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

OUTLINE

2) Update on tensionless string limits in 4d SCFTs
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KK spectrum in warped compactifications



Determine the Kaluza-Klein (KK) spectrum in warped compactifications

warping factors

depending on the internal dimensions

MOTIVATION

Long standing challenge for strings geometries/compactifications:
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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 I. Zavala’22] 
[Bonifacio, D. Mazac and S. Pal’23] [M. Etheredge, B. Heidenreich, J. McNamara, T. Rudelius, I. Ruiz and I. 

Valenzuela’23] [S. Lust, M. Nee and L. Randall’25]
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So far, in all string compactifications to flat space, the tower corresponds 
to (in some dual frame) either:

KK tower Critical string oscillator modes

[Lee,Lerche,Weigand’19]
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Goal: Obtain scaling of KK mass in terms of geodesic field 
distance in warped compactifications

MOTIVATION

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
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Could it violate the bounds?
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Consider direction in moduli space along which the 
interval decompactifies to10D massive Type IIA:
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KK exponential rate gets reduced!
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What would we expect? Does the warping increase or lower     ?

The lower bound risks to be violated if we have strong warping
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Could we ever get a KK tower whose mass decreases at a slower rate 
than the expectation for string modes?

Let’s check it!



For concreteness, we focus on Minkowski warped compactifications

MINKOWSKI WARPED COMPACTIFICATIONS
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For concreteness, we focus on Minkowski warped compactifications

MINKOWSKI WARPED COMPACTIFICATIONS
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• Codimension 1 :

• Codimension >1 :

Two cases:
<latexit sha1_base64="0h24y9dwGh5rp9+ceqU8e3PO92Q="></latexit>

ds2D = e2⇢(y)⌘µ⌫dx
µdx⌫ + e2�(y)dy2

<latexit sha1_base64="g4QZmmZySlZ/2keGxTARNRIXCHM="></latexit>

ds2D = e2⇢(y)⌘µ⌫dx
µdx⌫ + e2�(y)Mijdy

idyj

one internal warped dimension

We will study the KK spectrum for scalar modes

in highly warped (decompactification) limits
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Setup

Consider EFT in D dimensions

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

CODIMENSION-1 MINKOWSKI WARPED COMPACTIFICATIONS

with
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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



We compute the dimensionally reduced kinetic terms for the moduli
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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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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
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We provide the general kinetic terms and the solution to the scalar 
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Within this landscape, we do not find highly warped limits (the 
warping factors seem to be always diluted at infinite distance)
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so the asymptotic value of the KK exponential rate does not get 
modified due to the warping
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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



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

field metric Zamolodchikov metric |x� y|2dhOi(x)Oj(y)i = gij(t
i)

Consider infinite distance limits in moduli spaces of AdS compactifications

CFT DISTANCE CONJECTURE
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Consider a local unitary CFT with a conformal manifold:
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Higher Spin symmetry

[Maldacena,Zhiboedov’11]

(infinite tower of HS operators 
saturating unitarity bound)
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Some bulk string becoming 
tensionless (in Planck units)?

Can we classify the possible values and, with it, 
the different types of limits/ tensionless strings?

Anything different than the critical string?
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<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>

↵ =

r
2

3

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



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

<latexit sha1_base64="r3JoP9K2Fz/rG+ib5pcyyZS0xec=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEirpRCm5cVrAPaEKZTCft0MmDmRuxhLjxV9y4UMStf+HOv3HSZqGtZ3U4517uuceLBVdgWd9GaWl5ZXWtvF7Z2Nza3jF399oqSiRlLRqJSHY9opjgIWsBB8G6sWQk8ATreOPr3O/cM6l4FN7BJGZuQIYh9zkloKW+eeAAe4DUjyTOHF8SmpIspdml3TerVs2aAi8SuyBVVKDZN7+cQUSTgIVABVGqZ1sxuCmRwKlgWcVJFIsJHZMh62kakoApN51+kOFjrQxwnsKPQsBT9fdGSgKlJoGnJwMCIzXv5eJ/Xi8B/8JNeRgnwEI6O+QnAkOE8zrwgEtGQUw0IVRynRXTEdE9gC6tokuw519eJO3Tmn1Wq9/Wq42roo4yOkRH6ATZ6Bw10A1qohai6BE9o1f0ZjwZL8a78TEbLRnFzj76A+PzB/12lzo=</latexit>

