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WGC & scalar fields

-  Weak Gravity Conjecture (WGC) 1n D spacetime dimensions:
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- WGC n presence of light scalar fields:

Q" > 55 )™ + G 0;mom scalar interaction
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- Natural scenario: the scalar fields are compactification moduli.
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—— Reduction to 4D on a circle:
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WGC & scalar fields

—— Reduction to 4D on a circle:
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charged scalar

— field-dependent mass:  m?* = — (1 + xz) x> =
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WGC & scalar fields

— 4D WGC with scalar fields:

2_1 2 i _
Q m- — GY9.mo.m =
g) F

) 2 2 4
— M (ﬁ) —2 > () = (ﬁ> > — 5D WGC
r(1+x2> M 3 M 3

the moduli field
dependence factorizes

— the WGC 1s preserved by dimensional reduction

— support for the WGC with scalar fields
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e algebraic identity in extended SUGRA

e diagrammatic approach

—> see [FREIVOGEL, GASENZER, HEBECKER, LEONHARDT 20] for related discussions (and criticism)
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The Scalar Weak Gravity Conjecture

-  Scalar Weak Gravity Conjecture (SWGC):  relation, analogous to the WGC, bounding
scalar and gravitational interactions

- Dafferent proposals:

o algebraic identity in extended SUGRA

. |
nm* + g'omom — EglJDl-djm2 <0

n = # scalars coupling to the SWGC state
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—> WGC argument: there should be a particle with mass m satisfying

D*m? > nm? + 4 (Dm)* support for the SWGC
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The SWGC & dimensional reduction

- KK reductiontod =D — N:

R | | _ 2
S, = Jddx, /=g { 2d 4JAZFA . F* — EGﬂﬁﬂzI@’“‘z] — V,hV*h —m?* | ]| }

NIN+3) N 4 NN+ 1)  gauge moduli metric moduli /
2 | 2 ‘Q[a =d, ab = ¢i

— # moduli =

2
q g _
— moduli-dependent mass: M = 1 (1 +X2) X% = <—> g b%ab A = det (gab)
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The SWGC & dimensional reduction

- We study the SWGC 1n the form

m* + aG"Y0,mo,m — gGUD,asz <0

— |(NB=a) 22+ Np| o+ (1 +x2) Py(x) <0

2 1
— Pyx)=0 Vx,N & |a=— & [=—
M) N Py

Consistent with the WGC argument of
[DALL’ AGATA, MORITTU *20]
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The SWGC & dimensional reduction

—— with this choice we find:

1
Nm?* +2GY0,mo,m — —G"D,0,m* < 0 = w <0

2

(1-%)~
I+ 1——)x
N

= N > 2: the SWGC is exactly equivalent to the higher-dimensional WGC w < ()

N = # compact dimensions / gauge moduli NN # # scalars coupling to the SWGC state

— N=1: SWGC = (1-x*)®w <0 — nor satisfied V x



The SWGC and
gauged supergravity



The SWGC & gauged supergravity

- We want to study the SWGC 1n the presence of (local) supersymmetry.

| SU(2,1)
- E, W o = {4, g"
— 5D model: { TR Y M} + SUR) x U() {C q }




The SWGC & gauged supergravity

- We want to study the SWGC 1n the presence of (local) supersymmetry.

, SU(2,1)
- EA Y o = {4, g"
—— 5D model: { Mo Xy M} + SUR) x U() {C q }

pure SD SUGRA



The SWGC & gauged supergravity

- We want to study the SWGC 1n the presence of (local) supersymmetry.

| SU(2,1)
- {EAY, A = {{% ¢"
— 5D model: { TR Y M} + SUR) x U(1) {C q }

universal hypermultiplet



The SWGC & gauged supergravity

- We want to study the SWGC 1n the presence of (local) supersymmetry.

| SU(2,1)
: EAY o = {4, g" = v,
— 5D model { M o> Yy M} + SU2) x U(1) {C q } q (V,0,0,7)

universal hypermultiplet hyperscalars



The SWGC & gauged supergravity

- We want to study the SWGC 1n the presence of (local) supersymmetry.

. SU(2,1)
: E, W o = {4 q" 4=
— 5D model { M o> Yy M} + SU2) x U(1) {C q } q (V,0,0,7)

— we gauge a U(1) 1sometry with &/,

2Vo
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W V3|l ( c’)
4 69—7(1+V+6’2+72)
60 +0(1+V+6°+1°)

(V—1—6’2—72)9—07
\/5 (V—l—é’z—fz)f—aé’

1V
vV " (V=1 + 07+ (0P +7) (P + 22 +2-6V)]

«— P =

Killing vector prepotential
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- We want to study the SWGC 1n the presence of (local) supersymmetry.
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: E, W o = {4 q" 4=
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The SWGC & gauged supergravity

- We want to study the SWGC 1n the presence of (local) supersymmetry.

