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Swampland distance conjecture

At any infinite distance limit in moduli space there

is a tower of states becoming exponentially light
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Infinite distance limitsin 4d N = 1,0 SUSY chiral theories are relatively unexplored. Most
phenomenological interest
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Exploring the landscape

Infinite distance limitsin 4d N = 1,0 SUSY chiral theories are relatively unexplored. Most
phenomenological interest

Such settings involve ingredients like e.g. perturbative trilinear Yukawa couplings Y;;,. The
natural question one could have is whether
Yijrk = 0
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Exploring the landscape

Infinite distance limitsin 4d N = 1,0 SUSY chiral theories are relatively unexplored. Most
phenomenological interest

Such settings involve ingredients like e.g. perturbative trilinear Yukawa couplings Y;;,. The
natural question one could have is whether
Y;jk — 0
Cribiori-Farakos 23
There is no obvious reason what goes wrong! Palti 20

This limit MUST be explored!
Inthe SM Y, ~ 1012
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Laboratory: Intersecting branes (Type |IA)

Compactify Type IlA string theory on a CY orientifold

SUSY is broken from N=2 to N=1
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Compactify Type IlA string theory on a CY orientifold

SUSY is broken from N=2 to N=1

How does it work?

(1) x U(1)
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D6-branes
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Gauge theories in 4d
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Massless + massive chiral fields
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Laboratory: Intersecting branes (Type |IA)

Compactify Type IlA string theory on a CY orientifold Mutual supersymmetric branes are
related by a SU(3) rotation
SUSY is broken from N=2 to N=1

1 2 3 _
0op + 055+ 00p = 2Z

How does it work?
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Massless + massive chiral fields
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YUKAWA COUPLINGS IN TOROIDAL COMPACTIFICATIONS

Perturbative Yukawas are generated by worldsheet disc instantons connecting
three D6-brane intersections

Y = 242 TP, 2 r<1—|xz;b|>r<1—\xzc|>r<1—|xza|>r/4 W
Wk T o2 =1 T(x,) TG Txia)) L

.

Xap = 106s| or 11054

Cremadec-Tbasez-Marchecano 03 04
Aldazabal-Franco-Tbarez-Rabadan-(Jranga 00
C’vetic-Papaa/fmitrfoa 03 e
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YUKAWA COUPLINGS IN TOROIDAL COMPACTIFICATIONS

Perturbative Yukawas are generated by worldsheet disc instantons connecting
three D6-brane intersections

Wik

$4/2 r'(1—|x", ) I'(1—|x7} — |
)/;]k — &1/2 321 |:2 ( |Xab|) ( ‘Xbcl) F(l |Xca|)
Vol y

lxgel)  TlxpeD)  Tlxzal)

.

Cremadec-Thaiez-Marchecano 03 04

}1/4

Depends on local geometry. Xop = |005] or 1 — 64

Yukawa couplings give information about the Aldazaboal-Franco-Toasics-Rabodos-Uranga ‘00
Kahler metric of chiral fields Cuetic-Papadinitriou 05 =
y

Y;jk: = eK/2 (KﬁijKk/;)_l/Q Wz’jk S g

. NI 1/2
K; = €¢4(27T) 1/2 Hv?::l <p(1(|_x|;<|_§|))
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Infinite distance in Kahler moduli

Wik 0 1/4
Z‘17/2 et/ O,k

Y =
75 Vol

Je =B+ 1iJ = (b* + it*)w,
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Infinite distance in Kahler moduli

Wik 2~1/4
Vi — ik o$4/2Q"/

ijk V01¥2 ijk
Je =B +iJ = (b* + it?)w,

Take the infinite distance limit (at fixed cc)

Volﬁ(/2 — 00
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Infinite distance in Kahler moduli

Wik 201/4
Z‘17/2 et/ O,k
Vol Y/

Yiik =
Je =B +iJ = (b* + it?)w,
Take the infinite distance limit (at fixed cc)

Volﬁ(/2 — 00

According to the SDC there should be a
tower of states becoming massless
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Infinite distance in Kahler moduli

Wik 9 ~1/4
#/2 eP4/ O/

Y =
F 7 Vol

Je =B +iJ = (b* + it?)w,
Take the infinite distance limit (at fixed cc)

Volﬁ(/2 — 00

According to the SDC there should be a
tower of states becoming massless

2 MIQD Y ~ Mpo
Mpo ™~ Voix? > Y] ~ Mp

Decompactification
to M-theory
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Infinite distance in Kahler moduli Infinite distance in c.s moduli
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Infinite distance in Kahler moduli Infinite distance in c.s moduli

