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“Le silence éternel
de ces espaces 

infinis m'effraie."
- Blaise Pascal

(The eternal silence
 of these infinite 

spaces terrifies me)



and 
beyond 

...



What comes next?



Heat Death Big Crunch

Cyclic Rebirth Big Rip

?



Standard (smooth) 
possibilities
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It’ll take a while...

5 billion years: our Sun becomes a red giant 

2 trillion years: dark energy makes all non-nearby 
galaxies disappear 

100 trillion years: all stars go out 

100100 years: all black holes have evaporated 



Dark Energy and 
Finite Information



What is information?



In a dark energy Universe, 
entropy is finite (but big)

alternate statement of heat death



Big Rip?
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Big Rip?

A few billion years from now: Milky Way galaxy 
would be ripped apart 

60 million years later: solar system disrupted 

3 months later: stars and planets would be destroyed 

within minutes: atoms would be ripped apart 



Big Crunch

(largely) out of fashion 
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Cyclic rebirth?



Cyclic contraction

bounce

time



Penrose’s “conformal 
infinity” conjecture



Can we tell which fate is ours?

maybe.

Dark Energy Survey
(run by Fermilab / UChicago)



Is dark energy a 
cosmological constant?



is dark energy changing 
in time?



4 measurements

count clusters weak lensing

supernovae 
observations

galaxy color 
measurements
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Weak lensing



Weak lensing



Exotic possibilities
(Quantum / 
Nonlinear)



Vacuum decay

"Vacuum decay is the ultimate ecological 
catastrophe; in the new vacuum there are new 
constants of nature; after vacuum decay, not only 
is life as we know it impossible, so is chemistry as 
we know it. However, one could always draw 
stoic comfort from the possibility that perhaps in 
the course of time the new vacuum would sustain, 
if not life as we know it, at least some structures 
capable of knowing joy. This possibility has now 
been eliminated." - S. Coleman
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Universal 
quantum tunneling!



Eternal inflation 
ends time?



Some say so:



Bubbles of Nothing



and 
beyond 

...



causally
connected

areas

inflationary expansion



The Big Bang
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~0 K > 1010 K

(3 minutes)(very fast)
109 K, and falling....



time

Transparency!
aka Last Scattering



The cleaned WMAP sky





Dark energy 
observations

from the Supernova 
Cosmology Project 
(Perlmutter et al)



Heat Death Big Crunch

Vacuum decay Big Rip

?



thanks, 
and farewell,

y’all!


