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2
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The SWGC & dimensional reduction

⟹ :  the SWGC is exactly equivalent to the higher-dimensional WGC  N ≥ 2 ω ≤ 0



Nm2 + 2GIJ∂Im∂Jm −
1
2

GIJDI∂Jm2 ≤ 0

  with this choice we find:⟶

⟺ [1 + (1 −
2
N ) x2] ω ≤ 0

The SWGC & dimensional reduction

⟹ :  the SWGC is exactly equivalent to the higher-dimensional WGC  N ≥ 2 ω ≤ 0

# compact dimensions / gauge moduli N ≡



Nm2 + 2GIJ∂Im∂Jm −
1
2

GIJDI∂Jm2 ≤ 0

  with this choice we find:⟶

⟺ [1 + (1 −
2
N ) x2] ω ≤ 0

The SWGC & dimensional reduction

⟹ :  the SWGC is exactly equivalent to the higher-dimensional WGC  N ≥ 2 ω ≤ 0

# compact dimensions / gauge moduli N ≡ # scalars coupling to the SWGC stateN ≠



Nm2 + 2GIJ∂Im∂Jm −
1
2

GIJDI∂Jm2 ≤ 0

  with this choice we find:⟶

⟺ [1 + (1 −
2
N ) x2] ω ≤ 0

The SWGC & dimensional reduction

⟹ :  the SWGC is exactly equivalent to the higher-dimensional WGC  N ≥ 2 ω ≤ 0

# compact dimensions / gauge moduli N ≡ # scalars coupling to the SWGC stateN ≠

⟹ :   SWGC     not satisfied N = 1 ≡ (1 − x2) ω ≤ 0 ⟶ ∀ x
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- We want to study the SWGC in the presence of (local) supersymmetry. 

The SWGC & gauged supergravity

  5D model:⟶ +

universal hypermultiplet

{EM
A, Ψi

M, 𝒜M}
SU(2,1)

SU(2) × U(1)
= {ζA, qu} qu = (V, σ, θ, τ)

hyperscalars



- We want to study the SWGC in the presence of (local) supersymmetry. 

The SWGC & gauged supergravity

  5D model:⟶ +{EM
A, Ψi

M, 𝒜M}
SU(2,1)

SU(2) × U(1)
= {ζA, qu} qu = (V, σ, θ, τ)

  we gauge a  isometry with :⟶ U(1) 𝒜M

ku =
3

4

2Vσ
1 + σ2 − (V + θ2 + σ2)2

σθ − τ (1 + V + θ2 + τ2)
σθ + θ (1 + V + θ2 + τ2)

⟷ P =
3

4 V

(V − 1 − θ2 − τ2) θ − στ

(V − 1 − θ2 − τ2) τ − σθ

− 1

4 V [(V − 1)2 + σ2 + (θ2 + τ2) (θ2 + τ2 + 2 − 6V)]

Killing vector prepotential

[CERESOLE, DALL’AGATA, KALLOSH, VAN PROEYEN ’04]



- We want to study the SWGC in the presence of (local) supersymmetry. 

The SWGC & gauged supergravity

  5D model:⟶ +{EM
A, Ψi

M, 𝒜M}
SU(2,1)

SU(2) × U(1)
= {ζA, qu} qu = (V, σ, θ, τ)

  bosonic lagrangian:⟶

S5 = ∫ d5xE { R5

2
−

1
4

ℱMNℱMN +
E−1

6 6
εMNRST𝒜MℱNRℱST −

1
2

guvDMquDMqv − 𝒱(q)}

[CERESOLE, DALL’AGATA, KALLOSH, VAN PROEYEN ’04][CERESOLE, DALL’AGATA ’00]



- We want to study the SWGC in the presence of (local) supersymmetry. 

