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Motivation

Neutrino oscillations

Super Kamiokande
experiment

—>evidence that neutrinos have masses

—>the only laboratory evidence of physics
beyond the Standard Model

Unresolved puzzles:

—>absolute mass scale?

—>Majorana or Dirac?
—>is lepton number conserved?
—>mass ordering (NO or 10)?

—>Leptonic CP violation?
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Neutrino masses

2 Two possibilities for the neutrino mass term:

1. Diracterm  Le C My VL(VR)?

% Like other SM fermions

% Needs new states vy, i.e. right-handed
neutrinos

2. Majoranaterm L.g C m, v vg

¥ Using only the SM spectrum

¥ Unique possibility for neutrinos since they Cij 11T 921y 0. 2
are the only known neutral fermions La=5 = ﬁH 1T TH - L7 AT T

% Emerges from the effective Weinberg operator 7|

Cij — Cjq



Flavor symmetries

2»0ne of the ways to address the flavor puzzle
is to impose a U(NV) flavor symmetry

>We consider the U(2) symmetry

—>can explain the quark and charged
lepton hierarchies
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Flavor symmetries

2»0ne of the ways to address the flavor puzzle
is to impose a U(NV) flavor symmetry

>\We consider the U(2) symmetry

—>can explain the quark and charged
lepton hierarchies

»Specifically, we focus on the U(2), = SU(2) @ U(1),
if& — 21,0{ — 1,2

—>it forbids the Weinberg operator in the
first two generations

—>to restore the symmetry, we introduce
spurions and identify the minimal set;

¥ D, =21 14 =35
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Flavor symmetries

—_———————
2>0ne of the ways to address the flavor puzzle l; " l;
is to impose a U(N) flavor symmetry ;o\
/ \
>We consider the U(2) symmetry H' 'H

—>can explain the quark and charged
lepton hierarchies

»Specifically, we focus on the U(2), = SU(2) ® U(1),
if& — 21,0{ — 1,2

—>it forbids the Weinberg operator in the
first two generations R

—>to restore the symmetry, we introduce ol
spurions and identify the minimal set;

¥ D, =21 14 =35
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Neutrino mass matrix

[KE§ s+ 20p = 050, \

L~ UF —>Flavor symm. breaking
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Neutrino mass matrix

D* — \
(KOS5 + 260 =2 050, \

A \
/ \,u ~ UF => Flavor symm. breaking

‘ . . <Da> — (O7UD) 7
>The spurions acquire a VEV —
(T'a)

= (v, , v, €

) )
¢2,’UT36 ¢3)

*We used U(2) symmetry to rotate
away unphysical degrees of freedom
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Neutrino mass matrix

[KE§ s+ 20p = 050, \

L~ UF —>Flavor symm. breaking
<Da> — (O7UD)7

<TA> — (rUTl7/UT26

) )
¢2,’UT36 ¢3)
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Neutrino mass matrix

L~ UF —>Flavor symm. breaking
<Da> — (O7UD)7

<TA> — (rUTl7/UT26

) )
¢2,’UT36 ¢3)

EW symm. breaking

13



Neutrino mass matrix

> The mass matrix depends on the spurion VEVs

—>which gives the neutrino
mass matrix a specific shape: (M,);; =




Neutrino mass matrix

> The mass matrix depends on the spurion VEVs

—>which gives the neutrino
mass matrix a specific shape: (M,);; =

2 Can this matrix shape be fitted
to experimental results?

vT, + 10T, el P2

0
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Neutrino mass matrix

> The mass matrix depends on the spurion VEVs

—>which gives the neutrino o7, + 07, e — D, 0
mass matrix a specific shape: (M,);; = — — ¥, + 107, €2 p
0 UD v
2 Can this matrix shape be fitted
to experimental results?
—> The PMNS matrix: M, ~ UpynsDoUpnins v Dy = diag(ma, ma.ma)
2 2 2

