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Cosmological  In#lation

Is  a  high  energy  phase  of  accelerated  expansion  in  the  early  Universe
 ä > 0

Solves  the  Hot  Big  Bang  horizon  and  #latness  problem


Can  be  implemented  with  a  single  scalar  #ield    


S = �
Z

d4x
p
�g


1

2
g

µ⌫
@µ�@⌫�+ V (�)

�

)

8
><

>:

⇢ = 1
2

⇣
�̇
⌘2

+ V (�)

p = 1
2

⇣
�̇
⌘2

� V (�)
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Combined  with  QM,  accounts  for  an  almost  scale  invariant  power  spectrum


ds2 = �dt2 + a

2 (t) d~x2
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Slow-­‐Roll  Approximation
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Scalar  Power  Spectrum


Cosmological  Fluctuations:


are  combined  gauge  invariant  perturbations  

of  the  metric  and  of  the  in#laton  #ield
 v

are  the  seeds  of  temperature  anisotropies  in  the  CMB
 v / �T
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An  example:  «  large  #ield  in#lation  »
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Confronting  Models  with  Data


An  example:  «  large  #ield  in#lation  »


Vincent	
  Vennin	
   12th	
  Workshop	
  on	
  Non-­‐PerturbaAve	
  QCD	
   7	
  

V (�) = M4

✓
�

MPl

◆p



Confronting  Models  with  Data


An  example:  «  large  #ield  in#lation  »
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Confronting  Models  with  Data


An  example:  «  large  #ield  in#lation  »
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Confronting  Models  with  Data


An  example:  «  large  #ield  in#lation  »
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Repeat  the  analysis  

for  all  single  #ield,  canonical  k,  

model?


Which  models?  How  many  of  them?


Not  «  an  in#inite  »  number  of  models  though…
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Introduction

Proliferation of inflationary models1

A partial list of ever-increasing number of inflationary models!
1From E. P. S. Shellard, The future of cosmology: Observational and computational prospects, in
The Future of Theoretical Physics and Cosmology, Eds. G. W. Gibbons, E. P. S. Shellard and
S. J. Rankin (Cambridge University Press, Cambridge, England, 2003).

L. Sriramkumar (IIT Madras, Chennai, India) Scalar bi-spectrum during inflation and preheating December 10, 2012 2 / 49



Encyclopædia Inflationaris
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[1303.3787]


≈	
 70  models


≈	
 700  slow  roll  formulas


≈	
 320  pages
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A  few  examples
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theory.physics.unige.ch/~ringeval/aspic.html	
  

How  to  quantify  how  good  
a  model  #its  the  data  ?




J.Martin,  C.Ringeval  &  R.Trotta  [1009.4157]
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BEST  MODELS


Preliminary  Results
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BEST  MODELS


Preliminary  Results
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Typological  Classi#ication
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Typological  Classi#ication

BEST  MODELS
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And  now  what?


What  the  #irst  results  show:


n Some  models  clearly  are  «  ruled  out  »  by  the  data



n The  best  models  of  in#lation  lie  in  the  #irst  category  


What  should  be  obtained  very  soon:


n  A  complete  model  ranking  [in prep]


n  A  comparison  among  various  categories:  models  statistics  [in prep]:



 
w phenomenological  /  theory  bases

         
 
w in#lationary  energy  scale

   
 
w higher  energy  embedding  theory:  SUGRA/SUSY/STRING/…



 
w etc  …



n  Constraints  on  the  reheating    [in prep]


n  etc  …
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on  the  parameters

Prior  Speci#ication


Well	
  specified	
  parameters	
  è	
  Flat	
  Priors	
  
	
  
Unknown	
  order	
  of	
  magnitude	
  è	
  Jeffrey	
  Priors	
  

A	
  phenomenological	
  model	
  example:	
  	
  «	
  Intermediate	
  InflaAon	
  »	
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on  the  models

Prior  Speci#ication
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In#lationary  Dynamics
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An  example:  «  large  #ield  in#lation  »
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�N⇤

�N⇤ (⇢̄reh, w̄reh)

