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The SM is a tremendously successful theory that explains
“boringly” well all its predictions!

However, it fails to...

Explain neutrino masses
Explain dark matter
Explain CP violation and matter/anti-matter assymetry

Explain the observed flavour structure



And it is in tension with several emergent anomalies
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Tantalising hints for new physics in B decays

[Eur. Phys. J. C 81, 952 (2021)]
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CDF (Q)

CDF-ll reported a 7.2 0 deviation
[Science 376, n6589, 170-176 (2022)]
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On its own, neutrino masses
are an extraordinary indication
for new physics (NP)

Can neutrino properties and B-
anomalies be two faces of the
same NP?

Use N.O. and PMNS mixing as
input parameters in our analysis
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Our proposal: Accommodate all the above in the
most economical framework

B-phySiCS + a//l + mW + my + VPMNS + VCKM +

mf-l-mf-l-mq-l-

LFV + LFC Z decays



SM < Singlet leptoquark <+ Doublet leptoquark

Sl ~ (3» 1)1/3 Rz ~ (3, 2)1/6

This field content has an UV inspiration...



[SUB))° x SUQR)r x U(1)p —> Flavour Unified Theory

[Morais, Pasechnik, Porod, Eur. Phys. J. C 80, (2020) 12, 1162]
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Forbids di-quark interactions

Only allows leptoquark interactions
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Proton is stable



The model

Y — @ng;:LzS + Qijl—;ideT + TijﬂjGiST + h.c.

Vo =@ H" + pd]S]” + pg| R + NHH)? + gur(H'H)(R'R) + gjy p(H'R)(R"H) + grrs (H H)(S7S)+
(11RSH" + h.c.) .

Gauge Basis Mass Basis
R2/3
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R1/3 Y ] Y ) Y
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CHALLENGE: Keep all LFV and LFC observables under

control while improving B-physics and %



Cy* " (5y"PLb)(£7,£) Cy* " (Sy"Prb)(€7,£)

CSE 5y PLb)( Py 1) CHS? 5y Prb)(Ly,7°C)

Contribution to Ry g« and B, = up



Recall that...

Cé’sl”g” and Cé’sfoe —> Ry, Ry < 1

C;bfg’" and Cgﬁg‘f —> Ry <land Ry« >1orRy>1and R < 1
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(Crby)(TRy,) Only to R, as QCD form factor (D*|cb|B) =0
(Crysb)(Try,) only to Ry« as QCD form factor (D|cysb|B) =0
[Bardhan, Bhakti, Ghosh, JHEP 01 (2017) 125]
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o o P 2 Br(B - K*Du)SM (rep )

[Phys.Rev.D 96, 091101 (2017), Phys.Rev.D 97, 099902 (2018) addendum]



Largest contribution for the pairing: O, ,ano Y,

However, other pairings can induce LFV decays as E.qg.:

Y, = Y, pu— ey, p— eee

Hierarchies in the entries of LQ Yukawa matrices needed



Numerical Results

Use SPheno for spectrum generation, calculate Br's and Wilson Coefficients

Use £flavio to calculate flavour observables
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To assess the quality of the results one uses the likelihood function:

Take a conservative approach by assuming that )(SZM rpy = 0

Use reported experimental correlations and determine theoretical ones
with sampled points



To assess the quality of the results one uses the likelihood function:

Take a conservative approach by assuming that )(SZM rpy = 0

Use reported experimental correlations and determine theoretical ones
with sampled points

Consider 3 scenarios:

a) a, and my, both consistent with SM,

b) only my, consistent with SM,

c) neither of them consistent with SM



Inputs SM + neutrinos: v, my,, m_, m,, m,, Ve, Vs

1.5 < myq/TeV <38 —100 < a,/GeV < 100
Inputs LQs:
s 8upe 8r € £ [107847] Y, ©, Q € +[1078,1/4x]
e 8rsV” var
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1 24




a) blue: y*/d.o.f. = 1.70, mg: = 3.00 TeV, mgs = 6.95 TeV, mgps = 6.97 TeV
b) cyan:)(z/d 0.1T. = 170, mSI1/3 = 2.60 T@V, m521/3 = 4.65 TeV, g2z = 4.64 TeV

C) I"ed:)(Z/d 0.1T. = 175, mSl1/3 = 2.64 TGV, m521/3 =4.13 T@V, Mg23 = 4.18 TeV



Muon channel dominates the Ry ;. anomalies

Strongly correlated with B, — uu



We can simultaneously

accommodate R, j,« and Ry’

Rp competes with R



We can simultaneously

7%
accommodate R, j,« and Ry’

Y ; controls the size of a,

Rp competes with R



Preferred sizes to simultaneously address all anomalies in consistency with neutrino
physics, LFV and LFC Z — /¢ decays
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Provides information to test the model at colliders

E.g. t-channel single production: ®_  ~ 0.1 — di-tau final state,

Y, ~ 0.1 - electrons and muons in the final state



Concluding remarks

Simple, economical, constrained and falsifiable model

Well motivated by unification principles

Can explain B-physics, a,, m  in consistency with LFV observables and
LFC Z-boson decays: y*/d.o.f. = 1.70

Can also potentially address W-mass anomaly while slightly
disfavoured: y*/d.o.f. = 1.75

Lightest LQ with mass in the range 1.5 to 6 TeV
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