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No SUSY so far!
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No SUSY so far!
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N i
- Mgysy = mz;, Mp

no definite indication on expected mass range of m,,, (besides model-dependent results)
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' Is there any fundamental property of quantum gravity that :
might give us information about the mass of the gravitino?
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No SUSY so far!

at present

. 5
- Mgysy = mz;, Mp

no definite indication on expected mass range of m,,, (besides model-dependent results)

e Swampland
. |s there any fundamental property of quantum gravity that :
. might give us information about the mass of the gravitino? ! )
Vafa 2006

Ooguri, Vafa 2006

(reviews)
Palti 2019

Beest, Calderon-Infante, Mirfendereski, Valenzuela
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Swampland Program

Landscape
EFTs consistent with QG
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Swampland Program

Landscape
EFTs consistent with QG

Swampland

EFTs not consistent with QG

Not everything is possible in String Theory!

UV imprint of QG at low energies

e
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QG Conjectures

B Absence of global symmetries Banks, Dixon 1988
B Weak Gravity Conjecture Arkani-Hamed et al 2006
> Swampland Distance Conjecture Ooguri, Vafa 2006
b No free para meters Brennan, Carta, Vafa 2017
2 No-dS conjecture Obied, Ooguri, Spodyneiko, Vafa 2018
B> Spin-2 conjecture Klaewer, Liist, Palti 2018

B AdS Distance Conjecture List, Palti, Vafa 2019
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QG Conjectures

B Absence of global symmetries Banks, Dixon 1988

B Weak Gravity Conjecture Arkani-Hamed et al 2006

> Swampland Distance Conjecture Ooguri, Vafa 2006

__________ In the limit Mp — o
2 No free parameters Brennan, Carta, Vafa 2017 statements become trivial
. M

2 No-dS conjecture Obied, Ooguri, Spodyneiko, Vafa 2018

B> Spin-2 conjecture Klaewer, Liist, Palti 2018

B AdS Distance Conjecture List, Palti, Vafa 2019

& Approach very similar in spirit to the development of quantum mechanics:

a number of 'principles' (Heisenberg’s uncertainty principle or Bohr’s correspondence principle)
were proposed to capture fundamental properties of QM.

Statements become trivial in the limit 7 — O.
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Gravitino Mass Conjecture (GMC)
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2 The Gravitino Mass Conjecture
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The Gravitino Mass Conjecture (GMC)

The limit of small gravitino mass

M3 = 0

always corresponds to the massless limit of an infinite tower of states
i and to the breakdown of the effective field theory.
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The Gravitino Mass Conjecture (GMC)

The limit of small gravitino mass

M3 = 0

always corresponds to the massless limit of an infinite tower of states
and to the breakdown of the effective field theory.

& Same proposal made in 2104.10181 by Castellano, Font, Herraez, Ibahez
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The Gravitino Mass Conjecture (GMC)

such a limit would be at infinite distance

The limit of small gravitino mass : Y

my, >0

always corresponds to the massless limit of an infinite tower of states

: and to the breakdown of the effective field theory.
P

Evidences of infinite tower mass related to m5),

Antoniadis, Bachas, Lewellen, Tomaras 1988
Palti 2020
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The Gravitino Mass Conjecture (GMC)

such a limit would be at infinite distance

: . - : <
+  The limit of small gravitino mass : K
5 M3 = 0 5
. always corresponds to the massless limit of an infinite tower of states :
: and to the breakdown of the effective field theory. 5
| ‘\
1 Y
1 '
1 ‘\
|
|
v
generic dependence of the mass tower Evidences of infinite tower mass related to m5),
n Antoniadis, Bachas, Lewellen, Tomaras 1988
m -~ (m3/2) Palti 2020
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The Gravitino Mass Conjecture (GMC)

such a limit would be at infinite distance
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always corresponds to the massless limit of an infinite tower of states
and to the breakdown of the effective field theory.