—> The mass splitl'ings:{

Ale — m2 — ml

2 2

2
Ams, = m5 — my
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Neutrino mass matrix

> The mass matrix depends on the spurion VEVs

—>which gives the neutrino o1, + 0T, et®2 — i, 0 ':7- kv
. o g ~ ~ . . " g Ui = ;

mass matrix a specific shape: (M,);; = —d, — By, + D, e Tp - B

O ?’}D 'I’} ‘i) — T- "

2 Can this matrix shape be fitted
to experimental results?

—> The PMNS matrix: M, ~ Upying Do Upnns ¥ D, = diag(mi, m, ms) 1

-----------

2 9 2
Ams, = ms5 — mj

—> The mass splittingS:{ 2 2

2
Ams, = m5 — my

> Relation to the charged lepton masses?
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Neutrino mass matrix

>The model successfully reproduce
the observed values!
—>furthermore, it predicts
the lightest neutrino mass

-
==

/ Mo = 0.0292 4+ 0.0016 eV N\} |
\_ L0.02647055%,eV 10/
e A

-> Quasi-degenerate spectrum, accessible
at the future neutrino experiments
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Neutrino mass matrix

> The model successfully reproduce
the observed values!
—>furthermore, it predicts
the lightest neutrino mass

e — £0.0292 +0.0016 eV
0.02641 0052, eV

-> Quasi-degenerate spectrum, accessible
at the future neutrino experiments
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X
Charged lepton masses :
{5 : € ¢, : e
»Lagrangian in the charged lepton sector: i i
H' H'
Elep° = —Tk dekH ZkD /. erH
Yuk AT Ds) x5 (Ta)
Wi _ . § \‘ /]
A2 Ts Za(wzaA)aﬁD Per H + h.c. \ ,?
_)_*_)_
¢, : EL
HI
W1 €EpEs W9 €EpEsg W3 €pEs
~>Y. = | z1€p —wi€_€p z9€p —W9o€E_€EpD Z3€pD
T L2 L3

€, — U,//A
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Charged lepton masses

€3 : EL Z@
> Lagrangian in the charged lepton sector: i
H' H
Clep° = —Tk dekH “k D, ZaekH
Yuk A <D5> X X <TA>
wk; 3 | ) \‘ i
A2 T Za(wzaA)aﬁD BekH + h.c. A ,,"
— s
Zoz : Ck
62 H
—> After diagonalization: Y, = € x O(1) couplings (2, zi, w;)
1 emEmEEEEES .
! 4

--------

—>we see a clear hierarchy in the
charged lepton Yukawa couplings
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UV completion

2>The Weinberg operator is radiatively
completed

>To do so, we introduce the following:
—>Leptoquarks Rz = (3,2,7/6)
RQ — (37 2, 1/6>

—>Diquark S; =(3,1,1/3)

2> This setup can in principle complete the
Weinberg operator on the 2-loop level
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kS, RY (ic9) Ry, =>Mechanism that
A provides AL = 2



UV completion

>We expand the flavor symmetry group:

U2)e = U(2)e1u+d

> Leptoquarks/diquark get also the flavor
number:;

R, - R,q=1yand R,, = 2,
Sl —> SlS — 10 and SlT — 32

+the flavons D =2, and T = 3,

> The baryon number is conserved
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UV completion

> The scalars are completing
the Weinberg operator at

i
the 2-loop level N
(5 1/ % \\ /5
2>The scales are predicted to be e
VF r~ 108 GeV
mpr ~~ 1010 GeV
Mg, can be light (< 100 TeV)
*with the assumptions that e
the couplings are order of SR AU
magnitude O(1) gl

—>Leptoquark R, can be potentially tested in LFV experiments

—>Diquark §; can be potentially tested via meson-mixing
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Conclusions

»The model based on the U(2), flavor symmetry is proposed in order to
accommodate for the measured neutrino observables

>The effective model predicts the lightest neutrino mass to
be fairly high, making the spectra quasi-degenerate

—>available for the next generation neutrino experiments

2> The hierarchy in the charged lepton sector is also predicted

2 A radiative UV model based on 2 leptoquarks and a diquark is
proposed, completing the Weinberg operator on 2-loop level
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Thank you for your attention!