The SWGC & gauged supergravity

  5D model:⟶ +{EM
A, Ψi

M, 𝒜M}
SU(2,1)

SU(2) × U(1)
= {ζA, qu}

  bosonic lagrangian:⟶

S5 = ∫ d5xE { R5

2
−

1
4

ℱMNℱMN +
E−1

6 6
εMNRST𝒜MℱNRℱST −

1
2

guvDMquDMqv − 𝒱(q)}−
1
2

guvDMquDMqv

DMqu = ∂Mqu + 𝒜Mku charged hyperscalars

[CERESOLE, DALL’AGATA ’00] [CERESOLE, DALL’AGATA, KALLOSH, VAN PROEYEN ’04]
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1
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6 6
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SU(2,1)
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6 6
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scalar potential 𝒱(q) ⟶ minimum at 
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The SWGC & gauged supergravity

  5D model:⟶ +{EM
A, Ψi

M, 𝒜M}
SU(2,1)

SU(2) × U(1)
= {ζA, qu}

  bosonic lagrangian:⟶
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1
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ℱMNℱMN +
E−1

6 6
εMNRST𝒜MℱNRℱST −

1
2

guvDMquDMqv − 𝒱(q)}𝒱(q)

[CERESOLE, DALL’AGATA ’00]

scalar potential 𝒱(q) ⟶ minimum at 
q⋆ = (1,0,0,0)

𝒱(q⋆) = 0 Minkowski
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- We want to study the SWGC in the presence of (local) supersymmetry. 

The SWGC & gauged supergravity

  5D model:⟶ +{EM
A, Ψi

M, 𝒜M}
SU(2,1)

SU(2) × U(1)
= {ζA, qu}

  bosonic lagrangian:⟶

S5 = ∫ d5xE { R5

2
−
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4

ℱMNℱMN +
E−1

6 6
εMNRST𝒜MℱNRℱST −

1
2

guvDMquDMqv − 𝒱(q)}𝒱(q)

[CERESOLE, DALL’AGATA ’00]

scalar potential 𝒱(q) ⟶ minimum at 
q⋆ = (1,0,0,0)

𝒱(q⋆) = 0 Minkowski

ku(q⋆) = 0 gauge symmetry preserving
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- We want to study the SWGC in the presence of (local) supersymmetry. 

The SWGC & gauged supergravity

  5D model:⟶ +{EM
A, Ψi

M, 𝒜M}
SU(2,1)

SU(2) × U(1)
= {ζA, qu}

  bosonic lagrangian:⟶

S5 = ∫ d5xE { R5

2
−

1
4

ℱMNℱMN +
E−1

6 6
εMNRST𝒜MℱNRℱST −

1
2

guvDMquDMqv − 𝒱(q)}𝒱(q)

[CERESOLE, DALL’AGATA ’00]

scalar potential 𝒱(q) ⟶ minimum at 
q⋆ = (1,0,0,0)

𝒱(q⋆) = 0

P(q⋆) = 0

Minkowski

ku(q⋆) = 0 gauge symmetry preserving

supersymmetric

[CERESOLE, DALL’AGATA, KALLOSH, VAN PROEYEN ’04]

qu = (V, σ, θ, τ)



- We want to study the SWGC in the presence of (local) supersymmetry. 

The SWGC & gauged supergravity

  5D model:⟶ +{EM
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S5 = ∫ d5xE { R5

2
−

1
4

ℱMNℱMN +
E−1

6 6
εMNRST𝒜MℱNRℱST − Kij̄ DMziDMz̄j − 𝒱(z)}

[CERESOLE, DALL’AGATA ’00] [CERESOLE, DALL’AGATA, KALLOSH, VAN PROEYEN ’04]

qu = (V, σ, θ, τ)

Kij̄ DMziDMz̄j 𝒱(z)−−

qu ↔ (z1, z2)
q⋆ ↔ z⋆

1 = z⋆
2 = 0

⟶ q =
3

2
& M2 =

9
8



- We want to study the SWGC in the presence of (local) supersymmetry. 

