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The guestions

1. Can we understand the unerse we obsewe

2.1t It exists the landsqae, can we s arything about
why we live In this specibc vacuum

False vacuum eternal inf3ation  rom hep-th/0606114
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3.What Is the right question to ask

4.Does it hare the consistent math framerk
for understanding the eternal inf3ation

5.Does It hae obsewational conseqguence of the
landscpe(initial conditionpubble collision...)

Motivation




AdS/CFT basic

N=4 SU(N) SYM in Ms equivalent to IIB string
theory INAASX S

¥Couplings
R4 A 2
a/Q — )\ gs N | — gymN

¥Global symmety

Conformal symmety = Isometly = SO(2,4)
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¥ Correlation function

In the classical supergity limit

Z5(do) = e S(¢o)

where S(¢o) is the classical action




Massless scalar example

Euclidea\dS In Bincare coordinate

| d

Relation between bulk and boundsrcorrelator

- 1
lim XS 9%59Gr (X4, X)), (Xo, X) = —
xogl_)() o Xo OB ( 0:X")s (X0, X) X — X|24
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Open unierse flom bubble micleation

Coleman-De Luccla instanton in Euclidean 4D

Considering the scalar couple to grey with the bllowing
potential,

Universe ceated ly tunneling



Assuming the SO(4) symmegtr
ds® = dt* + a(t)?d! % = a(X)?(dX* +d %)

where d! 3 =d!? +sin®!d! 3

The equation of motion Is

(a!)Z — %‘QZ(! !)2 o CL4V(! )+ a2
2a'! oV

| /| 27"

o v o
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¥Continuation to Lorentzian signatar

_
XU T+2i 6-iR

ds?® = a(T)?(—dT? + dR? + sinh® R d! 3)
= a(T)*(—dT* + dH3) region |

(open FRV with SO(1,3) )

l — It
2

ds?® = a(X)?(dX? — dt? + cosh® t dQ3) region ||

(Bubble wall egion )
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Penrose diagramar the Lorentzian
continuation of the CDL instanton

Universe ceated ly tunn



Two point correlator in CDL backgrund
(for massless scalar )

Q(X1, X2;0) = a(X1)a(X2)! x(X1,0)x(Xa, )"

The rescaled tw point function satisfy
0(6)

sin® @

(0% +U(Xy) — V2] G(X1, X2;0) = 6(X1 — Xo)

where

UX)! a"(X)/a(X)=1" (%(q)’)z + 2a2V(<I>)>

and [U(X)—1lasX — +o0
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Expanding in the complete set

(X1 Xg) = /OO %Uk(x DUL(X2) + up(X)up(Xs)

where

[—! 5 + U(X)]uwk(X) = (k% + L)uk(X)

! 9% + U(X)]ug (X) = 0
then
. % dk

G(Xl, Xo:l ) — ) 2TUk(X 1)U§(X2)Gk(' ) -+ Up (X 1)U>lé (Xz)GB (I )

G (0) and Gp(0) are the green function on S°
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G (0) and Gp(0) satisfy the following equations separately

o(0
" 24 (k% + 1)]Gi(8) = .(2)
sin“ 6
0(0)
—V?Gp(H) =
5(0) sin® 0
The solutions ax
- sinhk(7w! 0)
Gi(0) = sin 0 sinh K7
| | 1 cos! |
1) — T; 1) 1 | _ .
Gp(t)=lm Gt Ty Yo g o

Correlator in CDL backg



The complete set of orthonormal modes ug(X) with £ > 0
is give by the waves coming in from the left and those coming
from the right

The modes from the left

u (X)) — e** + R(k)e' ** (X — —o0)
u (X) — T(k)e** (X — o)

The modes from the right

ur k(X)) ! To(k)e "t (XL " #)

U_k(X) — e ** L R (k)" (X — )
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Taking the X, X’ ! " # limit and using the relations
R(k)*=R((" k), RIKIR(k)*+T(K)T (k)* =1, we get

. - dk . I L
Ge(X1, X25t) = % efOX L R(k)e *® GL(1)

where 0.X :X1 —X2 and X :X1 —I—XQ

Thus or a gien instanton geomettwe can get the
Euclidean tw point function ly calculating the
corresponding potentiall = a” /a then solving the
scattering poblem to get the el3ection coefbciernR
And anaftically contirue to Lorentzian FR/ by

