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Yet to be understood from 1st principles
...but

String theory provides many indirect insights

and examples
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Insight #1: There are many QG theories
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Insight #2: ...but not everything goes
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Strategy: Fencing the swampland




Ex: “Theorem”

Quantum gravities cannot have
global symmetries (e.g., baryon number)

“Proof”
Create a black hole by colliding baryons
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Quantum black holes glow
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Remnants Black Hole

Mass
O Q! O
""?'""‘\:::"'_5"""""':j::""?"Mpl
stable @ @/ stable

Baryon number
05



Black
Ma
A

Remnants

Hole
SS

Infinitely many

~

stable

- - N - - - - - - - ——— ]
~
~

@,

microstates!

(Contradicts
Bekenstein-Hawking
entropy formula)
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Baryon number is violated!
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d ...that’s ok!
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...proton decays!



Baryon number is violated!

1 ~
VS. £eff ~ M—uﬂ,de (MSSM)
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(R-parity does not help, but other possible solns exist) 06



Charged remnants?

What if the symmetry is gauged (coupled
to a long range force) rather than global?

If E-field too strong
horizon is lost,
= Q/M bounded .

Now there is O+
an electric field:
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Charged remnants?
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Charged remnants?
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Charged remnants?
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The Weak Gravity Conjecture (WGC)
(Arkani-Hamed, Motl, Nicolis, Vafa '06)

There is a charged particle with

q Q

>
m|~ | M

ext BH

(Otherwise would have charged remnants)

“Gravity is the weakest force!”
|Feouomb| = [Frewton| fOr identical pair o4



The Weak Gravity Conjecture (WGC)

e.g., for electromagnetic forces

¢ he > Gm 104 he  easily satisfied!
47‘(’ 137 y

but for a “fifth force” such as B (really B-L)

QN < 10—49 e WGC not satisfied
(by nucleons)!

graVIty ‘
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The Magnetic WGC

No (generalized)
global symmetries

!

Magnetic
monopoles exist!
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The Magnetic WGC

Monopole self-energy
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Gravitational interactions
also get stronger

Mp ! Mp/ N forN light species
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BH, Reece, Rudelius ©19; BH, Lotito 2307.XxXXxX

Found a tower of resonances with:
! -1
Tm? = 3 max(Qf, Qg)

What is the relation to extremal BHs?
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BH, Reece, Rudelius ©19; BH, Lotito 2307.XxXXxX
Found a tower of resonances with:
! -1
7m? = 3 max(Qf, Q)

What is the relation to extremal BHs?

Detour: Osublattice RFCO
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BH, Reece, Rudelius ©19; BH, Lotito 2307.XxXXxX
Found a tower of resonances with:
! -1
Tmz =3 max(QE , Q%)
What is the relation to extremal BHs?

. _ . Above tower
Detour: Osublattice RFCO ;¢ self-repulsive
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BH, Reece, Rudelius ©19; BH, Lotito 2207.Xxxxx
Found a tower of resonances with:
! 2 -1 2 2
Z7m* = smax(Qf,Qg) ")
What is the relation to extremal BHs?

. _ . Above tower
Detour: Osublattice RFCO ;¢ self-repulsive
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BH, Reece, Rudelius ©19; BH, Lotito 2207.Xxxxx
Found a tower of resonances with:
! 2 -1 2 2
7 me = zmax(Qf, Qr) ")

What is the relation to extremal BHs?

A particle that is self-repulsive throughout

moduli space is superextremal
(BH, Reece, Rudelius ©19)
(Harlow, BH, Reece, Rudelius 2201.08380)
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Alim, BH, Rudelius 2108.08309
Gendler, BH, McAllister, Moritz, Rudelius 2212.10573

H#+ .- %&/(01)*2

< >

1 1 —_
1 1 =)
! .- M2
1 1 a =
] | <. : ; .
‘ s @ Genus 0 GV invariants:
o O G\ |0 1 2 3 i
W e 0 X
) 1 4. 6912 742784 75933184
U —_ 2 14400 8271360 244574771z [0
wmw o 3 6912 31344000 2655615206 —J
1 < 4 640 48098560 1308674606C wn
w 5 0 31344000 32921261670
@ 6 0 8271360 44540414956 |l
s 7 0 742784 32921261670 OJ
m 8 0 10032 130867460601 T
o © 9 0 0 26556152064
o a 10 0 0 2445747712
o 11 0 0 75933184 (@)
| | 25 2 12 0 0 288384 o
| | ® Q_ 13 0 0 0 S
¢ 1 oD . (¢
I I Q Y i



#$%8&'()*+',-.'%/'+,-0+123+&0(4/5'6
Alim, BH, Rudelius 2108.08309
Gendler, BH, McAllister, Moritz, Rudelius 2212.10573

WGC
1l

Highly nontrivial
predictions
about CY geometry

Veribed in
>1000 geometries

M2

Genus 0 GV invariants:

g \ax | O 1 2 3
0
1 4 6912 742784 75933184
2 14400 8271360 2445747712
3 6912 31344000 2655615206
4 640 48098560 1308674606(
5 0 31344000 32921261670
6 0 8271360 44540414956
7 0 742784 32921261670
8 0 10032 13086746060:
9 0 0 26556152064
10 0 0 2445747712
11 0 0 75933184
12 0 0 288384
13 0 0 0
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Alim, BH, Rudelius 2108.08309
Gendler, BH, McAllister, Moritz, Rudelius 2212.10573

Every example we
tested actually

satisbes the Lattice WGC?!

(Hint that LWGC
violations are somehow
rare / associated to
special structures

e.g., orbifolds.)
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Genus 0 GV invariants:

g \ax | O 1 2 3
0
1 4 6912 742784 75933184
2 14400 8271360 2445747712
3 6912 31344000 2655615206
4 640 48098560 1308674606(
5 0 31344000 32921261670
6 0 8271360 44540414956
7 0 742784 32921261670
8 0 10032 13086746060:
9 0 0 26556152064
10 0 0 2445747712
11 0 0 75933184
12 0 0 288384
13 0 0 0
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Can a scalar beld have a 3at potential over
a super—PIanckian peld range’?

EI$%&$ 0.

Generically no:
Vo (1)1 Vo(1)+ 15/|v| ol + 1OM G+ ...
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Charged worldline wrapped around circle
generates an OinstantonO

OActionO is 4’
S=21Rm! M/ lAS

Tower of instanton corrections unsuppressed
whenf I My,

Generates harmonics in the potential,
reducing e! ective beld range!

sTTf! M pl (Banks, Dine, Fox, Gorbatov O03) "
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