: ms, — 0

4
\ 4
generic dependence of the mass tower Evidences of infinite tower mass related to m5),
n Antoniadis, Bachas, Lewellen, Tomaras 1988
m .~ (m3/2) Palti 2020
» : - . o . .
: Corrections to this simple scaling might be
n=0() v possible but still satisfying the GMC
n = e.g. for log corrections
Blumenhagen, Brinkmann, Makridou 2019
Strong GMC
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The GMC and the Anti-de Sitter Distance Conjecture

AdS Distance Conjecture (ADC)

Lust, Palti, Vafa 2019

The limit of small AdS cosmological constant
|A] = 0
' s accompanied by a light infinite tower with mass

mN‘A‘

a
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The GMC and the Anti-de Sitter Distance Conjecture

AdS Distance Conjecture (ADC)

Lust, Palti, Vafa 2019 E ----------- > for SUSY AdS vacua
: A
The limit of small AdS cosmological constant ' mglz = — —
' 3
|Al=0 E GMC = ADC
' is accompanied by a light infinite tower with mass ! n="2a
a
m~ [ A
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The GMC and the Anti-de Sitter Distance Conjecture

AdS Distance Conjecture (ADC)

Liist, Palti, Vafa 2019 ------------ > for SUSY AdS vacua
The limit of small AdS cosmological constant mglz = — A
: 3
Al =0 § GMC = ADC
' s accompanied by a light infinite tower with mass n="2a
a -
m~ [ A s
“A
for non-SUSY AdS vacua
2 > A
m — —
3/2 3
GMC # ADC
however

ms, — O implies A — 0
i.e. GMC — ADC
(in AdS space!)
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The GMC and the Anti-de Sitter Distance Conjecture

AdS Distance Conjecture (ADC)

Lust, Palti, Vafa 2019 Vo T > for SUSY AdS vacua
: : A
' The limit of small AdS cosmological constant ' mglz = — —
: : 3
§ |Al=0 E GMC = ADC
' is accompanied by a light infinite tower with mass n="12a
- a -
: m ~ ‘ A ‘ : .
A\ ~~~~*
, y for non-SUSY AdS vacua
,"' " & 2 A
A\ My > =3
\
; GMC # ADC
Extension of the ADC
No EFT with finite to de Sitter space implies that however
number of fields there should be a tower with mass
interpolating AdS, My, — Oimplies A = 0
Minkowski and dS m ~ 10~120a ie. GMC — ADC

(in AdS space!)
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2 Tests of the GMC
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N =1 D = 4 Effective action and the GMC

The scalar pOtenl'ial IS given by Cremmer, Ferrara, Girardello, Van Proeyen 1983

with Vi and V,, being the supersymmetry breaking terms
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N =1 D = 4 Effective action and the GMC
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trivially follows
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N =1 D = 4 Effective action and the GMC

The scalar pOtenl'ia| IS given by Cremmer, Ferrara, Girardello, Van Proeyen 1983

with Vi and V,, being the supersymmetry breaking terms

trivially follows

Y

» it looks like the analogous of the Higuchi bound

Higuchi 1987
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it follows also from requiring unitarity propagation
and hold more generally than N = 1 SUGRA

Deser, Waldron 2001
Zinoviev 2007
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N =1 D = 4 Effective action and the GMC

B> We identify the tower with the Kaluza-Klein (KK) states, with mass

2/3
. 1 for isotropic manifolds
Mgk =\ oF

7 with 7 being the internal 6-dimensional volume
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N =1 D = 4 Effective action and the GMC

B> We identify the tower with the Kaluza-Klein (KK) states, with mass

2/3
. 1 for isotropic manifolds
Mgk =\ oF

7 with 7 being the internal 6-dimensional volume

B> Kihler potential and super-potential

K(p,d) = —alog 7 (¢, d) + K’ (WY ~ P2
: :
remaining part dependent on scaling at the minimum of the potential

the complex structure moduli and on the dilaton
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N =1 D = 4 Effective action and the GMC

