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We	  develop	  a	  new	  class	  of	  chao?c	  infla?on	  models	  with	  
spontaneously	  broken	  conformal	  or	  superconformal	  invariance.	  
Observa?onal	  consequences	  of	  a	  broad	  class	  of	  such	  models	  are	  
stable	  with	  respect	  to	  strong	  deforma?ons	  of	  the	  scalar	  poten?al.	  	  	  
	  
In	  this	  class	  of	  models,	  infla?on	  is	  possible	  even	  in	  the	  theories	  
with	  very	  steep	  poten?als	  because	  of	  their	  exponen?al	  flaNening	  
at	  the	  boundary	  of	  the	  moduli	  space.	  This	  effect	  can	  be	  described	  
as	  infla?on	  of	  moduli	  space,	  which	  exponen?ally	  stretches	  and	  
flaNens	  the	  inflaton	  poten?al.	  	  
	  
In	  this	  sense,	  slow	  roll	  infla?on	  in	  the	  landscape	  is	  
facilitated	  by	  infla?on	  of	  the	  landscape.	  
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This	  	  theory	  is	  locally	  conformal	  invariant	  

g̃µ⌫ = e�2�(x)gµ⌫ , �̃ = e�(x)�

The	  field	  	  	  	  	  	  (x)	  is	  referred	  to	  as	  a	  conformal	  compensator,	  which	  we	  will	  call	  
`conformon.'	  	  	  It	  has	  nega?ve	  sign	  kine?c	  term,	  but	  this	  is	  not	  a	  problem	  because	  
it	  can	  be	  removed	  from	  the	  theory	  by	  fixing	  the	  gauge	  symmetry,	  for	  example	  
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This	  gauge	  fixing	  can	  be	  interpreted	  as	  a	  spontaneous	  breaking	  of	  
conformal	  invariance	  due	  to	  existence	  of	  a	  classical	  field	  	  

The	  ac?on	  in	  this	  gauge:	  
dS	  or	  AdS	  
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SPECIAL	  RELATIVITY	  REMINDER	  

ct

0
= ct cosh'� x sinh'

x

0
= �ct sinh'+ x cosh'

�
v

c
= sinh'

� = cosh'

v = 0 , cosh' = 1 , ' = 0

v < c , cosh' > 1 , |'| > 0

v ! c , cosh' ! 1 , |'| ! 1

tanh' =
v

c
is	  called	  rapidity	  '

Space-‐?me	  par??on:	  	  
light-‐cone	  structure	  



The	  simplest	  conformally	  invariant	  two-‐field	  	  model	  of	  dS	  or	  AdS	  space	  and	  the	  
SO(1,1)	  invariant	  conformal	  gauge	  

Local	  conformal	  symmetry	  

The	  global	  SO(1,1)	  transforma?on	  is	  a	  boost	  between	  these	  two	  fields.	  
	  
SO(1,1)	  invariant	  conformal	  gauge	   Rapidity	  gauge	  

This	  gauge	  condi?on	  represents	  a	  hyperbola	  which	  can	  be	  parameterized	  by	  a	  
canonically	  normalized	  field	  

The	  ac?on	  in	  this	  gauge,	  
dS/AdS	  
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g̃µ⌫ = e�2�(x)gµ⌫ , �̃ = e�(x)� , �̃ = e�(x)�
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Here	  F	  is	  an	  arbitrary	  func?on	  of	  the	  ra?o	  phi/chi.	  When	  this	  func?on	  is	  
present,	  it	  breaks	  the	  SO(1,1)	  symmetry	  of	  the	  de	  SiNer	  model.	  Note	  that	  this	  is	  
the	  only	  possibility	  to	  keep	  local	  conformal	  symmetry	  and	  to	  deform	  the	  
SO(1,1)	  symmetry!	  

