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Not every EFT can be 

UV completed!

What can it go here?

What is the quantum gravity cut-off?
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What distinguishes the landscape from the swampland?

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

Goal:

Universal UV imprint of quantum gravity at low energies

(New approach to connect string theory/quantum 
gravity to our world)

Potential phenomenological implications:

New guiding principles to construct BSM 
models of Particle Physics and Cosmology

Swampland program
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Gravity is different than other interactions! It can induce UV/IR mixing

Can we bring new insights to solve naturalness issues in our universe?

golden opportunity!

These swampland constraints often look surprising from a low energy EFT 
perspective:

Failure of EFT expectations

“What seems natural from UV perspective, might 
look unnatural from the IR perspective”

Two expectations/assumptions in EFT logic that breakdown in quantum gravity: 

1) The entire space of parameters (consistent with symmetries) 
is a priori possible

2) Decoupling / Separation of energy scales
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Weak Gravity
Conjecture

No global 
symmetries

Completeness 
hypothesis

deSitter 
conjecture

Non-susy AdS 
conjecture

AdS Distance
Conjecture

Cobordism 
conjecture

Festina Lente

…

Distance
Conjecture

Entering an era 
of precission

Swampland conjectures
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They are broken in quantum gravity
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Heuristic motivation from black holes:

- +

-

+

Black holes have 
finite entropy

(“how many different ways lead to 
the same black hole exterior”)

contradiction!Infinite entropy

Since global symmetries cannot be detected from far away, 

we could have infinitely many black holes with different values of 
the global charge, but that look the same from far way

No global symmetries conjecture



Global symmetries cannot be exact in quantum gravity
(unless they are gauged)

[Banks-Dixon’88] [Horowitz,Strominger,…] [Banks,Seiberg’11][Susskind]

• Correlation to unitary black hole evaporation (and topology 
changing processes)

• Proof in AdS/CFT [Harlow,Ooguri ’18]

• Proof in perturbative string theory [Polchinski’s book]

[Harlow,Shaghoulian ’20] [Chen,Lin ’20] [Hsin et al ’20] [Yonekura ’20]

Global symmetries are not well defined in quantum 
gravity as the topology itself fluctuates

Evidence:

No global symmetries conjecture

[Bah,Chen,Maldacena’22]
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Approximate global symmetries

Assume some global symmetry can be restored in a 
continuous way at some special points of the parameter space

e.g. by sending gauge coupling                 gYM ! 0
we restore a U(1) global symmetry

Parameter space: gYM ! 0

EFT1

EFT2



Parameter space: gYM ! 0
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These limits seem under computational control from the point of view of QFT 

Asymptotic limits

but the EFT must break down when approaching the boundary by 
quantum gravity effects

..⇤QG

Mp

gYM ! 0

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

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

⇤QG ⌧ Mp



These limits seem under computational control from the point of view of QFT 

How? Does this happens in a 
universal way in string theory?

Asymptotic limits

but the EFT must break down when approaching the boundary by 
quantum gravity effects

..⇤QG

Mp

gYM ! 0

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

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

⇤QG ⌧ Mp



These limits seem under computational control from the point of view of QFT 

How? Does this happens in a 
universal way in string theory?

YES!

Asymptotic limits

but the EFT must break down when approaching the boundary by 
quantum gravity effects

..⇤QG

Mp

gYM ! 0

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

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

⇤QG ⌧ Mp



These limits seem under computational control from the point of view of QFT 

How? Does this happens in a 
universal way in string theory?

YES!

Asymptotic limits

There is new light physics that forces the cut-off to go to zero
and acts as a censorship mechanism to restore global symmetries.

tower of states

but the EFT must break down when approaching the boundary by 
quantum gravity effects

..⇤QG

Mp

gYM ! 0

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

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

⇤QG ⌧ Mp



due to towers of states becoming light as approaching the boundaries

..

..

..

Asymptotic Towers of States

<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

tower of states 
becoming light

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

⇤QG ⌧ MpQuantum gravitational effects become significant at a scale



due to towers of states becoming light as approaching the boundaries

Goal: Determine the quantum gravity cut-off at which the EFT breaks down in 
terms of EFT data that quantifies how close we are to the boundaries (e.g. the 

value of a gauge coupling, the scalar field range…)

..

..

..

Asymptotic Towers of States

<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

tower of states 
becoming light

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

⇤QG ⌧ MpQuantum gravitational effects become significant at a scale



No global 
symmetries

Swampland conjectures

Distance
Conjecture

Weak Gravity
Conjecture

They quantify how approximate global symmetries can be by 
specifying the concrete behaviour of this tower of states



There is an infinite tower of states becoming exponentially light
at every infinite field distance limit of the moduli space

when �� ! 1
<latexit sha1_base64="q++KTPFdaEuqc2CW+uIyPBSh8vs=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4MexKUE8S0IPHCOYB2Rh6J51kyMzuMjMrhCU3L/6KFw+KePUXvPk3Th4HTSxoKKq66e4KYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauQPpay6pbLl4n574IOIe+NcoDPhxjw9bubxbcMeg88SbkjyZotzKffntiCUSQ8MEaN3w3Ng0U1CGM4HDrJ9ojIH1oYsNS0OQqJvp+I8hPbJKm3YiZSs0dKz+nkhBaj2Qge2UYHp61huJ/3mNxHQumikP48RgyCaLOomgJqKjUGibK2RGDCwBpri9lbIeKGDGRpe1IXizL8+T6mnBOysUb4v50uU0jgzZJ4fkmHjknJTIDSmTCmHkkTyTV/LmPDkvzrvzMWldcKYze+QPnM8fs86ZNw==</latexit>

m ⇠ m0e
�↵��

[Ooguri-Vafa’06]

Distance Conjecture

geodesic distance

L = gij(�)@�
i@�j scalar manifold (moduli space)

P

Q
��

�1

�2

<latexit sha1_base64="97qSXEla8/LFrF5rGDrRKAAkTFo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTZSW8yZnZnnZkNhJB/8OJBEa/+jzf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGlqmimGdSSFVK6AaBY+xbrgR2EoU0igQ2AyGtzO/OUKluYwfzDhBP6L9mIecUWOlRgefUj7qFktu2Z2DrBIvIyXIUOsWvzo9ydIIY8ME1brtuYnxJ1QZzgROC51UY0LZkPaxbWlMI9T+ZH7tlJxZpUdCqWzFhszV3xMTGmk9jgLbGVEz0MveTPzPa6cmvPYnPE5SgzFbLApTQYwks9dJjytkRowtoUxxeythA6ooMzaggg3BW355lTQuyt5luXJfKVVvsjjycAKncA4eXEEV7qAGdWDwCM/wCm+OdF6cd+dj0Zpzsplj+APn8wfD9Y9B</latexit>⌘
<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)

Given an EFT coupled to gravity, with a moduli space parametrized by the vacuum 
expectation value of some scalar fields:



There is an infinite tower of states becoming exponentially light
at every infinite field distance limit of the moduli space

when �� ! 1
<latexit sha1_base64="q++KTPFdaEuqc2CW+uIyPBSh8vs=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4MexKUE8S0IPHCOYB2Rh6J51kyMzuMjMrhCU3L/6KFw+KePUXvPk3Th4HTSxoKKq66e4KYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauQPpay6pbLl4n574IOIe+NcoDPhxjw9bubxbcMeg88SbkjyZotzKffntiCUSQ8MEaN3w3Ng0U1CGM4HDrJ9ojIH1oYsNS0OQqJvp+I8hPbJKm3YiZSs0dKz+nkhBaj2Qge2UYHp61huJ/3mNxHQumikP48RgyCaLOomgJqKjUGibK2RGDCwBpri9lbIeKGDGRpe1IXizL8+T6mnBOysUb4v50uU0jgzZJ4fkmHjknJTIDSmTCmHkkTyTV/LmPDkvzrvzMWldcKYze+QPnM8fs86ZNw==</latexit>

m ⇠ m0e
�↵��

[Ooguri-Vafa’06]

Distance Conjecture

geodesic distance

L = gij(�)@�
i@�j scalar manifold (moduli space)

P

Q
��

�1

�2

<latexit sha1_base64="97qSXEla8/LFrF5rGDrRKAAkTFo=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTZSW8yZnZnnZkNhJB/8OJBEa/+jzf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGlqmimGdSSFVK6AaBY+xbrgR2EoU0igQ2AyGtzO/OUKluYwfzDhBP6L9mIecUWOlRgefUj7qFktu2Z2DrBIvIyXIUOsWvzo9ydIIY8ME1brtuYnxJ1QZzgROC51UY0LZkPaxbWlMI9T+ZH7tlJxZpUdCqWzFhszV3xMTGmk9jgLbGVEz0MveTPzPa6cmvPYnPE5SgzFbLApTQYwks9dJjytkRowtoUxxeythA6ooMzaggg3BW355lTQuyt5luXJfKVVvsjjycAKncA4eXEEV7qAGdWDwCM/wCm+OdF6cd+dj0Zpzsplj+APn8wfD9Y9B</latexit>⌘
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For example:

• Kaluza-Klein towers as 

• winding modes as 

• string modes as
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Given an EFT coupled to gravity, with a moduli space parametrized by the vacuum 
expectation value of some scalar fields:



There is an infinite tower of states becoming exponentially light
at every infinite field distance limit of the moduli space

when �� ! 1
<latexit sha1_base64="q++KTPFdaEuqc2CW+uIyPBSh8vs=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4MexKUE8S0IPHCOYB2Rh6J51kyMzuMjMrhCU3L/6KFw+KePUXvPk3Th4HTSxoKKq66e4KYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauQPpay6pbLl4n574IOIe+NcoDPhxjw9bubxbcMeg88SbkjyZotzKffntiCUSQ8MEaN3w3Ng0U1CGM4HDrJ9ojIH1oYsNS0OQqJvp+I8hPbJKm3YiZSs0dKz+nkhBaj2Qge2UYHp61huJ/3mNxHQumikP48RgyCaLOomgJqKjUGibK2RGDCwBpri9lbIeKGDGRpe1IXizL8+T6mnBOysUb4v50uU0jgzZJ4fkmHjknJTIDSmTCmHkkTyTV/LmPDkvzrvzMWldcKYze+QPnM8fs86ZNw==</latexit>

m ⇠ m0e
�↵��

[Ooguri-Vafa’06]

Distance Conjecture
Given an EFT coupled to gravity, with a moduli space parametrized by the vacuum 

expectation value of some scalar fields:

• Plethora of quantitative tests in string theory

• Bottom-up arguments based on black hole physics / entropy bounds

Evidence:

[Grimm, Palti, IV’18] [Grimm,Palti,Li’18] [Corvilain, Grimm, IV’18][Lee,Lerche,Weigand’18-21][Gendler,IV’20]
[Baume,Marchesano,Wiesner’19]

…
[Lanza,Marchesano,Martucci, IV’20-21] [Klaewer,Lee,Weigand,Wiesner’22] …

[Hamada,Montero,Vafa, IV’21]

• Tests in AdS/CFT
[Baume,Calderon-Infante’21-23]

[Perlmutter,Rastelli,Vafa,IV’21] 
[Cribiori et al’22]

[Calderon-Infante et al’23]
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This tower signals the quantum gravity breakdown of the effective theory:
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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

*Caveats to be discussed later

This tower signals the quantum gravity breakdown of the effective theory:
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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

*Caveats to be discussed later

Useful to constrain

Inflation

Quintessence

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

This tower signals the quantum gravity breakdown of the effective theory:



Phenomenological Implications

m0

..

��

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

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

�� . 1

�
log

✓
Mp

⇤

◆

Maximum scalar field range* that can be accommodated in a 
given EFT as a function of the Quantum Gravity cut-off

*Caveats to be discussed later

Useful to constrain

Inflation

Quintessence

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

This tower signals the quantum gravity breakdown of the effective theory:

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



Example: Constraints on single field inflation
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Lyth bound

Swampland bound

[Scalisi,IV’18]
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<latexit sha1_base64="FRqNl3wvSYk4M4IbT6JZOCC5k2Y=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Kpm+uyu6cVnB2sJ0KJk004ZmkjHJCKX0M9y4UMStX+POvzHTVlDRAyGHc+7l3nuCmDNtEPpwMmvrG5tb2e3czu7e/kH+8OhWy0QR2iGSS9ULsKacCdoxzHDaixXFUcBpN5hcpn73nirNpLgx05j6ER4JFjKCjZU81ef0DqIiqlUG+UL6V5tlZIUqcuvNZuqgWqNcgq4lKQpghfYg/94fSpJEVBjCsdaei2Ljz7AyjHA6z/UTTWNMJnhEPUsFjqj2Z4uV5/DMKkMYSmWfMHChfu+Y4UjraRTYygibsf7tpeJfnpeYsOHPmIgTQwVZDgoTDo2E6f1wyBQlhk8twUQxuyskY6wwMTalnA3h61L4P7ktFV1UdK8rhdbFKo4sOAGn4By4oA5a4Aq0QQcQIMEDeALPjnEenRfndVmacVY9x+AHnLdP5zaQWQ==</latexit><latexit sha1_base64="FRqNl3wvSYk4M4IbT6JZOCC5k2Y=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Kpm+uyu6cVnB2sJ0KJk004ZmkjHJCKX0M9y4UMStX+POvzHTVlDRAyGHc+7l3nuCmDNtEPpwMmvrG5tb2e3czu7e/kH+8OhWy0QR2iGSS9ULsKacCdoxzHDaixXFUcBpN5hcpn73nirNpLgx05j6ER4JFjKCjZU81ef0DqIiqlUG+UL6V5tlZIUqcuvNZuqgWqNcgq4lKQpghfYg/94fSpJEVBjCsdaei2Ljz7AyjHA6z/UTTWNMJnhEPUsFjqj2Z4uV5/DMKkMYSmWfMHChfu+Y4UjraRTYygibsf7tpeJfnpeYsOHPmIgTQwVZDgoTDo2E6f1wyBQlhk8twUQxuyskY6wwMTalnA3h61L4P7ktFV1UdK8rhdbFKo4sOAGn4By4oA5a4Aq0QQcQIMEDeALPjnEenRfndVmacVY9x+AHnLdP5zaQWQ==</latexit><latexit sha1_base64="FRqNl3wvSYk4M4IbT6JZOCC5k2Y=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Kpm+uyu6cVnB2sJ0KJk004ZmkjHJCKX0M9y4UMStX+POvzHTVlDRAyGHc+7l3nuCmDNtEPpwMmvrG5tb2e3czu7e/kH+8OhWy0QR2iGSS9ULsKacCdoxzHDaixXFUcBpN5hcpn73nirNpLgx05j6ER4JFjKCjZU81ef0DqIiqlUG+UL6V5tlZIUqcuvNZuqgWqNcgq4lKQpghfYg/94fSpJEVBjCsdaei2Ljz7AyjHA6z/UTTWNMJnhEPUsFjqj2Z4uV5/DMKkMYSmWfMHChfu+Y4UjraRTYygibsf7tpeJfnpeYsOHPmIgTQwVZDgoTDo2E6f1wyBQlhk8twUQxuyskY6wwMTalnA3h61L4P7ktFV1UdK8rhdbFKo4sOAGn4By4oA5a4Aq0QQcQIMEDeALPjnEenRfndVmacVY9x+AHnLdP5zaQWQ==</latexit><latexit sha1_base64="FRqNl3wvSYk4M4IbT6JZOCC5k2Y=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Kpm+uyu6cVnB2sJ0KJk004ZmkjHJCKX0M9y4UMStX+POvzHTVlDRAyGHc+7l3nuCmDNtEPpwMmvrG5tb2e3czu7e/kH+8OhWy0QR2iGSS9ULsKacCdoxzHDaixXFUcBpN5hcpn73nirNpLgx05j6ER4JFjKCjZU81ef0DqIiqlUG+UL6V5tlZIUqcuvNZuqgWqNcgq4lKQpghfYg/94fSpJEVBjCsdaei2Ljz7AyjHA6z/UTTWNMJnhEPUsFjqj2Z4uV5/DMKkMYSmWfMHChfu+Y4UjraRTYygibsf7tpeJfnpeYsOHPmIgTQwVZDgoTDo2E6f1wyBQlhk8twUQxuyskY6wwMTalnA3h61L4P7ktFV1UdK8rhdbFKo4sOAGn4By4oA5a4Aq0QQcQIMEDeALPjnEenRfndVmacVY9x+AHnLdP5zaQWQ==</latexit>
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Mp
<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="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>

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

◆

This tower signals the quantum gravity breakdown of the effective theory:

Phenomenological Implications



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

constrained Cosmological signatures of the tower?