for
a

c
= 1

<latexit sha1_base64="2XZyrDuS2mJklJaYr1+60PVmUv4=">AAACC3icbZC7SgNBFIZn4y3G26qlzZAgWIVdCSaNErCxjGAukCxhdjKbDJm9MHNWDMv2Nr6KjYUitr6AnW/jbLKFJp7q4//P4Zzzu5HgCizr2yisrW9sbhW3Szu7e/sH5uFRR4WxpKxNQxHKnksUEzxgbeAgWC+SjPiuYF13ep353XsmFQ+DO5hFzPHJOOAepwS0NDTLA2APkHihxOnAk4QmJE1oerngepo00qFZsarWvPAq2DlUUF6tofk1GIU09lkAVBCl+rYVgZMQCZwKlpYGsWIRoVMyZn2NAfGZcpL5Lyk+1coIZ/d4YQB4rv6eSIiv1Mx3dadPYKKWvUz8z+vH4DWchAdRDCygi0VeLDCEOAsGj7hkFMRMA6GS61sxnRCdAuj4SjoEe/nlVeicV+2Lau22Vmle5XEU0QkqozNkozpqohvUQm1E0SN6Rq/ozXgyXox342PRWjDymWP0p4zPHy+Sm8Q=</latexit>

for
a

c
=

7

8

<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
1p
2

<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>

↵ =

r
2

3

I)

II)

III)

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

They have a different Hagedorn-like density of states 
(different Haggedorn temperature)

CLASSIFICATION OF LIMITS IN 4d SCFTs

[Calderon-Infante,IV’24]

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

(Strings&Geometry 2024 talk)

<latexit sha1_base64="0utrDn+X6LFSnVZzpkd9wGi5m8U=">AAACDXicbZC7TsNAEEXXPEN4GShpVgQkqsiGCGhAkWgog0QeUmxF6806WWX90O4YEVn+ARp+hYYChGjp6fgb1okLSJjq6N4Zzcz1YsEVWNa3sbC4tLyyWlorr29sbm2bO7stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3Rde6375lUPArvYBwzNyCDkPucEtBSzzx0gD1A6kcSZ44vCU1JltLscsr2aZbataxnVqyqNSk8D3YBFVRUo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKykygWEzoiA9bVGJKAKTedfJPhI630cX6RH4WAJ+rviZQESo0DT3cGBIZq1svF/7xuAv6Fm/IwToCFdLrITwSGCOfR4D6XjIIYayBUcn0rpkOicwAdYFmHYM++PA+tk6p9Vq3d1ir1qyKOEtpHB+gY2egc1dENaqAmougRPaNX9GY8GS/Gu/ExbV0wipk99KeMzx8c7Jwy</latexit>

for
a

c
=

13

14

<latexit sha1_base64="Qy1C5OqwS+I09r1OxgoZ8CNeBE0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KUYt0oBTcuK9gHNKFMppN26OThzEQoIeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zgMVkkXhnZrE1A3wMGQ+I1hpqW8eOZjHI3zpyHuhUscXmKT1LLWrWdY3y1bFmgEtEzsnZcjR7JtfziAiSUBDRTiWsmdbsXJTLBQjnGYlJ5E0xmSMh7SnaYgDKt109kOGTrUyQH4kdIUKzdTfEykOpJwEnu4MsBrJRW8q/uf1EuVfuCkL40TRkMwX+QlHKkLTQNCACUoUn2iCiWD6VkRGWOegdGwlHYK9+PIyaVcr9nmldlsrN67yOIpwDCdwBjbUoQE30IQWEHiEZ3iFN+PJeDHejY95a8HIZw7hD4zPH1D7l/M=</latexit>

↵ =

r
7

12



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

<latexit sha1_base64="r3JoP9K2Fz/rG+ib5pcyyZS0xec=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXJVEirpRCm5cVrAPaEKZTCft0MmDmRuxhLjxV9y4UMStf+HOv3HSZqGtZ3U4517uuceLBVdgWd9GaWl5ZXWtvF7Z2Nza3jF399oqSiRlLRqJSHY9opjgIWsBB8G6sWQk8ATreOPr3O/cM6l4FN7BJGZuQIYh9zkloKW+eeAAe4DUjyTOHF8SmpIspdml3TerVs2aAi8SuyBVVKDZN7+cQUSTgIVABVGqZ1sxuCmRwKlgWcVJFIsJHZMh62kakoApN51+kOFjrQxwnsKPQsBT9fdGSgKlJoGnJwMCIzXv5eJ/Xi8B/8JNeRgnwEI6O+QnAkOE8zrwgEtGQUw0IVRynRXTEdE9gC6tokuw519eJO3Tmn1Wq9/Wq42roo4yOkRH6ATZ6Bw10A1qohai6BE9o1f0ZjwZL8a78TEbLRnFzj76A+PzB/12lzo=</latexit>

