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OUTLINE

|) Kaluza-Klein (KK) spectrum in warped compactifications

Based on [arXiv:2504.16984] with Ignacio Ruiz and Salvatore Raucci

2) Update on tensionless string limits in 4d SCFTs

Based on [ongoing] with José Calderén-Infante and Angel Uranga


https://arxiv.org/abs/2504.16984

KK spectrum in warped compactifications
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&> warping factors <
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Recent works in string compactifications:

[D.Andriot, P. Marconnet and D.Tsimpis’21] [G.B. De Luca and A. Tomasiello’21] [G.B. De Luca, N. De
Ponti, A. Mondino and A. Tomasiello’24] [R. Blumenhagen, A. Gligovic and S. Kaddachi'22] [R. Blumenhagen,
M. Brinkmann and A. Makridou’22] [B.Valeixo Bento, D. Chakraborty, S. Parameswaran and |. Zavala’22]
[Bonifacio, D. Mazac and S. Pal'23] [M. Etheredge, B. Heidenreich, ]. McNamara, T. Rudelius, I. Ruiz and |.
Valenzuela23] [S. Lust, M. Nee and L. Randall’25]
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Our motivation: Swampland Distance Conjecture [Ooguri-Vafa'05]

:

Ma in Planck units

Miower ~ mge_O‘A(b as A¢p — oo

So far, in all string compactifications to flat space, the tower corresponds
to (in some dual frame) either: [Lee Lerche Weigand'19]

0 . . .
KK tower _ Unwarped result! Critical string oscillator modes

1
d— 2

Oty =

d = space-time dimension

1 d 1 3 o
< < n = compact space dimension

suggesting the bounds:

string tower & |-dim KK tower
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Goal: Obtain scaling of KK mass in terms of geodesic field
distance in warped compactifications

1 — 1
Could it violate the bounds? < a < \/d

<) &> | -dim KK tower

(known as sharpened bound)
[Etheredge et al’22]

string tower

The lower bound is especially important for phenomenological applications

as it yields an upper bound on the geodesic field range that can be

accommodated before the EFT breaks down
1 M
Ap < —log —=

87 Mtower
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What would we expect! Does the warping increase or lower « !

Let’s check a known example: (Type I Polchinski-WVitten solution )
[Polchinski-Witten’95]

It is a Minkowski warped solution, where the warping and the string
dilaton have a non-trivial profile on the compact interval between O8’s

Gun = (2" )nun ePr (@) — 7 (g9)7%/6 00—

DA

€

Consider direction in moduli space along which t
interval decompactifies tol 0D massive Type llA:

KK exponential rate gets reduced!

\/7 \/aH—n
OéKK—

[Etheredge,Heidenreich,McNamara,Rudelius,Ruiz,1V’23]

16D8 + O8~
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MOTIVATION

What would we expect! Does the warping increase or@a !

The lower bound risks to be violated if we have strong warping

Jd—1
< -
—\Vd—2

> |-dim KK tower

string tower <

(known as sharpened bound)
[Etheredge et al’22]

Could we ever get a KK tower whose mass decreases at a slower rate
than the expectation for string modes?

Let’s check it!
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For concreteness, we focus on Mi/l\ﬂ(owski warped compactifications
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ds?, = er(y)anx“da:” + eza(y)l\/lijdyidyj

We will study the KK spectrum for scalar modes

in highly warped (decompactification) limits

lim V,p(y)#0 and/or lim V,o(y)#0,

Ap—00 Ap—00

one internal warped dimension
Two cases: A

» Codimension | :  ds% = e2p(y>nuyda3“da3” + e27W) gy

» Codimension > : ds% = e*Wy,, dztdz” + > W M,;dy’dy’
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Setup

Consider EFT in D dimensions
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Setu 1 5
P For Type I': V() = 5/11_02F026 Ve

Consider EFT in D dimensions A/
D 1 AM )
S = d T/ —Gp NG [RD — 8M908 90} — V(QO) + Sloc.

2K
{

with V(@) =k Vpe??
(P) = rpVoe O8/D8's

compactified to d=(D-1)-dimensions including sources, so that
we get a Minkowski solution

A

ds? = e2?Wy,, dztda” + 27 W) dy? P = o(y)

Examples: Type I’ Polchinski-Witten solution
Tachyonic-free non-SUSY models and their Dudas—Mourad vacua

Examples of dynamical cobordism

3d vacua from N=1 flux compactifications with EFT membranes
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We compute the dimensionally reduced kinetic terms for the moduli

Gapdu" 00" =(d — 1)(d — 2)(99)? — e~ (427 / d"yVM =20 [(d — 1)(d - 2) (9p)?
Xn

+n(n —1)(90)? + 2n(d — 1)8,p0" 0 — G&Baﬂga&a%ﬂ |

We solve the scalar laplacian at large KK momentum

TMKK N [/ dny\/med(p—Q)—l—(n—Z)a] ’
Mp 4 X,

We solve for general solutions (with arbitrary exponential potential)
to the equations of motion in order to obtain the general internal
profiles for the warping and the scalar field
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Result of KK exponential mass decay rate along highly warped limits:

OCKK —

\Y log

MKK
M, 4

min

For arbitrary 7 where V(9) = k5" Voe’®  we obtain:

-
0 < \/d_l
N | KK — d 9

(1-

(d— 1)y

-2\ aoa
> <\/d >

Hence: @only if @D)

condltlon for no acceleration (whenV>0)

sharpened bound for
Distance Conjecture

in the lower dim. theory

Strong deSitter conjecture/TCC

in the higher dim. theory

(Bound valid both for V>0 or V<0)
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! 2(d —2) + Vd— 1y
. . Qosc —
Exponential rate of string scale JA@=D(d—=2) /Ad-2) + (d—1)7?
d=9
l.o‘i": --------------------------------
05|\ — AKK
| - )‘osc
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HIGHER CODIMENSION MINKOWSKIWARPED COMPACTIFICATIONS

We provide the general kinetic terms and the solution to the scalar
laplacian at large KK momentum
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We provide the general kinetic terms and the solution to the scalar
laplacian at large KK momentum

KK N |:/ dnymed(p—e)—l—(n—Q)J] 2
Mpi 4 X,

but solving the equations of motion to get the internal profiles is not

possible, so we focus on warped solutions generated by known sources
D-branes/NS5’s/O-planes

Within this landscape, we do not find highly warped limits (the
warping factors seem to be always diluted at infinite distance)

—

ASlplgOO Vyp(y) =0 and AS1015100 Vyo(y) =0,

so the asymptotic value of the KK exponential rate does not get
modified due to the warping
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CONCLUSIONS (SO FAR)

Warping effects can decrease the exponential decay rate of KK tower
in codim-1 Minkowski warped compactifications

The exponential rate satisfies the sharpened bound for the Distance
Conjecture if the potential in higher dimensions is steep enough (it
satisfies the Strong deSitter conjecture)

The Emergent String Conjecture and the associated bounds
for the towers hold in all known top-down Minkowski
compactifications

They survived the trip to the Warpland

How else can we challenge them!? The story is different in AdS...



Update on Tensionless String Limits in 4d SCFTs
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CFT DISTANCE CONJECTURE

Consider infinite distance limits in moduli spaces of AdS compactifications

In Ade_H/CFTd
Bulk moduli space > Conformal manifold (space of exactly marginal couplings)

field metric <> Zamolodchikov metric |z — y|**{0:(2)0;(y)) = gi; (¢

(
. . 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
\_ _

as d(T, 7") — OO

anomalous dimension \) distance measured by Zamolodchikov metric

YJ — A — Aunitarity
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<-
(infinite tower of HS operators
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_4m 0 5
T_g%M+27T O, =Tr(F*+...)
o dTdT

I ds® =
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T= > ‘|‘2 OT:TT(F2—|—) ’yJNf(J)g%,MNf(J)exp — ( )
9y m @ b
72 _ g2 dTdT , .
as Imr — o0 ds” = Tm7)? B =24 dimG

g gauge group getting free



CLASSIFICATION OF LIMITS IN 4d SCFTs

Towards a classification program of infinite distance limits in 4d SCFTs:
(Wlth any level of SUSY) [Calderon-Infante,|V’24]

All known infinite distance limits are weak coupling limits (in some dual frame):

gyym — 0 » CFTiee X CET’ [Perimutter,RastelliVafa, V2 1]

[Baume,Calderon-Infante’2 ]



CLASSIFICATION OF LIMITS IN 4d SCFTs

Towards a classification program of infinite distance limits in 4d SCFTs:
(Wlth any level of SUSY) [Calderon-Infante,|V’24]

All known infinite distance limits are weak coupling limits (in some dual frame):

gym — 0 » CFTiee X CET’ [Perimutter,RastelliVafa, V2 1]

[Baume,Calderon-Infante’2 ]

If there is a weakly coupled AdS dual (large N), it implies: [Perimutter,Rastelli,Vafa,IV21]

- Tower of higher spin fields with an exponential rate:
central charge

/
(- \. )
B \/ 2c
¢ dimd
_ )

gauge group getting free



CLASSIFICATION OF LIMITS IN 4d SCFTs

Towards a classification program of infinite distance limits in 4d SCFTs:
(Wlth any level of SUSY) [Calderon-Infante,|V’24]

All known infinite distance limits are weak coupling limits (in some dual frame):

gym — 0 » CFTiee X CET’ [Perimutter,RastelliVafa, V2 1]

[Baume,Calderon-Infante’2 ]

If there is a weakly coupled AdS dual (large N), it implies: [Perimutter,Rastelli,Vafa,IV21]

- Tower of higher spin fields with an exponential rate:
central charge

~— Some bulk string becoming
: QKé h tensionless (in Planck units)?
“ \/dimG
— )

gauge group getting free



CLASSIFICATION OF LIMITS IN 4d SCFTs

Towards a classification program of infinite distance limits in 4d SCFTs:
(Wlth any level of SUSY) [Calderon-Infante,|V’24]

All known infinite distance limits are weak coupling limits (in some dual frame):

gym — 0 » CFTiee X CET’ [Perimutter,RastelliVafa, V2 1]

[Baume,Calderon-Infante’2 ]

If there is a weakly coupled AdS dual (large N), it implies: [Perimutter,Rastelli,Vafa,IV21]