B> We identify the tower with the Kaluza-Klein (KK) states, with mass

2/3
. 1 for isotropic manifolds
Mgk =\ oF

7 with 7 being the internal 6-dimensional volume

B> Kihler potential and super-potential

K(p,d) = —alog 7 (¢, d) + K’ (WY ~ P2
: :
remaining part dependent on scaling at the minimum of the potential

the complex structure moduli and on the dilaton

B> Gravitino mass

The Gravitino and the Swampland Marco Scalisi | MPP



N =1 D =4 Examples

The Gravitino and the Swampland Marco Scalisi | MPP



N =1 D =4 Examples

P For background AdS, X ST ey > n=1
2 Supersymmetric lIB AdS vacua (KKLT) Kachru, Kallosh Linde, Trivedi 2003
K=-3log(T+T)+..=-2log?7 + ... (W) ~ Te~<l
¥
7 = (ReT)>?
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N =1 D =4 Examples

P For background AdS, x S¢ ------ »in=1:
2 Supersymmetric lIB AdS vacua (KKLT) Kachru, Kallosh Linde, Trivedi 2003
K=-3log(T+T)+..=-2log?7 + ... (W)NTe_CT
v
7 = (ReT)>?
& isotropic scaling of the KK masses not valid! =======x-=- S m ~ <m3/2) 1/3 X log corrections

Blumenhagen, Brinkmann, Makridou 2019
Bena, Dudas, Grana, Liist 2018 Foommmmmmmee
Blumenhagen, Kldwer, Schlechter 2019 . N = 1/3
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N =1 D =4 Examples

2 Non-SUSY IIB AdS vacuum (Large Volume Scenario)  Balasubramanian, Berglund, Conlon, Quevedo 2005

K=-2log(7 + &/2) W ~ W, + non-perturbative terms

v

can be order one

a=2 p=0 n=2/3
non-perturbative contributions to W
g A leads to log-corrections in the KK masses
] in terms of the cosmological constant
M3 ~ = | |
% Blumenhagen, Brinkmann, Makridou 2019
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N =1 D =4 Examples

. Minkowski
2 No-scale models Cremmer, Ferrara, Kounnas, Nanopoulos 1983
Ellis, Kounnas, Nanopoulos 1984
K=-3log(T+T) W = const

. for heterotic string compactifications " = (T + T)> -------- > ta=1 p=0 n=4/3 .

. for type IIB GKP orientifolds 7" = (T + T)¥?  --------oon-- > ra=2 p=0 n=2/3
2 Scherk-Schwarz models Scherk, Schwarz 1979
2 No-scale models with F-term and D-term Dall'’Agata, Zwirner 2013

The Gravitino and the Swampland Marco Scalisi | MPP



N =1 D =4 Examples

Q
™
=
=+
o)
q

GMC in de Sitter can also be supported by its validity in anti-de Sitter spaces

4 =---

Some of the best and most studied dS constructions have

C Kachru, Kallosh Linde, Trivedi 2003
V=Vt V Vo= ' '
ds AdS up with up P Balasubramanian, Berglund, Conlon, Quevedo 2005

Westphal 2006

%)
N
A
[
:
S
2
N
N
I
3
S
N

consequences of the GMC in de Sitter
directly follow from the discussion of
the GMC in anti-de Sitter
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N =2 D =4 Effective Action and the GMC
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N =2 D =4 Effective Action and the GMC

v
___________________________ » 7 (2,9) = model-dependent function of the scalar fields
I E o 1 "o"
&p=er F (g
! ' ~~“~* K a
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N =2 D =4 Effective Action and the GMC

v
___________________________ » 7 (2,9) = model-dependent function of the scalar fields
1 E - ! ‘,*"
- &p=¢€r F(,q)
1 1 ~~“~ K a
------------------------- A e? ~ 2
K
83p ~ €2~ Map
v
5 gp =0 E
implies C
5 mz;p — 0 :
: and

restoration of global symmetries
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N =2 D =4 Effective Action and the GMC

K 5 Example: STU model
2 '

K = —log(stu)

83 ~ €2 ~ Myp
' : l
v L Sp== d3n &3 diag(l, — 1)
: g3 — 0 : :
implies : C :
My, — 0 my, =0 < gp—0
and :

restoration of global symmetries
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2 Phenomenological implications of the GMC
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Gravitino and Quantum Gravity Cut-off

M
Y —
oG N quantum gravity cut-off = "species scale" Dvali 2007
Dvali, Redi 2007
N=—— number of states below the cut-off
m
in the case of states equally spaced (as for KK or winding modes)
n
M M3
m~ Mp _M mass of the tower
P
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Gravitino and Quantum Gravity Cut-off