for
a

c
= 1

<latexit sha1_base64="2XZyrDuS2mJklJaYr1+60PVmUv4=">AAACC3icbZC7SgNBFIZn4y3G26qlzZAgWIVdCSaNErCxjGAukCxhdjKbDJm9MHNWDMv2Nr6KjYUitr6AnW/jbLKFJp7q4//P4Zzzu5HgCizr2yisrW9sbhW3Szu7e/sH5uFRR4WxpKxNQxHKnksUEzxgbeAgWC+SjPiuYF13ep353XsmFQ+DO5hFzPHJOOAepwS0NDTLA2APkHihxOnAk4QmJE1oerngepo00qFZsarWvPAq2DlUUF6tofk1GIU09lkAVBCl+rYVgZMQCZwKlpYGsWIRoVMyZn2NAfGZcpL5Lyk+1coIZ/d4YQB4rv6eSIiv1Mx3dadPYKKWvUz8z+vH4DWchAdRDCygi0VeLDCEOAsGj7hkFMRMA6GS61sxnRCdAuj4SjoEe/nlVeicV+2Lau22Vmle5XEU0QkqozNkozpqohvUQm1E0SN6Rq/ozXgyXox342PRWjDymWP0p4zPHy+Sm8Q=</latexit>

for
a

c
=

7

8

<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
1p
2

<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>

↵ =

r
2

3

I)

II)

III)

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

critical string in all Einstein theories

what about these ones?

non-critical strings in non-Einstein theories?

They have a different Hagedorn-like density of states 
(different Haggedorn temperature)

CLASSIFICATION OF LIMITS IN 4d SCFTs

[Calderon-Infante,IV’24]

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

(Strings&Geometry 2024 talk)

<latexit sha1_base64="0utrDn+X6LFSnVZzpkd9wGi5m8U=">AAACDXicbZC7TsNAEEXXPEN4GShpVgQkqsiGCGhAkWgog0QeUmxF6806WWX90O4YEVn+ARp+hYYChGjp6fgb1okLSJjq6N4Zzcz1YsEVWNa3sbC4tLyyWlorr29sbm2bO7stFSWSsiaNRCQ7HlFM8JA1gYNgnVgyEniCtb3Rde6375lUPArvYBwzNyCDkPucEtBSzzx0gD1A6kcSZ44vCU1JltLscsr2aZbataxnVqyqNSk8D3YBFVRUo2d+Of2IJgELgQqiVNe2YnBTIoFTwbKykygWEzoiA9bVGJKAKTedfJPhI630cX6RH4WAJ+rviZQESo0DT3cGBIZq1svF/7xuAv6Fm/IwToCFdLrITwSGCOfR4D6XjIIYayBUcn0rpkOicwAdYFmHYM++PA+tk6p9Vq3d1ir1qyKOEtpHB+gY2egc1dENaqAmougRPaNX9GY8GS/Gu/ExbV0wipk99KeMzx8c7Jwy</latexit>

for
a

c
=

13

14

<latexit sha1_base64="Qy1C5OqwS+I09r1OxgoZ8CNeBE0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KUYt0oBTcuK9gHNKFMppN26OThzEQoIeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zgMVkkXhnZrE1A3wMGQ+I1hpqW8eOZjHI3zpyHuhUscXmKT1LLWrWdY3y1bFmgEtEzsnZcjR7JtfziAiSUBDRTiWsmdbsXJTLBQjnGYlJ5E0xmSMh7SnaYgDKt109kOGTrUyQH4kdIUKzdTfEykOpJwEnu4MsBrJRW8q/uf1EuVfuCkL40TRkMwX+QlHKkLTQNCACUoUn2iCiWD6VkRGWOegdGwlHYK9+PIyaVcr9nmldlsrN67yOIpwDCdwBjbUoQE30IQWEHiEZ3iFN+PJeDHejY95a8HIZw7hD4zPH1D7l/M=</latexit>

