry.

| can barely hold it, Forceful said. Matter struggles againgt- help me!

Sunless had gone looking for another such metalic, conducting fragment. They were uncommon, but over
her vast expanse she grasped several. She suspected that Forceful had been holding this one nearby
somehow, ready to use. Now was the time. Sunless gripped the shard with her own magnetic fields,
though it was dippery.

Stalks of current mingled between the two Beings. Fine sprays of atoms, dancing forever in buoyant
fidlds, clashed with eectronsto make a pinch. Together they snaked the fragment around in acircle,
caling to each other to achieve balance and heft. A luminescence sprang between them where energies
surged.

We must makeit gain velocity, Forceful said.
Itisso smdll-

These solid ships are hollow, and so they are soft. At high speeds this dense solid will pierce their hollow
packages.

| do not understand this physics, but if you so say ...
| will dedl with the mechanics.
Y es, yes, but the otherswill be angry if-

L et them be. Forceful swung the shard around roughly in hisfields, using to the full cold matter's natura
rgiection of their fields. Thismust bewhat it islike to have solid touch.

Areyou sure you understand these solid mechanics. | am afraid-
Do not fear! The solid creatures are weak. And small!
Massisbrute. It required powerful surges of currents, yet a ddlicate sense of timing.

With Sunlessto help he whipped the conducting rock around in alast surge, then loosed it-collgpsing his
fields at one sSide, |etting the mass escape. Toward the ships. Fast.

Let thetiny things ded with thisl Forceful sent with joy.



3
INCOMING
Chow-Lin saw it firgt. "Incoming, small object, seven klicks a second.”

Shannas head jerked up from the mid-deck worktable, where she was having coffee with Juliaand other
crew. "How big?'

"Maybe ... um, Sze of ahouse. Twenty meters across." He summoned a pixilated radar image on the big
screen. A rough, tumbling rock.

Juliawas acutely conscious of being aguest, not in control, and thisfroze her for amoment. A day had
passed in conversation with the Beings, and Juliafelt that she needed to confer with Proserpina’s crew,
and especidly Shanna. They had been holding fixed relative ship positions. Shanna had invited some of
the High Flyer crew to come across, mostly to bring Proserpina new supplies. They had barely begun.

"Damn!" Jordin sprang to the control board.

"It's dead straight targeted on us, too,” Chow-Lin said. "Accurate. Matched velocities. A couple hundred
klicks out and due here insde a couple minutes.”

Juliacalled to Wiseguy, " Get onto them! Those Beings! Ask what thisis."

DIS answered in aresonant baritone. "1 am mandated to respond to crew and Captain's orders, not to
vigting guests”

Juliasputtered. Shanna shot back, "Belay that, Wiseguy-ask them. Now!"

A long pause while Wiseguy worked and they al conferred. Then: "They believe thisact comesfroma...
faction. It isnot condoned by the mgority."

"Fine" Shannasaid swiftly, "but what can they do?'

Silence. Wiseguy wastaking, dl right, but the immensgity of these Beings now struck home. Thelight
trave timeto them-and through them-was minutes or more. Transmission time delay could be fatal now.

Jordin said, "1 doubt we can move these ships fast enough to dodge.”

Juliacdled Viktor, and he agreed. "Dodgeisimpossible-too much inertia, loaded with water in tanks.
But... let methink."

"Weve got less than two minutes to impact,” Chow-Lin said, ddliberately cam.

"Can we usethe exhaust againgt it?" Shannasaid.

"Worked on the Beings, but not on this," Viktor answered on comm. "It'sgot alot of mass.”
"Who'sit going to hit?" Juliademanded.

Franklin said, "High Flyer. Seventy-eight seconds."

Juliafroze. "Victor!" she cried. She was not looking at the radar images Chow-Lin had called up on the
big screen. She stared into empty space. "Can you use the drive against them?”

"Not muchtime" hesaid. "Drive cannot stop big solid thing."



"Then"
"Joke-when is wegpon not aweapon?'

Juliacried, "What are you-"

"Whenisaspacedrive." Viktor's voice came absolutdly flat and cam. "Am rotating.”
"What?' Juliaasked.

"Best to turn about axis." Viktor's voice was gill controlled. " Cannot singe, cannot dodge, can do the-is
French?-pirouette.”

The radar image showed the long mass of High Flyer turning about its center, Sde jetsflaring
white-bright and hard. Chow-Lin sharpened resolution, and it was huge, jagged.

Therock came by in an eyeblink. Just afew metersto the side of High Flyer.
They applauded and cheered. Viktor's cam, steady tone said, " Comes another."

Julids heart legped. The radar showed ahaf dozen more, all homing in on High Flyer, dl ashig as
houses-enough to stave in the big nuke and blow it into history. She watched the now spinning cylinder
of High Flyer torque and swerve, pulsing its aft nuke jet, soinning, agrand waltz set to the tune of
circumstance-and it worked. Nuggets of primordial metal and rock arced past and never struck, spinning
by in curves hut never hitting solid. One of them sheared off an aft antenna, but there were backups.

Plenty.

Wiseguy said camly, "I find urgent traffic at high frequencies. Thefocusis one called Forceful, the source
of these ... pellets, asthey cal them.”

Shannasaid, "They're as big as continents, so why not? Hicking goddamn spitbdls at us."
"And herésours,” Chow-Lin said tersdly.

Tumbling rocks, three of them. Fast spectroscopy showed them to be mostly iron.
"Good conductors,” Jordin said. "Eader for amagnetic dingshot to get agrip on.”

Proserpina was smaller and so easier to turn. Since the incoming bullets were from a single source, they
could make onerotation, to align the ship's cylinder with the rocks. Then they used attitude jets- magnetic
nozzles affixed to the larger exhaust nozzle-to push the ship sdeways.

It was touch and go. The burst of rocks came speeding in over atwenty-minute interval, tense seconds
ticking by as Proserpina surged and rumbled. Viktor had shown them how. He sent hoarse, quick
suggestions. Every hand fell to, doing caculations, checking on firing sequences. They bardly had timeto
suit up for possible decompression.

"Not that it'll make much difference,” Shannasaid. "If something that big hitsus, it'll take out entire
decks."

Here was where Shannadsing stence on maintenance paid off. High Flyer came under attack again. Both
shipswere dive with crosstalk.

Then it was over. No more salvos againgt either ship. They stood tensely and listened for radar pings.
Nothing.



Wiseguy said in the slence, "The Beings send signds of concern.”
It was not funny, but they al laughed.

Eveninacrigsthereis maintenance. Juliafound doing routine jobs calming, and in the hours after their
game of Dodgebal With Beings, she needed that. One of Julias tasks was regulating waste disposa. She
had actudly volunteered for it, recalling the first Mars expedition.

By the time they had reached Mars encounter, they had over aton of "human waste," which meant
mostly dung. Rather than use up fud landing it, Viktor wanted to dumpit.

The engineer, Raoul, had to do an EVA, anyway, to check out externas. First they had to blow the bolts
to free the centrifugal -gravity cable. Away flew the snaky line and the empty upper stage they had used
for the counterweight. They had watched the cylinder dwindle as the habitat abruptly went into zero
gravity. The crescent of Mars hung in the distance, its bright pink hues awel come touch of color after Sx
monthsin the dead black of space.

Raoul went out with Viktor, carrying ahundred kilos of trash they could leave to interplanetary orbit for a
few millennia. Juliaand Marc, their geologig, trained the two externd cameras on them. An estimated
100 million others were waiching in red time from Earthside.

Raoul's news from the Habitat Landing Modul€e€'s outside was good. No discernible damage to their
exterior, and the water patch they'd had to make looked as though it was holding well. Raoul put another
fresh layer on, hoping that would get them through the violence of aerobraking without another lesk. Even
if it didn't, fresh water was waiting at the landing site, manufactured by the Gusev chem plant.

But before the adventure could start, they had to dump the dung- aton of it. Juliahad pulsed the line
pressure in the waste system, pushing the solids farther into their plastic lining. Raoul and Viktor had to
pull it out, helping the pressure at the other end. She recalled easing up the pressure, nice and smooth...

And it had stuck. Juliawas doubly glad that Axelrod had vetoed live interior coverage of this part. The
externd cameraswould give their audience a striking view, and who wanted to see crew just staring at
dias? So had gone the argument.

So the subscribers did not get to watch Juliabreak out in a swest. Viktor's swearing did not help the
basc indignity of the moment, either, so the Consortium monitorsjust edited it out. Which meant that
Viktor said very little through the whole high drama.

They got it free after an hour of aggravating labor. Raoul had tied it off with a huge twigt-it. Grunting, the
two shoved it overboard. They pulled the gray plug straight out of the cylindrical waste tube, an
unpleasant analogy.

When Viktor did their burn to enter the upper atmosphere, the ton of dung had continued on into
interplanetary space.

Ah, nogtagia. Now Juliasmply popped the valve on their disposal system, which blew it directly out into
gpace. Nothing jammed, because they had plenty of overpressure. Modern conveniences! She could
scarcely believe how far degp-space engineering had come. In two decades she had moved from a Porta
Potti tugboat to anuclear fuson Queen Mary.

A day after the bombardment Juliaand Viktor opened the vid from Praknor. The woman was terse, but
something in her eyes betrayed confusion.

"We're getting all sortsof activity in four vents, especidly Vent R. I've pulled teams out, for safety. We're



monitoring with cameras and insdruments aone.”

Pictures of vapor layered in the air near the Marsmat. Currentsran in the walls, measured by meters.
"Spectrum analysis of the currents shows complex patterns, but we can't ssem to make sense of them.
There are even afew of these-"

Animagetaken at night at the Vent R opening. High up, the stars were sharp, but vapor poured from the
broad vent mouth and blurred those on the horizon. A pae shaft of light played up through the mist, a
cone opening to the sky. It pulsed in along, dow rhythm.

"Several vents do this now, about once aweek. | read your early reports about one beam of light from
Vent A, but not seen again. This seemsto be arepeat of that, but now far more often, and from other
gtes. Clearly we are witnessing some new manifestations. Perhaps attempts to directly communicate with
us? Or with other mat sites around the planet? Judging from the increased dectrical current levels, there
may be agenerd risein mat response.” Praknor paused, looking at the camerawith concern. "The
geologists have found that those currents are driven by piezod ectric effects-that is, by rock layers
responding to pressure. How thistiesto the Marsmat isfar from obvious. What makes the pressure? |
am sending by tightbeam severd papers written about this and submitted to Earthsde journas, principaly
to Nature, perhapsfor a specia issue.”

Praknor's hesitant manner cut off, and she concluded, lipsathin paeline, "Any comments on thiswork
would be sincerely appreciated by usall.”

Viktor turned it off and sat staring at the screen. "Wish | wasthere" Juliasaid softly, "Me, too."