Wik b 1/4 Wik 1/4
L ik h4/2 = Ik opa/2g
Yijk = Voli{/Q /70,5 Yijk Vol L/2 e T
Je=B+iJ = (b® + it*)w, Qe = C3 +ie ?ReQ = (¢ + iuf)ak
Take the infinite distance limit (at fixed cc) Take the infinite distance limit (at fixed t)
Vol¥2—>oo uf =ull + 8N, A= o0
According to the SDC there should be a
tower of states becoming massless gee alco ca('fe//an;—éﬁikm;z;
2 MIQD mpo
My ~ vie, — |Y| = . : 1/2
DO Volx ’ Mp |Y‘ ~ €—¢4 (mgon Mgon mgon)
- Mp Mp Mp

Decompactification
to M-theory Tower of gonions
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Toy model example

Consider the following stack of branes

I, = 2(1,1)(1,1)(1, —1)
I, = 2(0,1)(1,0)(0,—1)
I, = 2(0,1)(0, —1)(1,0)

Gonzalo F. Casas

GFC-Tbaiez-Marchecano 24
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I, = 2(1,1)(1,1)(1, —1)
I, = 2(0,1)(1,0)(0,—1)
I, = 2(0,1)(0, —1)(1,0)

Take the complex structure limit

2, 4 ~ o 5 00

We find a gonion tower in sectors aa*

and ab with masses

Gonzalo F. Casas

GFC-Tbaiez-Marchecano 24
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Toy model example

GFC-Tbaiez-Marchecano 24

Consider the following stack of branes

I, = 2(1,1)(1,1)(1, —1)
I, = 2(0,1)(1,0)(0,—1) 02,
I, = 2(0,1)(0, —1)(1,0)

Take the complex structure limit .
2

We find a gonion tower in sectors aa*

KK modes at

_ 2 11/2 o M
and ab with masses Mgon = €%4(6%,|1/2Mp ~ &2 C—
1/2
i M
T Yobe = <M) with K.~ Mp
The Yukawa coupling involved takes the form abe Mp @b = mgon
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Toy model example

Consider the following stack of branes

I, = 2(1,1)(1,1)(1, —1)
I, = 2(0,1)(1,0)(0,—1)
I, = 2(0,1)(0, —1)(1,0)

Take the complex structure limit

2, 4 ~ o 5 00

We find a gonion tower in sectors aa*

and ab with masses

The Yukawa coupling involved takes the form

Gonzalo F. Casas
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< 02, << 1

KK modes at

M
Mgon = e¢)4|02(,|1/2]\4P = TP the same scale
1/2

Mgon R M
~ [ =8on with K, ~ =2
Yabe < Mp ) ab Mgon

Recovering a

YZLbc ~Ga ™~ Gy — global
symmetry
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Standard Model and Dirac neutrinos |f'|:

Na =3 Nb =2 NC — Né = Nd = GFC-Tbaiez-Marchecano 24 (to appear)
UNDER | |
SRS TR TION SU(3)a x U(1)a U1)e x U(1)s x U(1)

SU(2)p x U(1)s
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Standard Model and Dirac neutrinos lf‘l:

Na =3 Nb = 9 NC = Né = Nd = GFC-Tbaiez-Marchecano 24 (to appear)
B : 1 o ;
SU3)a x U(1)q UL)e x U(1)e x U(1) Light gonions
\ Dn ¢ ) / + KK modes
SU(2), x U(1) A

Anomaly FREE Yy = %Qa — %Qb + Qc QL \H. H
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Standard Model and Dirac neutrinos

Ng =3 Ny =2 N.=Nzg=Ng=1
UNDER | I
CONSTRUCTION SU(3)e x U(1)a Ul)exU1)ex U(1)

SU(2)p x U(1)s

Anomaly FREE y=2Qq—3Qv+ Qc

Taking the limit @ — () modifies couplings 9z, 9d
but the hypercharge 9y
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Standard Model and Dirac neutrinos |f'|:

Na =3 Nb =2 Nc = N& = Nd = GFC-Tbasez-Marchecano 24 (to appear)
B : i | 1
R C
AL SU(3)a X U(1)a UL)e x U(1)e x U(1) Light gonions
\ / + KK modes

SU(2)b X U(l)b

Anomaly FREE y=2Qq—3Qv+ Qc

Taking the limit @ — () modifies couplings gz, gd 1/2
but the hypercharge gy Y, ~ (mgon,u>