X T+ mi/2, 0—iR
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Correlation function (a thin-wall example)

a(X)=e* (X <0)

1
= >
*X) coh X (X =0)
The potential Is
UX)=1— — =1 (X)—1(X)
cosh? X

and the eldection coefbcient is
i(k + 1)
(2k +3)(k — 1)
Correlator in CDL backgyund N TV A
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Continuous modes

N - dk i(k + 1) g esinh k(" —=1)
X)X, Xo:1) = ikX
o (X X o 2" (2]€—|—7j)(k—i)6 sin! sinh £&"
_ 1 2" - eny n+1 l #e—me . 6in9$
2sinl 2" 2n+1)(n—1)"
1 2" ’rf,_( °) % k _|_ . &l
1 (—1 1 - '
” —ikX ( _kn—kO  _—kw+kO\
P 2 TG ‘ )
_ X —i0)/2 _ X+1i0)/2
_ "1. _ie(_X_I_,L-H)/2 log 1—|—6(_ . )/ _|_,L'e—(X+i9)/2 log 1"‘6(_ . )/
12" sin! 1 — e(X—10)/2 1 — e(X+10)/2

i ¢ ¢ i e 2. % 2. %
—die” " log(1 — e77") 4 die” T log(1 — e T) 4 Zien 0 — Siet T

*

1 L X i 0 2. .5 X—i0 , 2, % X +i
Y 0 0\ "o 1 “0 o | +10
+2" e o€ (e e'”) 3( 1 X + e —|—3( 1X + e

Bound state

Qp(X1,X2:1) = ug(X1)up(X2)Gg(!) = Ze — 11 =
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Analytically continue to Lorentzian space by X — T +14/2, " — iR

and define 6T =T =Ty, T=T; + T

we get the following P-dependent part of the correlator ! (T, 0)x(T’, R)"(®)

Q) (X1, X 2;6)
a(Ty)a(T?)
2. & e P

| + : + .
3 3rsinhR 127 sinhR

(T, 0)x(T", R)P) =

ia(P+R)/2 - (P—R)/ 2
1+ 1e _ie_(ﬁ_R),2|0g1+ e
1 — je(P+R)/2 1_ je(P—R)/2

e~ (P+R)/2 |oq

+4eP*R) jog(1 + e (P R)) _ 4eP-R) |og(1 + &P~R)) + 4PP—R)

The 01’ =17 ! T5 dependent part is

1 e P

2" cosh#I — cosh R

(I (T1,0)! (T2, R)YOT) = —
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Large separation bet@r

The geodesic distance ¢ between the two points on H3 located at
(R;,0) and (R,, o), where « is an anglein S?, is given by

codh! = coshR; cofh R, — sinhR4 sinhR» cos”

In the large separation

'l Ry +Ry +1log(1" cos")

We take the late time limit aswell asthe large distance limit.
Namey, we brst takethe P+ | — oo limit and drop the terms
with positive powers of e~ (** 9. The rest of the terms are given as
an expansion in powers of ¢¥—*
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Two Interesting things coming out of this limit

1.Discrete sum
o~ (A=1)¢

sinh ¢

Gl p— Z GAG(A_Q)(Tl—I_TZ)
A=2

—(! —1)¢
sinh /

o =2(Ta+Ty) € ~ell T+ T2) o= Rap=! R2(] _ gogp) ™!

2.Nonnormalizable mode

/e

G ~ R+ Ry + log(1 — cosa)

2~ 3rsinh/




Summey

¥AdS/CFT ges us the conate holograhic framevork
to describe the graty INAdS

¥ItO likely that our unierse is describedybeternal
iInf3ationln paticular the unierse was tunnelingdm
false vacuum with higher cosmological constant

¥We gae a cicumstantial eidence ér the existence of
the holograhic dual of this tunneling baaked in the
spirit of AdS/CFT
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Future works

¥What is the bounday theory ?

¥If there is the confrmal theory, what is the central charge?

¥What does the nonnormalizable mode imBlLiouville
theory?

¥How to include bubble collision in the picte?

¥Does it have obsewational consequence of the tunneling
event?

¥It will be interesting to knav if bounday theory can tell
us the measw of the eternal inf3ation
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