They were kept busy monitoring Wiseguy's talk with the Beings, trying to penetrate the dliens snarled
gyntax and layered meanings. "Like Mandarin Chinese," Viktor said, then admitted that he had only heard
it was a mannered, opague tongue.

In came another vid from Axelrod. "More Mandarin corporate-speak,” Juliamuttered, but took a break
and watched thevid. A mistake. Within minutes after Axelrod's greetings and cheerleading she was
fuming.

"Hey," Axdrod said, "I had this crazy idea. Sure we want Darksiders, the tech that makesthem, the
works. Plenty market there in space fabrication. But... what if we could bring some zand-small ones, of
course-back to the moon for, uh, study?*

"Study?' sheydled a the screen. ™Y ou want a goddamn zoo for the tourists! But they're sentient!”

"-can cooal it down for them, like those penguin exhibits at zoos Earthside, then maybe pump up the
atmosphere so they could fly around. Pluto on the moon! I'vetried this on the |SA people and they're
okay with it, but Shanna, well, she'skindaemotiond lately. Anyway, you should think about it. Y ou gotta
do some more work on what they eat so we know what to feed-"

She hit the pause switch, blood boiling. Good old Axelrod! He'd have made a fine Victorian explorer,
stuffing natives into cages!

And Shanna had reacted just as she did, probably. Julia blinked. Maybe they were more dike than she
had thought.

4
DYNAMICS



Forceful was adamant. We should not be surprised that we failed. The point is not to give up.

Chill said wanly, We are not powerful enough. And Recorder has threatened us dl with involuntary
induced subtraction. Further Diminishment!

Sunlesssaid, Only if we return to within their reach.
Chill sent fretful undertones. Surely we will not... flee?
Forceful rebuked the shrunken Being with, The weak should be silent.

Sunless said, We try to move brute matter, as we have seldom done before. Only Instigator has studied
those arts. She knows dynamics and can work on tiny scales-

Y ou propose asking Instigator? Mirk asked in derison. She would rebuke-

No, | say we should not try to apply forcesto smdl thingsat al. Not when the true enemy islarger. To
underline theimplication, Sunless|et itsnotestrall into the background noise of distant conversations.

Forceful said, Y es-we can exert pressures over alarger area. Very good!

Mirk paused, silky gtriations running through it, then got theidea. Their carrying machine.
5

ZEUS

Juliaput Earthsde, 1SA, and the Consortium out of her mind- they were sending indigestible messages
that would have taken al her timejust to read-and fretted. While Jordin and Shannaworked with
Wiseguy, they put the whole rest of the crew to work methodically checking al the ship's systems. If
another attack came, they had to be ready for new methods. Prepare for the unexpected...

But what? Zeus hurling lightning bolts? No, that they'd aready done, killing VVeronique. Shotgun blasts of
rocks, wide enough so they couldn't dodge? She didn't like to think of that, because there seemed no
defense. Shetaked to Viktor, and he suggested that if the faction now called the Outbounds wanted to,
they could push againgt the ship itsdlf.

"Tumble us, maybe even bresk usin haf." Heblinked owlishly.
"Youredly think so?"

"They use magnetic pressure, and werre abig cylinder of metal.” He shrugged and raised his eyebrows, a
pictureof Savic fatdism.

"Gee, you're ared morale booster.”

"Y ou asked. We are mice among e ephants.”
"And just hope they don't learn to dance?"
"Isdangerous out here.”

"Looksliketimeto bring in the diplomats.”

"And we have none. Shanna, sheisno diplomat.”



Juliagrinned. "No kidding. Werre still bardly getting dong. Y et were supposed to ded with invisble
diensthe sze of the Earth.”

"Back on Marswe had mat that may be one connected organism. So was big, and we didn't
understand.” He spread hishands. "Thisissmilar, yes?'

"Ummm. Maybe ... It's il dien communication. And with Wiseguy it's plenty essier than the decadeswe
spent trying to sense what the Marsmat was about.”

"Istrue. Maybe time to become better friends with Wiseguy. Not that it ssemsvery wise, no."

So Juliaand Viktor met in the dayroom with High Flyer and Proserpina Wiseguyslinked and in
attendance-which meant they had alot of Wiseguy's running time alotted to them-and worked through
thefat file of Being signds. Jordin and Mary Kay attended over comm link. Most they could throw away
asjust plain too hard to understand. Let the next generation of data hounds mineit for their theses. Ina
dy gesture of revenge Juliasent the entire file Earthside, just to let them know what it waslike to get
buried under digitd files.

The latest attack had been reviewed by the Beings. A faction they called the Outbounds-Forceful and
Sunless, plus others-had thrown the rocks at them. Something called Recorder solemnly intoned that the
offending Beings had been pendized by "involuntary induced subtraction.”

"Ummm," Juliasad. "Off with their heads?"

Jordin sad carefully, "'l think itsmorelike alittle finger."
"For trying to kill us?' Viktor demanded.

"Even alittlefinger hurts" Jordin said reasonably.

Juliaand Mary Kay had been trawling semi-independently through the massive intercept files. They had
Wiseguy group and sort the identity tags, based on time and position of their transmissons. Even Zeus
lived in a society ... Julialaid them out on-screen.

(Chill, Dusk) (Mirk, Sunless) (Ring, Forceful)
"Maybethat's the Six the later messagesrefer to," Mary Kay said.

Juliapursed her lips, pointing at correlation functions displayed in three dimensions. These showed where
inthe sky paired sgnas came from, and when. "But look. Later there are paired Sgnds, linking two
others.

(Dusk, Forceful)
Viktor leaned over her shoulder. "L ook at earlier source-points. Wekilled Chill, I bet.”

"Not killed,” Mary Kay said. "Maybe wounded. See these later sgnaswith itsidentity tags? Wesk, but
there”

Viktor studied the three-dimensiond functions. "But not paired with the Forceful tag. So they ... broke
up?'

Juliahad put more pairs on the screen. "Maybe these are the Eight?*
(Indtigetor, Bright) (Recorder, Quiet) (Joy, Solemn) (Vain, Eater)



"Why paired?’ Viktor asked. "Have two sexes?"
"Hard to imagine how e ectromagnetic creatures could,” Mary Kay said.
Viktor grinned. "Lack of imagination is not an argument. Especidly lately.”

Juliasaid, "Inour biology, having two sexes|ets us blend traitsin each generation, dways shuffling the
cardsto get another hand. Maybe they're making use of that."

Viktor shrugged skepticaly. "Don't need to make new ones, if they live forever. Not that | think they do.
Got to be accidents, bad luck- the only universal maybe.”

Julianodded sourly. "We haven't aclue how lifeworks out here."”

They dl looked at each other and nodded. More and more it seemed that nothing from traditional
Darwinian theory applied to these huge beasts. Viktor argued that the Beings habitat was unlimited. They
could fill the regions between the stars. So the lessons learned from Earth's bounded biosphere might not

goply a al.

Wiseguy had picked up discussions among the Beings about something called Digtants, who were
gpparently behind thelow-level signasthat camerolling infrom al directions. These murmurings were so
far impossble to decipher and might bein another language entirdly than that used by the Beingsthey
knew. These were continuous across the sky, unlike those of the Eight and Six, whose long, curling songs
camefrom local patchesin the sky.

"The Digtants apparently lie beyond what the Beings term 'the desert between the suns-or so | infer, in
preliminary fashion,” Wiseguy said. Juliawondered if it had ddliberately obsequious subprogramming.

"Interstellar?’ Mary Kay blinked. "Beings around other stars?’
Viktor shrugged. "No reason our star should be specid. Is Copernican principle.”

Wiseguy had no opinion. Apparently thisleve of inference was beyond its capacity. However, Wiseguy
did fed that the opposite faction, the Inbounds, wanted to "ded ."

"Um. Means...?" Viktor asked.

Wiseguy said formaly, "They say 'to help them get to Hotness and understand it," approximately.”
"Um. Means...?" Viktor asked.

Wiseguy processed slently, then: "Theinner region-planets. And something caled the Fount.”
Juliasaid, "How? To help them get beyond just devel oping the zand?"

"Apparently.” Wiseguy had programs that made it seem to be carrying on a conversation, though
"gpparently” sgnaed acertain levd of probability they could look up onascde.

"Y ou asked them the big question about the bow shock moving?”

"Of course, madam. They say thereisadiffuse molecular cloud pressing againgt the solar wind. Itishdf a
light-year thick, along the axis of the sun'svelocity. The Beings have known it was coming, a an angle
across the sun's orbit around the galactic center, for quite sometime. Apparently.”

Juliasghed. Measuring the physical problem was one of their mgjor mission goals, and this sounded like



very bad news. "And this pressure-once the molecular cloud fully arrives, how far in will the bow shock
go?"

Wiseguy sad blandly-and Juliathought, Of course, it has nothing at stake! -"They say, inward of ‘the
circled one,’ which seemsto mean Saturn.”

"When?" Viktor asked.

"In about acentury. It islike the weather, local conditions not well predicted, but the climate overall-"
Viktor said crisply to Julia, "L et us get word to Earthside about this-quick.”

Part of Juliawanted to say, Y es, we only have a century to go, but she resisted.

"I have," Wiseguy said, to their surprise, "as part of my retrieva architecture. This sharpensthe data
Using the information from the Beings, we received a projection done by the U.S. Nationa Science
Foundation Heliopause Working Group. It saysthat incursion of the hydrogen wall to within the Saturn
orbit would introduce molecular hydrogen into the Earth's atmosphere, by diffusion, to an unacceptable
levd."

Juliawasimpressed with Wiseguy's abilities. Then she redized that it was undoubtedly using dl Earthside
computationa reserves, alowing for the time delay and working well ahead of the mere humans. Linked
with those resources, even with an hours-long hindrance, it had vast ahilities. Plusthetimeto be
submissive ... Earthsde had "adjusted” the Proserpina Wiseguy that had been snippy to her.

"And dl thisisdready heating up dl the Earthade media, right?"
"Y es. Such implications are impossible to suppressin-"

"I know, I know." Never mind that the bow shock was a gossamer brush of addlicate veil, compared
with the brute momentum of planets. Panic would spread, anyway, in the hothouse media. But sullen
mass and inertiawere not the full story, because a steady rain of molecular hydrogen, drifting down into
Earth'sair, would combine with the free oxygen to make steam. That would heat the atmosphere's outer
layers, sopping up oxygen, adding to the warming aready girring the air, worsening the clashes of
dimae

"That andyds, it'scertan?'

"Tosx sgmasof reliability, | believe." Wiseguy aways used statistical measures. "The molecular
hydrogen will combine with oxygen, generating aflooding rainfall and reduced bresthable oxygen. | have
the chemical rate equations available-"

"No need," Juliasad. "It sounds bad enough.”
"They speak of an earlier Being caled Incursor. It went into the Hotness, they say, and never returned.”
"What wasit after?" Viktor asked.

