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Brief overview of the Swampland program

Quantum gravity requires new physics (tower of new states 
becoming light) for extreme/small values of EFT parameters

Applied to dark energy, it motivates the Dark Dimension scenario:

Outline
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l ⇠ 0.1� 10µmwhich signals one large extra dimension

[Montero,Vafa,IV’22]
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What is the space of Effective Field Theories weakly 
coupled to Einstein gravity that can be consistely UV 

completed (in quantum gravity)?

Swampland program
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Not every EFT can be 

UV completed!

What can it go here?

What is the quantum gravity cut-off?



Not everything goes in 
Quantum Gravity!

All EFTs

Energy Quantum Gravity
(e.g. String Theory)

Consistent with 
Quantum Gravity

Not consistent with 
Quantum Gravity

Swampland Lectures/Reviews:
[Brennan,Vafa’17]  [Palti’19]
[Van Beest,Calderon-
Infante,Mirfendereski,IV’21]



Not everything goes in 
Quantum Gravity!

[Vafa’05]

Swampland Lectures/Reviews:
[Brennan,Vafa’17]  [Palti’19]
[Van Beest,Calderon-
Infante,Mirfendereski,IV’21]



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

Swampland:

Not everything goes in 
Quantum Gravity!

[Vafa’05]

Swampland Lectures/Reviews:
[Brennan,Vafa’17]  [Palti’19]
[Van Beest,Calderon-
Infante,Mirfendereski,IV’21]



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



Quantitative 
evidence in string 

theory

Explain it using 
black holes, 
holography, 

unitarity/causality, 
…

Phenomenological 
implications

Identify pattern
(swampland conjecture)

Proposals for constraints that EFTs must satisfy to be consistent with QG

They are mainly motivated by string theory and black hole physics, 
but we expect them to be general features of quantum gravity (even 

beyond string theory)

Swampland conjectures



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”

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

golden opportunity!

1) Not the entire space of parameters is consistent (constraints/correlations 
because of quantum gravity consistency in the UV)

2) Quantum Gravity does not preserve decoupling / separation of energy scales 
(it can induce UV/IR mixing)

Quantum gravity could be the missing piece behind naturalness issues since… 

Today I will focus in one example of interest for dark energy



In QFT, how can we get small values for a parameter in the EFT?

• Fine-tuning

• Protected by an approximate symmetry

Most important Swampland constraint: No exact global symmetries

Naturalness

Evidence:

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

• Proof in AdS/CFT

• Proof in perturbative string theory
[Harlow,Ooguri ’18]

[Polchinski’s book] …

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

[Bah,Chen,Maldacena’22]

How does this change in the presence of gravity?



What about approximate symmetries?

Approximate symmetries
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g = 0
Consider a parameter    in the EFT, such that a global symmetry is 

restored if
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The smaller    is, the lower the 
quantum gravity cut-off gets
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We can have approximate symmetries in the IR, but they imply a 
drop-off of the QG cut-off

..⇤QG

Mp

cut-off

limit restoring a symmetry
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⇤QG ⌧ Mp

The EFT must break down when 
taking the limit             by quantum 

gravity effects
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g ! 0
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The EFT must break down when 
taking the limit             by quantum 

gravity effects

..⇤QG

Mp

cut-off

limit restoring a symmetry
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⇤QG ⌧ Mp

Consider a parameter    in the EFT, such that a global symmetry is 
restored if

Approximate symmetries
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g ! 0

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
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What about approximate symmetries?
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g ! 0

The smaller    is, the lower the 
quantum gravity cut-off gets
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Why?

Asymptotic/
perturbative limits 

= infinite field 
distance limits

Asymptotic limits

From string perspective:

All continuos EFT parameters are set by vacuum expectation 
values of scalar fields (that fix the size/shape of extra dimensions)

(like the Higgs boson parametrizes the masses                         )
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m(H) = yhHi
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g = g(�)

Scalar field space 
in String Theory

=

� ! 1

L = gij(�)@�
i@�j

field metric

Parameter space:

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

g(�) ! 0

We get approx. 
symmetries, weak 

coupling, etc. in these 
corners

Computational 
perturbative 

control of the EFT



There is an infinite tower of states becoming exponentially light
when approaching any infinite field distance boundary of the field space

when �� ! 1 [Ooguri-Vafa’06]

Swampland Distance Conjecture

geodesic distance<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)

• Plethora of quantitative tests in string theory

• Bottom-up arguments based on black hole physics

Evidence:

[Grimm, Palti, IV’18] [Lee,Lerche,Weigand’18-21]… …

[Hamada,Montero,Vafa, IV’21]

• One (if not the most) basic feature of string theory (behind all famous string dualities)

• Towards a proof in the CFT dual to AdS vacua [Perlmutter,Rastelli,Vafa,IV’21]
[Baume,Calderon-Infante’21-23]

<latexit sha1_base64="suqbbJEUlsRgLi9KDyz2zrpP3Lg=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5JIUVdScOPOCvYBTSmT6aQdOjMJMxOhhuKvuHGhiFv/w51/46TNQlsPDBzOuZd75gQxo0q77re1tLyyurZe2Chubm3v7Np7+00VJRKTBo5YJNsBUoRRQRqaakbasSSIB4y0gtF15rceiFQ0Evd6HJMuRwNBQ4qRNlLPPvQV5T5HeogRS28nZc91T3t2ya24UziLxMtJCXLUe/aX349wwonQmCGlOp4b626KpKaYkUnRTxSJER6hAekYKhAnqptO00+cE6P0nTCS5gntTNXfGyniSo15YCaznGrey8T/vE6iw8tuSkWcaCLw7FCYMEdHTlaF06eSYM3GhiAsqcnq4CGSCGtTWNGU4M1/eZE0zyreeaV6Vy3VrvI6CnAEx1AGDy6gBjdQhwZgeIRneIU368l6sd6tj9nokpXvHMAfWJ8/VnuUfA==</latexit>

⇠ O(100) in 6 years
starting in

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

mtower ⇠ m0e
�↵��



Asymptotic Towers of States

Making an EFT parameter parametrically small such that we recover 
an approximate symmetry

..