In	  rapidity	  gauge	  it	  becomes	  

The	  aNractor	  behavior	  near	  a	  cri?cal	  point	  where	  SO(1,1)	  symmetry	  is	  restored	  is	  
the	  following:	  start	  with	  generic	  F(tanh),	  	  always	  get	  

ns ⇡ 0.967 r ⇡ 0.0032
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Looks	  like	  leNer	  T	   Func?on	  of	  	  tanh2n	  



T-‐Model:	   F (�/�) = � (�/�)2n

V (') = �n tanh2n('/
p
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ATTRACTOR	  



T-‐Model	  
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Any customer can have a car painted any color 
that he wants so long as it is black                     

Henry Ford

UNIVERSALITY	  
of	  	  T-‐Model	  



n=1	  

To	  our	  surprise,	  we	  found	  that	  the	  Starobinsky	  model,	  
which	  is	  one	  of	  the	  first	  infla?onary	  models,	  with	  the	  
ac?on	  R	  +	  R2,	  also	  belongs	  to	  this	  broad	  class	  of	  models	  
with	  spontaneously	  broken	  conformal	  symmetry.	  It	  is	  
just	  a	  bit	  more	  complicated	  than	  the	  basic	  T-‐Model	  



	  	  Original	  poten?al	  

Poten?al	  in	  terms	  
of	  the	  canonical	  
field	  	  '

	  GENERALIZATIONS	  



Original	  poten?al	  

Poten?al	  in	  terms	  
of	  the	  canonical	  
field	  	  '
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Infla?on	  in	  the	  landscape	  is	  facilitated	  by	  infla?on	  of	  the	  landscape	  

Poten?al	  in	  the	  original	  variables	  
of	  the	  conformal	  theory	  

Poten?al	  in	  the	  Einstein	  frame	  
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Take	  the	  first	  term	  in	  the	  expansion:	  

Distance	  from	  the	  boundary	  of	  the	  moduli	  space	  

Expanding	  the	  poten?al	  in	  x:	  

Solving	  equa?ons	  of	  mo?on	  gives	  
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Therefore	  it	  is	  indeed	  OK	  to	  ignore	  higher	  order	  correc?ons:	  
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We	  use	  3	  superfields:	  a	  conformon,	  an	  inflaton,	  and	  a	  golds?no	  	  

Kahler	  poten?al	  of	  an	  
embedding	  manifold	  

Deriva?ve	  of	  the	  
superpoten?al	  



Thus	  we	  have	  the	  same	  inflaton	  poten?al	  as	  in	  the	  class	  of	  
conformal	  models	  discussed	  earlier.	  Other	  fields	  are	  
stabilized	  at	  their	  zero	  values	  if	  ζ	  >	  1/6.	  



'

Stabiliza?on	  of	  golds?no	  field	  
S	  during	  infla?on	  in	  the	  
superconformal	  T-‐Model	  



Historically,	  conformally	  invariant	  theories	  were	  discarded	  by	  
infla?onary	  theory	  model	  builders,	  just	  as	  massless	  Yang-‐Mills	  
fields	  were	  discarded	  by	  phenomenologists	  un?l	  inven?on	  of	  the	  
standard	  model	  based	  on	  spontaneous	  symmetry	  breaking.	  
It	  seems	  now	  that	  theories	  with	  spontaneously	  broken	  conformal	  
or	  superconformal	  invariance	  may	  play	  important	  role	  in	  
infla?onary	  cosmology.	  
	  
We	  developed	  a	  new	  class	  of	  chao?c	  infla?on	  models	  with	  
spontaneously	  broken	  conformal	  or	  superconformal	  invariance.	  
Observa?onal	  consequences	  of	  a	  broad	  class	  of	  such	  models	  are	  
stable	  with	  respect	  to	  strong	  deforma?ons	  of	  the	  scalar	  poten?al.	  	  	  
	  



In	  this	  class	  of	  models,	  infla?on	  is	  possible	  even	  in	  the	  theories	  
with	  very	  steep	  poten?als	  because	  of	  their	  exponen?al	  flaNening	  
at	  the	  boundary	  of	  the	  moduli	  space.	  This	  effect	  can	  be	  described	  
as	  infla?on	  of	  moduli	  space,	  which	  exponen?ally	  stretches	  and	  
flaNens	  the	  inflaton	  poten?al.	  In	  this	  sense,	  slow	  roll	  infla?on	  in	  
the	  landscape	  is	  facilitated	  by	  infla?on	  of	  the	  landscape.	  
	  
We	  found	  a	  broad	  class	  of	  models	  of	  that	  type	  belonging	  to	  a	  
certain	  universality	  class,	  with	  the	  same	  observa?onal	  predic?ons,	  
	  
	  
which	  are	  favored	  by	  the	  Planck	  data.	  Experience	  with	  black	  hole	  
aNractors	  suggests	  that	  this	  is	  just	  a	  first	  step	  in	  finding	  other,	  
more	  general	  types	  of	  cosmological	  aNractors.	  