Example: Constraints on single field inflation
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<latexit sha1_base64="FRqNl3wvSYk4M4IbT6JZOCC5k2Y=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Kpm+uyu6cVnB2sJ0KJk004ZmkjHJCKX0M9y4UMStX+POvzHTVlDRAyGHc+7l3nuCmDNtEPpwMmvrG5tb2e3czu7e/kH+8OhWy0QR2iGSS9ULsKacCdoxzHDaixXFUcBpN5hcpn73nirNpLgx05j6ER4JFjKCjZU81ef0DqIiqlUG+UL6V5tlZIUqcuvNZuqgWqNcgq4lKQpghfYg/94fSpJEVBjCsdaei2Ljz7AyjHA6z/UTTWNMJnhEPUsFjqj2Z4uV5/DMKkMYSmWfMHChfu+Y4UjraRTYygibsf7tpeJfnpeYsOHPmIgTQwVZDgoTDo2E6f1wyBQlhk8twUQxuyskY6wwMTalnA3h61L4P7ktFV1UdK8rhdbFKo4sOAGn4By4oA5a4Aq0QQcQIMEDeALPjnEenRfndVmacVY9x+AHnLdP5zaQWQ==</latexit><latexit sha1_base64="FRqNl3wvSYk4M4IbT6JZOCC5k2Y=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Kpm+uyu6cVnB2sJ0KJk004ZmkjHJCKX0M9y4UMStX+POvzHTVlDRAyGHc+7l3nuCmDNtEPpwMmvrG5tb2e3czu7e/kH+8OhWy0QR2iGSS9ULsKacCdoxzHDaixXFUcBpN5hcpn73nirNpLgx05j6ER4JFjKCjZU81ef0DqIiqlUG+UL6V5tlZIUqcuvNZuqgWqNcgq4lKQpghfYg/94fSpJEVBjCsdaei2Ljz7AyjHA6z/UTTWNMJnhEPUsFjqj2Z4uV5/DMKkMYSmWfMHChfu+Y4UjraRTYygibsf7tpeJfnpeYsOHPmIgTQwVZDgoTDo2E6f1wyBQlhk8twUQxuyskY6wwMTalnA3h61L4P7ktFV1UdK8rhdbFKo4sOAGn4By4oA5a4Aq0QQcQIMEDeALPjnEenRfndVmacVY9x+AHnLdP5zaQWQ==</latexit><latexit sha1_base64="FRqNl3wvSYk4M4IbT6JZOCC5k2Y=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Kpm+uyu6cVnB2sJ0KJk004ZmkjHJCKX0M9y4UMStX+POvzHTVlDRAyGHc+7l3nuCmDNtEPpwMmvrG5tb2e3czu7e/kH+8OhWy0QR2iGSS9ULsKacCdoxzHDaixXFUcBpN5hcpn73nirNpLgx05j6ER4JFjKCjZU81ef0DqIiqlUG+UL6V5tlZIUqcuvNZuqgWqNcgq4lKQpghfYg/94fSpJEVBjCsdaei2Ljz7AyjHA6z/UTTWNMJnhEPUsFjqj2Z4uV5/DMKkMYSmWfMHChfu+Y4UjraRTYygibsf7tpeJfnpeYsOHPmIgTQwVZDgoTDo2E6f1wyBQlhk8twUQxuyskY6wwMTalnA3h61L4P7ktFV1UdK8rhdbFKo4sOAGn4By4oA5a4Aq0QQcQIMEDeALPjnEenRfndVmacVY9x+AHnLdP5zaQWQ==</latexit><latexit sha1_base64="FRqNl3wvSYk4M4IbT6JZOCC5k2Y=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Kpm+uyu6cVnB2sJ0KJk004ZmkjHJCKX0M9y4UMStX+POvzHTVlDRAyGHc+7l3nuCmDNtEPpwMmvrG5tb2e3czu7e/kH+8OhWy0QR2iGSS9ULsKacCdoxzHDaixXFUcBpN5hcpn73nirNpLgx05j6ER4JFjKCjZU81ef0DqIiqlUG+UL6V5tlZIUqcuvNZuqgWqNcgq4lKQpghfYg/94fSpJEVBjCsdaei2Ljz7AyjHA6z/UTTWNMJnhEPUsFjqj2Z4uV5/DMKkMYSmWfMHChfu+Y4UjraRTYygibsf7tpeJfnpeYsOHPmIgTQwVZDgoTDo2E6f1wyBQlhk8twUQxuyskY6wwMTalnA3h61L4P7ktFV1UdK8rhdbFKo4sOAGn4By4oA5a4Aq0QQcQIMEDeALPjnEenRfndVmacVY9x+AHnLdP5zaQWQ==</latexit>

Lyth bound

Swampland bound

[Scalisi,IV’18]
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<latexit sha1_base64="FRqNl3wvSYk4M4IbT6JZOCC5k2Y=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Kpm+uyu6cVnB2sJ0KJk004ZmkjHJCKX0M9y4UMStX+POvzHTVlDRAyGHc+7l3nuCmDNtEPpwMmvrG5tb2e3czu7e/kH+8OhWy0QR2iGSS9ULsKacCdoxzHDaixXFUcBpN5hcpn73nirNpLgx05j6ER4JFjKCjZU81ef0DqIiqlUG+UL6V5tlZIUqcuvNZuqgWqNcgq4lKQpghfYg/94fSpJEVBjCsdaei2Ljz7AyjHA6z/UTTWNMJnhEPUsFjqj2Z4uV5/DMKkMYSmWfMHChfu+Y4UjraRTYygibsf7tpeJfnpeYsOHPmIgTQwVZDgoTDo2E6f1wyBQlhk8twUQxuyskY6wwMTalnA3h61L4P7ktFV1UdK8rhdbFKo4sOAGn4By4oA5a4Aq0QQcQIMEDeALPjnEenRfndVmacVY9x+AHnLdP5zaQWQ==</latexit><latexit sha1_base64="FRqNl3wvSYk4M4IbT6JZOCC5k2Y=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Kpm+uyu6cVnB2sJ0KJk004ZmkjHJCKX0M9y4UMStX+POvzHTVlDRAyGHc+7l3nuCmDNtEPpwMmvrG5tb2e3czu7e/kH+8OhWy0QR2iGSS9ULsKacCdoxzHDaixXFUcBpN5hcpn73nirNpLgx05j6ER4JFjKCjZU81ef0DqIiqlUG+UL6V5tlZIUqcuvNZuqgWqNcgq4lKQpghfYg/94fSpJEVBjCsdaei2Ljz7AyjHA6z/UTTWNMJnhEPUsFjqj2Z4uV5/DMKkMYSmWfMHChfu+Y4UjraRTYygibsf7tpeJfnpeYsOHPmIgTQwVZDgoTDo2E6f1wyBQlhk8twUQxuyskY6wwMTalnA3h61L4P7ktFV1UdK8rhdbFKo4sOAGn4By4oA5a4Aq0QQcQIMEDeALPjnEenRfndVmacVY9x+AHnLdP5zaQWQ==</latexit><latexit sha1_base64="FRqNl3wvSYk4M4IbT6JZOCC5k2Y=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Kpm+uyu6cVnB2sJ0KJk004ZmkjHJCKX0M9y4UMStX+POvzHTVlDRAyGHc+7l3nuCmDNtEPpwMmvrG5tb2e3czu7e/kH+8OhWy0QR2iGSS9ULsKacCdoxzHDaixXFUcBpN5hcpn73nirNpLgx05j6ER4JFjKCjZU81ef0DqIiqlUG+UL6V5tlZIUqcuvNZuqgWqNcgq4lKQpghfYg/94fSpJEVBjCsdaei2Ljz7AyjHA6z/UTTWNMJnhEPUsFjqj2Z4uV5/DMKkMYSmWfMHChfu+Y4UjraRTYygibsf7tpeJfnpeYsOHPmIgTQwVZDgoTDo2E6f1wyBQlhk8twUQxuyskY6wwMTalnA3h61L4P7ktFV1UdK8rhdbFKo4sOAGn4By4oA5a4Aq0QQcQIMEDeALPjnEenRfndVmacVY9x+AHnLdP5zaQWQ==</latexit><latexit sha1_base64="FRqNl3wvSYk4M4IbT6JZOCC5k2Y=">AAAB8nicdVDLSgMxFM3UV62vqks3wSK4Kpm+uyu6cVnB2sJ0KJk004ZmkjHJCKX0M9y4UMStX+POvzHTVlDRAyGHc+7l3nuCmDNtEPpwMmvrG5tb2e3czu7e/kH+8OhWy0QR2iGSS9ULsKacCdoxzHDaixXFUcBpN5hcpn73nirNpLgx05j6ER4JFjKCjZU81ef0DqIiqlUG+UL6V5tlZIUqcuvNZuqgWqNcgq4lKQpghfYg/94fSpJEVBjCsdaei2Ljz7AyjHA6z/UTTWNMJnhEPUsFjqj2Z4uV5/DMKkMYSmWfMHChfu+Y4UjraRTYygibsf7tpeJfnpeYsOHPmIgTQwVZDgoTDo2E6f1wyBQlhk8twUQxuyskY6wwMTalnA3h61L4P7ktFV1UdK8rhdbFKo4sOAGn4By4oA5a4Aq0QQcQIMEDeALPjnEenRfndVmacVY9x+AHnLdP5zaQWQ==</latexit>
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Mp
<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="4XRNEvlkfzQ9P3pOGr/Tcd2mlt8=">AAAB7nicbVC7SgNBFL0bXzG+opY2g0GwCrsS1EoCNhYWEcwDkiXMzs4mQ2Znl5m7Qgj5CBsLRWz9Hjv/xkmyhSYeGDiccy5z7wlSKQy67rdTWFvf2Nwqbpd2dvf2D8qHRy2TZJrxJktkojsBNVwKxZsoUPJOqjmNA8nbweh25refuDYiUY84Trkf04ESkWAUrdTu3dtoSPvlilt15yCrxMtJBXI0+uWvXpiwLOYKmaTGdD03RX9CNQom+bTUywxPKRvRAe9aqmjMjT+ZrzslZ1YJSZRo+xSSufp7YkJjY8ZxYJMxxaFZ9mbif143w+janwiVZsgVW3wUZZJgQma3k1BozlCOLaFMC7srYUOqKUPbUMmW4C2fvEpaF1Xvslp7qFXqN3kdRTiBUzgHD66gDnfQgCYwGMEzvMKbkzovzrvzsYgWnHzmGP7A+fwBDV+PYg==</latexit>

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

◆

This tower signals the quantum gravity breakdown of the effective theory:

Phenomenological Implications



Caveats to be better understood at the theoretical level in order to 
give precise phenomenological implications:

Phenomenological Implications

1) What is the value of the exponential rate? Is there a lower bound?
<latexit sha1_base64="UMusmqrd5tbxVX9EnfR9Xhe7WKM="></latexit>
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◆

??

<latexit sha1_base64="q++KTPFdaEuqc2CW+uIyPBSh8vs=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4MexKUE8S0IPHCOYB2Rh6J51kyMzuMjMrhCU3L/6KFw+KePUXvPk3Th4HTSxoKKq66e4KYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauQPpay6pbLl4n574IOIe+NcoDPhxjw9bubxbcMeg88SbkjyZotzKffntiCUSQ8MEaN3w3Ng0U1CGM4HDrJ9ojIH1oYsNS0OQqJvp+I8hPbJKm3YiZSs0dKz+nkhBaj2Qge2UYHp61huJ/3mNxHQumikP48RgyCaLOomgJqKjUGibK2RGDCwBpri9lbIeKGDGRpe1IXizL8+T6mnBOysUb4v50uU0jgzZJ4fkmHjknJTIDSmTCmHkkTyTV/LmPDkvzrvzMWldcKYze+QPnM8fs86ZNw==</latexit>

m ⇠ m0e
�↵��

<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2

<latexit sha1_base64="deqq12zaWZ+OQv0S2DjCM7y1l3I=">AAACI3icbVDLSgMxFM3Ud31VXboJFsGNZaYUFRciuHGpYFXolJJJ77TBJDNN7ghlnH9x46+4caGIGxf+i2ntwteBwOGcc7m5J0qlsOj7715panpmdm5+oby4tLyyWllbv7RJZjg0eSITcx0xC1JoaKJACdepAaYiCVfRzcnIv7oFY0WiL3CYQluxnhax4Ayd1KkchhJivAtjw3ge3gIPNYsko6rIVREa0es7swcDOk4EeWgHBvPubr0oOpWqX/PHoH9JMCFVMsFZp/IadhOeKdDIJbO2FfgptnNmUHAJRTnMLKSM37AetBzVTIFt5+MbC7rtlC6NE+OeRjpWv0/kTFk7VJFLKoZ9+9sbif95rQzjg3YudJohaP61KM4kxYSOCqNdYYCjHDrCuBHur5T3mSsDXa1lV0Lw++S/5LJeC/ZqjfNG9fhoUsc82SRbZIcEZJ8ck1NyRpqEk3vySJ7Ji/fgPXmv3ttXtORNZjbID3gfn3hqpf4=</latexit>�����
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<latexit sha1_base64="ViLfnfrJpmeOFQHesUU9be7niaY=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqBel4MVjBfsBTQib7aZdutmE3YlYQv0rXjwo4tUf4s1/47bNQVsfDDzem2FmXpgKrsFxvq3Syura+kZ5s7K1vbO7Z+8ftHWSKcpaNBGJ6oZEM8ElawEHwbqpYiQOBeuEo5up33lgSvNE3sM4ZX5MBpJHnBIwUmBXPSLSIQlyD9gj4JjLyVVg15y6MwNeJm5BaqhAM7C/vH5Cs5hJoIJo3XOdFPycKOBUsEnFyzRLCR2RAesZKknMtJ/Pjp/gY6P0cZQoUxLwTP09kZNY63Ecms6YwFAvelPxP6+XQXTp51ymGTBJ54uiTGBI8DQJ3OeKURBjQwhV3NyK6ZAoQsHkVTEhuIsvL5P2ad09r5/dndUa10UcZXSIjtAJctEFaqBb1EQtRNEYPaNX9GY9WS/Wu/Uxby1ZxUwV/YH1+QPfC5Tp</latexit>↵min = [Etheredge et al’22]

[Lee et al’19]

[Castellano et al’23]



Caveats to be better understood at the theoretical level in order to 
give precise phenomenological implications:

Phenomenological Implications

1) What is the value of the exponential rate? Is there a lower bound?
<latexit sha1_base64="UMusmqrd5tbxVX9EnfR9Xhe7WKM="></latexit>

�� . 1

�
log

✓
Mp

⇤

◆

??

<latexit sha1_base64="q++KTPFdaEuqc2CW+uIyPBSh8vs=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4MexKUE8S0IPHCOYB2Rh6J51kyMzuMjMrhCU3L/6KFw+KePUXvPk3Th4HTSxoKKq66e4KYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauQPpay6pbLl4n574IOIe+NcoDPhxjw9bubxbcMeg88SbkjyZotzKffntiCUSQ8MEaN3w3Ng0U1CGM4HDrJ9ojIH1oYsNS0OQqJvp+I8hPbJKm3YiZSs0dKz+nkhBaj2Qge2UYHp61huJ/3mNxHQumikP48RgyCaLOomgJqKjUGibK2RGDCwBpri9lbIeKGDGRpe1IXizL8+T6mnBOysUb4v50uU0jgzZJ4fkmHjknJTIDSmTCmHkkTyTV/LmPDkvzrvzMWldcKYze+QPnM8fs86ZNw==</latexit>

m ⇠ m0e
�↵��

2) When does the exponential behaviour of the masses kick in?

?
[van de Heisteeg et al’22-23]

[Long et al’21][Long et al’21]

<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2

<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 = [Etheredge et al’22]

[Lee et al’19]

[Castellano et al’23]



Caveats to be better understood at the theoretical level in order to 
give precise phenomenological implications:

Phenomenological Implications

1) What is the value of the exponential rate? Is there a lower bound?
<latexit sha1_base64="UMusmqrd5tbxVX9EnfR9Xhe7WKM="></latexit>

�� . 1

�
log

✓
Mp

⇤

◆

??

<latexit sha1_base64="q++KTPFdaEuqc2CW+uIyPBSh8vs=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4MexKUE8S0IPHCOYB2Rh6J51kyMzuMjMrhCU3L/6KFw+KePUXvPk3Th4HTSxoKKq66e4KYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauQPpay6pbLl4n574IOIe+NcoDPhxjw9bubxbcMeg88SbkjyZotzKffntiCUSQ8MEaN3w3Ng0U1CGM4HDrJ9ojIH1oYsNS0OQqJvp+I8hPbJKm3YiZSs0dKz+nkhBaj2Qge2UYHp61huJ/3mNxHQumikP48RgyCaLOomgJqKjUGibK2RGDCwBpri9lbIeKGDGRpe1IXizL8+T6mnBOysUb4v50uU0jgzZJ4fkmHjknJTIDSmTCmHkkTyTV/LmPDkvzrvzMWldcKYze+QPnM8fs86ZNw==</latexit>

m ⇠ m0e
�↵��

2) When does the exponential behaviour of the masses kick in?

?
[van de Heisteeg et al’22-23]

[Long et al’21][Long et al’21]

3) This is a bound on geodesic distances, that must be read from the 
kinetic term of the scalars. What about non-geodesic trajectories? 
(related to constraints on the potential) [Calderon-Infante et al’20] [Freigang et al’23]…

<latexit sha1_base64="IY5c35pAYAvd4pTafnhMZVrG0zo=">AAACM3icbVDLSgMxFM3UV62vUZdugkVwY5kpRd0oghsRFxVsFTql3MlkNJhkhiQjlGH+yY0/4kIQF4q49R9MH4JaDwQO55yb5J4w5Uwbz3t2SlPTM7Nz5fnKwuLS8oq7utbWSaYIbZGEJ+oqBE05k7RlmOH0KlUURMjpZXh7PPAv76jSLJEXpp/SroBryWJGwFip554GsQKSB3eUBBJCDlgUuSgCEiUGT3jBmb05giL/JgfDiJ9HO/Wi51a9mjcEniT+mFTRGM2e+xhECckElYZw0Lrje6np5qAMI5wWlSDTNAVyC9e0Y6kEQXU3H+5c4C2rRDhOlD3S4KH6cyIHoXVfhDYpwNzov95A/M/rZCbe7+ZMppmhkoweijOOTYIHBeKIKUoM71sCRDH7V0xuwLZgbM0VW4L/d+VJ0q7X/N1a47xRPToc11FGG2gTbSMf7aEjdIKaqIUIukdP6BW9OQ/Oi/PufIyiJWc8s45+wfn8AlrOq+c=</latexit>

~rm

m
·
~r⇤

⇤
=

1

d� 2

<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 = [Etheredge et al’22]

[Lee et al’19]

[Castellano et al’23]



� ! 1
<latexit sha1_base64="NQ/wWlp6xQx62bmaxYaHBFxOVrA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJFHUlBTduhAr2IU0Ik+kkGTrJhJmJUkJx46+4caGIW7/CnX/jtM1CqwcuHM65l3vv8VNGpbKsL6O0sLi0vFJeraytb2xumds7HckzgUkbc8ZFz0eSMJqQtqKKkV4qCIp9Rrr+8GLid++IkJQnN2qUEjdGYUIDipHSkmfuhV5+ezWuOWlEjxxBw0ghIfg9tDyzatWtKeBfYhekCgq0PPPTGXCcxSRRmCEp+7aVKjdHQlHMyLjiZJKkCA9RSPqaJigm0s2nL4zhoVYGMOBCV6LgVP05kaNYylHs684YqUjOexPxP6+fqeDMzWmSZookeLYoyBhUHE7ygAMqCFZspAnCgupbIY6QQFjp1Co6BHv+5b+kc1y3T+qN60a1eV7EUQb74ADUgA1OQRNcghZoAwwewBN4Aa/Go/FsvBnvs9aSUczsgl8wPr4BpGCW8Q==</latexit>

gYM (�) ! 0

EFT

How does the tower/cut-off behaves 
in terms of EFT data?

<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 satisfying the Weak 
Gravity Conjecture

For weak coupling limits:



� ! 1
<latexit sha1_base64="NQ/wWlp6xQx62bmaxYaHBFxOVrA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJFHUlBTduhAr2IU0Ik+kkGTrJhJmJUkJx46+4caGIW7/CnX/jtM1CqwcuHM65l3vv8VNGpbKsL6O0sLi0vFJeraytb2xumds7HckzgUkbc8ZFz0eSMJqQtqKKkV4qCIp9Rrr+8GLid++IkJQnN2qUEjdGYUIDipHSkmfuhV5+ezWuOWlEjxxBw0ghIfg9tDyzatWtKeBfYhekCgq0PPPTGXCcxSRRmCEp+7aVKjdHQlHMyLjiZJKkCA9RSPqaJigm0s2nL4zhoVYGMOBCV6LgVP05kaNYylHs684YqUjOexPxP6+fqeDMzWmSZookeLYoyBhUHE7ygAMqCFZspAnCgupbIY6QQFjp1Co6BHv+5b+kc1y3T+qN60a1eV7EUQb74ADUgA1OQRNcghZoAwwewBN4Aa/Go/FsvBnvs9aSUczsgl8wPr4BpGCW8Q==</latexit>

gYM (�) ! 0

EFT

How does the tower/cut-off behaves 
in terms of EFT data?

<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 satisfying the Weak 
Gravity Conjecture

For weak coupling limits:

EFT breaks down at

Lower bound on gauge coupling!

