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Abstract: | will discuss the large-N limit of two-dimensional symmetric product orbifolds. The goal is to single out which symmetric product
orbifold theory could lead to a strongly coupled theory, whose dual could be a semi-classical theory of AdS_3 gravity, by quantifying the large-N
limit of the BPS spectrum and the behaviour under exactly marginal deformations. From this analysis, | will propose an infinite family of new
holographic CFTs.

Zoom Link: https://pitp.zoom.us/j/99948208493?pwd=RDRY clc2a05kM mNZL 3ZhMWxMdWdNUT09
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AdS/CFT provides a non-perturbative, UV-complete definition of quantum gravity in Anti-de Sitter space.
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AdS/CFT provides a non-perturbative, UV-complete definition of quantum gravity in Anti-de Sitter space.

Alejandra Castro

Which CFTs capture classical (geometric) properties of gravity?
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AdS/CFT provides a non-perturbative, UV-complete definition of quantum gravity in Anti-de Sitter space.

Alejandra Castro

Which CFTs capture classical (geometric) properties of gravity?
o What are possible theories of quantum gravity can be concretely designed?

o What are the materials needed to assemble them?

CFT
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Alejandra Castro
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o Define gravity via the dual CFT. !
2
o Quantify the space of consistent, UV complete, QG theories. TEu _ tional
k -
(=]
o Decode the fundamental mechanism of holography. “g
O
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Alejandra Castro
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o Define gravity via the dual CFT: necessary conditions. o
i—?_j '
o Quantify the space of consistent, UV complete, QG theories. TEo tional
k -
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o Decode the fundamental mechanism of holography: sufficient conditions. LE
O
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Alejandra Castro

[
o]
@
=
o Define gravity via the dual CFT: necessary conditions. o
i
o Quantify the space of consistent, UV complete, QG theories. TEu _ icona
k -
[o]
o Decode the fundamental mechanism of holography: sufficient conditions. L‘CE)
O
We will focus on the difficulties you encounter in AdSs/CFT-.

Not universal, but it illustrates the challenges.
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Alejandra Castro

Landscape of Holographic CFTs

Deformations of Symmetric Product Orbifolds
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Alejandra Castro

Landscape of Holographic CFTs

o Define gravity via the dual CFT: necessary conditions.

o Build precise and new examples of potential holographic CFTs. L D

arXiv: 1910.05353 [hep-th]
arxiv: 1910.05342 [hep-th]
with A. Belin, C. Keller and B. Mihlmann

arXiv: 2002.07819 [hep-th]
with A. Belin, N. Benjamin, C. Keller and S. Harrison
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o Signals of strong coupling starting from Symmetric Product Orbifolds.

o Do we have sufficient conditions?

Alejandra Castro

Based on:
arXiv: 2204.07590 [hep-th]
L. Apolo, A. Belin, S. Bintanja, C.Keller

Y Work in progress
with N. Benjamin, S. Bintanja and J. Hollander

Deformations of Symmetric Product Orbifolds
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LANDSCAPE OF
HOLOGRAPHIC CFTS

Meeting neccesary conditions
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AdS; Gravity

Basic Requirements: Alejandra Castro
Gravitational theories that have the property that their low-energy description is given by a local EFT.

The theory:

| e 2
Isp = ——— | d°z+/—q¢{ R+ = | + matter k
D= 167Gn / 'f ( Iz
. ) AL
Universal entry in AdSs/CFT5: c=—121
2G N

CFT,

e
e

AdS,
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Primary Operators: 4, (Conformal dimensions)

3-point functions: Cjx (OPE coefficients)

Central Charge: ¢

Alejandra Castro
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Alejandra Castro

Which CFTs capture classical
(geometric) properties of gravity?

warning: Sizes are not meaningful.
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Alejandra Castro

EFT of gravity + matter:

Large central charge: ¢ = e > 1
2G N

Sparse spectrum: few A, ~ 0(c”)

warning: Sizes are not meaningful.
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Alejandra Castro