"Knowledge. It wanted to understand the Fount-though what that is seems unclear, except that it isin the
Hotness™

"Fount? A planet?' Viktor asked.

"They do not seem to know. Or elseit isa.. excuse the use of ahuman term here ... metaphor.”



"L ook, culturadl exchangetimeisover,” Viktor said adamantly. "To business, yes? Earthsde wantsto
know how we can stop bow shock from moving in. Can these Beings do anything about it?

Wiseguy's voice was il flat, unemotiond. "I do not know. They do not seem to havetried before. To
them it isnow aboon.”

Mary Kay asked, "Why?"

"The bow shock movesin, toward Pluto, where one cdled Ingtigator has been for along time conducting
its 'experiments in ‘warmlife,' which | suppose meansthe zands. And maybe us.”

"Pluto's sure not very warm,” Juliasaid.

"It was the best they could do..." Wiseguy's words were coming dower now, asthe discussion taxed its
inferentid processors. Thiswas the boundary where an artificid intdligence was strained to itslimits. ™...
to understand how life could arisein such ... for them ... bizarre places. Planets.”

Julia snapped her fingers. "To make Pluto work, they needed energy.”
"They have not mentioned this," Wiseguy said circumspectly.

Viktor beamed, dapped Juliaon the shoulder. "That isit, yes. The bow shock movesin, thereis plenty
electrodynamic energy. Closeto Pluto, easy to use. So they make the currents run into the planet, instead
of around the bow. Feeds warmth-and dectrica sparks-to the planet.”

Wiseguy had nothing to say beyond "I must congder..." Sownesssgnaled itslimitations. It began
reviewing itsinterpretations of the dabs of Being crosstalk, and Viktor told it to process on its own.

Julianodded. "They need the bow shock energy to run Pluto. So they won't want that to change.”
Viktor nodded ruefully. "They have no reason to help us.”
Mary Kay said, "We can tak to them, ask for help." Fine crackles of static blurred her words.

Viktor's eyebrows arched. "They might not bite. What if they decide their research is more important
than our lives? What will we do then?"

Juliasaid, "The Eight seemed sympathetic when the Six attacked us.”
Viktor said, "But the Eight run the Pluto experiment.”
Nobody had anything to say to that.

When Juliaended the session with Wiseguy and Proserpina, shereturned to their quarters. On thewall
screen prompt was a new message from Axelrod. She sighed and punched it in. But after the first few
seconds of identification datathere was only hash. She caled the bridge.

"Yes, gr, Capn,” Killings said, brow lined with worry. ™Y our message got cut off. Welost transmission
with Earthgde eighteen minutes ago.”

“Why?

"Therésabig solar storm brewing. It's swept past Earth already and is blocking our lower-frequency
links. Y ou want | should send Earth-side a prompt, saying we want that last vid on higher frequencies?
They're pretty crowded with system telemetry, but | could get someroom at 7.8 gigs, if you say, Cap'n.”



Juliawastired of endlessdata. "No, | don't redlly want to seeit. When-"

Viktor said, "So ... we are on our own."

His dow, studied words gave her pause. "How soon will the storm be over?’

"It'sabig one-unusud, too-so nobody knows." Killings was apologetic, one corner of his mouth fretting.

"Not your fault, y'’know. Comethisfar," she sad, "you'd think we wouldn't be worrying about Earthsde's
wesether."

6
TIP

Thetorrent of SOLAR wind drew their attention, mostly because it did the same to the Beings. Of the
Six they had heard nothing but murky signds, probably (the Eight said) ddliberately muffled and shielded.
The Eight were like distiracted dinner partners, digging into the main entree and neglecting conversation.
For thefirgt timein awhile the crews of both ships had time to stop and think. Julia, though, spent her
timelooking at the display screens. There, with High Flyer's antennas turned back toward the inner solar
system, she could see the show.

To live on Earth or even Mars was to give the sun abit too much importance. Here it was just the
brightest of the stars, not adisk. And now, Julia mused, they knew that electricity, not sunlight, fed the
distant glow of Pluto. Solids were deeply cold out here, but the filmy plasmas worked with raging
energies. Their equivaent temperatures were measured in the thousands of degrees, and there lay the
necessity for lifeto harvest this bounty.

She close-upped the sun and saw there the shadowy specklesthat had cast out such awithering gae.
These were the ruins of solar corona arches, dark only by contrast with the brilliance around them, but
gtill hotter than any furnace. Y et these were the remnants of afury that had peaked months before. The
gout of plasmait exploded into space had been traveling nearly ayear. From there the snarling knots
came climbing up the gravity gradient of the gar, through the orbits of the planets, onward without losing
afraction of their power.

Only when it intersected the tightbeams between High Flyer and Earth did they know of itsarriva. On it
came, aroiling smear now detectable only in the radio, yet glowing with the power of abillion hydrogen
bombs. She could see from the Doppler readings that its speed was now severa hundred kilometers per
second, and o it had been plowing outward for months, undiminished and evolving. It was an oval blob,
fraying at the edges but radiating halos of plasmafizz. She could seeit by itsown emissions.

Asit gpproached, finer structure gppeared in the shorter wavelengths. Intricate coils bigger than worlds,
shattering explosions-all testified to the recombining energy of thefidds. The plasmaingdeit wasthe
junior partner now to the festering field energies. Their radars were hopel ess, compared with the bright
fountains coming off the blob. It spun, trailing ragged arms bigger than planets. Julia thought for amoment
that it looked like atroubled hurricane seen from orbit. The next moment it was more like aspird nebula
shining forth, twisting and changing before her eyes, asif she were suspended intimelike agod of
eernity.

She wondered if this mass could do damage to High Flyer. The ship was drifting under no thrug, its
squat living cylinder rotating to provide onboard centrifugal gravity, and was running its reactor only for
power. Working with Jordin and Viktor from the emisson signatures, she was able to estimate the
density. She gave adry chuckle. Though it blared with furious energiesin the high microwave



frequencies, it was less massive than the gauzy glowsinside neon lights. Its voyage out through the planets
had thinned its anger. If it had struck adab of Earth'sair, the collision would have crushed it.

The stormy blob was nearly to Pluto, and she thought she could see the onrushing apparition swell asit
spun. Storms fought acrossit, but the structure held. By diding up in frequency she could cut in through
the spirding arms and see more fine detail toward its core. These frequency bands showed rivers of
flame tracing out their paths, wriggling and flaring in gleaming drops bigger than Pluto. Shorter

wave engths brought knotty images, gnarled in tight echoes of the overdl structure. Smdl spirdswere
spinning off afurious, dense core. It was asif the overall structure was making tiny, incandescent eddies
that in their turn evolved into coherent knots.

"Viktor," she caled. "Look at the ninety-gigahertz image when you have a chance.”

He was watch officer and had scheduled a detailed interrogation of the ship's systems, conducted using
telepresence from the bridge. So it was several moments before his voice said in her headphones, "Same
shape. Been visble for minutes. Implies-what?-some nodules hold together, if they haveit?'

"Y ou'd think thelittle ones would get sheared into pieces," Juliasaid. "Look at al the turbulence around
them.”

"Look smdl, but are 5ze of Africa

"What'swith the Beings? This might be trouble for them. They apparently live off the turbulence of the
shock, but thisisa big sform. Huge energies.”

"The Eight. Seem okay. Wiseguy reported they are feasting on the bow shock.”
"What about the Sx?"

"They seemtobequiet.”

Juliaasked, "Lying doggo, you think?'

"Means?"

She smiiled, pleased that after dl these years he didn't know every corner of her mind. "Aussie dang, or
maybe old Brit. 'Playing possum,’ | think the Americans say.”

"Yep, that'sright.” Jordin's voice came on intership comm. "I'mlooking a High Flyer from the sde and
wonder if you've picked up the magnetic configuration behind you."

"Behind iswhere?' Viktor asked. Julia could see antennas rotate at Viktor's command on her screen
diglay.

"Outward from you, toward the bow shock.”
"Um, yes. Cyclotron emissions, pretty low frequencies ... but rising.”
Jordin said, "Y ep, checks with my spectrum. Lots of spikesin the hundred-megahertz bands.”

"Odd, magnetic fiddsbuilding..." duliaturned her head and saw Viktor punching in commands, studying
screens.

"Hey, stay focused.” She had lost afew of the lower-frequency antennas, and her view of the sorm
approaching was degraded in resolution. "Jordin! What's with the Eight out at the bow shock?”



"Big banquet. Not answering questions.”

Viktor chimed in, "I can see on some of mine. Seemsthey are maybe singing, too. Very pretty. Here, |
send-"

The long, low notes came to them on magnetic waves. They resounded with degp harmonics with high,
tinkling overnotes. She remembered listening to the beautiful, long whale songs and wondered what the
Beingswould think of those. She should ask Earthside for some.

"What is?' Viktor asked.
She had no answer. Sunward, the storm wasrising.

Asthe huge ball of fields and plasma approached, it seemed to be brigtling. Tiny, lacy patterns grew.
They connected and spread from each new node, and Julia had the sensation of watching something not
just swelling but growing. Intricate structures solidified, working into greater webs. Each moment brought
it thousands of kilometers nearer.

"I'm getting high fidds nearby,” Viktor said.
"Must bethis sorm," Jordin sent.
"No, isfrom behind us" Viktor said. "Is definitely not inward.”

It struck Pluto, and the planet |eft ablank hole in the oncoming magnetic filigree. In secondsfiery fibers
were cregping into thelong, conical gap, illuminating it. A whole world had made only a momentary
obgtacle to the structure rushing out at them. The traceries laced together, and soon no trace of the dark
spot remained.

Onit came. The distances that had taken them weeks to cross took the spinning dug of plasmaonly
moments. "Here comes,” Viktor said, and he could not disguise the tight high notes of tenson init.

Nothing. Not the dightest rattle or surge followed theimpact. Viktor had swiveled some of their
microwave antennas forward, so they saw on-screen the true Size of the bright fibers. One sinewy fiber
passed between them and Proserpina, emitting adarting hissin the low radio channels. The next nearest
was hundreds of kilometers away. Julia had seen thousands of them linking and weaving in the last hour,
and only now felt in her bonesthe size of the plasmaidand that was passing by. A vast continent, gliding
inthenight.

Thisclose, they could see the intricate magnetic fibers that coiled and flexed asthe structure fled onward
and outward, into the far dark whereit would dwell.

"Isjust thefront,” Viktor said. "This magnetic architecture is degp and is passing by us. So fast! Quicker
than anything esein nature, this™

Streamers of magnetic fluff shot past on their screens. Outside, in the narrow band available to the human
eye, there was only the solemn black. To the vast interplay of plasmaand fidlds their vison was blind.

Juliafdt alurch. "What'sthat?'

Viktor said nothing as hisfingersflew over the control board. Juliafelt astrumming vibration through the
deck. "Weretilting," Viktor said. " Something maybe hit us."