..

..

<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 all light

Existence of a light tower of states

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

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

<latexit sha1_base64="TIoYk/VDVL4C+atPDlDbpkwbUpM=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUU9S8OKxov2AdinZNNuGJtklyQpl6U/w4kERr/4ib/4b03YP2vpg4PHeDDPzwkRwYz3vGxXW1jc2t4rbpZ3dvf2D8uFRy8SppqxJYxHrTkgME1yxpuVWsE6iGZGhYO1wfDvz209MGx6rRztJWCDJUPGIU2Kd9CD7ql+ueFVvDrxK/JxUIEejX/7qDWKaSqYsFcSYru8lNsiItpwKNi31UsMSQsdkyLqOKiKZCbL5qVN85pQBjmLtSlk8V39PZEQaM5Gh65TEjsyyNxP/87qpja6DjKsktUzRxaIoFdjGePY3HnDNqBUTRwjV3N2K6YhoQq1Lp+RC8JdfXiWti6p/Wa3d1yr1mzyOIpzAKZyDD1dQhztoQBMoDOEZXuENCfSC3tHHorWA8plj+AP0+QNZHI3X</latexit>mn

<latexit sha1_base64="Gi41NmknIJy+njIDsmg1JRhOp5w=">AAACHnicbVDLSgMxFM34rPVVdekmWAQ3lhmpj5UUFHSh0IJ9QKcOmfS2DU1mhiQjlKFf4sZfceNCEcGV/o2ZtgttPRByOOdcknv8iDOlbfvbmptfWFxazqxkV9fWNzZzW9s1FcaSQpWGPJQNnyjgLICqZppDI5JAhM+h7vcvUr/+AFKxMLjTgwhagnQD1mGUaCN5uWP3xoTbxEtcKXDlaugqJvCtF8F9cuj6oAl2L4GnV9RjQ5fz1PRyebtgj4BniTMheTRB2ct9uu2QxgICTTlRqunYkW4lRGpGOQyzbqwgIrRPutA0NCACVCsZrTfE+0Zp404ozQk0Hqm/JxIilBoI3yQF0T017aXif14z1p2zVsKCKNYQ0PFDnZhjHeK0K9xmEqjmA0MIlcz8FdMekYRq02jWlOBMrzxLakcF56RQrBTzpfNJHRm0i/bQAXLQKSqha1RGVUTRI3pGr+jNerJerHfrYxydsyYzO+gPrK8fVZGh/Q==</latexit>

⇤QG ⇠ Mpe
���� ⌧ Mp

Approaching an infinite distance boundary of the field space of string theory

Surprising!



A lot of research in Swampland program is devoted to make this precise, find new 
avenues to prove the existence of the tower, and quantify how light it becomes

Implications

<latexit sha1_base64="piwuixEuVVzbDnE+Qil3C3Y0cWQ="></latexit>
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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]

↵ = 1

ΔφSDC ΔφLyth

0.00 0.05 0.10 0.15 0.20
r

5

10

15

20
Δφ

r  0.064
<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>

(for inflation, cosmological relaxation…)
Bounds for the scalar field range Bounds for the value of gauge couplings

From string theory evidence:

Nature of the tower: either Kaluza-Klein fields or string modes

<latexit sha1_base64="7YAN+xrrIhC69Wy+jbWmM24RMI8=">AAACF3icbZDLSsNAFIYnXmu9RV26GSyCG0NSirpRCm5cVrAXaEKZTCbt0MkknZkIJeQt3Pgqblwo4lZ3vo3TNgvb+sPAz3fO4cz5/YRRqWz7x1hZXVvf2Cxtlbd3dvf2zYPDloxTgUkTxywWHR9JwignTUUVI51EEBT5jLT94e2k3n4kQtKYP6hxQrwI9TkNKUZKo55puYglA+T2yQi6oUDYyVw5EioLzqt5fj2HNOiZFduyp4LLxilMBRRq9MxvN4hxGhGuMENSdh07UV6GhKKYkbzsppIkCA9Rn3S15Sgi0sumd+XwVJMAhrHQjys4pX8nMhRJOY583RkhNZCLtQn8r9ZNVXjlZZQnqSIczxaFKYMqhpOQYEAFwYqNtUFYUP1XiAdIR6F0lGUdgrN48rJpVS3nwqrd1yr1myKOEjgGJ+AMOOAS1MEdaIAmwOAJvIA38G48G6/Gh/E5a10xipkjMCfj6xe1oqBH</latexit>

↵ � 1p
d� 2

=
1p
2

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

mtower ⇠ m0e
�↵�� ;

[Lee,Weigand,Wolfgang’19] [Etheredge et al’22] [Castellano,Ruiz,IV’23]

<latexit sha1_base64="izq6dzssI7tPRfVC2o7AiIOwRxM="></latexit>

g &
✓
⇤QG

Mp

◆↵̃

ruled out by 
swampland

(dark photons, weakly coupled dark matter…)

[Reece’18]

[Montero,Muñoz,
Obied’22] 

(Weak Gravity 
Conjecture)



What about the smallest parameter we have in our universe?

The vacuum energy / dark energy:

..

tower of states 
becoming light

Could it be that the smallness of our vacuum energy is a signal that we live 
in these asymptotic regions?

