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WHAT IS THIS TALK ABOUT?

STRINGS

- Yukawas in 4d N=1 chiral CY

orientifold vacua
- The limit ¥ — 0: What goes wrong?
- Kinetic terms of chiral fields
- Light gonion & KK towers

- Massive U(1)’s and monopoles

&

PHENO

- Dirac vs. Majorana neutrinos

- How to get small Dirac masses.
As a consequence:

+ All scales fixed

+ Low M; and 2 large dimensions

+ Acc and large dimensions



Yukawas In type lIA orientifolds

4d " = 1 chiral EFTs based on intersecting D6-branes Blumentiagen et al. 00
Aldazdbal et af. 00

Yukawas arise from worldsheet instantons connecting
three intersections hosting chiral matter
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Kéhler complex structure
Cremades, Vbanez, 2. M 05-04, (onlon, Matiarana, Zueveds 08, moduliT moduli (~ e2W)
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SOME QUESTIONS

PHENO & SWAMPY

- Can we reproduce the fermion
mass hierarchies of the SM + s

in string theory? - Do Yukawas behave like gauge

- What happens when Y - 0?

- Initial strategy: use Y;° + Y'P couplings in quantum gravity?
: ; -

+ see-saw mechanism for s Palri 20 Cribione & Fanakos 25

Blumentagen, Cuctic, Weigand 06  bdies & Uranga 06 - Does Y — 0 happen at infinite
distance only? If yes, why?

- However, in practice it is not .
What goes wrong with the EFT?

that easy: %4, Scbettetons, Mranga 07

- So what if we tried to obtain the - Do towers of light particles arise
hierarchies directly from Y l.;.r,fe? when Y — 0 ? Is there a WGC-like

: : bound m < YM, ?
- Neutrinos should be Dirac, and m= tMp

we are close to the limit Y — 0






How do we implement Y — 07
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— K/2 _
Vo= e [Kakyky| (Wi + woe)

In principle one can move in field space to set W;:e = (0 for some entries
However:

_ There is no guarantee that W;]f =0

_ A continuous limit V[/;]E’ — 0 is typically at infinite distance

_ The rank of ngee is oftentimes topological Cecotti et al. 0F

@ur strategy will be to take K- — oo)




Yukawas in type lIA orientifqlds

Toroidal setup: Cremades, Vanez, 7.M 05-04
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Kahler metrics and gonions

172

3 |10°| ~ |6"| + |67 1/2
K/2 —¢, H F(l)( . N 624)4'@3'
[ TA =1 D RN | 1et162]
X

Kinetic terms blow up for small intersection angles.
Precisely in this limit a tower of light open string

Berkoos, Douglas, Leigh 96

oscillations appears — gonions Adagdbal et al. 00
12 [ Me o
M - Y agedorn
_ K/2 P s
K:~c¢e l_
m gon ~ 2 KK towers

/ “~ Myonap = |Bas? M,

Lightest gonion tower

Can be derived from the Emergence Proposal
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Yukawas and gonions

tree __ _K/4—3¢,/2
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Due to locality, all this is valid in a CY as well:
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Yukawas and gonions C,k = eK/4—3¢4’2®ijkW@

Due to locality, all this is valid in a CY as well:
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Ideally, one would like to express the Kahler metrics in terms of complex structure
moduli vevs, instead of intersection angles

Extremely challenging beyond toroidal geometries

|dea: relate intersection angles with Fl-terms, in turn related to the tensions of 4d
EFT strings that couple to massive U(1)’s, and end on their monopoles

(0" + 6>+ 0°) M} = g*¢ = Q¥ T,

N

msfimate: 4d EFT string
2 2K T only vanishes at infinite
'ai I I l > d' .t b d .
mgon,min an{ g Q TD4,K} Istance boundaries

Lawza et al. "2l




The limit Y = 0

Using this estimate, one obtains the following picture:

- Y — O implies g — 0, for some gauge coupling
- There is always a tower of CY KK modes below the gonion tower

- If they scale similarly, the KK towers are equally or more dense than the
gonion towers — dimensions open up in pairs

- Typical asymptotic behaviour of the Yukawas: Y ~ i — 1

31
ur 47274,

- Species scale: M, or Ty,




The limit Y = 0

Wide casuistic, but there are some prototypical scenarios:
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NEUTRINO NATURE

MAJORANA

- Involve O(1) D-brane instantons
- Large Mj, instanton cycle small

- Specific intersection angles with
SM branes. In practice not easy

Blamentiagen, (vetic, Weigand 06
Vbdiey & Uranga 06
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DIRAC

- Small Dirac masses arise at small
angles: boundaries of field space

- Small 4d dilaton — M, small

- Swampland criteria prefer Dirac

over Majorana. Bound m™" < Al

Vbdrey, Mantin-Lozans, Valenguela 17
Hamada & Stia 17

!