But the pressure sedls were fine, and there had been no audible impact. Vibrationsin the deck got deep,



strong. "What could have happened?’ Killings sent on comm.

"We're getting ashove from side," Viktor said on general comm. He threw agtarfield up onthe main
screen, the view from the forward 'scope. Slowly the center mark crept toward the right. "Istipping us."”

The deck began shuddering. A low note sounded. High Flyer's nose was turning faster now, and the
dafied did visbly to theright. But the short, rotating drum of the living quarters fought the change. It
was like holding aturning bicycle whed by itsaxis and then trying to tilt it, Juliathought. Angular
momentum didn't want to change. At the axis the coupling collar was protesting. Bearings ground against
afluid universd joint and shed vibrationsinto the whole ship.

"Not built to take thisquick tipping,” Viktor muttered as he worked at the board.

Killings said from the status board, "Mechanica linkageis getting stressed. Were going out of
performancerange.”

"Whatever'stipping us, it's steedy." Viktor's voice had gotten tight, not agood sign. "Not impact, no.
Something d<e”

Jordin'svoice camein, flat and calming. "1 can see you tumbling. Thereésalot of magnetic field built up on
your port side. All that, acting like apressure on the ship'smetal.”

"So Beings aretipping usover." Viktor now spokein hiscam, deliberate voice. "Mystery solved. But
what to do?'

Killingssad, "Step onthe gas.”

Nobody said anything. Killings went on, "We fire up the reactor, pulse-gtart it, get up to high specific
impulse. Well follow aspird path, getting larger aswe acclerate. A moving target. That'll makeit hard
to push againg us."

Elegant. Viktor muttered thanks and got to work. Juliafdt the rumble of fluids moving from their aft

water tanks. The water was a good, thick absorber, blocking any reactor radiation. It captured the
vagrant neutrons that spilled out as the reactor shot up in temperature, ready within lessthan aminute for
fuel. The thumping pumps fed the hot chambers streams of water, and she visualized the gushers bursting
into superheated steam, a hundred meters behind them. A pleasantly reassuring push eased her down into
her acceleration couch. "Herewe go," Viktor said, running the reactor temperature to ahigh spike.

They gained velocity dowly at first. The magnetic sSide pressure kept pace, till rotating their noseto the
right, but within minutes this began to work in ther favor.

"Y'see" Killings said eagerly, "the faster we spin, the more our exhaust turns againgt the pressure that's
pushing usto rotate."

"Beings behind this, now they get burned,” Viktor said gleefully. He notched up the reactor, and the ship
rumbled around them. To Juliait felt like the stirrings of agreat beast, roused from dumber.

Shefet tremors run through the ship. They were rotating more now, and shefdt theloca gravity shift.
She closed her eyes, but that just made her fed dizzy. She glanced around and saw that otherswere
holding on to their couch arms and gritting teeth. If this kept on, they would soon not even be ableto
walk.

Abruptly she recaled the harrowing moments-decades ago, but legping fresh to mind-during the
aerobraking of the first Mars expedition. Just like then, her mind stopped thinking about ideas and spoke



indeclaratives. That noise! That shaking! I'm going to die!
She clenched her teeth and forced that away. Focused-
Jordin sent, " Seeing some movement in the magnetic pressure zone. Kindacloudy..."

On-screen he sent amixed image, ordinary optica plus aradio topo map. The ship wastumbling visbly
now, its bright yellow-green plume forking around behind it. Turbulent horsetails of it diced through the
magnetic cloud topo lines. The natura resultant of the force vectors made High Flyer into apinwhed,
spinning in ever-larger arcs asit spat hard, hot plasma.

"Getting abig increase of cyclotron emisson,” Jordin sent.

Juliacould seeit in the dl-channd summary. Spikes, quick high flurries, broadband rumbles. Silently, in
bands no human ear could sense, agreat how! arose from the densely packed Six.

7
PROTO
Forceful cried out in pain. The plasmais hard, sharp, too quick!

A searing, cutting edge swept through them. The Six were entwined, to exert the maximum leverage on
thetiny traveling machine. It had been exciting at first, to work together-a closer merge than any had ever
attempted-and then to start the object tumbling, end over end, as Mirk had foreseen it would.

Now the tiny machine spat back. Because the Six were so immersed in each other, they could not
quickly flee. Mirk took thefirst cut, asionsfried down hisfield lines. The particles soon found his
tucked-in recesses, where ectricd potentias held lodes of knowledge and skill. These shorted out in
ruby, snapping bursts. Mirk felt asheet of pain shoot through his side, and heard the criesas small parts
of himself seared away.

Unbind! Ring cried. The hot arc-

Ring screamed as currents stung it. Sunless and Dusk jerked away from Ring, knowing they were next.
The searing diced into them as they struggled to free their entwined lines of force.

Cries, angry and fearful, shot through them dl. At close range their emissions directly pressed against the
bodies of each other, fevering the vacuum with cdls.

There came alarger, booming tone, the Summed V oice of the Eight. This plasmais spewing everywhere.
It must be contained!

Contain it yourself! Forceful countered, scrambling away from the agony that clawed at it.

Wearefar away. You Six caused this, so you must obey the governing imperative. Have you forgotten
that the Proto is near you?

A slence. In fact, the Six had thought the Proto, aNew One, would be far enough away from the
struggle. But now that the machine was dinging plasmaat high speed in dl directions, nothing was safe.

Alarm! The call went up from each. All thought of tumbling the machine now fled from them.

Forceful yanked free. Now it could expand its view beyond the constricted focus necessary to press
againg the tiny machine. All around, for severa light-seconds, the sky worked with the snaking strands of



the Proto. On itslong birthing flight up from the Fount, through the hazards of the planets and the vagaries
of the storm, this Proto had | eft behind the shattered, dying shards of many thousands.

Sdlection had pruned away dl but the robust. First came the smple forms, fields twined together and
barely capable of self-organization. During their growth-as the great sorms drove them outward, avay
from the strong trapping fields of the planets, and at last free of the roving turbulences of the
Hotness-they competed with each other. Fields curled and died, plasmas fizzed and fought. Most
structures died. The better were able to digest the energies and field strengths of the lesser. But asthe
survivor Protos approached the Cascade, they dimly became aware of itsthreat. The churning vortices
there could bresk a Proto and splatter it into rivulets. Some dowed, avoiding the whipping violence
ahead.

Forceful vaguely recaled doing that, so long ago. Few Protos who shot through the Cascade lived.

And this one now-it brimmed with brigtly intelligence, knowing itsdf for the first time. It reached out with
tendrils of coiling flux, felt and heard ... and braked. It dowed, gaining the time to assembleitsdf dl the
better.

To oneddeit sensed the brute energies of young plasma. It had not dedlt with these virulent egting
swarms sinceitsfirst moments. Then, an enormous solar arch had ripped open at itstop and spilled out
whorls and cusps of magnetic field. Mogt of these died within seconds, eaten through by blind gouts of
plasma Many of the young knots screamed in waves of magnetic flux ... and fell silent forever.

This Proto remembered that. It began to move duggishly away from the pinwhed gusher of voracious
plasma But dowly, asit wastired from the long voyage.

Screen the Proto! Mirk called, though il racked with fevered pains.

But the Six were gnarled and fevered, frayed and damaged. They oozed duggishly away from the searing
torch that played among them. Panicked, they babbled and fled.

All but Chill. Diminished, feeble, it was now athin disk of spinning fieldsand chilly plasma. It skated upon
the virulent energies now al around it, catching waves and steeling amorsel of momentum whereit could.
The Six had not brought it to bear upon turning the tiny machine; Chill was far too weak to matter.

It hung spinning in the sky where the plasmaarc cut. Sowly it dragged itsdf up thefidd lines, trying to
maintain its own coherence. Memoriesflitted through it, dim shadows of apast it could barely recdll. Y et
it knew the struggle around it mattered, and above all the Proto must survive.

Here camethe arc, on another revolution. Again the plume bit and seared away part of Mirk. Again the
plasmajutted out toward the Proto beyond-and Chill thrust itself forward. In itswebbed |attices valences
shorted out. Potentials burned and died.

The snakes of exhaust plasma sparked and ate and in turn died.

Chill had time for one last signd, asimple waveform of ripplesthat ran out dong the stretched field lines
of itsouter carapace.

| go to the True End. Make my desth worthy ...

In moments Chill lost Structure, decaying by fitful inductance. Fragments spun away. Loops of coherent
fidds drifted into the tides of flux.

The Proto moved away now, seeking distance from the deadly pin-whed!. It sensed its new world dimly,



but enough to know danger and pain.

The pressure of Chill's destruction flung out shards of memory. Kernels of skills arced away, driven by
the energies of dying. Some smadll, faster motes of thiswreckage caught up to the Proto. Knots of
magnetic sructure sped by, some snagging in the Proto's diffuse fields, buzzing like flies caught in aweb.
The Proto reached out with burgeoning strength and spooled them in. Here were age-old recollections,
shards of timeslong past.

The Proto tucked these within it, for study and use. It was willing to learn from anything it encountered. It
did not know the concept of genetics, but it would, intime.

8
TORQUES
"They'regone," Killingssaid. "No emissonsfrom nearby."

They al groaned, rose, stretched. It had been four tense hours. Sowly they had reversed the tumbling
rotation and reduced the torque on their living cylinder. Through al thisthey al kept watch at their
gtations, remembering that the attack had come out of nowhere. The coffee machine had emptied long

ago.

Days before, Viktor had remarked in passing on the basic physics the Six had used. But it was difficult to
see how they could have prepared. They were all exhausted and glad to be dive.

Juliatook abresk and spent half aday by herself. The diding sheets of water in her meditation room
were perfect for her mood. Mars had been a quiet place, so now the ship's unending background noise
had to be shut out. In her quiet room the embedded e ectronics threw a calming white-noise blanket.
These days Earthsde's pressing popul ations waled themsalves of f behind thickening barricades of
earplugs, triple-glazed windows, and sound-canceling dectronics. She wondered uneasily if this meant
she was becoming more akin to Earthside urban dwellers, whose lives got more deadened, like
permanent cotton in the ears.

After some smplerest time, and before her watch came up, she made herself go through the big list of
incoming vids. Those from Axelrod were diplomatic but kept returning to hisidea of bringing back both
zand and Darksders. "Fah!" she said, shutting it off.

The next, from Praknor, was even less promising. More data and description of the Marsmat
phenomenon. Somehow she was not in amood to get back to the subject that had obsessed her for
decades. Something tugged at her attention, avague, ghostly shadow of an idea. Shefdt the gnawing
suspicion that ultimate redlity lay elsewhere, glimpsed out of the corner of her eye, sensed just beyond the
glow cast by the mind's conscious campfire, heard in the dow movement of aMozart quartet...

She prowled through the diding sheets of dataand graphs and listened to the water sheetsfdling in the
distance, and then there came ... amoment.