↵ =

r
7

12



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)

CLASSIFICATION OF LIMITS IN 4d SCFTs

[Calderon-Infante,UrangaIV’ongoing]



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

I)

CLASSIFICATION OF LIMITS IN 4d SCFTs

<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
1p
2

<latexit sha1_base64="Qy1C5OqwS+I09r1OxgoZ8CNeBE0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KUYt0oBTcuK9gHNKFMppN26OThzEQoIeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zgMVkkXhnZrE1A3wMGQ+I1hpqW8eOZjHI3zpyHuhUscXmKT1LLWrWdY3y1bFmgEtEzsnZcjR7JtfziAiSUBDRTiWsmdbsXJTLBQjnGYlJ5E0xmSMh7SnaYgDKt109kOGTrUyQH4kdIUKzdTfEykOpJwEnu4MsBrJRW8q/uf1EuVfuCkL40TRkMwX+QlHKkLTQNCACUoUn2iCiWD6VkRGWOegdGwlHYK9+PIyaVcr9nmldlsrN67yOIpwDCdwBjbUoQE30IQWEHiEZ3iFN+PJeDHejY95a8HIZw7hD4zPH1D7l/M=</latexit>

↵ =

r
7

12

<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>

↵ =

r
2

3

II)

III)



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

I)

CLASSIFICATION OF LIMITS IN 4d SCFTs

<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
1p
2

<latexit sha1_base64="Qy1C5OqwS+I09r1OxgoZ8CNeBE0=">AAACA3icbVDLSsNAFL2pr1pfUXe6GSyCq5KUYt0oBTcuK9gHNKFMppN26OThzEQoIeDGX3HjQhG3/oQ7/8Zpm4W2HrhwOOde7r3HizmTyrK+jcLK6tr6RnGztLW9s7tn7h+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbX0/9zgMVkkXhnZrE1A3wMGQ+I1hpqW8eOZjHI3zpyHuhUscXmKT1LLWrWdY3y1bFmgEtEzsnZcjR7JtfziAiSUBDRTiWsmdbsXJTLBQjnGYlJ5E0xmSMh7SnaYgDKt109kOGTrUyQH4kdIUKzdTfEykOpJwEnu4MsBrJRW8q/uf1EuVfuCkL40TRkMwX+QlHKkLTQNCACUoUn2iCiWD6VkRGWOegdGwlHYK9+PIyaVcr9nmldlsrN67yOIpwDCdwBjbUoQE30IQWEHiEZ3iFN+PJeDHejY95a8HIZw7hD4zPH1D7l/M=</latexit>

↵ =

r
7

12

<latexit sha1_base64="LejM9spQiygc5FtyrIxYizSccbM=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWpRd0oBTcuK9gHNKHcTCft0MnDmYlQQnDjr7hxoYhbv8Kdf+O0zUJbD1w4nHMv997jxZxJZVnfRmFpeWV1rbhe2tjc2t4xd/daMkoEoU0S8Uh0PJCUs5A2FVOcdmJBIfA4bXuj64nffqBCsii8U+OYugEMQuYzAkpLPfPAAR4P4dKR90Klji+ApNUsPc2ynlm2KtYUeJHYOSmjHI2e+eX0I5IENFSEg5Rd24qVm4JQjHCalZxE0hjICAa0q2kIAZVuOn0hw8da6WM/ErpChafq74kUAinHgac7A1BDOe9NxP+8bqL8CzdlYZwoGpLZIj/hWEV4kgfuM0GJ4mNNgAimb8VkCDoGpVMr6RDs+ZcXSatasc8qtdtauX6Vx1FEh+gInSAbnaM6ukEN1EQEPaJn9IrejCfjxXg3PmatBSOf2Ud/YHz+ANHZl7Q=</latexit>
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I)

CLASSIFICATION OF LIMITS IN 4d SCFTs

Bulk dual is always Einstein, obtained from N D4’s on S1

(+ different branes/orientifolds/orbifolds) which map to

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

subleading on 1/N

[Calderon-Infante,UrangaIV’ongoing]



I)

