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(eo-as) Universal Behaviour m=s Too general!

Special Direction: Gravitino mass, m3/; going to 0!!
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 GDC: Theory of QG, mz/2 # 0, mz,2 — 0 = Tower of massless states

See also for related ideas
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* Swampland Distance Conjecture:  stavting from a point P in modull space, and moving to a point @ an infinite distance
away, there appears a tower of states which becomes exponentially massless according to

. m@  mP) _upo
Mp MP

R

R — 00 Kaluza-Klein tower

. . ) . R — 0 Winding tower
e.g. KK tower m2=n*/R? neZ ®

IR)* : -
Lyin ~ “Hg) = d=1Ilog R+c¢ withm, ~e™
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Introduction: ADC

/'

Awntl de-Sitter Distance Conjecture: (n a thcora of quantum gm\/i,ta with

AdS cosmological constant A there exist a tower of states that becomes light L the Limit
A — 0, whose masses behave as

Y

m A
M, Mlg
Mink ds
— e y=1/2 SUSY vacua
S . Weak version supported by all
* trong version: 1 4 4 >1/2 non SUSY AdS A known examples. Strong version in
tension with e.g. DGKT
| e y<1/2 dS vacua
*  Motivated from a generalization of the SDC
if m = Mgk = Rint ~ Raas with —A~ m e.g. Type IIB in AdS5x§®
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The Gravitino Distance Conjecture

/*

In @ supersymmetric theory with a non-vanishing gravitino mass My, , in the limit

ms;, — 0, a tower of states becomes Light according to E
; E—
m m
tower 312 , 0<d<1 — Mtower
M, M, — Msp

[Focus on N =1 supersymmetric theories herel

*  Can approach ms/; — 0 in two qualitatively different ways

7 e mg /2 = M3 fz(q'bi} with @' unfixed Minkowski no-scale
¥ e my; =mgp(e’?) with of fixed AdS Man = Miaiscrete ® Mecontinuous

*  Note thatin 4d, N = 1 supergravity K = Kahler potential

(ﬂfp = 1} Mg = {E'Kfz H’V|

W = superpotential
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*  Evidence for the Gravitino Conjecture from relations to other Swampland
Conjectures

GDCj

o
> Migwer ™ ’”3/2 ~ |A|

*  Relation to the AdS Distance Conjecture (:&DC

7 SUSY vacua:

K/2
Mmsp =¢€ : | Wl S

A==3e5|W|?

* Relation to the Abscense of (generalized) global symmetries

2 _ K 2 212
Tmem - 26 | Wl ~ e mem

myp -0 —> T,.n—>0 —> e¢—>0 —> Symmetry becomes global

Magnetic WGC: Ayy < eM,, —> Tower of states

F——

Yy =—
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#  Type IIA Toroidal Orientifold with fluxes (7°/Z, x Z,)

* Modulimssp S T U

*  Fluxes: RR NSNS
Fo, Fa, Fys F H,
(}na c, €, e()) (h()a h)

*  AdS susy/non-susy vacua (all moduli stabilised):

W = 3ieT + imT? + ihyS — 3ihU myx =~ [ A" = m]l

*  No-scale Minkowski vacua (one linear combination of S, T fixed, U unfixed):

; ; ; 11
W = e+ 3ieT + 3cT? + imT> + ihyS Myp = mgs/z 1>6> T

*  No-scale Minkowski vacua on twisted tori (S, T fixed, U unfixed):

W = 3cT? + imT> + thyS — 3aST Mg = m32//;
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Evidence for the GDC

* General Lessons

e.g. hm, ac,...
I 'ﬂ}'z - (Tadpole)
'3/2 s

T Complex structure

11 Can constrain further the range for ¢

Reliable EFT 4 Perturbative Regime — mmmp

. 7 A 1 b s - e®
ma/2 :5 ;?Ur;\- K E .-1-1{5 g, e — \f_f E 1
s ~u" ot~ ul fisi = Sl e
. . ’r‘ br<1 = =(2479)
[11 Also strings & membranes get lightas g3/, — 0 ;
Scales 1'1[5 A[KK A‘[‘}{_g\ J[;ii\ MYy > M,
(su?)~1/4 (su®t?)~1/4 (stu)™ V2 | (ut¥/?)~? 2
T;;trings D4(Bll) Dhl(B!) -NS:’Q
g1 u? =1 : non — pert |
s=21 b
Tienss Dp NS5° NS5/ 3
(sudtB=P)=1/2 | (5= 1y33)=1/2 | (gf3y)~1/2
Table 1: Masses and tensions of KK states and branes in an isotropic Zs x Z!, type I1A q

orbifold in Planck units. 1/3 2/3 1



Evidence for the GDC

* 2 -moduli limits & F-theory



Evidence for the GDC

* 2 -moduli limits & F-theory

 Up to now: Large Volume Point (Type IIA) & Weak Coupling Limit



Evidence for the GDC

* 2 -moduli limits & F-theory

 Up to now: Large Volume Point (Type IIA) & Weak Coupling Limit

= Can we be more general?