Hourslater Juliasaid, "Wiseguy, weredl here, connected. Ready."

Juliakept her voice steady, though she could fed Shannas heavy presence even over the comm link.
Wasit her imagination, or, in the seemingly endless crosstalk as Juliatried to get across her revelation,
did Shannatry to import some of Juliasideasinto her own "biospherics modd” for Pluto? (Leaveit to
Shannato use whatever was the current Earthside jargon.). From the edge in Shanna's voice, that woman
was kicking hersdlf for not making the connections Julia had just explained to them all.



But how could she have? Shanna hadn't spent decades dogging away at the Marsmat problem.
"Bring on the Beings, then,” Killings said enthusadticaly.

"| am staging through the introductory greetings,” Wiseguy said initsusua warm, male, though somehow
flat tone. "They still must have explained that your individual names do not bespeak qudlities.”

Viktor said, "Y ou said this before. So how do you do it?

The short pause was unusud for Wiseguy. "l... assgn qualitiesto you."
"Oh?" Jordin said dryly. "What's mine?'

"Jordin Kareis Steadfast.”

"Um," Jordin said, "gottaagree with that."

Then all the rest of the crew wanted to know theirs. Juliawas Introspective, Viktor was Victory, and so
on. Juliawondered how the intricately linked software had decided on their qudities. Voice tones?
Diction? For that matter, how did people do it with each other?

Thistook moments, provoking both laughter and dismay. Juliamarveled at how Wiseguy, a sdf-learning
system, had gained persondity asthey interacted with it. Maybe thiswas alesson in itself, she mused.
The Beings were magnetic structures that embodi ed-somehow-information, memory, architectures of
personality. With names! They self-organized and adapted and learned, and very little of it seemed to be
described well by the Darwinian mechanisms she had learned. Therising, slf-making storm they hed
witnessed, borne out by the sun, had made her rethink her whole conception of life. And then, to think
anew about the decades on Mars.

Juliesad, "l want to talk to Ingtigator first."

"Done," Wiseguy said quickly, asif theartificia intelligence was glad to get beyond the names.
"Ingtigator, we want you and the Eight to know that we have found Incursor."
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A PATH INTO THE HOTNESS

FORCEFUL SAID NO. The actual message rendered literally used both hierarchies and webbed
cross-correlations, and so had to be squashed to resemble a human sentence:

{[leaving] | [unbreakabl€]
[scorn] | [pity]
[[binary rebuke]] ~ [negation]}

Instigator replied, Thereisno need for you and Dusk to depart. Thereisagreat Inbound cause now! We
must go to Incursor.

Impossible, Forceful said. Thetiny things say they have found him, trapped in the crust of the fourth
world out from the Fount.

At least we know where heis-and that heis alive, Joy and Solemn sent together, to stresstheir point.



After such long ages!
We have no means whatever to free Incursor from such ahumiliating snare, Forceful shot back.
Bright ingsted, Thetiny ones say they will help.

Forceful sent aseethe of amused contempt. They are nothing compared with the scale of Incursor, by
their own testimony. How could they help any of us?

How could they bring any of usto the True Death? Quiet Sighed, nearly inaudible.

Recorder observed, Thisiswhat makes Inbounding such avaiant quest.

Sunlesssaid, Inbounding isjust seeking Diminishmen.

Recorder's helicity-mate, Quiet, sent, We seek a path into the Hotness. There we can learn.

Forceful began, We are only afew of the Outbounds. We will join other Beings-yes, perhaps smdler
than us and of less consequence- who are of like mind. We shall traverse the desert between the suns!
We fear no obstacle-

Not at all, Dusk sent. | do not depart.

Forceful seldom paused when interrupted, but thistime: What?
We have aProto. | would rather cast my lot withit.

Forceful asked, Why? With such prospects before us-

To bring this Proto into full Being. To ... Perhgpsto replace Chill.

Forceful let two full transit-times between the Beings pass, making along silence. We are Outbounds.
We cannot carry Protos on such avast odyssey.

ThisProto | propose we cal Chill. Dusk'stone carried a hard edge no Being had heard from her before.
These events had changed Dusk, and they no longer knew her.

Forceful sent fretted wave packets, no discernible content beyond afoul mood.

Recorder dowly murmured, The Proto has peded forth e ementary waveforms. Y et... they do resemble
the Sgnatures of Chill.

We have not met this vexing quandary since the Long Times, Vain sent-a Being who seldom spoke, like
Quiet. But whenit did, the Eight listened. Vain was paired in helicity with Eater-who was feasting on the
fringes of whorls now stripping off the edges of the fresh solar storm-and so dl understood that thiswas
some form of consensud voicefor the both of them. Chill is gone!

And s0 Vain sent them again to consider the degpest dilemmas that confronted Beings. Of course, they
did not fear Death-an idea amost wholly theoretica-precisaly becauseit was very rare.

Insteed, they had dl through their long lives suffered the Diminishment, losing whorls and thus fractions of
memory and salf. Such waslife. To trim intelligently wasided; to do it brutally was subtraction. But
neither of these was the theoretica absolute ... was Death. That province no one knew-by definition of
Beng.



And yet to thisend Chill had now delivered himsaf.

The Beings found Chill's motivations mysterious. Perhaps some state of depression had forced him to
Die? Some consdered him deranged. Othersfelt that choosing Death meant, obvioudy, that some higher
date was thus made available. Creation smply would not permit intelligencesto stop. Perhaps, these
sad, the whispers heard from the Distants were, in fact, from those now living on another plane.

Thiswas one of the primary reasons cited by the Outbounds for their agenda-particularly by Forceful,
who now sent, We may well find Chill ourselves, in some other state-across the desert.

Thisreply sent rippling, complex waveforms among the Eight and the Six dike (though the Six were Five,
with Chill gone). Their vexed talk pivoted around a paradox at the core of their existence. The bow
shock turbulence could shear off parts of Beings, here in the most lively zone, the Cascade. But it dso
energized fresh whorls-giving food plus building materials. Beings could tease these into self-sustained
magnetic cels, to stock more memory, more "body," more skills. The ultimate source of the shock wall
was the sun's momentum as it orbited the mass of theinner galaxy. So the Beings owed both their origin
and their growth to the remorsaless momentum of that sole scintillating dot, the Fount, brimming with
promise.

Soweleavel

The Six, now the Four-(Mirk, Sunless) (Ring, Forceful)-set off to swim through the desert between suns.
The voyage would be long, and quite probably they would not survive. The wastes before them held
shadowy presences, legendary pitfalls, and the unending terror of the shadowy unknown. All thisthey
knew.

Their seething plasmawakes throbbed asthey steadily stroked outward. They chose, of course, to move
lateraly, crosswise to the unending torrent from upstream, where the interstellar gas and plasma came
brawling in from the stars. Never swim against the current. They al knew that the distances were
immense, the spans of time daunting even for the Beings. But the Eight sensed something fundamentd, as
did those lesser (and far more numerous) Beings who hung back from the Cascade. From them rose a
long, rolling chorusin farewel | salute. They al knew that after an age-old debate the issue was seitled.
Most would stay, but the Outbounds had the courage to go.

Though perhaps its end would never be known to the Eight, an epoch voyage had begun.
10
THE SUNBORN MAGNETICS

Julia sat and watched as the spectral monitors-set in the microwave and radio ranges, to pick up the
avalanche of talk from the Beings-sprayed their arrays onto screens. The solar storm had passed,
carrying the Proto into the outer reaches. Thereit might survive, grow, sdf-organizein the filmy reaches
far beyond the raw rub of matter. The society of Beingswould tend to it. After al, the Sunborn were
their future,

So much. Shesighed, suddenly tired. "1 hope this convinces them," she said wanly.

Viktor patted her hand, concerned. His forehead wrinkled, and his eydids fluttered, holding back
emotion before the rest of the crew. "Y ou sent the entire lot of data we got from the Marsmat, soisal
you can do. Was brilliant, when you saw that the waveformsin the Mars-mat correlated with the Beings
language. And that this Incursor, lost in theinner planets, was trapped. So might still bethere. Have a
sgnature, anchored in the crust of Mars. Electromagnetic waves, they do not lie”



Therest of the watch crew-those not doing maintenance, anyway-nodded silently. They were waiting,
too. For her to explain the Leap.

That aBeing, sunk into the crust of Mars somehow, billions of years ago, would find alink to the
emergent biological formsthere. That somehow-what |abyrinths remained to explorein thisl-the Being
had learned to squeeze rock with its magnetic fields. It used that ability to provoke other currentsin the
crust. That the dectric potentidsit produced would resonate with the microbia mats covering the early,
warm and wet period of Mars. That asymbiosiswould arise. That a collaboration-a dance?-would come
from such strange musics. So much ... dl in onelegp. The unconscious, doing al the heavy lifting...

Killings asked quietly, earnestly, "How'd you know that the low-frequency emissons from Mars-stuff
you've been seeing for decades- wasrelated? | mean, assuming it is.”

Juliathrew her head back-not tossing her hair, no; she hated that-and thought. How had she seen it? Not
aclue... Okay- "Not aclue. It just cameto me."

Viktor dapped her knee. "My girl! 'Just came to me.' Means she looks a everything, letsit
cook-presto!™

She beamed. "Uh, right."” Nobody knew where ideas came from, so what was the difference? Certainly
Wiseguy's spectral breakdowns had been crucial. She had stared at them for hours. Days later, for a
break, she had |ooked at the regression analysis data Praknor had sent along, mostly for Viktor. It wasa
compilation of years of the magnetic "noisg" in the southern Martian hemisphere. Then she had dept,
woken up, did routinework ... and it came together. The hard work was aways done by the
unconscious, while you're doing something ese.

And herethey all were, waiting for the Beingsto respond. She said, "L et's do a systems check and
inventory whilewewait."

It helped keep her mind off matters. An hour passed, and it was as she had feared: they had expended
more water these last weeks than planned. Going for broke. The spiraling-out maneuver to stop their
tumbling had cost agood dedl.

They al groaned at the news. "Need to melt moreiceif we areto keep going,” Viktor said.

Killings made aface. "Working the 'bots on that ultra-cold iceisabitch. It'l take weeks-we lost two
'bots last time, the heavy-duty drilling onesthat're hard to fix."

"Can cannibalizefor parts” Viktor said. "But right-is pain in posterior.”

"Unless..." Killings was shy about making suggestions, but thistime his eyes were resolute. "Unlesswe
cut the mission short. We can do abig burn out here, drop fast into the inner solar system.”

They all looked at each other, eyeswary. A pregnant silence...
And Wisaguy said, "The Eight say that they recognizethe Marssignds. It isther Incursor.”

They cheered. "And it asksfor help freeing itsdlf. Thereisalong story about its expedition into the
Hotness and how it tried to ingpect signs of life on the fourth planet.”

