
MPI Munich, December 2024

Irene Valenzuela
CERN

IFT UAM-CSIC

A Journey through the Swampland:

What is the Scale of Quantum Gravity?



A Journey through the Swampland

Motivation:

What is this journey about?



A Journey through the Swampland

Motivation:

What is this journey about?

It is about exploring the 
Quantum Gravity imprint at 

low energies
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Modern physics is based on 
a Wilsonian effective field 
theory (EFT) approach

We construct EFTs that 
describe the physical 

phenomena up to some 
energy cut-off 

UV

IR

These EFTs need to 
be UV completed at 

higher energies
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Example: Fermi’s interaction
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Fermi’s 4-point interaction gets 
UV completed by QED at 

energies above 

W-boson
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Standard Model of Particle Physics

What comes next?
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i.e., when quantum gravitational effects 
are typically expected to become 

significant

EFTs coupled to gravity need to be 
UV completed in a quantum graviy 

theory when reaching the Planck scale



Can any EFT be UV completed in a 
consistent quantum gravity (QG) theory?

NO

Gravitational anomalies

Unitarity/causality constraints

Constraints from black hole physics

Concrete quantum gravity theories (like string theory) do not 
allow for every EFT at low energies



All EFTs

Energy

Not everything goes in 
Quantum Gravity!

Quantum Gravity

(e.g. String Theory)

Consistent with 
Quantum Gravity

Not consistent with 
Quantum Gravity

Swampland Lectures/Reviews:

[Brennan,Vafa’17]  [Palti’19]

[Van Beest,Calderon-
Infante,Mirfendereski,IV’21]

[Graña,Herraez’21]



Not everything goes in 
Quantum Gravity!

[Vafa’05]

Swampland Lectures/Reviews:

[Brennan,Vafa’17]  [Palti’19]

[Van Beest,Calderon-
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[Graña,Herraez’21]



Apparently consistent (anomaly-free) quantum effective field 
theories that cannot be UV completed in quantum gravity

Swampland:

Not everything goes in 
Quantum Gravity!

[Vafa’05]

Swampland Lectures/Reviews:

[Brennan,Vafa’17]  [Palti’19]

[Van Beest,Calderon-
Infante,Mirfendereski,IV’21]

[Graña,Herraez’21]



What is the space of Effective Field Theories weakly 
coupled to Einstein gravity that can be consistently UV 

completed (in quantum gravity)?

Swampland program
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What can it go here?

What is the quantum gravity cut-off?



What distinguishes the landscape from the swampland?

UV imprint of quantum gravity at low energies

Determine the constraints that an effective theory 
must satisfy to be consistent with quantum gravity

Goal:

Swampland program



Golden opportunity!

UV Consistency with quantum gravity can provide new guiding 
principles for BSM in Particle Physics and Cosmology

Particle Physics Cosmology

quantum gravity

Maybe naturalness issues are a first hint of this…



Gravity is different than other interactions

Everything couples to gravity

Gravity can break the notion of separation of scales (UV/IR mixing)

Black Hole Physics makes manifest a correlation between long 
distances and high energy physics

large black holes

scattering of particles at high energies

Even if the Planck scale is very high, consistency with Quantum 
Gravity can impose non-trivial constraints at low energies

e.g. constraints on inflation, dark energy, dark photons, neutrinos… 



String Theory

How do we determine these consistency quantum gravity 
constraints?

A consistent theory 
of quantum gravity

Plethora of 
theoretical data/

models to check the 
constraints(theoretical laboratory)



String Theory

AdS/CFT Black Holes

Unitarity/causality 
constraints

Categorical approach 
to symmetries

How do we determine these consistency quantum gravity 
constraints?



A Journey through the Swampland

Identify 
pattern 
(swampland  
conjecture)

Explain it using 
black holes, 
amplitudes, 
holography…

Prove it in 
AdS/CFT

Provide evidence 
in String Theory

Phenomeno-
logical 
predictions



Change of paradigm in String Phenomenology

New approach to connect string theory to our world



landscape

swampland

New approach to connect string theory to our world

Rather than trying to identify the concrete solution that describes our universe…

… we look for universal features

Change of paradigm in String Phenomenology

(since 2015)



Swampland conjectures

We are now living an era of precision

Web of interconnected constraints:



Swampland conjectures

We are now living an era of precision

Web of interconnected constraints:



A Journey through the Swampland

Distance 
conjecture

String 
theory 
evidence

Proof in 
AdS/CFT

Phenomenological 
implications

What is the scale 
of quantum gravity?

Future 
prospects



Is it       ?
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QG cut-off scale
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⇤

EFT coupled to 
classical gravity

Quantum Gravity

Energy

Given an Effective Field Theory (EFT) coupled to Einstein 
gravity, what is the cut-off at which semiclassical gravity 

breaks down and how?
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⇤ < Mp

String Theory implies a cut-off

(for certain regions of the space 
of EFT parameters)

What is the scale of quantum gravity?



parameter 
space

String Landscape: Each point corresponds to a different (UV 
consistent) EFT coupled to gravity

fields parameters
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In String Theory: EFT parameters are set by vacuum 
expectation values of scalar fields
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g(�)

What is the scale of quantum gravity?

the value of these scalar 
vevs also parametrize the 

volume/size of extra 
dimensions



field space

String Landscape: Each point corresponds to a different (UV 
consistent) EFT coupled to gravity

fields parameters
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What is the scale of quantum gravity?

infinite distance limit
� ! 1

This field space is equipped by a metric 
given by the kinetic term of the scalars:

field metric
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String Landscape: Each point corresponds to a different (UV 
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What is the scale of quantum gravity?

infinite distance limit
� ! 1

What is the value of the QG cut-off scale?
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<latexit sha1_base64="XCChJL/1e8KJGmRIA68AH28cN/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWarr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77Jaa9Yq9Zs8jiKcwCmcgwdXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AHrTjLk=</latexit>

0

What is the scale of quantum gravity?

String Landscape:

What is the value of the QG cut-off scale?

Each point corresponds to a different (UV 
consistent) EFT coupled to gravity

The EFT drastically breaks 
down at a QG cut-off scale:

<latexit sha1_base64="bmTYi6C7sg/sSSyECvDb6EvzkN4=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0GIhWFXglpJQAsLhQjmAdklzE5ukiGzu8PMrBiW/IKNv2JjoYitnZ1/4+RRaOKBgcM553LnnkBwprTjfFuZhcWl5ZXsam5tfWNzy97eqak4kRSqNOaxbAREAWcRVDXTHBpCAgkDDvWgfzHy6/cgFYujOz0Q4IekG7EOo0QbqWUXvGsTbhNPsRDftIQHD6Jw5PGxiL1L4Jp4oscOW3beKTpj4HniTkkeTVFp2V9eO6ZJCJGmnCjVdB2h/ZRIzSiHYc5LFAhC+6QLTUMjEoLy0/FFQ3xglDbuxNK8SOOx+nsiJaFSgzAwyZDonpr1RuJ/XjPRnTM/ZZFINER0sqiTcKxjPKoHt5kEqvnAEEIlM3/FtEckodqUmDMluLMnz5PacdE9KZZuS/ny+bSOLNpD+6iAXHSKyugKVVAVUfSIntErerOerBfr3fqYRDPWdGYX/YH1+QM/BJyl</latexit>

⇤ ⇠ Mp exp(����)
<latexit sha1_base64="OSvi63naHdMSRfv89FsAFCeiG0U=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MWLUMF+QLuUbJptQ7NJSLJCWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvEhxZqzvf3uFtfWNza3idmlnd2//oHx41DIy1YQ2ieRSdyJsKGeCNi2znHaUpjiJOG1H49uZ336i2jApHu1E0TDBQ8FiRrB1UrvHObrvq3654lf9OdAqCXJSgRyNfvmrN5AkTaiwhGNjuoGvbJhhbRnhdFrqpYYqTMZ4SLuOCpxQE2bzc6fozCkDFEvtSlg0V39PZDgxZpJErjPBdmSWvZn4n9dNbXwdZkyo1FJBFovilCMr0ex3NGCaEssnjmCimbsVkRHWmFiXUMmFECy/vEpaF9Xgslp7qFXqN3kcRTiBUziHAK6gDnfQgCYQGMMzvMKbp7wX7937WLQWvHzmGP7A+/wByNKPNQ==</latexit>

⌧ Mp

� ! 1as



infinite tower of 
weakly-coupled states 

becoming all light
.
.


<latexit sha1_base64="FDyMieYjjEduXfSGURWf4oMc1To=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9CD7fr9c8areHHiV+DmpQI5Gv/zVG8Q0lUxZKogxXd9LbJARbTkVbFrqpYYlhI7JkHUdVUQyE2TzU6f4zCkDHMXalbJ4rv6eyIg0ZiJD1ymJHZllbyb+53VTG10HGVdJapmii0VRKrCN8exvPOCaUSsmjhCqubsV0xHRhFqXTsmF4C+/vEpaF1X/slq7r1XqN3kcRTiBUzgHH66gDnfQgCZQGMIzvMIbEugFvaOPRWsB5TPH8Afo8wf8mY2a</latexit>m1

<latexit sha1_base64="tTy5vY4OnAYQZJuBs3Ry9hiDt1c=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWop6k4MVjRVsL7VKyabYNTbJLkhXK0p/gxYMiXv1F3vw3pu0etPXBwOO9GWbmhYngxnreNyqsrW9sbhW3Szu7e/sH5cOjtolTTVmLxiLWnZAYJrhiLcutYJ1EMyJDwR7D8c3Mf3xi2vBYPdhJwgJJhopHnBLrpHvZr/XLFa/qzYFXiZ+TCuRo9stfvUFMU8mUpYIY0/W9xAYZ0ZZTwaalXmpYQuiYDFnXUUUkM0E2P3WKz5wywFGsXSmL5+rviYxIYyYydJ2S2JFZ9mbif143tdFVkHGVpJYpulgUpQLbGM/+xgOuGbVi4gihmrtbMR0RTah16ZRcCP7yy6ukXav6F9X6Xb3SuM7jKMIJnMI5+HAJDbiFJrSAwhCe4RXekEAv6B19LFoLKJ85hj9Anz/+HY2b</latexit>m2

<latexit sha1_base64="TIoYk/VDVL4C+atPDlDbpkwbUpM=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9CD7ql+ueFVvDrxK/JxUIEejX/7qDWKaSqYsFcSYru8lNsiItpwKNi31UsMSQsdkyLqOKiKZCbL5qVN85pQBjmLtSlk8V39PZEQaM5Gh65TEjsyyNxP/87qpja6DjKsktUzRxaIoFdjGePY3HnDNqBUTRwjV3N2K6YhoQq1Lp+RC8JdfXiWti6p/Wa3d1yr1mzyOIpzAKZyDD1dQhztoQBMoDOEZXuENCfSC3tHHorWA8plj+AP0+QNZHI3X</latexit>mn
m(P ) ⇠ m(Q)e�↵��

<latexit sha1_base64="s4qkv1oUu4+eaxo+BNAqfdbDs1I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmO2mXbjZhdyOW0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7R4+2R26X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwCeWo/B</latexit>

9

P

Q

� ! 1

What is the scale of quantum gravity?