K

| D6,

ey

D6,




Neutrmos(@n

&

distance

i

mite




How to get small Dirac neutrino masses

Aldasilal it al, 00, Wejnliolt & Verlinde' 05
Auntoniadis & Roundean 21

SU3) x SUQ2) x U(1), x U(1), x U(1), x U(1), x U(1),

Example: five-stack D-brane model

2 1
Oy = 30u+50+ 0. 0, =0;—0y
g, =0

g, 8y 8. ~ const.

C d

Small volume

Large volume
N = 2 sectors 9
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How to get small Dirac neutrino masses

Aldasilal it al, 00, Wejnliolt & Verlinde' 05
Auntoniadis & Roundean 21
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How to get small Dirac neutrino masses

Aldazibal et al. ‘00, Wijnkolt & Yerlinde 05

Example: five-stack D-brane model ,
Aatoniadis & Rondean 2l

SU3) x SUQ2) x U(1), x U(1), x U(1), x U(1), x U(1),

2 1
Oy = 30u+50+ 0. 0, = 0:— 0y
We grow the modulus that controls g, Due to U(1), anomaly cancellation
1 Fl-terms shrink:
RefW=u—>oo=>gyzm—>O MP ,
Moony ~ —— ~ gyMP

Yukawa Y, ; H,L'v], :
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The neutrino scales

g ~u2 50

m ~ 83MP

gon,v

Case in which two dimensions open up:

Mgk

~ m

~ 83MP

winding

Species scale = string scale
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Ms = gyMP

All scales fixed in
terms of g,




The neutrino scales g ~u2 50

m ~ gszP Y aj 8

gon,v v

Case in which two dimensions open up:

2
Mgk ~ Myinding ™~ 8 Mp
Species scale = string scale ~ ~
P 9 Asp — Ms — gvMP
Assuming ¥, ; ~ Y, ~7x 107":
String Scale SM gonions | v tower | large dim | Vector boson Gravitino
M, man Megon KK /w My, ms3/o
gvMp S M 9. Mp 9. Mp g|H|—gMp | S MZ/Mp
gy =Y,3, 700 TeV | <700 TeV | 500 eV 500 eV | 0.5 eV-700 TeV | < 500 eV

CMS too low for more than two large dimensions!!)




The cosmological constant and neutrinos

By compactifying the SM on a circle, Swampland criteria  76es. Yartiu-Logano, Yalensucla 17
[AdS instability and AdS distance Conjectures] provide @"W & Shiu ’77
the following bound for Dirac neutrinos: Gousalo, Tbdies. Valensuela 2l

min 1/4
m, 5 Acc

1/4

Using thatm,; ~ Y, (H,) = ymn < =
Mgw

— gonion tower =— two large dimensions

simdlan to Castellans, Wdies, Feovdes 23



Conclusions

* In the context of SM-like type IIA orientifold compactifications, we have explored
limits of small Yukawa couplings.

* Small Yukawas always come with i) a light tower of gonions (massive replicas of the
chiral fields at the intersection) and ii) small gauge couplings. They appear at infinite
distance boundaries of the moduli space.

* There is a wide casuistic, but things narrow down when we want to apply this setup
to obtain realistic Dirac neutrino masses = universal scheme.

o Key model building feature: massive U(1), under which right-handed neutrinos are
charged, but independent of hypercharge: take g, — 0 (e.g. flavour 7-branes).

 All relevant scales fixed in terms of g, . Low string scale and two large dimensions,
close to possible test in future colliders.
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Neutrino scales

A
—— MP
—1/2
& ~ U - 0 g&Mp T M
. 2
Yvi ~ gyél [ = 1,2,3 gyMP T MKK> Mgon
String Scale SM gonions | vz tower | large dim | Vector boson Gravitino
M, M3on Mgon TMKK /w My, m3/2
9»Mp S M g, Mp g9, Mp go|H| — g, Mp | S M?/Mp
gy =Y,3, 700 TeV | <700 TeV | 500 eV 500 eV | 0.5 eV-700 TeV | < 500 eV
g,=Y,1, 10TeV | <S10TeV | 0.1eV 0.1eV |103eV-10TeV | < 0.1eV

Table 3: Spectrum of masses and scales from imposing Dirac character to neutrino

masses in string theory. Numerical results are shown for two limiting cases with g, ~
Y,3~7x10"% and g, ~ Y, ; ~ 10714