"On surface?' Viktor shook his head. "Isnone."

"Therewasonce," Killings sad, nodding toward Julia. ™Y ou found those fossil plants, right?



Juliasaid, "They werefrom around 4 billion years ago.”

"So this Incursor has been caught in the Mars crust for that long?* Viktor blinked. "Then it had a
hand-okay, isway wrong image, has no hands-in evolution of Marsmat?'

Juliawhispered, " So the sentience of the mat is not just aresult of ample evolution. It'sa... collaboration.
Between these things and smple microbes.”

"Operates through the piezodectric, | bet," Viktor said. "That'swhat nearly fried me, back in Vent R.
Squeeze rock-which can do if you are made of magnetic fields, and strong ones-and that drives current.”

Juliasmiled. "So when you nearly got eectrocuted, it was Incursor answering.”

"Um," Killings said. "Bone-crushing handshake.”

Wiseguy said, "The Eight now refer to their kind as the Sunborn Magnetics.”

"That'sasynonym for Beings?' Viktor asked.

"Apparently,” Wiseguy said. "And they have a proposition. They want you to help them reach Incursor.”
Viktor frowned. "They are big, strong. Can't they just go to Mars?"

Wiseguy answered, after a pause that probably meant it was going back to the Beings for confirmation,
"It istoo dangerous for them. The solar wind streaming out carries magnetic turbulence-'vortex pain, asl
trandate it-that tears these Beingsto shreds.”

"How did this Incursor get so far in?" Viktor perssted.

"They say it used a'buffer' of plasma, forced ahead of it. The plasma came from a huge comet that
Incursor evaporated, to provide ashield for it."

"And it fill got caught? So others, they are afraid. Humph." Viktor gave them dl acanny look. "Wetold
them about bow shock, okay. We want it not coming into solar system. They might bargain for that?"

"So | gather," Wiseguy said. "Though the Beings have an ornate system of ideas about dedls. They do
exchange plasmaor information or skills-gpparently their mgjor commodities, though something called
hdlicity isbigger than dl those."

"I looked into that,” Killingssaid. "It prob'ly means giving atwist to amagnetic fid. Helicity helps make
asnaky tube, which can better confine plasma. There's plenty helicity in our own li'l ol' fusion reactor,
gtting ahundred meters away.”

"Indeed.” From itstone Juliawondered if Wiseguy was enough of apersonato get irked when
interrupted. " Customarily, when exchange occurs, they aso shear off fragments of their own minds,
duplicate these, and embed them in each other.”

Juliawas startled. " So each becomes dightly like the other?!
"Apparently.” Wiseguy paused. "It seems more like amord act than acommercia one.”

"So..." Viktor stared off into space, thinking. "We get inner solar system protected if we can get them to
Incursor. Then what do they do?"

"I do not know. Perhapsfreeit? Wait-" Wiseguy again asked the Beings, and Julia thought how odd



were these Smple conversations.

Even aBeing the size of the Earth could think acrossits entire body at the same speed that synapses
convey blips of thought across the human brain. Far larger Beings thought more dowly. Onethe size of
the distance of the Earth from the sun, an astronomica unit, could trickle athought acrossitsalf in under
ten minutes. Since Beings of such a scae seldom confronted problems that demanded instant attention,
this had not been aproblem in their evolution. Until now.

"They will be content to visit Incursor. Saving it comeslater.” Wiseguy itself seemed awed by the scae of
thisidea. "They speak now of time scales greater than millennia, just to think over the matter.”

Viktor asked, "And if we don't-can't!-help them get to Mars, then what?"

"Then they will not move the bow shock." Wiseguy spoke as though this were perfectly reasonable, a
disagreement between gentlemen. "The shock wall is now close enough to Pluto to drive the eectrical
ecology there. To moveit back will kill the life-formsthere, the zand.”

"Okay," Juliasaid. "Soit can keep the shock there, save the zand. But no farther. Ded 7!

Wiseguy took along timeto speak with the Beings. They al watched the microwave and radio spectra
screens anxioudy. These spiked and roiled-plainly much was being said. Juliafdt intensely how thin and
fragile atendril they were here, poked far out into the deep darkness, dwelling in aplace evolution had
never desgned them for at al. And yet this redm was connected to Marsin away they would never
have guessed, if they had not come here. All human history had been that way. Of the three types of
chimpanzee, the first two-ordinary chimp and bonobo-never left Africa. But the humans came from those
who did, always pressng againgt the far horizon.

Climb to adistant peak and look back and see the landscape anew.
Then Wiseguy sad, "Ded."
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THE DEEP

Shannalooked acrossthe table at Juliaand thought, The deal with utter aliens was easier to strike
than this one will be. We humans know too much about each other. Chimp rivalries. Julia has
made yet another god' damn discovery, and now she'll lord it over me... forever.

Viktor was working in the main cabin, and Shanna had asked for thislittle Side cabin for just the two of
them. For weeks the crews of both ships had been tiptoeing around the clash between the two women,
but now Julia had asked Shannato come over for a" powwow"-with no further explanation.

Shanna sipped her teaand watched Julialine up her pen and notebook in just theright, rigid order and
say, "Weve got to act together on this.”

"Seemsto me you've been acting dl on your own just fing," Shannashot back. "Making big discoveries.
Co-opting Wiseguy's running time-nice work-around with Earthside on that, by the way, so | didn't hear
aword until | get ordersto let High Flyer have 'as much time asit takes-without saying what 'it' was."

She stopped; her words had come out in atorrent.

Julianodded. Silence. Then: "I admit, | had advantages. But you, after dl, are the daughter of Axelrod
the Greset."



"| did take advantage of that out here,” Shannasaid sternly, "but only to hold my rank of captain.”
"I know. But now maybe you should useit.”

"Why?" Shannalooked guardedly at the calm woman across the narrow gray table and wondered if Julia
could betrusted. She would give this afew minutes, tops.

"Because neither ship can stay much longer. Y our mission isaready nomindly over turnaround time. 1SA
will start barking, if they haven't dready. And we've expended more water than we thought we'd need,
sowereright at full ‘on-gite duration,’ asthey say in |SA-speak.”

Shannasaid, "1 think we can gtick it out abit longer. Cut rations-"
"Can, maybe. Should, no. There'stoo much at stake."

Shannalooked at the wall screen behind Julia and thought. It showed one optical 'scope's view of Pluto
hanging in darkness, its crescent fevered with an air now coppery with snaking light. Once, in what now
seemed to be the far past, she had puzzled from orbit over such filigrees. Now she knew that the Being
cdled Indigator was at work, driving huge planetary currents to unimaginable ends.

"I want to stay here, study the zand,” she said. "Y ou're abiologist, you-"
"Y ou can't sustain yourselves without supplies.”

"Y ou trandferred quite afew. We can hold here another half year-"
"And then go home. But at greater risk.”

"Y ou're garting to sound like Dad."

Juliabridied a this, her lipstwisting. "Just the opposite, in thelong run. I've dedlt with him as much asyou
have, and dmost aslong.”

"He seesthe zand as zoo exhibits." She did not try to keep the scorn from her voice.

"True-but we can use that."

"What?"

"Loc_)k." Julia spread her hands. "'Faceit, the zand are something biologists never met before: an artificia
species”

Reuctantly Shannaadmitted, "Yes... but..."

"We haveto study the zand and the Beings together -because that's the fundamenta system.”

"So?" Shanna had come prepared for afight, but thiswas aseminar.

"So we work toward a permanent station here. With you as head.”

Theideadazzled, but she narrowed her eyes suspicioudy. "Why are you being thisway?'

To her credit Julialooked genuingly puzzled. Good acting, or had Shanna misunderstood the Queen of
Mars?"I'm trying to heal abreach,” Juliasaid. "I propose that we agreeto didike and disagree with each
other. Fair enough. But we have to know that we must work together against acommon enemy.”



"What? The Beings?'

"No, Earth.”

Shannatossed her hair in frustration and caught the look in Julias eyes. "What isit?
Stffly: "1 have dways didiked women throwing their long hair about like that."
Shannas eyeswidened. "That's ... 0..."

"Stupid, yes, | quite agree. Left over from school daysin Addade, das. But my hair won't work well at
length, so | suppose it has become an automatic reaction.”

"Based on ... envy," Shannasaid in disbelief.

"l suppose.”

"All thistime| envied you, Queen of Marsand al.”

"Queen?' Julialaughed, not merrily. "Why not prisoner? | can't go back home to Earth ever again.”
"Widl, could've fooled me. That first meeting of ours-"

"Y es, awful. Dreadful cockup.”

"Cock what?"

"Aussedang.” She grinned. "Nothing to do with cocks. Look-" Julia sat forward across the table, hands
clasped. "Whatever we think of each other, we must be dlies. A few dozen of usout here, ten billion
back there-"

"Lousy odds."

"-but we have the biggest discovery in history. Axerod wants Darksiders, thinking his Consortium
buddies can lift alot of technology tricks from them.”

"Yeah, just likefor the zand, a'profit center' to-"
"Solet'sgivethemto him.”

"Huh?" Shanna sat back, shocked.

"These aren't species out here, they're products.”

Shannaflared, eyeswidening. "They'reliving beings, intdligent.”
"But it'samanufactured inteligence, inddled in them.”

"So we meekly hand them over?

"We bargain, using them," Juliasaid. "For a permanent station here, working on the zand and Darksiders
and the Beingswho're behind it all. We knit together those with the Marsmat.”

"Unified biology, of some sort.”

"Theréstruly no term for thisyet, isthere?'



Shannaticked off items on her right hand. "I've been thinking. The evolution of the Beingsisactudly
pretty Darwinian. There's plenty of variation, right? 'Y ou think they're emitted as those Protos, some sort
of salf-organized embryo structures from the sun. Then there isimmense selection pressure on them as
they move out through the solar system. Maybe you redlly have the analog of sexud reproduction in the
way the pairs of opposite-hdlicity Beings mentor the young Protos. Providing some plasmaand
information from both partners to the youngster, right? Pretty damn close to recombination of genetic
information from the parentsin afertilized egg.”

Julianodded. "Could be. But then there's the big question: why arethey smart at al?"

Shannasaid, "Maybe humans did it with never-ending selection pressure through warfare versus
cooperation.”

Julialaughed. "Just like ustwo, eh? We evolved oursavesin akind of social one-upping, predator-prey
relationship?'

"Which fitswith how you and | got dong so well? Right? Our ancestors switched back and forthin the
roles of predator and prey constantly, as new aggressive technologies developed. So | get your drift. Did
the Beings likewise go through warfare, territory protection, weaponry?'

Juliablinked. "Why else would they need such high intelligence? Unless there redlly are dragons out
here..."

Shannasaid in aspooky voice, "Good ol' H. G. Wells. 'Intdllects vast and cool and unsympathetic.’
Brrrr!*

Juliasmiled. "It's good to think outside the box, but we have to have anegotiating position with Earthside,
yknow."

