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  8:	
  Cosmology	
  
Clip	
  5:	
  A	
  Brief	
  History	
  of	
  Everything	
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A	
  Timeline:	
  Early	
  Years	
  
•  Using	
  Best	
  Data	
  

	
  construct	
  history	
  of	
  scale	
  
factor	
  

•  Early	
  epoch:	
  radiaEon	
  
dominated	
  unEl	
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⌦Db,0 = 0.044
⌦D,0 = 0.256
⌦R,0 = 4.765⇥ 10�5

⌦⇤,0 = 0.74

zRT ⇠ 3300 tRT ⇠ 55 ky

a(t) = aRT (t/tRT )1/2



	
  Now	
  and	
  Beyond	
  
•  MaJer	
  dominates	
  unEl	
  

•  For	
  large	
  Emes	
  	
  	
  	
  
dominates	
  and	
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aMT = (⌦D,0/⌦⇤,0)
1/3 = 0.706

zMT ⇠ 0.4 tMT ⇠ 0.59t0 = 8.18 Gy

a(t) = aMT (t/tMT )2/3
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ParEcle	
  Horizons	
  
•  How	
  far	
  can	
  we	
  see?	
  
•  By	
  Eme	
  	
  	
  	
  how	
  much	
  of	
  

the	
  universe	
  has	
  a	
  given	
  
observer	
  seen?	
  

•  This	
  size	
  of	
  observable	
  
universe	
  –	
  parEcle	
  
horizon	
  	
  

•  Objects	
  on	
  parEcle	
  
horizon	
  are	
  seen	
  at	
  	
  

•  In	
  radiaEon	
  era	
  

•  In	
  maJer	
  era	
  

•  Today	
  
•  In	
  exponenEal	
  expansion	
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t Dh(t) = 2ct

Dh(t) = 3ct

Dh(t0) = 46Gly

Dh(t)!
p

3/⇤a(t) = 62a(t) Gly
t = 0



Event	
  Horizons	
  
•  How	
  far	
  into	
  today’s	
  universe	
  will	
  we	
  ever	
  see?	
  
•  Event	
  horizon	
  separates	
  events	
  from	
  which	
  light	
  will	
  reach	
  us	
  someday	
  

from	
  those	
  we	
  will	
  never	
  see	
  
•  ExponenEal	
  expansion	
  means	
  galaxies	
  leave	
  our	
  visible	
  region	
  with	
  Eme	
  
•  As	
  object	
  approaches	
  event	
  horizon	
  its	
  light	
  infinitely	
  redshiXed	
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Figure 1: Spacetime diagrams showing the main features of the general relativistic description of the
expansion of the universe for the (ΩM, ΩΛ) = (0.3, 0.7) model with H0 = 70 km s−1Mpc−1. Dotted
lines show the worldlines of comoving objects. We are the central vertical worldline. The current
redshifts of the comoving galaxies shown appear labeled on each comoving worldline. The normalized
scalefactor, a = R/R0, is drawn as an alternate vertical axis. All events that we currently observe
are on our past light cone (with apex at t = now). All comoving objects beyond the Hubble sphere
(thin solid line) are receding faster than the speed of light. Top panel (proper distance): The speed
of photons relative to us (the slope of the light cone) is not constant, but is rather vrec − c. Photons
we receive that were emitted by objects beyond the Hubble sphere were initially receding from us
(outward sloping lightcone at t <

∼ 5 Gyr). Only when they passed from the region of superluminal
recession vrec > c (gray crosshatching) to the region of subluminal recession (no shading) can the
photons approach us. More detail about early times and the horizons is visible in comoving coordinates
(middle panel) and conformal coordinates (lower panel). Our past light cone in comoving coordinates
appears to approach the horizontal (t = 0) axis asymptotically. However it is clear in the lower panel
that the past light cone at t = 0 only reaches a finite distance: about 46 Glyr, the current distance to
the particle horizon. Currently observable light that has been travelling towards us since the beginning
of the universe, was emitted from comoving positions that are now 46 Glyr from us. The distance to
the particle horizon as a function of time is represented by the dashed line. Our event horizon is our
past light cone at the end of time, t = ∞ in this case. It asymptotically approaches χ = 0 as t → ∞.
The vertical axis of the lower panel shows conformal time. An infinite proper time is transformed into
a finite conformal time so this diagram is complete on the vertical axis. The aspect ratio of ∼ 3/1 in
the top two panels represents the ratio between the radius of the observable universe and the age of
the universe, 46 Glyr/13.5 Gyr. 3



Credits	
  
•  Cosmological	
  Horizons:	
  From	
  T.H.	
  Davis	
  and	
  
C.H.	
  Lineweaver,	
  
http://arxiv.org/pdf/astro-ph/0310808v2.pdf 
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