Evidence for the GDC

* 2 -moduli limits & F-theory

 Up to now: Large Volume Point (Type IIA) & Weak Coupling Limit

= Can we be more general?

P Want to make general statements for CY; orientifolds + extend to other o< - dist.
points



Evidence for the GDC

* 2 -moduli limits & F-theory

 Up to now: Large Volume Point (Type IIA) & Weak Coupling Limit

= Can we be more general?

P Want to make general statements for CY; orientifolds + extend to other oo - dist.
points

P How? mm Use (Limiting) Mixed Hodge Structures (MHS)



Evidence for the GDC

* 2 —moduli limits & F-theory

¥ Up to now: Large Volume Point (Type I1A) & Weak Coupling Limit

p Can we be more general?

P Want to make general statements for CY5 orientifolds + extend to other oo - dist.
points

P How? s Use (Limiting) Mixed Hodge Structures (MHS)

ﬂ MHS well adapted to C.S. in Type 1B &&1 F-theory compactifications on (elliptic) CY,

or Kahler in Type I1A



Evidence for the GDC

* 2 —moduli limits & F-theory

¥ Up to now: Large Volume Point (Type I1A) & Weak Coupling Limit

p Can we be more general?

¥ Want to make general statements for CY; orientifolds + extend to other o¢ - dist.
points

P How? s Use (Limiting) Mixed Hodge Structures (MHS)

MHS well adapted to C.S. in Type IIB &&1 F-theory compactifications on (elliptic) CY,

or Kahler in Type IIA

¥ We will recover previous results in AdS & Mink
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Evidence for the GDC

* General Results Scalar potential

. 1 (Vg 13 N Ve VE Vi s V.s
Vit == = — 4+ — + : 1 2 2
s s s st st £ t

P Vacua at parametric contro] mes s ~ p".t ~ p?
AdS (non)SUSY & §="740
(g Mink

[l Tensionless membranes and strings

[ Two scalar fields: s,t + V5t + Vg, 5% — l-"ioc)

¥ Using MHS )23 for CY3

for CY, Toroidal models

IIT GDCvs SDC

Flat directions wesp m3/,, — () = ~ - djst.
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« Gravitino mass important for Part. Physics and Cosmology

*  Main Lesson: No arbitrary decoupling between m3/; and UV scales [Banks, Dixon, '88]
[Antoniadis, Bachas et al, "20]

MEg - Maximal scale sep for smallest 6!

'r“-;ixg ! —IF\I“_JV‘S
i

*  Q: At which scale do we expect to find My ?

7 Interesting values for mg; :

® m3p~1TeV MSSM sugra wemp Mgk < 10°GeV
- - M3,
using ms , =~ %

™ mﬂj’? o~ 1UIU GEV Ik"\:") ‘ A'IKK _,':‘5 ].{}ISGOV

* In Cosmology, EFT valid if Myyx > H e e mgﬁﬁf{pl“a
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Summary

# mgzp — 0 selects particular field directions

3 Y Meae finite

Typically KK tower

Also subleading towers from tensionless strings & membranes

*  Direct relation with WGC

g ra—+0

J-form gauge couplings ——— (0 ==  Singular Limit

*  Evidence for GDC in Type IIA CY; Orientifolds

And also in F-theory CY, flux compactifications
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Summary

* Pheno implications mgz/e ~ 1 TeV —) J'Fl-'lr‘f{;{ 5 108GPV

p= Particle Physics: two scenarios

¥ Cosmology o= mgﬁi"ﬂ’pl_a

*  Future Work

mgyg ~ 1[]1(] GeV ‘ ﬂ"_{}(}{ S} ].ﬂlgGGV

Examples in type IIA classical vacua === Quantum vacua??

GDC consistent with full moduli stabilization, e.g. LVS, KKLT ??

Study more examples (e.g. )
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Back-up: Toroidal Orientifold

*  TypellA CY; Orientifoldsmmy N = 1, D = 4 Supergravity

¥ Focus on toroidal example: 7°/7Z, x Z,

*  Three maximally symmetric type of vacua

DGKT-CFI (no metric fluxes) mmsp SUSY and non-SUSY sols ] i
P AdS examples (A < 0)
AdS with metric fluxes == SUSY and non-SUSY sols
(g e |

No-scale models == Broken SUSY m

¥ Minkowski examples (A = 0) <|i mg /2 depends on single unfixed §=2/3
Two cases modulus
More than one no-scale direction
:( Range for &

Runaway solutions
¥ dS examples (A > 0) v

mg/2 directly related to tension of membranes ‘ \
¢



