Tegernsee
8/11/2021

The unbearable lightness of

charged gravitinos

Gianguido Dall’Agata



Tegernsee
8/11/2021

The unbearable lightness of

charged gravitinos

Gianguido Dall’Agata

together with
N. Cribiori, M. Emelin, E Farakos and M. Morittu



dS Landscape in Supergravity




dS Landscape in Supergravity




dS Landscape in Supergravity

@ dS critical points of extended supergravities are sparse at

beSt FRE, TRIGIANTE, VAN PROEYEN

¢ Uplifls to String Theory only for models without scale
separation

¢ Generic Dine—Seiberg problem

Al
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o Swampland criteria (de Sitter, Transplanckian

Censorship,...)
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LOOKING FOR DE SITTER

(meta)stable dS in N>1 very sparse

Suggested ingredz'ents. FRE, TRIGIANTE, VAN PROEYEN

®)
&)

@
-

(@)
&

Non compact gaugings
de Roo—Wagemans symplectic angles

Fayet—Iliopoulos terms
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LOOKING FOR DE SITTER

(meta)stable dS in N>1 very sparse

Suggested ingredients:

¢ Non compact gaugings
¢ Smart choice of symplectic frame

¢ Fayet—Iliopoulos terms



LOOKING FOR DE SITTER

(meta)stable dS in N>1 very sparse

Ezther:

(

¢ Non compact gaugings

¢ Fayet—Iliopoulos terms



N=8: BORGHESE, LINARES, ROEST
N=2: GOMEZ-REINO, L OJJS
SCRUCCA; CATINO, SCRUCCA

margimally unstable

GD, INVERSO

ST 1112.3939

Average of the
scalar mass matrix

4 m?>

4| Geometric type ITA
solutions

Ma‘x{msG}

(off shell)




WEAK GRAVITY
VS. DE SITTER



WEAK GRAVITY VS. DE SITTER

- Swampland conjectures challenge the survival of
supergravity de Sitter vacua

2 dS conjecture

OOGURI, PALTI, SHIU, VAFA

/

C
|VV[ > —V or min(ViV-V> < Ly
Mp 1 M3

¢ Surviving critical points challenged by other swampland
conjectures

(TPCC, SSWGC, Festina-Lente, Magnetic-WGC)



WEAK GRAVITY VS. DE SITTER

GTd‘Z)Z.t)/ + U(I) CRIBIORI,GD,FARAKOS

1 F._F™ _ 3H*M?Z
2 mn T P+...,
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e 'L =— MZR
4g
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+ charged matter 0 _y+iqA, x ., qgeE”

as effective theory

_1 o f 1 Ay
e ggmv =Mz | —RA R~ + ...
| 2 Ay

On de Sitter R = 12H” > R*/A7,,,

Consistency: H < Ayy



WEAK GRAVITY VS. DE SITTER

GTd‘Z)Z.l:)/ + U(I) CRIBIORI,GD,FARAKOS

1
e 'Y =—M;R

F, F™—3H*MZ+ ...,
2

492
+ charged matter 0 _y+iqA, x ., qgeE”

as effective theory on de Sitter

| |
——— ~ Ay L Appr S —
AUV Uv EFT o

Consistency: H< Ayy



WEAK GRAVITY VS. DE SITTER

| theory is bounded by the gauge coupling ‘

Ayy S & Mp

ARKANI-HAMED, MOTL, NICOLIS, VAFA;
HUANG, LI, SONG; ANTONIADIS, BENAKLI

Consistency bound:

CRIBIORI,GD,FARAKOS

What we find:

- large classes bave H ~ g g, M,

- Parametrically light gravitin: in the Swampland



WEAK GRAVITY VS. DE SITTER GD,EMELIN,FARAKOS,

MORITTU

 Example: de Sitter in N=2 general matter coupled sugra

¢ Scalar geometry = Special-Kdbler (vectors) +
Quaternionic—Kdbler (hypers)

¢ Encoded in

' ¢ Projective holomorphic coordinates X" (z) and sections
gt

| ¢ Kihler potential: K = — log i ()_(AF AT X"F A)

¢ Covariantly holomorphic symplectic sections
| V il (LA, MA) — eK/Z (XA, FA)
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 Example: de Sitter in N=2 general matter coupled sugra

¢ Scalar geometry = Special-Kdbler (vectors) +
Quaternionic—Kdbler (hypers)

¢ Encoded in
vKahler potent1al K = log z (XAF A XAF A) '
(s i o

| 2and prepotentials: P((z,7), Pi(z,7), x=1273. |



WEAK GRAVITY VS. DE SITTER GD,EMELIN,FARAKOS,

MORITTU

c Example: de Sitter in N=2 general matter coupled sugra

¢ Potential from (electric) gauging:

%=7D1+%D2+%F

%Dl — ‘ZA/C/I\ |2 = |DILAPX |2-~»=---:.: Non. Abelian vector gauging

4l TALU |2 .
V', = 4| T > —= Hyper gauging

- ML 1Ll Hyper gauging +
7= <gUDILADJ_LZ O LALZ) Pﬂ’% ~=== Fayet-lliopoulos

terms

0 AP M - £ ILEiapS A X X
- Gravitino mass matrix: m;, ;; = i L"P, (67);



WEAK GRAVITY VS. DE SITTER

¢ Example: Abelian gaugings in N=2 crisiori,GD,Farakos
< N=2 sugra + vectors + U(1)p FI Py = e, 03
< Scalar Potential
V =e" <g1jDIW5jW— 3WW> DW= W, + KW
W=(Q,Z) = X"e, — Fym"
< Unstable critical points, compatible with dS cony.

