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Please don’t hesitate to interrupt for questions!!

Most important thing:



Quantum Gravity

small distances large distances

Standard Model 
of Cosmology

Standard Model of 
Particle Physics

Quantum description of all 
elementary particles except 
for gravity

Classic description of gravity 
and evolution of our universe



GravityQuantum

Big challenge of the century!



Quantum Gravity

Big challenge of the century!

Can we construct a consistent theory of quantum gravity?

String TheoryYes, for example:

And now what?
Can we test it experimentally?

Or is this just a mere theoretical 
exercise?



Does Quantum Gravity matter at low energies? 

Does Quantum Gravity have any implication for the physics 
that can be detected with current experiments?



Does Quantum Gravity matter at low energies? 

No, it is irrelevant since quantum gravitational effects are only 
important at very high energies

False!



Does Quantum Gravity matter at low energies? 

Yes!

Gravity is different than the other interactions

Quantum Gravity can impose non-trivial constraints at low 
energies and potentially shed new light into naturalness issues 

of our universe



Why would one expect quantum gravity to be irrelevant at low energies? 

Expectation of  ‘separation of scales’:

IR effective theory should not be very sensitive to UV physics

based on a Wilsonian effective field theory approach

⇤

E

light fields heavy fields

UVIR

cut-off



Why would one expect quantum gravity to be irrelevant at low energies? 

Expectation of  ‘separation of scales’:

IR effective theory should not be very sensitive to UV physics

based on a Wilsonian effective field theory approach

⇤

E

light fields heavy fields

UVIR

cut-off

Following this, quantum gravitational effects would be expected 
to be important at very high energies of 1018 GeV

But gravity is different!



Quantum Gravity breaks with this notion of separation of scales and 
can impose non-trivial constraints at low energies

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

large black holes

scattering of particles at high energies

Evidence from String Theory (string dualities…)

Gravity is different: UV/IR mixing

Not every EFT is compatible with quantum gravity



Not everything goes in 
Quantum Gravity!

All EFTs

Energy Quantum Gravity
(e.g. String Theory)

Consistent with 
Quantum Gravity

Not consistent with 
Quantum Gravity

Not every EFT can arise as the low energy limit of a 
consistent theory of quantum gravity (e.g. string theory)

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



Not everything goes in 
Quantum Gravity!

[Vafa’05]

Not every EFT can arise as the low energy limit of a 
consistent theory of quantum gravity (e.g. string theory)

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?

Potential phenomenological implications:

UV imprint of quantum gravity at low energies

EFT expectations can fail in the presence of gravity

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

Swampland program

Goal:

New approach to connect string theory to our world

Guiding principles to construct BSM models

New insights to solve naturalness issues in our universe

… because not the entire space of parameters is allowed!



What distinguishes the landscape from the swampland?

Potential phenomenological implications:

UV imprint of quantum gravity at low energies

EFT expectations can fail in the presence of gravity

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

Swampland program

Goal:

New approach to connect string theory to our world

Guiding principles to construct BSM models

New insights to solve naturalness issues in our universe

… because not the entire space of parameters is allowed!

We will see an example at this talk 
for the cosmological constant!



Quantitative 
evidence in string 

theory

Explain it using 
BHs, holography, 

etc.

Phenomenological 
implications

Identify pattern
(swampland conjecture)

Swampland Conjectures

Proposals for constraints that EFTs must satisfy to be consistent with QG
(mainly motivated by string theory and black hole physics)



Weak Gravity
Conjecture

No global 
symmetries

Completeness 
hypothesis

deSitter 
conjecture

Non-susy AdS 
conjecture

AdS Distance
Conjecture

Cobordism 
conjecture

Distance
Conjecture

Swampland Conjectures

Entering an era 
of precission



No global 
symmetries



Symmetries

Rotational symmetry

Angular momentum

Electric charge



Some kind of symmetries (known as global 
symmetries) cannot be exact in quantum gravity

Quantum gravitational effects break them

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

Swampland conjecture: “No global symmetries”



They are broken in quantum gravity

Yes

No

Gauged symmetry

Global symmetry

Can we measure the conserved charge from very far away?

?