5
EFT of gravity + matter: = p
3¢ I‘.}
Large central charge: ¢ = ;&; > 1 BTZ {
Sparse spectrum: few A, ~ 0(c”) -
AdS == 0

warning: Sizes are not meaningful.
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e/N

AP(GHCR

Asn'mg

ﬁ'/{dj‘

Expectations of the string spectrum

Ast?'mg ~ Mpas

E

gds

d(A) ~ eH8 where A~ sl

Hagedorn (fast) growth

Alejandra Castro
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A . h
Planck Expectations of the string spectrum
Astring ~ Aaas Alejandra Castro
ﬁsn'mg
MAaas cyh E o( iy )
: d(A) ~ eH8 where il

‘d&'

Hagedorn (fast) growth
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Aptanck Expectations of the EFT spectrum

nsrre'n,g > AA ds

ﬂsn'mg
: E
d(A) ~ %" where A~ . andy < 1.
Aads
k
A.s‘triny >E >» AA:ES
Supergravity (slow) growth
Agas
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APIanck

ﬁsn'mg

AA(IS

Expectations of the EFT spectrum

nstre’n,g > AAdS‘

d(A) ~ e where .ﬁmAE . andy < 1.

AdS

k
h.string >E >» AA:ES

Supergravity (slow) growth

AdSyx Mp-s  => = D=t 24

D

Alejandra Castro
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Supersymmetric CFT,
Symmetric Product Orbifold Theories

Alejandra Castro

warning: Sizes are not meaningful.
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Supersymmetric CFT»
Symmetric Product Orbifold Theories

Alejandra Castro

. m CFTs

'5[ /
Symmetric Product Orbifolds:
Mathematical control
Demystify known string theory setups
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We want CFTs with large central charge
We want control on the spectrum

Search within symmetric product theories.

Cm = CZm/Sm

3¢
Total central charge: ¢ = cgm ~ s
N

»1 as m-—ow

m CFTs

Co

Alejandra Castro
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Alejandra Castro l.

We want CFTs with large central charge
We want control on the spectrum

-

Search within symmetric product theories.

Cm = Cif}m/sm

- G lr e i l L= 7 ™ [}
2(rmp) =2 2wer™ = 11 G i = 2 dn(p"d"

m m=>0nck ., 1
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We want CFTs with large central charge
We want control on the spectrum

-

Search within symmetric product theories.

Cm = C-Z”L/{Sm

Astring ~ Agas

Hagedorn (fast) growth

Alejandra Castro

o
LS
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We want CFTs with large central charge
We want control on the spectrum

Alejandra Castro

Search within symmetric product theories.

Cm == C@:.m/sm

b ¢ e

Strong coupling

Symm. Prod.
(weak)

ﬂsrri’u,c;r > Mpas Astring ~ Nads
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We want CFTs with large central charge
We want control on the spectrum

Search within symmetric product theories.

Ownly hope: Add marginal

defc-hrmation to make the
spectrum sparse

Focus on quantities that are protected.
Those should have gravitational features.

by

Alejandra Castro
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Supersymmetric CFT;
Symmetric Product Orbifold Theories

Alejandra Castro

Which CFTs capture classical
(geometric) properties of gravity?

Necessary conditions:

c==%1
20N
» Sparse spectrum for elliptic genera

Exactly marginal operator
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Supersymmetric CFT;
Symmetric Product Orbifold Theories

Necessary conditions:

0 €= e 1
20N
o Sparse spectrum for elliptic genera

o Exactly marginal operator

Pirsa: 22050021

%4-BPS spectrum: Make use of
modular forms and their complete
classification. We developed
methods to extract the key
portions to test conditions.

Alejandra Castro

We can fully diagnose if a Symmetric
Product theory meets

necessary conditions for the elliptic
genera.

