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A bit of motivation
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A bit of motivation See talk by Quim Matias
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Allow for New Physics in muons
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above 4 o pull w.r.t the SM hypothesis
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A bit of motivation

(not very

My,d.e ~ My, ~0 hierarchical)

The SM
flavor puzzle
Vokw ~ Upnmns ~

Why these values? Why so different?
Maybe because neutrinos are Majorana?
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A bit of motivation

Dynamical
Yukawas

The SM
flavor puzzle

The b — sfte—
anomalies

See talks by Andreas, Giuliano, and Olcyr for other NP explanations of the anomalies
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Dynamical Yukawa COUpIiI’lgS See also talk by Pablo Quilez

Anselm, Berezhiani, 96’; Berezhiani, Rossi, 01'; Alonso, Gavela, Isidori, Maiani, 13’,

In the limit Y, 4., — 0 (and 3 right-handed Majorana neutrinos):

[g =5U(3), x SU(3)p x SU(3); x SU(3), x SU(3)g X O(3)up

e Promote this symmetry to a local symmetry of nature

e Yukawas arise from dynamical fields:

A ) (m@ ¢ ~ (3’ 3)

\

Q V(¢) invariant under G
~ {0 o A
/ \\ Yy A OF gy OF -
e The vevs of the Yukawa flavons yield a sequential breaking of G
and can potentially explain the SM Yukawa structure
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SM Yukawas from a minimum principle

Natural minima: Less dependent on specific tunning of the coefficients in
the potential, as compared to generic minima

Alonso et al., JHEP 1311 (2013) 187
Quarks

Leptons
Y,{() = diag(0, 0,y Y0 = diag(0, 0, yr)
2
V(gK)M =1 ml(,o) - 1

M

0
UP(,I\)dNS 1923 = 7T/4 913 = 0
012 potentially large
v Perturbations to this minima give the correct quantitative picture

Alonso et al., JHEP 1311 (2013) 187
Fong, Nardi, Phys. Rev. D89 (2014) 036008
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The big picture

Quark Sector Lepton Sector

SU(3),xSU(3),%SU(3),, SU(3),x8U(3),%0(3),
SU(2),xSU(2),xSU(2),xU(1), sU(2),xU(1),

Perturbations
27?7

9|eds Abiaug

Standard Model
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The big picture

Quark Sector Lepton Sector

SU(3),%SU(3),%xSU(3),, SU(3),xSU(3),x0(3),

Wr

SU(2),%SU(2), %SU(2) ,xU(1 su(2),xul(1),

First order
perturbation

9|eds Abiaug

ul(1), U(D)p—r

Second order
perturbation

Standard Model
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The big picture

Quark Sector Lepton Sector
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U(1), x U(1),,_, couplings

4i l
Z, Z
4 ! ! (
(MFV-like FCNCs) Maximal LFNU (and no cLFV)
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U(1), x U(1),,_, couplings

b i
€
7z 7z
, q ] p
© < 94 Vo Vi O x g

To explain the b — s¢*¢~ anomalies both Z’ should mix (mass mixing)

CﬁlﬂNP _ (quv) (ngU) 1O (62) ¢ mixing parameter
e Mz Ay =7 TeV
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Low-energy constraints

B; — B; mixing
b b

Zq
Assuming up to 10% corrections

quv
Zq

< 0.7

: Estimates

Neutrino trident production

Z #

Allowing for 20 deviations

Altmannshofer et al., Phys.Rev. D89 (2014) 095033
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Direct searches at LHC: pp — Z' — putpu~
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ATLAS Collab., Phys. Rev. D90 (2014) 052005 ATLAS-CONF-2016-045

We found the impact of present (and future) Z' — tt and Z' — jj
searches to be less relevant

Javier Fuentes-Martin b — s££ anomalies from dynamical Yukawas 10 / 11



So... summing up

The framework of dynamical Yukawa
couplings can naturally provide for an
explanation to the SM Yukawa
structure, and accommodate the LHCh
anomalies

A very light almost leptophilic Z'

with maximal LFNU
Two light Z' bosons are predicted

A heavier (~TeV) almost quarkphilic

Z' with MFV-like couplings
NIl In order to explain the LHCbh
anomalies the two Z' should mix
(mass mixing)