. SU(2,1)
D 1: ) A, b & . A — A, U U —

— bosonic lagrangian:

Ry 1 E-! 1
55 = JdSXE 25 A FunF " e o\ F NrF 1= EguvDMq "DYq" — 7 (g)
61/6
7(@q,) =0 Minkowski
minimum at

q, = (1,0,0,0) k*(gy) =0 gauge symmetry preserving

7 (q) scalar potential —

P(g,) =0 supersymmetric
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- We want to study the SWGC 1n the presence of (local) supersymmetry.
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— bosonic lagrangian:
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- We want to study the SWGC 1n the presence of (local) supersymmetry.
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The SWGC & gauged supergravity

- We want to study the SWGC 1n the presence of (local) supersymmetry.

. SU(2,1)
: E, W o = {4 q" 4=
— 5D model { M o> Yy M} + SU2) x U(1) {(: q } q (V,0,0,7)

— bosonic lagrangian:

R 1 E-! o
S5 = Jd5xE { > — —F FMN eV of W F ngF 57 — Ki7Dyz' DV 7 — %(z)}

2 4 6\/6
q" © (ZI’ZZ> \/5

9
— g=— & M’== = 35DWGC: w=0
g < 77 =27 =0 ’ .

exactly
saturated




The SWGC & gauged supergravity

- Reduction to 4D on the circle: {eﬂa, l//,i,Aﬂ} + {CA’ qu} T {T’ Bﬂ’ ’Ii}



The SWGC & gauged supergravity

- Reduction to 4D on the circle: {eﬂa, l/f,i,Aﬂ} T {CA’ qu} T {T’ BM’ ’Ii}

A =2 SUGRA



The SWGC & gauged supergravity

: . a ., 1 A U l
- Reduction to 4D on the circle: {eﬂ ,l//M,Aﬂ} + {C , g } + {T,Bﬂ,/l}

hypermultiplet
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- Reduction to 4D on the circle: {eﬂa, l//,Z,Aﬂ} + {{hq"} + {T, B, /V} T=q¢+ i\/;a

— bosonic lagrangian:
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The SWGC & gauged supergravity

. . 2
- Reduction to 4D on the circle: {eﬂa, l//,Z,Aﬂ} + {{hq"} + {T, B, /V} T=q¢+ i\/;a

— bosonic lagrangian:
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— bosonic lagrangian:
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The SWGC & gauged supergravity

. . 2
- Reduction to 4D on the circle: {eﬂa, l//,Z,Aﬂ} + {{hq"} + {T, B, /V} T=q¢+ i\/;a

— bosonic lagrangian:

—1 Ry 1 N ARE 3 ury iV
e g4 — 2 4JAZF F + Z:%AZF F g aﬂTa T— KlJ_DﬂZ D < — %4D
(T+ T)
* ok M2 o) 612
Vs — T ! —> masses: m®=— (1 + xz) 1, with x*=
minimum 3 ¢?



The SWGC & gauged supergravity

- 4D WGC with scalar fields:

] _
0, I 0y — Emz — 2K 0. mo;m



The SWGC & gauged supergravity

- 4D WGC with scalar fields:

1 7 ly th dulus defi
AX 2 TT ) only tnc modauius aciines a
On770s 2 m” = 2K opmarm long-range interaction



The SWGC & gauged supergravity

- 4D WGC with scalar fields:

1 r exactl WGC preserved b
A .2 AT o y prescrved by
Op7 05 > 2K Opmogm = satisfied ~ dimensional reduction



The SWGC & gauged supergravity

- 4D WGC with scalar fields:

1 ; exactl WGC preserved b
A .2 AT o y P y
Op7 0y 5" 2K 0rmdrm = 0 satisfied ~ dimensional reduction

- SWGC for complex scalars:

m* + 4K TTadefm - K TTdeTmz



The SWGC & gauged supergravity

- 4D WGC with scalar fields:

1 r exactl WGC preserved b
A .2 AT o y prescrved by
Op7 05 > 2K Opmogm = satisfied ~ dimensional reduction

- SWGC for complex scalars:

nm?* + 4K TTddefm — K TTdeTmz

n=1



The SWGC & gauged supergravity

- 4D WGC with scalar fields:

1 - exactl WGC preserved b
A .2 AT o y prescrved by
Op7 0y > 2K 0rmdrm =0 satisfied ~ dimensional reduction

- SWGC for complex scalars:

m? + 4K 0, mozm — K™0,0;m* = 0 SWGC exactly satisfied




The SWGC & gauged supergravity

- 4D WGC with scalar fields:

1 ; exactl WGC preserved b
AN _ 02 opTT L y prescived Dy
Op70s o m= — 2K 0rmorm = 0 satisfied  dimensional reduction
- SWGC for complex scalars:
m? + 4K 0, mozm — K™0,0;m* = 0 SWGC exactly satisfied

— agreement with [DaLL’Acata, MoriTtu20] — nm? + 4 (Dm)* — D*m? < 0



The SWGC & gauged supergravity

- 4D WGC with scalar fields:

1 ; exactl WGC preserved b
AN _ 02 opTT L y prescived Dy
Op"0s o m= — 2K 0rmorm = 0 satisfied  dimensional reduction
- SWGC for complex scalars:
m? + 4K 0, mozm — K™0,0;m* = 0 SWGC exactly satisfied

the SWGC 1dentity

— agreement with [DALL’AGATA, MoriTTU 20]  nm?* + 4 (Dm)* = D*m? < 0 L
uses physical mputs




The SWGC & gauged supergravity

- 4D WGC with scalar fields:

0u7"%0s = m* = 2KMogmapn =0 SUCY RO,
- SWGC for complex scalars:
m? + 4K 0,morm — K™ 0,07m* = 0 SWGC exactly satisfied
— consistent with the previous formula 1 + (1 — %) x*w <0 for w =0
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- Scalar potential of 4D gauged SUGRA:

7 = DM (g, i+ Hhk] ) + (UM = BIALR) 97,

D, = R, k\ R’ = SU(2) curvatures
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The SWGC & gauged supergravity

- Scalar potential of 4D gauged SUGRA:

V= LML (g Mk + Hhk] ) + (U = BLALY) 9 0%

Special geometry functions

1 _ 1 _
V.LA = (al. -+ 5% ) LN =/, VLA = (al. + 37’6) M= f
A 1 A A 1 A
V;L — 0; — E%l L>=0 «—> O;L m— E%ZL
T A 1 T A T A 1 T A
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The SWGC & gauged supergravity

- Scalar potential of 4D gauged SUGRA:
7 = DML (g, kok + H k] ) + (UNS = BIALR) 9, 5%
- We assume the existence of a vacuum ¢ * such that
Pg)=0 &  KigN=0

hyperscalars N o A )
" mass matrix: (m*)", =g"'D,D,7(q*) = L"L* (¥ ,5) ",

(?/ AZ)M ,=8"g, (Dwkf\kaé + kaf\Dwkg) hypermultiplets sector
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The SWGC & gauged supergravity

- Derivatives with respect to the vector multiplets scalars:
e 3-point coupling ~ 4FY dmo;m = (mz)_l UL LYH T\
e 4-point coupling & i di()jmz = (nVI:ALZ + U ZA) I ns = nym?* + U \5
—> For one gauged symmetry only we reproduce the SWGC analysed before (with n = ny)):

nym? + 4K 19mo:m = nym® + U9\, = KHV0,0:m*

— 1ndication for general 1dentity within gauged SUGRA as root of the SWGC

— connection/extension to non-susy case by looking at non-susy vacua.
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- We studied the Scalar Weak Gravity Conjecture 1n the context of dimensional reduction.

- We found evidence in favour of the formulation

. long-range 1nteractions

. moduli fields —> n = N number of compact dimensions

. non-supersymmetric case —  connection with the WGC N >2 N=17
| exactly satisfied on physical vacua

. supersymmetric case <

connection with structural 1dentities
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Summary & Conclusions

- We studied the Scalar Weak Gravity Conjecture 1n the context of dimensional reduction

- We found evidence in favour of the formulation

- The meaning of n has to be completely clarified:

o stability of the SWGC 1tself under dimensional reduction

e analysis 1n partial and/or spontaneous supersymmetry breaking vacua

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






The (S)WGC & Scherk-Schwarz compactification

- Scherk—Schwarz compactification:

21 B e!MSSY 0 4
22 B O eimSSy %)

— The scalar potential 1s modified to

2
L. zlP+l1zl? (g4 +mss)
2 3
N Y e I

Z1 = 2o = 0 1s now a vacuum with completely broken susy



The (S)WGC & Scherk-Schwarz compactification

- Masses of the scalar fields:

—> 4D WGC:

| _ DM (\/ga mss) ) the 4D.WZCZ}C 1s.n§td
02— _m2_9 KTTOTm 6Tm _ 1, > () automatically satistie

2 P> anymore by the scalar fields
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The (S)WGC & Scherk-Schwarz compactification

— The 4D WGC is actually satisfied by the hyperini 4

2
9 2 q 2
e SD: qu—&MCZ:g — SDWGC:a)zg_(M) =§=O

M? 1 ]
e 4]): mg — 75 (1 + xz) ]]2 — 4D WGC: @2 _ Emz _ ZKTTaTmaTm — ()

¢4 unaffected by the SS reduction exactly as the scalar fields 1n the KK reduction

1-loop corrections?