Slow growth: always of the form

d(A) ~ e¥® where A~

Agas
‘ﬂ'srr{'ng >E > hﬂ.ds

Seedtheory:1<¢; <6
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Supersymmetric CFT»
Symmetric Product Orbifold Theories

Necessary conditions:

3L
0 c==31
20N

o Sparse spectrum for elliptic genera
> Exactly marginal operator

Pirsa: 22050021

%4-BPS spectrum: Make use of
modular forms and their complete
classification. We developed
methods to extract the key
portions to test conditions.

Alejandra Castro

We can fully diagnose if a Symmetric
Product theory meets

necessary conditions for the elliptic
genera.

Slow growth: always of the form

E

o~ g¥B i
dt_qf;) e% where A .
da ~ e
Asrr{'n,q =>E > hﬂ.ds

AdS

Seedtheory: 1 <¢; <6

D~k
T
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Materials: promising CFTs

Use as a seed N=2 Virasoro Minimal Models:

o CFT; whose spectrum is built from a finite number of irreducible
representations of the N=2 super-Virasoro algebra.

o Obey ADE classification.

o Central charge

3k
= e 3 where k=1,2,..

Pirsa: 22050021
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Materials: promising CFTs

‘mur 5 k untwisted moduli twisted moduli single trace twisted
As 1 1 28 1 twist 5, 1 twist T lei
As 2 3 26 1 twist 3, 1 twist 4, 1 twist 5 A EjEI!"IdIEI Castro
Asg 1 9 24 1 twist 2, 1 twist 3, 1 twist 4
Lisy odd, = Plk+2)-2 9 1 twist 3
Aps) even, > 6 Plk+2)—2 104 1 (r) 1 twist 2, 1 twist 3
D, | ] )il 1 twist 2, 2 twist 3, 1 twist 4
+1
Dy,s Omodd, =28 P(3+1)+ P(k+1) 8+ Y P(r) 1 twist 2, 1 twist 3
Dy,; 2modd, 26 P(3+1) 7  twist 3
. FT,'., 10 1 5 | 1 twist 2
E; 16 6 5 1 twist 2
Ey 28 6 5 1 twist 2
L ———— ADE

ADE
Necessary conditions:
3¢
c=—31

2G N
-."' Sparse spectrum for elliptic genera
- Exactly marginal operator
(1 1 1]

Page 33/49
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Supersymmetric CFT;
Symmetric Product Orbifold Theories

Alejandra Castro

What are necessary vs sufficient
conditions to have a
classical gravitational dual?

Once we have sufficient
conditions, what are the properties
of the low energy EFT?

Necessary conditions:

— AL > 1
20N
o Sparse spectrum for elliptic genera

Exactly marginal operator
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DEFORMATIONS OF
SYMMETRIC PRODUCT
ORBIFOLDS

Signals of strong coupling starting from Symmetric Product Orbifolds

Pirsa: 22050021



o Have we impossed sufficient conditions?

Important features: Alejandra Castro

Supersymmetric CFT,

Symmetric Product Orbifold Theories o Sparse elliptic genera seems to always

guarantee an exactly marginal operator.

o However, we have examples of theories
with Hagedorn elliptic genera and also an

Holg exactly marginal operator.
& Wby,
O
2

Necessary conditions:
3¢
c= 268 » 1
Sparse spectrum for elliptic genera

Exactly marginal operator
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Theory Sparse? | Moduli? | Composition
s ® A (11,88), (22.22)
M 5 M (11,55),(22,22)
Az @ Aq7 (11.44),(22,22)
_1” ) _'1[ | {3233}
A ® An (11,33),(33,11),(22,22)
Ag @ Dz _ Alejandra Castro
Az @ Dy (55,11)
Ag ® Do

;1] g Ui;
A @Dy (11,33),(33,11)
| A E

A1 ® Eeg (33,11)

[’_‘, -il‘}l.ﬁ “.I.'}rl}

D; ® Dy (11,33).(33,11)

D ® Eg (33,11)

!'_‘15 G 1:';1',
Az @ Ay @ Ap (11,11,22),(11,22.11)
Az @ As @ Dy (11,22,11)
ri-_: ) .DJ 4 D|
As @ Az ® As (11,11,22)

BN B0 NN % NN e N %W N NN
]ORN ON N MON NN NN xRN (NSNS S

| A3 ® A3 ®@ Dy

Examples of theories where the seed has c; = 5
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Marginal Operator

Alejandra Castro

Three requirements on this operator:
o 12-BPS: Supersymmetry protects the deformation everywhere in the conformal manifold.
o Twisted: break the orbifold structure of the symmetric product.

o Single-trace: have an effect at leading order at large-N.