Shanna thought, then said, " Okay-for sarters, | won't take zand unless we can figure out how to protect
them in low-temperature environments.”

Julianodded. " Goes without saying."
"And that meanswe haveto look at alot of problems. One, where is the nervous system in a zand?"

Juliatopped thiswith, "Two, how is genomic information stored and trandated into effector actionina
zand?Isit done with low-temperature anaogs of DNA and proteins?"

Shanna shot back, "Three, what do zand use for muscle, bone, and blood? How does temperature affect
thet?"

Juliaspread her hands. "I say wejust ask them. They-or the Beings who made them-must know."
"And we must have their consent.”

"l imagine they would, once the Beings et their fedings known."

"Just asfor the Darksiders, it al comes back to the Beings, doesn't it?"

Juliashrugged. "They run the outer solar system. Apparently always have. But you've hit the nub of
it-how do we get them to cooperate?'

"Do what they want and take aBeing to Mars? Impossible. Hell, they're bigger than gods!-but afraid of
what to usisjust about empty space, closein to the sun. Go figure.”



Juliachuckled. "I wish | could. Unlesswe can give them avisit with Incursor, they will havelittle
motivation to stop the bow shock from pushing in, near Earth. Ingtigator will probably be happy to get
more energy from the bow shock boundary asit movesin. All the better to power its experiments-the
zand and dl that skimpy biologica substructure-on Pluto.”

Shanna sighed, sitting back and looking beyond Juliaagain, at the wall screen. It had cycled to aview
draight out, at the stars themselves. It combined spectrain the microwaves, infrared, optical, even mild
X-rays. A madhouse collage, until you got used to it. Each band had sprinklings of color-coded
information, lacy strands against a pervading black. She now thought of that blackness as the Deep.

Living with it had made her see its beauty-stark, subtle, and old beyond measure. A flickering cold glow
of plasmadischarges. The diamond glitter of distant starlight on time-stained ices; athin fog breath of
supercooled helium, whirling in intricate, coded motion: these were the wonders of the Deep, as she now
knew them.

Shannasighed, then smiled. "There have got to be athousand doctora thesesin understanding that-what
did you cal it?-skimpy biologica substructure. Hal So true! Ingtigator just kludged together bits of
essentids, rudimentary chem, plus mechanics. Runiit dl with éectrica currents-hey, that'swhat makesthe
Beingstick over, too-and let'er rip. What an experiment! A whole world to tinker with! And dl to
understand how the inner planets might work.”

"What wasits point?* Juliashook her head. "Alien godls..."
"To figure out what might be on Mars?'

"Um. We can't suppose that beings with lifetimesin the billion-year range could even be bothered with
the mayfly issues of humans. They think long-and probably knew that Incursor got hung up there, sunk
into the crust, way back when Marswas young. Still..."

What?"
"I wonder if they picked up radio and TV from Earth.”

"Ummm. Could be. So we-more than a century ago-started dl this?"
Juliashrugged. "Why haven't they said so, then?”

"Hey, they're diens. Maybe they've been working on Pluto since the Roman Empire. Or far longer. Some
thingswe may never figure out.”

Julia sat back and stretched. "I learned that lesson, in adifferent way, on Mars."

Shannareached across the table. "L ook-let's bury the hatchets, okay? | envied you, right. But now I'm
overit."

"Done." They shook hands.

The two women gazed at each other, smiling, each liking theidea of not saying anything. The moment
stretched, then eased away. Shanna stood. "Y 'know, we were doing pretty well there ... until | redized
that we don't have what it takesto make thisdedl go."

"True." dulia, too, sood. "I'm just happy we aren't fighting anymore.”

"Me, too. If only we had someidea of what to tell the Beings-"



A knock on the door. Viktor edged it open. "Have had crazy idea.”

12

THETINY ONES

After dl, Recorder said, thetiny ones have some intelligence. They can help us.

| assume you mean for my grand prospect, Ingtigator sent.

Y our experiments? To create more of the chemicd life on cold orbs? Farther in? Mirk asked.

No, no, Ingtigator insgsted. To find our origins. They, thetiny ones, they can lead usinward. Assuming
they do not die. They seem to be extremely mortd.

Recorder was skeptical. Find our origins? Discover what makes the Protos? This is more ambitious than
| can fathom. How?

Ingtigator admitted, | do not know ... yet.

Recorder said, Historically some think that the central Hotness, circling the Fount, istheir origin.

Joy countered, Impossiblel One cannot make Life from cold, hard non-Life, That is surely a paradox.
| disagree. Fundamenta |ogics show-

That would explain why it refuses to spesk with us, Solemn interrupted hisinner ruminationsto inject,
tonesrolling out. The Fount isahigher entity, as are the otherswe dimly sense so far away. Only Founts
can make Protos. They ddliver it to Beings, who form and shape Protos. Thisisthe bass of Life.
Perhapsin some way Founts make thetiny life we have encountered. That was Ingtigator's purpose,
recall: to discover how planets can make anything at al. And she did achieve someinsights. Her
congtructions are toys, granted. But they are a beginning toward understanding the forms that now fly out
to usin the shipsthat can kill. Astonishing that the greatest of Snsisopen to such small intelligences! All
thismay be away for the Founts to manifest themsalves. Thetiny ones call the Fount asun, and they
come from near it. Thisisal we can know, and perhapsitisal that isworth knowing. Certainly Founts
are above us Beings and do not deign to speak to such aswe. And thus the stars are gods.

A gliding sllence, then: | disagree, Recorder said. But if Instigator can find away to go Inbound, to see-
That isfar too dangerous, Joy said.

Of course, Ingtigator sent with skating glee. That isthe fun of it!

13

EIGHT-FOLD HELIX

A MIND ONCE STRETCHED by anew idea never goes back to its same size. So Juliathought as
High Flyer departed, rich again with water chisded from theiceteroids. Proserpina had |eft days
before, following along arc sunward that High Flyer would follow, at firdt, providing backup in case
anything went wrong in the first Sages of their joint deceleration.

To descend into the inner solar system requires gaining tens of kilometers per second of orbital speed. To
acquirethis, aship firesitsthrust againg its present orbit and fals. From this plunge gravity givesit fresh
speed, enough for anew orbit, closer to the sun. To lose and gain in this gravitational gavotte is the stuff



of orbital mechanics, well understood by Newton himself. But making it happen moment by moment is
both craft and art, especialy while using anew class of interplanetary ship.

High Flyer ran in hot mode. Passing through the throat, exposed to ceramic plates packed with uranium,
itswater burgt into steam. In the last, longest section the plates were closer together, neutrons flew
between them in torrents, and in striking the molecules of live sseam blew them into plasmarions and
electrons, then shaped by magnetic fiddsinto a blaring torch. The plume burst out behind High Flyer ina
gauzy rostte.

Oncefree of orhbit, the ship plunged down the gravitational gradient. Its nose pointed at the stars, and
soon its speed was enough to billow the cloud behind it, forcing it out into awide, scading plane.

For weeks High Flyer fdl, led downward by its own furious exhaust. To the human eye the ship'slong
ged cylinder rode ahard, hot line of light that fanned out into awide, fading skirt. But the plasmahad
spread so far itsions and dectrons could not find each other again, and so remained lively, clinging to
magnetic fields and spreading farther into a broad front-forcing itsway into the inner solar system. A
shidd.

No human eye could see the long, tapered shape that followed behind High Flyer. Ingtigator had curled
hersdf into her smalest possible tight helix, wrapping and rewrapping back upon hersdlf. By now she
knew that the tiny ones carried their self-information in adouble helix form, and for this unprecedented
task Ingtigator had shaped hersdlf into an eightfold helix-dender, supple, feeding off whorlsin High
Flyer's backwash.

Behind that vast plasma screen she was safe from the licking flares that boiled up in the solar wind. She
sent sgnd s back to the others of the Eight, full of both complaint and triumph.

Instigator sent, | now admit that part of my quest was awaysto seek not just Incursor but Venturer as
well.

Recorder replied, Venturer was your hdlicity-mate, so long ago? | can scarcely recdll.
Venturer becamelost to whorls. | misshisvoice. Yet sometimes| think | hear him on the solar wind.
How could that be? Joy asked.

Eater took moments from its own pursuitsto propose, If Venturer survived, there might be a place of
refuge for us elsawhere, and inward.

In the Fount? Joy, despiteits ages-old name, was derisive.
Protos come from there, Recorder said.
They are raw materias, no more.

Ingtigator received the fruits of their work aswell. Linked, the Seven could hear the faint waves that
seemed to come from al around them. | have found some hints, in the whispers we receive from the
Digtants, Recorder said. Beings such as us may thrive there, and if | am right, their messages may spesk
of other warmlife aswell.

They dl knew by now that al warmlife was morta, compared with the immense duration of structures
and geometries Beings knew. So for those tiny ones, meaning loomed large. To go gdlantly into that final
night-that was the deep, uniting urge of warmlife forms. To make their short spans matter.



And so perhaps their duty to each other, to other warmlife, however odd or repellent, was to make the
random universe have meaning, even for the momentary, passing minds clustering near the sheltering suns.

There was more work for the Beingsaswdll.

A great Toroid of Beings was condensing, drawing strength to itsalf by hoarding magnetic fields. It
tightened dowly into aknot, atight gathering of fields that bunched againgt the inner rim of the bow
shock.

Sowly, carefully, the Beings shoved. To ordinary eyesit was a battle between invisble forces. Their
collective ram pressure agonizingly pushed against the bow shock. It would take yearsto dow theinward
brute pressure. Decades more to begin to nudge it back outward. It would be an epochal struggle, for
the pressure of the incoming rogue molecular cloud was vast and abiding.

It would be the work of ... well, epochs, age spans, eons. It was a debt to be paid.

The Beings understood that this was needed. For now. For the tiny lifetimes of the chemical motes.
Juliasadto Viktor, "Weve got to finish that transmission to Praknor.”

Hewrinkled hisnose. "Mugt?"

MU

"Isbiology. Politics. You do."

So she st up the recorder and piped in the latest data and gave the opening speech. She seemed to have
gpent most of her life now talking to the snouts of cameras, imagining her audience, trying to keep it
perky and interesting and always wondering if it worked. She hoped Praknor would have the senseto
edit before retranamitting to Earth.

"We're coming back-you heard. Not going to be dl fair dinkum with you, I'm sure, but it's got to be."
Might aswell bedirect. "Were guiding in, like atugboat into a harbor, a Queen Mary of aBeing, bigger
than Marsitsdf. We hopeit will help ustak to the true animating intelligence behind the Maramat."

Cut, pause. Thiswas going to betricky. Best to faceit directly.