B> The mass of the gravitino sets the quantum gravity cut-off

B> The mass of the gravitino depends on the number of states with mass under AQG

N Mp
Mzp = "7
2n
P——
a e
My, < Npg if n<3 For the strong GMC (n = 1)
: M AS
for n > 3, no EFT of SUSY breaking! P _ “0G
Myp = —F = < Agg
5 M3
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Gravitino and Quantum Gravity Cut-off

B> In the case of a charged gravitino

AQG < g3 Mp imposed by magnetic WGC

m 3
using the expression for the cut-off A, ~ M S
0G P Y
P

v

M3 < (83/2)3/nMP < g3 Mp of the form suggested by the electric WGC

(if n < 3 and assuming g3, < 1)
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Gravitino and (Quasi-)de Sitter Space

Perturbative control of our EFT of de Sitter requires

Myn \ >
using the expression for the cut-off Ay =~ Mp < 3/_>

Mp
n—23 3 i o
my, > M= Hr model mdgpendent lower bound on the gravitino mass
F in terms of the Hubble parameter
r—*
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Gravitino and (Quasi-)de Sitter Space

Perturbative control of our EFT of de Sitter requires

Mam \ 2
using the expression for the cut-off Ay =~ Mp < 3/~>

Mp
n—23 3 i o
my, > M= Hr model mdgpendent lower bound on the gravitino mass
F in terms of the Hubble parameter
ﬁ
forn =3

"catastrophic" gravitino production
ad Kolb, Long, McDonough 2021

-
-
-
-
-
-
-
-
-
-
-
e L L L -
-

------------------------ volume destabilization in KKLT
Kallosh, Linde 2004
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A lower bound on 15, from CMB

In the slow-roll approximation

r
H= 25 Mp ~ 107/r Mp

the bound m3, > M " H" becomes

v

1
My > (10-12 r%)” M,

P ——,;_e

lower bound on the gravitino mass
in terms of the tensor-to-scalar ratio r
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A lower bound on 15, from CMB

(log-log Plot)
In the slow-roll approximation Ce23 e nep — o3
ms2 [GeV]
1015 -
72'2 ¢ T _4 1011;
H=1——M,~10~"/r M,
2 |
107 -
1000.0] strong GMC
| L
; 0]
i n—3 3 | N‘
, thebound my, > M," H" becomes 1075 ¢
. 5.x107%0.001 . 0.005 0.010 0.050 0.100
v .:
T — ? ———————
1
_1n 3 n r=00107% r <0.06
I’I13/2 > 10 r2 MP future target of CMB-S4 and upper bound set by Planck
The Simons Observatory

I—— - 5
: v

v (for n=1) the eventuality of

lower bound on the graviﬁ NO Mass (for n=1) any detection of detection of the highest

. . B-modes would point at compatible » would mean
in terms of the tensor-to-scalar ratio r EECEEFEEPEEEPEEPEY
Comy, 210 GeV o L msp 2102 TeV
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An upper bound on the scalar field range in terms of m1; ),

If the quasi-de Sitter phase is sustained by a scalar field displacement,

the Swampland Distance Conjecture (SDC) predicts Ooguri, Vafa 2006
— —AA
AQG — AO € ¢ with Ay < M, original naive cut-off of the EFT
v
1 MP see for example MS, Valenzuela 2018
A¢p < —log
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An upper bound on the scalar field range in terms of m1; ),

If the quasi-de Sitter phase is sustained by a scalar field displacement,

the Swampland Distance Conjecture (SDC) predicts Ooguri, Vafa 2006
—_ —AA
AQG — AO € ¢ with Ay < M, original naive cut-off of the EFT
|
|
|
|
1
v
1 MP see for example MS, Valenzuela 2018
A¢p < —log
AQG
|
|
|
|
|
v
o forn ~ A ~ 1, it constrains large scalar field variations (i.e. A¢ > 1)
n MP 1
A¢ < lOg - : just for very high values of the gravitino mass close to the Planck scale
3/2

My, > 1072 M)
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Gravitino coupling constant and Hubble parameter

Montero, Van Riet and Venken have shown the existence of a Montero, Van Riet, Venken 2019
lower bound on the mass of a charged particle in de Sitter space.