<latexit sha1_base64="e6j5CVZ/MWgglC5zTOX5XuwfzS4=">AAACCHicbVDLSgMxFM3UV62vUZcuDBbBVZmRoq6k4MaFhQr2IZ1xyGTSNjTJDElGKEOXbvwVNy4UcesnuPNvTOsstPVA4HDOudzcEyaMKu04X1ZhYXFpeaW4Wlpb39jcsrd3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw4uJ374nUtFY3OhRQnyO+oL2KEbaSIG9712ZcIQ8RpRSlMN+kHmSw9v6+C6pB0lgl52KMwWcJ25OyiBHI7A/vSjGKSdCY4aU6rpOov0MSU0xI+OSlyqSIDxEfdI1VCBOlJ9NDxnDQ6NEsBdL84SGU/X3RIa4UiMemiRHeqBmvYn4n9dNde/Mz6hIUk0E/lnUSxnUMZy0AiMqCdZsZAjCkpq/QjxAEmFtuiuZEtzZk+dJ67jinlSq19Vy7Tyvowj2wAE4Ai44BTVwCRqgCTB4AE/gBbxaj9az9Wa9/0QLVj6zC/7A+vgGhoSZqA==</latexit>

⇤ . gpYMMp

<latexit sha1_base64="MCz2FYZoBCxdpdYS5iJdJUUTySE=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVzXRoq6k4MZlBfuANpTJdNIOnUzizESooV/ixoUibv0Ud/6N0zQLbT1wL4dz7mXuHD/mTGnH+bYKK6tr6xvFzdLW9s5u2d7bb6kokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH9/M/PYjlYpF4l5PYuqFeChYwAjWRurbZff0vMfpA4qz7vbtilN1MqBl4uakAjkaffurN4hIElKhCcdKdV0n1l6KpWaE02mplygaYzLGQ9o1VOCQKi/NDp+iY6MMUBBJU0KjTP29keJQqUnom8kQ65Fa9Gbif1430cGVlzIRJ5oKMn8oSDjSEZqlgAZMUqL5xBBMJDO3IjLCEhNtsiqZENzFLy+T1lnVvajW7mqV+nUeRxEO4QhOwIVLqMMtNKAJBBJ4hld4s56sF+vd+piPFqx85wD+wPr8AeogkfY=</latexit>

1/3  p  1with



� ! 1
<latexit sha1_base64="NQ/wWlp6xQx62bmaxYaHBFxOVrA=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1iEuimJFHUlBTduhAr2IU0Ik+kkGTrJhJmJUkJx46+4caGIW7/CnX/jtM1CqwcuHM65l3vv8VNGpbKsL6O0sLi0vFJeraytb2xumds7HckzgUkbc8ZFz0eSMJqQtqKKkV4qCIp9Rrr+8GLid++IkJQnN2qUEjdGYUIDipHSkmfuhV5+ezWuOWlEjxxBw0ghIfg9tDyzatWtKeBfYhekCgq0PPPTGXCcxSRRmCEp+7aVKjdHQlHMyLjiZJKkCA9RSPqaJigm0s2nL4zhoVYGMOBCV6LgVP05kaNYylHs684YqUjOexPxP6+fqeDMzWmSZookeLYoyBhUHE7ygAMqCFZspAnCgupbIY6QQFjp1Co6BHv+5b+kc1y3T+qN60a1eV7EUQb74ADUgA1OQRNcghZoAwwewBN4Aa/Go/FsvBnvs9aSUczsgl8wPr4BpGCW8Q==</latexit>

gYM (�) ! 0

EFT

How does the tower/cut-off behaves 
in terms of EFT data?

<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 satisfying the Weak 
Gravity Conjecture

For weak coupling limits:

Small gauge couplings are problematic since the cut-off gets reduced

EFT breaks down at

Lower bound on gauge coupling!

<latexit sha1_base64="e6j5CVZ/MWgglC5zTOX5XuwfzS4=">AAACCHicbVDLSgMxFM3UV62vUZcuDBbBVZmRoq6k4MaFhQr2IZ1xyGTSNjTJDElGKEOXbvwVNy4UcesnuPNvTOsstPVA4HDOudzcEyaMKu04X1ZhYXFpeaW4Wlpb39jcsrd3WipOJSZNHLNYdkKkCKOCNDXVjHQSSRAPGWmHw4uJ374nUtFY3OhRQnyO+oL2KEbaSIG9712ZcIQ8RpRSlMN+kHmSw9v6+C6pB0lgl52KMwWcJ25OyiBHI7A/vSjGKSdCY4aU6rpOov0MSU0xI+OSlyqSIDxEfdI1VCBOlJ9NDxnDQ6NEsBdL84SGU/X3RIa4UiMemiRHeqBmvYn4n9dNde/Mz6hIUk0E/lnUSxnUMZy0AiMqCdZsZAjCkpq/QjxAEmFtuiuZEtzZk+dJ67jinlSq19Vy7Tyvowj2wAE4Ai44BTVwCRqgCTB4AE/gBbxaj9az9Wa9/0QLVj6zC/7A+vgGhoSZqA==</latexit>

⇤ . gpYMMp

<latexit sha1_base64="MCz2FYZoBCxdpdYS5iJdJUUTySE=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVzXRoq6k4MZlBfuANpTJdNIOnUzizESooV/ixoUibv0Ud/6N0zQLbT1wL4dz7mXuHD/mTGnH+bYKK6tr6xvFzdLW9s5u2d7bb6kokYQ2ScQj2fGxopwJ2tRMc9qJJcWhz2nbH9/M/PYjlYpF4l5PYuqFeChYwAjWRurbZff0vMfpA4qz7vbtilN1MqBl4uakAjkaffurN4hIElKhCcdKdV0n1l6KpWaE02mplygaYzLGQ9o1VOCQKi/NDp+iY6MMUBBJU0KjTP29keJQqUnom8kQ65Fa9Gbif1430cGVlzIRJ5oKMn8oSDjSEZqlgAZMUqL5xBBMJDO3IjLCEhNtsiqZENzFLy+T1lnVvajW7mqV+nUeRxEO4QhOwIVLqMMtNKAJBBJ4hld4s56sF+vd+piPFqx85wD+wPr8AeogkfY=</latexit>

1/3  p  1with



Weak Gravity Conjecture
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Weak Gravity conjecture: [Arkani-Hamed et al’06]

Given a gauge theory coupled to gravity, there must exist an electrically 
charged state with: (extremality bound of the black holes)
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Q = q gYM

gauge couplingquantized charge
mass
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Q = q gYM

gauge couplingquantized charge
mass

• Independent motivation based on 
black hole physics

• Evidence based on string theory, 
AdS/CFT, scattering amplitudes,…

review: [Harlow et al’22]
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• Independent motivation based on 
black hole physics

• Evidence based on string theory, 
AdS/CFT, scattering amplitudes,…

review: [Harlow et al’22]
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Festina Lente:

Motivated by a similar reasoning than the WGC for BHs in dS space

Given a gauge theory coupled to gravity in dS space, all particles must 
satisfy:
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p
6 gHMp to allow BHs to evaporate back to dS

[Montero et al’19]



[Reece’18]
[Montero,Muñoz,Obied’22] 
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ruled out by 
swampland

Phenomenological implications

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
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Universal consequence of 
asymptotic regimes:

 light tower of states

?
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�

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

V (�)

Asymptotic vacuum energy

<latexit sha1_base64="HJn84n/remnRHyk5F+Q+rlDkcNM=">AAAB7nicdVDLSgMxFM34rPVVdekmWIS6GTLjVNuNFNy4rGAf0A4lk6ZtaDITkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE0nOtEHow1lZXVvf2Mxt5bd3dvf2CweHTZ2kitAGSXii2hHWlLOYNgwznLalolhEnLai8fXMb91TpVkS35mJpKHAw5gNGMHGSi1R6soRO+sVisitVlEQlCFyy8j3/Yol6NyvVD3ouWiOIlii3iu8d/sJSQWNDeFY646HpAkzrAwjnE7z3VRTickYD2nH0hgLqsNsfu4UnlqlDweJshUbOFe/T2RYaD0Rke0U2Iz0b28m/uV1UjOohBmLZWpoTBaLBimHJoGz32GfKUoMn1iCiWL2VkhGWGFibEJ5G8LXp/B/0vRd78INboNi7WoZRw4cgxNQAh64BDVwA+qgAQgYgwfwBJ4d6Tw6L87ronXFWc4cgR9w3j4BEvSPaQ==</latexit>

m(�)



Universal consequence of 
asymptotic regimes:

 light tower of states

?
<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 (�)

Asymptotic vacuum energy

<latexit sha1_base64="HJn84n/remnRHyk5F+Q+rlDkcNM=">AAAB7nicdVDLSgMxFM34rPVVdekmWIS6GTLjVNuNFNy4rGAf0A4lk6ZtaDITkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE0nOtEHow1lZXVvf2Mxt5bd3dvf2CweHTZ2kitAGSXii2hHWlLOYNgwznLalolhEnLai8fXMb91TpVkS35mJpKHAw5gNGMHGSi1R6soRO+sVisitVlEQlCFyy8j3/Yol6NyvVD3ouWiOIlii3iu8d/sJSQWNDeFY646HpAkzrAwjnE7z3VRTickYD2nH0hgLqsNsfu4UnlqlDweJshUbOFe/T2RYaD0Rke0U2Iz0b28m/uV1UjOohBmLZWpoTBaLBimHJoGz32GfKUoMn1iCiWL2VkhGWGFibEJ5G8LXp/B/0vRd78INboNi7WoZRw4cgxNQAh64BDVwA+qgAQgYgwfwBJ4d6Tw6L87ronXFWc4cgR9w3j4BEvSPaQ==</latexit>

m(�)

Zone 1
Zone 2



Universal consequence of 
asymptotic regimes:

 light tower of states

How does the tower of states relates to the vacuum energy?

?
<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 (�)

Asymptotic vacuum energy

<latexit sha1_base64="HJn84n/remnRHyk5F+Q+rlDkcNM=">AAAB7nicdVDLSgMxFM34rPVVdekmWIS6GTLjVNuNFNy4rGAf0A4lk6ZtaDITkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE0nOtEHow1lZXVvf2Mxt5bd3dvf2CweHTZ2kitAGSXii2hHWlLOYNgwznLalolhEnLai8fXMb91TpVkS35mJpKHAw5gNGMHGSi1R6soRO+sVisitVlEQlCFyy8j3/Yol6NyvVD3ouWiOIlii3iu8d/sJSQWNDeFY646HpAkzrAwjnE7z3VRTickYD2nH0hgLqsNsfu4UnlqlDweJshUbOFe/T2RYaD0Rke0U2Iz0b28m/uV1UjOohBmLZWpoTBaLBimHJoGz32GfKUoMn1iCiWL2VkhGWGFibEJ5G8LXp/B/0vRd78INboNi7WoZRw4cgxNQAh64BDVwA+qgAQgYgwfwBJ4d6Tw6L87ronXFWc4cgR9w3j4BEvSPaQ==</latexit>

m(�)

Zone 1
Zone 2



Universal consequence of 
asymptotic regimes:

 light tower of states

How does the tower of states relates to the vacuum energy?

?
<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 (�)

Asymptotic vacuum energy

<latexit sha1_base64="HJn84n/remnRHyk5F+Q+rlDkcNM=">AAAB7nicdVDLSgMxFM34rPVVdekmWIS6GTLjVNuNFNy4rGAf0A4lk6ZtaDITkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE0nOtEHow1lZXVvf2Mxt5bd3dvf2CweHTZ2kitAGSXii2hHWlLOYNgwznLalolhEnLai8fXMb91TpVkS35mJpKHAw5gNGMHGSi1R6soRO+sVisitVlEQlCFyy8j3/Yol6NyvVD3ouWiOIlii3iu8d/sJSQWNDeFY646HpAkzrAwjnE7z3VRTickYD2nH0hgLqsNsfu4UnlqlDweJshUbOFe/T2RYaD0Rke0U2Iz0b28m/uV1UjOohBmLZWpoTBaLBimHJoGz32GfKUoMn1iCiWL2VkhGWGFibEJ5G8LXp/B/0vRd78INboNi7WoZRw4cgxNQAh64BDVwA+qgAQgYgwfwBJ4d6Tw6L87ronXFWc4cgR9w3j4BEvSPaQ==</latexit>

m(�)

<latexit sha1_base64="g8lfZOb5fonk21RfSmWT+yp/SUY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Mpof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLS0zRWiTSC5VJ8KaciZo0zDDaSdVFCcRp+1odDfz22OqNJPi0UxSGiR4IFjMCDZWCl23FXo9xQZDg5WST8gL3apX8+ZAq8QvSBUKNEL3q9eXJEuoMIRjrbu+l5ogx8owwum00ss0TTEZ4QHtWipwQnWQzy+fojOr9FEslS1h0Fz9PZHjROtJEtnOBJuhXvZm4n9eNzPxTZAzkWaGCrJYFGccGYlmMaA+U5QYPrEEE8XsrYgMscLE2LAqNgR/+eVV0rqo+Ve1y4fLav22iKMMJ3AK5+DDNdThHhrQBAJjeIZXeHNy58V5dz4WrSWnmDmGP3A+fwDfzJMq</latexit>

V0 ! 0
<latexit sha1_base64="1L89BOZKyY+2bslrv51UCcLh8O4=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUpQBYwVLIxFog+pCdGN67RW7SSyHVAVdWHhV1gYQIiVf2Djb3AfA7QcydLROffq+pww5Uxpx/m2CkvLK6trxfXSxubW9o69u9dUSSYJbZCEJ7IdgqKcxbShmea0nUoKIuS0FQ6uxn7rnkrFkvhWD1PqC+jFLGIEtJEC+7AZOJ5iAos7D3jahyD3pMA6eaByFNhlp+JMgBeJOyNlNEM9sL+8bkIyQWNNOCjVcZ1U+zlIzQino5KXKZoCGUCPdgyNQVDl55MUI3xslC6OEmlerPFE/b2Rg1BqKEIzKUD31bw3Fv/zOpmOLvycxWmmaUymh6KMm5B4XAnuMkmJ5kNDgEhm/opJHyQQbYormRLc+ciLpHlacc8q1ZtquXY5q6OIDtAROkEuOkc1dI3qqIEIekTP6BW9WU/Wi/VufUxHC9ZsZx/9gfX5A2CCmIY=</latexit>

V0 ⇠ m↵
tower in Planck units,   as

Zone 1
Zone 2



?
<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 (�)

What is the asymptotic behaviour of the potential?

<latexit sha1_base64="HJn84n/remnRHyk5F+Q+rlDkcNM=">AAAB7nicdVDLSgMxFM34rPVVdekmWIS6GTLjVNuNFNy4rGAf0A4lk6ZtaDITkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE0nOtEHow1lZXVvf2Mxt5bd3dvf2CweHTZ2kitAGSXii2hHWlLOYNgwznLalolhEnLai8fXMb91TpVkS35mJpKHAw5gNGMHGSi1R6soRO+sVisitVlEQlCFyy8j3/Yol6NyvVD3ouWiOIlii3iu8d/sJSQWNDeFY646HpAkzrAwjnE7z3VRTickYD2nH0hgLqsNsfu4UnlqlDweJshUbOFe/T2RYaD0Rke0U2Iz0b28m/uV1UjOohBmLZWpoTBaLBimHJoGz32GfKUoMn1iCiWL2VkhGWGFibEJ5G8LXp/B/0vRd78INboNi7WoZRw4cgxNQAh64BDVwA+qgAQgYgwfwBJ4d6Tw6L87ronXFWc4cgR9w3j4BEvSPaQ==</latexit>

m(�)

 Could the universe be accelerating forever?

Zone 1

Asymptotic vacuum energy



?
<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 (�)

What is the asymptotic behaviour of the potential?

The vacuum energy goes to zero asymptotically
(even in non-SUSY string theories)

<latexit sha1_base64="ZWaCfGB8hV6fZoX4ibvzGWQTtoI=">AAACEHicbVC7SgNBFJ31GeMramkzGMRYGHYlqJUEbCwjmAdkY7g7mc0OmdkdZmbFEPIJNv6KjYUitpZ2/o2TR6GJBy4czrmXe+8JJGfauO63s7C4tLyymlnLrm9sbm3ndnZrOkkVoVWS8EQ1AtCUs5hWDTOcNqSiIAJO60HvauTX76nSLIlvTV/SloBuzEJGwFipnTuq+ZoJXGu7Pn2QhRO/C0KALyN2PDbEnQ9cRtDO5d2iOwaeJ96U5NEUlXbuy+8kJBU0NoSD1k3PlaY1AGUY4XSY9VNNJZAedGnT0hgE1a3B+KEhPrRKB4eJshUbPFZ/TwxAaN0Xge0UYCI9643E/7xmasKL1oDFMjU0JpNFYcqxSfAoHdxhihLD+5YAUczeikkECoixGWZtCN7sy/Okdlr0zoqlm1K+fDmNI4P20QEqIA+dozK6RhVURQQ9omf0it6cJ+fFeXc+Jq0LznRmD/2B8/kDivKcSw==</latexit>

V ⇠ V0 exp(���) ⇠ m↵
in Planck units

<latexit sha1_base64="HJn84n/remnRHyk5F+Q+rlDkcNM=">AAAB7nicdVDLSgMxFM34rPVVdekmWIS6GTLjVNuNFNy4rGAf0A4lk6ZtaDITkoxQhn6EGxeKuPV73Pk3pg9BRQ9cOJxzL/feE0nOtEHow1lZXVvf2Mxt5bd3dvf2CweHTZ2kitAGSXii2hHWlLOYNgwznLalolhEnLai8fXMb91TpVkS35mJpKHAw5gNGMHGSi1R6soRO+sVisitVlEQlCFyy8j3/Yol6NyvVD3ouWiOIlii3iu8d/sJSQWNDeFY646HpAkzrAwjnE7z3VRTickYD2nH0hgLqsNsfu4UnlqlDweJshUbOFe/T2RYaD0Rke0U2Iz0b28m/uV1UjOohBmLZWpoTBaLBimHJoGz32GfKUoMn1iCiWL2VkhGWGFibEJ5G8LXp/B/0vRd78INboNi7WoZRw4cgxNQAh64BDVwA+qgAQgYgwfwBJ4d6Tw6L87ronXFWc4cgR9w3j4BEvSPaQ==</latexit>

m(�)

 Could the universe be accelerating forever?