Dark energy

The vacuum energy (if positive) 
also goes to zero (in Planck 
units) at the infinite distance 

boundaries

[Ooguri et al’18]

[Luest,Palti,Vafa’19]

[Montero,Vafa,IV’22]

<latexit sha1_base64="pr4AyQEyIxo6h7QdeZFYhCM2zQw=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MWLUMF+SLuWbJptQ5PskmSFsvRXePGgiFd/jjf/jel2D9r6YODx3gwz84KYM21c99sprKyurW8UN0tb2zu7e+X9g5aOEkVok0Q8Up0Aa8qZpE3DDKedWFEsAk7bwfh65refqNIskvdmElNf4KFkISPYWOmhxzm67cePtX654lbdDGiZeDmpQI5Gv/zVG0QkEVQawrHWXc+NjZ9iZRjhdFrqJZrGmIzxkHYtlVhQ7afZwVN0YpUBCiNlSxqUqb8nUiy0nojAdgpsRnrRm4n/ed3EhJd+ymScGCrJfFGYcGQiNPseDZiixPCJJZgoZm9FZIQVJsZmVLIheIsvL5PWWdU7r9buapX6VR5HEY7gGE7Bgwuoww00oAkEBDzDK7w5ynlx3p2PeWvByWcO4Q+czx/1SY/b</latexit>

⌧ M4
p

<latexit sha1_base64="YgMrFi15c2+KAdsf1cIryKlYqDI=">AAACDnicbVA9SwNBEN3z2/gVtbRZDIIWhjsJaiWCFjaCgvmAXDzmNpNkcfdu2d0TQ/AX2PhXbCwUsbW289+4iSk08cHA470ZZubFSnBjff/Lm5icmp6ZnZvPLSwuLa/kV9cqJs00wzJLRaprMRgUPMGy5VZgTWkEGQusxjcnfb96i9rwNLmyXYUNCe2EtzgD66Qov1WJ/NBwSc8jdV0K8U5t74ZtkBJoeIrCQqg6fCfKF/yiPwAdJ8GQFMgQF1H+M2ymLJOYWCbAmHrgK9vogbacCbzPhZlBBewG2lh3NAGJptEbvHNPt5zSpK1Uu0osHai/J3ogjenK2HVKsB0z6vXF/7x6ZluHjR5PVGYxYT+LWpmgNqX9bGiTa2RWdB0Bprm7lbIOaGDWJZhzIQSjL4+Tyl4x2C+WLkuF46NhHHNkg2ySbRKQA3JMzsgFKRNGHsgTeSGv3qP37L157z+tE95wZp38gffxDUylmwM=</latexit>

V0 ⇠ M4
p exp(����)

…

<latexit sha1_base64="Aoqr1TnNNf4VC+13jaALTZuUob4=">AAAB/3icdVDLSgMxFM3UV62vquDGTbAIbhySMrSupODGjVDBPqCdDpk004ZmHiQZoYxd+CtuXCji1t9w59+YPgQVPXDhcM693HuPnwiuNEIfVm5peWV1Lb9e2Njc2t4p7u41VZxKyho0FrFs+0QxwSPW0FwL1k4kI6EvWMsfXUz91i2TisfRjR4nzA3JIOIBp0QbySseND3UVTyEGPWyU1wuT668pOd4xRKyEUa44kBk42rFcbAhFWSAIbbRDCWwQN0rvnf7MU1DFmkqiFIdjBLtZkRqTgWbFLqpYgmhIzJgHUMjEjLlZrP7J/DYKH0YxNJUpOFM/T6RkVCpceibzpDoofrtTcW/vE6qgzM341GSahbR+aIgFVDHcBoG7HPJqBZjQwiV3NwK6ZBIQrWJrGBC+PoU/k+aZRtXbOfaKdXOF3HkwSE4AicAgyqogUtQBw1AwR14AE/g2bq3Hq0X63XemrMWM/vgB6y3T42ZlIc=</latexit>

V0 ⇠ 10�122M4
p



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

Dark energy

Motivation:

• Our universe contains weakly coupled sectors and approximate 
symmetries (B-L,…)           asymptotic limit

• The limit              is at infinite distance in the space of metric 
configurations (generalization of the Distance conjecture)

<latexit sha1_base64="6DoYjRqgG+FlYEZZJ8W8+bpXY0o=">AAAB+XicdVDLSgMxFM3UV62vUZdugkVwNSQyTF0W3bisYB/QDkMmTdvQzGRIMpUy9E/cuFDErX/izr8xfQgqeuDC4Zx7ufeeOBNcG4Q+nNLa+sbmVnm7srO7t3/gHh61tMwVZU0qhVSdmGgmeMqahhvBOpliJIkFa8fj67nfnjCluUzvzDRjYUKGKR9wSoyVItdtRain+HBkiFLyHqLIrSIPYYQDHyIP1wLfx5YEyAJD7KEFqmCFRuS+9/qS5glLDRVE6y5GmQkLogyngs0qvVyzjNAxGbKupSlJmA6LxeUzeGaVPhxIZSs1cKF+nyhIovU0iW1nQsxI//bm4l9eNzeDy7DgaZYbltLlokEuoJFwHgPsc8WoEVNLCFXc3grpiChCjQ2rYkP4+hT+T1oXHg48/9av1q9WcZTBCTgF5wCDGqiDG9AATUDBBDyAJ/DsFM6j8+K8LltLzmrmGPyA8/YJHgWTWA==</latexit>

V0 ! 0
[Luest,Palti,Vafa’19]

Distance
<latexit sha1_base64="cB1LXAbUXBTlUjXipI6RugTjgUI=">AAAB9XicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUU9S8OKxgv2A7lqyabYNTTZLklXKtv/DiwdFvPpfvPlvTNs9aOuDgcd7M8zMCxPOtHHdb6ewsrq2vlHcLG1t7+zulfcPmlqmitAGkVyqdog15SymDcMMp+1EUSxCTlvh8Gbqtx6p0kzG92aU0EDgfswiRrCx0oOvmfC57KNxs+uOu+WKW3VnQMvEy0kFctS75S+/J0kqaGwIx1p3PDcxQYaVYYTTSclPNU0wGeI+7VgaY0F1kM2unqATq/RQJJWt2KCZ+nsiw0LrkQhtp8BmoBe9qfif10lNdBVkLE5SQ2MyXxSlHBmJphGgHlOUGD6yBBPF7K2IDLDCxNigSjYEb/HlZdI8q3oX1fO780rtOo+jCEdwDKfgwSXU4Bbq0AACCp7hFd6cJ+fFeXc+5q0FJ585hD9wPn8AKz2SSw==</latexit>