Symmetries

Two types of symmetries: global vs gauged



Consider
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Q = 0

There are two conserved charges:

electric charge

global

gauged

Example in the SM of particle physics:

Two possible solutions:

• The symmetry is exact because it is actually gauged

There is a new force (a new gauge field)

• The symmetry is broken

Proton cannot be stable



Motivation from black holes

- +
-

+

Black holes have 
finite entropy

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

constradiction!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



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

Evidence for “No global symmetries”

• 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



Recent developments: This conjecture is more constraining that expected!

Implications for classifying the landscape

Absence of topological global 
charges (corbodism)

 + anomaly cancellation
+ supersymmetry

rules out some supergravity 
theories by constraining  the 

rank of the gauge group
=

Example:

Using these general principles, we can classify all supergravities 
in d>7 that are consistent with quantum gravity

[Montero,Vafa’20]

[Hamada,Vafa’21] [Cvetic et al’20]

[Kim,Shiu,Vafa’19] …[Adams et al’10….][Dierigl,Heckman’20]

[Font et al’20-21] String universality!

They happen to match exactly the possible string theory constructions
[Bedroya, Montero, Hamada,Vafa’21]



No global 
symmetries

Open question: How much are they broken?



Weak Gravity
Conjecture

No global 
symmetries



Weak Gravity Conjecture

There must exist a particle satisfying:

Q

m
� 1

Q : charge 
m : mass

Fe =
Q2

r2
Fg =

m2

r2

so that the gravitational force acts 
weaker than the gauge force

[Arkani-Hamed et al’06]



Weak Gravity Conjecture

[Arkani-Hamed et al’06]

Plethora of quantitative tests in string theory!

The EFT breaks down at

Magnetic version:
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⇤cut�o↵ ⇠ gYMMp

It acts as a censorship mechanism 
to restore a global symmetry

..⇤QG

Mp

gYM ! 0

cut-off

limit restoring a symmetry
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gYM ! 0as



If such a particle does not exist, there would be black holes 
that cannot evaporate without creating singularities in space

M=Q M’>Q’

require to avoid 
singularities

- m<q

by energy and charge conservation

Motivation from black holes



It is satisfied in our universe:

Electron mass

Electron charge

10�23

10�1
m  Q

(in Planck units, i.e. Mp=1)

✓  

It is not random, it has a quantum gravity explanation!

Important implications for Beyond Standard Models of Particle Physics:

Hidden forces that are very weakly coupled are disfavoured in quantum 
gravity, since the QG cut-off gets low if gauge couplings are small



Weak Gravity
Conjecture

No global 
symmetries

Distance
Conjecture



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

Approximate global symmetries

we restore a U(1) global symmetry

Parameter space: gYM ! 0



Parameter space: gYM ! 0

String Theory has no free parameters:
All masses/couplings are given by vacuum expectation values 
of scalar fields that fix the size/shape of extra dimensions

(like the Higgs boson)

Approximate global symmetries



Scalar field space 
in String Theory

=

� ! 1

String Theory has no free parameters:
All masses/couplings are given by vacuum expectation values 
of scalar fields that fix the size/shape of extra dimensions

(like the Higgs boson)

L = gij(�)@�
i@�j

field metric

Parameter space:
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gYM (�) ! 0

Approximate global symmetries



Scalar field space 
in String Theory

=

� ! 1

L = gij(�)@�
i@�j

field metric

Parameter space:
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gYM (�) ! 0

Asymptotic limits

Examples: large volume, weak coupling…

They can only be restored at infinite 
field distance  (asymptotic limits)

Global symmetries not 
allowed in quantum gravity

Approximate global symmetries



Asymptotic limits in moduli spaces

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

…come at a price.

..⇤QG
E

Mp

gYM ! 0

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

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

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

and acts as a censorship mechanism to restore global symmetries.

cut-off

limit restoring a symmetry
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Swampland Distance Conjecture

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

when �� ! 1 [Ooguri-Vafa’06]

This signals the breakdown of the effective theory:

⇤QG ⇠ Mp exp(�↵��)

Upper bound on field range! 