Zone 1

Asymptotic vacuum energy



Asymptotic potential at parametric control

Asymptotically:
<latexit sha1_base64="ZWaCfGB8hV6fZoX4ibvzGWQTtoI=">AAACEHicbVC7SgNBFJ31GeMramkzGMRYGHYlqJUEbCwjmAdkY7g7mc0OmdkdZmbFEPIJNv6KjYUitpZ2/o2TR6GJBy4czrmXe+8JJGfauO63s7C4tLyymlnLrm9sbm3ndnZrOkkVoVWS8EQ1AtCUs5hWDTOcNqSiIAJO60HvauTX76nSLIlvTV/SloBuzEJGwFipnTuq+ZoJXGu7Pn2QhRO/C0KALyN2PDbEnQ9cRtDO5d2iOwaeJ96U5NEUlXbuy+8kJBU0NoSD1k3PlaY1AGUY4XSY9VNNJZAedGnT0hgE1a3B+KEhPrRKB4eJshUbPFZ/TwxAaN0Xge0UYCI9643E/7xmasKL1oDFMjU0JpNFYcqxSfAoHdxhihLD+5YAUczeikkECoixGWZtCN7sy/Okdlr0zoqlm1K+fDmNI4P20QEqIA+dozK6RhVURQQ9omf0it6cJ+fFeXc+Jq0LznRmD/2B8/kDivKcSw==</latexit>

V ⇠ V0 exp(���) ⇠ m↵ in Planck units



Asymptotic potential at parametric control

Asymptotically:
<latexit sha1_base64="ZWaCfGB8hV6fZoX4ibvzGWQTtoI=">AAACEHicbVC7SgNBFJ31GeMramkzGMRYGHYlqJUEbCwjmAdkY7g7mc0OmdkdZmbFEPIJNv6KjYUitpZ2/o2TR6GJBy4czrmXe+8JJGfauO63s7C4tLyymlnLrm9sbm3ndnZrOkkVoVWS8EQ1AtCUs5hWDTOcNqSiIAJO60HvauTX76nSLIlvTV/SloBuzEJGwFipnTuq+ZoJXGu7Pn2QhRO/C0KALyN2PDbEnQ9cRtDO5d2iOwaeJ96U5NEUlXbuy+8kJBU0NoSD1k3PlaY1AGUY4XSY9VNNJZAedGnT0hgE1a3B+KEhPrRKB4eJshUbPFZ/TwxAaN0Xge0UYCI9643E/7xmasKL1oDFMjU0JpNFYcqxSfAoHdxhihLD+5YAUczeikkECoixGWZtCN7sy/Okdlr0zoqlm1K+fDmNI4P20QEqIA+dozK6RhVURQQ9omf0it6cJ+fFeXc+Jq0LznRmD/2B8/kDivKcSw==</latexit>

V ⇠ V0 exp(���) ⇠ m↵ in Planck units

• Swampland motivation: consequence of the light tower of states

<latexit sha1_base64="T7olc4R1qxOh2ItEFjnRFP7c/hE=">AAACFXicbVDLSgNBEJz1bXxFPXoZDEIECbsi6kUJePFmBPOAbAi9k9lkyMzsOjMrhGV/wou/4sWDIl4Fb/6Nk8dBEwsaiqpuuruCmDNtXPfbmZtfWFxaXlnNra1vbG7lt3dqOkoUoVUS8Ug1AtCUM0mrhhlOG7GiIAJO60H/aujXH6jSLJJ3ZhDTloCuZCEjYKzUzh/5XRACLvxQAUl9CQEHXMvSWuZ36T32BZgeAZ7eZEXvsJ0vuCV3BDxLvAkpoAkq7fyX34lIIqg0hIPWTc+NTSsFZRjhNMv5iaYxkD50adNSCYLqVjr6KsMHVungMFK2pMEj9fdECkLrgQhs5/BKPe0Nxf+8ZmLC81bKZJwYKsl4UZhwbCI8jAh3mKLE8IElQBSzt2LSA5uPsUHmbAje9MuzpHZc8k5LJ7cnhfLlJI4VtIf2URF56AyV0TWqoCoi6BE9o1f05jw5L8678zFunXMmM7voD5zPHyfXnso=</latexit>

� =
rV

V
� O(1)Asymptotic deSitter conjecture:

[Ooguri,Palti,Shiu,Vafa’18]



Asymptotic potential at parametric control

Asymptotically:
<latexit sha1_base64="ZWaCfGB8hV6fZoX4ibvzGWQTtoI=">AAACEHicbVC7SgNBFJ31GeMramkzGMRYGHYlqJUEbCwjmAdkY7g7mc0OmdkdZmbFEPIJNv6KjYUitpZ2/o2TR6GJBy4czrmXe+8JJGfauO63s7C4tLyymlnLrm9sbm3ndnZrOkkVoVWS8EQ1AtCUs5hWDTOcNqSiIAJO60HvauTX76nSLIlvTV/SloBuzEJGwFipnTuq+ZoJXGu7Pn2QhRO/C0KALyN2PDbEnQ9cRtDO5d2iOwaeJ96U5NEUlXbuy+8kJBU0NoSD1k3PlaY1AGUY4XSY9VNNJZAedGnT0hgE1a3B+KEhPrRKB4eJshUbPFZ/TwxAaN0Xge0UYCI9643E/7xmasKL1oDFMjU0JpNFYcqxSfAoHdxhihLD+5YAUczeikkECoixGWZtCN7sy/Okdlr0zoqlm1K+fDmNI4P20QEqIA+dozK6RhVURQQ9omf0it6cJ+fFeXc+Jq0LznRmD/2B8/kDivKcSw==</latexit>

V ⇠ V0 exp(���) ⇠ m↵ in Planck units

• Swampland motivation: consequence of the light tower of states

<latexit sha1_base64="T7olc4R1qxOh2ItEFjnRFP7c/hE=">AAACFXicbVDLSgNBEJz1bXxFPXoZDEIECbsi6kUJePFmBPOAbAi9k9lkyMzsOjMrhGV/wou/4sWDIl4Fb/6Nk8dBEwsaiqpuuruCmDNtXPfbmZtfWFxaXlnNra1vbG7lt3dqOkoUoVUS8Ug1AtCUM0mrhhlOG7GiIAJO60H/aujXH6jSLJJ3ZhDTloCuZCEjYKzUzh/5XRACLvxQAUl9CQEHXMvSWuZ36T32BZgeAZ7eZEXvsJ0vuCV3BDxLvAkpoAkq7fyX34lIIqg0hIPWTc+NTSsFZRjhNMv5iaYxkD50adNSCYLqVjr6KsMHVungMFK2pMEj9fdECkLrgQhs5/BKPe0Nxf+8ZmLC81bKZJwYKsl4UZhwbCI8jAh3mKLE8IElQBSzt2LSA5uPsUHmbAje9MuzpHZc8k5LJ7cnhfLlJI4VtIf2URF56AyV0TWqoCoi6BE9o1f05jw5L8678zFunXMmM7voD5zPHyfXnso=</latexit>

� =
rV

V
� O(1)Asymptotic deSitter conjecture:

[Ooguri,Palti,Shiu,Vafa’18]

[Grimm et al’19][Wrase,Junghans,Andriot… ’18-19]• Plethora of string theory evidence:
(new no-go’s for dS at parametric control)



Asymptotic potential at parametric control

Asymptotically:
<latexit sha1_base64="ZWaCfGB8hV6fZoX4ibvzGWQTtoI=">AAACEHicbVC7SgNBFJ31GeMramkzGMRYGHYlqJUEbCwjmAdkY7g7mc0OmdkdZmbFEPIJNv6KjYUitpZ2/o2TR6GJBy4czrmXe+8JJGfauO63s7C4tLyymlnLrm9sbm3ndnZrOkkVoVWS8EQ1AtCUs5hWDTOcNqSiIAJO60HvauTX76nSLIlvTV/SloBuzEJGwFipnTuq+ZoJXGu7Pn2QhRO/C0KALyN2PDbEnQ9cRtDO5d2iOwaeJ96U5NEUlXbuy+8kJBU0NoSD1k3PlaY1AGUY4XSY9VNNJZAedGnT0hgE1a3B+KEhPrRKB4eJshUbPFZ/TwxAaN0Xge0UYCI9643E/7xmasKL1oDFMjU0JpNFYcqxSfAoHdxhihLD+5YAUczeikkECoixGWZtCN7sy/Okdlr0zoqlm1K+fDmNI4P20QEqIA+dozK6RhVURQQ9omf0it6cJ+fFeXc+Jq0LznRmD/2B8/kDivKcSw==</latexit>

V ⇠ V0 exp(���) ⇠ m↵ in Planck units

• Swampland motivation: consequence of the light tower of states

<latexit sha1_base64="T7olc4R1qxOh2ItEFjnRFP7c/hE=">AAACFXicbVDLSgNBEJz1bXxFPXoZDEIECbsi6kUJePFmBPOAbAi9k9lkyMzsOjMrhGV/wou/4sWDIl4Fb/6Nk8dBEwsaiqpuuruCmDNtXPfbmZtfWFxaXlnNra1vbG7lt3dqOkoUoVUS8Ug1AtCUM0mrhhlOG7GiIAJO60H/aujXH6jSLJJ3ZhDTloCuZCEjYKzUzh/5XRACLvxQAUl9CQEHXMvSWuZ36T32BZgeAZ7eZEXvsJ0vuCV3BDxLvAkpoAkq7fyX34lIIqg0hIPWTc+NTSsFZRjhNMv5iaYxkD50adNSCYLqVjr6KsMHVungMFK2pMEj9fdECkLrgQhs5/BKPe0Nxf+8ZmLC81bKZJwYKsl4UZhwbCI8jAh3mKLE8IElQBSzt2LSA5uPsUHmbAje9MuzpHZc8k5LJ7cnhfLlJI4VtIf2URF56AyV0TWqoCoi6BE9o1f05jw5L8678zFunXMmM7voD5zPHyfXnso=</latexit>

� =
rV

V
� O(1)Asymptotic deSitter conjecture:

[Ooguri,Palti,Shiu,Vafa’18]

What is
<latexit sha1_base64="kULVkQScZ9P2ReBim3p3h3q1E3Y=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTeyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3IjCUM0mblllOO4mmICJO29H4dua3n6g2TMkHO0loKGAoWcwIWCe1ekMQAvrlil/158CrJMhJBeVo9MtfvYEiqaDSEg7GdAM/sWEG2jLC6bTUSw1NgIxhSLuOShDUhNn82ik+c8oAx0q7khbP1d8TGQhjJiJynQLsyCx7M/E/r5va+DrMmExSSyVZLIpTjq3Cs9fxgGlKLJ84AkQzdysmI9BArAuo5EIIll9eJa2LanBZrd3XKvWbPI4iOkGn6BwF6ArV0R1qoCYi6BE9o1f05invxXv3PhatBS+fOUZ/4H3+AIiljxo=</latexit>� ? Could it describe an accelerating cosmology?

If
<latexit sha1_base64="YM6jGQCCtv/Fv3chMmFoing2hTE=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBjSUpRV1JwY3LCvYBTSiT6aQdOjNJZyZCCVm68VfcuFDErZ/gzr9x2mahrQcuHM65l3vvCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ubz8QqWgk7vUkJj5HA0FDipE2Us8+9gaIc+QxMoZeKBFOq1nqqbHUaf+8mmU9u+xUnBngMnFzUgY5Gj37y+tHOOFEaMyQUl3XibWfIqkpZiQreYkiMcIjNCBdQwXiRPnp7JEMnhqlD8NImhIaztTfEyniSk14YDo50kO16E3F/7xuosMrP6UiTjQReL4oTBjUEZymAvtUEqzZxBCEJTW3QjxEJg5tsiuZENzFl5dJq1pxLyq1u1q5fp3HUQRH4AScARdcgjq4BQ3QBBg8gmfwCt6sJ+vFerc+5q0FK585BH9gff4AC7aZ/g==</latexit>

�  2p
d� 2

accelerated expansion à la quintessenceNotice!

[Grimm et al’19][Wrase,Junghans,Andriot… ’18-19]• Plethora of string theory evidence:
(new no-go’s for dS at parametric control)



Asymptotic potential at parametric control

Asymptotically:
<latexit sha1_base64="ZWaCfGB8hV6fZoX4ibvzGWQTtoI=">AAACEHicbVC7SgNBFJ31GeMramkzGMRYGHYlqJUEbCwjmAdkY7g7mc0OmdkdZmbFEPIJNv6KjYUitpZ2/o2TR6GJBy4czrmXe+8JJGfauO63s7C4tLyymlnLrm9sbm3ndnZrOkkVoVWS8EQ1AtCUs5hWDTOcNqSiIAJO60HvauTX76nSLIlvTV/SloBuzEJGwFipnTuq+ZoJXGu7Pn2QhRO/C0KALyN2PDbEnQ9cRtDO5d2iOwaeJ96U5NEUlXbuy+8kJBU0NoSD1k3PlaY1AGUY4XSY9VNNJZAedGnT0hgE1a3B+KEhPrRKB4eJshUbPFZ/TwxAaN0Xge0UYCI9643E/7xmasKL1oDFMjU0JpNFYcqxSfAoHdxhihLD+5YAUczeikkECoixGWZtCN7sy/Okdlr0zoqlm1K+fDmNI4P20QEqIA+dozK6RhVURQQ9omf0it6cJ+fFeXc+Jq0LznRmD/2B8/kDivKcSw==</latexit>

V ⇠ V0 exp(���) ⇠ m↵ in Planck units

• Swampland motivation: consequence of the light tower of states

<latexit sha1_base64="T7olc4R1qxOh2ItEFjnRFP7c/hE=">AAACFXicbVDLSgNBEJz1bXxFPXoZDEIECbsi6kUJePFmBPOAbAi9k9lkyMzsOjMrhGV/wou/4sWDIl4Fb/6Nk8dBEwsaiqpuuruCmDNtXPfbmZtfWFxaXlnNra1vbG7lt3dqOkoUoVUS8Ug1AtCUM0mrhhlOG7GiIAJO60H/aujXH6jSLJJ3ZhDTloCuZCEjYKzUzh/5XRACLvxQAUl9CQEHXMvSWuZ36T32BZgeAZ7eZEXvsJ0vuCV3BDxLvAkpoAkq7fyX34lIIqg0hIPWTc+NTSsFZRjhNMv5iaYxkD50adNSCYLqVjr6KsMHVungMFK2pMEj9fdECkLrgQhs5/BKPe0Nxf+8ZmLC81bKZJwYKsl4UZhwbCI8jAh3mKLE8IElQBSzt2LSA5uPsUHmbAje9MuzpHZc8k5LJ7cnhfLlJI4VtIf2URF56AyV0TWqoCoi6BE9o1f05jw5L8678zFunXMmM7voD5zPHyfXnso=</latexit>

� =
rV

V
� O(1)Asymptotic deSitter conjecture:

[Ooguri,Palti,Shiu,Vafa’18]

What is
<latexit sha1_base64="kULVkQScZ9P2ReBim3p3h3q1E3Y=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTeyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3IjCUM0mblllOO4mmICJO29H4dua3n6g2TMkHO0loKGAoWcwIWCe1ekMQAvrlil/158CrJMhJBeVo9MtfvYEiqaDSEg7GdAM/sWEG2jLC6bTUSw1NgIxhSLuOShDUhNn82ik+c8oAx0q7khbP1d8TGQhjJiJynQLsyCx7M/E/r5va+DrMmExSSyVZLIpTjq3Cs9fxgGlKLJ84AkQzdysmI9BArAuo5EIIll9eJa2LanBZrd3XKvWbPI4iOkGn6BwF6ArV0R1qoCYi6BE9o1f05invxXv3PhatBS+fOUZ/4H3+AIiljxo=</latexit>� ? Could it describe an accelerating cosmology?

If
<latexit sha1_base64="YM6jGQCCtv/Fv3chMmFoing2hTE=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBjSUpRV1JwY3LCvYBTSiT6aQdOjNJZyZCCVm68VfcuFDErZ/gzr9x2mahrQcuHM65l3vvCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ubz8QqWgk7vUkJj5HA0FDipE2Us8+9gaIc+QxMoZeKBFOq1nqqbHUaf+8mmU9u+xUnBngMnFzUgY5Gj37y+tHOOFEaMyQUl3XibWfIqkpZiQreYkiMcIjNCBdQwXiRPnp7JEMnhqlD8NImhIaztTfEyniSk14YDo50kO16E3F/7xuosMrP6UiTjQReL4oTBjUEZymAvtUEqzZxBCEJTW3QjxEJg5tsiuZENzFl5dJq1pxLyq1u1q5fp3HUQRH4AScARdcgjq4BQ3QBBg8gmfwCt6sJ+vFerc+5q0FK585BH9gff4AC7aZ/g==</latexit>

�  2p
d� 2

accelerated expansion à la quintessenceNotice!

[Li,Grimm,IV’19][Valeixo et al’20] [Andriot et al’20-22] [Cicoli et al’21-22] [Calderon-
Infante et al’22] [Shiu,Tonioni’23] [Cremonini et al’23][Hebecker et al’23]…

Many recent checks in string theory
(no clear no-go yet)

[Grimm et al’19][Wrase,Junghans,Andriot… ’18-19]• Plethora of string theory evidence:
(new no-go’s for dS at parametric control)



Asymptotic potential at parametric control

Asymptotically:
<latexit sha1_base64="ZWaCfGB8hV6fZoX4ibvzGWQTtoI=">AAACEHicbVC7SgNBFJ31GeMramkzGMRYGHYlqJUEbCwjmAdkY7g7mc0OmdkdZmbFEPIJNv6KjYUitpZ2/o2TR6GJBy4czrmXe+8JJGfauO63s7C4tLyymlnLrm9sbm3ndnZrOkkVoVWS8EQ1AtCUs5hWDTOcNqSiIAJO60HvauTX76nSLIlvTV/SloBuzEJGwFipnTuq+ZoJXGu7Pn2QhRO/C0KALyN2PDbEnQ9cRtDO5d2iOwaeJ96U5NEUlXbuy+8kJBU0NoSD1k3PlaY1AGUY4XSY9VNNJZAedGnT0hgE1a3B+KEhPrRKB4eJshUbPFZ/TwxAaN0Xge0UYCI9643E/7xmasKL1oDFMjU0JpNFYcqxSfAoHdxhihLD+5YAUczeikkECoixGWZtCN7sy/Okdlr0zoqlm1K+fDmNI4P20QEqIA+dozK6RhVURQQ9omf0it6cJ+fFeXc+Jq0LznRmD/2B8/kDivKcSw==</latexit>

V ⇠ V0 exp(���) ⇠ m↵ in Planck units

• Swampland motivation: consequence of the light tower of states

<latexit sha1_base64="T7olc4R1qxOh2ItEFjnRFP7c/hE=">AAACFXicbVDLSgNBEJz1bXxFPXoZDEIECbsi6kUJePFmBPOAbAi9k9lkyMzsOjMrhGV/wou/4sWDIl4Fb/6Nk8dBEwsaiqpuuruCmDNtXPfbmZtfWFxaXlnNra1vbG7lt3dqOkoUoVUS8Ug1AtCUM0mrhhlOG7GiIAJO60H/aujXH6jSLJJ3ZhDTloCuZCEjYKzUzh/5XRACLvxQAUl9CQEHXMvSWuZ36T32BZgeAZ7eZEXvsJ0vuCV3BDxLvAkpoAkq7fyX34lIIqg0hIPWTc+NTSsFZRjhNMv5iaYxkD50adNSCYLqVjr6KsMHVungMFK2pMEj9fdECkLrgQhs5/BKPe0Nxf+8ZmLC81bKZJwYKsl4UZhwbCI8jAh3mKLE8IElQBSzt2LSA5uPsUHmbAje9MuzpHZc8k5LJ7cnhfLlJI4VtIf2URF56AyV0TWqoCoi6BE9o1f05jw5L8678zFunXMmM7voD5zPHyfXnso=</latexit>

� =
rV

V
� O(1)Asymptotic deSitter conjecture:

What is
<latexit sha1_base64="kULVkQScZ9P2ReBim3p3h3q1E3Y=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKexKUE8S8OIxgnlAsoTeyWwyZh7LzKwQlvyDFw+KePV/vPk3TpI9aGJBQ1HVTXdXlHBmrO9/e4W19Y3NreJ2aWd3b/+gfHjUMirVhDaJ4kp3IjCUM0mblllOO4mmICJO29H4dua3n6g2TMkHO0loKGAoWcwIWCe1ekMQAvrlil/158CrJMhJBeVo9MtfvYEiqaDSEg7GdAM/sWEG2jLC6bTUSw1NgIxhSLuOShDUhNn82ik+c8oAx0q7khbP1d8TGQhjJiJynQLsyCx7M/E/r5va+DrMmExSSyVZLIpTjq3Cs9fxgGlKLJ84AkQzdysmI9BArAuo5EIIll9eJa2LanBZrd3XKvWbPI4iOkGn6BwF6ArV0R1qoCYi6BE9o1f05invxXv3PhatBS+fOUZ/4H3+AIiljxo=</latexit>� ? Could it describe an accelerating cosmology?