⇠ log |V0|
as

<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="/rqdXyPTN0HVusKIq8SAIu5/NS0=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkoiRT1JwYvHCvYDmhg22027dDcJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0w5U9pxvq3S2vrG5lZ5u7Kzu7dftQ8OOyrJJKFtkvBE9kKsKGcxbWumOe2lkmIRctoNxzczv/tIpWJJfK8nKfUFHsYsYgRrIwV21VNMoE7gPHiYpyMc2DWn7syBVolbkBoUaAX2lzdISCZorAnHSvVdJ9V+jqVmhNNpxcsUTTEZ4yHtGxpjQZWfzw+folOjDFCUSFOxRnP190SOhVITEZpOgfVILXsz8T+vn+noys9ZnGaaxmSxKMo40gmapYAGTFKi+cQQTCQztyIywhITbbKqmBDc5ZdXSee87l7UG3eNWvO6iKMMx3ACZ+DCJTThFlrQBgIZPMMrvFlP1ov1bn0sWktWMXMEf2B9/gAJW5Kw</latexit>

⇠ V ↵
0

<latexit sha1_base64="7olEvfyVFQ1U4VRLxxAkhoG2hqw=">AAAB+nicbVBNSwMxEJ2tX7V+bfXoJVgET2VXRD1JwYvHCvYD2mXJpmkbmk2WJGspa3+KFw+KePWXePPfmLZ70NYHA4/3ZpiZFyWcaeN5305hbX1jc6u4XdrZ3ds/cMuHTS1TRWiDSC5VO8KaciZowzDDaTtRFMcRp61odDvzW49UaSbFg5kkNIjxQLA+I9hYKXTLqBl6XcUGQ4OVkmPkhW7Fq3pzoFXi56QCOeqh+9XtSZLGVBjCsdYd30tMkGFlGOF0WuqmmiaYjPCAdiwVOKY6yOanT9GpVXqoL5UtYdBc/T2R4VjrSRzZzhiboV72ZuJ/Xic1/esgYyJJDRVksaifcmQkmuWAekxRYvjEEkwUs7ciMsQKE2PTKtkQ/OWXV0nzvOpfVi/uLyq1mzyOIhzDCZyBD1dQgzuoQwMIjOEZXuHNeXJenHfnY9FacPKZI/gD5/MHN3yTVA==</latexit>

V0 ! 0



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

Let us assume this, and explore the consequences of this scenario

Dark 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

� ! 1



?
<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

Universal consequence of 
asymptotic regimes:

 light tower of states

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

m(�)

(independently of whether we have 
supersymmetry at high energies)

<latexit sha1_base64="YgMrFi15c2+KAdsf1cIryKlYqDI=">AAACDnicbVA9SwNBEN3z2/gVtbRZDIIWhjsJaiWCFjaCgvmAXDzmNpNkcfdu2d0TQ/AX2PhXbCwUsbW289+4iSk08cHA470ZZubFSnBjff/Lm5icmp6ZnZvPLSwuLa/kV9cqJs00wzJLRaprMRgUPMGy5VZgTWkEGQusxjcnfb96i9rwNLmyXYUNCe2EtzgD66Qov1WJ/NBwSc8jdV0K8U5t74ZtkBJoeIrCQqg6fCfKF/yiPwAdJ8GQFMgQF1H+M2ymLJOYWCbAmHrgK9vogbacCbzPhZlBBewG2lh3NAGJptEbvHNPt5zSpK1Uu0osHai/J3ogjenK2HVKsB0z6vXF/7x6ZluHjR5PVGYxYT+LWpmgNqX9bGiTa2RWdB0Bprm7lbIOaGDWJZhzIQSjL4+Tyl4x2C+WLkuF46NhHHNkg2ySbRKQA3JMzsgFKRNGHsgTeSGv3qP37L157z+tE95wZp38gffxDUylmwM=</latexit>

V0 ⇠ M4
p exp(����)

Known as Dine-Seiberg problem

[Ooguri et al’18]
or deSitter Swampland conjectrue

<latexit sha1_base64="vEwGan4Ej1rsYDFR3GwpIIZuy64="></latexit>

� =
|rV0|
V0

� |rmtower|2

m2
tower

�
p
2

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

mtower � H

<latexit sha1_base64="lkFw2uLHCGqDd0PtWQk0hacE9l8=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU90tRb0oBS8eK9gPbNeSTbNtaJJdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjG6mfuuJKs0ieW/GMfUFHkgWMoKNlR6umj33MfXOKpNeseSW3RnQMvEyUoIM9V7xq9uPSCKoNIRjrTueGxs/xcowwumk0E00jTEZ4QHtWCqxoNpPZxdP0IlV+iiMlC1p0Ez9PZFiofVYBLZTYDPUi95U/M/rJCa89FMm48RQSeaLwoQjE6Hp+6jPFCWGjy3BRDF7KyJDrDAxNqSCDcFbfHmZNCtl77xcvauWatdZHHk4gmM4BQ8uoAa3UIcGEJDwDK/w5mjnxXl3PuatOSebOYQ/cD5/ACdUj+0=</latexit>

= V 1/2
0

First lesson: Universe cannot accelerate forever

too steep!

(it deccelerates at parametrically late times)

[Bedroya,Vafa’21][Rudelius’22]



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

m(�)

Asymptotic vacuum energy

(independently of whether we have 
supersymmetry at high energies)

Under debate whether one can generate a dS minimum

(recent technical progress done here…)



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

m(�)

<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

Asymptotic vacuum energy

Second lesson: The tower is still there regardless of what happens with the potential 
at smaller values of     (as long as we keep perturbative control of the EFT)

(independently of whether we have 
supersymmetry at high energies)

<latexit sha1_base64="4stJs36TfocE+s1FR2mf68/nqqw=">AAAB63icdVDLSgMxFM3UV62vqks3wSK4GhIZpq6k4MZlBfuAdiiZNNMJzWSGJCOUob/gxoUibv0hd/6NmbaCih64cDjnXu69J8wE1wahD6eytr6xuVXdru3s7u0f1A+PujrNFWUdmopU9UOimeCSdQw3gvUzxUgSCtYLp9el37tnSvNU3plZxoKETCSPOCWmlIZZzEf1BnIRRtj3IHJx0/c8bImPLDDELlqgAVZoj+rvw3FK84RJQwXReoBRZoKCKMOpYPPaMNcsI3RKJmxgqSQJ00GxuHUOz6wyhlGqbEkDF+r3iYIkWs+S0HYmxMT6t1eKf3mD3ESXQcFllhsm6XJRlAtoUlg+DsdcMWrEzBJCFbe3QhoTRaix8dRsCF+fwv9J98LFvuvdeo3W1SqOKjgBp+AcYNAELXAD2qADKIjBA3gCz07iPDovzuuyteKsZo7BDzhvn1I4jm4=</latexit>