�� . 1

↵
log

✓
Mp

⇤

◆
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m ⇠ g ! 0

If the tower is charged under a gauge field:
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⇤ . gMp Lower bound on gauge field!

same than WGC



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

when �� ! 1

• Plethora of quantitative tests in string theory

• Bottom-up arguments based on black hole physics

Evidence:
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m ⇠ m0e
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Very natural from string theory perspective, but surprising from EFT!

[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]

Swampland Distance Conjecture

[Ooguri-Vafa’06]



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

when �� ! 1

If there is a potential energy:
<latexit sha1_base64="uaZ9VqmvOXNR3rnO/iCpUe7iKnk=">AAACCnicbVC7TgMxEPTxDOEVoKQxREhU4Q5FQBlBQxkk8pBy4bTn+BIr9vlk+0DRKTUNv0JDAUK0fAEdf4PzKCBhpJVGM7va3QkTzrRx3W9nYXFpeWU1t5Zf39jc2i7s7Na1TBWhNSK5VM0QNOUspjXDDKfNRFEQIaeNsH818hv3VGkm41szSGhbQDdmESNgrBQUDoSvmcD1wL3LvBMfeNKDoa9Yt2dAKfmA3aBQdEvuGHieeFNSRFNUg8KX35EkFTQ2hIPWLc9NTDsDZRjhdJj3U00TIH3o0palMQiq29n4lSE+skoHR1LZig0eq78nMhBaD0RoOwWYnp71RuJ/Xis10UU7Y3GSGhqTyaIo5dhIPMoFd5iixPCBJUAUs7di0gMFxNj08jYEb/bleVI/LXlnpfJNuVi5nMaRQ/voEB0jD52jCrpGVVRDBD2iZ/SK3pwn58V5dz4mrQvOdGYP/YHz+QN1uJoi</latexit>

m ⇠ V 1/↵
0 ! 0

Universal asymptotic runaway 
behaviour of the potential �

V <latexit sha1_base64="rQDB+a7RNdhAcY3ac/uvVLgYf/8=">AAACB3icbVDLSgNBEJz1GeMr6lGQwSB4MexKUE8S0IPHCOYB2Rh6J51kyMzuMjMrhCU3L/6KFw+KePUXvPk3Th4HTSxoKKq66e4KYsG1cd1vZ2FxaXllNbOWXd/Y3NrO7exWdZQohhUWiUjVA9AoeIgVw43AeqwQZCCwFvSvRn7tAZXmUXhnBjE2JXRD3uEMjJVauYOqr7mk1ZaL9+mJ3wUpwb9GYcCPe3zYyuXdgjsGnSfelOTJFOVW7stvRyyRGBomQOuG58ammYIynAkcZv1EYwysD11sWBqCRN1Mx38M6ZFV2rQTKVuhoWP190QKUuuBDGynBNPTs95I/M9rJKZz0Ux5GCcGQzZZ1EkENREdhULbXCEzYmAJMMXtrZT1QAEzNrqsDcGbfXmeVE8L3lmheFvMly6ncWTIPjkkx8Qj56REbkiZVAgjj+SZvJI358l5cd6dj0nrgjOd2SN/4Hz+AGSzmQY=</latexit>

V ⇠ V0e
����

Refinement motivated by string theory: (still to be understood better!)

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

m ⇠ m0e
�↵��

[Ooguri et al’18][Dine-Seiberg]

Swampland Distance Conjecture

[Ooguri-Vafa’06]



Could it be the case of our universe?

Our universe

Possible scenario:

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

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

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

But then:



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

m ⇠ V 1/2
0

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

m ⇠ V 1/4
0

allowed experimentally (*)

allowed theoretically

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

Dark Dimension

Mass scale of the tower of states:

Higuchi bound Casimir contribution
(one loop quantum correction)



If we live in an asymptotic limit:

• the cosmological constant would be naturally small

• 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



Consistency with Quantum Gravity can have important implications 
for our universe that we are only starting now to discover.

Conclusions

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

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

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

which would imply 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.



Thank you!