<latexit sha1_base64="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>

⇤QG cut-off
<latexit sha1_base64="q7Sxsobl5MeFOCsyjNJEJdiJOeQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHgRKtoPaEPZbCft0s0m7G6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2h0jyWj2acoB/RgeQhZ9RY6eGul/TKFbfqzkCWiZeTCuSo98pf3X7M0gilYYJq3fHcxPgZVYYzgZNSN9WYUDaiA+xYKmmE2s9mp07IiVX6JIyVLWnITP09kdFI63EU2M6ImqFe9Kbif14nNeGVn3GZpAYlmy8KU0FMTKZ/kz5XyIwYW0KZ4vZWwoZUUWZsOiUbgrf48jJpnlW9i+r5/Xmldp3HUYQjOIZT8OASanALdWgAgwE8wyu8OcJ5cd6dj3lrwclnDuEPnM8fK2SNuQ==</latexit>

Mp

<latexit sha1_base64="XCChJL/1e8KJGmRIA68AH28cN/I=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWarr9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU147WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77Jaa9Yq9Zs8jiKcwCmcgwdXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+AHrTjLk=</latexit>

0

The EFT drastically breaks 
down at a QG cut-off scale:

<latexit sha1_base64="bmTYi6C7sg/sSSyECvDb6EvzkN4=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0GIhWFXglpJQAsLhQjmAdklzE5ukiGzu8PMrBiW/IKNv2JjoYitnZ1/4+RRaOKBgcM553LnnkBwprTjfFuZhcWl5ZXsam5tfWNzy97eqak4kRSqNOaxbAREAWcRVDXTHBpCAgkDDvWgfzHy6/cgFYujOz0Q4IekG7EOo0QbqWUXvGsTbhNPsRDftIQHD6Jw5PGxiL1L4Jp4oscOW3beKTpj4HniTkkeTVFp2V9eO6ZJCJGmnCjVdB2h/ZRIzSiHYc5LFAhC+6QLTUMjEoLy0/FFQ3xglDbuxNK8SOOx+nsiJaFSgzAwyZDonpr1RuJ/XjPRnTM/ZZFINER0sqiTcKxjPKoHt5kEqvnAEEIlM3/FtEckodqUmDMluLMnz5PacdE9KZZuS/ny+bSOLNpD+6iAXHSKyugKVVAVUfSIntErerOerBfr3fqYRDPWdGYX/YH1+QM/BJyl</latexit>

⇤ ⇠ Mp exp(����)
<latexit sha1_base64="OSvi63naHdMSRfv89FsAFCeiG0U=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MWLUMF+QLuUbJptQ7NJSLJCWfojvHhQxKu/x5v/xrTdg7Y+GHi8N8PMvEhxZqzvf3uFtfWNza3idmlnd2//oHx41DIy1YQ2ieRSdyJsKGeCNi2znHaUpjiJOG1H49uZ336i2jApHu1E0TDBQ8FiRrB1UrvHObrvq3654lf9OdAqCXJSgRyNfvmrN5AkTaiwhGNjuoGvbJhhbRnhdFrqpYYqTMZ4SLuOCpxQE2bzc6fozCkDFEvtSlg0V39PZDgxZpJErjPBdmSWvZn4n9dNbXwdZkyo1FJBFovilCMr0ex3NGCaEssnjmCimbsVkRHWmFiXUMmFECy/vEpaF9Xgslp7qFXqN3kcRTiBUziHAK6gDnfQgCYQGMMzvMKbp7wX7937WLQWvHzmGP7A+/wByNKPNQ==</latexit>

⌧ Mp

� ! 1as

What is the value of the QG cut-off scale?
This cut-off is known as the “species scale” [Dvali’07] [Dvali,Redi’07]

[Arkani-Hamed et al’07] [Distler,Varadarajan’05][Dimopoulos et al’05]



Distance Conjecture

Given an EFT weakly coupled to Einstein gravity with a field space 
parametrized by the vevs of scalar fields:

field metric

<latexit sha1_base64="o8LxTjJzf8dAyE+UP7iuJMonXVk="></latexit>

L =
Mpl,d

2

d�2 ✓
R� 1

2
gij(�)(@�)

2 + . . .

◆

There should be an infinite tower of states becoming exponentially light

when approaching any infinite field distance boundary of the field space

when �� ! 1 [Ooguri-Vafa’06]

geodesic distance
<latexit sha1_base64="EOZCAb+HzKpn1DYD8l39V691t+k="></latexit>

�� =

Z P

Q

r
gij

d�i

ds

d�j

ds
ds (canonically normalised scalar 

field in Einstein frame)

<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
�↵��

(in Planck units)



In all known examples in string theory, the tower behaves* as:

What happens?

Kaluza-Klein towerType String oscillator tower

Nature of the tower

*in some duality frame

extra 
dimension


grows

string 
length 
grows



In all known examples in string theory, the tower behaves* as:

decompactification limit 
of extra dimensions

Planck scale of a higher 
dimensional theory

perturbative string limit
<latexit sha1_base64="RESZamqyU5f6ERojsN/5a5cFtW4=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqCcpePFYxX5AE8pmu2mXbjZhd6KEUP+KFw+KePWHePPfuG1z0NYHA4/3ZpiZFySCa3Ccb6u0srq2vlHerGxt7+zu2fsHbR2nirIWjUWsugHRTHDJWsBBsG6iGIkCwTrB+Hrqdx6Y0jyW95AlzI/IUPKQUwJG6tvVO0/x4QiIUvEj9rgMIevbNafuzICXiVuQGirQ7Ntf3iCmacQkUEG07rlOAn5OFHAq2KTipZolhI7JkPUMlSRi2s9nx0/wsVEGOIyVKQl4pv6eyEmkdRYFpjMiMNKL3lT8z+ulEF76OZdJCkzS+aIwFRhiPE0CD7hiFERmCKGKm1sxHRFFKJi8KiYEd/HlZdI+rbvn9bPbs1rjqoijjA7RETpBLrpADXSDmqiFKMrQM3pFb9aT9WK9Wx/z1pJVzFTRH1ifPxHolQs=</latexit>

R ! 1
<latexit sha1_base64="8AweZr7sK0fKc1LeWzZlGBxOVpo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Ipof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LBDXjet1NaW9/Y3CpvV3Z29/YP3MOjllGZpqxJlVC6ExHDBJesCRwE66SakSQSrB2N7mZ+e8y04Uo+wiRlQUIGksecErBS6LqD0PQ0HwyBaK2esBe6Va/mzYFXiV+QKirQCN2vXl/RLGESqCDGdH0vhSAnGjgVbFrpZYalhI7IgHUtlSRhJsjnl0/xmVX6OFbalgQ8V39P5CQxZpJEtjMhMDTL3kz8z+tmEN8EOZdpBkzSxaI4ExgUnsWA+1wzCmJiCaGa21sxHRJNKNiwKjYEf/nlVdK6qPlXtcuHy2r9toijjE7QKTpHPrpGdXSPGqiJKBqjZ/SK3pzceXHenY9Fa8kpZo7RHzifP2ORk34=</latexit>

gs ! 0

QG cut-off

What happens?

Kaluza-Klein towerType String oscillator tower

String scale

Nature of the tower

*in some duality frame

These two possibilities are encoded in the Emergent String Conjecture

[Lee,Lerche,Weigand’19]



� ! 1

What happens with the EFT parameters in the infinite distance limits?

Approaching the boundaries of the field space correspond to 
taking an extreme limit of some EFT parameter

Extreme limits of EFT parameters

fields parameters

<latexit sha1_base64="A3b8QtPhhh6MljdPrr+z08uoYgc=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgVpCRS1JUURHHhokJf0IQwmU7boZNJmJkUSsjWjb/ixoUibv0Dd/6NkzYLbT1w4XDOvdx7jx8xKpVlfRtLyyura+uFjeLm1vbOrrm335JhLDBp4pCFouMjSRjlpKmoYqQTCYICn5G2P7rO/PaYCElD3lCTiLgBGnDapxgpLXkmdAKkhhix5D71EkcE8Oa2kZadMRLRkJ4OTjyzZFWsKeAisXNSAjnqnvnl9EIcB4QrzJCUXduKlJsgoShmJC06sSQRwiM0IF1NOQqIdJPpJyk81koP9kOhiys4VX9PJCiQchL4ujO7W857mfif141V/9JNKI9iRTieLerHDKoQZrHAHhUEKzbRBGFB9a0QD5FAWOnwijoEe/7lRdI6q9jnlepDtVS7yuMogENwBMrABhegBu5AHTQBBo/gGbyCN+PJeDHejY9Z65KRzxyAPzA+fwDW0ZnF</latexit>

LEFT(', g)

<latexit sha1_base64="XThiy7JEsUIOdEbD7qtj7IrhAkg=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoMQL2FXgnqSgBePEcwDkiXMTjrJkNnZdWZWCEt+wosHRbz6O978GyfJHjSxoKGo6qa7K4gF18Z1v53c2vrG5lZ+u7Czu7d/UDw8auooUQwbLBKRagdUo+ASG4Ybge1YIQ0Dga1gfDvzW0+oNI/kg5nE6Id0KPmAM2qs1B6WSTce8fNeseRW3DnIKvEyUoIM9V7xq9uPWBKiNExQrTueGxs/pcpwJnBa6CYaY8rGdIgdSyUNUfvp/N4pObNKnwwiZUsaMld/T6Q01HoSBrYzpGakl72Z+J/XSczg2k+5jBODki0WDRJBTERmz5M+V8iMmFhCmeL2VsJGVFFmbEQFG4K3/PIqaV5UvMtK9b5aqt1kceThBE6hDB5cQQ3uoA4NYCDgGV7hzXl0Xpx352PRmnOymWP4A+fzB/Zjj0Q=</latexit>

g(�)perturbative 
regimes

approximate 
global symmetries

weak coupling limits
<latexit sha1_base64="3wBxG+A/7NUd7v4RKLfA2RFjvvk=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5JIUVdScOOygn1AE8pkOkmGTmbCzESpofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99wQpo0o7zre1tLyyurZe2ihvbm3v7Np7+20lMolJCwsmZDdAijDKSUtTzUg3lQQlASOdYHg98Tv3RCoq+J0epcRPUMRpSDHSRurbh1HVS2N66kkaxRpJKR6g07crTs2ZAi4StyAVUKDZt7+8gcBZQrjGDCnVc51U+zmSmmJGxmUvUyRFeIgi0jOUo4QoP59eP4YnRhnAUEhTXMOp+nsiR4lSoyQwnQnSsZr3JuJ/Xi/T4aWfU55mmnA8WxRmDGoBJ1HAAZUEazYyBGFJza0Qx0girE1gZROCO//yImmf1dzzWv22XmlcFXGUwBE4BlXgggvQADegCVoAg0fwDF7Bm/VkvVjv1sesdckqZg7AH1ifP7sZlMI=</latexit>

g(�) ! 0



� ! 1

What happens with the EFT parameters in the infinite distance limits?

Extreme limits of EFT parameters

fields parameters

<latexit sha1_base64="A3b8QtPhhh6MljdPrr+z08uoYgc=">AAACCXicbVDLSsNAFJ34rPUVdelmsAgVpCRS1JUURHHhokJf0IQwmU7boZNJmJkUSsjWjb/ixoUibv0Dd/6NkzYLbT1w4XDOvdx7jx8xKpVlfRtLyyura+uFjeLm1vbOrrm335JhLDBp4pCFouMjSRjlpKmoYqQTCYICn5G2P7rO/PaYCElD3lCTiLgBGnDapxgpLXkmdAKkhhix5D71EkcE8Oa2kZadMRLRkJ4OTjyzZFWsKeAisXNSAjnqnvnl9EIcB4QrzJCUXduKlJsgoShmJC06sSQRwiM0IF1NOQqIdJPpJyk81koP9kOhiys4VX9PJCiQchL4ujO7W857mfif141V/9JNKI9iRTieLerHDKoQZrHAHhUEKzbRBGFB9a0QD5FAWOnwijoEe/7lRdI6q9jnlepDtVS7yuMogENwBMrABhegBu5AHTQBBo/gGbyCN+PJeDHejY9Z65KRzxyAPzA+fwDW0ZnF</latexit>
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g(�)perturbative 
regimes

approximate 
global symmetries

weak coupling limits
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g(�) ! 0

The theories at the boundaries contain 
features which are not consistent with QG

No global 
symmetries

Distance

Conjecture

Weak Gravity

Conjecture



Approximate global symmetries, 

Weakly coupled gauge theories, 

Large field ranges…

…come at a price.

but still, the EFT must break down by quantum gravity effects
These limits seem under control from the point of view of QFT 

.
.⇤QG
E

Mp

gYM ! 0

There is new light physics that forces the cut-off to go to zero

cut-off

limit restoring a symmetry

<latexit sha1_base64="Qhb/LO7iz9HPGSOzIBPYMrJb+2c=">AAAB/3icbVBNS8NAEN34WetXVPDiZbEInkoiRT1JwYvHCvYDmlA22027dLMJuxMlxB78K148KOLVv+HNf+O2zUFbHww83pthZl6QCK7Bcb6tpeWV1bX10kZ5c2t7Z9fe22/pOFWUNWksYtUJiGaCS9YEDoJ1EsVIFAjWDkbXE799z5TmsbyDLGF+RAaSh5wSMFLPPvSSIfcUHwyBKBU/YI/LELKeXXGqzhR4kbgFqaACjZ795fVjmkZMAhVE667rJODnRAGngo3LXqpZQuiIDFjXUEkipv18ev8Ynxilj8NYmZKAp+rviZxEWmdRYDojAkM9703E/7xuCuGln3OZpMAknS0KU4EhxpMwcJ8rRkFkhhCquLkV0yFRhIKJrGxCcOdfXiSts6p7Xq3d1ir1qyKOEjpCx+gUuegC1dENaqAmougRPaNX9GY9WS/Wu/Uxa12yipkD9AfW5w+Qz5Z0</latexit>

� ! 1

Very natural feature from string theory perspective, but surprising 
for the low energy EFT!

Extreme limits of EFT parameters



A Journey through the Swampland

Distance 
conjecture

String 
theory 
evidence

Proof in 
AdS/CFT

Phenomenological 
implications

What is the scale 
of quantum gravity?

