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Summary of the Results WGC in AdS L] o

Can We Extend the WGC to AdS Space?

Why?

The WGC is defined for asymptotically flat space, requiring that an extremal charged black hole is able
to decay.! However,

@ Understanding the constraints that an AdS EFT coupled to gravity must satisfy is useful for model
building:2 AdS Swampland Program.

@ Through holography,3 one can extract information about CFT properties.

How?

@ We computed the Schwinger rate for AdS-RN black holes.#
@ The rate is compatible with the instability imposed by the BF bound® in AdS.

@ Furthermore, we required that the emitted particle feels repelled® close to the BH horizon.
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AdS Weak Gravity Conjecture

AdS Weak Gravity Conjecture

Given any U(1) gauge field coupled to Einstein—Maxwell gravity, there must exist a particle with charge
q and mass m such that
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Considering the largest possible RN-AdS black hole, i.e. rp > {ys p, We require that there exists a particle

of charge g and mass m such that
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For particles with a mass comparable to the AdS scale:
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Weak Gravity Conjecture as Repulsive Force Condition

Einstein—Maxwell Theory
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Weak Gravity Conjecture as Repulsive Force Condition

Charged Particle in RN Background

d?Et Ly dEPdET g dev
+ HPF
dr2 Pogr dr  m® PV g

Repulsive Force Condition

Solving for the charge-to-mass ratio the condition’

. q
= F(r)=F= > f,\;mk b \/fM,nk bA;.

2
F(r) = 0 with A(r) = gu(l)—Dgz ,
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Repulsive Force Condition = Weak Gravity Conjecture
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Can We Formulate the WGC in AdS?

Einstein—Maxwell Theory
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Can We Formulate the WGC in AdS?

@ WGC as charge-to-mass ratio of extremal AdS-RH Black Hole? No, since requiring
2 2 2 2
8.0l gU(l),DQ rp—00
> —
m?2 M?2

ext.

leads to a trivial constraint in AdS.
@ WGC as RFC everywhere in AdS? No, since the force for a particle in RN-AdS background,
2M Q? r?

_ 1y 905 4o _
F(r)= _EfAds,D + ;ﬁ&dS,DAt with fasp(r) =1 - D3 + rz(D_3)+€§dS )

becomes attractive for r > lyys p-

What is the condition for extremal RN-AdS black hole decay?
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Schwinger Effect for RN-AdS Black Holes

Schwinger Effect for Extremal RN Black Hole

@ Channel responsible for the decay of a RN black hole is by Schwinger effect.8
9

@ The Schwinger rate for RN black hole near the horizon is
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Can we interpret it as WGC in AdS? Yes, but why?

8.5, Schwinger, Phys. Rev. 82, ed. by K. A. Milton, 664-679
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Weak Gravity Conjecture as BF Bound Instability

BF Bound

O BF bound!! dictates the stability of a neutral scalar field in AdS space.
@ BF bound for a RN-AdS BH with horizon AdS> X sb-2 imposes

2 1
m < —
- Z/%d So

© A charged scalar, the effective mass is shifted from the bare mass in the near-horizon region!2
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Motivation for AdS Weak Gravity Conjecture... so far

2 2 -1 —
Buwot 1 1+ 537 192
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e MPI,D 1+ __3772
. J

@ Schwinger Effect near black hole horizon.
@ BF bound instability if violated.
@ Reduces to WGC in flat space for a5 p — o0 (7 — 0).

When does a charged particle feel repelled near the horizon of a AdS-RN black hole?
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Weak Gravity Conjecture as Repulsive Force Condition in AdS

Charged Particle in RN-AdS Background
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Repulsive Force Condition near the Black Hole Horizon
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AdS Weak Gravity Conjecture

AdS Weak Gravity Conjecture

Given any U(1) gauge field coupled to Einstein—Maxwell gravity, there must exist a particle with charge
q and mass m such that
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Extension to Multiple U(1)s

Multiple Gauge Theories

AdS Convex Hull Weak Gravity Conjecture
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Repulsive Force Conjecture for Multiple Gauge Theories
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Weak Gravity Conjecture in AdS

AdS Convex Hull Weak Gravity Conjecture

Extremality Bound vs AdS WGC Bound

© Charge-to-mass ratio extremal RN-AdS BH:
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Interpretation of RFC for Multiple U(1)s

@ In flat space, the black hole is assumed to decay
completely into a set of particles, that generates
the convex hull.

@ In AdS, the convex hull is generated by the
minimal but necessary set of particles that would
lead to the decay of an extremal RN-AdS black
hole
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AdS Convex Hull Weak Gravity Conjecture

AdS Convex Hull Weak Gravity Conjecture

Given n U(1) gauge fields coupled to Einstein—Maxwell gravity, then, for every direction of the charge
vector

Q= (gU(l). D, Q... » 8u(1),D, "Qn) P

of a multi-charged RN-AdS black hole, there must exist a set of massive particles with charge-to-mass
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Comments and Future Directions

Comments

© We proposed an extension of the WGC in AdS spaces, supporting our proposal with
o the conditions for Schwinger pair production in RN-AdS black hole background.
e BF bound in the near-horizon AdS; x SP~2 geometry.
e Repulsive force condition at the horizon.

@ We extended the conjecture to its Convex Hull version.

Future Directions

@ Extension to EMD black holes in AdS: what if the horizon is singular?
@ Extension to higher-form symmetries in AdS.
@ Is it possible/required to formulate tower version of the AdS WGC?
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AdS Weak Gravity Conjecture

AdS Weak Gravity Conjecture

Given any U(1) gauge field coupled to Einstein—Maxwell gravity, there must exist a particle with charge
q and mass m such that
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Thank you! Thank you!

Thank you!
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Comments on AdS WGC for Supersymmetric Theories

Do BPS states satisfy the AdS WGC?

@ The energy at rest of a state in AdS:
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