In the case of the gravitino, it reads

M3 > /3 830 MpH

using My, < (g3/,)>""Mp and takingn = 1

v bound stronger than the one obtained
e . from the magnetic WGC

835/2 H @ H < Apg < 830 Mp
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Conclusions

We have proposed the
Gravitino Mass Conjecture
stating that

the limit of small gravitino mass
mzp — 0

corresponds to the massless limit of an
infinite tower of states and

the break-down of the EFT
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Conclusions
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the limit of small gravitino mass
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corresponds to the massless limit of an
infinite tower of states and

the break-down of the EFT

we have focused mainly on

m ~ (m3/2)n
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Conclusions

We have proposed the
Gravitino Mass Conjecture
stating that

the limit of small gravitino mass

We have discussed differences and
similarities of the
Gravitino Mass Conjecture

and the AdS Distance Conjecture

mzp — 0
corresponds to the massless limit of an for SUSY AdS GMC=ADC
infinite tower of states and for non-SUSY vacua  GMCADC

the break-down of the EFT

e e e e e o o o e e o e e o e e e e e e e e e e e e e e e e e e o e e e e o e

we have focused mainly on

m ~ (m3/2)n

Marco Scalisi | MPP
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Conclusions

We have proposed the We have discussed differences and

Gravitino Mass Conjecture similarities of the

stating that Gravitino Mass Conjecture

the limit of small gravitino mass and the AdS Distance Conjecture

mzp — 0

corresponds to the massless limit of an for SUSY AdS GMC=ADC

infinite tower of states and for non-SUSY vacua  GMC=ADC

the break-down of the EFT

we have focused mainly on We have tested the GMC in a number of

m ~ (m3/2)n

i i examples of string compactification to D=4 :
S in AdS, Minkowski and dS :

_— e e e e e e e e o o e e e e e e o e e e e e e o e e e e o e o e = e e = e — )
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Conclusions

We have found a relation between
the gravitino mass and the gravitino

gauge couplingin A/ =2

K
83 ~ €2 ~ Nyp

In this context, the GMC is related to the

absence of global symmetry conjecture
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Conclusions

We have found a relation between
the gravitino mass and the gravitino

gauge couplingin A/ =2

K
83 ~ €2 ~ Nyp

In this context, the GMC is related to the

absence of global symmetry conjecture

we have found a lower bound in dS space

n_

i M3 > My

(similar to Higuchi bound for the graviton)

|
|

|

|

|

3 3 !
Hr |
|

|

|

|

|

|
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Conclusions

We have found a relation between We have derived pheno implications in

the gravitino mass and the gravitino quasi-dS backgrounds

gauge couplingin A/ =2

K
83 ~ €2 ~ Nyp

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| 1015 _
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
(similar to Higuchi bound for the graviton) |
|

— n=2/3 — n=1 — n=2 — n=3
. . ms/, [GeV]

In this context, the GMC is related to the 3/2

absence of global symmetry conjecture ot
L ] 107 |
————————————————————————————————— , 1000.0”
|
| | L
' we have found a lower bound in dS space | 0.1/
| |
: M H :

n n

i Mmsp > Mp ! —
| : 5.x107%0.001 0.005 0.010 0.050 0.100
: |
| |
| |
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\
Conclusions A6

We have found a relation between We have derived pheno implications in

the gravitino mass and the gravitino quasi-dS backgrounds

gauge couplingin A/ =2

K
83 ~ €2 ~ Nyp

(similar to Higuchi bound for the graviton)

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
: 1019 -
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

— n=2/3 — n=1 — n=2 — n=3
. . ms/, [GeV]

In this context, the GMC is related to the 3/2

absence of global symmetry conjecture ot
L ] 107 |
————————————————————————————————— , 1000.0”
|
| | L
' we have found a lower bound in dS space | 0.1/
| |
: M H :

n n

i Mmsp > Mp ! —
| : 5.x107%0.001 0.005 0.010 0.050 0.100
: |
| |
| |

The Gravitino and the Swampland Marco Scalisi | MPP