- Tower of higher spin fields with an exponential rate:
central charge

— Some bulk string becoming

5 2: A tensionless (in Planck units)?
“ =V dmG Can we classify the possible values and, with it,
— Y the different types of limits/ tensionless strings?

gauge group getting free



CLASSIFICATION OF LIMITS IN 4d SCFTs

Towards a classification program of infinite distance limits in 4d SCFTs:
(Wlth any level of SUSY) [Calderon-Infante,|V’24]

All known infinite distance limits are weak coupling limits (in some dual frame):

gy M — 0 * CFTfree X CFT/ [Perlmutter;,Rastelli,Vafa,IV’21]

[Baume,Calderon-Infante’2 ]

If there is a weakly coupled AdS dual (large N), it implies: [Perimutter,Rastelli,Vafa,IV21]

- Tower of higher spin fields with an exponential rate:
central charge

— Some bulk string becoming

5 2: A tensionless (in Planck units)?
o \/dimG Can we classify the possible values and, with it,
— Y the different types of limits/ tensionless strings?

gauge group &etting free Anything different than the critical string?



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]

)

)

1

SUSY & Group | naq ma ng ns ng ngp np c a
N=4SUN) | 3 o 0.0 0 0 N1 e
N =2 SU(N) 1 2 0 0 4 4 3N2453N—2 6N2§2N—5
N =2 SU(N) 1 1 1 1 1 0 0 31\7122—2 6]\/’224_5
N =1 SU(N) 9 1 1 0 0 92 9 6N2+22N—5 12N2-23N—11
N4 USp2N) | ~ 0. — 3 .~ 0. - N(211+1) N(211+1)
N =2 USp@2N) | — 9. L 1 - g 6N2453N—1 12N245}12N_1
N=1USp2N)| - 3 - 0 - 12 - 4N2+88N—1 8N2+1160N—1
N0y L 8 g | TR N(V-1)
SUSY & Group | maq na ng ns ng ng ng P q
N_—9st(N) 1.0 0 0 0 9N ON 221 o -
N 18Uy | @ 0 1 1 0 9N -4 ON 4| SN S TTRE
N=2USp2N)| — 0 —- 1 — 4N +4 - N(4fgf+3) N(lgw)
N =2 SO(N) - 1 - 0 = 9N U - N(2{\;—3) N(74J\é_9)
N =1 SO(N) 0 - 9 9N -9 - 4N2—22N—1 7N2—4182N—1
SUSY & Group | naq ma ng nsg ng nr np c a
N =2 SU(N) 1 1 1 0 0 N+2 N+2 7N24§N—4 13N2422N—10
N =2 SU(N) 1 8 0 1 1 N_9 N-—29 7N2—22N—4 13N222N—10
N =1 SU(N) 2. 0 0 0 0 N N 7N224—5 13]\%—11
N—-lLsoivm 1L 0 1 .0 N4 N4 N4 15N 10
N—1UspoN) | 1 - L. ON.§ - 14N2§i5N—1 26N2z§1N_1
N=1USp@2N)| — 2 — 0 — 2N+10 i 14N2221N—2 26N2z§7N_2
N =1 SO(N) .0 0 N = 7N2—4281N—4 13N2527N—4
N =1 SO(N) =~ 1 - 1 - N @ = 7N2—4185N—2 13N2521N—2

(Strings&Geometry 2024 talk)




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]

)

)

1

SUSY & Group | naq ma ng ns ng ngp np c a
N=4SUN) | 3 o 0.0 0 0 N1 e
N =2 SU(N) 1 2 0 0 4 4 3N2453N—2 6N2;2N—5
N =2 SU(N) 1 1 1 1 1 0 0 31\7122—2 6]\/’224_5
N =1 SU(N) 9 1 1 0 0 92 9 6N2+22N—5 12N2-23N—11
N4 USp2N) | ~ 0. — 3 .~ 0. - N(2J;f+1) N(211+1)
N =2 USp@2N) | — 9. L 1 - g 6N2J53N—1 12N245312N_1
N=1USp2N)| - 3 - 0 - 12 - 4N2+88N—1 8N2+1160N—1
N0y L 8 g | TR N(V-1)
SUSY & Group | nag nma nz ns ng ng njp c a
N_—9st(N) 1.0 0 0 0 9N ON 221 o -
N 18Uy | @ 0 1 1 0 9N -4 ON 4| SN S TTRE
N=2USp2N)| — 0 —- 1 — 4N +4 - N(41gf+3) N(lz;f;fw)
N =2 SO(N) - 1 - 0 = 9N U - N(2{\;—3) N(74J\é_9)
N =1 SO(N) 0 - 9 9N -9 - 4N2—22N—1 7N2—4182N—1
SUSY & Group | naq ma ng nsg ng nr np c a
N =2 SU(N) 1 1 1 0 0 N+2 N+2 7N24§N—4 13N2422N—10
N =2 SU(N) 1 8 0 1 ] N_9 N-—29 7N2—22N—4 13N223N—10
N =1 SU(N) 2. 0 0 0 0 N N 71\1224—5 131\1128_11
N—-lLsoivm 1L 0 1 .0 N4 N4 N4 15N 10
N—1UspoN) | 1 - L. ON.§ - 14N2§i5N—1 26N24[i§1N—1
N=1USp@2N)| — 2 — 0 — 2N+10 i 14N2221N—2 26N2z§7N_2
N =1 SO(N) .0 0 N = 7N2—4281N—4 13N2527N—4
N =1 SO(N) =~ 1 - 1 - N @ = 7N2—4185N—2 13N2521N—2