CLASSIFICATION OF LIMITS IN 4d SCFTs

Weak coupling limit with tensionless limit of the 
critical Type II string=<latexit sha1_base64="jbXcOVhw5AZY2GVEudI18ZjHSIk=">AAACAnicbVBNS8NAEN34WetX1JN4WSyCp5KUol6UghePFewHNKVstpt26WYTdydCCcGLf8WLB0W8+iu8+W/ctjlo64OBx3szzMzzY8E1OM63tbS8srq2Xtgobm5t7+zae/tNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJJ3MI5ZNyQDyQNOCRipZx96RMRDcukFitDUzVJP3ytIK1nWs0tO2ZkCLxI3JyWUo96zv7x+RJOQSaCCaN1xnRi6KVHAqWBZ0Us0iwkdkQHrGCpJyHQ3nb6Q4ROj9HEQKVMS8FT9PZGSUOtx6JvOkMBQz3sT8T+vk0Bw0U25jBNgks4WBYnAEOFJHrjPFaMgxoYQqri5FdMhMWGASa1oQnDnX14kzUrZPStXb6ul2lUeRwEdoWN0ilx0jmroBtVRA1H0iJ7RK3qznqwX6936mLUuWfnMAfoD6/MHzMmXsg==</latexit>

↵ =
1p
2

<latexit sha1_base64="07HsW8tBGLBmgww3j4PcxhkzaIU=">AAACD3icbVDLSsNAFJ3UV42vqktBgkWom5KIqCspuHFZwT6wCWUymbZD5xFmJkoJ+QjBjYL+hjtx6yf4F36Ck7YLbT1w4XDOvdx7TxhTorTrflmFhcWl5ZXiqr22vrG5VdreaSqRSIQbSFAh2yFUmBKOG5poituxxJCFFLfC4WXut+6wVETwGz2KccBgn5MeQVAb6bbS7ypfC8c96pbKbtUdw5kn3pSUa/tPOZ7r3dK3HwmUMMw1olCpjufGOkih1ARRnNl+onAM0RD2ccdQDhlWQTq+OHMOjRI5PSFNce2M1d8TKWRKjVhoOhnUAzXr5eJ/XifRvfMgJTxONOZosqiXUMf8mL/vRERipOnIEIgkMbc6aAAlRNqEZNs+x/dIMAZ5lPpRlKV+vkKyNMoy20TkzQYyT5rHVe+0enJtsroAExTBHjgAFeCBM1ADV6AOGgABDh7BC3i1Hqw36936mLQWrOnMLvgD6/MHsY6gjw==</latexit>

(gs ! 0)

Bulk dual is always Einstein, obtained from N D4’s on S1

(+ different branes/orientifolds/orbifolds) which map to

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

subleading on 1/N

[Calderon-Infante,UrangaIV’ongoing]
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Bulk dual is non-Einstein, obtained from N D4’s 
probing a background obtained from 

approaching 2 NS5’s (in a double-scaling limit) 

+ different content of orientifolds, flavour branes

subleading on 1/N

[Calderon-Infante,UrangaIV’ongoing]
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Bulk dual is non-Einstein, obtained from N D4’s 
probing a background obtained from 

approaching 2 NS5’s (in a double-scaling limit) 

+ different content of orientifolds, flavour branes

subleading on 1/N

[Calderon-Infante,UrangaIV’ongoing]

<latexit sha1_base64="6nbaQGQ2cz6vZUT4Y8Nw8hL5km4=">AAAB+nicbVBNS8NAEN34WetXqkcvi0XwVJNa1ItS8OKxgv2AppTJdtMu3Wzi7kYpsT/FiwdFvPpLvPlv3LY5aOuDgcd7M8zM82POlHacb2tpeWV1bT23kd/c2t7ZtQt7DRUlktA6iXgkWz4oypmgdc00p61YUgh9Tpv+8HriNx+oVCwSd3oU004IfcECRkAbqWsXPODxAC49dS91Wj45HXftolNypsCLxM1IEWWode0vrxeRJKRCEw5KtV0n1p0UpGaE03HeSxSNgQyhT9uGCgip6qTT08f4yCg9HETSlNB4qv6eSCFUahT6pjMEPVDz3kT8z2snOrjopEzEiaaCzBYFCcc6wpMccI9JSjQfGQJEMnMrJgOQQLRJK29CcOdfXiSNcsk9K1VuK8XqVRZHDh2gQ3SMXHSOqugG1VAdEfSIntErerOerBfr3fqYtS5Z2cw++gPr8wfBEJOr</latexit>