If this framework provides a true
description of nature, striking collider
signhatures are expected (soon) in
dimuon resonance searches at LHC
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So... summing up

The framework of dynamical Yukawa
couplings can naturally provide for an
explanation to the SM Yukawa
structure, and accommodate the LHCh
anomalies

A very light almost leptophilic Z'
with maximal LFNU
Two light Z' bosons are predicted
A heavier (~TeV) almost quarkphilic
Z' with MFV-like couplings

w In order to explain the LHCbh

anomalies the two Z' should mix
(mass mixing)

If this framework provides a true
description of nature, striking collider
signhatures are expected (soon) in
dimuon resonance searches at LHC

Thanks!
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Backup
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SM Yukawas from a minimum principle

oV (Yy)
aY,

Natural extrema: Those that are less or not at all dependent from
specific tuning of the coefficients in the potential, compared to the generic

=0 V(YY) Invariant under the flavor group

extrema

V(Y) =VILIY)  eg LY =T(Y]Yy)

The space of Y} has no boundaries but the one of I;[Y] does!

ov(y;) o~ OVUYy) . _
oY, _;8—LJZJ =0 Rank(J) =R < N
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SM Yukawas from a minimum principle
Alonso et al., JHEP 1311 (2013) 187

Simplified flavor group: SU(3)
UMY — M - UMU' M : 3 x 3 (hermitic) matrix

Invariants: [; = Tr(M?), I, = det(M)

I

SUR)® U (1) SU@)® U(l)

ISUG) L
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Natural minima perturbations

First order perturbations: High-scale

Quarks Leptons
R elli%d) et%d) 0 }A/e(l) = diag(ye7 Yu 70)
Vi = | <t ita ©
u u u A~ (1) -
0 0 0 Y,/ =0

Second order perturbations: ~TeV scale

Quarks Leptons
00 511@) Measured Uppins
>(2) _ 2 uasi-degenerate neutrinos
Y =10 0 dua Auasi-deg
00 0 Absolute neutrino mass mg ~ 0.1eV

Al t al., JHEP 1311 (2013) 187
We assume no RH FCNCs onso et a ( )
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An explicit model example

[ SU@), SU@), SU@), U(1), SU

3). SU@), Uy ]

oL 2 1 T -1/2 3 2 1/6 [ SU(2), U(1), SUB), SU(2), U(D)y]
wr 1 2 1 o-12 3 1 2/3 Tr 1 3 T T 12
din 1 1 2 -12 3 1 -1/3 . 2 12 1 1 b
N JR

L1 1 1 1 3 2 1/6 b 1 N s 12
tr 1 1 1 1 3 1 2/3 3L

be 1 1 1 13 1 -1/3 oo 1o -1 L -1
U 1 2 1120 s 1 2/3 & 2 12 1 =i
Dyp 1 1 p =im 3 1 -1/3 Ein 1 2 1 1 —l
Ur 2 1 1 -1/2 3 1 2/3 H 1 0 1 2 1/2
Djr 2 1 1 -1/2 3 1 -1/3 de 2 1/2 1 1 0

H 1 1 1 0 1 2 12 ¢, 1 =il | i 1 0

bu 2 2 1 0 1 1 0

da 2 1 2 0 1 1 0 Table II. Particle content for the lepton sector. Particles added
Omix 1 1 2 -3/2 1 1 0 to the SM are shown in a gray background.

Table I. Particle content for the quark sector. Particles added
to the SM are shown in a gray background.

L= ['kin - V(¢u7 ¢d7 ¢mixv ¢ev ¢V7 H)

N g Step II:
+ (W GLHtR + 9 GLHOR +yr L HTR o _ AaMa,
+ A %Tﬁ[uiR + X, Ui (¢u)ij Uir + My UiLuir Ya )\d viga™
+ X GLHDir + ANy Dir(¢4)ij Djr + MaDirdir Step [l:
+ Amix Dir (¢mix)i O + Aet 1L HE R @)

— P IQ(M) Y, = (Y i
+ X2 lo HEp + X1 Ein(9e)i E1r 0w )
+ Ay Ein(be)i Ear + M. Eipeir + h.c.) g — @) Amisc (@mix )
d d 7
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Low-energy constraints: Global fit
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