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inflaton	
  field	
  

if	
  we	
  start	
  from	
  condi:ons	
  at	
  the	
  
	
  end	
  of	
  smoothing	
  &	
  
	
  extrapolate	
  backwards	
  …	
  

what	
  are	
  the	
  chances	
  
we	
  were	
  here	
  at	
  rest	
  
at	
  some	
  earlier	
  :me?	
  

“LIOUVILLE	
  PROBLEM”	
  
Fpr	
  	
  precise	
  evaluta:on,	
  see	
  
Gibbons	
  &	
  Turok	
  (2006)	
  
Turok	
  (2012)	
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Anything	
  that	
  can	
  happen	
  will	
  happen	
  	
  
	
  -­‐-­‐-­‐	
  and	
  it	
  will	
  happen	
  an	
  infinite	
  number	
  of	
  :mes	
  

Linde,	
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volume measures 
(Boltzmann brain  & youngess problem) 

proper time measures 
(youngness problem) 

causal patch measures 
(predictions depends on initial conditions) 

scale factor measures 
(many versions, our universe not preferred) 

anthropic principle 













ultra-slow contraction with w >>1:  

w w >> 1 

Khoury,	
  Ovrut,	
  PJS,	
  Turok	
  
Wesley,	
  Erickson,	
  PJS,	
  Turok	
  



rapid expansion slow contraction 

ultra-slow contraction with w >>1:  

quantum fluct. exit horizon & re-enter later  

ε << 1 (or w ~ -1) ε >> 1 (or w >> 1) 

wavelength ~ ~ (Horizon)1/ε	



wavelength grows 
much faster than horizon 

wavelength shrinks 
much slower than horizon 

Khoury,	
  Ovrut,	
  PJS,	
  Turok	
  



ultra-slow contraction with w >>1:  

Tensor fluctuations are completely different 

Amplitude ~ H2 

rapid expansion slow contraction 

H large 

H nearly constant 

r ~ 25% 

H exponentially small 

H increasing 

r ~ exponentially small 

same argument applies to axions Khoury,	
  Ovrut,	
  PJS,	
  Turok	
  
See	
  also	
  Mack	
  &	
  PJS	
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  >>	
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“smoothing/fla1ening	
  phase”	
  

w >1 ?  
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entropicallly	
  favorable	
  ini:al	
  condi:on	
  

“cyclic”	
  case	
  =	
  current	
  condi:on	
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W	
  	
  1	
  

“end	
  of	
  smoothing	
  phase”	
  

i.e.,	
  NO	
  LIOUVILLE	
  PROBLEM	
  

	
  Turok	
  &	
  PJS,	
  to	
  appear	
  

if	
  we	
  start	
  from	
  condi:ons	
  at	
  the	
  
	
  end	
  of	
  smoothing	
  &	
  
	
  extrapolate	
  backwards	
  …	
  







big	
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  transi;on	
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  Shih-­‐Hung	
  Chen,	
  PJS	
  and	
  Neil	
  Turok	
  
arxiv:1112.2470	
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Aier	
  the	
  smoothing	
  phase	
  ,	
  life	
  is	
  simple	
  as	
  we	
  approach	
  the	
  bounce!	
  

+	
  radia:on]	
  

Smooth	
  &	
  Flat;	
  	
  Massless	
  degrees	
  of	
  freedom;	
  	
  Ultralocal	
  

Natural	
  to	
  consider	
  a	
  	
  “Weyl	
  invariant	
  extension”	
  :	
  

] +	
  radia:on	
  



Every	
  solu:on	
  of	
  the	
  Einstein	
  equa:ons	
  

+	
  radia:on]	
  

.	
  .	
  .	
  is	
  also	
  a	
  solu:on	
  of	
  the	
  Weyl	
  invariant	
  extension	
  .	
  .	
  .	
  

] +	
  radia:on	
  



Our	
  approach:	
  	
  Who’s	
  afraid	
  of	
  the	
  big	
  bad	
  bang?	
  

] +	
  radia:on	
  

.	
  .	
  .	
  and	
  also	
  a	
  solu:on	
  of	
  other	
  gauge-­‐fixed	
  versions	
  (e.g.,	
  g	
  =	
  a	
  =	
  1)	
  



crunch	
   bang	
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  radia:on	
  