FRE, TRIGIANTE, VAN PROEYEN



WEAK GRAVITY VS. DE SITTER
CRIBIORI,GD,FARAKOS

2 Non-minimal couplings, m;, = | X*Px| = 0, m"™ = 0

L 1

| e 1°<ka _Z jAan/}anmn V‘*z
D mWnA = it i An/} €A (GB)ABWnB

i

< Gauge vector v, = © AAD O) = ep/(29)

< Canonical kin. lerm

26]2

4

SHEALIT F, WF™W)+ ...
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2 Non-minimal couplings, m;, = | X*Px| = 0, m"™ = 0

R 1
| e 1°<ka = Z jAan/}anmn V‘* =
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< Gauge vector v, = © AAD O) = ep/(29)
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WEAK GRAVITY VS. DE SITTER
CRIBIORI,GD,FARAKOS

2 Non-minimal couplings, m;, = | X*Px| = 0, m"™ = 0

< GGauge vector v, = © AAA O, = ep/(2g)

< Canonical kin. lerm

2

In the

2q | W
. swampland!!

e_lgkin o
B 7

F, (WF™©) + ...



WEAK GRAVITY VS. DE SITTER GD,EMELIN,FARAKOS,

MORITTU

c Example: de Sitter in N=2 general matter coupled sugra

o When ms), ;= i L*P) (6%);; = 0, the potential simplifies
drastically:

b I e - 83 >0 B O R AL IS T A LB R W VRS LALLM MDA e O TR WY VR W AT e 1 e ey SEL S . VN S A O A AR W T LB A e AT A - A Ve B
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i ( ¢’ D, L D;L* - 3 LAZZ) PARY

fu\.mw JAT A bk B SAAT e

T R AL P AT TS AL R VR AT 2 0 A A 0 R S0l YN WA 7 T R DA M



WEAK GRAVITY VS. DE SITTER

GD,EMELIN,FARAKOS,
MORITTU

c Example: de Sitter in N=2 general matter coupled sugra

¢ When m3,2 = LA (ax)

illa7te Tr(Q2 +4‘LAk”

2

¢ where Q is the charge matrix of the gravitini

) .

_lgkm Al Wgn}/mnan(a))l//zr T lwgnymnr Ar? QA ij Wir >

L

QA l] I

TR AL B2 ATE IR A AR R A RO R

Y

1 5'PY + 6*JP*
A 1A

U TR R AL I VBV B

A

Canonically
normalized
gauge vectors




WEAK GRAVITY VS. DE SITTER

GD,EMELIN,FARAKOS,
MORITTU

c Example: de Sitter in N=2 general matter coupled sugra

o If z//,f;,l are cbarged under a U(1) with charge g:

At Tr(Q2 +4‘LAk”‘ il
vAnd since H2 7/3
I i
9 JAN
I > q Uv

3
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MORITTU

c Example: de Sitter in N=2 general matter coupled sugra

o If l//;;,l are charged under a U(1) with charge g:

1

Y= Tr(Q2 +4‘LAk” > q°

«And since H2 ‘7/ 3,

il i
A\
A il Al

e

In the swampland!




WEAK GRAVITY VS. DE SITTER GD,EMELIN,FARAKOS,

MORITTU

. General result:

¢ Massless charged gravitin: w.rt. Abelian residual
gauge groups in gauged sugra put ANY de Sitter critical
point in the swampland

¢ Direct proofs: N=1 D-terms, N=2, N=8
¢ WGC enough (no need of dS conjectures)
¢ Large variety of examples of models within this class

¢ Proof of existence of models outside



WEAK GRAVITY VS. DE SITTER GD,EMELIN,FARAKOS,

MORITTU

dS Vacua

WGC for light

charged gravi R > cOTecture



WEAK GRAVITY VS. DE SITTER GD,EMELIN,FARAKOS,

MORITTU

. General result:

¢ Massless charged gravitin: w.rt. Abelian residual
gauge groups in gauged sugra put ANY de Sitter critical
point in the swampland

N =38
SO(4,4),

GD-INVERSO

Lo




WEAK GRAVITY VS. DE SITTER GD,EMELIN,FARAKOS,

MORITTU

. General result:

¢ Massless charged gravitin: w.rt. Abelian residual
gauge groups in gauged sugra put ANY de Sitter critical
point in the swampland

V// ‘

RBP . 0 e N e e

GD-INVERSO S




WEAK GRAVITY VS. DE SITTER GD,EMELIN,FARAKOS,

MORITTU

¢ General result:

¢ Massless charged gravitin: w.rt. Abelian residual
gauge groups in gauged sugra put ANY de Sitter critical
point in the swampland

V// ‘




WEAK GRAVITY VS. DE SITTER GD,EMELIN,FARAKOS,

MORITTU

¢ Generalization:
¢ Non-Abelian residual gauge groups
¢ Parametrically light gravitino masses
Model with G = SO3) X O(1,1) ¥ =2¢2+ 3¢’

dS vacuum w/ modulus 7

[14E 172
1 — 72

and G,,, = U(1) {enh. SO3)] Ayy = el¢

4

Vil

Variable m3/2 — 61




WEAK GRAVITY VS. DE SITTER

GD,EMELIN,FARAKOS,

¢ Generalization:

¢ Non-Abelian residual gauge groups

MORITTU

¢ Parametrically light gravitino masses

Ayy/H , m3;5/H

Cutoff and
gravitini

Scalar masses

25¢
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m2/V
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SUPERGRAVITY, DE SITTER & THE SWAMPLAND

Summarizing:
de Sitter landscape in supergravity is sparse
Characterization still uncertain

Swampland conjectures kills most supergravity models

Parametrically light charged gravitini are in
the swampland



