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  light	
  of	
  BICEP2	
  results	
  



Detec5on	
  of	
  tensor	
  modes	
  by	
  BICEP2	
  

(aXer	
  dust	
  subtrac5on)	
  

ns = 0.960± 0.008

r < 0.11 Planck	
  at	
  95%	
  CL	
  

P.A.R.	
  Ade	
  et.	
  al.	
  (BICEP2):	
  arXiv:	
  1403.3985	
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BICEP2	
  results	
  are	
  consistent	
  with	
  single	
  field	
  quadra5c	
  infla5on	
  

-­‐independent	
  rela5ons	
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Scalar	
  poten5al	
  for	
  (uncharged)	
  chiral	
  superfields	
  

V = eK(Kij̄DiWD̄j̄W̄ � 3|W |2)

Di = KiW +Wiwhere	
  

How	
  can	
  we	
  obtain	
  a	
  quadra5c	
  poten5al?	
  

With	
  canonical	
  Kähler	
  poten5al,	
  	
   K = |�|2 + · · ·

V (�) ⇠ e|�|
2

⇒	
  	
  too	
  steep,	
  no	
  infla5on	
  

[Affleck-­‐Dine]	
  baryogenesis	
  difficult	
  to	
  realize:	
  	
  

Infla5on	
  in	
  Supergravity	
   (MP = 1)

m2
e↵(�) ⇠ H2
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•  ShiX	
  symmetry	
  of	
  the	
  Kähler	
  poten5al	
  

•  Polonyi-­‐like	
  superpoten5al	
  

•  α	
  must	
  be	
  tuned	
  to	
  yield	
  a	
  vanishing	
  cosmological	
  constant	
  

K =
1

2
(�+ �̄)2 � ⇣(�+ �̄� 2�0)
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W = ↵+ ��

V = e2�
2
0 |�|2(4�2

0 � 3)(Im�)2)

↵ ⇠ m� m3/2 ⇠ m� ⇠ 1013GeV !!!)

S.V.	
  Ketov,	
  T.	
  Terada,	
  2014	
  (arXiv:	
  1406.0252)	
  

Single	
  (complex)	
  field:	
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•  ShiX	
  symmetry	
  of	
  the	
  Kähler	
  poten5al	
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  (hep-­‐ph/0004243)	
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  (arXiv:1008.3375)	
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(�� �̄)2 + SS̄

W = Sf(�)

V = |f(Re�)|2)

Two	
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•  ShiX	
  symmetry	
  of	
  the	
  Kähler	
  poten5al	
  

•  S	
  coupled	
  to	
  flat	
  direc5on	
  χ	
  ⇒	
  drive	
  Affleck-­‐Dine	
  mechanism	
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Two	
  fields:	
   K = �1

2
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Two	
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No-­‐scale	
  Supergravity	
  

•  Single	
  field	
  also	
  leads	
  to	
  phenomenological	
  problems	
  
At	
  least	
  two	
  fields	
  are	
  necessary	
  

	
  
	
  
•  Full	
  SU(2,1)/SU(2)×U(1)	
  symmetry	
  

•  String	
  inspired	
  models	
  with	
  modular	
  weights	
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•  Modulus	
  T	
  as	
  inflaton	
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•  Modulus	
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  inflaton	
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•  Modulus	
  T	
  as	
  inflaton	
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•  Modulus	
  ϕ	
  as	
  inflaton	
  

•  Planck-­‐compa5ble	
  poten5als	
  are	
  “easy”	
  to	
  obtain	
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•  Modulus	
  ϕ	
  as	
  inflaton	
  

•  Planck-­‐compa5ble	
  poten5als	
  are	
  “easy”	
  to	
  obtain	
  

	
  	
  
	
  
	
  
	
  
	
  
•  Possible	
  to	
  reverse-­‐engineer	
  W	
  for	
  quadra5c	
  infla5on,	
  but…	
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•  Field	
  ϕ	
  as	
  inflaton:	
  

•  At	
  T=1/2,	
  
	
  

	
  

K = �3 log(T +
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•  Field	
  ϕ	
  as	
  inflaton:	
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•  Modulus	
  T	
  as	
  inflaton:	
  

•  ϕ	
  is	
  constrained	
  by	
  exponen5al	
  factor	
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•  Modulus	
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Conclusion	
  

•  A	
  variety	
  of	
  BICEP2-­‐compa5ble	
  infla5onary	
  models	
  can	
  be	
  built	
  

•  Non-­‐generic:	
  W	
  must	
  be	
  of	
  an	
  specific	
  form,	
  and	
  stabiliza5on	
  is	
  needed	
  

•  Stabiliza5on:	
   	
   	
  -­‐	
  Constraint	
  infla5onary	
  trajectory	
  
	
  -­‐	
  Effec5vely	
  single	
  field	
  (no	
  isocurvature	
  perturba5ons)	
  

	
  
•  Baryogenesis:	
  	
   	
  -­‐	
  Affleck-­‐Dine	
  

	
  -­‐	
  Leptogenesis	
  (sneutrino	
  infla5on)	
  
	
  -­‐	
  No	
  dilu5on	
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