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Summary of the Results WGC in AdS

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.1 However,

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

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

How?

1 We computed the Schwinger rate for AdS-RN black holes.4

2 The rate is compatible with the instability imposed by the BF bound5 in AdS.
3 Furthermore, we required that the emitted particle feels repelled6 close to the BH horizon.

1N. Arkani-Hamed, L. Motl, A. Nicolis, C. Vafa, JHEP 06, 060, arXiv: hep-th/0601001 (hep-th); D. Harlow, B. Heidenreich, M. Reece, T. Rudelius, Rev. Mod. Phys. 95, 035003, arXiv:
2201.08380 (hep-th)

2S. Kachru, C. Vafa, Nucl. Phys. B 450, 69–89, arXiv: hep-th/9505105; V. Balasubramanian, P. Berglund, J. P. Conlon, F. Quevedo, JHEP 03, 007, arXiv: hep-th/0502058
3J. M. Maldacena, A. Strominger, E. Witten, JHEP 12, 002, arXiv: hep-th/9711053 (hep-th); E. Witten, Adv. Theor. Math. Phys. 2, 253–291, arXiv: hep-th/9802150
4P. Lin, G. Shiu, arXiv: 2409.02197 (hep-th); P. Lin, A. Mininno, G. Shiu, arXiv: 2503.05862 (hep-th)
5P. Breitenlohner, D. Z. Freedman, Phys. Lett. B 115, 197–201
6B. Heidenreich, M. Reece, T. Rudelius, JHEP 10, 055, arXiv: 1906.02206 (hep-th); B. Heidenreich, JHEP 11, 029, arXiv: 2006.09378 (hep-th)
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Summary of the Results WGC in AdS

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

g2
U(1), D𝔮

2

𝔪2 ≥ 𝛾
1

MD−2
Pl, D

1 + D−1
D−3𝛾

−1𝜂2

1 + D−1
D−3𝜂

2
, with 𝜂 =

rh
ℓAdS, D

.

Considering the largest possible RN-AdS black hole, i.e. rh ≫ ℓAdS, D, we require that there exists a particle
of charge 𝔮 and mass 𝔪 such that

g2
U(1), D𝔮

2

𝔪2 ≥ 1
MD−2

Pl, D

.

Remark

For particles with a mass comparable to the AdS scale:
g2

U(1), D𝔮
2

𝔪2 ≥ 𝛾
1

MD−2
Pl, D

1 + D−1
D−3𝛾

−1𝜂2

1 + D−1
D−3𝜂

2

(
1 + 1

4𝔪2ℓ2
AdS, 2

)
.
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Weak Gravity Conjecture in AdS WGC as Repulsive Force

Weak Gravity Conjecture as Repulsive Force Condition

Einstein–Maxwell Theory

I =
MD−2

Pl, D

2

∫
ℳD

R ★1 − 1
2g2

U(1), D

∫
ℳD

F2 ∧★F2

admits a solution

ds2 = −fMink, D(r )dt2 + dr2

fMink, D
+ r2dΩ2

D−2 , where fMink, D(r ) = 1 − 2M
rD−3 + Q2

r2(D−3) ,

with
M =

𝛾

(D − 3)𝜔D−2

ℳ
MD−2

Pl, D

, Q =

√
𝛾

(D − 3)𝜔D−2

gU(1), D𝒬

M
D−2

2
Pl, D

.

Extremality Condition

Q = M = rD−3
h =⇒

g2
U(1), D𝒬2

ℳ2 = 𝛾
1

MD−2
Pl, D

.
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Weak Gravity Conjecture in AdS WGC as Repulsive Force

Weak Gravity Conjecture as Repulsive Force Condition

Charged Particle in RN Background

d2𝜉𝜇

d𝜏2 + Γ
𝜇
𝜌𝜎

d𝜉𝜌
d𝜏

d𝜉𝜎
d𝜏 =

𝔮

𝔪
g𝜇𝜌F𝜌𝜈

d𝜉𝜈
d𝜏 =⇒ F (r ) ≡ ¥r = −1

2 f ′Mink, D + 𝔮

𝔪

√
fMink, DA′

t .

Repulsive Force Condition

Solving for the charge-to-mass ratio the condition7

F (r ) ≥ 0 with A′
t (r ) =

g2
U(1), D𝒬

𝜔D−2rD−2 ,

we obtain
g2

U(1), D𝔮
2

𝔪2 ≥ 𝛾
1

MD−2
Pl, D

≡
g2

U(1), D𝒬2

ℳ2

�����
ext.

.