�



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

V0 ! 0in Planck units,   as
<latexit sha1_base64="sbk+kMMqrTuw0CSU9OyJVnjLlxQ=">AAACBXicbVBPS8MwHE3nvzn/VT3qITgEYTBaGepFGXjxOMFtwlZKmqVbWJqUJBVG6cWLX8WLB0W8+h28+W3Muh5080Hg8d7vJfm9IGZUacf5tkpLyyura+X1ysbm1vaOvbvXUSKRmLSxYELeB0gRRjlpa6oZuY8lQVHASDcYX0/97gORigp+pycx8SI05DSkGGkj+fZhx3cuO36KGVIqqxnGhIizWn8gtPLtqlN3csBF4hakCgq0fPvL5HASEa7zC3uuE2svRVJTzEhW6SeKxAiP0ZD0DOUoIspL8y0yeGyUAQyFNIdrmKu/EymKlJpEgZmMkB6peW8q/uf1Eh1eeCnlcaIJx7OHwoRBLeC0EjigkmDNJoYgLKn5K8QjJBHWpriKKcGdX3mRdE7r7lm9cduoNq+KOsrgAByBE+CCc9AEN6AF2gCDR/AMXsGb9WS9WO/Wx2y0ZBWZffAH1ucPXOKYgA==</latexit>

V0 = Vclass + Vloop + . . .
<latexit sha1_base64="r179Z80SyNu7MTXHp4QRwKwPOwY=">AAACAnicbVDLSsNAFJ3UV62vqCtxM1gEVyWRoq6k4MZlBfuAJobJ9KYdOpOEmYlSQnHjr7hxoYhbv8Kdf+P0sdDWAwOHc+7lzjlhypnSjvNtFZaWV1bXiuuljc2t7R17d6+pkkxSaNCEJ7IdEgWcxdDQTHNopxKICDm0wsHV2G/dg1QsiW/1MAVfkF7MIkaJNlJgH3iKCSyC3JMC6+QB5OjOIzztk8AuOxVnArxI3Bkpoxnqgf3ldROaCYg15USpjuuk2s+J1IxyGJW8TEFK6ID0oGNoTAQoP59EGOFjo3RxlEjzYo0n6u+NnAilhiI0k4Lovpr3xuJ/XifT0YWfszjNNMR0eijKuMmKx33gLpNANR8aQqhk5q+Y9okkVJvWSqYEdz7yImmeVtyzSvWmWq5dzuoookN0hE6Qi85RDV2jOmogih7RM3pFb9aT9WK9Wx/T0YI129lHf2B9/gB+Spd/</latexit>

⇠ m↵
tower

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

mtower � H since it contains higher spin fields
<latexit sha1_base64="DKIre96W5Ovcg+Gl9ynDaM1mPbg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUU9S8OKxgm2FJpTNdtIu3STr7kYopX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC6Xg2rjut1NYW9/Y3Cpul3Z29/YPyodHbZ1mimGLpSJVDyHVKHiCLcONwAepkMahwE44upn5nSdUmqfJvRlLDGI6SHjEGTVW8n0q5JD6A3wktV654lbdOcgq8XJSgRzNXvnL76csizExTFCtu54rTTChynAmcFryM42SshEdYNfShMaog8n85ik5s0qfRKmylRgyV39PTGis9TgObWdMzVAvezPxP6+bmegqmPBEZgYTtlgUZYKYlMwCIH2ukBkxtoQyxe2thA2poszYmEo2BG/55VXSrlW9i2r9rl5pXOdxFOEETuEcPLiEBtxCE1rAQMIzvMKbkzkvzrvzsWgtOPnMMfyB8/kDZzqRRA==</latexit>

↵ � 2
<latexit sha1_base64="lkFw2uLHCGqDd0PtWQk0hacE9l8=">AAAB8XicbVBNSwMxEJ2tX7V+VT16CRbBU90tRb0oBS8eK9gPbNeSTbNtaJJdkqxQlv4LLx4U8eq/8ea/MW33oK0PBh7vzTAzL4g508Z1v53cyura+kZ+s7C1vbO7V9w/aOooUYQ2SMQj1Q6wppxJ2jDMcNqOFcUi4LQVjG6mfuuJKs0ieW/GMfUFHkgWMoKNlR6umj33MfXOKpNeseSW3RnQMvEyUoIM9V7xq9uPSCKoNIRjrTueGxs/xcowwumk0E00jTEZ4QHtWCqxoNpPZxdP0IlV+iiMlC1p0Ez9PZFiofVYBLZTYDPUi95U/M/rJCa89FMm48RQSeaLwoQjE6Hp+6jPFCWGjy3BRDF7KyJDrDAxNqSCDcFbfHmZNCtl77xcvauWatdZHHk4gmM4BQ8uoAa3UIcGEJDwDK/w5mjnxXl3PuatOSebOYQ/cD5/ACdUj+0=</latexit>

= V 1/2
0

The exponent     is model-dependent, but we can bound it

(assuming no extreme fine-tunings)

<latexit sha1_base64="yKx5X8fQ9wXNFO5OzCEh3wfPhzU=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AG8pku2nXbjZhdyOU0P/gxYMiXv0/3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nirImjUWsOgFqJrhkTcONYJ1EMYwCwdrB+Hbmt5+Y0jyWD2aSMD/CoeQhp2is1OqhSEbYL1fcqjsHWSVeTiqQo9Evf/UGMU0jJg0VqHXXcxPjZ6gMp4JNS71UswTpGIesa6nEiGk/m187JWdWGZAwVrakIXP190SGkdaTKLCdEZqRXvZm4n9eNzXhtZ9xmaSGSbpYFKaCmJjMXicDrhg1YmIJUsXtrYSOUCE1NqCSDcFbfnmVtC6q3mW1dl+r1G/yOIpwAqdwDh5cQR3uoAFNoPAIz/AKb07svDjvzseiteDkM8fwB87nD407jx0=</latexit>↵