"

(Strings&Geometry 2024 talk)



CLASSIFICATION OF LIMITS IN 4d SCFTs (Strings&Geometry 2024 talk)

Considering all large N 4d SCFTs with simple gauge factor:

We got only three values for the exponential rate of the HS tower,
corresponding to three different types of tensionless strings

| ! for & =1
o= —— R
) V2 Orc
2 a 7
) « 3 orc :
||| o = _ f 9—1_3
) =\ 1 ProT 1

They have a different Hagedorn-like density of states
(different Haggedorn temperature) [Calderon-Infante,IV'24]

(see [Calderon-Infante,Mohseni’26] for generalization to SU(N) quivers for more than one gauge factor)



CLASSIFICATION OF LIMITS IN 4d SCFTs (Strings&Geometry 2024 talk)

Considering all large N 4d SCFTs with simple gauge factor:

We got only three values for the exponential rate of the HS tower,
corresponding to three different types of tensionless strings

1 a
) o= ﬁ for — =1 * critical string in all Einstein theories
C
2 a 7
) a=yz  for %=
€ * what about these ones?
7 a 13 . . . .
|||) o = E for — = ﬂ non-critical strings in non-Einstein theories?
C

They have a different Hagedorn-like density of states
(different Haggedorn temperature) [Calderon-Infante,IV'24]

(see [Calderon-Infante,Mohseni’26] for generalization to SU(N) quivers for more than one gauge factor)



CLASSIFICATION OF LIMITS IN 4d SCFTs

UPDATE:

We have explicitely confirmed the previous expectations and
identify each type of string

by constructing the dual brane picture to each of these SCFTs
(including all the non-Einstein SCFTs)

[Calderon-Infante,UrangalV’ongoing]



CLASSIFICATION OF LIMITS IN 4d SCFTs

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

)

)

1N

I SUSY & Group | na¢ ma mnz mns ng ngp ng

1| N=4SUN) | 3 0 0 0

12| N=4SON) | - 3 - 0o - 0 -

I3 | N=4USp(N)| - 0 - 3 — 0 -

14 | N=2 USp(N) - 2 - 1 - 8 -

5| N=2suwN) | 1 2 2 o o0 4 4

6| N=2suw~N) | 1 1 1 1 1 0 0

L7 | N=1 USp(N) - 3 -0 - 12 -

I.8 | N=1 SU(N) 2 1 1 0 0 2 2

II SUSY & Group | nada ma nz ns ng nr ng
II.1 | N=2 SU(N) 1 0 0 0 0 2N 2N
1.2 | N=2 SO(N) — 1 -~ — 2N -4 —
I.3 | N =2 USp(N) — 0 - 1 — 2N +14 -
II.4 | N=1 SO(N) - - 1 — 2N -8 -
II5 | N=1 SU(N) 0 1 1 0 2N -4 2N +4
111 SUSY & Group | mna¢ ma nz ns ng ng ng
III.1 | N=2 SU(N) 1 1 1 0 0 N+2 N+2
1.2 | N=2 SU(N) 1 0 0 1 1 N—-2 N-2
III.3 | N=1 SU(N) 1 0 1 1 0 N—-4 N+4
1.4 | N=1 SU(N) 2 0 0 0 0 N N
III.5 | N=1 SO(N) — 1 — 1 - N-6 —
III.6 | N =1 USp(N) — 1 — 1 - N+6 —
III.7 | N=1 SO(N) - 0 - 2 - N-10 —
III.8 | N =1 USp(N) - 2 - 0 - N+10 —

-> o=

>l

- O

’

=P o

|
|
|
|
|



CLASSIFICATION OF LIMITS IN 4d SCFTs

[Calderon-Infante,UrangalV’ongoing]

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

I | SUSY & Group | naa na nz ns ng np np D4s on S' (Fig. 2)
I.1 | N=4 SU(N) 3 o 0 O 0 0 0 S!
2| N=4SON) | - 3 - 0 - 0 - 04~
|) 13| N=4USp(N) | - 0 - 3 — 0 - 04+t L

4| N=2USp(\)| - 2 - 1 - 8 - 206~ + 8D6s * o = —=
I5| N=2SUWN) | 1 2 2 0 0 4 4 (06~ + NS5)+ (06~ + NS5) + 8D6s \/§
16 | N=2 SU(N) 1 1 1 1 0 0 (06" + NS5)+ (06~ + NS5)
IL7| N=1USp(N) | — 3 — 0 — 12 — | shift orbifold of (O6~+NS5) + (06~ +NS5) +D6s
I8 | N=1SUWN) | 2 1 1 0 0 2 2 (06~ + 2 ‘glued’ NS5s) + (06~ + NS5) + Dés J

II SUSY & Group | nada mna mnz ns ng ng ng D4s in linear brane model (Fig. 3)