"The discovery of the Being called Incursor on Marsis going to be atremendous shock to the entire
community of Marsmat researchers, of course. Imagine spending twenty years studying something only to
find that it isonly apuppet for some other life-form. Gad! Lewis Carroll posed the problem along time
ago, in apoem titled The Hunting of the Snark.' What if the Snark turns out to be a Boojum instead?”

Praknor, loyal Consortium factotum that she was, would give thisto Earthside for broadcast as an
"intimate chat" with the Queen of Mars. Better be abit more diplomatic. Trandation: cover your scientific
ass. Oh well, can aways edit...

"Just occurred to me-how will the Mar smat@Home people react? Here they've been dutifully letting
their online computers be used to compute the cross-correlations and filter functions of the ever-growing
Marsmat data. Now we find that the Marsmat has been linked to amagnetic intelligence. We haven't
been studying amicrobial system aone. | can hear it now-'All that science, wrong, wasted!’ Only it's

She shrugged. "Y'see, that's how science works. Y ou make amode, you test it, then something fliesin
from offside-sorry, soccer jargon- and you think again. | remember all the worry about what we



biologists cal quorum sensing. That occurs when bacteriakick out light sgnals, or chemical sgnals, to
'know' each other. Seeif they are many or just afew. We spent years fretting if the Marsmat's big pulses
of light were quorum senaing.”

She stopped, took a drink. Where was this going? Well, she didn't know. But that wasthe joy of it,
right? Step forward, part the vell.

"None of the above. That's often the right answer, and bugger the exams. We were wrong for decades
about the Marsmat. Wrong! It's something we hadn't thought of. The glows and displays come from a
magnetic-microbia collaboration way beyond our experience on Earth. And until a short while ago, no
onewould have recognized the Beings aslife-forms at all."

How to say this?"We make our theories, but they are bounded by- surprisel-oursalves. Natural
selection turns out to work without molecules or direct reproduction-no sex, either!-or maybe even
death. Darwin had only one case to study-Earth-and he sure came up with abig idea. But maybe
collaboration is not just the Holy Rulefor the Marsmat. Maybeit'sabigger idea.”

She cut the feed and took a swig from her orange juice. Viktor was hunched over, running some more
regression analysis data on hiswall screen, so shetiptoed over to the refrig and dipped out the vodka
and added some to her healthful juice. About time. Thisiswork, thinking aloud...

"A Being cameto aMarsthat was warm and wet, maybe 3 billion years ago. It got caught. Went native.
Helped the microbidsto grow up. Meanwhile, Mars and Earth werein amutua dugfest, throwing
meteorites back and forth, carrying cells and microbe passengers, screwing with each other, fertilizing
each other.”

Shetook ataste of the enhanced orange juice and thought, Okay, Viktor, all this sex talk, I've got a li’l
plan for something to do later.

"So were dl acollaboration. Between things that would ook like neon lights the Size of the solar system,
if our eyes could seethem at al, and the stuff that grows between your toes, and us-the primate
princesses.”

She wondered how she had comethisfar, from far Adelaide. The whole universe seemed connected.
"Think of dl the new research this opens up. Biology is never going to look the same."
The great magnetic envelope flexed like agreat, coiled snake.

Instigator hugged the plasma shield provided by the braking fusion rocket. The plasmawinds from the
Fount howled a her edges, stripping away minor fringes of hersdlf.

Joy! | am descending into the Hotness. A noble quest. What might this grand expedition bring?

As High Flyer crossed the orhit of the Ringed World, Ingtigator sent to her brethren, Thisiswhere
legend holds that Incursor began to suffer. Sicing winds afflicted him. Yet | am moving inward at |ast-
snug and fed, behind amere machine.

Aboard that machine, Juliatook timeto be alone.

Sheflicked on awal screen. Far inward, Shannas ship flared bright yellow in the pervading dark. They
had zand aboard, and Shannawas happily working to keep their habitat cold. Liquid helium pumps, a
chemica wonderland of interlacing systems-they were busy, and happy, and, in Wiseguy-moderated
conversations, learning. Grist for those thousand doctora dissertations.



She had asudden warm feding for Shanna. How strange, but it felt... right. She indulged unashamedly in
ahbit of pop psychology. Some of their problems might have been persond, not spawned by who
controlled the mission. After al, Shannawas theright age for the daughter she had never had; she, dulia,
the mother Shanna had never known. No wonder they had fought, at first. She hoped their new,
supportive relationship would be more enduring.

Proserpina would reach the Earth-moon system about the time High Flyer madeit to Mars,
decelerating al the way. What happened to Instigator then, how to keep it safe near Mars, how to free
Incursor-al problems for tomorrow. Whole corps of scientists Earthside were worrying through those
riddles. They would think of something; of that, she was sure.

And she and Viktor would be back on Mars. Armed with new knowledge, ready to make more
descents. She wondered what it would be like next time going down into Vent R.

Juliasat cross-legged and let her mind fly free.

She thought about what her own science might be like, after it had digested the lessons she had bardly
glimpsed out here. That task would occupy centuries. Mars Effect or no, shewould not live to seethe
flowering of full understanding.

The evolutionary routes are many, she knew, wending through the howling wilderness of the maladaptive,
onto their severely narrowed destinations. Biology abounded with convergent examples, destinations
arived a dong very different paths. Fruiting bodies of dime molds and myxobacteriadike evolved
multicelled advances. Warmbl oodedness came forth severd times, asdid live birth and even penile
tumescence. The eyesdid indeed have it-as seen in the camera-like eyes of vertebrates and octopi, and
the smilar tiny perceptors of worms and jellyfish. Nature invented over and over again the mechanisms
used by diverse organismsto hear, smell, echolocate, sense the prickle of eectric and magnetic fields.

So for her it was not a huge leap to see the Beings and the Marsmeat as parallel ways of first acquiring
complex information and then sharpening the meansto handle it better.

Sincethe Maramat, biologists had suspected that waiting in the wings of the theater of consciousness
there were other minds stirring, poised on the threshold of articulation. But they had never guessed that
long before rude hominids sharpened flints, minds of utterly different strategies had met and merged
beneath the drying plains of Mars.

Now a possibility brimmed ahead. The last smart species had |earned to voyage between worlds and so
had brought the three together. Was some joining of them possible? Evolution was ingenious.

Until now scientists felt atension between a cosmic londliness and a suspicion that there might be other
minds, yes-but that they were unfathomably distant in a huge, echoing conceptual space. No more. Now
the links were known, close by.

Juliasighed and tried to imagine where it might al lead.

Perhaps the Beings were members of the only truly galaxy-spanning culture. Outcroppings of organic life
might be rare, while plasmawas common-spewed out by stars, drifting in the black. Could this be why
radio SETI had found so little? The Wiseguy program had arisen in response to the few weak sgnds,
yes-maybe there were few organicsto send.

Since the Proto had risen toward her, and it had dawned upon her what it was, she had been forced-yet
agan!-to rethink. About how life could evolve without the style of binary reproduction Earth'slife used.



And since then, another idea beckoned.

The Proto had been blown out in an immense solar storm, from the brute eruption of amagnetic arch. If
nascent plasma beings are growing in the sun-at far higher plasmadensties and different magnetic
fields-could they not evolve there? Could anatural cooperation arise between the Beings of the Deep
and solar plasmalife? Or could there come some inconceivable conflict?

Plenty to think about here-of that, she was sure.
There was more to come. There dwayswould be.
Afterword

Perhapsit'stime for an old-fashioned voyage of interplanetary discovery. The Martian Race wasthat,
updated a bit, and thisnovel isasequel to it. Some have felt that our backyard solar systemisjust too
plain dull for much exciting fiction. | disagree.

Inwriting thisnovel | took the frame of outer solar system ideas from an earlier novella, 1ceborn,
coauthored with Paul Carter in the 1980s. Paul had written a nove ette about exploring Pluto and came
to me for advice on how to expand it; we ended up collaborating. (Indeed, the critic and novelist Brian
Stableford pointed out to me that | may have collaborated on novels with more writers than anyone el se,
surely an odd digtinction. Writing isabit lonely, and my experience in science has accustomed meto
working and writing papers with others. Perhaps science fiction inherits from science the propendty to
merge talents and viewpoints, certainly thereislittle collaboration in mainstream fiction, which may bethe
poorer for it.) Paul also helped with ideas and prose, and created the Old One and other charactersin
thisnovd. | owe him agreat debt.

In merging the outer solar system with theinner, | am following recent research. We now believe that our
solar system formed in an active, violent region of the gaaxy. Nearby giant stars hammered with intense
ultraviolet light the accretion disk, from which planets formed. Supernovas sprayed the early planetsand
iceteroids with radioactive nuclei. The outer solar system was not just |eftovers, failed worlds. Instead, it
played arolein bombarding the early Earth with comets, and the young sun blew out colossal bursts of
high-energy winds. Theimplications of thisare just beginning to get worked out for astrobiology and
other fidds.

So | thought it would be enjoyable to make atrue imaginative leap, conjuring up life far beyond the
chemica avenueswe know. I've left out somefairly arcane thinking dong these lines, ditilled from my
own field of plasma physics-thisisanove, after dl, not adoctord thess. But there are good physical
reasons to imagine that molecules and dilute solutions are not the whole story of lifein our universe.

There are many scientific sourcesfor this novel's background. Especidly | want to thank Ken
McNamarafor the figure from his Sromatolites. The mgor ingpiration for thefirst part of thisnovel was
vigting the striking stromatolites of Shark Bay, Audtrdia, in 2004.

For background on Gusev Crater on Mars, thanksto Nathaie Cabrol and Edmond Grin. Their early
help convinced methat Gusev Crater was alikdly landing Site, so | choseit for The Martian Race. So
convincing were they that they won the competition for landing sites, and the Spirit lander has had
phenomenal successin Gusev since December 2003. Calculations about walking on Mars are from
Adam Hawkey's paper on human locomotion on Marsin Journal of the British Interplanetary Society
57, pages 262-71, 2004. Joe Miller of USC provided scientific ideas about Martian life, with cogent
criticisms of the biology and plot aswel. Mark O. Martin of USC gave background on microbial
biology. The"cartoon" of solar wind flow around Marsisfrom a paper in Geophysical Research
Letters 29, 37, 2002.



While much of the biogphere of Pluto ismy own invention, the ideas about chemidtry & very low
temperatures flow from the late Robert Forward's groundbreaking essay, "Alien Abodes Between
Neptune and the Stars.”

| must thank those who gave grest help in reading and criticizing the saverd drafts. Jaime Levine gave me
the longest | etter | have ever gotten about the manuscript, and even outlined the book. Sheila Finch
provided tdling ingghtsinto language and trandation; her Lingster stories have many ingeniousideas
about dien linguigtics. Elisabeth Mdartre found my many Homeric nods, aswe politely term them. She
was the unacknowledged coauthor of The Martian Race and took time to contribute strongly to plotting
this sequdl.

Is more to come? Another novel beckons, about the two decades between this and The Martian Race.
Not right away, but well see.
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