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=D This seems like the right mindset to think

about semi - classical gravity !
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Today →• Focus on operator statistics
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Today →• Focus on operator statistics

The ETH Ansatz :

Rmn e-
SCE) /2

go (EOE)fEmlolEn)=8mnffEÉ=
• fo

,
9 , →

smooth fats ,
micro can .

I and Zpt fats

"

•
12mn → Indep .

"

pseudorandom numbers
,

0 mean
,
1 variance

Rmn not actually random ,
fixed in any theory
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with cyclic struct . )



R.mn are
neither indep .

nor Gaussian

•
=D Inconsistent with higher point functions

Need non-trivial Rijkg.hr/zeRei-(-- quartic moment

with cyclic struct . ]

However : |Rmn|kthm•ment~e-¥É-1
[ Foini , Horatian]

The important point : Higher moments are s - pressed
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ETH only applies to primaries

But in a CFT
,
doesn't capture all

the dynamics
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ETH / RMT =D doesn't offer much insight here
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.



ORHconjecturefAB.de Boer]

In a chaotic CFT :

Cooi = f. (E) Ri

Cijk = f. (E.GE ;)
RijBBB→ Pseudorandom

variables

0 mean ,
1 variance

Gravitationalimplicat.io#
Semi - classical gravity has access

to the smooth fats
.

But no more =D explains lack of factorization



Plain

① Some evidence for ORH

② Wormhole implications



HowtocheckORH?_
Numerically →• Way beyond current bootstrap

consistency checks → constraints from cro-ss-imo-d.ie .
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HowtocheckOR1
Numerically →• Way beyond current bootstrap

consistency checks → constraints from cro-ss-imo-d.ie .
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[Pappadulo , Rychkov, Espin, Raltazzi]

⇒ IAsymptoticforn.la# [many people]
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Higher Moments
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Trick : exploit modular invariance at
genus

- g
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[AB , DeBoer , Liska
-
to
appear]

Can also extract higher moments of

CLLH ,

CHHH in d > 2

[ Anons , AB , DeBoer ,
Liska -to appear]



Ageneratingfunetion
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The functions fi , Ji . . . - can be extracted

from asymptotic formulas



ORH from RMT ?

-

We can derive a form of ETH from RMT

0 = § Za la >Katt
Totten. >=U?⃝

↳ Haar - Random

[Atland ,Bagrets , Nayak ,
Sonner

,

Vielma]

① :
linear operator on If

✗ ijkl ① llmn> = Cijkclmn

Assume ① is Haar - Random =D derive ORH

[AB.de Boer , Nayak , Sonner -
to appear]
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Add quartic moments :
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=D Same order ! To check if 1- loop determinants match

need g+3 handle bodies
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Anewconnectedsaddle-2.Z-duwbh.cl/--ECiijCjhk.e-3Bb
2-sc-I.es# ÷
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"

/
comb
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If by small enough → New large connected

saddle , bigger
than genus-2

wormhole !

off ( I - %) =D weight of 21 , conical

defect .



0penQuestio

• ORH predicts new wormhole solution ,
why

haven't we found it? Matter supported ?

•
There seems

to be 2 possibilities :

Typicality / Haar Averages
+ Asymptotic formulas =p

Predicts
wormholes

or

Wormholes = everything you
cannot predict from Typicality

Multi - trace terms in 2- [ 5) ?



Thank You ?


