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Wormholes & Superselection sectors

Ordinary wormholes

off -shell
& Coleman

, Giddings and
Stromingen

'

88
'

89$

non-local interaction :

Swa = - É Ig JcPxd☐y Ozlx, Ugly )
~ / [da] e- 2/-442×2 e-

Jd "x -3%91×1

" localized
"

by introducing random couplings ✗
, free para .



'

04 Maldacena
.
Maoz

Wormholes in Ads / CFT '

20 Marolf . Maxfield

J
= ZEJ ]

Ads /CFT : / D8
E-I

gravitational path ~

integral with boy g-

a Partch function
of dual CFT

generalize the dictionary

Ji

/ DE Jn %
= < 2- [Ji] - - - 2- [ Jas > ensemble average

( ETI .

.
.

-

u on- shell
Ji Ji
\

Ji

Jn Jz In J2 Jn Jz • • •

'

,
,

_

'

_
,

-

'

-
,

-



2D Examples

• Jakiw -Teiteboim CITI gravity as a matrix integral
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operator in a RMT

TréBH
P

f [dgij]
= fdlt

p

- This correspondence may be true for
all 2d dilation gravities
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- Both perturbative and non
-

perturbative results match !

AN EXACT CORRESPONDENCE !



• Factorization Problem

Ads / CFT or Ads / ENSEMBLE ?

ZIP , ) 2- 1Pa ) = ZIP, / ZIP, ) ≠

ZIP , ) ✗ Zlpzl ZIP, / ✗ ZIP, )

1=0

. If both Ads / CFT and Ads / ENSEMBLE are CORRECT ,

then there is the so called factorization problem .

. Of course Ads / CFT is correct and Ads / ENSEMBLE is just
\

some approximation .
The question is how factorization is restored !



Outline

• Factorization in CGS model
.

• Factorization in 0 - SYK model
.

• Their relation and generalization .



- Factorization in CGS model '
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• Marolf * Maxfield 's topological surface theory

=-3 : the bdy condition of a circular body .

The general gravitational amplitude is
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The dual ensemble theory : ensemble of theories with 4=0
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• The CGS model : disk - and - cylinder approximation of nm
( Coleman - Giddings - Strom ingen
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• The Hilbert space of closed universe



Different basis

1) Z basis [ Zh >
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- Proposal of factorization .

Note that Kl Ela > = Zi = < at Eloi

and
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Factorization in 0- SYK

• 1- SYK model
-
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• 0 - SYK ( without averaging 1
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. wormhole persists !
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③ Combine and check
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Qi : Can we find ≥ 1 the single half -WH )

Yes ! C
'
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But to find non-trivial result
me require

< Ja> = µ .

We find the new Gw¥¥÷j4i4j and §h=_ ⑤ Eh , Ja , 4)

such that
2- ≈ < z > + 0-10 , JA , 4)

Q2 : Is the half -WH always given by -410.1 ?

No ! When <It > 1=0
.

we have to add new contributions

to ZLZR which correspond to a saddle point
with
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• Other results

• 0 - SYK with JA satisfying other distribution

. Brownian - SYK

• Modified Brownian - SYK

. The upshot
2- or Zitr ≈ self - avenging saddle +

non- self - avenging
"

Saddle
"

-

to restore factorization we do not

need all the information .



• The shortcoming
•

Heavily rely on introducing the proper
"

GI
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and

the trick of inserting a suitable
"

L
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but in general

we do not know how to do
.

•
A new proposal contouring )

The key idea is to generalize the analysis of

CGS model



• A simple statistical model

Let us consider a function Ylxil of a large number N

independent Gaussian random variables Xi
.

Each ✗ i can be thought of as a boundary operator , so this
kind of model can be thought of as the CGS model with

species .
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Then we have the following decomposition :

Yh = I Tk Tk : the k - universe sector

k=IiWi

In particular To is the self - averaging sector CY} and

Theo are the non - self - avenging sectors
.



The Q : In the large N limit , which sectors
will survive ?

A example
Y= Femi ,

< Xi > =H < Xi > - <Xi >2=1-2 .

The result depends on the parameter Pt :
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: Results

1
.

When E/ ti << N
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is self - averaging and
'

WH can be

ignored

2
. Only when this> N
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WH will be important .
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When

only few huh- self - averting sectors survive
,

we
.may

identify them as

"

half -wormhole
saddles
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Sometimes when t.fi - Out .

all the sectors are

important .

It means that to restore factorization

we need all the details of the couplings .

1->

may not have a bulk dual
.



- Revisit 0- SYK model
.

① When too

2-
'

≈ Pot Pmax

indeed only two sectors are left over and Pnsx = EH

② When 11=10

E- ≈

> k

25N

that's why the trick and the proposal Em fail .

• New WWH proposal for 1- SYK : Pmax

• HWH for RMT : similar to the statistical model
.



Thanks for attention !