Future 
prospects



Implications for Cosmology

In cosmology we often have new scalar fields whose dynamics drive:

Inflation (early time acceleration of the universe)

Quintessence (late time acceleration)

Cosmological solutions to the EW hierarchy problem (e.g. relaxion)

Large field ranges are problematic since the cut-off gets reduced

<latexit sha1_base64="bmTYi6C7sg/sSSyECvDb6EvzkN4=">AAACEXicbVC7SgNBFJ2Nrxhfq5Y2g0GIhWFXglpJQAsLhQjmAdklzE5ukiGzu8PMrBiW/IKNv2JjoYitnZ1/4+RRaOKBgcM553LnnkBwprTjfFuZhcWl5ZXsam5tfWNzy97eqak4kRSqNOaxbAREAWcRVDXTHBpCAgkDDvWgfzHy6/cgFYujOz0Q4IekG7EOo0QbqWUXvGsTbhNPsRDftIQHD6Jw5PGxiL1L4Jp4oscOW3beKTpj4HniTkkeTVFp2V9eO6ZJCJGmnCjVdB2h/ZRIzSiHYc5LFAhC+6QLTUMjEoLy0/FFQ3xglDbuxNK8SOOx+nsiJaFSgzAwyZDonpr1RuJ/XjPRnTM/ZZFINER0sqiTcKxjPKoHt5kEqvnAEEIlM3/FtEckodqUmDMluLMnz5PacdE9KZZuS/ny+bSOLNpD+6iAXHSKyugKVVAVUfSIntErerOerBfr3fqYRDPWdGYX/YH1+QM/BJyl</latexit>

⇤ ⇠ Mp exp(����)

Distance Conjecture implies that QG effects 
become significant at a scale:

m0

.
.

��

Mp

<latexit sha1_base64="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>
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Implications for Cosmology

<latexit sha1_base64="UMusmqrd5tbxVX9EnfR9Xhe7WKM="></latexit>
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⇤

◆Maximum scalar field range that can be 
accommodated in a given EFT as a 

function of the Quantum Gravity cut-off

Large field inflation is not ruled out, 
but can be highly constrained 

(constraints on multi-field inflation 
are more involved)This triggered the revolution of the Swampland program in 2015

Example: Constraints on single field inflation
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Lyth bound

Swampland bound

[Scalisi,IV’18]
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Implications for Particle Physics

<latexit sha1_base64="s4qkv1oUu4+eaxo+BNAqfdbDs1I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmO2mXbjZhdyOW0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7R4+2R26X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwCeWo/B</latexit>

9 tower of states becoming light as 
the gauge coupling becomes small

For weak coupling limits:

Small gauge couplings (very weakly coupled gauge interactions) 
are problematic since the cut-off gets reduced

<latexit sha1_base64="3wBxG+A/7NUd7v4RKLfA2RFjvvk=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0Wom5JIUVdScOOygn1AE8pkOkmGTmbCzESpofgrblwo4tb/cOffOG2z0NYDFw7n3Mu99wQpo0o7zre1tLyyurZe2ihvbm3v7Np7+20lMolJCwsmZDdAijDKSUtTzUg3lQQlASOdYHg98Tv3RCoq+J0epcRPUMRpSDHSRurbh1HVS2N66kkaxRpJKR6g07crTs2ZAi4StyAVUKDZt7+8gcBZQrjGDCnVc51U+zmSmmJGxmUvUyRFeIgi0jOUo4QoP59eP4YnRhnAUEhTXMOp+nsiR4lSoyQwnQnSsZr3JuJ/Xi/T4aWfU55mmnA8WxRmDGoBJ1HAAZUEazYyBGFJza0Qx0girE1gZROCO//yImmf1dzzWv22XmlcFXGUwBE4BlXgggvQADegCVoAg0fwDF7Bm/VkvVjv1sesdckqZg7AH1ifP7sZlMI=</latexit>

g(�) ! 0

EFT breaks down at

Lower bound on gauge coupling!

with

(gravity always remains as the weakest force)

<latexit sha1_base64="I+5PnyS9yE5yt8Scem62pCcb2iE=">AAACAnicbVDLSgMxFM3UV62vUVfiJlgEF1JmpKgrKbhxoVDBPqAzDplM2oYmmSHJCGUobvwVNy4UcetXuPNvTNtZaOuBwOGcc7m5J0wYVdpxvq3CwuLS8kpxtbS2vrG5ZW/vNFWcSkwaOGaxbIdIEUYFaWiqGWknkiAeMtIKB5djv/VApKKxuNPDhPgc9QTtUoy0kQJ7z7s24Qh5jCilKIe9+4F3DG+CJLDLTsWZAM4TNydlkKMe2F9eFOOUE6ExQ0p1XCfRfoakppiRUclLFUkQHqAe6RgqECfKzyYnjOChUSLYjaV5QsOJ+nsiQ1ypIQ9NkiPdV7PeWPzP66S6e+5nVCSpJgJPF3VTBnUMx33AiEqCNRsagrCk5q8Q95FEWJvWSqYEd/bkedI8qbinlepttVy7yOsogn1wAI6AC85ADVyBOmgADB7BM3gFb9aT9WK9Wx/TaMHKZ3bBH1ifP0w7lrc=</latexit>
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<latexit sha1_base64="yukN0TbsxtorFARFgMtt/jWvmak=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5poUVdScOOygn1AG8pketMOnUzizESooV/ixoUibv0Ud/6N0zQLbT1wL4dz7mXuHD/mTGnH+bYKK6tr6xvFzdLW9s5u2d7bb6kokRSaNOKR7PhEAWcCmpppDp1YAgl9Dm1/fDPz248gFYvEvZ7E4IVkKFjAKNFG6ttl9/S8x+EBj7Pu9u2KU3Uy4GXi5qSCcjT69ldvENEkBKEpJ0p1XSfWXkqkZpTDtNRLFMSEjskQuoYKEoLy0uzwKT42ygAHkTQlNM7U3xspCZWahL6ZDIkeqUVvJv7ndRMdXHkpE3GiQdD5Q0HCsY7wLAU8YBKo5hNDCJXM3IrpiEhCtcmqZEJwF7+8TFpnVfeiWrurVerXeRxFdIiO0Aly0SWqo1vUQE1EUYKe0St6s56sF+vd+piPFqx85wD9gfX5A+JukfE=</latexit>

1/3  k  1



Implications for Particle Physics

Constraints on new forces:

<latexit sha1_base64="DoVacX6c9upCJlUqAx23hTEHFsc=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE1JUUXOhCoQX7gCaEyWTaDp08mJkIIdRfceNCEbd+iDv/xmmbhbYeGDiccy73zvETzqSyrG+jtLK6tr5R3qxsbe/s7pn7Bx0Zp4LQNol5LHo+lpSziLYVU5z2EkFx6HPa9cfXU7/7SIVkcfSgsoS6IR5GbMAIVlryzKpzp8MB9vLWzcThHN17iWfWrLo1A1omdkFqUKDpmV9OEJM0pJEiHEvZt61EuTkWihFOJxUnlTTBZIyHtK9phEMq3Xx2/AQdayVAg1joFyk0U39P5DiUMgt9nQyxGslFbyr+5/VTNbh0cxYlqaIRmS8apBypGE2bQAETlCieaYKJYPpWREZYYKJ0XxVdgr345WXSOa3b5/Wz1lmtcVXUUYZDOIITsOECGnALTWgDgQye4RXejCfjxXg3PubRklHMVOEPjM8fGd+Uag==</latexit>

⇤QG ⌧ Mp for weakly coupled or very light dark photons

Bounds on dark photons:

[Reece’18]

ruled out by 
swampland

If (B-L) symmetry in the SM is 
gauged  (there is a new gauge 
boson associated to it):

<latexit sha1_base64="FnV0HVnPCTKPRqMoXi6QmPNlpXs=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBi2W3FPUgUvDisYL9wHYt2TTbhibZJckKZem/8OJBEa/+G2/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bwehm6reeqNIskvdmHFNf4IFkISPYWOlhcOW5j+lZpTrpFUtu2Z0BLRMvIyXIUO8Vv7r9iCSCSkM41rrjubHxU6wMI5xOCt1E0xiTER7QjqUSC6r9dHbxBJ1YpY/CSNmSBs3U3xMpFlqPRWA7BTZDvehNxf+8TmLCSz9lMk4MlWS+KEw4MhGavo/6TFFi+NgSTBSztyIyxAoTY0Mq2BC8xZeXSbNS9s7L1btqqXadxZGHIziGU/DgAmpwC3VoAAEJz/AKb452Xpx352PemnOymUP4A+fzB/q1j9A=</latexit>

g < 10�24
<latexit sha1_base64="JoWtjTz2JKPrpYX2gyDKVkUwm6g=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhV0JaiESsIiFhYJJhOwaZic3yZDZBzN3xbDsB9j4KzYWitj6AXb+jZNHodEDA4dzzuXOPX4shUbb/rJyc/MLi0v55cLK6tr6RnFzq6GjRHGo80hG6sZnGqQIoY4CJdzECljgS2j6g7OR37wDpUUUXuMwBi9gvVB0BWdopHax5F6YcIe1U1cF9KqWnTj2beo4mYtwjymtQSMzKbtsj0H/EmdKSmSKy3bx0+1EPAkgRC6Z1i3HjtFLmULBJWQFN9EQMz5gPWgZGrIAtJeOj8nonlE6tBsp80KkY/XnRMoCrYeBb5IBw76e9Ubif14rwe6xl4owThBCPlnUTSTFiI6aoR2hgKMcGsK4EuavlPeZYhxNfwVTgjN78l/SOCg7h+XKVaVUPZ3WkSc7ZJfsE4cckSo5J5ekTjh5IE/khbxaj9az9Wa9T6I5azqzTX7B+vgGUDOahQ==</latexit>

⇤QG < 1011 GeV

experimental bound
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Álvarez-García, Andriot, Antoniadis, Basile, Baume, Bedroya,Angius, Benakli, Blasio, Blumenhagen, Brandenberger,Huertas, Buratti, 
Calderón-Infante, Castellano, Cecotti, Collazuol, Collins, Cota, Cremonini, Cribiori, Dalianis, Delgado, Dierigl, Etheredge, Farakos, 
Fierro Freitas, Gnecci, Gonzalo, Graña, Grimm, Hamada, Heidenreich, Herráez, Horer, Ibáñez, Jafferis, Kehagias, Lanza, Lee, Lerche, 
Li, Long, Lust, Marchesano, Mavromatos, McNamara, Melotti, Mininno, Montella, Montero, Morittu, Ooguri, Palti, Parra Petri,Bastian, 
Quirant, Rajaguru, Raman, Reece, Riet, Rudelius, Ruiz, Scalisi, Schlechter, Seo, Shiu, Stout, Tarazi, Tonioni, Tran, Tringas, Uranga, Van de 

Heisteeg, Vafa, Valenzuela, Weigand, Wiesner, Wrase, Wu, Xu, Yau...

(M-theory and Heterotic toroidal comp., F-theory and IIB on Calabi-Yau’s, M-theory 
on G2, Type IIA orientifolds, non-SUSY heterotic…)

Plethora of works testing the conjecture in string theory 
compactifications to flat space:

String Theory Evidence

The Distance conjecture can be 
translated to geometric properties 

of the extra dimensions and the 
behaviour of stringy states

Proven in large classes of 
string compactifications

[Grimm,Palti,IV’18] [Lee,Lerche,Weigand’19] …



<latexit sha1_base64="BMIIT5hwn7gO/M8DQpewlbZXMjw="></latexit>

⇤QG ⇠ m� ⇠ Mp exp(����)

<latexit sha1_base64="Y3bxljU0QzliUiQgw8gKlHHQnGY=">AAACC3icbVA9SwNBEN3zM8avqKXNYhBiYbiToFYS0MIygtFALoS5zSRZsnu37O6JIaS38a/YWChi6x+w89+4iSk08cHA470ZZuZFSnBjff/Lm5tfWFxazqxkV9fWNzZzW9s3Jkk1wypLRKJrERgUPMaq5VZgTWkEGQm8jXrnI//2DrXhSXxt+wobEjoxb3MG1knN3B6VoeGSyqYf4r0qHIYgVBdoeIHCQqi6/KCZy/tFfww6S4IJyZMJKs3cZ9hKWCoxtkyAMfXAV7YxAG05EzjMhqlBBawHHaw7GoNE0xiMfxnSfae0aDvRrmJLx+rviQFIY/oycp0SbNdMeyPxP6+e2vZpY8BjlVqM2c+idiqoTegoGNriGpkVfUeAae5upawLGph18WVdCMH0y7Pk5qgYHBdLV6V8+WwSR4bskj1SIAE5IWVySSqkShh5IE/khbx6j96z9+a9/7TOeZOZHfIH3sc3Kf+Z3g==</latexit>

m ⇠ m0 exp(�↵��)

Mass of the tower:

Quantum Gravity cut-off:

��

<latexit sha1_base64="FXCYZ51xT2N+eaIl5mkXa4xH74E=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6koKLnThogX7gCaEyWTaDp1MwsykUEL/xI0LRdz6J+78G6dtFtp6YOBwzrncOydMOVPacb6t0tr6xuZWebuys7u3f2AfHrVVkklCWyThieyGWFHOBG1ppjntppLiOOS0E47uZn5nTKViiXjSk5T6MR4I1mcEayMFtu09mnCEg9yTMWreTwO76tScOdAqcQtShQKNwP7yooRkMRWacKxUz3VS7edYakY4nVa8TNEUkxEe0J6hAsdU+fn88ik6M0qE+ok0T2g0V39P5DhWahKHJhljPVTL3kz8z+tlun/j50ykmaaCLBb1M450gmY1oIhJSjSfGIKJZOZWRIZYYqJNWRVTgrv85VXSvqi5V7XL5mW1flvUUYYTOIVzcOEa6vAADWgBgTE8wyu8Wbn1Yr1bH4toySpmjuEPrM8f86aTNw==</latexit>

⇤QG<latexit sha1_base64="nsbcyjbzBxgowsUQ15WmJkQsNV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3U3C7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKHiELcONwE6ikMpA4EMwvp35D0+oNI+jezNJ0Jd0GPGQM2qs1JT9csWtunOQVeLlpAI5Gv3yV28Qs1RiZJigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkZUovaz+aFTcmaVAQljZSsyZK7+nsio1HoiA9spqRnpZW8m/ud1UxNe+xmPktRgxBaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdV77Jaa9Yq9Zs8jiKcwCmcgwdXUIc7aEALGCA8wyu8OY/Oi/PufCxaC04+cwx/4Hz+ANdHjPY=</latexit>m

Goal: determine the value of the exponential rates

The value of the exponential rates depend on the microscopic nature of 
the tower, so it is model-dependent (it depends on the type of limit)

But…

What is the exponential decay rate?



