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Distance Conjecture: There should be an infinite tower of states
becoming exponentially light (in Planck units) when approaching any
infinite field distance boundary of the field space [Ooguri-Vafa'06]
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Consider an EFT weakly coupled to Einstein gravity with a moduli space
parametrized by the vevs of scalar fields ¢ :
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QG cut-off A
Mp A~ Mp eXp(—)\A¢) < Mp
I as gb — OO
0

It gives information about when and how Einstein gravity breaks down,
and a quantum gravity description takes over
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1 D—1
VD =2 D—2

critical string tower é-J K—> |-dim KK tower
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DISTANCE CONJECTURE

¢ This is one of the most universal features of string theory, observed in
all known string compactifications

Can we prove its universality without relying on particular examples?

In AdS backgrounds, it gets translated to a CFT statement that we can
aim to prove (or disprove) universally

Is it a quantum gravity constraint or a string lamppost effect?
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Consider AdS;.1/CFTy

Bulk moduli space <> Conformal manifold (space of exactly marginal couplings)

field metric <“—> Zamolodchikov metric |z — y|**(0;(2)0;(y)) = g:;(t")

. . For d>2: [Perlmutter,Rastelli,Vafa,|V’2 ] [Baume,Calderon-Infante’21]
CFT Distance CO“]ECture: For d=2 [Kontsevich-Soibelman’00, Archarya-Douglas’06]

Consider a local unitary CFT with a conformal manifold:

3 infinite tower of primary operators saturating the unitarity bound at
every infinite distance limit measured by Zamolodchikov metric, such that

anomalous dimension \) distance measured by Zamolodchikov metric

YJ — A — Aunitarity



CFT DISTANCE CONJECTURE

What do we gain by considering AdS/CFT?



CFT DISTANCE CONJECTURE

What do we gain by considering AdS/CFT?

|) Use CFT techniques to prove the Swampland Distance Conjecture in AdS



CFT DISTANCE CONJECTURE

What do we gain by considering AdS/CFT?

|) Use CFT techniques to prove the Swampland Distance Conjecture in AdS

_

Infinite distance < Infinite tower



CFT DISTANCE CONJECTURE

What do we gain by considering AdS/CFT?

|) Use CFT techniques to prove the Swampland Distance Conjecture in AdS

_

Infinite distance < Infinite tower

proven in

[Baume,Calderon-Infante’23] for higher spin gap in d>2
[Ooguri,Wang'24] for scalar gap in d=2



CFT DISTANCE CONJECTURE

What do we gain by considering AdS/CFT?

|) Use CFT techniques to prove the Swampland Distance Conjecture in AdS

not proven yet
(supported by all
known examples)
>

Infinite distance < Infinite tower

proven in

[Baume,Calderon-Infante’23] for higher spin gap in d>2
[Ooguri,Wang'24] for scalar gap in d=2



CFT DISTANCE CONJECTURE

What do we gain by considering AdS/CFT?

|) Use CFT techniques to prove the Swampland Distance Conjecture in AdS

not proven yet
(supported by all
known examples)
>

Infinite distance < Infinite tower

provewn in

[Baume,Calderon-Infante’23] for higher spin gap in d>2
[Ooguri,Wang'24] for scalar gap in d=2

More universal than expected!

It works in all known examples (even non-holographic CFTs)

\__5 no large N, no large gap

(non-Einstein gravity)
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What do we gain by considering AdS/CFT?

2) Use Swampland insights to uncover new things about CFTs

This talk: Beginning of a classification of infinite distance
limits in 4d conformal manifolds

* leads to tensionless limits of different
(non-)critical string backgrounds

v

classification of free strings
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NATURE OF THE TOWER

What is the microscopic (gravitational) nature of the leading tower of states!?

