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The Weak Gravity Conjecture
WGC: Gravitational interaction is weaker than U(1) gauge interaction

A consistent quantum gravity theory (with U(1) gauge fields) should admit a 
state (particle) with 𝑔𝑞

𝜅𝑚
> 𝑧𝑐

Motivations

Black hole decay: extremal BHs (𝑇𝐻 = 0) should be unstable

WGC as an obstruction to global symmetry

WGC in AdS ⟷ CFT
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Results: how & what

𝛾 =
𝐷 − 3

𝐷 − 2

2. WGC in AdS space (Λ < 0)

WGC
Charge 
emission 
condition

BH-particle 
Repulsive 
condition

1. Prescription for computation of the WGC



Results: extensions and implications

3. “Dual” relation between (charge-to-mass ratios of) BH and WGC particles

𝑧1

𝑧2

WGC

Ext BH

𝑧𝑖 =
𝑔𝑖𝑞𝑖

𝜅𝑚

BH: 𝑄

𝑀
< 𝑍𝑐

Charged state: 𝑞

𝑚
> 𝑧𝑐   Extremality

(BH, gravity)                                                  

WGC
(particle, EFT)                                                  

dual

4. Stronger condition (tower WGC) in the presence of Kaluza-Klein U(1) and Λ



WGC = charge radiation ∩ Repulsiveness

Quantum:
(Production)

Schwinger effect
Charged emission

Classical:
(Separation)

Repulsive force 
between BH-particle

Decay of an extremal black hole



Schwinger effect of extremal AdS BH

The Schwinger effect: Instability of vacuum with background gauge & gravitation fields

0, 𝐴|0, 𝐴 = 𝑒𝑖𝑆eff[𝑔,𝐴] = ∫ 𝒟Φ e𝑖𝑆 𝑔,𝐴,Φ

Charged particle production rate

Γ ∼ 2Im𝑆eff = 1 − 0, 𝐴|0, 𝐴 2

𝐸

𝑡 = −∞

𝐸

𝑡 = ∞

𝑒𝑖𝑆eff[𝐴] = + + + + ⋯ QED

+ + + + ⋯ Scalar QED



Γ = 2Im𝑆eff = Im(𝒜𝑒−𝑆Inst)

Where 𝒜 =
2𝑖

ҧ𝑠
det ℌ −

1

2

𝒜 dictates if the Schwinger effect can take place

𝒜 → 0: shut-off of charged emission (as 𝑧 =
𝑞

𝑚
→ 𝑧critical)

Structure of the Schwinger production rate

Horizon𝑟 = ∞

arXiv:2409.02197 PL, G. Shiu

Final result:
𝑔𝑞

𝜅𝐷𝑚
≥ 𝛾ℛ 𝜂 , 𝜂 =

𝑟ℎ

ℓ𝐴𝑑𝑆
, 𝛾 =

𝐷 − 3

𝐷 − 2
ℛ 𝜂 =

1 +
𝐷 − 1 (𝐷 − 2)

𝐷 − 3 2 𝜂2

1 +
𝐷 − 1
𝐷 − 3

𝜂2



BH-particle repulsive force

Charged particle geodesic
ሷ𝜉𝜇  + Γ𝜌𝜎

𝜇 ሶ𝜉𝜌 ሶ𝜉𝜎 −
𝑞

𝑚
𝑔𝜇𝜌𝐹𝜌𝜈

ሶ𝜉𝜈 = 0

Particle worldline: ሶ𝜉𝜇

The force density

𝐹 𝑟 ≡ ሷ𝑟 = −Γ00
1 𝑓−1 +

𝑞

𝑚
𝑓

1
2𝐴𝑡

′

Require ∃𝛿, 𝐹 𝑟 ≥ 0 for 𝑟 ∈
𝑟ℎ, 𝑟ℎ + 𝛿

𝑑𝑠2 = −𝑓 𝑟 𝑑𝑡2 +
𝑑𝑟2

𝑓 𝑟
+ 𝑟2𝑑Ω𝐷−2

2

𝑓 𝑟 = 1 −
2𝑀

𝑟𝐷−3
+

𝑄2

𝑟2 𝐷−3
+

𝑟2

ℓ𝐴𝑑𝑆
2

𝐴 =
𝑔2𝒬

𝐷 − 3 𝜔𝐷−2𝑟𝐷−3
+ 𝐶 𝑑𝑡

𝑄 =
𝛾

𝐷 − 3 𝜔𝐷−2

𝑔𝒬

𝑀𝑃

𝐷−2
2

 

𝐹(𝑟)

𝑟ℎ
𝑟

𝑞

𝑚
> 𝑧𝑐

𝑞

𝑚
< 𝑧𝑐

Stable equilibrium



The WGC in AdS space

𝑔𝑞𝜅𝐷

𝑚
≥ 𝛾

1 +
𝐷 − 1 𝐷 − 2

𝐷 − 3 2 𝜂2

1 +
𝐷 − 1
𝐷 − 3

𝜂2
,

Minkowski ℛ 𝜂 , Modification due to Λ < 0

𝜂 =
𝑟ℎ

ℓ𝐴𝑑𝑆

Hint towards a dual relation:
A stronger requirement on the particle 
charge-to-mass ratio compensates 
for the lowering of the black hole 
charge-to-mass ratio in AdS