There is a universal pattern relating the lightest state and the 
quantum gravity cut-off satisfied in all string theory examples:

<latexit sha1_base64="/a9h6T8c3mVHzqP1gynx05aEtK8="></latexit>

G�i�j @�im

m

@�j⇤

⇤
=

1

d� 2

What is the exponential decay rate?

space-time dimension
<latexit sha1_base64="wnudPnRg5BCX88PMxe5DW14A9FE=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItS8OKxiv2ANpTNZtMu3WzC7kQopf/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMC1IpDLrut1NYWV1b3yhulra2d3b3yvsHTZNkmvEGS2Si2wE1XArFGyhQ8naqOY0DyVvB8Hbqt564NiJRjzhKuR/TvhKRYBSt9BBe98oVt+rOQJaJl5MK5Kj3yl/dMGFZzBUySY3peG6K/phqFEzySambGZ5SNqR93rFU0Zgbfzy7dEJOrBKSKNG2FJKZ+ntiTGNjRnFgO2OKA7PoTcX/vE6G0ZU/FirNkCs2XxRlkmBCpm+TUGjOUI4soUwLeythA6opQxtOyYbgLb68TJpnVe+ien5/Xqnd5HEU4QiO4RQ8uIQa3EEdGsAggmd4hTdn6Lw4787HvLXg5DOH8AfO5w9Lbo00</latexit>

d =

metric in 
field space

mass of the lightest 
state of the tower

quantum 
gravity cut-off

Since
<latexit sha1_base64="JIlERblgmrmy+fY2eUOWTZzJ/p4=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqCspuHHhooJ9QGcomUymDU0y0yRTKKXf4caFIm79GHf+jWk7C209EDiccw/35oQpZ9q47rdTWFvf2Nwqbpd2dvf2D8qHR02dZIrQBkl4otoh1pQzSRuGGU7bqaJYhJy2wsHdzG+NqNIskU9mnNJA4J5kMSPYWCkQPqdD5D/YQIS75YpbdedAq8TLSQVy1LvlLz9KSCaoNIRjrTuem5pggpVhhNNpyc80TTEZ4B7tWCqxoDqYzI+eojOrRChOlH3SoLn6OzHBQuuxCO2kwKavl72Z+J/XyUx8E0yYTDNDJVksijOOTIJmDaCIKUoMH1uCiWL2VkT6WGFibE8lW4K3/OVV0ryoelfVy8fLSu02r6MIJ3AK5+DBNdTgHurQAAJDeIZXeHNGzovz7nwsRgtOnjmGP3A+fwBJwpHJ</latexit>

m  ⇤

<latexit sha1_base64="deqq12zaWZ+OQv0S2DjCM7y1l3I=">AAACI3icbVDLSgMxFM3Ud31VXboJFsGNZaYUFRciuHGpYFXolJJJ77TBJDNN7ghlnH9x46+4caGIGxf+i2ntwteBwOGcc7m5J0qlsOj7715panpmdm5+oby4tLyyWllbv7RJZjg0eSITcx0xC1JoaKJACdepAaYiCVfRzcnIv7oFY0WiL3CYQluxnhax4Ayd1KkchhJivAtjw3ge3gIPNYsko6rIVREa0es7swcDOk4EeWgHBvPubr0oOpWqX/PHoH9JMCFVMsFZp/IadhOeKdDIJbO2FfgptnNmUHAJRTnMLKSM37AetBzVTIFt5+MbC7rtlC6NE+OeRjpWv0/kTFk7VJFLKoZ9+9sbif95rQzjg3YudJohaP61KM4kxYSOCqNdYYCjHDrCuBHur5T3mSsDXa1lV0Lw++S/5LJeC/ZqjfNG9fhoUsc82SRbZIcEZJ8ck1NyRpqEk3vySJ7Ji/fgPXmv3ttXtORNZjbID3gfn3hqpf4=</latexit>�����
~rm

m

����� �
1p
d� 2

<latexit sha1_base64="ViLfnfrJpmeOFQHesUU9be7niaY=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqBel4MVjBfsBTQib7aZdutmE3YlYQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpgKrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHWSKcpaNBGJ6oZEM8ElawEHwbqpYiQOBeuEo5up33lgSvNE3sM4ZX5MBpJHnBIwUmBXPSLSIQlyD9gj4JjLyVVg15y6MwNeJm5BaqhAM7C/vH5Cs5hJoIJo3XOdFPycKOBUsEnFyzRLCR2RAesZKknMtJ/Pjp/gY6P0cZQoUxLwTP09kZNY63Ecms6YwFAvelPxP6+XQXTp51ymGTBJ54uiTGBI8DQJ3OeKURBjQwhV3NyK6ZAoQsHkVTEhuIsvL5P2ad09r5/dndUa10UcZXSIjtAJctEFaqBb1EQtRNEYPaNX9GY9WS/Wu/Uxby1ZxUwV/YH1+QPfC5Tp</latexit>↵min =
<latexit sha1_base64="Y3bxljU0QzliUiQgw8gKlHHQnGY=">AAACC3icbVA9SwNBEN3zM8avqKXNYhBiYbiToFYS0MIygtFALoS5zSRZsnu37O6JIaS38a/YWChi6x+w89+4iSk08cHA470ZZuZFSnBjff/Lm5tfWFxazqxkV9fWNzZzW9s3Jkk1wypLRKJrERgUPMaq5VZgTWkEGQm8jXrnI//2DrXhSXxt+wobEjoxb3MG1knN3B6VoeGSyqYf4r0qHIYgVBdoeIHCQqi6/KCZy/tFfww6S4IJyZMJKs3cZ9hKWCoxtkyAMfXAV7YxAG05EzjMhqlBBawHHaw7GoNE0xiMfxnSfae0aDvRrmJLx+rviQFIY/oycp0SbNdMeyPxP6+e2vZpY8BjlVqM2c+idiqoTegoGNriGpkVfUeAae5upawLGph18WVdCMH0y7Pk5qgYHBdLV6V8+WwSR4bskj1SIAE5IWVySSqkShh5IE/khbx6j96z9+a9/7TOeZOZHfIH3sc3Kf+Z3g==</latexit>

m ⇠ m0 exp(�↵��)

(it reproduces the bound proposed in [Etheredge et al’22]

This gives a universal upper bound for that the mass of the lightest state 
)

[Castellano,Ruiz,IV’23]

<latexit sha1_base64="0BHa0DtcD/+ZxS+0h5ZwUCtq5vc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgQktSirpRCm5cVrAPaEK5mUzaoZMHMxOhhO7c+CtuXCji1l9w5984bbPQ1gMDh3Pu4c49XsKZVJb1bRSWlldW14rrpY3Nre0dc3evJeNUENokMY9FxwNJOYtoUzHFaScRFEKP07Y3vJn47QcqJIujezVKqBtCP2IBI6C01DMPHeDJAJxT7HCd8gFfYScQQOzMP6uOe2bZqlhT4EVi56SMcjR65pfjxyQNaaQIBym7tpUoNwOhGOF0XHJSSRMgQ+jTrqYRhFS62fSOMT7Wio+DWOgXKTxVfycyCKUchZ6eDEEN5Lw3Ef/zuqkKLt2MRUmqaERmi4KUYxXjSSnYZ4ISxUeaABFM/xWTAegWlK6upEuw509eJK1qxT6v1O5q5fp1XkcRHaAjdIJsdIHq6BY1UBMR9Iie0St6M56MF+Pd+JiNFow8s4/+wPj8AdjWmAQ=</latexit>

↵� =
1

d� 2

For a single field:
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Quantum Gravity in 

(d+1)-dimensional 


Anti-de-Sitter (AdS) space

Holographic duality

Conformal field theory 
(CFT) in d-dimensions

Can we translate the Distance conjecture to the CFT 
and prove it using CFT techniques?

dual



Distance Conjecture in CFT language:

<latexit sha1_base64="ITIU5ej084+tvYdFCEY9hQtLMFE=">AAACD3icbVBNSwMxEM3Wr1q/qh69BItaQcuuFPUkBS/iqYKthe5aZtO0DU12lyQrlKX/wIt/xYsHRbx69ea/MW33oK0PZni8N0Myz484U9q2v63M3PzC4lJ2Obeyura+kd/cqqswloTWSMhD2fBBUc4CWtNMc9qIJAXhc3rn9y9H/t0DlYqFwa0eRNQT0A1YhxHQRmrl990uCAGta1cxgel9cuwCj3qA20VXQ3w0ageHw1a+YJfsMfAscVJSQCmqrfyX2w5JLGigCQelmo4daS8BqRnhdJhzY0UjIH3o0qahAQiqvGR8zxDvGaWNO6E0FWg8Vn9vJCCUGgjfTArQPTXtjcT/vGasO+dewoIo1jQgk4c6Mcc6xKNwcJtJSjQfGAJEMvNXTHoggWgTYc6E4EyfPEvqJyXntFS+KRcqF2kcWbSDdlEROegMVdAVqqIaIugRPaNX9GY9WS/Wu/UxGc1Y6c42+gPr8weQIJu3</latexit>

�J ⇠ e�↵d(⌧,⌧ 0) as
<latexit sha1_base64="6LfJNJzqL4s17MQ4nogpcN4okiA=">AAACCHicbVDLSgMxFM3UV62vUZcuDBaxgpQZKepKCm5cVrAP6Awlk2ba0ExmSO4opXTpxl9x40IRt36CO//GTNuFVg/cy+Gce0nuCRLBNTjOl5VbWFxaXsmvFtbWNza37O2dho5TRVmdxiJWrYBoJrhkdeAgWCtRjESBYM1gcJX5zTumNI/lLQwT5kekJ3nIKQEjdez9bskDkp5k7ejYU7zXB6JUfI89LkMYduyiU3YmwH+JOyNFNEOtY3963ZimEZNABdG67ToJ+COigFPBxgUv1SwhdEB6rG2oJBHT/mhyyBgfGqWLw1iZkoAn6s+NEYm0HkaBmYwI9PW8l4n/ee0Uwgt/xGWSApN0+lCYCgwxzlLBXa4YBTE0hFDFzV8x7RNFKJjsCiYEd/7kv6RxWnbPypWbSrF6OYsjj/bQASohF52jKrpGNVRHFD2gJ/SCXq1H69l6s96nozlrtrOLfsH6+AZHC5mF</latexit>

d(⌧, ⌧ 0) ! 1

anomalous dimension distance measured by Zamolodchikov metric

[Perlmutter,Rastelli,Vafa,IV’21]

[Baume,Calderon-Infante’21]

infinite tower of operators saturating the unitarity bound at every 
infinite distance limit measured by Zamolodchikov metric in the 

conformal manifold, such that

<latexit sha1_base64="s4qkv1oUu4+eaxo+BNAqfdbDs1I=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pmO2mXbjZhdyOW0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2Mb2d++xGV5rF8MJME/YgOJQ85o8ZK7R4+2R26X664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj93Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/2MyyQ1KNliUZgKYmIy+50MuEJmxMQSyhS3txI2oooyYxMq2RC85ZdXSeui6l1Wa/e1Sv0mj6MIJ3AK5+DBFdThDhrQBAZjeIZXeHMS58V5dz4WrQUnnzmGP3A+fwCeWo/B</latexit>

