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Outline	  	  
�  Inflation	  /	  Cosmological	  perturbation	  theory	  

� Non-‐Gaussainity	  and	  consistency	  relation	  

� Models	  with	  large	  local	  non-‐Gaussainity	  
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Dynamics	  of	  Infla7on	  
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Friedmann	  	  
equations	   Accelerating	  the	  

universe	  needs	  
extraordinary	  content	  

• 	  Matter	  content	  of	  universe	  at	  inflationary	  phase	  is	  
inflaton,	  a	  scalar	  field	  	  	  
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FRW	  metric:	  



	  condi7ons	  for	  infla7on:	  
�  Slow-‐Roll	  conditions:	  
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• 	  In	  order	  to	  inflation	  occurs	  
and	  lasts	  sufficiently	  long	  
time.	  

• 	  Minimum	  number	  of	  efolds	  	  	  	  	  	  	  	  	  
required:	  



Fluctua7ons	  on	  CMB	  temperature	  
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How	  can	  we	  model	  the	  CMB	  data?	  

Perturba7on	  theory	  in	  cosmology	  
� Perturbation	  of	  metric	  around	  FRW	  background:	  

	  
	  	  +	  Perturbation	  of	  matter:	  
	  
	  	  	  Perturbed	  Einstein	  Equation	  
Perturbations	  are	  not	  gauge	  invariant,	  in	  general.	  

�  	  Gauge	  invariant	  quantity:	  
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Curvature	  
perturbation:	   ,	   Bardeen	  Potential:	  



Power	  spectrum	  and	  CMB	  
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Power	  spectrum	  of	  curvature	  perturbation:	  
	  
	  
	  
	  
	  
	  
	  
	  
Spectral	  index:	  

COBE	  
normalization:	  

For	  simple	  slow-‐roll	  models	  



	  
Non-‐Gaussianity	  
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•  The	  three	  point	  function	  of	  perturbations	  

•  Local	  non-‐Gaussianity	  

Planck:	  



	  
� Any	  detection	  of	  local	  type/squeezed	  limit	  non-‐Gaussianity	  	  
can	  rule	  out	  most	  single	  field	  models	  of	  inflation	  

� Assumptions:	  
§  BD-‐vacuum	  
•  	  Attractor	  phase/	  conservation	  of	  curvature	  perturbation	  at	  	  	  	  	  	  	  
	  	  	  	  	  	  large	  scales.	  	  	  
	  	  	  

Consistency	  rela7on	  
Maldacena	  ‘03	  



AIractor	  /	  non-‐aIractor	  infla7on	  
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The	  model	  
•  Consider	  a	  simple	  single	  field	  model	  with	  constant	  potential as	  

the	  first	  phase	  of	  inflation	  
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•  We	  need	  a	  second	  stage	  of	  
inflation	  to	  have	  a	  graceful	  
exit	  as	  well	  as	  stable	  
perturbations.	  

	  



Back-ground equations of motion and slow-roll 
parameters: 

	  

•  It	  is	  not	  a	  slow-‐roll	  inflation	  
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Results	  
•  We	  have	  a	  scale	  invariant	  power	  spectrum!	  
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The	  model	  
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•  Observational	  predictions:	  



Conclusion	  
� Non-‐Gaussianity	  can	  rule	  out	  /	  constrain	  inflationary	  
models	  

	  
� Most	  single	  field	  inflationary	  models	  predict	  small	  
local	  non-‐Gaussianity	  but	  there	  are	  some	  counter	  
examples.	  	  
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Thank	  you	  