↵ =
p

2/3
<latexit sha1_base64="N66paTpe8z8eP3JmPLhXwp/oy1w="></latexit>

R5,1 ⇥
✓
SL(2,R)2

U(1)

◆
/Z2

Weak coupling limit with tensionless limit of the 
non-critical string=

(string living in less than 10d, but with vanishing central charge)
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Bulk dual is non-Einstein, obtained from N 
D4’s probing a background obtained from 

approaching 3 NS5’s (in a double-scaling limit)

+ different content of orientifolds, flavour branes

subleading on 1/N

[Calderon-Infante,UrangaIV’ongoing]
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<latexit sha1_base64="ajJ3RZrTCzFN0w7xlf2XL7WY+Jw=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16CRbBU01KsV6UghePFewHNKFstpt26WYTdydiCfkrXjwo4tU/4s1/47bNQVsfDDzem2Fmnh9zpsC2v43C2vrG5lZxu7Szu7d/YB6WOypKJKFtEvFI9nysKGeCtoEBp71YUhz6nHb9yc3M7z5SqVgk7mEaUy/EI8ECRjBoaWCWXczjMb5y1YOEtHHu1LKBWbGr9hzWKnFyUkE5WgPzyx1GJAmpAMKxUn3HjsFLsQRGOM1KbqJojMkEj2hfU4FDqrx0fntmnWplaAWR1CXAmqu/J1IcKjUNfd0ZYhirZW8m/uf1EwguvZSJOAEqyGJRkHALImsWhDVkkhLgU00wkUzfapExlpiAjqukQ3CWX14lnVrVuajW7+qV5nUeRxEdoxN0hhzUQE10i1qojQh6Qs/oFb0ZmfFivBsfi9aCkc8coT8wPn8APKyT6g==</latexit>

↵ =
p
7/12

Weak coupling limit with tensionless limit of (a deformation 
of) the string worldsheet

<latexit sha1_base64="7APQ8S8IhVxr4cV74+EctC2dUHc="></latexit>

R5,1 ⇥
✓
SL(2,R)3

U(1)
⇥ SU(2)3

U(1)

◆
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=

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

approaching 3 NS5’s (in a double-scaling limit)

+ different content of orientifolds, flavour branes

subleading on 1/N

[Calderon-Infante,UrangaIV’ongoing]



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

All SCFTs of each universality class share the same worldsheet at 
large N (the differences are subleading in 1/N)

CLASSIFICATION OF LIMITS IN 4d SCFTs



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

All SCFTs of each universality class share the same worldsheet at 
large N (the differences are subleading in 1/N)

CLASSIFICATION OF LIMITS IN 4d SCFTs

This confirms that the three types of weak coupling limits 
correspond to three types of tensionless strings backgrounds 

(described by different worldsheets)

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,UrangaIV’ongoing])

different story than in flat space!



CONCLUSIONS

1) 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:
<latexit sha1_base64="kKnfKNIZ/+csxlef+GgmU74TFCc="></latexit>

↵KK =

r
d� 1

d� 2

✓
1 +

4(d� 2)

(d� 1)�2

◆�1/2
<latexit sha1_base64="WxUDJA0YZUBKBNl4t5xWU7+Yzms="></latexit>

V ('̂) = �2
D V0e

�'̂

Hence:

for

(sharpened bound for 
Distance Conjecture)

(Strong deSitter conjecture/TCC)

in the higher dim. theory

<latexit sha1_base64="xdFW7+7P6J4lx2Prhart6pYGUxY="></latexit>

↵KK � 1p
d� 2

only if � � 2p
d� 1

=
2p

D � 2
.

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.

Thank you!
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<latexit sha1_base64="iBtMqTK5zvo82nOFWPe/Mg828K8=">AAAB7XicdZDLSgMxFIYz9VbrrerSTbAIroYZ0aobKbhxWcFeoB1KJs20sZlkSM4IZeg7uHGhiFvfx51vY9qOoqI/BA7ffw455w8TwQ143rtTWFhcWl4prpbW1jc2t8rbO02jUk1ZgyqhdDskhgkuWQM4CNZONCNxKFgrHF1O/dYd04YreQPjhAUxGUgecUrAomZ3SABDr1zx3BPPP6/62HO9mfAX8XNSQbnqvfJbt69oGjMJVBBjOr6XQJARDZwKNil1U8MSQkdkwDq2lCRmJshm207wgSV9HCltnwQ8o98nMhIbM45D2xkTGJrf3hT+5XVSiM6CjMskBSbp/KMoFRgUnp6O+1wzCmJsC0I1t7tiOiSaULABlWwIn5fi/4vmketX3ePr40rtIo+jiPbQPjpEPjpFNXSF6qiBKLpF9+gRPTnKeXCenZd5a8HJZ3bRDzmvH3xKjxQ=</latexit>

t̂

INTEGER SCALING WEIGHT

Define the “scaling vectors” (or scalar charge-to-mass ratio vectors):
<latexit sha1_base64="cqKnX8k9d6resczhl0sOnRAKOTU="></latexit>