9

<latexit sha1_base64="pfn/SMSH9XwSj9nP9vsW7az+QPY=">AAACEnicbVBNSxxBFOwxGs3GJKsecxmyBPSQZUaW6EVZ0IN4MpDdFXaG4U3v27Wxu2fofiMOw/4GL/krXjwo4tWTN/9Nej8ORlPQdFH1Ho+qNJfCUhA8ewvvFpfeL698qH1c/fT5S31tvWuzwnDs8Exm5jQFi1Jo7JAgiae5QVCpxF56fjDxexdorMj0bypzjBWMtBgKDuSkpL4VjUApSI73okOUBD9mX1JFhJdUFVoQGEHleJzUG0EzmMJ/S8I5abA5TpL6UzTIeKFQE5dgbT8McoorMCS4xHEtKizmwM9hhH1HNSi0cTWNNPa/O2XgDzPjniZ/qr7cqEBZW6rUTSqgM/vam4j/8/oFDXfjSui8INR8dmhYSJ8yf9KPPxAGOcnSEeAuueA+PwMDnFyLNVdC+DryW9LdboY/m61frUZ7f17HCvvKvrFNFrId1mZH7IR1GGdX7Jrdsjvvj3fj3XsPs9EFb76zwf6B9/gXcemeoQ==</latexit>

�J = ���unitarity

CFT Distance Conjecture

[Perlmutter,Rastelli,Vafa,IV’21]

[Baume,Calderon-Infante’21-23]

<latexit sha1_base64="mscHjJpf2zwhJK94Ib0XZ77KIys=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBFcSElKURGUgiAuK9gHNKFMppN26OTBzI20hPyKGxeKuPVH3Pk3TtsstPWsDufcyz33eLHgCizr21hZXVvf2CxsFbd3dvf2zYNSS0WJpKxJIxHJjkcUEzxkTeAgWCeWjASeYG1vdDv1209MKh6FjzCJmRuQQch9TgloqWeWHGBjSO8iibP+ddU5w1c9s2xVrBnwMrFzUkY5Gj3zy+lHNAlYCFQQpbq2FYObEgmcCpYVnUSxmNARGbCupiEJmHLTWfYMn2ilj319349CwDP190ZKAqUmgacnAwJDtehNxf+8bgL+pZvyME6AhXR+yE8EhghPi8B9LhkFMdGEUMl1VkyHRBIKuq6iLsFefHmZtKoV+7xSe6iV6zd5HQV0hI7RKbLRBaqje9RATUTRGD2jV/RmZMaL8W58zEdXjHznEP2B8fkDkgKTeQ==</latexit>

For d = 2 :
<latexit sha1_base64="7fM4wndYkYwa1AH3lNJehPgO+bI=">AAAB/3icbVDLSgNBEJz1bXytCl68DAbBg4RdFRUPEhDEYwRjAtklzE5645DZhzO9Ylhz8Fe8eFDEq7/hzb9xEvfgq05FVTddXUEqhUbH+bDGxicmp6ZnZktz8wuLS/byyqVOMsWhzhOZqGbANEgRQx0FSmimClgUSGgEvZOh37gBpUUSX2A/BT9i3ViEgjM0Utte8xBuMT9NFB10vC5c011vmx617bJTcUagf4lbkDIpUGvb714n4VkEMXLJtG65Top+zhQKLmFQ8jINKeM91oWWoTGLQPv5KP+AbhqlQ0OTIUxipCP1+0bOIq37UWAmI4ZX+rc3FP/zWhmGh34u4jRDiPnXoTCTFBM6LIN2hAKOsm8I40qYrJRfMcU4mspKpgT398t/yeVOxd2v7J3vlavHRR0zZJ1skC3ikgNSJWekRuqEkzvyQJ7Is3VvPVov1uvX6JhV7KySH7DePgGGo5Ue</latexit>

For d � 3 :

Tower of scalar modes [Kontsevich,Soibelman’00] 
[Acharya,Douglas’06]

Tower of higher spin modes

[Calderon-Infante,IV’24]

[Ooguri,Wang’24]

|x� y|2dhOi(x)Oj(y)i = gij(t
i)



Can we prove it for any CFT?

Infinite distance Infinite tower

not proven YET

(supported by all 
known examples)

proven in
[Baume,Calderon-Infante’23]
[Ooguri,Wang’24]

for higher spin gap in d>2
for scalar gap in d=2

Lesson: it holds for any local unitary CFT (and thus, any AdS gravity 
dual), regardless of having an Einstein gravity description at low 

energies and regardless of supersymmetry

A Distance theorem?

CFT Distance Conjecture

ongoing work



A Journey through the Swampland

Distance 
conjecture

String 
theory 
evidence

Proof in 
AdS/CFT

Phenomenological 
implications

What is the scale 
of quantum gravity?

Future 
prospects



Bottom-up Explanation

1) Can we find a bottom-up rationale for the existence of the tower of states?

Black Hole physics: [Hamada,Montero,Vafa,IV’21] [Cribiori,Luest,Staudt’22]

[Calderon-Infante,Delgado,Uranga’23]

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

[Bedroya,Mishra,Wiesner’24]

Unitarity/Causality of scattering amplitudes:

[Caron-Huot,Li’24] [Häring,Zhiboedov,24]

and much more to come!

Aspen Center 2025 Summer program: Bootstrap, Holography, and Swampland




2) Can we forget about the scalar field space and formulate it purely 
in terms of EFT data?

What ‘extreme limits” of EFT parameters imply a drop-off 
of the QG cut-off?

Any small parameter works?

If so… there is a very tiny quantity in our universe:

Extreme values of parameters

The value of Dark Energy
<latexit sha1_base64="ET8qbcZcVxwGxSSeMSE8W0AHecw=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvgxpIpRV1JwY0boYJ9QDsOmTTThiaZIckIZSj4K25cKOLW73Dn35i2s9DWAxcO59zLvfeECWfaIPTtLC2vrK6tFzaKm1vbO7vu3n5Tx6kitEFiHqt2iDXlTNKGYYbTdqIoFiGnrXB4PfFbj1RpFst7M0qoL3BfsogRbKwUuIfNAHU1E9BDD9mZV0FjeBskgVtCZTQFXCReTkogRz1wv7q9mKSCSkM41rrjocT4GVaGEU7HxW6qaYLJEPdpx1KJBdV+Nj1/DE+s0oNRrGxJA6fq74kMC61HIrSdApuBnvcm4n9eJzXRpZ8xmaSGSjJbFKUcmhhOsoA9pigxfGQJJorZWyEZYIWJsYkVbQje/MuLpFkpe+fl6l21VLvK4yiAI3AMToEHLkAN3IA6aAACMvAMXsGb8+S8OO/Ox6x1yclnDsAfOJ8/dDaT3w==</latexit>

V0 ⇠ 10�120Mp



Possible scenario:

The smallness of our vacuum energy is not due to a fine-tuning 
of contributions in a landscape, but is a signal of being near an 

infinite distance limit where it naturally goes to zero

There should be a light tower of states whose mass is 
correlated to the cosmological constant

But then:

Indeed, in all known (non-AdS) string 
theory examples, the vacuum energy 

vanishes at the infinite distance 
boundaries of the field space ?

<latexit sha1_base64="JJsxVRbWCPiMsCCUEjSGG/+IuVc=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIREnRE0FAGRB5SYkXnyzo+5fzQ3RkpWPkDWqjpEC1/Q8mfcA4uSMJUszuz2t3xEsGVtu0vq7Syura+Ud6sbG3v7O5V9w/aKk4lwxaLRSy7HlUoeIQtzbXAbiKRhp7Ajje+yfXOI0rF4+hBTxJ0QzqKuM8Z1aZ1f1UZVGt23Z6BLBOnIDUo0BxUv/vDmKUhRpoJqlTPsRPtZlRqzgROK/1UYULZmI6wZ2hEQ1RuNrt0Sk78WBIdIJnVf70ZDZWahJ7xhFQHalHLm/9pvVT7l27GoyTVGDFjMZqfCqJjkj9Mhlwi02JiCGWSmysJC6ikTJtY5rYo806Aw2meibOYwDJpn9Udu+7cndca10U6ZTiCYzgFBy6gAbfQhBYw8OEZXuDVerLerHfr49dasoqZQ5iD9fkDWDqTRQ==</latexit><latexit sha1_base64="JJsxVRbWCPiMsCCUEjSGG/+IuVc=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIREnRE0FAGRB5SYkXnyzo+5fzQ3RkpWPkDWqjpEC1/Q8mfcA4uSMJUszuz2t3xEsGVtu0vq7Syura+Ud6sbG3v7O5V9w/aKk4lwxaLRSy7HlUoeIQtzbXAbiKRhp7Ajje+yfXOI0rF4+hBTxJ0QzqKuM8Z1aZ1f1UZVGt23Z6BLBOnIDUo0BxUv/vDmKUhRpoJqlTPsRPtZlRqzgROK/1UYULZmI6wZ2hEQ1RuNrt0Sk78WBIdIJnVf70ZDZWahJ7xhFQHalHLm/9pvVT7l27GoyTVGDFjMZqfCqJjkj9Mhlwi02JiCGWSmysJC6ikTJtY5rYo806Aw2meibOYwDJpn9Udu+7cndca10U6ZTiCYzgFBy6gAbfQhBYw8OEZXuDVerLerHfr49dasoqZQ5iD9fkDWDqTRQ==</latexit><latexit sha1_base64="JJsxVRbWCPiMsCCUEjSGG/+IuVc=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIREnRE0FAGRB5SYkXnyzo+5fzQ3RkpWPkDWqjpEC1/Q8mfcA4uSMJUszuz2t3xEsGVtu0vq7Syura+Ud6sbG3v7O5V9w/aKk4lwxaLRSy7HlUoeIQtzbXAbiKRhp7Ajje+yfXOI0rF4+hBTxJ0QzqKuM8Z1aZ1f1UZVGt23Z6BLBOnIDUo0BxUv/vDmKUhRpoJqlTPsRPtZlRqzgROK/1UYULZmI6wZ2hEQ1RuNrt0Sk78WBIdIJnVf70ZDZWahJ7xhFQHalHLm/9pvVT7l27GoyTVGDFjMZqfCqJjkj9Mhlwi02JiCGWSmysJC6ikTJtY5rYo806Aw2meibOYwDJpn9Udu+7cndca10U6ZTiCYzgFBy6gAbfQhBYw8OEZXuDVerLerHfr49dasoqZQ5iD9fkDWDqTRQ==</latexit><latexit sha1_base64="JJsxVRbWCPiMsCCUEjSGG/+IuVc=">AAAB+HicbVC7TsNAEFyHVwivACXNiQiJKrIREnRE0FAGRB5SYkXnyzo+5fzQ3RkpWPkDWqjpEC1/Q8mfcA4uSMJUszuz2t3xEsGVtu0vq7Syura+Ud6sbG3v7O5V9w/aKk4lwxaLRSy7HlUoeIQtzbXAbiKRhp7Ajje+yfXOI0rF4+hBTxJ0QzqKuM8Z1aZ1f1UZVGt23Z6BLBOnIDUo0BxUv/vDmKUhRpoJqlTPsRPtZlRqzgROK/1UYULZmI6wZ2hEQ1RuNrt0Sk78WBIdIJnVf70ZDZWahJ7xhFQHalHLm/9pvVT7l27GoyTVGDFjMZqfCqJjkj9Mhlwi02JiCGWSmysJC6ikTJtY5rYo806Aw2meibOYwDJpn9Udu+7cndca10U6ZTiCYzgFBy6gAbfQhBYw8OEZXuDVerLerHfr49dasoqZQ5iD9fkDWDqTRQ==</latexit>

<latexit sha1_base64="6iX+hDHSGVY5d9WtUa8UglHqmvc=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkVE9S8OKxgv2ANpTNdtMs3d2E3Y1QQv+CFw+KePUPefPfuGlz0NYHA4/3ZpiZFyScaeO6305pY3Nre6e8W9nbPzg8qh6fdHWcKkI7JOax6gdYU84k7RhmOO0nimIRcNoLpne533uiSrNYPppZQn2BJ5KFjGCTS8MkYqNqza27C6B14hWkBgXao+rXcByTVFBpCMdaDzw3MX6GlWGE03llmGqaYDLFEzqwVGJBtZ8tbp2jC6uMURgrW9Kghfp7IsNC65kIbKfAJtKrXi7+5w1SE974GZNJaqgky0VhypGJUf44GjNFieEzSzBRzN6KSIQVJsbGU7EheKsvr5PuVd1r1hsPjVrrtoijDGdwDpfgwTW04B7a0AECETzDK7w5wnlx3p2PZWvJKWZO4Q+czx8VQo5E</latexit>