Flat space AdS space
Kaluza-Klein tower* | Scalar operators in d=2
Oscillator modes of critical string™ ‘ Higher spin operators in d=4
*in some dual frame [Lee,Lerche,Weigand'I9] (the only known examples of d>2 non-compact

conformal manifolds occur in 4d SCFTs)

(see though [Bobev et al’23] for d=3 candidates)

In this talk we will focus on CFTs with d=4
What do the higher spin operators correspond to in the bulk?
Are they always associated to the critical string or more exotic objects!?
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Let us focus on 4d SCFT (M =1,N =2 N =4)

All known infinite distance limits are weak coupling limits:

gy =0 wipr CFTiee X CFT [PerimutterRastelliVafa V'21]

[Baume,Calderon-Infante’2 1]

[Maldacena,ZhiboedoV’l I]

Infinite distance < Free point > Higher Spin symmetry
, (infinite tower of HS operators
Marginal coupling: 7 = 427” + 29 saturating unitarity bound)
Gym 4T vy =EA;—(d—-24+J)=0
As gvm <1 ; As gvm <1
drdr d(T 7_/)
o 2 d 2 — 2 ~Y 2 ~J — ’

O, =Te(F*+...)  ds” = B, i~ Fgta~ e (57 ) S
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If there is a weakly coupled AdS dual (large N), it implies: [PerimutterRastelli,Vafa,IV'21]

3 Tower of higher spin fields in the bulk dual becoming light as:

_—> central charge

- C ™ 1
B 2c > —= for 4d N=2
m ~ Mye AP with o = \/ : V3
dimG > ! for 4d N=|
- 3 or -
_ . J 2
~

gauge group getting free

Lower bound for the exponential rate o !
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EXAMPLE

Consider N =4 SYM «—— AdS;/CFTy

2 Tr _ M .
As gyy =9s — 0 weget o =35 > 0
p p

Weak coupling limit maps to the tensionless limit of the Type IIB string
(higher spin tower maps to the oscillator string modes)

2c \/2N2/4 1

dimd B NG

The exponential rateis o = \/ N2 5

Comment: This result is valid for A = ¢3-,, N — 0 but it can be connected to the

supergravity result (valid for A = g3, N — 00 ) using integrability results
( 1 1
¢ VD —2 - V3 Spin-off result: This can be used to

provide an argument for the
absence of AdS scale separation

[Calderon-Infante,|V’24]
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CLASSIFICATION OF LIMITS IN 4d SCFTs

What about other 4d SCFTs?

What are the possible values of the exponential rate!?

What does the HS tower correspond to!?

To start a classification, we first restrict our attention to 4d SCFTs
with large N and a simple factor of the gauge group

L’7' only one gauge coupling
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Full classification of 4d (Lagrangian) SCFTs with large N and simple factor for

the gauge group [Bhardwaj, Tachikawa’ | 3] [Razamat, Sabag, Zafrir’20]
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Considering all large N 4d SCFTs with simple gauge factor:

We get only three values for the exponential rate of the HS tower!
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Considering all large N 4d SCFTs with simple gauge factor:

We get only three values for the exponential rate of the HS tower!

1 a
) o= E for - =1 * critical string in all Einstein theories
7 a 13
2 p— E— f _— = —
) oa=yp foro=4g
» what about these ones!?
2 a 7
3) a=\4/= for — = —
3 c 8

2¢c 1
dimG  \/4a/c —2

s

CFT central charges

For overall weak coupling limits: o = \/
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THREE TYPES OF WEAK COUPLING LIMITS

Swampland insight: the exact value of & gives us information about the
microscopic (gravitational) nature of the tower

This suggests that the three values correspond to three different towers of
oscillator string modes

(i.e., three different types of tensionless string limits)

Let’s check this and investigate which free strings we get!
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HAGEDORN BEHAVIOUR

We compute the thermal partition function on the 3-sphere of all the
previous gauge theories in the free limit

[ = Z e B:/T

states

We obtain that they all exhibit a Hagedorn-like density of states
with a Haggedorn temperature that depends only on «

p(E) ~ P/ Ty = Ty(a/c) = Ta(a)

[Calderon-Infante,|V’24]

This Hagedorn-density of states suggests indeed that the HS tower
originates from three different string-like objects in the bulk

But which ones?
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TENSIONLESS STRINGS

1 a
) o= -—+ for — =1 » critical Type Il string in all Einstein
V2 & theories

7 a 13
2) a=4/—5 for —=—

12 c 14

9 I - » non-Einstein theories (no large gap)
3 =4/ = =

) @ \/; for % 8 difficult to analyse in the bulk...