Repulsive Force Condition =⇒ Weak Gravity Conjecture

7E. Palti, JHEP 08, 034, arXiv: 1705.04328 (hep-th); B. Heidenreich, M. Reece, T. Rudelius, JHEP 10, 055, arXiv: 1906.02206 (hep-th); B. Heidenreich, JHEP 11, 029, arXiv: 2006.09378
(hep-th); P. Lin, A. Mininno, G. Shiu, arXiv: 2503.05862 (hep-th)
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Weak Gravity Conjecture in AdS Extremality Bound in AdS

Can We Formulate the WGC in AdS?

Einstein–Maxwell Theory

I =
MD−2

Pl, D

2

∫ [
R − (D − 1)(D − 2)

ℓ2
AdS, D

]
★1 − 1

2g2
U(1), D

∫
F2 ∧★F2

admits a solution

ds2 = −fAdS, D(r )dt2 + dr2

fAdS, D
+ r2dΩ2

D−2 , where fAdS, D(r ) = 1 − 2M
rD−3 + Q2

r2(D−3) +
r2

ℓ2
AdS, D

.

Extremality Condition


M = rD−3

h

(
1 + D − 2

D − 3
r2
h

ℓ2
AdS, D

)
,

Q2 = r2(D−3)
h

(
1 + D − 1

D − 3
r2
h

ℓ2
AdS, D

)
,

=⇒
g2

U(1), D𝒬2

ℳ2

�����
ext.

= 𝛾
1

MD−2
Pl, D︸                        ︷︷                        ︸

Flat Space

1 + D−1
D−3

r2
h

ℓ2
AdS, D(

1 + D−2
D−3

r2
h

ℓ2
AdS, D

)2

︸                ︷︷                ︸
AdS Effect

rh≫ℓAdS, D−→ 0 .
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Weak Gravity Conjecture in AdS Extremality Bound in AdS

Can We Formulate the WGC in AdS?

Puzzle

1 WGC as charge-to-mass ratio of extremal AdS-RH Black Hole? No, since requiring
g2

U(1), D𝔮
2

𝔪2 ≥
g2

U(1), D𝒬2

ℳ2

�����
ext.

rh→∞−→ 0

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

F (r ) = −1
2 f ′AdS, D + 𝔮

𝔪
f

1
2

AdS, DA′
t with fAdS, D(r ) = 1 − 2M

rD−3 + Q2

r2(D−3)+
r2

ℓ2
AdS, D

becomes attractive for r ≫ ℓAdS, D.

Question

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

Schwinger Effect for RN-AdS Black Holes

Schwinger Effect for Extremal RN Black Hole

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

2 The Schwinger rate for RN black hole near the horizon is9

Γ(r )|r→rh ∝

√
g2

U(1), D𝔮
2MD−2

Pl, D

𝛾𝔪2 − 1 =⇒
g2

U(1), D𝔮
2

𝔪2 ≥ 𝛾
1

MD−2
Pl, D

. WGC!

Schwinger Effect for Extremal AdS-RN Black Hole

Γ(r )|r→rh ∝

√√
g2

U(1), D𝔮
2MD−2

Pl, D

𝛾𝔪2 −
1 + D−1

D−3𝛾
−1𝜂2

1 + D−1
D−3𝜂

2
, with 𝜂 =

rh
ℓAdS, D

=⇒
g2

U(1), D𝔮
2

𝔪2 ≥ 𝛾
1

MD−2
Pl, D

1 + D−1
D−3𝛾

−1𝜂2

1 + D−1
D−3𝜂

2
.10

Can we interpret it as WGC in AdS? Yes, but why?

8J. S. Schwinger, Phys. Rev. 82, ed. by K. A. Milton, 664–679
9P. Lin, G. Shiu, arXiv: 2409.02197 (hep-th)

10P. Lin, A. Mininno, G. Shiu, arXiv: 2503.05862 (hep-th)
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Weak Gravity Conjecture in AdS BF Bound Instability

Weak Gravity Conjecture as BF Bound Instability

BF Bound

1 BF bound11 dictates the stability of a neutral scalar field in AdS space.
2 BF bound for a RN-AdS BH with horizon AdS2 × SD−2 imposes

m2
eff. ≤ − 1

4ℓ2
AdS2

.

3 A charged scalar, the effective mass is shifted from the bare mass in the near-horizon region12

− 1
4ℓ2

AdS2

≥ m2
eff. =

(
𝔪2 − 𝔮2f −1

AdS, DA2
t

)���
r→rh

= 𝔪2 −
g4

U(1), D𝔮
2𝒬2(f ′′AdS, D)2

4𝜔2
D−2r2(D−2)

h

.

4 By solving for the charge-to-mass ratio
g2

U(1), D𝔮
2MD−2

Pl, D

𝛾𝔪2 ≥
1 + D−1

D−3𝛾
−1𝜂2

1 + D−1
D−3𝜂

2

(
1 + 1

4𝔪2ℓ2
AdS, 2

)
𝔪2ℓ2

AdS, 2≫1
=⇒

g2
U(1), D𝔮

2

𝔪2 ≥ 𝛾
1

MD−2
Pl, D

1 + D−1
D−3𝛾

−1𝜂2

1 + D−1
D−3𝜂

2︸             ︷︷             ︸
AdS Effect

.