Online series of Swampland seminars / open mic discussions

on Mondays at 10:30 am ET (4:30 pm CET)

Everybody is welcome!  :)

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

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


back-up slides



Dark Dimension

• Experimental constraints:

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

V 1/2 . m . V 1/4 <latexit sha1_base64="ZAAPl3lGPq2eJx8M/dTbeiNw868=">AAAB9HicbVBNSwMxEM36WetX1aOXYBE8Lbu1qCcpePFYwX5Au5RsOtuGJtk1yRbK0t/hxYMiXv0x3vw3pu0etPXBwOO9GWbmhQln2njet7O2vrG5tV3YKe7u7R8clo6OmzpOFYUGjXms2iHRwJmEhmGGQztRQETIoRWO7mZ+awxKs1g+mkkCgSADySJGibFS0NVM4Ip76WMBzV6p7LneHHiV+Dkpoxz1Xumr249pKkAayonWHd9LTJARZRjlMC12Uw0JoSMygI6lkgjQQTY/eorPrdLHUaxsSYPn6u+JjAitJyK0nYKYoV72ZuJ/Xic10U2QMZmkBiRdLIpSjk2MZwngPlNADZ9YQqhi9lZMh0QRamxORRuCv/zyKmlWXP/KrT5Uy7XbPI4COkVn6AL56BrV0D2qowai6Ak9o1f05oydF+fd+Vi0rjn5zAn6A+fzB854kNI=</latexit>

⇠ 2.31meV

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>

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

Is compatible with experimental constraints?

• Nature of the tower: String perturbative limit

Decompactification of n extra dimensions

ruled out exp.

ruled out

<latexit sha1_base64="TDti5PvAUkiKX7f2Ym1PO9aa6tU=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahgpYZKepKCm7cWcE+oDOWTJppQ5PMkGSEMhTc+CtuXCji1p9w59+YtrPQ1gOBwznncnNPEDOqtON8W7mFxaXllfxqYW19Y3PL3t5pqCiRmNRxxCLZCpAijApS11Qz0oolQTxgpBkMrsZ+84FIRSNxp4cx8TnqCRpSjLSROvYev09P3JHX0ybD4U3JdY68Y48nkHfsolN2JoDzxM1IEWSodewvrxvhhBOhMUNKtV0n1n6KpKaYkVHBSxSJER6gHmkbKhAnyk8nN4zgoVG6MIykeULDifp7IkVcqSEPTJIj3Vez3lj8z2snOrzwUyriRBOBp4vChEEdwXEhsEslwZoNDUFYUvNXiPtIIqxNbQVTgjt78jxpnJbds3LltlKsXmZ15ME+OAAl4IJzUAXXoAbqAINH8AxewZv1ZL1Y79bHNJqzspld8AfW5w+l+ZY7</latexit>

m
�1 & O(10)µm



Pattern in string theory:

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

Notice! It can go against field theory expectations
<latexit sha1_base64="IrKVzJ0h7h9PYAavmfD/7JHukVE=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgbBKuxKUAuRgIUWFgmYB2Q34e5kkgyZ2V1mZoWwpLTxV2wsFLH1E+z8GyePQhMPDBzOuYc79wQxZ0o7zreVWVpeWV3Lruc2Nre2d+zdvZqKEklolUQ8ko0AFOUspFXNNKeNWFIQAaf1YHA99usPVCoWhfd6GFNfQC9kXUZAG6ltH9Y8xQQWLQ943Ad8ib07k+5AO63cjFrFtp13Cs4EeJG4M5JHM5Tb9pfXiUgiaKgJB6WarhNrPwWpGeF0lPMSRWMgA+jRpqEhCKr8dHLICB8bpYO7kTQv1Hii/k6kIJQaisBMCtB9Ne+Nxf+8ZqK7F37KwjjRNCTTRd2EYx3hcSu4wyQlmg8NASKZ+SsmfZBAtOkuZ0pw509eJLXTgntWKFaK+dLVrI4sOkBH6AS56ByV0C0qoyoi6BE9o1f0Zj1ZL9a79TEdzVizzD76A+vzByZBmMg=</latexit>

V ⇠ m↵ < ⇤4
QG

..

<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

..

.

first state of the tower!
Interesting opportunity!



Non-SUSY example

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

Failure of EFT expectation



It is very important to integrate out the entire infinite tower of states

The result is drastically different than if integrating out only a finite 
number of them

..