𝑞/𝑚

extremality

Schwinger effect
BH-p repulsive force

𝜂

AdS WGC



Multiple U(1)s

The EFT can contain more than a single U(1)

𝑧1

𝑧2

AdS WGC
Mink WGC

AdS ext

Einstein+multiple Maxwell+Λ:

𝑄 → 𝑄 = 𝑄1, … , 𝑄2

𝑄

𝑀
→

|𝑄|

𝑀
𝑧 > ℛ → Ԧ𝑧 ∙ መ𝑍 > ℛ

Mink ext



Convex hull WGC: The convex hull 
formed by all charged states should 
cover the dual WGC hypersurface
(all ext BH can decay)

𝑧1

𝑧2

Convex hull condition

𝑧1

𝑧2

𝒵𝐵𝐻

𝓏𝑝

Ԧ𝓏 ⋅ መ𝑍 ≥ ℛ 𝜂 : particle Ԧz can lead 
to decay of extremal BH Ԧ𝑍

Particle

BH

Ext BH Ԧ𝑍  
hypersurface

particle Ԧ𝑧
hypersurface

Decay condition
Dual relation



Bridging the EFT and the UV

Einstein-Maxwell-Λ
𝑔𝑞

𝑚
≥

𝛾

𝑀𝑃
(𝐷−2)/2

ℛ 𝜂

String Theory

Multiple U(1)

KK U(1)
Supersymmetry

Dilaton BH

BPS statesSupergravity
Decaying 

object
Decay 

product

Convex hull

Tower/Lattice?



Kaluza-Klein reduction
U(1) gauge fields might have UV origins. Dimensional reduction generates 
additional U(1) gauge fields and scalars

𝐺𝐴𝐵 = 𝑒
𝜆

𝑑−2𝑔𝜇𝜈 + 𝑒−𝜆𝑟𝑆1
2 𝐵𝜇𝐵𝜈 𝑒−𝜆𝑟𝑆1𝐵𝜇

𝑒−𝜆𝑟𝑆1𝐵𝜈 e−𝜆

U(1) gauge field: 𝐵𝜇, field strength 𝐻 = 𝑑𝐵

Radion field: 𝜆

Radius of internal space: 𝑟𝑆1

Einstein-Maxwell-dilaton-(Λ): 

𝑆 = 𝑆𝐸𝐻 + 𝑆𝜆 −
1

4𝑔𝐾𝐾
2 ∫ 𝑑𝑑𝑥 −𝑔𝑒−

𝑑−1
𝑑−2𝜆𝐻2 −

1

4𝑔𝑈 1
2 ∫ 𝑑𝑑𝑥 −𝑔𝑒−

𝜆
𝑑−2𝐹2



KK reduction and tower WGC

𝑧1,U(1)

𝑧2, KK

∞

Ԧ𝑧𝑛 =
1

𝜇2 + 𝑛2
𝜇 ǁ𝑧, 𝑛 , 𝜇 = 𝑚𝑟𝑆1

The convex hull condition must be satisfied for all 
compactification, i.e. all values of 𝑟𝑆1

⇒ there must be a tower of infinite states in the U(1) direction



Tower WGC in AdS?

From UV/higher dimension to EFT

Compactification

Stablization

EFT with dilaton
+𝐵𝜇 𝐻𝜇𝜈

+𝜆
∞

+𝐵𝜇 𝐻𝜇𝜈

EFT with just U(1) fields

smooth

WGC: Ԧ𝑧 ∙ መ𝑍 ≥ 𝛾 𝛼 ℛ 0

WGC: Ԧ𝑧 ∙ መ𝑍 ≥ 𝛾 0 ℛ(𝜂)

𝛾 𝛼 =
𝑑 − 3

𝑑 − 2
+

𝛼2

2

ℒ ⊃ −
1

4𝑔2 𝑒−𝛼𝜆𝐻2

𝑅 𝜂 ≥ 1



𝑧1,U(1)

𝑧2, KK

∞

Tower WGC in AdS?

Paper to appear:
Does the tower WGC carry on to AdS space?
What is the condition on the parent theory if 
the EFT satisfies the WGC?
What are the implications to the dual CFT?



Summary

𝛾 =
𝐷 − 3

𝐷 − 2

WGC
Charge 
emission 
condition

BH-particle 
Repulsive 
condition

Extremality
(BH, gravity)                                                  

WGC
(particle, EFT)                                                  

dual

Towards the UV:
Convex hull, tower WGC with Λ < 0



Thank you!



Extensions: Supersymmetry

Is the WGC consistent with supersymmetric?

In Minkowski, the BPS bound overlaps the WGC at saturation

𝑞

𝑚

BPS: Q ≤ 𝑀

1

WGC: q ≥ 𝑚

𝑞

𝑚

BPS: 𝑞 ≤ Δ

1

WGC: q ≥ 𝑚

ℛ

In AdS space, 𝑚 → 𝛥, BPS in AdS 𝑞 ≤ Δ

Overlap when 𝐷 − 1 < Δ ≤ 𝐷 − 2 𝐷 − 1 +
𝐷−3 2

𝜂2

𝑚2ℓ𝐴𝑑𝑆
2 = Δ2 1 − 𝐷 − 1 Δ−1

Witten 98
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