The SWGC & gauged supergravity

  5D model:⟶ +{EM
A, Ψi

M, 𝒜M}
SU(2,1)

SU(2) × U(1)
= {ζA, qu}

  bosonic lagrangian:⟶

S5 = ∫ d5xE { R5

2
−

1
4

ℱMNℱMN +
E−1

6 6
εMNRST𝒜MℱNRℱST − Kij̄ DMziDMz̄j − 𝒱(z)}

[CERESOLE, DALL’AGATA ’00] [CERESOLE, DALL’AGATA, KALLOSH, VAN PROEYEN ’04]

qu = (V, σ, θ, τ)

Kij̄ DMziDMz̄j 𝒱(z)−−

qu ↔ (z1, z2)
q⋆ ↔ z⋆

1 = z⋆
2 = 0

⟶ q =
3

2
& M2 =

9
8

⟹ 5D WGC: exactly 
saturatedω = 0



- Reduction to 4D on the circle: 

The SWGC & gauged supergravity

{eμ
a, ψ i

μ, Aμ} + + {T, Bμ, λi}{ζA, qu}



- Reduction to 4D on the circle: 

The SWGC & gauged supergravity

{eμ
a, ψ i

μ, Aμ} + + {T, Bμ, λi}{ζA, qu}
 SUGRA𝒩 = 2



- Reduction to 4D on the circle: 

The SWGC & gauged supergravity

{eμ
a, ψ i

μ, Aμ} + + {T, Bμ, λi}{ζA, qu}
hypermultiplet



- Reduction to 4D on the circle: 

The SWGC & gauged supergravity

{eμ
a, ψ i

μ, Aμ} + + {T, Bμ, λi}{ζA, qu}
vector multiplet

T = ϕ + i
2
3

a

modulus



- Reduction to 4D on the circle: 

The SWGC & gauged supergravity
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- Reduction to 4D on the circle: 

The SWGC & gauged supergravity

{eμ
a, ψ i

μ, Aμ} + + {T, Bμ, λi}{ζA, qu}

  bosonic lagrangian:⟶

e−1ℒ4 =
R4

2
−

1
4

ℐΛΣFΛFΣ +
1
4

ℛΛΣFΛF̃Σ −
3

(T + T̄)3 ∂μT∂μT̄ − Kij̄ DμziDμz̄j − 𝒱4D−
1
4

ℐΛΣFΛFΣ

ℐΛΣ = ϕ (
e2

2 ϕ2 + a2 a

a 1)

T = ϕ + i
2
3

a



- Reduction to 4D on the circle: 

The SWGC & gauged supergravity
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μ, Aμ} + + {T, Bμ, λi}{ζA, qu}
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- Reduction to 4D on the circle: 

The SWGC & gauged supergravity
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a, ψ i

μ, Aμ} + + {T, Bμ, λi}{ζA, qu}
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4
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- Reduction to 4D on the circle: 

The SWGC & gauged supergravity

{eμ
a, ψ i

μ, Aμ} + + {T, Bμ, λi}{ζA, qu}

  bosonic lagrangian:⟶

e−1ℒ4 =
R4

2
−

1
4

ℐΛΣFΛFΣ +
1
4

ℛΛΣFΛF̃Σ −
3

(T + T̄)3 ∂μT∂μT̄ − Kij̄ DμziDμz̄j − 𝒱4D𝒱4D

T = ϕ + i
2
3

a

 
minimum

z⋆
1 = z⋆

2 = 0𝒱4D ⟶ ⟶ masses: x2 =
2
3

a2

ϕ2
m2 =

M2

ϕ (1 + x2) 𝕀2𝟙 with
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The SWGC & gauged supergravity

QΛℐΛΣQΣ −
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- 4D WGC with scalar fields:

The SWGC & gauged supergravity

QΛℐΛΣQΣ −
1
2

m2 − 2KTT̄∂Tm∂T̄m = 0KTT̄∂Tm∂T̄m only the modulus defines a 
long-range interaction
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- SWGC for complex scalars:

m2 + 4KTT̄∂Tm∂T̄m − KTT̄∂T∂T̄m2 = 0
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m2 − 2KTT̄∂Tm∂T̄m = 0 exactly 
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- SWGC for complex scalars:

m2 + 4KTT̄∂Tm∂T̄m − KTT̄∂T∂T̄m2 = 0n

n = 1
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- 4D WGC with scalar fields:

The SWGC & gauged supergravity

QΛℐΛΣQΣ −
1
2

m2 − 2KTT̄∂Tm∂T̄m = 0 exactly 
satisfied ⟷ WGC preserved by  

dimensional reduction

- SWGC for complex scalars:

SWGC exactly satisfied 

nm2 + 4 (Dm)2 − D2m2 ≤ 0agreement with [DALL’AGATA, MORITTU ’20]⟶

m2 + 4KTT̄∂Tm∂T̄m − KTT̄∂T∂T̄m2 = 0



- 4D WGC with scalar fields:

The SWGC & gauged supergravity

QΛℐΛΣQΣ −
1
2

m2 − 2KTT̄∂Tm∂T̄m = 0 exactly 
satisfied ⟷ WGC preserved by  

dimensional reduction

- SWGC for complex scalars:

m2 + 4KTT̄∂Tm∂T̄m − KTT̄∂T∂T̄m2 = 0 SWGC exactly satisfied 

nm2 + 4 (Dm)2 − D2m2 ≤ 0agreement with [DALL’AGATA, MORITTU ’20]⟶ the SWGC identity 
uses physical inputs



- 4D WGC with scalar fields:

The SWGC & gauged supergravity

QΛℐΛΣQΣ −
1
2

m2 − 2KTT̄∂Tm∂T̄m = 0 exactly 
satisfied ⟷ WGC preserved by  

dimensional reduction

- SWGC for complex scalars:

SWGC exactly satisfied 

⟶ [1 + (1 −
2
N ) x2] ω ≤ 0 for   ω = 0consistent with the previous formula 

m2 + 4KTT̄∂Tm∂T̄m − KTT̄∂T∂T̄m2 = 0



- Scalar potential of 4D gauged SUGRA:

The SWGC & gauged supergravity

𝒱 = L̄ΛLΣ (guvku
Λkv

Σ + 𝒦ij̄ ki
Λkj̄

Σ) + (UΛΣ − 3L̄ΛLΣ) 𝒫r
Λ𝒫r

Σ



The SWGC & gauged supergravity

hypermultiplets sector

𝒱 = L̄ΛLΣ (guvku
Λkv

Σ + 𝒦ij̄ ki
Λkj̄

Σ) + (UΛΣ − 3L̄ΛLΣ) 𝒫r
Λ𝒫r

Σguvku
Λkv

Σ

- Scalar potential of 4D gauged SUGRA:



The SWGC & gauged supergravity

vector multiplets sector

𝒱 = L̄ΛLΣ (guvku
Λkv

Σ + 𝒦ij̄ ki
Λkj̄

Σ) + (UΛΣ − 3L̄ΛLΣ) 𝒫r
Λ𝒫r

Σ𝒦ij̄ ki
Λkj̄

Σ

- Scalar potential of 4D gauged SUGRA:



The SWGC & gauged supergravity

prepotentials

𝒱 = L̄ΛLΣ (guvku
Λkv

Σ + 𝒦ij̄ ki
Λkj̄

Σ) + (UΛΣ − 3L̄ΛLΣ) 𝒫r
Λ𝒫r

Σ𝒫r
Λ𝒫r

Σ

- Scalar potential of 4D gauged SUGRA:



The SWGC & gauged supergravity

  curvaturesRr
uv ≡ SU(2)

𝒱 = L̄ΛLΣ (guvku
Λkv

Σ + 𝒦ij̄ ki
Λkj̄

Σ) + (UΛΣ − 3L̄ΛLΣ) 𝒫r
Λ𝒫r

Σ𝒫r
Λ𝒫r

Σ

Du𝒫r
Λ = Rr

uvkv
Λ

guvku
Λkv

Σ

- Scalar potential of 4D gauged SUGRA:



The SWGC & gauged supergravity

Special geometry functions

𝒱 = L̄ΛLΣ (guvku
Λkv

Σ + 𝒦ij̄ ki
Λkj̄

Σ) + (UΛΣ − 3L̄ΛLΣ) 𝒫r
Λ𝒫r

ΣL̄ΛLΣ UΛΣ L̄ΛLΣ

- Scalar potential of 4D gauged SUGRA:



The SWGC & gauged supergravity

Special geometry functions

𝒱 = L̄ΛLΣ (guvku
Λkv

Σ + 𝒦ij̄ ki
Λkj̄

Σ) + (UΛΣ − 3L̄ΛLΣ) 𝒫r
Λ𝒫r

ΣL̄ΛLΣ UΛΣ L̄ΛLΣ

∇iLΛ ≡ (∂i +
1
2

𝒦i) LΛ ≡ fΛ
i , ∇ī L̄Λ ≡ (∂ī +

1
2

𝒦ī) L̄Λ ≡ fΛ
ī ,

∇ī LΛ ≡ (∂ī −
1
2

𝒦ī) LΛ = 0 ⟷ ∂ī LΛ =
1
2

𝒦ī LΛ

∇i L̄Λ ≡ (∂i −
1
2

𝒦i) L̄Λ = 0 ⟷ ∂iL̄Λ =
1
2

𝒦iL̄Λ,

UΛΣ ≡ 𝒦ij̄ fΛ
i fΣ

j̄ , ∇j̄ fΛ
i = 𝒦ij̄ LΛ .

- Scalar potential of 4D gauged SUGRA:



The SWGC & gauged supergravity

𝒱 = L̄ΛLΣ (guvku
Λkv

Σ + 𝒦ij̄ ki
Λkj̄

Σ) + (UΛΣ − 3L̄ΛLΣ) 𝒫r
Λ𝒫r

Σ

𝒫r
Λ(q⋆) = 0 supersymmetric

- We assume the existence of a vacuum  such thatq⋆

- Scalar potential of 4D gauged SUGRA:
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4𝒦ij̄∂im∂j̄m = (m2)−1 UΣΛL̄ΓLΠℋΓΣℋΛΠ

nvm2 + 4𝒦ij̄∂im∂j̄m = nvm2 + U11ℋ11 = 𝒦ij̄∂i∂j̄m2

  3-point coupling∙

𝒦ij̄∂i∂j̄m2 = (nvL̄ΛLΣ + UΣΛ) ℋΛΣ = nvm2 + UΣΛℋΛΣ  4-point coupling∙

  For one gauged symmetry only we reproduce the SWGC analysed before (with ):⟹ n = nv

  connection/extension to non-susy case by looking at non-susy vacua.⟶

  indication for general identity within gauged SUGRA as root of the SWGC⟶
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GijDi∂jm2 ≤ 0

- We studied the Scalar Weak Gravity Conjecture in the context of dimensional reduction

- We found evidence in favour of the formulation

n

- The meaning of  has to be completely clarified:  n

stability of the SWGC itself under dimensional reduction∙

∙

∙ more precise formulation of the identity on the scalar potential of gauged supergravity 

analysis in partial and/or spontaneous supersymmetry breaking vacua 



Thank you!
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ϕ
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|z1 |2 + |z2 |2

(1 − |z1 |2 − |z2 |2 )
2

(qa + mss)2

ϕ3

 is now a vacuum with completely broken susyz1 = z2 = 0

- Scherk—Schwarz compactification:

   The scalar potential is modified to ⟶

The (S)WGC & Scherk-Schwarz compactification
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   4D WGC:⟶

- Masses of the scalar fields:

the 4D WGC is not 
automatically satisfied 

anymore by the scalar fields
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m2 − 2KTT̄∂Tm∂T̄m = −
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⟹ 4D WGC:  𝟙 𝒬2 −
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m2 − 2KTT̄∂Tm∂T̄m = 0

exactly as the scalar fields in the KK reduction

1-loop corrections?