IL.1 | N=2 SU(N) 1 0 0 0 0 2N 2N 2NS5s

I I ) 2| N=2SOWN) | — 1 — 0 — 2N-4 - 2NS5 with 04~
2NS5 with 06+ 2
3 ([ N=2USp(N) | - 0 - 1 — 2N+4 - 2NS5 with O4™" * o = —
2NS5 with 06~ 3

1.4 | N=1 SO(N) - 0 - 1 — 2N-8 - 2 NS5s with 06’

IL5 | N=1 SU(N) 0 0 1 1 0 2N-4 2N+4 2NS5s, C?/Zy + orientifold

IIT | SUSY & Group | nag ma nz ns ng ng ngp D4s in linear brane model (Fig. 5)

I I I) L1 | N =2 SU(N) 1 1 1 0 0 N+2 N+2 2 NS5s + (06~ +NS5)

112 | N=2 SU(N) 1 0 0 1 1 N-2 N-=2 2 NS5s + (061 +NS5)

ms3|( N=1SUWN) | 1 0 1 1 0 N-4 N+4 2 NS5s + (06" +NS5) 7
4 | N=1SUN) | 2 0 0 0 0 N N 2 ‘glued’ NS5 + NS5 * o = —
ms | N=1SOWN) | - 1 - 1 - N-6 - 2 ‘glued’ NS5 + NS5 + 04" 12
e | N=1USp(N) | - 1 - 1 — N+6 — 2 ‘glued’ NS5 + NS5 + 04*

L7 | N =1 SO(N) - 0 - 2 - N-10 - 2 ‘glued’ NS5 + NS5 + 08"

Im.8 | N=1USp(N) | - 2 - 0 —- N+10 - 2 ‘glued’ NS5 + NS5 + 08~




CLASSIFICATION OF LIMITS IN 4d SCFTs

)

[Calderon-Infante,UrangalV’ongoing]

I | SUSY & Group | naa mna mnz ns s nFp ng D4s on S* (Fig. 2)

L1 | N=4 SU(N) 3 o 0 0O 0 0 0 S!

I2| N=4SOWN) | - 3 - 0 - 0 - 04~

I3 | N=4 USp(N) | - o - 3 - 0 - 04"

I4 | N=2 USp(N) | - 2 - 1 - 8 - 206~ + 8D6s

L5 | N=2 SU(N) 1 2 2 0 0 4 4 (06~ + NS5)+ (06~ + NS5) + 8D6s

16 | N=2 SU(N) 1 1 1 1 1 0 o0 (06" + NS5)+ (06~ + NS5)

L7 | N=1USp(N) | - 3 — 0 — 12 — | shift orbifold of (06~ +NS5) + (O6~+NS5) +D6s
I8 | N=1 SU(N) 2 1 1 0 o0 2 2 (06~ + 2 ‘glued’ NS5s) + (06~ + NS5) + Dés




CLASSIFICATION OF LIMITS IN 4d SCFTs

)

I | SUSY & Group | naa ma nz ns ng np ng D4s on S' (Fig. 2)

L1 | N=4 SU(N) 3 o 0 O 0 0 0 St

2| N=4SOWN) | - 3 - 0 - 0 - 04~

I3 | N=4 USp(N) | - o - 3 - 0 - 04"

I4 | N=2 USp(N) | - 2 - 1 - 8 - 206~ + 8D6s

L5 | N=2 SU(N) 1 2 2 0 0 4 4 (06~ + NS5)+ (06~ + NS5) + 8D6s

16 | N=2 SU(N) 1 1 1 1 1 0 o0 (06" + NS5)+ (06~ + NS5)

L7 | N=1USp(N) | — 3 — 0 — 12— | shift orbifold of (06~ +NS5) + (O6~+NS5) +D6s
I8 | N=1 SU(N) 2 1 1 0 o0 2 2 (06~ + 2 ‘glued’ NS5s) + (06 + NS5) + D6s

[Calderon-Infante,UrangalV’ongoing]



CLASSIFICATION OF LIMITS IN 4d SCFTs [Calderon-Infante,UrangalV’ongoing]

I | SUSY & Group | na¢a ma nz mns mng ngp np D4s on S' (Fig. 2) N D4s

I.1 | N=4 SU(N) 3 0 0 0 S! \9

I2| N=4SON) | - 3 - 0 - 0 - 04~

|) 13| N=4USp(N)| - 0 - 3 — 0 - o4+ \ N Das

14 | N=2USp(N) | - 2 - 1 — 8 ~— 206~ + 8D6s )

I5 | N=2SUWN) | 1 2 2 0 0 4 4 (06~ + NS5)+ (06~ + NS5) + 8D6s

16 | N=2 SU(N) 1 1 1 1 1 0 0 (06" + NS5)+ (06~ + NS5) \ @

L7 | N=1USp(N) | — 3 — 0 — 12 — | shift orbifold of (O6=+NS5) + (06~ +NS5) +D6s \

I8 | N=1SUWN) | 2 1 1 0 o0 2 2 (06~ + 2 ‘glued’ NS5s) + (06~ + NS5) + Dés N D4s :06_

D6s

Bulk dual is always Einstein, obtained from N D4’s on S| 06 NSs
(+ different branes/orientifolds/orbifolds) which map to \ ND4s |og

N D3’s on orientifold/orbifold quotients of flat space
SN subleading on I/N




CLASSIFICATION OF LIMITS IN 4d SCFTs [Calderon-Infante,UrangalV’ongoing]