11P. Breitenlohner, D. Z. Freedman, Phys. Lett. B 115, 197–201
12S. S. Gubser, Phys. Rev. D 78, 065034, arXiv: 0801.2977 (hep-th)
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Weak Gravity Conjecture in AdS WGC in AdS

Motivation for AdS Weak Gravity Conjecture... so far

g2
U(1), D𝔮

2

𝔪2 ≥ 𝛾
1

MD−2
Pl, D

1 + D−1
D−3𝛾

−1𝜂2

1 + D−1
D−3𝜂

2
.

Evidence

1 Schwinger Effect near black hole horizon.
2 BF bound instability if violated.
3 Reduces to WGC in flat space for ℓAdS, D → ∞ (𝜂 → 0).

RFC?

When does a charged particle feel repelled near the horizon of a AdS-RN black hole?
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Weak Gravity Conjecture in AdS WGC ad RFC in AdS

Weak Gravity Conjecture as Repulsive Force Condition in AdS

Charged Particle in RN-AdS Background

d2𝜉𝜇

d𝜏2 + Γ
𝜇
𝜌𝜎

d𝜉𝜌
d𝜏

d𝜉𝜎
d𝜏 =

𝔮

𝔪
g𝜇𝜌F𝜌𝜈

d𝜉𝜈
d𝜏 =⇒ F (r ) ≡ ¥r = −1

2 f ′AdS, D + 𝔮

𝔪

√
fAdS, DA′

t .

Repulsive Force Condition near the Black Hole Horizon

F (r )|r→rh = 0 =⇒ F ′(r )|r→rh ≥ 0 =⇒
(
−1

2 f ′′AdS, D + 𝔮

𝔪

f ′AdS, D

2
√

fAdS, D

A′
t +

𝔮

𝔪

√
fAdS, DA′′

t

)����
r→rh

≥ 0 .

Solving for the charge-to-mass ratio
𝔮

𝔪
≥

√
fAdS, Df ′′AdS, D

A′
t f ′AdS, D

�����
r→rh

with A′
t (rh) =

g2
U(1), D𝒬

𝜔D−2rD−2
h

,

we obtain
g2

U(1), D𝔮
2

𝔪2 ≥ 𝛾
1

MD−2
Pl, D

1 + D−1
D−3𝛾

−1𝜂2

1 + D−1
D−3𝜂

2︸             ︷︷             ︸
AdS Effect

. AdS WGC!
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Weak Gravity Conjecture in AdS AdS Weak Gravity Conjecture

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

g2
U(1), D𝔮

2

𝔪2 ≥ 𝛾
1

MD−2
Pl, D

1 + D−1
D−3𝛾

−1𝜂2

1 + D−1
D−3𝜂

2
, with 𝜂 =

rh
ℓAdS, D

.

Considering the largest possible RN-AdS black hole, i.e. rh ≫ ℓAdS, D, we require that there exists a particle
of charge 𝔮 and mass 𝔪 such that

g2
U(1), D𝔮

2

𝔪2 ≥ 1
MD−2

Pl, D

.

Remark

For particles with a mass comparable to the AdS scale:
g2

U(1), D𝔮
2

𝔪2 ≥ 𝛾
1

MD−2
Pl, D

1 + D−1
D−3𝛾

−1𝜂2

1 + D−1
D−3𝜂

2

(
1 + 1

4𝔪2ℓ2
AdS, 2

)
.
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Weak Gravity Conjecture in AdS AdS Convex Hull Weak Gravity Conjecture

Extension to Multiple U(1)s

Multiple Gauge Theories

I =
MD−2

Pl, D

2

∫ [
R − (D − 1)(D − 2)

ℓ2
AdS, D

]
★1 − 1

2

n∑
i=1

1
g2

U(1), D, i

∫
F (i)

2 ∧★F (i)
2 ,

admits a solution

fAdS, D(r ) = 1 − 2M
rD−3 +

Q2
T

r2(D−3) +
r2

ℓ2
AdS, D

,with Q2
T =

∑
i

Q2
i .

Repulsive Force Conjecture for Multiple Gauge Theories

F ′(rh) ≥ 0 =⇒ ®𝔷 · ®𝒬
| ®𝒬|

≥

√√
1 + D−1

D−3𝛾
−1𝜂2

1 + D−1
D−3𝜂

2
,

with

®𝔷i =
M

D−2
2

Pl, D

𝔪i
𝛾−1/2 (

gU(1), D, 1𝔮1 , . . . , gU(1), D, n𝔮n
)
, ®𝒬 =

(
gU(1), D, 1𝒬1 , . . . , gU(1), D, n𝒬n

)
.
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Weak Gravity Conjecture in AdS AdS Convex Hull Weak Gravity Conjecture

Extremality Bound vs AdS WGC Bound

1 Charge-to-mass ratio extremal RN-AdS BH:

MD−2
Pl, D g2

U(1), D𝒬2

𝛾ℳ2

�����
ext.