If
<latexit sha1_base64="YM6jGQCCtv/Fv3chMmFoing2hTE=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhbBjSUpRV1JwY3LCvYBTSiT6aQdOjNJZyZCCVm68VfcuFDErZ/gzr9x2mahrQcuHM65l3vvCWJGlXacb6uwsrq2vlHcLG1t7+zu2fsHLRUlEpMmjlgkOwFShFFBmppqRjqxJIgHjLSD0c3Ubz8QqWgk7vUkJj5HA0FDipE2Us8+9gaIc+QxMoZeKBFOq1nqqbHUaf+8mmU9u+xUnBngMnFzUgY5Gj37y+tHOOFEaMyQUl3XibWfIqkpZiQreYkiMcIjNCBdQwXiRPnp7JEMnhqlD8NImhIaztTfEyniSk14YDo50kO16E3F/7xuosMrP6UiTjQReL4oTBjUEZymAvtUEqzZxBCEJTW3QjxEJg5tsiuZENzFl5dJq1pxLyq1u1q5fp3HUQRH4AScARdcgjq4BQ3QBBg8gmfwCt6sJ+vFerc+5q0FK585BH9gff4AC7aZ/g==</latexit>

�  2p
d� 2

accelerated expansion à la quintessenceNotice!

<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="6N5al2uV2RzDsuvYR5mLKcJKGP8="></latexit>�����
~rV0

V0

����� �
2p
d� 2

If the tower contains higher spin fields:

implies

<latexit sha1_base64="DKIre96W5Ovcg+Gl9ynDaM1mPbg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxgm2FJpTNdtIu3STr7kYopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC6Xg2rjut1NYW9/Y3Cpul3Z29/YPyodHbZ1mimGLpSJVDyHVKHiCLcONwAepkMahwE44upn5nSdUmqfJvRlLDGI6SHjEGTVW8n0q5JD6A3wktV654lbdOcgq8XJSgRzNXvnL76csizExTFCtu54rTTChynAmcFryM42SshEdYNfShMaog8n85ik5s0qfRKmylRgyV39PTGis9TgObWdMzVAvezPxP6+bmegqmPBEZgYTtlgUZYKYlMwCIH2ukBkxtoQyxe2thA2poszYmEo2BG/55VXSrlW9i2r9rl5pXOdxFOEETuEcPLiEBtxCE1rAQMIzvMKbkzkvzrvzsWgtOPnMMfyB8/kDZzqRRA==</latexit>

↵ � 2

no accelerated expansion at 
parametrically late times

[Rudelius’22][Bedroya,Vafa’19]

[Grimm et al’19][Wrase,Junghans,Andriot… ’18-19]

[Ooguri,Palti,Shiu,Vafa’18]

• Plethora of string theory evidence:
(new no-go’s for dS at parametric control)

(Higuchi bound)



Universal consequence of 
asymptotic regimes:

 light tower of states

How does the tower of states relates to the vacuum energy?

?
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�
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V (�)
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m(�)
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V0 ! 0
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V0 ⇠ m↵
tower in Planck units,   as

Zone 2

The behaviour of the 
potential becomes 
model-dependent

Asymptotic vacuum energy



<latexit sha1_base64="g8lfZOb5fonk21RfSmWT+yp/SUY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Mpof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLS0zRWiTSC5VJ8KaciZo0zDDaSdVFCcRp+1odDfz22OqNJPi0UxSGiR4IFjMCDZWCl23FXo9xQZDg5WST8gL3apX8+ZAq8QvSBUKNEL3q9eXJEuoMIRjrbu+l5ogx8owwum00ss0TTEZ4QHtWipwQnWQzy+fojOr9FEslS1h0Fz9PZHjROtJEtnOBJuhXvZm4n9eNzPxTZAzkWaGCrJYFGccGYlmMaA+U5QYPrEEE8XsrYgMscLE2LAqNgR/+eVV0rqo+Ve1y4fLav22iKMMJ3AK5+DDNdThHhrQBAJjeIZXeHNy58V5dz4WrSWnmDmGP3A+fwDfzJMq</latexit>

V0 ! 0
<latexit sha1_base64="1L89BOZKyY+2bslrv51UCcLh8O4=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUpQBYwVLIxFog+pCdGN67RW7SSyHVAVdWHhV1gYQIiVf2Djb3AfA7QcydLROffq+pww5Uxpx/m2CkvLK6trxfXSxubW9o69u9dUSSYJbZCEJ7IdgqKcxbShmea0nUoKIuS0FQ6uxn7rnkrFkvhWD1PqC+jFLGIEtJEC+7AZOJ5iAos7D3jahyD3pMA6eaByFNhlp+JMgBeJOyNlNEM9sL+8bkIyQWNNOCjVcZ1U+zlIzQino5KXKZoCGUCPdgyNQVDl55MUI3xslC6OEmlerPFE/b2Rg1BqKEIzKUD31bw3Fv/zOpmOLvycxWmmaUymh6KMm5B4XAnuMkmJ5kNDgEhm/opJHyQQbYormRLc+ciLpHlacc8q1ZtquXY5q6OIDtAROkEuOkc1dI3qqIEIekTP6BW9WU/Wi/VufUxHC9ZsZx/9gfX5A2CCmIY=</latexit>

V0 ⇠ m↵
tower in Planck units,     as

Relation with vacuum energy
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V = Vtree + Vloop + . . .From string theory perspective:

If the different terms compete to generate a vacuum, at 
the minimum one naturally still has: 
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V0 = �m↵
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V0 ! 0
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V0 ⇠ m↵
tower in Planck units,     as

Relation with vacuum energy

<latexit sha1_base64="A+ouckoC5urhhsiWYJAc7o6/lsE=">AAACDHicbVBNSwMxEM36WetX1aOXYBEEoexKUS9KwYvHCnZbaEvJptM2NLtZklmhLP0BXvwrXjwo4tUf4M1/Y9ruQVsfBN68mcdkXhBLYdB1v52l5ZXVtfXcRn5za3tnt7C37xuVaA41rqTSjYAZkCKCGgqU0Ig1sDCQUA+GN5N+/QG0ESq6x1EM7ZD1I9ETnKGVOoWif+V30pYOKWqA8SnNKqlUbKtWV6GxU27JnYIuEi8jRZKh2il8WR9PQoiQS2ZM03NjbKdMo+ASxvlWYiBmfMj60LQ0YiGYdjo9ZkyPrdKlPaXti5BO1d+OlIXGjMLAToYMB2a+NxH/6zUT7F22UxHFCULEZ4t6iaSo6CQZ2hUaOMqRJYxrYf9K+YBpxtHml7chePMnLxL/rOSdl8p35WLlOosjRw7JETkhHrkgFXJLqqRGOHkkz+SVvDlPzovz7nzMRpeczHNA/sD5/AG2IprH</latexit>

V = Vtree + Vloop + . . .From string theory perspective:

If the different terms compete to generate a vacuum, at 
the minimum one naturally still has: 

<latexit sha1_base64="sMD8vGxtAuuyup3UUF3WchyWO7M=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRS1I1ScOOygn1AE8PNZNIOnUnCzEQooeCvuHGhiFu/w51/4/Sx0NYDA4dz7uHeOWHGmdKO820tLa+srq2XNsqbW9s7u/befkuluSS0SVKeyk4IinKW0KZmmtNOJimIkNN2OLgZ++1HKhVLk3s9zKgvoJewmBHQRgrsw1bgXGGPm0QEWDx4wLM+BHbFqToT4EXizkgFzdAI7C8vSkkuaKIJB6W6rpNpvwCpGeF0VPZyRTMgA+jRrqEJCKr8YnL+CJ8YJcJxKs1LNJ6ovxMFCKWGIjSTAnRfzXtj8T+vm+v40i9YkuWaJmS6KM451iked4EjJinRfGgIEMnMrZj0QQLRprGyKcGd//IiaZ1V3fNq7a5WqV/P6iihI3SMTpGLLlAd3aIGaiKCCvSMXtGb9WS9WO/Wx3R0yZplDtAfWJ8/4emUzg==</latexit>

V0 = �m↵

<latexit sha1_base64="5h6hMa7g5ghKqkGBOpaGMBLQ+kw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQ5lMJu3QySTM3Agl9CPcuFDErd/jzr9x2mahrQcGDuecy9x7glQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUrdfrSRkM6qNbcujsHWSVeQWpQoDmofvXDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTIe8Z6miMTd+Pl93Ss6sEpIo0fYpJHP190ROY2MmcWCTMcWRWfZm4n9eL8Poxs+FSjPkii0+ijJJMCGz20koNGcoJ5ZQpoXdlbAR1ZShbahiS/CWT14l7Yu6d1W/fLisNW6LOspwAqdwDh5cQwPuoQktYDCGZ3iFNyd1Xpx352MRLTnFzDH8gfP5Az5/j4I=</latexit>

�One could try to fine-tune to decouple them,
<latexit sha1_base64="1ybZ6L4n+oQql7de5usGS8U/hAY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWemj13X654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/YC42C</latexit>

V0but naturally remains small if the tower is light

Caveat:



<latexit sha1_base64="g8lfZOb5fonk21RfSmWT+yp/SUY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Mpof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLS0zRWiTSC5VJ8KaciZo0zDDaSdVFCcRp+1odDfz22OqNJPi0UxSGiR4IFjMCDZWCl23FXo9xQZDg5WST8gL3apX8+ZAq8QvSBUKNEL3q9eXJEuoMIRjrbu+l5ogx8owwum00ss0TTEZ4QHtWipwQnWQzy+fojOr9FEslS1h0Fz9PZHjROtJEtnOBJuhXvZm4n9eNzPxTZAzkWaGCrJYFGccGYlmMaA+U5QYPrEEE8XsrYgMscLE2LAqNgR/+eVV0rqo+Ve1y4fLav22iKMMJ3AK5+DDNdThHhrQBAJjeIZXeHNy58V5dz4WrSWnmDmGP3A+fwDfzJMq</latexit>

V0 ! 0
<latexit sha1_base64="1L89BOZKyY+2bslrv51UCcLh8O4=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUpQBYwVLIxFog+pCdGN67RW7SSyHVAVdWHhV1gYQIiVf2Djb3AfA7QcydLROffq+pww5Uxpx/m2CkvLK6trxfXSxubW9o69u9dUSSYJbZCEJ7IdgqKcxbShmea0nUoKIuS0FQ6uxn7rnkrFkvhWD1PqC+jFLGIEtJEC+7AZOJ5iAos7D3jahyD3pMA6eaByFNhlp+JMgBeJOyNlNEM9sL+8bkIyQWNNOCjVcZ1U+zlIzQino5KXKZoCGUCPdgyNQVDl55MUI3xslC6OEmlerPFE/b2Rg1BqKEIzKUD31bw3Fv/zOpmOLvycxWmmaUymh6KMm5B4XAnuMkmJ5kNDgEhm/opJHyQQbYormRLc+ciLpHlacc8q1ZtquXY5q6OIDtAROkEuOkc1dI3qqIEIekTP6BW9WU/Wi/VufUxHC9ZsZx/9gfX5A2CCmIY=</latexit>

V0 ⇠ m↵
tower in Planck units,     as

Relation with vacuum energy

<latexit sha1_base64="A+ouckoC5urhhsiWYJAc7o6/lsE=">AAACDHicbVBNSwMxEM36WetX1aOXYBEEoexKUS9KwYvHCnZbaEvJptM2NLtZklmhLP0BXvwrXjwo4tUf4M1/Y9ruQVsfBN68mcdkXhBLYdB1v52l5ZXVtfXcRn5za3tnt7C37xuVaA41rqTSjYAZkCKCGgqU0Ig1sDCQUA+GN5N+/QG0ESq6x1EM7ZD1I9ETnKGVOoWif+V30pYOKWqA8SnNKqlUbKtWV6GxU27JnYIuEi8jRZKh2il8WR9PQoiQS2ZM03NjbKdMo+ASxvlWYiBmfMj60LQ0YiGYdjo9ZkyPrdKlPaXti5BO1d+OlIXGjMLAToYMB2a+NxH/6zUT7F22UxHFCULEZ4t6iaSo6CQZ2hUaOMqRJYxrYf9K+YBpxtHml7chePMnLxL/rOSdl8p35WLlOosjRw7JETkhHrkgFXJLqqRGOHkkz+SVvDlPzovz7nzMRpeczHNA/sD5/AG2IprH</latexit>

V = Vtree + Vloop + . . .From string theory perspective:

If the different terms compete to generate a vacuum, at 
the minimum one naturally still has: 

<latexit sha1_base64="sMD8vGxtAuuyup3UUF3WchyWO7M=">AAAB/nicbVDLSsNAFJ34rPUVFVduBovgqiRS1I1ScOOygn1AE8PNZNIOnUnCzEQooeCvuHGhiFu/w51/4/Sx0NYDA4dz7uHeOWHGmdKO820tLa+srq2XNsqbW9s7u/befkuluSS0SVKeyk4IinKW0KZmmtNOJimIkNN2OLgZ++1HKhVLk3s9zKgvoJewmBHQRgrsw1bgXGGPm0QEWDx4wLM+BHbFqToT4EXizkgFzdAI7C8vSkkuaKIJB6W6rpNpvwCpGeF0VPZyRTMgA+jRrqEJCKr8YnL+CJ8YJcJxKs1LNJ6ovxMFCKWGIjSTAnRfzXtj8T+vm+v40i9YkuWaJmS6KM451iked4EjJinRfGgIEMnMrZj0QQLRprGyKcGd//IiaZ1V3fNq7a5WqV/P6iihI3SMTpGLLlAd3aIGaiKCCvSMXtGb9WS9WO/Wx3R0yZplDtAfWJ8/4emUzg==</latexit>

V0 = �m↵

All known families of holographic AdS vacua (even DGKT)

KKLT-like proposals for dS in string theory

AdS/dS proposals using Casimir energies:
<latexit sha1_base64="Rqakq/sHSC5mz1MIT+zCmtshuKQ=">AAAB8nicbVBNS8NAEN3Ur1q/qh69LBbBU0mkqCcpePFYwX5AGstms2mX7mbD7kQooT/DiwdFvPprvPlv3LY5aOuDgcd7M8zMC1PBDbjut1NaW9/Y3CpvV3Z29/YPqodHHaMyTVmbKqF0LySGCZ6wNnAQrJdqRmQoWDcc38787hPThqvkASYpCyQZJjzmlICV/M7A7RsusXyMBtWaW3fnwKvEK0gNFWgNql/9SNFMsgSoIMb4nptCkBMNnAo2rfQzw1JCx2TIfEsTIpkJ8vnJU3xmlQjHSttKAM/V3xM5kcZMZGg7JYGRWfZm4n+en0F8HeQ8STNgCV0sijOBQeHZ/zjimlEQE0sI1dzeiumIaELBplSxIXjLL6+SzkXdu6w37hu15k0RRxmdoFN0jjx0hZroDrVQG1Gk0DN6RW8OOC/Ou/OxaC05xcwx+gPn8weLZJDG</latexit>

V0 ⇠ md

<latexit sha1_base64="5h6hMa7g5ghKqkGBOpaGMBLQ+kw=">AAAB7nicbVDLSsNAFL2pr1pfVZduBovgqiQi6koKblxWsA9oQ5lMJu3QySTM3Agl9CPcuFDErd/jzr9x2mahrQcGDuecy9x7glQKg6777ZTW1jc2t8rblZ3dvf2D6uFR2ySZZrzFEpnobkANl0LxFgqUvJtqTuNA8k4wvpv5nSeujUjUI05S7sd0qEQkGEUrdfrSRkM6qNbcujsHWSVeQWpQoDmofvXDhGUxV8gkNabnuSn6OdUomOTTSj8zPKVsTIe8Z6miMTd+Pl93Ss6sEpIo0fYpJHP190ROY2MmcWCTMcWRWfZm4n9eL8Poxs+FSjPkii0+ijJJMCGz20koNGcoJ5ZQpoXdlbAR1ZShbahiS/CWT14l7Yu6d1W/fLisNW6LOspwAqdwDh5cQwPuoQktYDCGZ3iFNyd1Xpx352MRLTnFzDH8gfP5Az5/j4I=</latexit>

�One could try to fine-tune to decouple them,
<latexit sha1_base64="1ybZ6L4n+oQql7de5usGS8U/hAY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFY0X5AG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWemj13X654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzU6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvubDITmDOXEEsq0sLcSNqKaMrTplGwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAKDITzDK7w50nlx3p2PRWvByWeO4Q+czx/YC42C</latexit>

V0but naturally remains small if the tower is light

Caveat:



<latexit sha1_base64="g8lfZOb5fonk21RfSmWT+yp/SUY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Mpof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLS0zRWiTSC5VJ8KaciZo0zDDaSdVFCcRp+1odDfz22OqNJPi0UxSGiR4IFjMCDZWCl23FXo9xQZDg5WST8gL3apX8+ZAq8QvSBUKNEL3q9eXJEuoMIRjrbu+l5ogx8owwum00ss0TTEZ4QHtWipwQnWQzy+fojOr9FEslS1h0Fz9PZHjROtJEtnOBJuhXvZm4n9eNzPxTZAzkWaGCrJYFGccGYlmMaA+U5QYPrEEE8XsrYgMscLE2LAqNgR/+eVV0rqo+Ve1y4fLav22iKMMJ3AK5+DDNdThHhrQBAJjeIZXeHNy58V5dz4WrSWnmDmGP3A+fwDfzJMq</latexit>

V0 ! 0
<latexit sha1_base64="1L89BOZKyY+2bslrv51UCcLh8O4=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUpQBYwVLIxFog+pCdGN67RW7SSyHVAVdWHhV1gYQIiVf2Djb3AfA7QcydLROffq+pww5Uxpx/m2CkvLK6trxfXSxubW9o69u9dUSSYJbZCEJ7IdgqKcxbShmea0nUoKIuS0FQ6uxn7rnkrFkvhWD1PqC+jFLGIEtJEC+7AZOJ5iAos7D3jahyD3pMA6eaByFNhlp+JMgBeJOyNlNEM9sL+8bkIyQWNNOCjVcZ1U+zlIzQino5KXKZoCGUCPdgyNQVDl55MUI3xslC6OEmlerPFE/b2Rg1BqKEIzKUD31bw3Fv/zOpmOLvycxWmmaUymh6KMm5B4XAnuMkmJ5kNDgEhm/opJHyQQbYormRLc+ciLpHlacc8q1ZtquXY5q6OIDtAROkEuOkc1dI3qqIEIekTP6BW9WU/Wi/VufUxHC9ZsZx/9gfX5A2CCmIY=</latexit>

V0 ⇠ m↵
tower in Planck units,     as

It can be motivated by generalising the conjecture to distances in the 
space of metric configurations (rather than only in moduli space):

Flat space limit is at infinite distanceDistance
<latexit sha1_base64="cB1LXAbUXBTlUjXipI6RugTjgUI=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUU9S8OKxgv2A7lqyabYNTTZLklXKtv/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmitAGkVyqdog15SymDcMMp+1EUSxCTlvh8Gbqtx6p0kzG92aU0EDgfswiRrCx0oOvmfC57KNxs+uOu+WKW3VnQMvEy0kFctS75S+/J0kqaGwIx1p3PDcxQYaVYYTTSclPNU0wGeI+7VgaY0F1kM2unqATq/RQJJWt2KCZ+nsiw0LrkQhtp8BmoBe9qfif10lNdBVkLE5SQ2MyXxSlHBmJphGgHlOUGD6yBBPF7K2IDLDCxNigSjYEb/HlZdI8q3oX1fO780rtOo+jCEdwDKfgwSXU4Bbq0AACCp7hFd6cJ+fFeXc+5q0FJ585hD9wPn8AKz2SSw==</latexit>