N CFTs

S > S+ AN [ d?z d,,(z2)
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Marginal Operator

S >SS+ AN [d?z ®,4(z,2)

Expectations of this operator:

o to induce anomalous dimensions on most operators,  {0.(2)04(2)),

o reduce the Hagedorn growth.

Pirsa: 22050021

A ¢)(1.1)
B A TN
Strong coupling SyTwrlai?d'

Astrmg > AAE!S' Ase ring = Naas

Alejandra Castro
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Lifting currents

How do these currents look like? Examples of universal currents, independent of the seed,

Spin-4: only
Virasoro on
the seed.

Spin-2: only
Super-Virasoro on
the seed.

Pirsa: 22050021

4 ]

Wa(z) = (TT)(2) - 5 f;-;l =

Lu“'f'w
N 22

=Y [@O19)(2) - ;Lf}'~’1"“|j:]] - ' : Y (@OTD)(2)

iEj

3 3(eN - 1)
=T = TJ} 4 — ! ,|| 3]
Wy, =T jl.!f,-‘ 72“_\_ ) E J
III
3 §4r\
;r =i I'I ¥ ) ¥
- Vo = 0G* = 3(JG*) + T E JUG
3T o - 3(eN r
g o 3= i D — i |Gt
v = 3[(G*G) ~2TT) - T + 2000 - }“\_”2”1(

0 _210,50].

Alejandra Castro
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Conformal perturbation theory

. - 1 Alejandra Castro
{Du{-_' _}Dr.q(-,' ‘j,l'_;\ = (: > -_JJ'.?UJ - If”c)‘]:l[ — _...!}'_'I:h e (M)

For currents, obtaining anomalous dimension means:
o Evaluating 4-pt functions: first correction at 0(A4%).

o Mapping from base to cover space: non-generic behaviour of ®4 1(z, z) as a function of twist and c,.

o Null currents at specific values of c.

Drawing lessons and comparissons from computations done for D1D5 CFT:

o ®,,(z z) is a twist-2 ground state

o Seedtheorycy =6
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Anomalous dimension for spin-2
| P

I W g “ i Spin-2 Operator
cis = Alejandra Castro
51 il o 3 3eN —-1)
; . Wal(z) =T(z -—HLl e JO(2)JY(2)
1 1 - 2(2) = T(2) = 5(JI) J{H_HZ 2)JUN(2
]
) 20m2 A2 (3N —2) 3e—1) , 3(eN
3 L J_A '.H : T(z)+ ————(JJ)(=z) [I'“I" Wz).
pr—l _ (2 2c(N -1)" el = l\—nz J
9 3 | 187 "-’.\. (AN-2)
4 256(N—1)
5 in2 A2 (3N -2)
ke, Anomalous dimension
% 0 ‘} ]IrT‘:')l"ll_‘l.\' 5
3 5 S 243(N-1) |
o 30N (2N -1) r = 6N
. G N=1) {J—)a('-)'ﬁa{-- }fA {: - :;);_}|.r|+“d[,\]](: - _:-.r)'.z{h+-_u,,[).]3
| 9 9 197222 (2N =1)
- : 27(N-1)
W2 (2N =1)
l '.!"lh!.\l:-- 1] ;
o B ’ Ir2 A% (24 12e=0)(eN=1)
56,... |2<c<3 3 K 27 - 1)(N-1) I
- P . : Am* AR (24+c)(eN—1)
6,8,... |2<c<3 2 Gdclc—1)(N—1)
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Anomalous dimension for spin-2