�

<latexit sha1_base64="QwkcQDC/mpDR68EEn4kkmLcUnD8=">AAAB7nicbVBNSwMxEJ31s9avqkcvwSLUS9mVop6k4MVjBfsB7VKyabYNzSYhyQpl6Y/w4kERr/4eb/4b03YP2vpg4PHeDDPzIsWZsb7/7a2tb2xubRd2irt7+weHpaPjlpGpJrRJJJe6E2FDORO0aZnltKM0xUnEaTsa38389hPVhknxaCeKhgkeChYzgq2T2q1KT43YRb9U9qv+HGiVBDkpQ45Gv/TVG0iSJlRYwrEx3cBXNsywtoxwOi32UkMVJmM8pF1HBU6oCbP5uVN07pQBiqV2JSyaq78nMpwYM0ki15lgOzLL3kz8z+umNr4JMyZUaqkgi0VxypGVaPY7GjBNieUTRzDRzN2KyAhrTKxLqOhCCJZfXiWty2pwVa091Mr12zyOApzCGVQggGuowz00oAkExvAMr/DmKe/Fe/c+Fq1rXj5zAn/gff4AhZqPCQ==</latexit>

V (�)

Dark Energy as an extreme limit



• The light tower of states should have a mass:

<latexit sha1_base64="X13dz33NTRHfmk/3nEEMgHDZ/KA=">AAAB+HicbVBNSwMxEJ31s9aPrnr0EiyCp7orRT0WvXisYD+gXZdsmrahSXZJskJd+ku8eFDEqz/Fm//GtN2Dtj4YeLw3w8y8KOFMG8/7dlZW19Y3Ngtbxe2d3b2Su3/Q1HGqCG2QmMeqHWFNOZO0YZjhtJ0oikXEaSsa3Uz91iNVmsXy3owTGgg8kKzPCDZWCt2S6GomUDP0HjL/rDoJ3bJX8WZAy8TPSRly1EP3q9uLSSqoNIRjrTu+l5ggw8owwumk2E01TTAZ4QHtWCqxoDrIZodP0IlVeqgfK1vSoJn6eyLDQuuxiGynwGaoF72p+J/XSU3/KsiYTFJDJZkv6qccmRhNU0A9pigxfGwJJorZWxEZYoWJsVkVbQj+4svLpHle8S8q1btquXadx1GAIziGU/DhEmpwC3VoAIEUnuEV3pwn58V5dz7mrStOPnMIf+B8/gBrf5JL</latexit>

m ⇠ V 1/4
0

<latexit sha1_base64="tQNV1giqOLQpvIHEBkK9y/IUAmg=">AAAB/HicbVBNS8NAEJ3Ur1q/oj16WSyCF0MiRT1JwYvHCvYDmlA22027dDcJuxuhhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvDDlTGnX/bZKa+sbm1vl7crO7t7+gX141FZJJgltkYQnshtiRTmLaUszzWk3lRSLkNNOOL6d+Z1HKhVL4gc9SWkg8DBmESNYG6lvV7mvmECu46Fz5Lm+yJDo2zXXcedAq8QrSA0KNPv2lz9ISCZorAnHSvU8N9VBjqVmhNNpxc8UTTEZ4yHtGRpjQVWQz4+folOjDFCUSFOxRnP190SOhVITEZpOgfVILXsz8T+vl+noOshZnGaaxmSxKMo40gmaJYEGTFKi+cQQTCQztyIywhITbfKqmBC85ZdXSfvC8S6d+n291rgp4ijDMZzAGXhwBQ24gya0gMAEnuEV3qwn68V6tz4WrSWrmKnCH1ifP5ELksc=</latexit>

l ⇠ 0.1� 10µmimplying one large extra dimension

The Dark Dimension [Montero,Vafa,IV’22]

<latexit sha1_base64="F82xxBYzmeCMPaWH0ivMj8UPiDI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdVMSKeqy6MadFewDmlAm02k7dCYJMxOhhIK/4saFIm79Dnf+jZM2C209MHA4517umRPEnCntON9WYWV1bX2juFna2t7Z3bP3D1oqSiShTRLxSHYCrChnIW1qpjntxJJiEXDaDsY3md9+pFKxKHzQk5j6Ag9DNmAEayP17CNPMYE8gfWIYJ7eTSuCts56dtmpOjOgZeLmpAw5Gj37y+tHJBE01IRjpbquE2s/xVIzwum05CWKxpiM8ZB2DQ2xoMpPZ/Gn6NQofTSIpHmhRjP190aKhVITEZjJLKda9DLxP6+b6MGVn7IwTjQNyfzQIOFIRyjrAvWZpETziSGYSGayIjLCEhNtGiuZEtzFLy+T1nnVvajW7mvl+nVeRxGO4QQq4MIl1OEWGtAEAik8wyu8WU/Wi/VufcxHC1a+cwh/YH3+AJcslUE=</latexit>

⇠ O(meV )

Combining both theoretical and experimental bounds:

Dark Dimension

neutrino scale!

Tower of right handed neutrinos?

(it could explain coincidence between neutrino masses and cosmological constant)



Dark Dimension

M̂ ⇠ m1/3M2/3
P ⇠ 1010 GeV

<latexit sha1_base64="MHSERUwVj6pRqss+CJKEV8YdrVA="></latexit><latexit sha1_base64="MHSERUwVj6pRqss+CJKEV8YdrVA="></latexit><latexit sha1_base64="MHSERUwVj6pRqss+CJKEV8YdrVA="></latexit><latexit sha1_base64="MHSERUwVj6pRqss+CJKEV8YdrVA="></latexit>

QG scale:

A particular corner of large extra dimension models, motivated by the 
cosmological constant problem (rather than the EW hierarchy problem)

[Arkani-Hamed,Dimopoulos, Dvali’98]

<latexit sha1_base64="/yMz1Bw+fi3k+oAl+rQGbnjJzTM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwbSFNpTNdtIu3Wzi7kYopb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PmjrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU2ApHtzO/9YRK80Q+mHGKQUwHkkecUWMlvyvxkfTKFbfqzkFWiZeTCuRo9Mpf3X7CshilYYJq3fHc1AQTqgxnAqelbqYxpWxEB9ixVNIYdTCZHzslZ1bpkyhRtqQhc/X3xITGWo/j0HbG1Az1sjcT//M6mYmugwmXaWZQssWiKBPEJGT2OelzhcyIsSWUKW5vJWxIFWXG5lOyIXjLL6+S5kXVu6zW7muV+k0eRxFO4BTOwYMrqMMdNMAHBhye4RXeHOm8OO/Ox6K14OQzx/AHzucPcNGOcQ==</latexit>

6= TeV scale

To be tested experimentally…

New ISLE at the Conrad Observatory [Aspelmeyer,Adelberger,Shayeghi,Zito…]

It will be tested in the next five years!

To be further explored theoretically… [Gonzalo et al’22] [Law-Smith et al’23]
[Anchordoqui et al’23-24] [Basile,Luest’24]

[Heckman,Vafa,Weigand,Xu’24]



Consistency with Quantum Gravity can have significant implications 
for our universe at energies much below the Planck scale.

We are entering an era of precision in the Swampland program: recent 
developments to sharpen and prove the swampland constraints.

Conclusions

The Distance Conjecture implies the existence of an infinite tower of 
states at every infinite field distance limit, so that

<latexit sha1_base64="DoVacX6c9upCJlUqAx23hTEHFsc=">AAAB/HicbVDLSsNAFL2pr1pf0S7dDBbBVUlE1JUUXOhCoQX7gCaEyWTaDp08mJkIIdRfceNCEbd+iDv/xmmbhbYeGDiccy73zvETzqSyrG+jtLK6tr5R3qxsbe/s7pn7Bx0Zp4LQNol5LHo+lpSziLYVU5z2EkFx6HPa9cfXU7/7SIVkcfSgsoS6IR5GbMAIVlryzKpzp8MB9vLWzcThHN17iWfWrLo1A1omdkFqUKDpmV9OEJM0pJEiHEvZt61EuTkWihFOJxUnlTTBZIyHtK9phEMq3Xx2/AQdayVAg1joFyk0U39P5DiUMgt9nQyxGslFbyr+5/VTNbh0cxYlqaIRmS8apBypGE2bQAETlCieaYKJYPpWREZYYKJ0XxVdgr345WXSOa3b5/Wz1lmtcVXUUYZDOIITsOECGnALTWgDgQye4RXejCfjxXg3PubRklHMVOEPjM8fGd+Uag==</latexit>

⇤QG ⌧ Mp

It implies bounds on large field ranges, weakly coupled interactions 
and maybe even predict the existence of a large extra dimension!



Thank you!

This is the end of the journey today, but it is just the tip of the iceberg, 
many more swampland constraints and much more work to be done.

Conclusions

Both theoretical analysis and experimental data can help us to map out 
the boundary between the landscape and the swampland.



back-up slides



Experimental constraints

<latexit sha1_base64="4ZSU0Cl2IT3cI9koBNKcQ53zG7g=">AAACCnicbZDLSgMxFIYz9VbrbdSlm2gRXNWZUtSVFNy4rGAv0I4lk2ba0CQzJBmhDLN246u4caGIW5/AnW9jOh1EWw8EPv7/HE7O70eMKu04X1ZhaXllda24XtrY3NresXf3WiqMJSZNHLJQdnykCKOCNDXVjHQiSRD3GWn746up374nUtFQ3OpJRDyOhoIGFCNtpL592LpL3NNq2mNEKUU55D+UObW0b5edipMVXAQ3hzLIq9G3P3uDEMecCI0ZUqrrOpH2EiQ1xYykpV6sSITwGA1J16BAnCgvyU5J4bFRBjAIpXlCw0z9PZEgrtSE+6aTIz1S895U/M/rxjq48BIqolgTgWeLgphBHcJpLnBAJcGaTQwgLKn5K8QjJBHWJr2SCcGdP3kRWtWKe1ap3dTK9cs8jiI4AEfgBLjgHNTBNWiAJsDgATyBF/BqPVrP1pv1PmstWPnMPvhT1sc3EgSZ3Q==</latexit>

V 1/2 . m . V 1/4Is a tower with compatible with 
experimental constraints?

In our universe:
<latexit sha1_base64="ybSufJxpeM+CW6xWaIe9qsjsh6w=">AAACBHicbVA9SwNBEN3zM8avqGWaxSBYxbsY1EoCNpYRzAckMextJsmS3btjd04MRwob/4qNhSK2/gg7/42bj0ITHww83pthZp4fSWHQdb+dpeWV1bX11EZ6c2t7Zzezt181Yaw5VHgoQ133mQEpAqigQAn1SANTvoSaP7ga+7V70EaEwS0OI2gp1gtEV3CGVmpnstW7xDspjppGKFrIn3pNhAdMqILqqJ3JuXl3ArpIvBnJkRnK7cxXsxPyWEGAXDJjGp4bYSthGgWXMEo3YwMR4wPWg4alAVNgWsnkiRE9skqHdkNtK0A6UX9PJEwZM1S+7VQM+2beG4v/eY0YuxetRARRjBDw6aJuLCmGdJwI7QgNHOXQEsa1sLdS3meacbS5pW0I3vzLi6RayHtn+eJNMVe6nMWRIllySI6JR85JiVyTMqkQTh7JM3klb86T8+K8Ox/T1iVnNnNA/sD5/AHD1Zbo</latexit>

V 1/4 ⇠ 2.31 meV

ruled out exp.
Nature of the tower (according to string theory):

String perturbative limit

Decompactification of n extra dimensions

[Lee,Lerche,Weigand’19]

Experimental constraints:

Astrophysical bounds: 
[Hannestad and Raffelt ’03]

m�1  10�4 µm (n = 2)
<latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="E1OW80mK5chpUMa3hvL0LSVtbhg=">AAAB6HicbZC7TsNAEEXH4RVMgFDTrIiQqCKbBkokGsogkYeUWNF6PY5XWT+0OwZFVn6AlpoO8U+U/AmbkIIk3Oru3CvtzAkLJQ153pdT29nd2z+oH7pHDff45LTZ6Jm81AK7Ile5HoTcoJIZdkmSwkGhkaehwn44vV/k/WfURubZE80KDFI+yWQsBSc76oybLa/tLcW2jb8yLVhp3PweRbkoU8xIKG7M0PcKCiquSQqFc3dUGiy4mPIJDq3NeIomqJZrztllnGtGCbLl+2+34qkxszS0nZRTYjazxfC/bFhSfBtUMitKwkzYis3iUjHK2eJaFkmNgtTMGi60tFsykXDNBVkma78Ye06C0dy1SPxNANumd932vbb/6EEdzuECrsCHG7iDB+hAFwRE8Apvzovz7nz8oqs5K4ZnsCbn8wdw55CX</latexit><latexit sha1_base64="XG7EJBQ6PGHGi+gFOciwZWXRzjk=">AAACF3icbZDNSgMxFIXv1L9aq1a3boJFUNEyUwTdCIIblxVsK3RqyaS3bWgyM00yQhnmHXwIn8Gtrt2JK5e+iWntQq1nEb7ccyC5J4gF18Z1P5zcwuLS8kp+tbBWXN/YLG0VGzpKFMM6i0SkbgOqUfAQ64YbgbexQioDgc1geDnxm/eoNI/CGzOOsS1pP+Q9zqixo07pUN6lx17mCxwRz7V8kvlHxJcJkf4ood3pQfbD8+pBp1R2K+5UZB68GZRhplqn9Ol3I5ZIDA0TVOuW58amnVJlOBOYFfxEY0zZkPaxZTGkEnU7ne6Ukb1epIgZIJnef2ZTKrUey8BmJDUD/debDP/zWonpnbVTHsaJwZDZiPV6iSAmIpNqSJcrZEaMLVCmuP0lYQOqKDO2wF+vaLvOALtZwXbi/W1gHhrViudWvGsX8rADu7APHpzCBVxBDerA4AGe4BlenEfn1Xn7bi/nzGrchl9y3r8ABkug9g==</latexit><latexit sha1_base64="XG7EJBQ6PGHGi+gFOciwZWXRzjk=">AAACF3icbZDNSgMxFIXv1L9aq1a3boJFUNEyUwTdCIIblxVsK3RqyaS3bWgyM00yQhnmHXwIn8Gtrt2JK5e+iWntQq1nEb7ccyC5J4gF18Z1P5zcwuLS8kp+tbBWXN/YLG0VGzpKFMM6i0SkbgOqUfAQ64YbgbexQioDgc1geDnxm/eoNI/CGzOOsS1pP+Q9zqixo07pUN6lx17mCxwRz7V8kvlHxJcJkf4ood3pQfbD8+pBp1R2K+5UZB68GZRhplqn9Ol3I5ZIDA0TVOuW58amnVJlOBOYFfxEY0zZkPaxZTGkEnU7ne6Ukb1epIgZIJnef2ZTKrUey8BmJDUD/debDP/zWonpnbVTHsaJwZDZiPV6iSAmIpNqSJcrZEaMLVCmuP0lYQOqKDO2wF+vaLvOALtZwXbi/W1gHhrViudWvGsX8rADu7APHpzCBVxBDerA4AGe4BlenEfn1Xn7bi/nzGrchl9y3r8ABkug9g==</latexit><latexit sha1_base64="W/V4nF/k9etdmSmpPuFl1bsmqQQ="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit><latexit sha1_base64="WwBfYXdVC+PHfEIQZ5bHT3ttnEY="></latexit>

m�1  44µm (n = 1)
<latexit sha1_base64="ipFtF/yb+AzhHNfylKqUOyUA+nM=">AAACHXicbVDLSgMxFM34rPVVdekmWAoVtMxIQTdC0Y3LCvYBnVoy6W0bmsxMk4xQhn6BH+E3uNW1O3ErLv0T03EWtvUsLif3nEvuPV7ImdK2/WUtLa+srq1nNrKbW9s7u7m9/boKIkmhRgMeyKZHFHDmQ00zzaEZSiDC49DwhtdTvfEAUrHAv9PjENqC9H3WY5Ro0+rkCuI+PnUmLocRLpfdE+yKCAt3FJFuUnDRv3SOO7m8XbIT4EXipCSPUlQ7uW+3G9BIgK8pJ0q1HDvU7ZhIzSiHSdaNFISEDkkfWob6RIBqx8k5E1zoBRLrAeDk/dcbE6HUWHjGI4geqHlt2vxPa0W6d9GOmR9GGnxqLEbrRRzrAE9TwV0mgWo+NoRQycyWmA6IJFSb7GZ+UeacAXQnWZOJM5/AIqmflRy75NyW85WrNJ0MOkRHqIgcdI4q6AZVUQ1R9Iie0Qt6tZ6sN+vd+vi1LlnpzAGagfX5A1mToKA=</latexit><latexit sha1_base64="ipFtF/yb+AzhHNfylKqUOyUA+nM=">AAACHXicbVDLSgMxFM34rPVVdekmWAoVtMxIQTdC0Y3LCvYBnVoy6W0bmsxMk4xQhn6BH+E3uNW1O3ErLv0T03EWtvUsLif3nEvuPV7ImdK2/WUtLa+srq1nNrKbW9s7u7m9/boKIkmhRgMeyKZHFHDmQ00zzaEZSiDC49DwhtdTvfEAUrHAv9PjENqC9H3WY5Ro0+rkCuI+PnUmLocRLpfdE+yKCAt3FJFuUnDRv3SOO7m8XbIT4EXipCSPUlQ7uW+3G9BIgK8pJ0q1HDvU7ZhIzSiHSdaNFISEDkkfWob6RIBqx8k5E1zoBRLrAeDk/dcbE6HUWHjGI4geqHlt2vxPa0W6d9GOmR9GGnxqLEbrRRzrAE9TwV0mgWo+NoRQycyWmA6IJFSb7GZ+UeacAXQnWZOJM5/AIqmflRy75NyW85WrNJ0MOkRHqIgcdI4q6AZVUQ1R9Iie0Qt6tZ6sN+vd+vi1LlnpzAGagfX5A1mToKA=</latexit><latexit sha1_base64="ipFtF/yb+AzhHNfylKqUOyUA+nM=">AAACHXicbVDLSgMxFM34rPVVdekmWAoVtMxIQTdC0Y3LCvYBnVoy6W0bmsxMk4xQhn6BH+E3uNW1O3ErLv0T03EWtvUsLif3nEvuPV7ImdK2/WUtLa+srq1nNrKbW9s7u7m9/boKIkmhRgMeyKZHFHDmQ00zzaEZSiDC49DwhtdTvfEAUrHAv9PjENqC9H3WY5Ro0+rkCuI+PnUmLocRLpfdE+yKCAt3FJFuUnDRv3SOO7m8XbIT4EXipCSPUlQ7uW+3G9BIgK8pJ0q1HDvU7ZhIzSiHSdaNFISEDkkfWob6RIBqx8k5E1zoBRLrAeDk/dcbE6HUWHjGI4geqHlt2vxPa0W6d9GOmR9GGnxqLEbrRRzrAE9TwV0mgWo+NoRQycyWmA6IJFSb7GZ+UeacAXQnWZOJM5/AIqmflRy75NyW85WrNJ0MOkRHqIgcdI4q6AZVUQ1R9Iie0Qt6tZ6sN+vd+vi1LlnpzAGagfX5A1mToKA=</latexit><latexit sha1_base64="ipFtF/yb+AzhHNfylKqUOyUA+nM=">AAACHXicbVDLSgMxFM34rPVVdekmWAoVtMxIQTdC0Y3LCvYBnVoy6W0bmsxMk4xQhn6BH+E3uNW1O3ErLv0T03EWtvUsLif3nEvuPV7ImdK2/WUtLa+srq1nNrKbW9s7u7m9/boKIkmhRgMeyKZHFHDmQ00zzaEZSiDC49DwhtdTvfEAUrHAv9PjENqC9H3WY5Ro0+rkCuI+PnUmLocRLpfdE+yKCAt3FJFuUnDRv3SOO7m8XbIT4EXipCSPUlQ7uW+3G9BIgK8pJ0q1HDvU7ZhIzSiHSdaNFISEDkkfWob6RIBqx8k5E1zoBRLrAeDk/dcbE6HUWHjGI4geqHlt2vxPa0W6d9GOmR9GGnxqLEbrRRzrAE9TwV0mgWo+NoRQycyWmA6IJFSb7GZ+UeacAXQnWZOJM5/AIqmflRy75NyW85WrNJ0MOkRHqIgcdI4q6AZVUQ1R9Iie0Qt6tZ6sN+vd+vi1LlnpzAGagfX5A1mToKA=</latexit>

Dev. from Newton’s laws (n=1): [Lee et al ’21]m�1  30µm
<latexit sha1_base64="ygKJmasUeHZcfJFpdJWyzPWABcM=">AAACDXicbZC7TsMwGIWdcivlVkBMLBYVEgNUCSDBWMHCWCR6kZpQOe6fxqqdBNtBqqI+A8/ACjMbYuUZGHkT3JKBtpzp+D/H8u/PTzhT2ra/rMLC4tLySnG1tLa+sblV3t5pqjiVFBo05rFs+0QBZxE0NNMc2okEInwOLX9wPc5bjyAVi6M7PUzAE6QfsYBRos2oW94T99mJM3I5POAz2z3Grkix6JYrdtWeCM8bJzcVlKveLX+7vZimAiJNOVGq49iJ9jIiNaMcRiU3VZAQOiB96BgbEQHKyybrj/BhEEusQ8CT899uRoRSQ+GbjiA6VLPZePhf1kl1cOllLEpSDRE1FZMFKcc6xmMKuMckUM2HxhAqmdkS05BIQrVhNfWKMt8JoTcqGSbOLIF50zytOnbVuT2v1K5yOkW0jw7QEXLQBaqhG1RHDURRhp7RC3q1nqw36936+K0WrPzOLpqS9fkD9J6aoA==</latexit><latexit sha1_base64="ygKJmasUeHZcfJFpdJWyzPWABcM=">AAACDXicbZC7TsMwGIWdcivlVkBMLBYVEgNUCSDBWMHCWCR6kZpQOe6fxqqdBNtBqqI+A8/ACjMbYuUZGHkT3JKBtpzp+D/H8u/PTzhT2ra/rMLC4tLySnG1tLa+sblV3t5pqjiVFBo05rFs+0QBZxE0NNMc2okEInwOLX9wPc5bjyAVi6M7PUzAE6QfsYBRos2oW94T99mJM3I5POAz2z3Grkix6JYrdtWeCM8bJzcVlKveLX+7vZimAiJNOVGq49iJ9jIiNaMcRiU3VZAQOiB96BgbEQHKyybrj/BhEEusQ8CT899uRoRSQ+GbjiA6VLPZePhf1kl1cOllLEpSDRE1FZMFKcc6xmMKuMckUM2HxhAqmdkS05BIQrVhNfWKMt8JoTcqGSbOLIF50zytOnbVuT2v1K5yOkW0jw7QEXLQBaqhG1RHDURRhp7RC3q1nqw36936+K0WrPzOLpqS9fkD9J6aoA==</latexit><latexit sha1_base64="ygKJmasUeHZcfJFpdJWyzPWABcM=">AAACDXicbZC7TsMwGIWdcivlVkBMLBYVEgNUCSDBWMHCWCR6kZpQOe6fxqqdBNtBqqI+A8/ACjMbYuUZGHkT3JKBtpzp+D/H8u/PTzhT2ra/rMLC4tLySnG1tLa+sblV3t5pqjiVFBo05rFs+0QBZxE0NNMc2okEInwOLX9wPc5bjyAVi6M7PUzAE6QfsYBRos2oW94T99mJM3I5POAz2z3Grkix6JYrdtWeCM8bJzcVlKveLX+7vZimAiJNOVGq49iJ9jIiNaMcRiU3VZAQOiB96BgbEQHKyybrj/BhEEusQ8CT899uRoRSQ+GbjiA6VLPZePhf1kl1cOllLEpSDRE1FZMFKcc6xmMKuMckUM2HxhAqmdkS05BIQrVhNfWKMt8JoTcqGSbOLIF50zytOnbVuT2v1K5yOkW0jw7QEXLQBaqhG1RHDURRhp7RC3q1nqw36936+K0WrPzOLpqS9fkD9J6aoA==</latexit><latexit sha1_base64="ygKJmasUeHZcfJFpdJWyzPWABcM=">AAACDXicbZC7TsMwGIWdcivlVkBMLBYVEgNUCSDBWMHCWCR6kZpQOe6fxqqdBNtBqqI+A8/ACjMbYuUZGHkT3JKBtpzp+D/H8u/PTzhT2ra/rMLC4tLySnG1tLa+sblV3t5pqjiVFBo05rFs+0QBZxE0NNMc2okEInwOLX9wPc5bjyAVi6M7PUzAE6QfsYBRos2oW94T99mJM3I5POAz2z3Grkix6JYrdtWeCM8bJzcVlKveLX+7vZimAiJNOVGq49iJ9jIiNaMcRiU3VZAQOiB96BgbEQHKyybrj/BhEEusQ8CT899uRoRSQ+GbjiA6VLPZePhf1kl1cOllLEpSDRE1FZMFKcc6xmMKuMckUM2HxhAqmdkS05BIQrVhNfWKMt8JoTcqGSbOLIF50zytOnbVuT2v1K5yOkW0jw7QEXLQBaqhG1RHDURRhp7RC3q1nqw36936+K0WrPzOLpqS9fkD9J6aoA==</latexit>

