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Introduction

- Inflatic 1e of the most promising candidates as
the generation mechanism of primordial fluctuations.

| iflation can be derived by a scalar field.

e have or of inflation models.

—  we have to discriminate those models.
m CMB : scale invariant spectrum, Gaussian statistics

may have the key of this puzzle.




on-Gaussianity in CMB

s deviations of CMB from the Gaussian statistics

1s parameterised by the non-linear parameter “
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WMAP7: —10 < fi95*! <74  PLANCK:|Afi05*| < 5

=> There exists a possibility to constrain inflation models by f; !

=>» We need to go beyond the linear perturbation theory.




Outside Horizon

on of the N

k Newton

inflation -

= To give a precise theoretical prediction,
we need to solve the evolution of R® after horizon exit.

=>» We focus on superhorizon dynamics of non-linear perturbations.




NONlinear Cosmological Pert’s

eral approaches for non-linear pert’s.
1, higher order perturbation : most general, lengthy

: superhorizon only, ~ BG Egs

: coordinate-free, geometrical

What is the relation between No.2 and No.3 ?

v Equivalence at linear, 2"¥ and 3@ order

Langlois et al., Enqvist et al,. Lehners et al,.

v non-linear equivalence in the Einstein gravity
Suyama et al.




radient expansion approach

ales, spatial gradient expansion will be valid.

DS H S 0,0|(~ L7'Q) < |2.Q|(~ HQ)
We expand equations in powers of spatial gradients.

effects are taken into account.

= We express the metric in the ADM form

dem= 0 dt” + 7 (dz" + B'dt)(dx’ + B dt)

= The spatial metric is further decomposed

w . curvature
" perturbation

A B 2
Yig = o~ (t)e” Vi det|ys;| =1




delta-N formalism

B.G. e-folding number

_ Ion-linear e-folding number. ct. N = f Hdt
S /@Ozdtm /(H—l—(?t )dt  ©=V,n*

Blis given by the of “IN" =3 § N formalism
=\ — N = w(tﬁn) - 77b(tiﬂi)
) w(tﬁn)




EVolution of curvature Pert.

final

. 0 = const.
_he shcmgs p \4_\

initial : &timal : uniform p —

J N gives the final ) on the uniform 0O initial

ot us consider a perfect fluid :

T,ul/ N (/0 = P)u,uuy s Pg,ul/

= The energy cons. law gives the evolution eq. for

1 0
O =0 ey [ +0; = §p:OP




Govariant formalism

N .
= J N = ?6,“0 N=LN=uON

‘The energy cons. law gives the evolution eq. for

. e P
Cp = LG = (GMP B —,(%p)

3(p+ P) p

B Notice!!

NdeT@

2, there is an ambiguity in the choice of the initial slice,

1, the equation for ¢ is valid at all scales.

since N is defined in terms of the integration.




Equivalence (D

between “ C  ” in the covariant formalism

and “ = " “in the 0 N formalism is unclear.

= We choose the initial flat slice as in the 0 N formalism,
-ofos] -0 |

=>» This shows that 6 N formalism = covariant formalism.




Equivalence @

he equivalence between two evolution egs.

~ The evolution eq. for C 1, on large scales

=» This also shows that 6 N formalism = covariant formalism.




Conclusion

1 that the non-linear equivalence between

and formalisms on superhorizon scales.

0 the proof, we have not assumed the gravity theory,

hich means the equivalence holds in







Linear theory
R® ~ AR

er perturbations around the FLRW universe.

az(n) [_ (1+2A)dn* — 2A_1/23,id33id77 + {( A CI)0;, — 2A_1C,7;j }dwidxj]

R~ &y ~AL/T )

(gravitational redshift) - P i

1€ Einstein equations —> the master equation for R
Re:Rin 0¢p =0
s=ax (gh/H)

/
R’C’+2Z—R’C — AR.=0
A

= On superhorizon scales \ > H !, Slow-roll

L5
= and R, oxz ?~a?




Curvature covector

e - [olding number, which is the integration

of the expansion along an integral curve of u”,

= g/d'r@z g./d'rvuu“

Ve define the , which is one of the
most important quantities in the covariant formalism.
./\'/,

where the dot denotes the Lie derivative with respect to u*,

N=LN = ut 9, N Clu e — u 0,(, 60U




Evolution equation for CC

ons. law gives the evolution eq. for CC,

. O P
“= T30 +B) (a“P 4 Fa“p)

When the adiabatic condition “P = P (0)” is satisfied,
- the RHS vanishes and CC is conserved.

1, the above equation is valid at all scales.
2, there is an ambiguity in the choice of the initial slice,
since N is defined in terms of the integration.

NdeT@