; oo Bk . p Twist-n deformation
= = (2) 1
k+2 Alejandra Castro
1 1 N S >S5S+ AVN [d?zd,,(z,2)
7
' 20m2 223N -2)
3 2T(N-1)
; 3 18Ta2 A2(3N-2)
2 2 1 —eN-1)
= in?A2(aN-2)
o SN-1)
‘ i P 14r2 AZ(ON —5)
3 ' 3 YR I\I--n ' Defor natm.. on the cover
: 072 A2 (2N 1)
2 64(N-1) UI 2)
3 9 e 1972 A2 (2V =1) i |
I o _ 3 27(N=1) | > ”[H — C |a??’|’; \J
0T A (2N -1)
l 266(IN—1)
Eop G oo " . 12 A% (e +120-9)(eN=1)
'J'EL"' g - I‘} I‘; ] luc I| |.'I\ lJ 1
- y -t ) 3r? A3 (24+¢) Ir\.—||
6,8,... |12<c<3 < Blcle—1)[N-1)
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Anomalous dimension for spin-2

. 3k
k = 112 n JIres
_ 3]
1 1
7
9 20w (3N=2)
] 27(N=1)
9 3 | 18Ta2 A2 (3N —2)
- 2 256(N—1)
- in2A2(3N-2)
< S(N-1)
; i ¢ 222N =5)
3 5 3 HMI(N=-1)
9 30riAd(2N-1)
- G N =1}
4 9 3 197232 (2N =1)
- : 2T(N-1)
W7 AR (2N 1)
I 266(N—1)
X Iee<s 9 1r2 A% (2 12e-9)eN=1)
} ’ s i | ? 27("':“ —HI.\-—lJ
o . ‘ 3m2 A2 (24+e)(eN—-1)
o] 2 v ! ] =L .
6,8,. 2<c<3 = Bde(c—1)[N-1)
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Remarks
Sensitivity on the twist and central charge.
Still, currents are lifting. Good sign!
Similar results for spin-3: two universal currents.

For ¢, = 6, matches with known results for twist-
2 deformations of T4 sigma model.

Alejandra Castro
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Anomalous dimension for spin-2

s 3k
| k C= 1.3 it T
51
1 1
7
v 0mEA2 (AN =2)
3 2AT(N-1)
) 3 | 18772 A2(3N—2)
- 2 26N —1)
- in?A2(AN—2)
= 5(N—1)
9 i i HaZ A2 [ON =5)
o 5 4 243(N—1)
o 30202 (2N =1)
w3 G4(N=1)
i 9 . 197223 (2N =1)
3 2T(N-1)
20T A2 (2N-1)
. 256(IN—1)
i 9 . a : 12 A3 {2+ 12e=9){cN =1)
|-J : i E 27 (e—1){N =1
6.8 Ve e 9 3rA%(24+e)(eN—1)

Gde(c-1)[N-1)
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Next steps
Include exceptional currents (specific to the seed).
Regge trajectories.
Look at other operators, both BPS and non-BPS.

Contrast theories with theories that are not sparse
(for3 < ¢y < 6).

Alejandra Castro
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Alejandra Castro , '\\

OUTLOOK
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| DN
Alejandra Castro ’ "'\\

What are the EFT of gravity that admit a UV completion?

Quantify the space of holographic CFT,:
o Different from known examples

o Systematic and tractable

o Infinite family

itional

Conformal Field Theory
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High Energy:
String Theory

Which CFTs capture classical (geometric) properties of gravity?

Alejandra Castro

o What are possible theories of guantum gravity can be designed?

o What are the materials needed to assemble them?

Next steps:
Seedswith3 < ¢y <6
Multi-trace deformations
String theory description
N vs k: SUGRA spectrum
Averages over moduli
Low energy EFT: Mock Modularity

Gravity + matter
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JiHoon Lee

EFT of gravity + matter: : h
e3¢ ¥
Large central charge: ¢ = 2w > 1 BTZ 4
Sparse spectrum: few A; ~ 0(c?) -1
AdS == 0

warning: Sizes are not meaningful.
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