~⇣mt = �~r� log
m(~')

MPl,d

<latexit sha1_base64="2uyorkXF0urZnhvs0wDVff4C/VA=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUzZCpta0bKbhxWcE+pB1KJs20oUlmSDJCGfoVblwo4tbPceffmD4EFT1w4XDOvdx7TxBzpg1CH05mZXVtfSO7mdva3tndy+8ftHSUKEKbJOKR6gRYU84kbRpmOO3EimIRcNoOxlczv31PlWaRvDWTmPoCDyULGcHGSne62NNsKPBpP19ALqqUvZIHkXuOvFoJLchF9Qx6LpqjAJZo9PPvvUFEEkGlIRxr3fVQbPwUK8MIp9NcL9E0xmSMh7RrqcSCaj+dHzyFJ1YZwDBStqSBc/X7RIqF1hMR2E6BzUj/9mbiX143MWHNT5mME0MlWSwKEw5NBGffwwFTlBg+sQQTxeytkIywwsTYjHI2hK9P4f+kVXK9ilu+KRfql8s4suAIHIMi8EAV1ME1aIAmIECAB/AEnh3lPDovzuuiNeMsZw7BDzhvn4xskEE=</latexit>

s(�)

(locally in the moduli space)

[Calderón-Infante,Uranga,IV’20]

<latexit sha1_base64="xQHkdaHgvPljhv80hVfWt0U+KE8=">AAAB73icdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb1IwYvHCvYD2lA22027dLOJuxuhhP4JLx4U8erf8ea/cdNWUNEHA4/3ZpiZFyScKe04H9bK6tr6xmZhq7i9s7u3Xzo4bKs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknmFzlfueeSsVicaunCfUjPBIsZARrI3X7mCdjPHAHpbJjX9SrFa+KHNtxam7FzUml5p17yDVKjjIs0RyU3vvDmKQRFZpwrFTPdRLtZ1hqRjidFfupogkmEzyiPUMFjqjys/m9M3RqlCEKY2lKaDRXv09kOFJqGgWmM8J6rH57ufiX10t1WPczJpJUU0EWi8KUIx2j/Hk0ZJISzaeGYCKZuRWRMZaYaBNR0YTw9Sn6n7Qrtlu1vRuv3LhcxlGAYziBM3ChBg24hia0gACHB3iCZ+vOerRerNdF64q1nDmCH7DePgEWqZAD</latexit>↵1

<latexit sha1_base64="/g942jjAiczJB8QbR3jLuUcnm7w=">AAACFXicbVBNS8NAEN34WetX1aOXxSJ40JJIUU9S0IPHClaFJobJdmoXd5Owu1FK6J/w4l/x4kERr4I3/43bNge/Hgw83pthZl6UCq6N6346E5NT0zOzpbny/MLi0nJlZfVcJ5li2GKJSNRlBBoFj7FluBF4mSoEGQm8iG6Ohv7FLSrNk/jM9FMMJFzHvMsZGCuFlW0Z5r6S1CR3qAa+5pLK0KV4le/4INIeUP8YhQE/7fFBWKm6NXcE+pd4BamSAs2w8uF3EpZJjA0ToHXbc1MT5KAMZwIHZT/TmAK7gWtsWxqDRB3ko68GdNMqHdpNlK3Y0JH6fSIHqXVfRrZTgunp395Q/M9rZ6Z7EOQ8TjODMRsv6mbCZkCHEdEOV8iM6FsCTHF7K2U9UMCMDbJsQ/B+v/yXnO/WvL1a/bRebRwWcZTIOtkgW8Qj+6RBTkiTtAgj9+SRPJMX58F5cl6dt3HrhFPMrJEfcN6/AEx4nuY=</latexit>