Relation between dark energy and the light tower

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

V0 = �m↵ model dependent

<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 are correlatedand
<latexit sha1_base64="pwiqgOPuoRnUuFYGOkTCdJthtCw=">AAAB9HicbVDLSgNBEOyNrxhfUY9eFoPgKexKUE8S8OIxgnlAsoTZSScZMjO7zsxGwpLv8OJBEa9+jDf/xkmyB00saCiquunuCmPOtPG8bye3tr6xuZXfLuzs7u0fFA+PGjpKFMU6jXikWiHRyJnEumGGYytWSETIsRmObmd+c4xKs0g+mEmMgSADyfqMEmOlQHTTjhKuiZ5QTbvFklf25nBXiZ+REmSodYtfnV5EE4HSUE60bvtebIKUKMMox2mhk2iMCR2RAbYtlUSgDtL50VP3zCo9tx8pW9K4c/X3REqE1hMR2k5BzFAvezPxP6+dmP51kDIZJwYlXSzqJ9w+6c4ScHtMITV8YgmhitlbXTokilBjcyrYEPzll1dJ46LsX5Yr95VS9SaLIw8ncArn4MMVVOEOalAHCo/wDK/w5oydF+fd+Vi05pxs5hj+wPn8ARpEklE=</latexit>mtower

Even if classical piece is small, there is a one-loop quantum 
contribution (if non-susy)

<latexit sha1_base64="NhAya7B6w2R/r2A2UmCYNW9JlwE=">AAAB9XicbVDLSgNBEJz1GeMr6tHLYBA8hV0J6kUJePEYwTwgWUPvbG8yZPbhzKwSlvyHFw+KePVfvPk3TpI9aGJBQ1HVTXeXlwiutG1/W0vLK6tr64WN4ubW9s5uaW+/qeJUMmywWMSy7YFCwSNsaK4FthOJEHoCW97weuK3HlEqHkd3epSgG0I/4gFnoI103wWRDKAr8IH6l9VeqWxX7CnoInFyUiY56r3SV9ePWRpipJkApTqOnWg3A6k5EzgudlOFCbAh9LFjaAQhKjebXj2mx0bxaRBLU5GmU/X3RAahUqPQM50h6IGa9ybif14n1cGFm/EoSTVGbLYoSAXVMZ1EQH0ukWkxMgSY5OZWygYggWkTVNGE4My/vEiapxXnrFK9rZZrV3kcBXJIjsgJccg5qZEbUicNwogkz+SVvFlP1ov1bn3MWpesfOaA/IH1+QO5OJIA</latexit>

↵  d = 4

dimension of 
space-time

<latexit sha1_base64="Mlnth8IkkvmV2LLKhaxtB1TG8PU=">AAAB/XicbVDLSsNAFJ3UV62v+Ni5GSyCq5JIUVdScOOygn1AE8NkMmmHzkzCzESpofgrblwo4tb/cOffOG2z0NYDFw7n3Mu994Qpo0o7zrdVWlpeWV0rr1c2Nre2d+zdvbZKMolJCycskd0QKcKoIC1NNSPdVBLEQ0Y64fBq4nfuiVQ0Ebd6lBKfo76gMcVIGymwDzxFOeRB7kkOdfJA5PguCuyqU3OmgIvELUgVFGgG9pcXJTjjRGjMkFI910m1nyOpKWZkXPEyRVKEh6hPeoYKxIny8+n1Y3hslAjGiTQlNJyqvydyxJUa8dB0cqQHat6biP95vUzHF35ORZppIvBsUZwx8yacRAEjKgnWbGQIwpKaWyEeIImwNoFVTAju/MuLpH1ac89q9Zt6tXFZxFEGh+AInAAXnIMGuAZN0AIYPIJn8ArerCfrxXq3PmatJauY2Qd/YH3+AJQalU8=</latexit>

⇠ md
tower

<latexit sha1_base64="ZQgZfaImIVb3MLXDvW7X8d0k6Zc=">AAACA3icbVDLSgMxFM3UV62vUXe6CRbBVZmRoq6k4MZlBfuAzjhkMpk2NMkMSUYpQ8GNv+LGhSJu/Ql3/o1pOwttPRA4nHMuN/eEKaNKO863VVpaXlldK69XNja3tnfs3b22SjKJSQsnLJHdECnCqCAtTTUj3VQSxENGOuHwauJ37olUNBG3epQSn6O+oDHFSBspsA/ageP1tQlwyIPckxzq5IHI8V0U2FWn5kwBF4lbkCoo0AzsLy9KcMaJ0JghpXquk2o/R1JTzMi44mWKpAgPUZ/0DBWIE+Xn0xvG8NgoEYwTaZ7QcKr+nsgRV2rEQ5PkSA/UvDcR//N6mY4v/JyKNNNE4NmiOGPmTDgpBEZUEqzZyBCEJTV/hXiAJMLa1FYxJbjzJy+S9mnNPavVb+rVxmVRRxkcgiNwAlxwDhrgGjRBC2DwCJ7BK3iznqwX6936mEVLVjGzD/7A+vwB992XvQ==</latexit>

V0 & md
towerso

<latexit sha1_base64="9b4+/WnkFza6Gutzr4SViINAQGs=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBU9mVop6k4MVjBfsB7VKyabYNzSYxyQpl6Z/w4kERr/4db/4b03YP2vpg4PHeDDPzIsWZsb7/7RXW1jc2t4rbpZ3dvf2D8uFRy8hUE9okkkvdibChnAnatMxy2lGa4iTitB2Nb2d++4lqw6R4sBNFwwQPBYsZwdZJnVY/41Kqab9c8av+HGiVBDmpQI5Gv/zVG0iSJlRYwrEx3cBXNsywtoxwOi31UkMVJmM8pF1HBU6oCbP5vVN05pQBiqV2JSyaq78nMpwYM0ki15lgOzLL3kz8z+umNr4OMyZUaqkgi0VxypGVaPY8GjBNieUTRzDRzN2KyAhrTKyLqORCCJZfXiWti2pwWa3d1yr1mzyOIpzAKZxDAFdQhztoQBMIcHiGV3jzHr0X7937WLQWvHzmGP7A+/wBaDWQNg==</latexit>