ruled out



<latexit sha1_base64="sk603C2dwjN9YvFrIINV9qA0nek=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInmpSinosevFYwX5AG8Nmu2mX7iZhdyPU0F/ixYMiXv0p3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYW9/Y3Cpul3Z29/bL9sFhW8WpJLRFYh7LboAV5SyiLc00p91EUiwCTjvB+Gbmdx6pVCyO7vUkoZ7Aw4iFjGBtJN8ui75iArV95yFzz2tT3644VWcOtErcnFQgR9O3v/qDmKSCRppwrFTPdRLtZVhqRjidlvqpogkmYzykPUMjLKjysvnhU3RqlAEKY2kq0miu/p7IsFBqIgLTKbAeqWVvJv7n9VIdXnkZi5JU04gsFoUpRzpGsxTQgElKNJ8Ygolk5lZERlhiok1WJROCu/zyKmnXqu5FtX5XrzSu8ziKcAwncAYuXEIDbqEJLSCQwjO8wpv1ZL1Y79bHorVg5TNH8AfW5w9odZJJ</latexit>

m ⇠ V 1/2
0

<latexit sha1_base64="X13dz33NTRHfmk/3nEEMgHDZ/KA=">AAAB+HicbVBNSwMxEJ31s9aPrnr0EiyCp7orRT0WvXisYD+gXZdsmrahSXZJskJd+ku8eFDEqz/Fm//GtN2Dtj4YeLw3w8y8KOFMG8/7dlZW19Y3Ngtbxe2d3b2Su3/Q1HGqCG2QmMeqHWFNOZO0YZjhtJ0oikXEaSsa3Uz91iNVmsXy3owTGgg8kKzPCDZWCt2S6GomUDP0HjL/rDoJ3bJX8WZAy8TPSRly1EP3q9uLSSqoNIRjrTu+l5ggw8owwumk2E01TTAZ4QHtWCqxoDrIZodP0IlVeqgfK1vSoJn6eyLDQuuxiGynwGaoF72p+J/XSU3/KsiYTFJDJZkv6qccmRhNU0A9pigxfGwJJorZWxEZYoWJsVkVbQj+4svLpHle8S8q1btquXadx1GAIziGU/DhEmpwC3VoAIEUnuEV3pwn58V5dz7mrStOPnMIf+B8/gBrf5JL</latexit>

m ⇠ V 1/4
0

allowed experimentally (*)

allowed theoretically

(*) astrophysical bounds and deviations from Newton’s law

Dark Dimension

Mass scale of the tower of states:

Higuchi bound Casimir contribution

(one loop quantum correction)



[Perlmutter,Rastelli,Vafa,IV’21] (see also [Baume,Calderon-Infante’21])

↵ =

r
2c

dimG
Tower of higher spin fields in AdS 
with an exponential rate:

gYM ! 0 O⌧ = Tr(F 2 + . . . ) ⌧ =
4⇡i

g2YM

+
✓

2⇡

ds2 = �2 d⌧d⌧̄

(Im⌧)2
as Im⌧ ! 1

gauge group getting free

�2 = 24 dimG

By perturbation theory:

�J ⇠ f(J)g2YM ⇠ f(J) exp

✓
�d(⌧, ⌧ 0)

�

◆

CFT Distance conjecture

Consider a 4d CFT:

All known infinite distance limits are weak coupling limits

CFTfree ⇥ CFT0

Free point Higher Spin tower [Maldacena,Zhiboedov’11]

<latexit sha1_base64="OHwcETc1TrQXfs7slJE3T+H9h4E=">AAACAHicbVDLSsNAFL3xWesr6sKFm8EiuLEkpagrKbhxWcE+oAllMpm0QyePzkyEErLxV9y4UMStn+HOv3HaZqGtBy4czrmXe+/xEs6ksqxvY2V1bX1js7RV3t7Z3ds3Dw7bMk4FoS0S81h0PSwpZxFtKaY47SaC4tDjtOONbqd+55EKyeLoQU0S6oZ4ELGAEay01DePnQEdIycQmNiZI8dCZf5FLc/7ZsWqWjOgZWIXpAIFmn3zy/FjkoY0UoRjKXu2lSg3w0IxwmledlJJE0xGeEB7mkY4pNLNZg/k6EwrPgpioStSaKb+nshwKOUk9HRniNVQLnpT8T+vl6rg2s1YlKSKRmS+KEg5UjGapoF8JihRfKIJJoLpWxEZYh2G0pmVdQj24svLpF2r2pfV+n290rgp4ijBCZzCOdhwBQ24gya0gEAOz/AKb8aT8WK8Gx/z1hWjmDmCPzA+fwBy55ZR</latexit>

� 1p
d� 2

for all examples

Higher spin (HS) operators



Exponential rate: ↵ =

r
2c

dimG

Do they correspond to three different types of tensionless strings?

Consider the full classification of 4d SCFTs with large N and 
simple factor for the gauge group

[Bhardwaj,Tachikawa’13] [Razamat, Sabag, Zafrir’20]

<latexit sha1_base64="XiOs4MaqEZAuk54QxjFEMJMQTAE=">AAACAHicbZBPS8MwGMZT/875r+rBg5fgECbIaMdQL8rAg550MrsNtjLSLN3C0rQkqTDKLn4VLx4U8erH8Oa3Md160M0HAr887/uSvI8XMSqVZX0bC4tLyyurubX8+sbm1ra5s9uQYSwwcXDIQtHykCSMcuIoqhhpRYKgwGOk6Q2v0nrzkQhJQ/6gRhFxA9Tn1KcYKW11zf3ri7pTvD0+gU49KpZTqN/pe9csWCVrIjgPdgYFkKnWNb86vRDHAeEKMyRl27Yi5SZIKIoZGec7sSQRwkPUJ22NHAVEuslkgTE80k4P+qHQhys4cX9PJCiQchR4ujNAaiBna6n5X60dK//cTSiPYkU4nj7kxwyqEKZpwB4VBCs20oCwoPqvEA+QQFjpzPI6BHt25XlolEv2aalyXylUL7M4cuAAHIIisMEZqIIbUAMOwGAMnsEreDOejBfj3fiYti4Y2cwe+CPj8weBu5Mj</latexit>

G = SU(N), USp(2N), SO(N)

<latexit sha1_base64="3vvS73AXr7oiXYZDO+cNWB/Daqg=">AAACNXicbVDLSgMxFM3UV62vqks3wSK4KGWmFutGKbhx4aKCfUCnlEyaaUMzD5OMUEJ+yo3/4UoXLhRx6y+YtrPQtgcunJxzLzf3eDGjQtr2m5VZWV1b38hu5ra2d3b38vsHTRElHJMGjljE2x4ShNGQNCSVjLRjTlDgMdLyRtcTv/VIuKBReC/HMekGaBBSn2IkjdTL37qIxUN06focYeVo5YoHLlVZa7cIi6Zm75ld1cpZ7pS1OtO6ly/YJXsKuEiclBRAinov/+L2I5wEJJSYISE6jh3LrkJcUsyIzrmJIDHCIzQgHUNDFBDRVdOrNTwxSh/6ETcVSjhV/04oFAgxDjzTGSA5FPPeRFzmdRLpX3QVDeNEkhDPFvkJgzKCkwhhn3KCJRsbgjCn5q8QD5GJQZqgcyYEZ/7kRdIsl5zzUuWuUqhdpXFkwRE4BqfAAVVQAzegDhoAgyfwCj7Ap/VsvVtf1vesNWOlM4fgH6yfXzkGq7M=</latexit>

↵ =
1p
2
,

r
7

12
,

r
2

3

Only three values appear!

They all correspond to higher spin points (a tensionless string limit in the bulk)

Classification of Infinite Distance Limits in d>2

critical string non-critical strings

Yes, they seem to have three different values for the Hagedorn temperature
[Calderon-Infante,IV’ ongoing]

<latexit sha1_base64="FShX/L2xLCQrtsnW0D/VtzudbA0=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS92Vol6UgpceK/QL2qVk02wbms2GJCuUpX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMCyRn2rjut7O2vrG5tZ3bye/u7R8cFo6OWzpOFKFNEvNYdQKsKWeCNg0znHakojgKOG0H44eZ336iSrNYNMxEUj/CQ8FCRrCxUq/Rr93ZKuFLctEvFN2yOwdaJV5GipCh3i989QYxSSIqDOFY667nSuOnWBlGOJ3me4mmEpMxHtKupQJHVPvp/OYpOrfKAIWxsiUMmqu/J1IcaT2JAtsZYTPSy95M/M/rJia89VMmZGKoIItFYcKRidEsADRgihLDJ5Zgopi9FZERVpgYG1PehuAtv7xKWldl77pceawUq/dZHDk4hTMogQc3UIUa1KEJBCQ8wyu8OYnz4rw7H4vWNSebOYE/cD5/AB1GkG4=</latexit>

TH = TH(a/c)

because of
<latexit sha1_base64="dR4Pc/JCxE5a3ZiRCPwXilgsqqk=">AAACEHicbVDLSgMxFM34rPU16tLNYBFdSJlosd0oBTcuK9gHdErJpJk2NJMZkoxQwnyCG3/FjQtF3Lp059+YdmahrQcC555zLzf3+DGjUrnut7W0vLK6tl7YKG5ube/s2nv7LRklApMmjlgkOj6ShFFOmooqRjqxICj0GWn745up334gQtKI36tJTHohGnIaUIyUkfr2iRcIhDVKNU6vPA3PshpepBpW0qyq1ry0b5fcsjuDs0hgTkogR6Nvf3mDCCch4QozJGUXurHqaSQUxYykRS+RJEZ4jIakayhHIZE9PTsodY6NMnCCSJjHlTNTf09oFEo5CX3TGSI1kvPeVPzP6yYqqPU05XGiCMfZoiBhjoqcaTrOgAqCFZsYgrCg5q8OHiGTgTIZFk0IcP7kRdI6L8PLcuWuUqpf53EUwCE4AqcAgiqog1vQAE2AwSN4Bq/gzXqyXqx36yNrXbLymQPwB9bnD9X8nHA=</latexit>

a

c
= {1, 13

14
,
7

8
}

<latexit sha1_base64="t+i1o4ZqD4tSl3UxIt5mUnBWWNU=">AAACAXicbVBNS8NAEN3Ur1q/ol4EL8EieLEmpagXpeDFYwX7AU0om+2mXbrZxN2JUEK8+Fe8eFDEq//Cm//GbZuDVh8MPN6bYWaeH3OmwLa/jMLC4tLySnG1tLa+sbllbu+0VJRIQpsk4pHs+FhRzgRtAgNOO7GkOPQ5bfujq4nfvqdSsUjcwjimXogHggWMYNBSz9y7cAOJSepkqavuJKQ1fEKOq1nWM8t2xZ7C+kucnJRRjkbP/HT7EUlCKoBwrFTXsWPwUiyBEU6zkpsoGmMywgPa1VTgkCovnX6QWYda6VtBJHUJsKbqz4kUh0qNQ193hhiGat6biP953QSCcy9lIk6ACjJbFCTcgsiaxGH1maQE+FgTTCTTt1pkiHUioEMr6RCc+Zf/kla14pxWaje1cv0yj6OI9tEBOkIOOkN1dI0aqIkIekBP6AW9Go/Gs/FmvM9aC0Y+s4t+wfj4BgJBlpo=</latexit>
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4d N=2 SCFTs

4d N=1 SCFTs



WGC and SDC from Entropy Bounds

g(�1) ! 0 A(�1) ! 0If then Small BH:

Take Einstein-Maxwell-Dilaton theory:

S =

Z
d4x

p
�g


R+ 2|d�|2 + 1

2g(�)2
|F |2

�
g(�) ! 0 � ! 1s.t. as

There are electrically charged BH solutions with classical zero area (small BHs)

BH induces a running of the scalar field and gauge coupling as 
approaching the horizon leading to:

⌧ = �1 ⌧ = 0

large field range!

small gauge coupling!
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�(⌧)
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g(⌧)

(horizon)



WGC and SDC from Entropy Bounds

Small BHs lead to a violation of the Bekenstein bound, unless the EFT 
cutoff decreases as dictated by the SDC / WGC

A = L2
A region of size    cannot have more entropy than 
a Schwarzschild black hole of the same area

Entropy Bound: L

Nspecies = Qmax . L2 = A
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|d�|2 ⇠ ⇤2Using extremality condition and that EFT breaks down at

⇤ . g in Planck units

due to an infinite tower of states



Interplay with the Weak Gravity Conjecture:

Gravity must be the weakest force

Fg =
m2

r2
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mtower  qg in Planck units
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Fgauge =
(qg)2

r2
so that

The electron satisfies this!

But what if we discover new weakly coupled dark photons?

Implications for Particle Physics

should repel 
each other



[Reece’18]
[Montero,Muñoz,Obied’22] 

ruled out by 
swampland

ruled out by 
swampland

Constraints on dark photons for dark matter:

The quantum gravity cut-off becomes
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⇤QG ⌧ Mp

for weakly coupled or very light dark photons

Implications for Particle Physics