mtower ⇠ m0e
�↵��

They capture information about the 
exponential rate of the 

characteristic mass of the towers

<latexit sha1_base64="1WF7aFRmZ/RwIsT4vSBIrRlwBHU=">AAACC3icbVA9SwNBEN2LXzF+RS1tFoNgFe4kqI0i2FhGMFHIhWNuMzGLex/szgnxSG/jX7GxUMTWP2Dnv3GTXOHXg4HHezPMzAtTJQ257qdTmpmdm18oL1aWlldW16rrG22TZFpgSyQq0VchGFQyxhZJUniVaoQoVHgZ3pyO/ctb1EYm8QUNU+xGcB3LvhRAVgqq2z6odABH/i0K/w4JgjwKaOSLXkLcHwBxCqo1t+5OwP8SryA1VqAZVD/8XiKyCGMSCozpeG5K3Rw0SaFwVPEzgymIG7jGjqUxRGi6+eSXEd+xSo/3E20rJj5Rv0/kEBkzjELbGQENzG9vLP7ndTLqH3ZzGacZYSymi/qZ4pTwcTC8JzUKUkNLQGhpb+ViABoE2fgqNgTv98t/SXuv7u3XG+eN2slxEUeZbbFttss8dsBO2BlrshYT7J49smf24jw4T86r8zZtLTnFzCb7Aef9C1GKmzc=</latexit>

↵ = ~⇣mt · t̂

<latexit sha1_base64="fWBeFOQcMo6NuQGsfnbut8YndHk=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoJVgETyURUU9S8OKxgv2AJoTNdtIu3XywOym0ob/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMC1LBFdr2t1Ha2Nza3invVvb2Dw6r5tFxWyWZZNBiiUhkN6AKBI+hhRwFdFMJNAoEdILR/dzvjEEqnsRPOEnBi+gg5iFnFLXkm1V3DMydAlI/j3yc+WbNrtsLWOvEKUiNFGj65pfbT1gWQYxMUKV6jp2il1OJnAmYVdxMQUrZiA6gp2lMI1Bevjh8Zp1rpW+FidQVo7VQf0/kNFJqEgW6M6I4VKveXPzP62UY3no5j9MMIWbLRWEmLEyseQpWn0tgKCaaUCa5vtViQyopQ51VRYfgrL68TtqXdee6fvV4VWvcFXGUySk5IxfEITekQR5Ik7QIIxl5Jq/kzZgaL8a78bFsLRnFzAn5A+PzB1Ttk4c=</latexit>

~⇣mt

<latexit sha1_base64="12TnrZiX8I4XcVldrL/O5VJKc9Y="></latexit>

~⇣Te = �~r� log
Te

MPl,d

<latexit sha1_base64="9+yOI8xCNzq2P33di8VqRdmxc4U=">AAACCHicbVDLSsNAFJ34rPUVdenCwSK4KokUdSUFNy4r9AVNKJPpTTt08mBmUqghSzf+ihsXirj1E9z5N07aLLT1wMCZc+7l3nu8mDOpLOvbWFldW9/YLG2Vt3d29/bNg8O2jBJBoUUjHomuRyRwFkJLMcWhGwsggceh441vc78zASFZFDbVNAY3IMOQ+YwSpaW+eeJMgDoPoEg/dQKiRpTwtJnpj+djyLK+WbGq1gx4mdgFqaACjb755QwimgQQKsqJlD3bipWbEqEY5ZCVnURCTOiYDKGnaUgCkG46OyTDZ1oZYD8S+oUKz9TfHSkJpJwGnq7Md5WLXi7+5/US5V+7KQvjREFI54P8hGMV4TwVPGACqOJTTQgVTO+K6YgIQpXOrqxDsBdPXibti6p9Wa3d1yr1myKOEjpGp+gc2egK1dEdaqAWougRPaNX9GY8GS/Gu/ExL10xip4j9AfG5w+2mppp</latexit>

~⇣Te

[Etheredge,Heidenreich,Kaya,Qiu,Rudelius’22]

[Calderón-Infante,Castellano,Herraez,Ibañez’23]


[Etheredge,Heidenreich,(McNamara),Rudelius,Ruiz,IV’23-24]

[Castellano,Ruiz,IV’23]



Type I’: Example of running decompactification

[Etheredge,Heidenreich,McNamara,Rudelius,Ruiz,IV’23]
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