Vloop



Satisfied in known string theory examples:

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

Positive runaway potentials in 4d N=1 theories and non-SUSY theories

Relation between dark energy and the light tower



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

If we live near these asymptotic corners of the landscape where 
<latexit sha1_base64="kNl35GpRF7FIu6G6qNwr6NPB0j8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHgRKtgPbEPYbDft0s0m7E6EUvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvDCVwqDrfjuFldW19Y3iZmlre2d3r7x/0DRJphlvsEQmuh1Sw6VQvIECJW+nmtM4lLwVDm+mfuuJayMS9YCjlPsx7SsRCUbRSo/NwO1KSe6CNChX3Ko7A1kmXk4qkKMelL+6vYRlMVfIJDWm47kp+mOqUTDJJ6VuZnhK2ZD2ecdSRWNu/PHs4gk5sUqPRIm2pZDM1N8TYxobM4pD2xlTHJhFbyr+53UyjK78sVBphlyx+aIokwQTMn2f9ITmDOXIEsq0sLcSNqCaMrQhlWwI3uLLy6R5VvUuquf355XadR5HEY7gGE7Bg0uowS3UoQEMFDzDK7w5xnlx3p2PeWvByWcO4Q+czx+aKJA4</latexit>

V0 ⌧ Mp :

<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 =

<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="kNl35GpRF7FIu6G6qNwr6NPB0j8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1JMUvHgRKtgPbEPYbDft0s0m7E6EUvovvHhQxKv/xpv/xm2bg7Y+GHi8N8PMvDCVwqDrfjuFldW19Y3iZmlre2d3r7x/0DRJphlvsEQmuh1Sw6VQvIECJW+nmtM4lLwVDm+mfuuJayMS9YCjlPsx7SsRCUbRSo/NwO1KSe6CNChX3Ko7A1kmXk4qkKMelL+6vYRlMVfIJDWm47kp+mOqUTDJJ6VuZnhK2ZD2ecdSRWNu/PHs4gk5sUqPRIm2pZDM1N8TYxobM4pD2xlTHJhFbyr+53UyjK78sVBphlyx+aIokwQTMn2f9ITmDOXIEsq0sLcSNqCaMrQhlWwI3uLLy6R5VvUuquf355XadR5HEY7gGE7Bg0uowS3UoQEMFDzDK7w5xnlx3p2PeWvByWcO4Q+czx+aKJA4</latexit>

V0 ⌧ Mp

If we do not invoke extra fine-tunings:

Let’s take this correlation seriously (rather than trying to fine-tune 
it away) and see what it implies for our universe!

Relation between dark energy and the light tower



Experimental constraints

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

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

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

V 1/4 ⇠ 2.31 meV

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

String perturbative limit

Decompactification of n extra dimensions

[Lee,Lerche,Weigand’19]

Experimental constraints:

Astrophysical bounds: 
[Hannestad and Raffelt ’03]

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

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

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

ruled out

<latexit sha1_base64="qIbhWwcI/jouLVWW+OIbNOP0GPI=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEurAkUrQrKbhxWcE+oIllMp20Q2eSMDMRaij+ihsXirj1P9z5N04fC60euHA4517uvSdIOFPacb6s3NLyyupafr2wsbm1vWPv7jVVnEpCGyTmsWwHWFHOItrQTHPaTiTFIuC0FQyvJn7rnkrF4uhWjxLqC9yPWMgI1kbq2geeYgKVqlXkiRSJk7vs1B137aJTdqZAf4k7J0WYo961P71eTFJBI004VqrjOon2Myw1I5yOC16qaILJEPdpx9AIC6r8bHr9GB0bpYfCWJqKNJqqPycyLJQaicB0CqwHatGbiP95nVSHVT9jUZJqGpHZojDlSMdoEgXqMUmJ5iNDMJHM3IrIAEtMtAmsYEJwF1/+S5pnZfe8XLmpFGuX8zjycAhHUAIXLqAG11CHBhB4gCd4gVfr0Xq23qz3WWvOms/swy9YH9/zzJOd</latexit>

⇠ (88µm)�1



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="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

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

V0 ! 0

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

(if avoiding extra fine-tunings)



Dark Dimension Scenario

M̂ ⇠ m1/3M2/3
P ⇠ 1010 GeV

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

QG 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!

(challenge: engineer hierarchy with respect to SM fields, SUSY breaking scale, etc.)

SM
<latexit sha1_base64="AUf7al6p/k4e1mxNSNDi8kwA7zg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePHYgq2FNpTNdtKu3WzC7kYoob/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewtr6xuVXcLu3s7u0flA+P2jpOFcMWi0WsOgHVKLjEluFGYCdRSKNA4EMwvp35D0+oNI/lvZkk6Ed0KHnIGTVWaop+ueJW3TnIKvFyUoEcjX75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia89jMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14l7Yuqd1mtNWuV+k0eRxFO4BTOwYMrqMMdNKAFDBCe4RXenEfnxXl3PhatBSefOYY/cD5/ANXDjPU=</latexit>

l

5



Dark Dimension Scenario

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: [Gonzalo et al’22] [Law-Smith et al’23] [Anchordoqui et al’23]

KK gravitons act as dark matter candidates



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

⇤QG ⌧ Mp



Conclusions

This motivate an scenario in which the smallness of our vacuum energy 
is tied to the existence of one mesoscopic extra dimension of

<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� 10µm in our universe.

We named it the Dark Dimension.

Thank you!