⇠ log |V0|
<latexit sha1_base64="g8lfZOb5fonk21RfSmWT+yp/SUY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Mpof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLS0zRWiTSC5VJ8KaciZo0zDDaSdVFCcRp+1odDfz22OqNJPi0UxSGiR4IFjMCDZWCl23FXo9xQZDg5WST8gL3apX8+ZAq8QvSBUKNEL3q9eXJEuoMIRjrbu+l5ogx8owwum00ss0TTEZ4QHtWipwQnWQzy+fojOr9FEslS1h0Fz9PZHjROtJEtnOBJuhXvZm4n9eNzPxTZAzkWaGCrJYFGccGYlmMaA+U5QYPrEEE8XsrYgMscLE2LAqNgR/+eVV0rqo+Ve1y4fLav22iKMMJ3AK5+DDNdThHhrQBAJjeIZXeHNy58V5dz4WrSWnmDmGP3A+fwDfzJMq</latexit>

V0 ! 0

⇤ ! 0as
<latexit sha1_base64="nTGFm3fp+nwZmCE/J4Ddzi+HWfw=">AAACDXicbVBNSyNBEO3RXT/iqnE9emk2CgoaZiSopyWwlz1GMB+QCaGmUzGN3T1Dd40YhvyBvexf8eLBRfbq3dv+m+18HHbVBwWP96qoqpdkSjoKwz/B0vKHjyura+uljU+bW9vlnc8tl+ZWYFOkKrWdBBwqabBJkhR2MougE4Xt5Obb1G/fonUyNVc0zrCn4drIoRRAXuqX93XspOYx3mWHJzGobATxcUx4R8XAbwcjcHLUL1fCajgDf0uiBamwBRr98ks8SEWu0ZBQ4Fw3CjPqFWBJCoWTUpw7zEDcwDV2PTWg0fWK2TcTfuCVAR+m1pchPlP/nShAOzfWie/UQCP32puK73ndnIYXvUKaLCc0Yr5omCtOKZ9GwwfSoiA19gSElf5WLkZgQZAPsORDiF6//Ja0TqvRWbV2WavUvy7iWGN77As7ZBE7Z3X2nTVYkwn2g92zR/Yr+Bk8BE/B73nrUrCY2WX/IXj+C1kUm78=</latexit>

m ⇠ exp(�↵ distance)
<latexit sha1_base64="JUA5GjZQY0WmtGUtVvsSRI9jORc=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6koKbly4qGAf0MRyM5m0QyeTMDMRQqm/4saFIm79EHf+jdM2C209MHA45x7unROknCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqySShLZLwRHYDUJQzQVuaaU67qaQQB5x2gtH11O88UqlYIu51nlI/hoFgESOgjdS3q55iMfZuTSKEBw94OoS+XXPqzgx4mbgFqaECzb795YUJyWIqNOGgVM91Uu2PQWpGOJ1UvEzRFMgIBrRnqICYKn88O36Cj40S4iiR5gmNZ+rvxBhipfI4MJMx6KFa9Kbif14v09GlP2YizTQVZL4oyjjWCZ42gUMmKdE8NwSIZOZWTIYggWjTV8WU4C5+eZm0T+vuef3s7qzWuCrqKKNDdIROkIsuUAPdoCZqIYJy9Ixe0Zv1ZL1Y79bHfLRkFZkq+gPr8wdSmJSQ</latexit>

⇠ ⇤↵

[Luest,Palti,Vafa’19](AdS Distance Conjecture)

Relation with vacuum energy

From swampland perspective:



<latexit sha1_base64="g8lfZOb5fonk21RfSmWT+yp/SUY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Mpof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLS0zRWiTSC5VJ8KaciZo0zDDaSdVFCcRp+1odDfz22OqNJPi0UxSGiR4IFjMCDZWCl23FXo9xQZDg5WST8gL3apX8+ZAq8QvSBUKNEL3q9eXJEuoMIRjrbu+l5ogx8owwum00ss0TTEZ4QHtWipwQnWQzy+fojOr9FEslS1h0Fz9PZHjROtJEtnOBJuhXvZm4n9eNzPxTZAzkWaGCrJYFGccGYlmMaA+U5QYPrEEE8XsrYgMscLE2LAqNgR/+eVV0rqo+Ve1y4fLav22iKMMJ3AK5+DDNdThHhrQBAJjeIZXeHNy58V5dz4WrSWnmDmGP3A+fwDfzJMq</latexit>

V0 ! 0
<latexit sha1_base64="1L89BOZKyY+2bslrv51UCcLh8O4=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUpQBYwVLIxFog+pCdGN67RW7SSyHVAVdWHhV1gYQIiVf2Djb3AfA7QcydLROffq+pww5Uxpx/m2CkvLK6trxfXSxubW9o69u9dUSSYJbZCEJ7IdgqKcxbShmea0nUoKIuS0FQ6uxn7rnkrFkvhWD1PqC+jFLGIEtJEC+7AZOJ5iAos7D3jahyD3pMA6eaByFNhlp+JMgBeJOyNlNEM9sL+8bkIyQWNNOCjVcZ1U+zlIzQino5KXKZoCGUCPdgyNQVDl55MUI3xslC6OEmlerPFE/b2Rg1BqKEIzKUD31bw3Fv/zOpmOLvycxWmmaUymh6KMm5B4XAnuMkmJ5kNDgEhm/opJHyQQbYormRLc+ciLpHlacc8q1ZtquXY5q6OIDtAROkEuOkc1dI3qqIEIekTP6BW9WU/Wi/VufUxHC9ZsZx/9gfX5A2CCmIY=</latexit>

V0 ⇠ m↵
tower in Planck units,     as

It can be motivated by generalising the conjecture to distances in the 
space of metric configurations (rather than only in moduli space):

Flat space limit is at infinite distanceDistance
<latexit sha1_base64="cB1LXAbUXBTlUjXipI6RugTjgUI=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUU9S8OKxgv2A7lqyabYNTTZLklXKtv/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmitAGkVyqdog15SymDcMMp+1EUSxCTlvh8Gbqtx6p0kzG92aU0EDgfswiRrCx0oOvmfC57KNxs+uOu+WKW3VnQMvEy0kFctS75S+/J0kqaGwIx1p3PDcxQYaVYYTTSclPNU0wGeI+7VgaY0F1kM2unqATq/RQJJWt2KCZ+nsiw0LrkQhtp8BmoBe9qfif10lNdBVkLE5SQ2MyXxSlHBmJphGgHlOUGD6yBBPF7K2IDLDCxNigSjYEb/HlZdI8q3oX1fO780rtOo+jCEdwDKfgwSXU4Bbq0AACCp7hFd6cJ+fFeXc+5q0FJ585hD9wPn8AKz2SSw==</latexit>

⇠ log |V0|
<latexit sha1_base64="g8lfZOb5fonk21RfSmWT+yp/SUY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Mpof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLS0zRWiTSC5VJ8KaciZo0zDDaSdVFCcRp+1odDfz22OqNJPi0UxSGiR4IFjMCDZWCl23FXo9xQZDg5WST8gL3apX8+ZAq8QvSBUKNEL3q9eXJEuoMIRjrbu+l5ogx8owwum00ss0TTEZ4QHtWipwQnWQzy+fojOr9FEslS1h0Fz9PZHjROtJEtnOBJuhXvZm4n9eNzPxTZAzkWaGCrJYFGccGYlmMaA+U5QYPrEEE8XsrYgMscLE2LAqNgR/+eVV0rqo+Ve1y4fLav22iKMMJ3AK5+DDNdThHhrQBAJjeIZXeHNy58V5dz4WrSWnmDmGP3A+fwDfzJMq</latexit>

V0 ! 0

⇤ ! 0as
<latexit sha1_base64="nTGFm3fp+nwZmCE/J4Ddzi+HWfw=">AAACDXicbVBNSyNBEO3RXT/iqnE9emk2CgoaZiSopyWwlz1GMB+QCaGmUzGN3T1Dd40YhvyBvexf8eLBRfbq3dv+m+18HHbVBwWP96qoqpdkSjoKwz/B0vKHjyura+uljU+bW9vlnc8tl+ZWYFOkKrWdBBwqabBJkhR2MougE4Xt5Obb1G/fonUyNVc0zrCn4drIoRRAXuqX93XspOYx3mWHJzGobATxcUx4R8XAbwcjcHLUL1fCajgDf0uiBamwBRr98ks8SEWu0ZBQ4Fw3CjPqFWBJCoWTUpw7zEDcwDV2PTWg0fWK2TcTfuCVAR+m1pchPlP/nShAOzfWie/UQCP32puK73ndnIYXvUKaLCc0Yr5omCtOKZ9GwwfSoiA19gSElf5WLkZgQZAPsORDiF6//Ja0TqvRWbV2WavUvy7iWGN77As7ZBE7Z3X2nTVYkwn2g92zR/Yr+Bk8BE/B73nrUrCY2WX/IXj+C1kUm78=</latexit>

m ⇠ exp(�↵ distance)
<latexit sha1_base64="JUA5GjZQY0WmtGUtVvsSRI9jORc=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiQi6koKbly4qGAf0MRyM5m0QyeTMDMRQqm/4saFIm79EHf+jdM2C209MHA45x7unROknCntON9WaWV1bX2jvFnZ2t7Z3bP3D9oqySShLZLwRHYDUJQzQVuaaU67qaQQB5x2gtH11O88UqlYIu51nlI/hoFgESOgjdS3q55iMfZuTSKEBw94OoS+XXPqzgx4mbgFqaECzb795YUJyWIqNOGgVM91Uu2PQWpGOJ1UvEzRFMgIBrRnqICYKn88O36Cj40S4iiR5gmNZ+rvxBhipfI4MJMx6KFa9Kbif14v09GlP2YizTQVZL4oyjjWCZ42gUMmKdE8NwSIZOZWTIYggWjTV8WU4C5+eZm0T+vuef3s7qzWuCrqKKNDdIROkIsuUAPdoCZqIYJy9Ixe0Zv1ZL1Y79bHfLRkFZkq+gPr8wdSmJSQ</latexit>

⇠ ⇤↵

[Luest,Palti,Vafa’19](AdS Distance Conjecture)

Relation with vacuum energy

From swampland perspective:

No clear bottom-up explanation (indep. of string theory) yet



Could it be the case of our universe?

Our universe

<latexit sha1_base64="uaZ9VqmvOXNR3rnO/iCpUe7iKnk=">AAACCnicbVC7TgMxEPTxDOEVoKQxREhU4Q5FQBlBQxkk8pBy4bTn+BIr9vlk+0DRKTUNv0JDAUK0fAEdf4PzKCBhpJVGM7va3QkTzrRx3W9nYXFpeWU1t5Zf39jc2i7s7Na1TBWhNSK5VM0QNOUspjXDDKfNRFEQIaeNsH818hv3VGkm41szSGhbQDdmESNgrBQUDoSvmcD1wL3LvBMfeNKDoa9Yt2dAKfmA3aBQdEvuGHieeFNSRFNUg8KX35EkFTQ2hIPWLc9NTDsDZRjhdJj3U00TIH3o0palMQiq29n4lSE+skoHR1LZig0eq78nMhBaD0RoOwWYnp71RuJ/Xis10UU7Y3GSGhqTyaIo5dhIPMoFd5iixPCBJUAUs7di0gMFxNj08jYEb/bleVI/LXlnpfJNuVi5nMaRQ/voEB0jD52jCrpGVVRDBD2iZ/SK3pwn58V5dz4mrQvOdGYP/YHz+QN1uJoi</latexit>

m ⇠ V 1/↵
0 ! 0

Let me assume this relation and study its consequences

[Montero,Vafa,IV’22]



Could it be the case of our universe?

Our universe

Possible scenario:

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

near an asymptotic limit where it naturally goes to zero

<latexit sha1_base64="uaZ9VqmvOXNR3rnO/iCpUe7iKnk=">AAACCnicbVC7TgMxEPTxDOEVoKQxREhU4Q5FQBlBQxkk8pBy4bTn+BIr9vlk+0DRKTUNv0JDAUK0fAEdf4PzKCBhpJVGM7va3QkTzrRx3W9nYXFpeWU1t5Zf39jc2i7s7Na1TBWhNSK5VM0QNOUspjXDDKfNRFEQIaeNsH818hv3VGkm41szSGhbQDdmESNgrBQUDoSvmcD1wL3LvBMfeNKDoa9Yt2dAKfmA3aBQdEvuGHieeFNSRFNUg8KX35EkFTQ2hIPWLc9NTDsDZRjhdJj3U00TIH3o0palMQiq29n4lSE+skoHR1LZig0eq78nMhBaD0RoOwWYnp71RuJ/Xis10UU7Y3GSGhqTyaIo5dhIPMoFd5iixPCBJUAUs7di0gMFxNj08jYEb/bleVI/LXlnpfJNuVi5nMaRQ/voEB0jD52jCrpGVVRDBD2iZ/SK3pwn58V5dz4mrQvOdGYP/YHz+QN1uJoi</latexit>

m ⇠ V 1/↵
0 ! 0

Let me assume this relation and study its consequences

[Montero,Vafa,IV’22]



Could it be the case of our universe?

Our universe

Possible scenario:

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

near an asymptotic limit where it naturally goes to zero

<latexit sha1_base64="uaZ9VqmvOXNR3rnO/iCpUe7iKnk=">AAACCnicbVC7TgMxEPTxDOEVoKQxREhU4Q5FQBlBQxkk8pBy4bTn+BIr9vlk+0DRKTUNv0JDAUK0fAEdf4PzKCBhpJVGM7va3QkTzrRx3W9nYXFpeWU1t5Zf39jc2i7s7Na1TBWhNSK5VM0QNOUspjXDDKfNRFEQIaeNsH818hv3VGkm41szSGhbQDdmESNgrBQUDoSvmcD1wL3LvBMfeNKDoa9Yt2dAKfmA3aBQdEvuGHieeFNSRFNUg8KX35EkFTQ2hIPWLc9NTDsDZRjhdJj3U00TIH3o0palMQiq29n4lSE+skoHR1LZig0eq78nMhBaD0RoOwWYnp71RuJ/Xis10UU7Y3GSGhqTyaIo5dhIPMoFd5iixPCBJUAUs7di0gMFxNj08jYEb/bleVI/LXlnpfJNuVi5nMaRQ/voEB0jD52jCrpGVVRDBD2iZ/SK3pwn58V5dz4mrQvOdGYP/YHz+QN1uJoi</latexit>

m ⇠ V 1/↵
0 ! 0

Let me assume this relation and study its consequences

[Montero,Vafa,IV’22]

But then, there should be a light tower of states whose 
mass is correlated to the cosmological constant

Consequence:

<latexit sha1_base64="WRrkKDKycSdgEzQ95ysIB5q5PK8=">AAAB+3icbZDNSsNAFIVv6l+tf7Eu3QwWwVVJSlFXUnDjsoJthTaUyWTSDp1M4sxELKGv4saFIm59EXe+jdM0C209MPBx7r3cO8dPOFPacb6t0tr6xuZWebuys7u3f2AfVrsqTiWhHRLzWN77WFHOBO1opjm9TyTFkc9pz59cz+u9RyoVi8WdnibUi/BIsJARrI01tKuNAacPaIB5MsY5BkO75tSdXGgV3AJqUKg9tL8GQUzSiApNOFaq7zqJ9jIsNSOcziqDVNEEkwke0b5BgSOqvCy/fYZOjROgMJbmCY1y9/dEhiOlppFvOiOsx2q5Njf/q/VTHV56GRNJqqkgi0VhypGO0TwIFDBJieZTA5hIZm5FZIwlJtrEVTEhuMtfXoVuo+6e15u3zVrrqoijDMdwAmfgwgW04Aba0AECT/AMr/BmzawX6936WLSWrGLmCP7I+vwBHOqT2A==</latexit>

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

V 1/2 . m . V 1/4

Higuchi bound no fine-tuning
space-time dimension

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

d =



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



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



Mass scale of the tower of states:

<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

Higuchi bound Casimir contribution
(one loop quantum correction)

Experimental constraints



Mass scale of the tower of states:

<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

Higuchi bound Casimir contribution
(one loop quantum correction)

Experimental constraints



Mass scale of the tower of states:

<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

Higuchi bound Casimir contribution
(one loop quantum correction)

Experimental constraints

Only n=1 (one large extra dimension) is marginally compatible!



If our universe lives near an infinite distance limit               ,

there should be a light tower of states of 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="F82xxBYzmeCMPaWH0ivMj8UPiDI=">AAAB/nicbVDLSsNAFL2pr1pfUXHlZrAIdVMSKeqy6MadFewDmlAm02k7dCYJMxOhhIK/4saFIm79Dnf+jZM2C209MHA4517umRPEnCntON9WYWV1bX2juFna2t7Z3bP3D1oqSiShTRLxSHYCrChnIW1qpjntxJJiEXDaDsY3md9+pFKxKHzQk5j6Ag9DNmAEayP17CNPMYE8gfWIYJ7eTSuCts56dtmpOjOgZeLmpAw5Gj37y+tHJBE01IRjpbquE2s/xVIzwum05CWKxpiM8ZB2DQ2xoMpPZ/Gn6NQofTSIpHmhRjP190aKhVITEZjJLKda9DLxP6+b6MGVn7IwTjQNyfzQIOFIRyjrAvWZpETziSGYSGayIjLCEhNtGiuZEtzFLy+T1nnVvajW7mvl+nVeRxGO4QQq4MIl1OEWGtAEAik8wyu8WU/Wi/VufcxHC1a+cwh/YH3+AJcslUE=</latexit>

⇠ O(meV )

Dark Dimension Scenario

<latexit sha1_base64="g8lfZOb5fonk21RfSmWT+yp/SUY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Mpof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLS0zRWiTSC5VJ8KaciZo0zDDaSdVFCcRp+1odDfz22OqNJPi0UxSGiR4IFjMCDZWCl23FXo9xQZDg5WST8gL3apX8+ZAq8QvSBUKNEL3q9eXJEuoMIRjrbu+l5ogx8owwum00ss0TTEZ4QHtWipwQnWQzy+fojOr9FEslS1h0Fz9PZHjROtJEtnOBJuhXvZm4n9eNzPxTZAzkWaGCrJYFGccGYlmMaA+U5QYPrEEE8XsrYgMscLE2LAqNgR/+eVV0rqo+Ve1y4fLav22iKMMJ3AK5+DDNdThHhrQBAJjeIZXeHNy58V5dz4WrSWnmDmGP3A+fwDfzJMq</latexit>

V0 ! 0

(mod extra fine-tunings)



If our universe lives near an infinite distance limit               ,

there should be a light tower of states of 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 neutrino scale!

Tower of right handed neutrinos?

