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Yes, we “detected” inflation.

- Alternative way to describe inflationary universe

Can we describe inflation holographically?
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energy scale

: Cosmological perturbation

* Quantum field theory




1. dS/CFT

2. Inflation/QFT

3. Boundary QFT

4. { correlators from boundary
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N =4 SU(N) super Yang-Mills theory in 4D

Pt ¢ EN slieNig =1

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)

Zout [B(2,%) 0] = (€7 #% 20 = Zopy
CEFT




* 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 A }\=(I‘0/ 1s)4 Curvature scale rg

Strong coupling A >1, ro > | Weak coupling
Weak coupling A <1, ro < g Strong coupling




AdS/ CFT as H- _) forma LLsm
d- dlm gauge theory <«—— (d+1)-dim gravity theory |
+ RG flow

Recall Hamiltonian-Jacobi formalism....

using equation of motion for (d+1)-dim theory

Z=Z1

0S ~ Edz‘

Z=Z92

Z=7]

holographic plane —= CFT

Z7=7Z9)

trivial B.C.




Vacuum with A4 < 0 Vacuum with A4 > 0
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* CFT lives on the spacelike boundary
at the future infhinity of dS.

Maldacena (02)

* Wave function for bulk gravity Was[gl=Zcrr
Probability distribution Paslg]= |ZcrrF

* Time evolution in bulk can be described by
RG flow of the boundary CFT.

Renormalization scale g « Scale factor a

qarrigagVvilenkin (08,09), Bzowski, McFadden § Skenderis (12)




1. dS/CFT

2. Inflation/QFT

3. Boundary QFT

4. { correlators from boundary




de Sitter space CFT on R?

4D h Ioia: * Poincare T.
yperboloid SO(1.4)

Tg s e = s : : * Dilatation
* Special C.T.

in 5D flat spacetime R1A

Cosmological const. A CFT
+ inflaton ¢ + @0 (ex)mass

Breaking dS sym. Breaking conf. sym.

inflation Deformed CFT




Standard Lore of inflation
4D bulk |

Inflation

= dS + modulation

Given that....
- GR, V(¢)
- GR, V(¢), P(X=(3¢)?)
- f(R), V(¢)

and SO OnN

TR gb([)) <Z.Z’----C>>




hic inflation
4D bulk = Dl ondan

Inflation [ OFT

= dS + modulation CFT+1 deformation

WYouk[@] = Zorr [g]

ZQFT = /DXGXP [_SCFT _/QO[X]

deformation

- @& g relation?

Necessary building blocks {

-t & y relation?




From cosmological perturbation

Single clock d.C = O((k/aH)?)

wawnds et al.(00), weinberg (03), Lyth et al(o4),
Langlolsg§Vvernizzi (05), ...

: : 05
Energy conservation VAT a0

* Holds at full non-linear order

(ex) Single inflaton in Einstein gravity

CN‘FQZ?/C,_QZ/&:O




hic inflation
4D bulk = Dl ondan

Inflation [ OFT

= dS + modulation CFT+1 deformation

Conservation
of P; Weuk[@] = Zarr [g]

ZQFT = /DXeXp [_SCFT _/QO[X]

- P& g relation? gl =)= ol )

- t & pu relation? a(t) x u# p:const .G85 U14)

N.B. Subtle issue occurs for bi-spectrum in higher order of SR




1. dS/CFT

2. Inflation/QFT

3. Boundary QFT

4. { correlators from boundary




what’s Rg flow? ,
1,:Physical scale p:Cutoft scale

given that s, << u » Ly

— 1/p
(ex) interaction S=I11 2 ¢()

i-1234  p;< g

Physical quantity  Fohys(uos g(0), 1) = Fphys(p; g @), 1)

g: Physical constant

Rrenormalization group (RG) flow




Conformal perturbation theory (~ Slow-roll expansion)

Sort = Scrr + 08 O — /d337 gO|x] 0=9<«<1)

O : Boundary operator consists of ¥

g : Dimensionless coupling

1 : Renormalization scale

- Correlators for CFT

(O(x)O(y))crr = ——

20
C

OO e = By = 25 — P2




Beta function § FP

Klebanov et al. (11)

Ag(k) + S6* () + O(g")

Classical scaling Quantum corrections

- Fixed point (FP) [3=0
For C'/A<0 Two FPs g=0, —2)\/C
For C/\z 0 One FP 4=0,







Reconstruction of potential

KG equation RG equation

oV (¢)
O

6+ 3Ho + =1

|

i 9(i, x) = ko), x)
dlna=p din u




Oorretators o-f o

Expandmg by correlators for CFT Wlth cutoff
<O(ZL’1) KA O(:En»ﬂ Bzowskl et al. (12)

integrating out k>u, changing s, using OPE

ZEte (Ol )= Oles ), — Z0 8@l @)
k< k<0

Wave fn. renormalization

J.a.5Y-U.(14)




1. dS/CFT

2. Inflation/QFT

3. Boundary QFT

4. { correlators from boundary




CorrcLators

From boundarv OFT to bulk gravity ég(&c)

Was[g] = Zarr[og]= e V1ol P[0g]=|Wqas[og]|*
(bg(an)-+8g(wn)) = [ DégPlsglog(an)- Syl
* Distribution function P[0g]= e oWogl

-/ddxn W(”)(xl, oo, X)) 0g(x1) - 8g(xp)




* 2 point function
(69(z1)0g(z2)) = W 7 (x4, x2)

.yl PR )

X2 Y3
* 3 point function VVW)
X3

(0g(x1)0g(22)dg(x3)) : J.G.8Y-U (13)

/I_Id?’yZ 1 (i, y;) W(3)<y17 Ya, Ys)




C Corvelators

n cosm )
(C(@1)C(x2) - - (O(21)O0(z2) - - - O(zn))

X2
o] ® e Xn

flat space R=0

at large scales

Vertex function

0" Wqrr|(]
oGt soC e, HiEE

W (x, -, ©,) = 2Re




PoOWeEr speotrum

or @A [1 L (fpy ]

cf Agrees with the result of Bzowski+ (12) tn u — o
Remarks

1.Amplitude
s Ol
B_dln,uw dlna,p = 1 N1<H>2

2 M
c ~ (]\4131/[{(13)2 Strominger (01) o 5 2
Maldacena (02)

2. Spectral index
For k>> fp n5-1=2|)t| Blue-tilted
For k<< fp n3—1=-2|A| Red-tilted




| é\/oLLctiow of “inflaton” :

IR ~ Early time UV ~ Late time

N.B. n, - 1=-6£+27]




Conservation of bi-spectrum

B(w) = Bo (ﬂ)A

HO

* Restricted RG, at most 1 FP

* RG w/2 FPs, Break of conservation away from FPs

* Restricted bulk evolution o e

1 Il
72 C2R2cy kAT Ty — = =

Pe(k) =




~ Multi-field extension

J.G.5Y-W. (in preparation)

N
Sdcrr = Scrr + 0S 05 — Z/dﬂ 9a0q
a=1

i : Renormalization scale

Oa : Boundary operator consists of X

o Dimensionless coupling

Gauge condition 0g1(u, x)=0

gmP)1(u, x)= g1(u)
grP)a(p, x)= ga()+ sy, x)




Holographic description of inflation scenario

* We computed the primordial spectrum holographically,

and the result can apply to strong/weak gravity regimes

(large N, arbitrary ‘tHooft coupling).

* The conservation of { power spectrum determines

t & p relation as a(f) o .

* Holographic inflation (w/2 FPs) predicts broken

power low spectrum.