<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

..

.
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:

Failure of EFT expectation



Pattern in string theory:

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

The presence of a tower of states becoming light forces the 
vacuum energy to become small

No fine-tuning or naturalness problem for the cosmological constant

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 remains small



� ! 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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r
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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>

[Scalisi,IV’18]

↵ = 1
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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>



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!

<latexit sha1_base64="rMzD9jHWzC4oGAK8xwLcp7xNknE=">AAAB8XicdVBNS8NAEJ3Ur1q/qh69LBahXkpSQ1svUvDisYJtxaaUzXbTLt1swu5GKKH/wosHRbz6b7z5b9y0FVT0wcDjvRlm5vkxZ0rb9oeVW1ldW9/Ibxa2tnd294r7Bx0VJZLQNol4JG99rChngrY105zexpLi0Oe0608uM797T6VikbjR05j2QzwSLGAEayPdefGYlT2Nk9NBsWRXzhu1qltDdsW2607VyUi17p65yDFKhhIs0RoU371hRJKQCk04Vqrn2LHup1hqRjidFbxE0RiTCR7RnqECh1T10/nFM3RilCEKImlKaDRXv0+kOFRqGvqmM8R6rH57mfiX10t00OinTMSJpoIsFgUJRzpC2ftoyCQlmk8NwUQycysiYywx0Sakggnh61P0P+lUK06t4l67pebFMo48HMExlMGBOjThClrQBgICHuAJni1lPVov1uuiNWctZw7hB6y3T1v8kLk=</latexit>

�(⌧)
<latexit sha1_base64="z/IRCRTrf/PcxznZa2AsNVFSDfw=">AAAB7nicdVDJSgNBEO2JW4xb1KOXxiDEy9ATsl4k4MVjBLNAMoSeTk/SpGehu0YIIR/hxYMiXv0eb/6NPUkEFX1Q8Hiviqp6XiyFBkI+rMzG5tb2TnY3t7d/cHiUPz7p6ChRjLdZJCPV86jmUoS8DQIk78WK08CTvOtNr1O/e8+VFlF4B7OYuwEdh8IXjIKRuuPiAGhyOcwXiF2qkEatjoldIU6jXDKEkHqjSrBjSIoCWqM1zL8PRhFLAh4Ck1TrvkNicOdUgWCSL3KDRPOYsikd876hIQ24dufLcxf4wigj7EfKVAh4qX6fmNNA61ngmc6AwkT/9lLxL6+fgF935yKME+AhWy3yE4khwunveCQUZyBnhlCmhLkVswlVlIFJKGdC+PoU/086Jdup2uXbcqF5tY4ji87QOSoiB9VQE92gFmojhqboAT2hZyu2Hq0X63XVmrHWM6foB6y3Txoyj24=</latexit>

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

<latexit sha1_base64="v9iOJHDCAznacgBzTrgyCmcprV0=">AAACAHicbVC7TsMwFHV4lvIKMDCwWFRITFVSVcCEKrEwMBSJPqQmrRzHaa3aTmQ7SFXahV9hYQAhVj6Djb/BbTNAy5EsHZ1zj67vCRJGlXacb2tldW19Y7OwVdze2d3btw8OmypOJSYNHLNYtgOkCKOCNDTVjLQTSRAPGGkFw5up33okUtFYPOhRQnyO+oJGFCNtpJ59PA69ZEDH3YqnKIfenYmGqFvp2SWn7MwAl4mbkxLIUe/ZX14Y45QToTFDSnVcJ9F+hqSmmJFJ0UsVSRAeoj7pGCoQJ8rPZgdM4JlRQhjF0jyh4Uz9ncgQV2rEAzPJkR6oRW8q/ud1Uh1d+RkVSaqJwPNFUcqgjuG0DRhSSbBmI0MQltT8FeIBkghr01nRlOAunrxMmpWye1Gu3ldLteu8jgI4AafgHLjgEtTALaiDBsBgAp7BK3iznqwX6936mI+uWHnmCPyB9fkDFViWEQ==</latexit>

|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)



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
<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> Dd

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