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

⇠ O(meV )

Dark Dimension Scenario

<latexit sha1_base64="g8lfZOb5fonk21RfSmWT+yp/SUY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Mpof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLS0zRWiTSC5VJ8KaciZo0zDDaSdVFCcRp+1odDfz22OqNJPi0UxSGiR4IFjMCDZWCl23FXo9xQZDg5WST8gL3apX8+ZAq8QvSBUKNEL3q9eXJEuoMIRjrbu+l5ogx8owwum00ss0TTEZ4QHtWipwQnWQzy+fojOr9FEslS1h0Fz9PZHjROtJEtnOBJuhXvZm4n9eNzPxTZAzkWaGCrJYFGccGYlmMaA+U5QYPrEEE8XsrYgMscLE2LAqNgR/+eVV0rqo+Ve1y4fLav22iKMMJ3AK5+DDNdThHhrQBAJjeIZXeHNy58V5dz4WrSWnmDmGP3A+fwDfzJMq</latexit>

V0 ! 0

(mod extra fine-tunings)



If our universe lives near an infinite distance limit               ,

there should be a light tower of states of 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 neutrino scale!

Tower of right handed neutrinos?

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

⇠ O(meV )

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

Dark Dimension Scenario

<latexit sha1_base64="g8lfZOb5fonk21RfSmWT+yp/SUY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Mpof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLS0zRWiTSC5VJ8KaciZo0zDDaSdVFCcRp+1odDfz22OqNJPi0UxSGiR4IFjMCDZWCl23FXo9xQZDg5WST8gL3apX8+ZAq8QvSBUKNEL3q9eXJEuoMIRjrbu+l5ogx8owwum00ss0TTEZ4QHtWipwQnWQzy+fojOr9FEslS1h0Fz9PZHjROtJEtnOBJuhXvZm4n9eNzPxTZAzkWaGCrJYFGccGYlmMaA+U5QYPrEEE8XsrYgMscLE2LAqNgR/+eVV0rqo+Ve1y4fLav22iKMMJ3AK5+DDNdThHhrQBAJjeIZXeHNy58V5dz4WrSWnmDmGP3A+fwDfzJMq</latexit>

V0 ! 0

(mod extra fine-tunings)



If our universe lives near an infinite distance limit               ,

there should be a light tower of states of 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]

neutrino scale!

Tower of right handed neutrinos?

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

⇠ O(meV )

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

Dark Dimension Scenario
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(mod extra fine-tunings)



If our universe lives near an infinite distance limit               ,

there should be a light tower of states of mass:
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m ⇠ V 1/4
0
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l ⇠ 0.1� 10µmimplying one large extra dimension

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

neutrino scale!

Tower of right handed neutrinos?
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⇠ O(meV )

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

Dark Dimension Scenario
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V0 ! 0

(This tower also helps to avoid violation of the AdS Distance 
conjecture upon compactification of the Standard Model) [Gonzalo,Ibanez,IV’21]

(mod extra fine-tunings)



Dark Dimension Scenario

M̂ ⇠ m1/3M2/3
P ⇠ 1010 GeV
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QG cut-off:

This scenario is an example of the Large Extra Dimension models (ADD)

[Arkani-Hamed,Dimopoulos, Dvali’98]

although the scale is different than usual, since it was motivated by the smallness of the 
cosmological constant and not by the EW hierarchy problem:
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QG cut-off:

This scenario is an example of the Large Extra Dimension models (ADD)

[Arkani-Hamed,Dimopoulos, Dvali’98]

although the scale is different than usual, since it was motivated by the smallness of the 
cosmological constant and not by the EW hierarchy problem:

Proposals for dark matter in this scenario: [Gonzalo et al’22] [Law-Smith et al’23] [Anchordoqui et al’23]



Dark Dimension Scenario

M̂ ⇠ m1/3M2/3
P ⇠ 1010 GeV
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QG cut-off:

This scenario is an example of the Large Extra Dimension models (ADD)

[Arkani-Hamed,Dimopoulos, Dvali’98]

although the scale is different than usual, since it was motivated by the smallness of the 
cosmological constant and not by the EW hierarchy problem:

Open challenges: We do not have a concrete string theory 
embedding including the SM!

Proposals for dark matter in this scenario: [Gonzalo et al’22] [Law-Smith et al’23] [Anchordoqui et al’23]



Dark Dimension Scenario

M̂ ⇠ m1/3M2/3
P ⇠ 1010 GeV
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QG cut-off:

This scenario is an example of the Large Extra Dimension models (ADD)

[Arkani-Hamed,Dimopoulos, Dvali’98]

although the scale is different than usual, since it was motivated by the smallness of the 
cosmological constant and not by the EW hierarchy problem:

Open challenges: We do not have a concrete string theory 
embedding including the SM!

It will be tested in future experiments that will improve the 
precision measurements on deviations from Newton’s law

New ISLE at the Conrad 
Observatory

[Aspelmeyer,Adelberger,Shayeghi,Zito…]

Proposals for dark matter in this scenario: [Gonzalo et al’22] [Law-Smith et al’23] [Anchordoqui et al’23]



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

Conclusions



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

Not every EFT is consistent with UV completion in Quantum 
Gravity, unless it satisfies the swampland constraints.

Conclusions



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

Not every EFT is consistent with UV completion in Quantum 
Gravity, unless it satisfies the swampland constraints.

Conclusions

Approximate global symmetries, weakly coupled gauge theories 
and large field ranges are disfavoured in Quantum Gravity

new towers of states become light yielding
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⇤QG ⌧ Mp



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

Not every EFT is consistent with UV completion in Quantum 
Gravity, unless it satisfies the swampland constraints.

Swampland constraints motivated by string theory motivate an scenario 
in which the smallness of our vacuum energy is tied to the existence of 
one mesoscopic extra dimension of
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l ⇠ 0.1� 10µm in our universe.

Conclusions

Approximate global symmetries, weakly coupled gauge theories 
and large field ranges are disfavoured in Quantum Gravity

new towers of states become light yielding
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Thank you!

Online series of Swampland seminars / open mic discussions

on Mondays at 11:00 am ET (5:00 pm CET)

Everybody is welcome!  :)

You can subscribe here: https://sites.google.com/view/swamplandseminars/

If you want to hear more about the Swampland program:

https://sites.google.com/view/swamplandseminars/


back-up slides
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..⇤QG

There is an infinite tower of states 
becoming exponentially light at every infinite 

field distance limit of the moduli space

when
�� ! 1

m(P ) ⇠ m(Q)e�↵��

(geodesic distance)

(Swampland) Distance Conjecture (SDC):

The EFT must break down when approaching an 
infinite distance boundary of the field space

..⇤QG
E

Mp

gYM ! 0
�� ! 0

Q=q g : charge 
m : mass in 
Planck units

Given a gauge theory, there must exist an 
electrically charged state with

Q

M
�

✓
Q

M

◆

extremal

= O(1)

Weak Gravity Conjecture (WGC):

Strong version: there is a sublattice/tower of 
superextremal states

[Montero et al.’16][Heidenreich et al.’15-16][Andriolo et al’18]

Approximate global symmetries, 
Weakly coupled gauge theories, 
Large field ranges…

…come at a price.

UV cut-off goes to zero
due to new light states

⇤ ⇠ gMp

⇤ ⇠ Mp exp(�↵��)

[Ooguri-Vafa’06]

[Arkani-Hamed et al’06]



Evidence for WGC and SDC

String theory compactifications: Plethora of quantitative tests!

• Systematic approach according to the level of supersymmetry

• Interesting connections to mathematics

AdS/CFT:

• WGC proven for AdS3 using modular invariance of the CFT

• SDC formulated in terms of a CFT Distance conjecture

• WGC from QI theorems and entanglement entropy

[Heidenreich et al’16]

[Montero et al’16]

[Montero’18]

[Perlmutter et al’20]

[Grimm, Palti, IV’18]
[Grimm,Palti,Li’18]

[Lee,Lerche,Weigand’18-19]
…

Black hole arguments:

• WGC follows from requiring black holes to decay

• WGC/SDC follows from entropy bounds associated to small BHs

• Connection between WGC and weak cosmic censorship [Crisford et al’17]

[Arkani-Hamed et al’06]

[Hamada et al’21]

Using positivity/unitarity bounds: lead to mild versions of the WGC
[Cheung et al’18][Hamada et al’18]…



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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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



Cobordism conjecture

to avoid a (D-k-1)-form global symmetry with charges

⌦QG
k = 0 [McNamara,Vafa’19]

The cobordism group of a quantum gravity theory must be trivial:

Cd
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<latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit><latexit sha1_base64="OBdBMlUgls+XKzFoAcVDOV43aG8=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcoIKCiDRB5SYkXn8zo+5fzg7owUWS75Blqo6RAtH0LJn3AOLkjCVHM7c9rZcRPOpLKsL6Oysrq2vlHdrG1t7+zu1fcPujJOBcUOjXks+i6RyFmEHcUUx34ikIQux547uS703iMKyeLoXk0TdEIyjpjPKFF65AxDogJKeHaTj7xRvWE1rRnMZWKXpAEl2qP699CLaRpipCgnUg5sK1FORoRilGNeG6YSE0InZIwDTSMSonSyWejcPPFjYaoAzdn7rzcjoZTT0NWeIp5c1Irhf9ogVf6lk7EoSRVGVFu05qfcVLFZ3G56TCBVfKoJoYLplCYNiCBU6Ybmtkh9ToBeXtOd2IsNLJPuWdO2mvbdeaN1VbZThSM4hlOw4QJacAtt6ACFB3iGF3g1now34934+LVWjPLPIczB+PwBzkCYnw==</latexit>

Bd+1
<latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit>

Cd ⇠ Dd
<latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit><latexit sha1_base64="irH5MDeaahNLpqU3rPbPubDdqoY=">AAACFnicbVDLSsNAFJ34rPUVdSlIsAiuSiKCLot14bKCfUATwmRy0wydPJiZCCVk50f4DW517U7cunXpnzipQWzrWZ055wz33uOljAppmp/a0vLK6tp6baO+ubW9s6vv7fdEknECXZKwhA88LIDRGLqSSgaDlAOOPAZ9b9wu/f49cEGT+E5OUnAiPIppQAmWSnL1IzvCMiSY5e3C9W1Bo1/hWgmu3jCb5hTGIrEq0kAVOq7+ZfsJySKIJWFYiKFlptLJMZeUMCjqdiYgxWSMRzBUNMYRCCef3lEYJ0HCDRmCMX3/zeY4EmISeSpTrifmvVL8zxtmMrh0chqnmYSYqIjygowZMjHKOgyfciCSTRTBhFO1pUFCzDGRqrSZKUKdE4Jf1FUn1nwDi6R31rTMpnV73mhdVe3U0CE6RqfIQheohW5QB3URQQ/oCT2jF+1Re9XetPef6JJW/TlAM9A+vgEYWKBT</latexit>

Cd
<latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit><latexit sha1_base64="MmRZ8bMjyMiY+oDTk1N+c2OltYk=">AAACA3icbVC7TsNAEFyHVwivACWNRYREFdkICcqINJRBIg8psaLzeR2fcn5wd0aKLJd8Ay3UdIiWD6HkTzgHFyRhqrmdOe3suAlnUlnWl1FZW9/Y3Kpu13Z29/YP6odHPRmngmKXxjwWA5dI5CzCrmKK4yARSEKXY9+dtgu9/4hCsji6V7MEnZBMIuYzSpQeOaOQqIASnrXzsTeuN6ymNYe5SuySNKBEZ1z/HnkxTUOMFOVEyqFtJcrJiFCMcsxro1RiQuiUTHCoaURClE42D52bZ34sTBWgOX//9WYklHIWutpTxJPLWjH8Txumyr92MhYlqcKIaovW/JSbKjaL202PCaSKzzQhVDCd0qQBEYQq3dDCFqnPCdDLa7oTe7mBVdK7aNpW0767bLRuynaqcAKncA42XEELbqEDXaDwAM/wAq/Gk/FmvBsfv9aKUf45hgUYnz/Mqpie</latexit>

Bd+1
<latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit><latexit sha1_base64="E4uxWSZjsBBcHpdgNi0ThIjGsp8=">AAACCXicbVDLSsNAFJ3UV62vVJduBosgCCURQZelblxWsA9oQ5hMbtqhkwczE6WEfIHf4FbX7sStX+HSP3FSs7CtZ3XuPecyZ46XcCaVZX0ZlbX1jc2t6nZtZ3dv/8CsH/ZknAoKXRrzWAw8IoGzCLqKKQ6DRAAJPQ59b3pT6P0HEJLF0b2aJeCEZByxgFGi9Mo166OQqAklPGvnbuaf27lrNqymNQdeJXZJGqhExzW/R35M0xAiRTmRcmhbiXIyIhSjHPLaKJWQEDolYxhqGpEQpJPNo+f4NIgFVhPA8/mvNyOhlLPQ054iolzWiuV/2jBVwbWTsShJFURUW7QWpByrGBcNYJ8JoIrPNCFUMJ0S0wkRhCrd08IrUn9nAn5e053Yyw2skt5F07aa9t1lo9Uu26miY3SCzpCNrlAL3aIO6iKKHtEzekGvxpPxZrwbH7/WilHeHKEFGJ8/B2OaSg==</latexit>

Cd = @Bd+1 (trivial class)

EFT1 EFT2
domain 
wall

D : total dimension
k : internal dimension

EFTdomain 
wall

end-of-the-
world brane

[M ] 2 ⌦QG
k

It implies all theories of same dimension are connected by finite energy 
domain walls, and predicts the existence of new defects in string theory!



Simplest example:

Asymptotic Towers of States

Circle compactificaton of a string theory

Tower of Kaluza-
Klein states

Tower of winding 
modes

Quantum gravity cut-off:

<latexit sha1_base64="lB8Ohp/vyi8HVCMLevfPkhvt8lw=">AAACIXicbVDJSgNBEO1xjXEb9eilMQiCEmYkaC5KwIsXIYJZIDOEnk5P0qRnobtGDcP8ihd/xYsHRXITf8bOcjCJDwoe71VRVc+LBVdgWd/G0vLK6tp6biO/ubW9s2vu7ddVlEjKajQSkWx6RDHBQ1YDDoI1Y8lI4AnW8Po3I7/xyKTiUfgAg5i5AemG3OeUgJbaZvmunTrAniGNRXbWObWzK8eXhKazepalMnMk7/aASBk9YattFqyiNQZeJPaUFNAU1bY5dDoRTQIWAhVEqZZtxeCmRAKngmV5J1EsJrRPuqylaUgCptx0/GGGj7XSwX4kdYWAx+rfiZQESg0CT3cGBHpq3huJ/3mtBPyym/IwToCFdLLITwSGCI/iwh0uGQUx0IRQyfWtmPaIDgh0qHkdgj3/8iKpnxfti2LpvlSoXE/jyKFDdIROkI0uUQXdoiqqIYpe0Bv6QJ/Gq/FufBnDSeuSMZ05QDMwfn4Buv+lGg==</latexit>

Mpl,d+1 =
Mpl,d

r
! 0 as <latexit sha1_base64="1fq1HrFW6gDmjgcLWbAaS0ZqJyU=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRPJVEinqSghePFewHNKFstpt26WYTdidKCAX/ihcPinj1d3jz37htc9DWBwOP92aYmRckgmtwnG+rtLK6tr5R3qxsbe/s7tn7B20dp4qyFo1FrLoB0UxwyVrAQbBuohiJAsE6wfhm6ncemNI8lveQJcyPyFDykFMCRurbR7maeIoPR0CUih+xx2UIWd+uOjVnBrxM3IJUUYFm3/7yBjFNIyaBCqJ1z3US8HOigFPBJhUv1SwhdEyGrGeoJBHTfj47f4JPjTLAYaxMScAz9fdETiKtsygwnRGBkV70puJ/Xi+F8MrPuUxSYJLOF4WpwBDjaRZ4wBWjIDJDCFXc3IrpiChCwSRWMSG4iy8vk/Z5zb2o1e/q1cZ1EUcZHaMTdIZcdIka6BY1UQtRlKNn9IrerCfrxXq3PuatJauYOUR/YH3+ABnOljc=</latexit>

r ! 1

(same for T-dual theory as
<latexit sha1_base64="YscU9uPMJUqm87ABoYiBy+5zXms=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWWz3bZLN5uwO6mU0H/ixYMiXv0n3vw3btsctPXBwOO9GWbmhYkUBj3v2ymsrW9sbhW3Szu7e/sH7uFRw8SpZrzOYhnrVkgNl0LxOgqUvJVoTqNQ8mY4upv5zTHXRsTqEScJDyI6UKIvGEUrdV0309OOFoMhUq3jJ+J13bJX8eYgq8TPSRly1LruV6cXszTiCpmkxrR9L8EgoxoFk3xa6qSGJ5SN6IC3LVU04ibI5pdPyZlVeqQfa1sKyVz9PZHRyJhJFNrOiOLQLHsz8T+vnWL/JsiESlLkii0W9VNJMCazGEhPaM5QTiyhTAt7K2FDqilDG1bJhuAvv7xKGhcV/6py+XBZrt7mcRThBE7hHHy4hircQw3qwGAMz/AKb07mvDjvzseiteDkM8fwB87nD7CNk68=</latexit>

r ! 0 )

<latexit sha1_base64="FngfgRauq+8fcR6Sg3rDkAVB0Bg=">AAAB9HicbVDLSsNAFL2pr1pfVZdugkVwVRIRdSUFNy5cVLAPaEKZTG7aoZNJOjMplNLvcONCEbd+jDv/xmmbhbYeGDiccy73zglSzpR2nG+rsLa+sblV3C7t7O7tH5QPj5oqySTFBk14ItsBUciZwIZmmmM7lUjigGMrGNzN/NYIpWKJeNLjFP2Y9ASLGCXaSL73YKIh8XCYsVG3XHGqzhz2KnFzUoEc9W75ywsTmsUoNOVEqY7rpNqfEKkZ5TgteZnClNAB6WHHUEFiVP5kfvTUPjNKaEeJNE9oe67+npiQWKlxHJhkTHRfLXsz8T+vk+noxp8wkWYaBV0sijJu68SeNWCHTCLVfGwIoZKZW23aJ5JQbXoqmRLc5S+vkuZF1b2qXj5eVmq3eR1FOIFTOAcXrqEG91CHBlAYwjO8wps1sl6sd+tjES1Y+cwx/IH1+QPUJZIk</latexit>

⇤ ⌘



In all known string theory examples so far, it occurs that

<latexit sha1_base64="g8lfZOb5fonk21RfSmWT+yp/SUY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Mpof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLS0zRWiTSC5VJ8KaciZo0zDDaSdVFCcRp+1odDfz22OqNJPi0UxSGiR4IFjMCDZWCl23FXo9xQZDg5WST8gL3apX8+ZAq8QvSBUKNEL3q9eXJEuoMIRjrbu+l5ogx8owwum00ss0TTEZ4QHtWipwQnWQzy+fojOr9FEslS1h0Fz9PZHjROtJEtnOBJuhXvZm4n9eNzPxTZAzkWaGCrJYFGccGYlmMaA+U5QYPrEEE8XsrYgMscLE2LAqNgR/+eVV0rqo+Ve1y4fLav22iKMMJ3AK5+DDNdThHhrQBAJjeIZXeHNy58V5dz4WrSWnmDmGP3A+fwDfzJMq</latexit>