Let’s construct an interpolating model starting from a holographic theory:

Holographic g1 — 0 Non-holographic

>
SCFTl = Gl X GQ SCFT2 = G2

Use this interpolating model to infer the bulk interpretation of the
weak coupling limit g, — 0 in SCFT5



CLASSIFICATION OF LIMITS IN 4d SCFTs

Full classification of 4d (Lagrangian) SCFTs with large N and simple factor for

the gauge group [Bhardwaj, Tachikawa’ | 3] [Razamat, Sabag, Zafrir’20]
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CLASSIFICATION OF LIMITS IN 4d SCFTs

Full classification of 4d (Lagrangian) SCFTs with large N and simple factor for
the gauge group [Bhardwaj, Tachikawa’ | 3] [Razamat, Sabag, Zafrir’20]
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INTERPOLATING MODEL FOR N=2 SQCD

[Gadde,Pomoni,Rastelli’20] [Dei,Pietro,Ferrero,Rastelli’24]

N =9 g1 — 0 N =2 SQCD
—>
SU(N) x SU(N) SU(N) with Ny =2N

CFT

N D4s

Tdual
Brane | D3-branes on :a ”
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INTERPOLATING MODEL FOR N=2 SQCD
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[Gadde,Pomoni,Rastelli’20] [Dei,Pietro,Ferrero,Rastelli’24]

N =9 91%()) N =2 SQCD
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including a factor AdSs x S*



INTERPOLATING MODELS
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CONCLUSIONS

 The Distance Conjecture implies a universal property for the variation
of scaling dimensions as moving in the conformal manifold of CFTs,
which holds even for non-Einstein theories

¢ We start a classification of infinite distance limits (weak coupling limits)
in the conformal manifold of 4d SCFTs, which correspond to tensionless
(non-)critical string limits in the bulk dual

% For 4d SCFTs with large N and a simple gauge factor, there are only
three types of weak coupling limits.

We show that the partition function at the free limit exhibits a
Hagedorn-like density of states and construct interpolating models to

identify the associated tensionless string
%m@/
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Critical string limit

If the bulk dual is Einstein gravity ' the higher spin tower always

(so that a=c) comes from the critical string

How is it compatible with
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Exponential rate;: a = — Vm 1 1
i V2 — !

m | Vd—2 /3

* Quantization of the string changes in AdS

i TN

™m
[ ] a:
™m

-t is the projection on the
conformal manifold

but Tn(RS5agS)<_> m(NagYM)



Convex Hull in N=4 SYM

Let us focus on N=4 SYM / AdSs x S°

* Field theory pert.regime: )\ < 1
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[Calderon-Infante,|lV’ ongoing]

e Supergravity regime: A > 1
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< field theory “integrability as
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Convex Hull and Scale Separation

Let us plot the convex hull of all the light towers, including the KK towers

mikRaas ~O(1) —> MKk ~ N7, Vmkx _ ( 2\/7>

Rags ~ RS5 MKK 15

_ A const. It satisfies taxonomy
’ rules for the towers
field theory .
It also satisfies the CH DC
(it includes the ball of radius
! mpgs \/
>
gy m

1
The sharpened bound for the Distance conjecture « = Ji—3
is satisfied for every infinite distance direction

It would be violated if the AdS vacuum was scale-separated Rxx < Rags



Convex Hull and Scale Separation

1
. . . >
The Convex Hull Distance Conjecture with « = Jd 2

implies that holographic AdS spaces with a conformal manifold
(namely, 5d AdS spaces with 8 or more supercharges)
cannot be scale separated

Here we are using the moduli space distance

but can we generalize the notion of distance including a scalar potential?



Example: 10d Type IIA

One dimensional moduli space: S = M
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