This makes it possible to design a limit with suppressed Y, ~6.9-10713 ——— Mgony ~ Mg = 500eV
neutrino yukawa coupling at the expense of having
gonions and KK states around the corner. Mg =Y, Mp = 700 TeV
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CONCLUSIONS AND OUTLOOK

‘STU' Type llA orientifold models models, dual to

magnetized Type | and SO(32) models with U(1) bundles
Blumenhagen-Honecker-Weigand 05

We studied c.c limits in different set-ups
° EFT string [iMIts  (anza-Marchecano-Martucei-alenzvela 20° 21

GFC-Tbaiez-Marchecano 24

e Type IIA toroidal orientifolds (e.g. Pati-Salam-like)
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We studied c.c limits in different set-ups magnetized Type | and SO(32) models with U(1) bundles
Blumenhagen-Honecker-Weigand 05
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GFC-Ibarez-Marchecano 24
Type IlIA toroidal orientifolds (e.g. Pati-Salam-like)
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Taking Y — 0 is notinnocuous < arge volume
Large c.s

Tower of

M-theory decomp. DO's

Light tower of gonions .k«
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CONCLUSIONS AND OUTLOOK

‘STU' Type llA orientifold models models, dual to

We studied c.c limits in different set-ups magnetized Type | and SO(32) models with U(1) bundles
Blumenhagen-Honecker-Weigand 05

° EFT string [iMIts  (anza-Marchecano-Martucei-alenzvela 20° 21

GFC-Ibarez-Marchecano 24
Type IlIA toroidal orientifolds (e.g. Pati-Salam-like)

: : : L I
Taking Y — 0 is notinnocuous < arge volume
Large c.s

Relations we find

Tower of

M-theory decomp. DO's

Light tower of gonions .k«

3 1/2
mgon) /

Y ~ H’L ( Mp
Similar powerg in: Constantin-Fraser-Talient- 1
: Y
Harvey-Lukas-Ovrat 24 ur >’

Y ~ ng Pathological
signalling
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‘STU' Type llA orientifold models models, dual to

We studied c.c limits in different set-ups magnetized Type | and SO(32) models with U(1) bundles
Blumenhagen-Honecker-Weigand 05

° EFT string [iMIts  (anza-Marchecano-Martucei-alenzvela 20° 21

GFC-Ibarez-Marchecano 24
Type IlIA toroidal orientifolds (e.g. Pati-Salam-like)

: : : L I
Taking Y — 0 is notinnocuous < arge volume
Large c.s

Relations we find

Tower of

M-theory decomp. DO's

Light tower of gonions .k«

= mebt 7

Y, ~ 6.9 - 10713 (EXP) = mgon
Similar powerg in: Constantin-Fraser-Talient- 1 11 3
Harvey-Lukas-Ovrut 24 Y ~ o U= 19 1 1 1
4 “ Swampland MKK
predictions exist!

3 1/2
mgon) /

YNHz‘(MP

Large extra
dimensions?

Y ~ ng Pathological
signalling
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| f' Instituto de
UAM-CSI

SUSY CONDITION FOR BRANES

Long story short, mutual

CY compactification with orientifold quotient supersymmetric branes are related
_——Holomorphic three-form by a SU(3) rotation
QWS(_l)FLR, R(J’ Q) = (_J7 Q) Berkooz-Douglas-Leigh ‘96
1 2 I
Kahler form eaﬁ + eaﬁ + Haﬁ =2Z
D6-branes wrapping three-cycles do not break SUSY if Gonion masses may be

understood as Fayet- lliopoulos
generated by the branes

II, € Slag submanifolds

Cremadec-Tbadez-Marchecano 02 . .
m2s = q4926a + 439568

We can also characterize such calibration condition Vanishes in a SUSY
configuration in which a
Ime~ e Q. =0 complex scalar partner of the

chiral fermion

. i i becomes massless
At the intersection of two branes this translates to

(P:@a_@/B:2Z K?miﬁzeéﬁieiﬁﬂ:@iﬁzo
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Not every EFT can be embedded in quantum gravity —— there is a classification of such restrictions

QG

Vafa 05
Swampland conjectures

reviewe: Brennan-Carta-lafa 12 Palti 19
van Beest-Calderon-Mirfenderecki-alenzvela 21
Graca-[Herraez 21

Swampland

Landscape
Arkani-Mot!-Nicolic-afa 06
Qoguri-lafa 05 ) )

Swampland distance conjecture Weak gravity conjecture (and tWGCQC)

At any infinite distance limit in moduli space there A gauge theory weakly coupled to gravity always

is a tower of states becoming exponentially light contains a charged particle that satisfies

_ D/2—1
My, ~ Mg e~ 09 M < gMp
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