=
1 + D−1

D−3𝜂
2(

1 + 𝛾−1𝜂2)2
rh≫ℓAdS, D−→ 0 .

2 AdS WGC bound:

MD−2
Pl, D g2

U(1), D𝔮
2

𝛾𝔪2 ≥
1 + D−1

D−3𝛾
−1𝜂2

1 + D−1
D−3𝜂

2
rh≫ℓAdS, D−→ 𝛾−1 .

𝔷1

𝔷2

1
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Weak Gravity Conjecture in AdS AdS Convex Hull Weak Gravity Conjecture

Interpretation of RFC for Multiple U(1)s

®𝔷 · ®𝒬
| ®𝒬|

≥

√√
1 + D−1

D−3𝛾
−1𝜂2

1 + D−1
D−3𝜂

2
≡ ℛ(𝜂) .

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

2 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

𝔷1

𝔷2

1 ℛ(𝜂)

®𝔷

®𝒬

®𝔷 ·
®̂𝒬

−®𝔷− ®𝒬

®𝔷 ·
®̂𝒬

®𝔷 ′

®𝒬′

®𝔷 ′· ®̂𝒬 ′

−®𝔷 ′

− ®𝒬′

®𝔷 ′· ®̂𝒬 ′
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Weak Gravity Conjecture in AdS AdS Convex Hull Weak Gravity Conjecture

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(1), D, 1𝒬1 , . . . , gU(1), D, n𝒬n

)
,

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

®𝔷 =
M

D−2
2

Pl, D

𝔪i
𝛾−1/2 (

gU(1), D, 1𝔮1 , . . . , gU(1), D, n𝔮n
)
, such that

®𝔷i · ®𝒬
| ®𝒬|

≥

√√
1 + D−1

D−3𝛾
−1𝜂2

1 + D−1
D−3𝜂

2
, with 𝜂 =

rh
ℓAdS, D

,

Analogously, the convex hull formed by {®𝔷i} must contain a ball of radius

ℛ(𝜂) =

√√
1 + D−1

D−3𝛾
−1𝜂2

1 + D−1
D−3𝜂

2
rh≫ℓAdS, D−→ 𝛾−1/2 .
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Conclusions Comments and Future Directions

Comments and Future Directions

Comments

1 We proposed an extension of the WGC in AdS spaces, supporting our proposal with
the conditions for Schwinger pair production in RN-AdS black hole background.
BF bound in the near-horizon AdS2 × SD−2 geometry.
Repulsive force condition at the horizon.

2 We extended the conjecture to its Convex Hull version.

Future Directions

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

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

g2
U(1), D𝔮

2

𝔪2 ≥ 𝛾
1

MD−2
Pl, D

1 + D−1
D−3𝛾

−1𝜂2

1 + D−1
D−3𝜂

2
, with 𝜂 =

rh
ℓAdS, D

.

Considering the largest possible RN-AdS black hole, i.e. rh ≫ ℓAdS, D, we require that there exists a particle
of charge 𝔮 and mass 𝔪 such that

g2
U(1), D𝔮

2

𝔪2 ≥ 1
MD−2

Pl, D

.

Remark

For particles with a mass comparable to the AdS scale:
g2

U(1), D𝔮
2

𝔪2 ≥ 𝛾
1

MD−2
Pl, D

1 + D−1
D−3𝛾

−1𝜂2

1 + D−1
D−3𝜂

2

(
1 + 1

4𝔪2ℓ2
AdS, 2

)
.
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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?

1 The energy at rest of a state in AdS:

Δ =
D − 1

2 +
√

(D − 1)2
4 + ℓ2

AdS, D𝔪
2 =⇒ 𝔪2ℓ2

AdS, D = Δ2
(
1 − (D − 1)Δ−1

)
.

2 BPS Bound in AdS

ℓ−2
AdS, DΔ

2 ≥
g2

U(1), D𝔮
2MD−2

Pl, D

𝛾
.

3 AdS WGC
MD−2

Pl, D g2
U(1), D𝔮

2

𝛾𝔪2 ≥
1 + (D−1)(D−2)

(D−3)2 𝜂2

1 + D−1
D−3𝜂

2
≡ ℛ(𝜂)2 .

Range of Δs

D − 1 < Δ ≤ ℛ(𝜂)2(D − 1)
ℛ(𝜂)2 − 1

= (D − 2)(D − 1) + (D − 3)2
𝜂2

Back
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