I SUSY & Group | na¢ ma mnz mns ng ngp ng D4s on S! (Fig. 2) N D4s

I.1 | N=4 SU(N) 3 0 0O 0 0 0 S! \9

12| N=4SON) | - 3 - 0o - 0 - 04~

|) 13| N=4USp(N)| - 0 - 3 — 0 - o4+ \ N Das

I4 | N=2 USp(N) | — 2 - 1 - 8 - 206~ + 8D6s )

5| N=2SUWN) | 1 2 2 o0 0 4 4 (06~ + NS5)+ (06~ + NS5) + 8D6s

16 | N=2 SU(N) 1 1 1 1 1 0 0 (06" + NS5)+ (06~ + NS5) \ @

L7 | N=1USp(N) | — 3 — 0 — 12— | shift orbifold of (O6~+NS5) + (O6~+NS5) +D6s A

I8 | N=1SUWN) | 2 1 1 0 0 2 2 (06 + 2 ‘glued’ NS5s) + (06~ + NS5) + D6s N D4s :06_

D6s

Bulk dual is always Einstein, obtained from N D4’s on S| 06 NSs
(+ different branes/orientifolds/orbifolds) which map to \ ND4s |og

N D3’s on orientifold/orbifold quotients of flat space
SN subleading on I/N

Weak coupling limit with tensionless limit of the v
1 —  critical Type Il string NS5 NS5
- 06 06
@ \/5 (gs — O) ’ m SN NS5
\ —

06 D6s
NS5



CLASSIFICATION OF LIMITS IN 4d SCFTs

)

[Calderon-Infante,UrangalV’ongoing]

II SUSY & Group | naa ma nz ns ng ng ng D4s in linear brane model (Fig. 3)
IL1 | N=2SUN) | 1 0 2N 2N 2NS5s
12 | N=2 SON) | — 1 - -~ 2N -4 - 2NS5 with O4~
2NS5 with O6™
1.3 | N=2 USp(N) | - 0 - 1 — 2N+4 - 2NS5 with O4™"
2NS5 with O6~
114 | N=1 SO(N) — 0 - 1 — 2N-8 - 2 NS5s with 06’
1.5 | N=1 SU(N) 0 0 1 1 0 2N-4 2N+4 2NS5s, C?/Z, + orientifold




CLASSIFICATION OF LIMITS IN 4d SCFTs

)

II SUSY & Group | naa ma nz ns ng ng ng D4s in linear brane model (Fig. 3)
II.1 | N=2 SU(N) 1 0 2N 2N 2NS5s
I1.2 | N=2 SO(N) - 1 - — 2N -4 — 2NS5 with O4~
2NS5 with 06"
1.3 | N=2 USp(N) | - 0 - 1 — 2N+4 - 2NS5 with O4™"
2NS5 with 06~
1.4 | N=1 SO(N) - 0 - 1 — 2N-8 - 2 NS5s with 06’
I.5 | N=1 SU(N) 0 0 1 1 0 2N -4 2N +4 2NS5s, C?/Z, + orientifold ‘

[Calderon-Infante,UrangalV’ongoing]

NS5 NS5
D4s D4s D4s

o4 o4 o4

NS5 NS5
D4s D4s D4s

o4 | o4 | of

Yy NS5 Nss5 08
D4s| DA4s D4§,,

C C22




CLASSIFICATION OF LIMITS IN 4d SCFTs

Bulk dual is non-Einstein, obtained from N D4’s

[Calderon-Infante,UrangalV’ongoing]

NS5 NS5
probing a background obtained from $D4s | Das | Das
approaching 2 NS5’s (in a double-scaling limit)
+ different content of orientifolds, flavour branes
SN subleading on I/N & NSS NS5
g%’" D4s | D4s D4s
&
=~ o4’ 04 o4
II SUSY & Group | nada mna mnz ns ng ng ng D4s in linear brane model (Fig. 3)
L1 | N=2SUWN) | 1 0 0 0 0 2N 2N ONS5s
”) M2 | N=2 SON) | — 1 - o0 - 2N-4 - NS5 with 04~ NS5 NS5
NS5 with 06+ D4s | Dd4s D4s
3 ([ N=2USp(N) | - 0 - 1 — 2N+4 - 2NS5 with O4™"
2NS5 with 06~
1.4 | N=1 SO(N) - 0 - 1 — 2N-8 - 2 NS5s with 06’
IL5 | N=1 SU(N) 0 0 1 1 0 2N-4 2N+4 2NS5s, C?/Zy + orientifold |

