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The Standard Model: current issues

| NUFIT 5.1 (2021) |
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« Neutrino Masses and Mixing
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« Baryogenesis
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« The Standard Model gauge group is arbitrary
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« The fermion masses and the mixing angles are free
parameters

llllllllllll

_IlllllllllllllllllIIIII_ llIlIIIIIlIlIllllI

N
[

lIlllIIIlIIIllIlIl

.2
sin 923

1

IIIlIlllllllllllllllll

* Dark matter, ...

[10° eV
~N
(6]

2
21
~N

Am

T l LI l LI I L I L
T ] LI ] LI I LI I L I T
| l L1 | l Ll 1l l Ll 1l l Ll 1l l

llllllllllllllllll

Illlllllllllllllllllll llllllllllllllllll

02 025 03 035 0.4 0.015 0.02 0.025 0.03
sinze12 sir12613

Luca Marsili




We need an extension of the
Standard Model!

U

Grand Unification Theory

See talk by Yeling Zhou,
Shaikh Saad etc...

> S0(10)




Gauge coupling unification

» If we study the running of the couplings
of the Standard Model they almost
approach the same value 46

« Assuming an UV complexion after a 444
certain scale all the couplings exactly

) 49
match at a certain scale

401

g
s
» Strong, weak and electromagnetic 38
interactions are unified into a single
: : 361
fundamental force at high energies !
34 i |
M M, | My |
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Why SO(10)?

It embeds all fermions plus an extra
Standard Model singlet in one
representation

?,b+=(u d v e u® d° v° ec)L

Reduces SM degrees of freedom and

: : The extra singlet can be indentified with
predicts fermion masses

the right-handed neutrino
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Why SO(10)?

Reduces SM degrees of freedom
and predicts fermion masses

L =Y016p10516p + Yi9016120516F + Y5:16 126 716

\ 4

£Y — YUQ@uR —+ YdQ(I)dR —+ }/LBECI)GR —+ Yyii)VR —+ h.c
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Why SO(10)?

« The Yukawa couplings at low
energies are now related

« The goal is to find a fixed i J— f ( i t )
parameterization which is vV U d
dependent on the Higgs sector Y
€

« The Yukawa couplings are not
anymore free parameters
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7



Why SO(10)?

The extra singlet can be identified
with the right-handed neutrino
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: : : : N
It is possible to predict neutrino 1 .
o« e 1077 o
masses and mixing angles : — |ns|
. 1079 4
« The presence of the right-handed :
neutrino allows for predicting & -
« o . = 1079
baryogenesis via leptogenesis 2 :
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How to test SO(10)
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The model

Fu, King, LM, Pascoli, Turner, Zhou
2209.00021

Type llic breaking chain
SO(10)
54 l broken at My
G5 = SU4) x SU(2), x SU(2)p x Z§
210 l broken at Ms
G5 =8U(3). x SU(2), x SU2)p x U(1)x x Z¢
45 hmk{n at Mo
Gy = SU(3). x Sl (2)L x SU2)r x U(1)x
126 | broken at M,

ol

th[ES[()XS{()IX[()

|_n
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https://link.springer.com/article/10.1007/JHEP11(2022)072

The model

Fu, King, LM, Pascoli, Turner, Zhou
2209.00021

Type llic breaking chain

SO(10)
54 | broken at My
G5 = SU(4) x SU(2), x SU(2)p x ZE String tension
210 | broken at M; GTM N 1 M?
G5 = SU(3). x SU(2)L, X SU(2)g x U(1)x x Z8 ~ 2(aar (M) + arx (My)) M

45 hmk{ n at M,
G, = SU(3). x S[ (2), x SU(2)p x U(1)x
126 | broken at M,
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th[ES[()XS{()IX[()
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https://link.springer.com/article/10.1007/JHEP11(2022)072

Fu, King, LM, Pascoli, Turner, Zhou
2209.00021

Type llic breaking chai

SO(10)
54 l broken at My

GS = SU(4) x SU(2)p, x SU(2)g x Z€

210 l broken at Mj

<}

45 | broken at M,

Gy = SU(3). ><S[(?);><S( (2)r x U(1)x

126 | broken at M,
U

e

Gsu = SU(3)e x SU(2) x U(1)y
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G5 = SU(3)e x SU(2)p x SU(2)g x U(1)x x Z§

The model

Proton lifetime
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https://link.springer.com/article/10.1007/JHEP11(2022)072

The model

Fu, King, LM, Pascoli, Turner, Zhou
2209.00021

Type llic breaking chain
SO(10)
54 l broken at Mx

GL = SU((4 SU SU Z’C .
3 (4) (2)r x (2)r % Set RHN neutrino

210 l broken at Mj mass up to Yukawa
G5 = SU3). x SUQ2), x SU@)r x U(l)x x 2§~ couplings

<}

45 hmk{ n at M,
G, = SU(3). x S[ (2), x SU(2)p x U(1)x
126 | broken at M,

ol

th[ES[()XS{()IX[()

MVR ~ Yli

|_n
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Fermion masses and leptogenesis

YiO) YiQO) Ym L 1
| Lr=-Y,L,®N — §MNNCCT N,

Y:% Y Y,/, Yu, Yd —> Fermion masses

VR>

l Y,=h+rof +irsh', Yo=ri(h+f+ih"), Y, =h-=3rf+ich,
Boltzmann \[T
Squations Yo=ri(h=3f +ich), M, = L

Vm

|
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Fermion masses and leptogenesis

Y10, Y120, Yiog

— = 1
| Lr=-Y,[,®ON — §MNNCCT N,
Y:% YV R Y,/, Yu, Yd —> Fermion masses
l 3ro41 7 C
Boltzmann YV — : Y Re Yd | - Im }/d
equations ro—1 r1 (TQ_ ’
| Y, = é”l Y., T2+3 ReY,; +ic. Im Yd
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Fermion masses and leptogenesis

YiO) YiQO) Ym L 1
| Lr=-Y,L,®N — §MNNCCT N,

Y:% Y Y,/, Yu, Yd —> Fermion masses

URS
We solved Density Matrix

l Equations using ULYSSES
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Fermion masses and leptogenesis

YiO) YiQO) Ym . 1
| Lr=-Y,[,®ON — §MNNCCT N,

Y:% YV Y,/, Yu, Yd —> Fermion masses
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GUTFIT

« We considered a different

Pm & {al,ag,rl,TQ,CB,CV,mO,T]q} models
2 2 « GUTFIT used for scanning the
On = {me’ Mys Mo 612’ 913’ (9237 Am?l’ Am?)l} parameter space in the next
works

x10~4
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¢+ Scan the parameter space using
the MultiNest algorithm
d (nested sampling)
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: « It minimize the chi squared.
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Neutrinoless double beta decay and

cosmology tests
%10"
. ; , e SUSY SO(10) model
% -_— X
% k « Partially testable by neutrinoless
= ' 8 double beta decay and
5 / | - cosmological surveys
0.5 1.0 1.5 2.0 21;"3
My, (GeV) x10™ « It achieve leptogenesis, predict
15 | 5 fermion masses and mixing angles
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Conclusions

Succesful gauge coupling unification

Prediction of fermion masses and mixing
angles

Testable with next-gen GW and proton decay
experiments

Predict both neutrinoless double beta decay and

neutrino masses in reach of the next-generation
experimens

Luca Marsili




Thank you



