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The aWGC: Existence of an axion (defect) satisfying the following condition
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Gravity is the weakest force
Existence of a “super-extremal” particle
Repulsive force
Extremal (all) BHs can decay (Schwinger effect)

Γ = 1 − 0; 𝑔, 𝐴|0; 𝑔, 𝐴 2 ∼ 2𝐼𝑚 𝑆𝑒𝑓𝑓  

Γ ∼ 𝑞2/𝑚2−𝑐𝑒𝑥𝑡 𝐵𝐻

The WGC

EFT statement

[Arkani-Hamed, Motl, Nicolis, Vafa]
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The axion WGC

What objects replace the BH and particle?

Gravitational instantons and 0-dim defects
 Core instanton
 Wormholes
 Extremal instantons

Which class of gravitational instantons fixes the aWGC and how?

BH decay → extremal instanton/WH fragmentation



Massless moduli → geodesics in the moduli space
Gravity (WH solution) → total distance across WH: Δ𝜏 

(-1)-brane Defect action:

𝑆 𝑥 = 𝒯 𝜙 𝑥 − 𝑞𝜃 𝑥 = 𝑆0𝑒−
𝛽𝜙

2 − 𝑞𝜃
Fragmentation ⟺ 𝑆∗ = min 𝑆 𝑥 = 𝑆 ∞ < 0

⟹ aWGC: 𝑓𝑆0 < 𝑞𝒄𝑀𝑃
(𝐷−2)/2
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Features and implications 
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• WHs set the aWGC bound:
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• WHs are non-perturbatively unstable: WH → defects
 WH proliferation, factorization problem? 

More: Multi-saxion-axion (see paper), string theory example (WIP) 
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Multi charge aWGC: 𝑆0
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Polar set condition

Axion 

Axion polar set 

WH 𝑌 ext 𝑌

𝑍∘ = { Ԧ𝑥| Ԧ𝑥 ∙ Ԧ𝑧 ≤ 1, ∀ Ԧ𝑧 ∈ { Ԧ𝑧𝐼}}

Convex hull condition

WH ෩Y

ext ෩Y

෩Y = { Ԧ𝑥| Ԧ𝑥 = Ԧ𝑦/ Ԧ𝑦 2, ∀ Ԧ𝑦 ∈ 𝑌 }

Axion convex hull


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8


    f  S 0 q < c  M P    D − 2 2


  c =  {     c WH =  2 𝛽 sin  (  𝛽 2   Δ 𝜏 2 ) ,     WH   exists    ( 𝛽 <  𝛽 c )    c ext =  2 𝛽 ,                                                     No   WH  ( 𝛽 >  𝛽 c )


    Δ 𝜏 2 ∼ I D B


   S  g r a v =  ∫   d D x  g  {    M P   ( D − 2 ) 2  [ −  ( R − 2 Λ ) + 𝜕  𝜙 2 ] −    f 2  e  𝛽 𝜙 2 𝜕  𝜃 2 } ,              S  d e f e c t  ( x ) =  S 0  [ 𝜙  ( x ) ] − q 𝜃  ( x )


  Γ = 1 −    |  ⟨ 0 ; g , A | 0 ; g , A ⟩ | 2 ∼ 2 I m  (  S  e f f )


  Γ ∼   q 2   / m 2 −  c  e x t   B H


  →


  →


  →


  Δ 𝜏


  S  ( x ) = 𝒯  [ 𝜙  ( x ) ] − q 𝜃  ( x ) =  S 0  e  −   𝛽 𝜙 2 − q 𝜃


  ⟺  S ∗ = min  { S  ( x ) } = S  ( ∞ ) < 0


  ⟹


  f  S 0 < q 𝒄  M P  ( D − 2 ) / 2                         … ( ⋆ )


  c =  {     c WH =  2 𝛽 sin  (  𝛽 2   Δ 𝜏 2 ) ,   WH   exists    ( 𝛽 <  𝛽 c )    c ext =  2 𝛽 ,                                                     No   WH  ( 𝛽 >  𝛽 c )


    Δ 𝜏 2


  ( ⋆ )


   e  −   𝛽 𝜙 2


    𝛽 f 𝜃 2


   e  − 𝛽 𝜙 −    𝛽 2  f 2 4  𝜃 2 = 1


   (  𝜙 ∞ ,  𝜃 ∞ )


  f  S 0 < q 𝒄  M P  ( D − 2 ) / 2       … ( ⋆ )


   c WH =  2 𝛽 sin  (  𝛽 2   Δ 𝜏 2 ) ≤  c ext =  2 𝛽


   c  W H =  2 𝛽 sin  (  𝛽 2   Δ 𝜏 2 ) ≤   Δ 𝜏 2 = I D B


  →


   2 𝛽


   c  W H ∼


   S 0 phy <  ∑     q i   f i phy  2   𝛽 i sin (    𝛽 i 2   Δ 𝜏 2  Δ i ) ⟺  z → ∙  Y → > 1                       … ( ∗ )


   Y → ∈  {  Y → }


   z → ∈ {    z → I }


   ( ∗ )


   z i =


     q i   S 0 phy  f i phy ,


   Y i =  2   𝛽 i sin (    𝛽 i 2   Δ 𝜏 2  Δ i )


   Δ i :


  ∑  Δ i 2 = 1


   Y →


   Y →


   Z ∘ = {  x → |  x → ∙  z → ≤ 1 , ∀  z → ∈ {    z → I } }


   Y ~


   Y ~


   Y ~ = {  x → |  x → =  y → /    |  y → | 2 , ∀  y → ∈  {  Y → } }