~

€

NS5 NS5 O8

D4s

D4s




CLASSIFICATION OF LIMITS IN 4d SCFTs

Bulk dual is non-Einstein, obtained from N D4’s

[Calderon-Infante,UrangalV’ongoing]

| . NS5 NS5
probing a background obtained from $D4s | Das | Das
approaching 2 NS5’s (in a double-scaling limit)
+ different content of orientifolds, flavour branes
SN subleading on I/N & NSS NS5
g%" D4s | D4s D4s
<3
~ o4 o4 o4
II SUSY & Group | nada mna mnz ns ng ng ng D4s in linear brane model (Fig. 3)
1| N=2SUN) | 1 0 0 0 0 2N 2N 2NS5s
”) M2 | N=2 SON) | — 1 - o0 - 2N-4 - NS5 with 04~ NS5 NS5
NS5 with 06+ D4s D4s D4s
I3 | N=2USp(N) | = 0 —- 1 — 2N+4 - 2NS5 with 04" —>
2NS5 with 06~ 04 o4 04
1.4 | N=1 SO(N) - 0 - 1 — 2N-8 - 2 NS5s with 06’
I5 | N=1 SU(N) 0 0 1 1 0 2N-4 2N+4 2NS5s, C?/Z, + orientifold ‘\ Nss N85
o N D4s |D4s D4s
Weak coupling limit with  _ tensionless limit of the =
a=+/2/3 non-critical string
. /SLE.R), \y NS5 Ns5 08
R”* x /2o D4s| D4s |D4s.
/ U c 2
L

(string living in less than 10d, but with vanishing central charge)




CLASSIFICATION OF LIMITS IN 4d SCFTs

1N

[Calderon-Infante,UrangalV’ongoing]

III SUSY & Group | nag ma nz mns ng nr ng D4s in linear brane model (Fig. 5)
III.1 | N=2 SU(N) 1 1 1 0 0 N+2 N+2 2 NS5s + (06~ +NS5)

1.2 | N=2 SU(N) 1 0 0 1 1 N-2 N-=2 2 NS5s + (061 +NS5)

Mm3 | N=1SUWN) | 1 0 1 1 0 N-4 N+4 2 NS5s + (06'£+NS5)

1.4 | N=1 SU(N) 2 0 0 0 0 N N 2 ‘glued’ NS5 + NS5

IIL.5 | N=1 SO(N) — 1 - 1 - N-6 - 2 ‘glued’ NS5 + NS5 + 04~
III.6 | N =1 USp(N) - 1 — 1 — N+6 - 2 ‘glued’ NS5 + NS5 + 047
L7 | N =1 SO(N) - 0 - 2 - N-10 - 2 ‘glued’ NS5 + NS5 + 08"
II1.8 | N =1 USp(N) - 2 - 0 - N+10 - 2 ‘glued’ NS5 + NS5 + O8~




CLASSIFICATION OF LIMITS IN 4d SCFTs

[Calderon-Infante,UrangalV’ongoing]

NS5 NS5 NS5
D4s | D4s P4s D4s
/
06 A NS5 NS5 NS5
| D4s | D4s | D4s | D4s
A l6e
NS5 NS51NS5
D4s | ' | D4s
) +
ef
A
NS5 NS5g
71 D4s D4s
NS5 NS5¢g
D4s D4s
IIT | SUSY & Group | nag ma nz ns ng ng ngp D4s in linear brane model (Fig. 5)

”l) L1 | N=2SUN) | 1 1 1 0 0 N+2 N+2 2 NS5s + (06~ +N8S5) y o4 o4 o4
m2 | N=28UW) | 1 0 0 1 1 N-2 N-2 2 NS5s + (06" +NS5) / 7 NS5 NS5q
ms3|( N=1SUWN) | 1 0 1 1 0 N-4 N+4 2 NS5s + (06" +NS5) / 04 D4
L4 | N=1SU(N) | 2 0 0 0 0 N N 2 ‘glued’ NS5 + NS5 > S S
.5 | N=1SON) | - 1 - 1 - N-6 - 2 ‘glued’ NS5 + NS5 + 04~ / 04 o4 o4
.6 | N=1USp(N) | — 1 — 1 — N+6 - 2 ‘glued’ NS5 + NS5 + 04+ .
.7 | N=1SON) | - 0 - 2 — N-10 - 2 ‘glued’ NS5 + NS5 + 08" |[===—ey NS5 NSS5g 08"
II1.8 | N=1 USp(N) | - 2 - 0 — N+10 - 2 ‘glued’ NS5 + NS5 + O8~ o at




CLASSIFICATION OF LIMITS IN 4d SCFTs

[Calderon-Infante,UrangalV’ongoing]

Bulk dual is non-Einstein, obtained from N

NS5 NS5 NS5
D4’s probing a background obtained from  D4s | D4s | D4s| D4s
approaching 3 NS5’s (in a double-scaling limit) 66 A NS5 NS5 NS5
+ different content of orientifolds, flavour branes D4s | D4s | D4s| D4s
(2 subleading on I/N A leg
NS5 NS54NS5
D4s i D4s
aL
A1
NS5 NS5g
71 D4s D4s
NS5 NS5g
D4s D4s
IIT | SUSY & Group | nag ma nz ns ng ng ngp D4s in linear brane model (Fig. 5)
|||) M1 | N=2SUWN) | 1 1 1 0 0 N+2 N+2 2 NS5s + (06~ +NS5) v o4 o4 o4
m2 | N=2SU(WN) | 1 0 0 1 1 N-2 N-2 2 NS5s + (067 +NS5) / 7 NS5 NS
M3 | N=1SUWN) | 1 0 1 1 0 N-4 N+4 2 NS5s + (06" +NS5) / %9
D4s D4s
M4 | N=1SUWN) | 2 0 0 0 0 N N 2 ‘glued’ NS5 + NS5 >
.5 | N=1SON) | - 1 - 1 - N-6 - 2 ‘glued’ NS5 + NS5 + 04~ / 04 o4 o4
6 (N=1USp(N) | — 1 - 1 - N+6 - 2 ‘glued’ NS5 + NS5 + 047 .
1.7 | N=1SON) | - 0 - 2 — N-10 - 2 ‘glued’ NS5 + NS5 + 08" |[===—=y NS5 NS5 08
M8 | N=1USp(N) | - 2 - 0 - N+10 - 2 ‘glued’ NS5 + NS5 + 08" e I