V0 ! 0
<latexit sha1_base64="1L89BOZKyY+2bslrv51UCcLh8O4=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUpQBYwVLIxFog+pCdGN67RW7SSyHVAVdWHhV1gYQIiVf2Djb3AfA7QcydLROffq+pww5Uxpx/m2CkvLK6trxfXSxubW9o69u9dUSSYJbZCEJ7IdgqKcxbShmea0nUoKIuS0FQ6uxn7rnkrFkvhWD1PqC+jFLGIEtJEC+7AZOJ5iAos7D3jahyD3pMA6eaByFNhlp+JMgBeJOyNlNEM9sL+8bkIyQWNNOCjVcZ1U+zlIzQino5KXKZoCGUCPdgyNQVDl55MUI3xslC6OEmlerPFE/b2Rg1BqKEIzKUD31bw3Fv/zOpmOLvycxWmmaUymh6KMm5B4XAnuMkmJ5kNDgEhm/opJHyQQbYormRLc+ciLpHlacc8q1ZtquXY5q6OIDtAROkEuOkc1dI3qqIEIekTP6BW9WU/Wi/VufUxHC9ZsZx/9gfX5A2CCmIY=</latexit>

V0 ⇠ m↵
tower in Planck units,     as

<latexit sha1_base64="WRrkKDKycSdgEzQ95ysIB5q5PK8=">AAAB+3icbZDNSsNAFIVv6l+tf7Eu3QwWwVVJSlFXUnDjsoJthTaUyWTSDp1M4sxELKGv4saFIm59EXe+jdM0C209MPBx7r3cO8dPOFPacb6t0tr6xuZWebuys7u3f2AfVrsqTiWhHRLzWN77WFHOBO1opjm9TyTFkc9pz59cz+u9RyoVi8WdnibUi/BIsJARrI01tKuNAacPaIB5MsY5BkO75tSdXGgV3AJqUKg9tL8GQUzSiApNOFaq7zqJ9jIsNSOcziqDVNEEkwke0b5BgSOqvCy/fYZOjROgMJbmCY1y9/dEhiOlppFvOiOsx2q5Njf/q/VTHV56GRNJqqkgi0VhypGO0TwIFDBJieZTA5hIZm5FZIwlJtrEVTEhuMtfXoVuo+6e15u3zVrrqoijDMdwAmfgwgW04Aba0AECT/AMr/BmzawX6936WLSWrGLmCP7I+vwBHOqT2A==</latexit>

2  ↵  dWe can bound [Montero,Vafa,IV’22]in quasi-dS space

Higuchi bound:
<latexit sha1_base64="CZq1z1JdJMy5cyZ4tF191N2bGsY=">AAAB/3icbVDJSgNBEO2JW4xbVPDipTEInsKMBPUkAS85RjALZMLQ06kkTXoWu2vUMObgr3jxoIhXf8Obf2NnOWjig4LHe1VU1fNjKTTa9reVWVpeWV3Lruc2Nre2d/K7e3UdJYpDjUcyUk2faZAihBoKlNCMFbDAl9DwB1djv3EHSosovMFhDO2A9ULRFZyhkbz8QeClLsIDphjdgxqN3B7c0oqXL9hFewK6SJwZKZAZql7+y+1EPAkgRC6Z1i3HjrGdMoWCSxjl3ERDzPiA9aBlaMgC0O10cv+IHhulQ7uRMhUinai/J1IWaD0MfNMZMOzreW8s/ue1EuxetFMRxglCyKeLuomkGNFxGLQjFHCUQ0MYV8LcSnmfKcbRRJYzITjzLy+S+mnROSuWrkuF8uUsjiw5JEfkhDjknJRJhVRJjXDySJ7JK3mznqwX6936mLZmrNnMPvkD6/MH0jeWmw==</latexit>

mtower � H since the tower contains 
higher spin fields

<latexit sha1_base64="k6okqsORA0QJevuro8J5KzGYv/M=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoOJBAl48RjAPyC5hdtKbDJl9ZGY2EEK+w4sHRbz6Md78GyfJHjSxoKGo6qa7y08EV9q2v63cxubW9k5+t7C3f3B4VDw+aao4lQwbLBaxbPtUoeARNjTXAtuJRBr6Alv+8H7ut8YoFY+jJz1J0AtpP+IBZ1QbyXOpSAbU7eOIVG67xZJdthcg68TJSAky1LvFL7cXszTESDNBleo4dqK9KZWaM4GzgpsqTCgb0j52DI1oiMqbLo6ekQuj9EgQS1ORJgv198SUhkpNQt90hlQP1Ko3F//zOqkObrwpj5JUY8SWi4JUEB2TeQKkxyUyLSaGUCa5uZWwAZWUaZNTwYTgrL68TpqVsnNVrj5WS7W7LI48nME5XIID11CDB6hDAxiM4Ble4c0aWy/Wu/WxbM1Z2cwp/IH1+QPoaZGI</latexit>

↵ � 2 :

Even if tree level is small, there is at least a one-loop contribution:
<latexit sha1_base64="Ex9eAnNRuJtxFMhYaJCbZkJzDns=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVUj1JwYvHCvZD2rVks9k2NMkuSVYoS3+FFw+KePXnePPfmLZ70NYHA4/3ZpiZFyScaeO6305hbX1jc6u4XdrZ3ds/KB8etXWcKkJbJOax6gZYU84kbRlmOO0mimIRcNoJxjczv/NElWaxvDeThPoCDyWLGMHGSg/tvmYCicdwUK64VXcOtEq8nFQgR3NQ/uqHMUkFlYZwrHXPcxPjZ1gZRjidlvqppgkmYzykPUslFlT72fzgKTqzSoiiWNmSBs3V3xMZFlpPRGA7BTYjvezNxP+8XmqiKz9jMkkNlWSxKEo5MjGafY9CpigxfGIJJorZWxEZYYWJsRmVbAje8surpH1R9erV2l2t0rjO4yjCCZzCOXhwCQ24hSa0gICAZ3iFN0c5L86787FoLTj5zDH8gfP5A2MskCM=</latexit>

V ⇠ md (if non-susy)

<latexit sha1_base64="AjNGZubnZjVLcAgYXXpItMjS8m8=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqHiQgBePEcwDskuYne1Nhsw+MjMbCCHf4cWDIl79GG/+jZNkD5pY0FBUddPd5aeCK23b31ZhbX1jc6u4XdrZ3ds/KB8eNVWSSYYNlohEtn2qUPAYG5prge1UIo18gS1/cD/zWyOUiifxkx6n6EW0F/OQM6qN5LlUpH3qChyS4LZbrthVew6ySpycVCBHvVv+coOEZRHGmgmqVMexU+1NqNScCZyW3ExhStmA9rBjaEwjVN5kfvSUnBklIGEiTcWazNXfExMaKTWOfNMZUd1Xy95M/M/rZDq88SY8TjONMVssCjNBdEJmCZCAS2RajA2hTHJzK2F9KinTJqeSCcFZfnmVNC+qzlX18vGyUrvL4yjCCZzCOThwDTV4gDo0gMEQnuEV3qyR9WK9Wx+L1oKVzxzDH1ifPzwfkb8=</latexit>

↵  d :

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

d =

Pattern



In all known string theory examples so far, it occurs that

<latexit sha1_base64="g8lfZOb5fonk21RfSmWT+yp/SUY=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Mpof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LOtPG8b6e0tr6xuVXeruzs7u0fuIdHLS0zRWiTSC5VJ8KaciZo0zDDaSdVFCcRp+1odDfz22OqNJPi0UxSGiR4IFjMCDZWCl23FXo9xQZDg5WST8gL3apX8+ZAq8QvSBUKNEL3q9eXJEuoMIRjrbu+l5ogx8owwum00ss0TTEZ4QHtWipwQnWQzy+fojOr9FEslS1h0Fz9PZHjROtJEtnOBJuhXvZm4n9eNzPxTZAzkWaGCrJYFGccGYlmMaA+U5QYPrEEE8XsrYgMscLE2LAqNgR/+eVV0rqo+Ve1y4fLav22iKMMJ3AK5+DDNdThHhrQBAJjeIZXeHNy58V5dz4WrSWnmDmGP3A+fwDfzJMq</latexit>

V0 ! 0
<latexit sha1_base64="1L89BOZKyY+2bslrv51UCcLh8O4=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqJqUpQBYwVLIxFog+pCdGN67RW7SSyHVAVdWHhV1gYQIiVf2Djb3AfA7QcydLROffq+pww5Uxpx/m2CkvLK6trxfXSxubW9o69u9dUSSYJbZCEJ7IdgqKcxbShmea0nUoKIuS0FQ6uxn7rnkrFkvhWD1PqC+jFLGIEtJEC+7AZOJ5iAos7D3jahyD3pMA6eaByFNhlp+JMgBeJOyNlNEM9sL+8bkIyQWNNOCjVcZ1U+zlIzQino5KXKZoCGUCPdgyNQVDl55MUI3xslC6OEmlerPFE/b2Rg1BqKEIzKUD31bw3Fv/zOpmOLvycxWmmaUymh6KMm5B4XAnuMkmJ5kNDgEhm/opJHyQQbYormRLc+ciLpHlacc8q1ZtquXY5q6OIDtAROkEuOkc1dI3qqIEIekTP6BW9WU/Wi/VufUxHC9ZsZx/9gfX5A2CCmIY=</latexit>

V0 ⇠ m↵
tower in Planck units,     as

..

<latexit sha1_base64="K04kj/IydeXjTaDWx27/40V/2kE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEtMeCF48t2A9oQ9lsJ+3a3STsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgkfYMtwI7CYKqQwEdoLJ3dzvPKHSPI4ezDRBX9JRxEPOqLFSUw7KFbfqLkDWiZeTCuRoDMpf/WHMUomRYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZGlGJ2s8Wh87IhVWGJIyVrciQhfp7IqNS66kMbKekZqxXvbn4n9dLTVjzMx4lqcGILReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6reTfW6eV2p1/I4inAG53AJHtxCHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD1XmM8A==</latexit>m

<latexit sha1_base64="kWJoJH1wTdMcN/31oApLvbowBf8=">AAAB6XicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoj0WvHisYmuhXUo2zbahSXZJskJZ+g+8eFDEq//Im//GtN2Dtj4YeLw3w8y8MBHcWM/7RoWNza3tneJuaW//4PCofHzSMXGqKWvTWMS6GxLDBFesbbkVrJtoRmQo2GM4uZn7j09MGx6rBztNWCDJSPGIU2KddF+Tg3LFq3oL4HXi56QCOVqD8ld/GNNUMmWpIMb0fC+xQUa05VSwWamfGpYQOiEj1nNUEclMkC0uneELpwxxFGtXyuKF+nsiI9KYqQxdpyR2bFa9ufif10tt1AgyrpLUMkWXi6JUYBvj+dt4yDWjVkwdIVRzdyumY6IJtS6ckgvBX315nXRqVf+qWr+rV5qNPI4inME5XIIP19CEW2hBGyhE8Ayv8IYm6AW9o49lawHlM6fwB+jzB0ZmjSw=</latexit>

2m

<latexit sha1_base64="rNYzpFSawx7vcVzAykXej1++49A=">AAAB6XicbVDLSgNBEOyNrxhfUY9eBoPgKexq0BwDXjxGMSaQLGF2MpsMmccyMyuEJX/gxYMiXv0jb/6Nk2QPmljQUFR1090VJZwZ6/vfXmFtfWNzq7hd2tnd2z8oHx49GpVqQltEcaU7ETaUM0lblllOO4mmWESctqPxzcxvP1FtmJIPdpLQUOChZDEj2Drp/lL0yxW/6s+BVkmQkwrkaPbLX72BIqmg0hKOjekGfmLDDGvLCKfTUi81NMFkjIe066jEgpowm186RWdOGaBYaVfSorn6eyLDwpiJiFynwHZklr2Z+J/XTW1cDzMmk9RSSRaL4pQjq9DsbTRgmhLLJ45gopm7FZER1phYF07JhRAsv7xKHi+qwVW1dlerNOp5HEU4gVM4hwCuoQG30IQWEIjhGV7hzRt7L96797FoLXj5zDH8gff5A0frjS0=</latexit>

3m

..

.
It is important to consider the contribution of the 
entire tower of states (vs a finite number of fields):

first light state of the tower!
<latexit sha1_base64="PaSSTu+uyW0iqQkmb68pq1YW29E=">AAAB9HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MVjBfsB7bpks9k2NMmuSbZQSn+HFw+KePXHePPfmLZ70NYHA4/3ZpiZF6acaeO6305hbX1jc6u4XdrZ3ds/KB8etXSSKUKbJOGJ6oRYU84kbRpmOO2kimIRctoOh7czvz2iSrNEPphxSn2B+5LFjGBjJb8VuD3NBBKB9xgF5YpbdedAq8TLSQVyNILyVy9KSCaoNIRjrbuemxp/gpVhhNNpqZdpmmIyxH3atVRiQbU/mR89RWdWiVCcKFvSoLn6e2KChdZjEdpOgc1AL3sz8T+vm5n42p8wmWaGSrJYFGccmQTNEkARU5QYPrYEE8XsrYgMsMLE2JxKNgRv+eVV0rqoepfV2n2tUr/J4yjCCZzCOXhwBXW4gwY0gcATPMMrvDkj58V5dz4WrQUnnzmGP3A+fwC3UpFq</latexit>

V0 ⇠ md
1

• If integrating out the infinite tower:

<latexit sha1_base64="YEHqnJJwVWz/RmRu1eFBaVBLjgU=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWARXJVEirqSghuXFewDmhgmk0k7dGYSZiaFELrxV9y4UMStn+HOv3HaZqGtBy4czrmXe+8JU0aVdpxva2V1bX1js7JV3d7Z3du3Dw47KskkJm2csET2QqQIo4K0NdWM9FJJEA8Z6Yaj26nfHROpaCIedJ4Sn6OBoDHFSBspsI87geMpyiEPCk9yOCRonE8eo8CuOXVnBrhM3JLUQIlWYH95UYIzToTGDCnVd51U+wWSmmJGJlUvUyRFeIQGpG+oQJwov5g9MIFnRolgnEhTQsOZ+nuiQFypnIemkyM9VIveVPzP62c6vvYLKtJME4Hni+KMQZ3AaRowopJgzXJDEJbU3ArxEEmEtcmsakJwF19eJp2LuntZb9w3as2bMo4KOAGn4By44Ao0wR1ogTbAYAKewSt4s56sF+vd+pi3rljlzBH4A+vzB1LHlj4=</latexit>

V0 ⇠ md
heavy the heavy states dominate

• If integrating a finite number of fields below a cut-off:

(e.g. Casimir energies)

Failure of IR EFT expectations



SO(16)xSO(16) non-SUSY (tachyon-free) 
heterotic string theory:

Non-SUSY string theory example

..

 Positive runaway on the dilaton

Contribution of massive string excitations is “cut-off” at Ms due to modular 
invariance (to avoid redundancy of counting the same states more than once)

Tower of string modes becoming light 
in the weak coupling limit, starting at

<latexit sha1_base64="lolH0KzJkig2wG601wSvb2tdY9w="></latexit>

V1-loop ⇠ �
X

i

(�1)Fi

Z 1

⇤�2
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ds
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i s

2

◆

V

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

gs ! 0

<latexit sha1_base64="d6+F1UQjdtMDuNsb2PbhDWvMrjg=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKexKUC9KwIvHCOYByRpmJ51kyOzsMjOrhCX/4cWDIl79F2/+jZNkD5pY0FBUddPdFcSCa+O6305uZXVtfSO/Wdja3tndK+4fNHSUKIZ1FolItQKqUXCJdcONwFaskIaBwGYwupn6zUdUmkfy3oxj9EM6kLzPGTVWemh0044KiVGIkyu3Wyy5ZXcGsky8jJQgQ61b/Or0IpaEKA0TVOu258bGT6kynAmcFDqJxpiyER1g21JJQ9R+Ort6Qk6s0iP9SNmShszU3xMpDbUeh4HtDKkZ6kVvKv7ntRPTv/RTLuPEoGTzRf1EEBORaQSkxxUyI8aWUKa4vZWwIVWUGRtUwYbgLb68TBpnZe+8XLmrlKrXWRx5OIJjOAUPLqAKt1CDOjBQ8Ayv8OY8OS/Ou/Mxb8052cwh/IHz+QMB1pIw</latexit>

Vtree = 0 by conformal invariance

More massive NS5-branes do not contribute either, they are composite objects

<latexit sha1_base64="n6Yi/EpzEhfOfkmE35fvzTrnp38=">AAACAXicbVDLSgMxFM3UV62vUTeCm2ARXJUZKepKCm5cVrAP6IxDJs20oUlmSDJKGcaNv+LGhSJu/Qt3/o1pOwttPRA4nHMvN+eECaNKO863VVpaXlldK69XNja3tnfs3b22ilOJSQvHLJbdECnCqCAtTTUj3UQSxENGOuHoauJ37olUNBa3epwQn6OBoBHFSBspsA/anqIc8iDzJIc6fiAyv8tcJw/sqlNzpoCLxC1IFRRoBvaX149xyonQmCGleq6TaD9DUlPMSF7xUkUShEdoQHqGCsSJ8rNpghweG6UPo1iaJzScqr83MsSVGvPQTHKkh2rem4j/eb1URxd+RkWSaiLw7FCUMpMUTuqAfSoJ1mxsCMKSmr9CPEQSYW1Kq5gS3PnIi6R9WnPPavWberVxWdRRBofgCJwAF5yDBrgGTdACGDyCZ/AK3qwn68V6tz5moyWr2NkHf2B9/gA+uZbC</latexit>

V ⇠ m10
tower

<latexit sha1_base64="ehiLAgXLyfnioShuL+n4JYPD4dE=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIqBel4MWLUMF+QBvCZrtpl+4mYXdjKbE/xYsHRbz6S7z5b9y2OWjrg4HHezPMzAsSzpR2nG+rsLK6tr5R3Cxtbe/s7tnl/aaKU0log8Q8lu0AK8pZRBuaaU7biaRYBJy2guHN1G89UqlYHD3ocUI9gfsRCxnB2ki+XRZ+1pUC6XhE5eTqzle+XXGqzgxombg5qUCOum9/dXsxSQWNNOFYqY7rJNrLsNSMcDopdVNFE0yGuE87hkZYUOVls9Mn6NgoPRTG0lSk0Uz9PZFhodRYBKZTYD1Qi95U/M/rpDq89DIWJammEZkvClNuHkXTHFCPSUo0HxuCiWTmVkQGWGKiTVolE4K7+PIyaZ5W3fPq2f1ZpXadx1GEQziCE3DhAmpwC3VoAIERPMMrvFlP1ov1bn3MWwtWPnMAf2B9/gBMwJQG</latexit>

mtower = Ms

<latexit sha1_base64="j9YVsea3MkFsx4QPELnQk3hRqtk=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHgRKtoPaEPZbCft0s0m7G6EEvoTvHhQxKu/yJv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKK6tr6xvFzdLW9s7uXnn/oKnjVDFssFjEqh1QjYJLbBhuBLYThTQKBLaC0c3Ubz2h0jyWj2acoB/RgeQhZ9RY6eGup3vlilt1ZyDLxMtJBXLUe+Wvbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezUyfkxCp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDKz7hMUoOSzReFqSAmJtO/SZ8rZEaMLaFMcXsrYUOqKDM2nZINwVt8eZk0z6reRfX8/rxSu87jKMIRHMMpeHAJNbiFOjSAwQCe4RXeHOG8OO/Ox7y14OQzh/AHzucPL/CNvA==</latexit>

Ms


