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: Cosmological perturbation

* Quantum field theory




yonmodewnce

Macewa (97)
N =4 SU(N) super Yang-Mills theory in 4D

Duality ¢ G L

Classical type I[IB SUGRA on AdSsxS° in 10D

* SO(2,4) x SO(6) symmetry

* Correlation functions in CFT from gravity
Gubser, Klebanov, Polyakov (98), Witten (98)

Zouik [B(2,%)|=o] = (7T TX 2000} = Zepy
CFT




* Holographic principle t Hooft(92), Susskind (95) [
Holographic principle suggests that a gravity theory should

be related to a non-gravitational theory in one fewer dimension.

d-dim gauge theory €«—> (d+1)-dim gravity theory
+ RG flow

* Non-trivial duality Maldacena (97)
Boundary CFT Bulk gravity

““Hooft Coupling N ?x=(ro/ ls)4 Curvature scale ro

Strong coupling A>1, rg > | Weak coupling
Weak coupling A <1, ro < I Strong coupling




Inflationary spacetime ~ de Sitter (dS) spacetime

Strominger(o1), witten (01)
* CFT lives on the spacelike boundary
at the future infinity of dS.

Maldacena (02)

* Wave function from CFT
Wislgl=ZcFr

Holography for dS
- dS/CFT, Higher spin gravity Strominger et al. (11)

- DW/ Cosmology McFadden, Skenderts, ...(09)
- dS/dS Alishalia, Karch, Silversteim,... (04)




Anti d itte S) ‘ de ie S)
Vacuum with A1 < 0 Vacuum with A4 > 0

in R2’5 (==, +, +, +) SO(Q,S) in R1,4 (=) + +, +) SO<1)4>
-Xo?-X; 2+§ng 2= - A X2+ X19+2 X 2= A2

a=2,3,4

2

o (—dt2 + dz? + dy? + dz2) e (—d772 e e g e dw2>
= lAds = lds

772

.
-
‘

— Boundary
_)

IS sertl]s
z —1n
z:const, R

E=




de Sitter space

4D hyperboloid:
5 = {1 XPX* = H?)

in 5D flat spacetime R4

Breaking dS sym.

Inflation

CFT on R?

* Poincare T.

SO(1,4)

: : * Dilatation

* Special C.T.

Breaking CS

Deformed CFT
(ex)CEFT+ mass




Geometry (bulk)

X! fT
CELLY> s
<C(t,x) L (t,x) L (t,2) >, ... <0(x)O(y)O(2)>, ...
. @energy scale p

all) ~ e .." RG flow

Strongly coupled limit €= Weakly coupled limit

curvature scale <« string scale I




Breaking SO(1,4)
dS — quas1 dS CFT — deformed CFT
(Inflation) (FP) (Near FP)

Basic assumption
Vouslg, 8] = (e[ #o00)
: dCFT
Inflaton () External field

Expansion of universe a(t) «<u / RG flow: IR to UV

Weakly coupled SPT 10>l A >1 Strongly coupled

Strongly coupled New!! ry« 1, A «1 Weakly coupled




Weaklv coupled hmlt n the bulk

* Power spectrum

Maldacena (02), Larsewn et al. (02)vaw der Schaar(0=2),...

* Consistency relation At o

Maldacena (02), Larsen § McNees (03), ...
* Bi-spectrum

Lidsey § seery (0e)

Strongly coupled limit in the bulk

=

cf. DW/Cosmology mcradden, skenderis, ...(09)
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dCFT dual to smgle ol 1nﬂat1 | P =
Sdern = Scmm T /dSX\/ﬁ,u_(Ac_‘g)qu

dg

RG ﬂOW B = dlIl,LL = (Ac A 3) =T 6quant

UVFP Gauge of holographic plane Y-U § qarriga (13)

& 0p=0, hi=eXs;

Holographic description

e [0 ) = <e—f dgxu‘mc—3>¢<u>o<x>>
o, 4G <00>,<000>, ...

dCFT




Holographic description

(G(@1)¢(es) - ((@n)) = / D¢ PG ¢(@1)¢(@s) -+ () PLA=[Peasio ), ]2 |
Uyas [4(2), C] = <e—f d?’xu‘<Ac—3>¢<u>0<x>>

dCFT

Remark! Applies to Weakly&strongly coupled case

Power spectrum

= oL (O(k1)O(k2)) = (2m)36(k1 + ko) Po (k1)
gl =m0 A=A, -3

Bispectrum
<C(k1)C(k2)C(k3)>conn S (277)35(k1 + ko + kS) B (

3
B(ky, ko, k3) = — [ [ P(k:)
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Power speotrum

Near conformal FP Po(k) Po(k) for CFT

ey
T2 X2¢()2c K

P(k) ~ —
c: central charge ~ # of DOF's on boundary

In weakly coupled limit

Friemann eqs. 32 ~ A2¢(u)? ~ 2
dS/CFT i —(ldSMp1)2 Strominger(o1)
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pl k>




P( )

1 : T(kla k27 k37 k4)
™L = — lim

4 k12—0 P(k1)P(k3)P(k12)

SY inequality

- 2
TNL > <gf NL> Equality holds for single field case

If Gaussian at k~aH and ON can be applied

Suyamagyamaguchi (0L)

If fnp& e are k independent or have the same k dependence
Assasst, Baumann § Green (12)




SY inequality in holography

dCFT dual to single field inflation

6 S LR e e P(k1)P(ks)
o = —= lim W® (ky, ko, k
TNL (5fNL) 1 (k1, ko, k3, k4) Plkn)

==

. W (ky, ko, k3, k) 6 g
If kgrgo P(k12> el 2 Sl ngL

Four point function W®

>< i l.-/dgkiW(4)(k17 ko, ks, kq)o(ky + - +Ka) Gy -+ Cy

=4
W@ 5 (0000), (000), (00)

For local theory, SY inequality holds.
Four point fn. depends on details of (d)CFT.




Holographic description of inflation seems feasible.

* In the weakly coupled limit, the results from the standard
cosmological perturbation theory are reproduced.

Power spectrum, Consistency relation, SY inequality,...

* We derived the universal expression, which can apply to

both strongly and weakly coupled regime.

* An extension to multi field cases 1s possible.

SdcrT = ScrT + Z / d*x/g $aO4

Y.-W., Garriga, ... in progress