CLASSIFICATION OF LIMITS IN 4d SCFTs [Calderon-Infante,UrangalV’ongoing]

Bulk dual is non-Einstein, obtained from N NS5 NS5 NS5
D4’s probing a background obtained from  D4s | D4s | D4s| D4s
approaching 3 NS5’s (in a double-scaling limit) 656 A NS5 NS5 NS5
+ different content of orientifolds, flavour branes | D4s | D4s | D4s | Dds
(2 subleading on I/N A leog
NS5 NS54NS5
Weak coupling limit with tensionless limit of (a deformation Das | @ | Das
o = /T2 = of) the string worldsheet A
pot . (SLR)s  SUR)RY 4Np° Nsoe
S S
U(1) o) )
NS5 NS5q
. D4s D4s
III SUSY & Group | naa ma mnz ns ng nr ng D4s in linear brane model (Fig. 5)
"l) L1 | N=2SU(N) | 1 1 1 0 0 N+2 N+2 2 NS5s + (06~ +NS5) v o4 04 o4
III.2 | N=2 SU(N) 1 0 0 1 1 N—-2 N-2 2 NSb5s + (06++NSS) , " Nss NS
+ / 59
3| N=1SU(N) | 1 0 1 1 0 N-4 N+4 2 NS5s + (06'*+NS5)
4| N=1SUWN) | 2 0 0 0 0 N N 2 ‘glued’ NS5 + NS5 > D4s | Dds
Ims5 | N=1SON) | - 1 - 1 - N-6 - 2 ‘glued’ NS5 + NS5 + 04~ / 04 o4 04
6 | N=1USp(N) | - 1 — 1 — N+6 — 2 ‘glued’ NS5 + NS5 + 04+ .
.7 | N=1SON) | - 0 - 2 - N-10 - 2 ‘glued’ NS5 + NS5 + 08" |[====wy NS5 NSS5g 08"
M8 [ N=1USp(N) | - 2 - 0 - N+10 - 2 ‘glued’ NS5 + NS5 + 08~ Lo |




CLASSIFICATION OF LIMITS IN 4d SCFTs

All SCFTs of each universality class share the same worldsheet at
large N (the differences are subleading in |/N)

Each class is charaterized by the number of NS5 colliding in a double
scaling limit of the dual brane picture



CLASSIFICATION OF LIMITS IN 4d SCFTs

All SCFTs of each universality class share the same worldsheet at
large N (the differences are subleading in |/N)

Each class is charaterized by the number of NS5 colliding in a double
scaling limit of the dual brane picture

This confirms that the three types of weak coupling limits
correspond to three types of tensionless strings backgrounds
(described by different worldsheets)

different story than in flat space!

The story can be easily generalized to SCFTs with more gauge
factors, which will be obtained from >3 NS5’s

(more details in [Calderon-Infante,UrangalV’ongoing])



Thrk you!

|) We have studied the KK spectrum (at large KK momentum) in
Minkowski warped compactifications

For codim-1 backgrounds, the exponential KK mass decay rate is:

d—1( — 4d-2)\ " R
&KK:\/E (1 | (d—l)”y2> for V(SO)—H]D V()@fygo

1 2 2
. QKK > only if ~ > =
Hence: KK = Jd 2 y V= Ji—1 vD_-2
(sharpened bound for (Strong deSitter conjecture/TCC)

Distance Conjecture) in the higher dim. theory

2) In AdS moduli spaces, we can have other types of towers associated to
different strings becoming tensionless (which can even be non-cirtical)

We have started a classification of possible limits/ tensionless strings
in 4d SCFTs, and constructed their brane dual configuration.



back-up slides



INTEG ER SCALI NG WEIG HT [Calderon-Infante,Uranga,lV’20]

[Etheredge,Heidenreich,Kaya,Qiu,Rudelius’22]
[Calderdn-Infante,Castellano,Herraez,Ibanez’23]
[Etheredge,Heidenreich,(McNamara),Rudelius,Ruiz,1V’23-24]

1 Castellano,Ruiz,IV’23
Define the “scalmg vectors’’ (or scalar charge-to-mass ratio vectors): [Castellano,Ruiz V23]

me — —Vy lo _— —V g4 lo
¢ »08 N . » 08 N

(locally in the moduli space)

They capture information about the
exponential rate of the
characteristic mass of the towers

—a
Mtower ™~ TNQE ¢

AN

= C(pm, -t




Type I’: Example of running decompactification

[Etheredge,Heidenreich,McNamara,Rudelius,Ruiz,|V’23]



STRING THEORY
g MENTORING PROGRAM ) O

Targeted to underrepresented
groups working on string theory
across the world

https://sites.google.com/view/
mentoring-program-string-th

Applications will open soon and close in September!