⇢nuc < ⇢̄reh < ⇢end
è

restrains  ΔN*  in  some  range


ΔN*	
  



ΔN*  #ixed  by  the  thermal  subsequent  history
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Increased  Observational  Constraints


nS    (±1σ)
 r    (95%CL)
 αS    (±1σ)
 fnllocal    (±1σ)
 I/R    (95%CL)

COBE  2
 1.21±0.57


COBE  4
 1.20±0.3


WMAP  1
 1.20±0.11
 <0.81
 -­‐0.077±0.05
 40±49
 <32%


WMAP  3
 0.984±0.029
 <0.65
 -­‐0.055±0.03
 30±42


WMAP  5
 0.960±0.013
 <0.43
 -­‐0.037±0.028
 51±30
 <16%


WMAP  7
 0.968±0.012
 <0.36
 -­‐0.034±0.026
 32±21
 <13%


WMAP  9
 0.9608±0.008
 <0.13
 -­‐0.019±0.025
 37.2±19.9
 <15%


Planck  2013
 0.9603±0.007
 <0.11
 -­‐0.013±0.009
 2.7±5.8
 <3.6%
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Need  for  exact  Formulas


Example:	
  RadiaAvely	
  Corrected	
  Higgs	
  InflaAon	
  

V = M4


1� 2e�2�/(

p
6MPl) +

AI

16⇡2

�p
6MPl

�

V ⇠ M4 in


�N⇤ = 60
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-­‐  In#lationary  
Dynamics






-­‐  Φend


-­‐    
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Example:	
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V = M4


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-­‐  In#lationary  
Dynamics






-­‐  Φend


-­‐    
�N⇤ = 60

�8 < AI < 4
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-­‐  In#lationary  
Dynamics






-­‐  Φend


-­‐    




Need  for  exact  Formulas


Example:	
  RadiaAvely	
  Corrected	
  Higgs	
  InflaAon	
  

V = M4


1� 2e�2�/(

p
6MPl) +

AI

16⇡2

�p
6MPl

�

V ⇠ M4 in


�N⇤ = 60

�8 < AI < 4

ParAcle	
  Physics:	
  

�48 < AI < �20
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-­‐  In#lationary  
Dynamics






-­‐  Φend


-­‐    




Bayesian  Approach


PB(A) =
PA(B)P (A)

P (B)
Bayes  Formula


P (A \B) = PB(A)P (B) = PA(B)P (A)

Pdata(M) =
PM(data)P (M)

P (data)

prior
posterior
 evidence


normalization
 P (data) =

Z

M
P (M)PM(data)
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Evidence	
  raAos:	
  	
  
updates	
  the	
  relaAve	
  state	
  of	
  belief	
  in	
  two	
  models	
  



Computational  Pipeline:

The  ASPIC  project


In#lationary

Models

V (�)

≈  70  models


SR  Analysis


Encyclopedia

In@lationaris


Numerical  
Public  
Library


LIBASPIC


Numerical  

Exact  

Integration


FIELDINF

≈50,000  code  lines
≈  320  pages


CMB  
Computation


CAMB
COSMOMC


Bayesian  
Monte  Carlo  
Processing


Posteriors  
and  

Evidences


Scienti#ic  
Explotation


SR  shortcut

BAYASPIC


MULTINEST
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Typological  Classi#ication




Summary


n In#lation  solves  the  Hot  Big  Bang  problems,  and  provides  a  causal  
mechanism  for  genrating  cosmological  perturbations  from  quantum  #luctuations



n Its  simplest  versions  (single  scalar  #ield  with  canonical  kinetic  term)  
account  for  all  the  observational  facts  about  their  statistics



n The  acuracy  of  the  data  has  improved  so  much  that  it  now  allows  to  
distinguish  between  the  models



n This  can  be  achieved  by  means  of  semi  analytical  bayesian  computation



n The  ASPIC  project  has  developed  a  publicly  available  numerical  library  of  
slow  roll  routines  for  ≈  70  models,  along  with  an  Encyclopedia  In@lationaris



n It  is  now  providing  for  the  #irst  time  the  #irst  evidence  of  these  models  and  
should  allow  to  answer  the  question:  What  is  the  best  model  of  in#lation?



n It  should  be  associated  with  complementary  approaches:  model  
independent  calculation,  potential  reconstruction,  etc..
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