Swampland constraints motivated by string theory suggest
<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  as

and imply that the universe cannot accelerate forever.



back-up slides



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

 Positive runaway on the dilaton

<latexit sha1_base64="an88l/p9IwS43njacnGbMQOg+pg=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqCcpePFYwX5AE8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3KY5aOuDgcd7M8zMCxPOtHHdb6e0tr6xuVXeruzs7u0fVA+POjpOFaFtEvNY9UKsKWeStg0znPYSRbEIOe2Gk9u5332iSrNYPphpQgOBR5JFjGBjJb/jayaQeMw8dzao1ty6mwOtEq8gNSjQGlS//GFMUkGlIRxr3ffcxAQZVoYRTmcVP9U0wWSCR7RvqcSC6iDLb56hM6sMURQrW9KgXP09kWGh9VSEtlNgM9bL3lz8z+unJroOMiaT1FBJFouilCMTo3kAaMgUJYZPLcFEMXsrImOsMDE2pooNwVt+eZV0LureZb1x36g1b4o4ynACp3AOHlxBE+6gBW0gkMAzvMKbkzovzrvzsWgtOcXMMfyB8/kDUDWRNg==</latexit>

V ⇠ m10

Contribution of massive string excitations is cut-off at Ms due to modular invariance

<latexit sha1_base64="NYw/8mYfv7v/inH8l5FkvcI1XwQ=">AAAB8HicbVBNSwMxEJ3Ur1q/qh69BIvgqeyKqCcpePEiVLAf0i4lm2bb0CS7JFmhLP0VXjwo4tWf481/Y9ruQVsfDDzem2FmXpgIbqznfaPCyura+kZxs7S1vbO7V94/aJo41ZQ1aCxi3Q6JYYIr1rDcCtZONCMyFKwVjm6mfuuJacNj9WDHCQskGSgecUqskx5l13CJ73qmV654VW8GvEz8nFQgR71X/ur2Y5pKpiwVxJiO7yU2yIi2nAo2KXVTwxJCR2TAOo4qIpkJstnBE3zilD6OYu1KWTxTf09kRBozlqHrlMQOzaI3Ff/zOqmNroKMqyS1TNH5oigV2MZ4+j3uc82oFWNHCNXc3YrpkGhCrcuo5ELwF19eJs2zqn9RPb8/r9Su8ziKcATHcAo+XEINbqEODaAg4Rle4Q1p9ILe0ce8tYDymUP4A/T5A25BkCo=</latexit>

m ⇠ Ms

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

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

V1-loop ⇠ �
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<latexit sha1_base64="8AweZr7sK0fKc1LeWzZlGBxOVpo=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE1JMUvHisYD+gDWGz3bRLN7thd1Ipof/EiwdFvPpPvPlv3LY5aOuDgcd7M8zMi1LBDXjet1NaW9/Y3CpvV3Z29/YP3MOjllGZpqxJlVC6ExHDBJesCRwE66SakSQSrB2N7mZ+e8y04Uo+wiRlQUIGksecErBS6LqD0PQ0HwyBaK2esBe6Va/mzYFXiV+QKirQCN2vXl/RLGESqCDGdH0vhSAnGjgVbFrpZYalhI7IgHUtlSRhJsjnl0/xmVX6OFbalgQ8V39P5CQxZpJEtjMhMDTL3kz8z+tmEN8EOZdpBkzSxaI4ExgUnsWA+1wzCmJiCaGa21sxHRJNKNiwKjYEf/nlVdK6qPlXtcuHy2r9toijjE7QKTpHPrpGdXSPGqiJKBqjZ/SK3pzceXHenY9Fa8kpZo7RHzifP2ORk34=</latexit>

gs ! 0

Non-SUSY example



Weak Gravity
Conjecture

No global 
symmetries

deSitter 
conjecture

Completeness 
hypothesis

Non-susy AdS 
conjecture

AdS Distance
Conjecture

Cobordism 
conjecture

Distance
Conjecture

Swampland Conjectures



� ! 1

..⇤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]



Phenomenological implications of WGC and SDC

constrains EFTs with tiny gauge couplings• WGC: 

Large field inflation is not 
ruled out but constrained 

Cosmological signatures of the tower?

or large axionic decay constants

⇤ ⇠ gMp
<latexit sha1_base64="ISkkHcQHmF6c4iWak9zG0qYohig=">AAAB+nicbVBNS8NAEJ34WetXqkcvi0XwVBMp6kUpePFYwX5AG8Jmu2mXbjZhd6OW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBQlnSjvOt7W0vLK6tl7YKG5ube/s2qW9popTSWiDxDyW7QArypmgDc00p+1EUhwFnLaC4fXEb91TqVgs7vQooV6E+4KFjGBtJN8uhZfuSd/PujJC+NFIY98uOxVnCrRI3JyUIUfdt7+6vZikERWacKxUx3US7WVYakY4HRe7qaIJJkPcpx1DBY6o8rLp6WN0ZJQeCmNpSmg0VX9PZDhSahQFpjPCeqDmvYn4n9dJdXjhZUwkqaaCzBaFKUc6RpMcUI9JSjQfGYKJZOZWRAZYYqJNWkUTgjv/8iJpnlbcs0r1tlquXeVxFOAADuEYXDiHGtxAHRpA4AGe4RXerCfrxXq3PmatS1Y+sw9/YH3+AJjkk5U=</latexit>

f = 1/gaxion(since )

• SDC: constrains EFTs with large field ranges

��  1

↵
log

Mp

⇤
⇤ ⇠ Mp exp(�↵��)

Example: Constraints on inflation

H  ⇤

��  1

↵
log

Mp

H
=

1

↵
log

r
2

⇡2Asr

Opposite scaling than Lyth bound!

ΔφSDC ΔφLyth
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[Scalisi,IV’18]
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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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�(⌧)
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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



deSitter 
conjecture

Non-susy
Instability 
conjecture

AdS Distance
Conjecture

constraints 
on potential

Any non-supersymmetric 
vacuum must be at best 

metastable

There should be an infinite tower of states becoming light as

m ⇠ ⇤↵ ⇤ ! 0as

for a family of vacua with cosmological constant ⇤

(it disfavours scale separation in AdS)

The scalar potential behaves as

|rV | � cV

when approaching an infinite field 
distance limit.

(runaway)


