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e Flavour problem: ¢ vt Mmoo
The origin of the three families of UD " A M C
quarks and leptons with their pattern < 9 m - owm W[
of masses and mixing. t : D N Nl
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The origin of the three families of UD " A M u
quarks and leptons with their pattern < 9 m - owm W[

of masses and mixing. t : D N NN

e Neutrino mass mechanism

o Baryon Asymmetry of the Universe:

~‘ np = "B ~ B = (6.1+0.1) x 10710
Famlly A K K

SUSY FLAVOUR GUTS
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Family and GUT symmetries

@ S4: Symmetric group of permutations of 4 )

objects = group of rotational symmetries of a '

cube. -
5]

Broken spontaneously by scalar fields, flavons ¢
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Yukawa parameters are given a dynamical origin.
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Yukawa parameters are given a dynamical origin.
e SO(10): A complete family of quarks and leptons fits into a single
16 representation

Including the Right Handed Neutrino (RHN) — type-I seesaw
mechanism
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Vacuum alignment

The flavon superpotential fixes the symmetry breaking flavon VEVs

1 0 0
(pry=v1 | 0 |, (p2)=v2| 1 |, (¢3)=wv3| 1
2 -1 0

“CSD2 vacuum alignment”
VEVs are driven to scales with the hierarchy
V1 KL V2 K U3

v = 0.00IMGUT, Vg X~ 0-1MGUTa V3 X~ MGUT

CP spontaneously broken by the complex VEVs of the flavons.
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Yukawa matrices

Up-type quarks and neutrinos Yukawa matrices Y;; ~ (¢;)(¢;)T with
an universal structure

120 000 000
YU =g em (2 4 04y [0 1 1| +yge [0 0 0
000 011 001

The right-handed (RH) neutrino mass M has the same structure as
the Y.
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Up-type quarks and neutrinos Yukawa matrices Y;; ~ (¢;)(¢;)T with
an universal structure

120 000 000
YU =g em (2 4 04y [0 1 1| +yge [0 0 0
000 011 001

The right-handed (RH) neutrino mass M has the same structure as
the Y.

e Natural understanding of the hierarchical Yukawa couplings:
Yu = 07 [MGur = 107° ye =03 /[MEyp = 1072y, = 03 /MEyp = 1
RH neutrino parameters

ME~10"GeV  MF ~10"GeV  MF ~103GeV
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Yukawa matrices

Down-type quarks and charged leptons couple to a second Higgs H fo,
with a new mixed term involving Y12 ~ (¢1){p2)T

Lf01 1 00 0 (0 0 0 {0 0 1
vhe =yheiz (14 2|+y2° [0 1 1) +y5% [0 0 o) +yPer [0 2 0
12 0 01 1 00 1 100
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Yukawa matrices

Down-type quarks and charged leptons couple to a second Higgs H fo,
with a new mixed term involving Y12 ~ (¢1){p2)T

(011 00 0 (0 0 0
Gtz |1 4 2)+ydelo 1 1) 4yde [0 0 o +yPe
1 2 0 01 1 00 1

o It leads to a milder hierarchy in the down and charged lepton

sectors.
2

d,e V102 -5 d,e U3
Y1y =~ cos 'BMQ ~ 10 Yy’ 2 COS ,BMQ
GUT GUT

2 de v3
~ 107" y5° ~cosf-—
Mgyt
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Yukawa matrices

Down-type quarks and charged leptons couple to a second Higgs H fo,
with a new mixed term involving Y12 ~ (¢1){p2)T

11 0 0 0 {0 0 0 /0 0 1
4 2 |4ydfo 1 1| +yPe [0 0 0] +yPe [0 2 0
2 0 0 1 1 0 0 1 1 00

o It leads to a milder hierarchy in the down and charged lepton
sectors.

0
yde — ytliéeeig (1
1

2 2

U2 2 de ~1
M2 A42 -
GUT GUT

~ 107" y3" ~cosf

d V1U2 =5 de
Y15 2 cosf—s— 107" y5° > cosf
MGy

o This new term enforces a texture zero in the (1,1) element of Y9,
giving the GST relation for the Cabbibo angle, i.e. ¥y ~ \/y4/ys.
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Seesaw mechanism

@ The light neutrino Majorana matrix, after seesaw, will also have
the CSD2 structure

where the parameters p; are given by

2 (?J%’)Z
u MzR

fi = v

e Flavons yield to normal hierarchy m; < mg < ms .
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Numerical fit

@ ? test function to find the best fit

g (A

n

19 observables given by {Hl.qj, 5q,yu,c,t,yd7syb,9fj, 8 Ye s Am?j}.
@ After seesaw, 15 effective parameters x = {y* y&, y¢, y*, i, ', 7}

@ The best fit found has a x2 = x?/v ~ 3 where v =n — n; = 4 d.o.f.
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Leptogenesis

e Baryon Asymmetry of the Universe (BAU)

np= BB _ (614+0.1) x 10710
Ty

e Asymmetry can be generated through CP breaking decays of
heavy RHNs into leptons, then converted into baryons through
sphalerons.
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Leptogenesis

The baryon asymmetry is

i1 S Qsph 12 p3 Mo
B = S 877TN”\I{‘60 k miWSSM V2

Using the parameters from the fit, the correct BAU is generated when
My ~ 1.9 x 10" GeV

This is the natural value for the second RHN mass: the model
naturally explains the origin of the BAU through Ny leptogenesis
without any need of tunning!!
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Conclusions

Matter fields unified into a single representation (3’,16) of Sy x SO(10)

@ Simple: minimal field content and low-dimensional representations.

@ Natural: matter hierarchies explained by the flavon VEVs when setting
all the GUT scale parameters to be ~ O(1).

@ Predictions: neutrino masses, normal neutrino mass ordering, CP
oscillation phase 8 ~ 200°.

This project has received funding/support from the European Unions Horizon 2020 research
and innovation programme under the Marie Sklodowska-Curie grant agreement No 674896.
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