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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

B-physics

aμ mCDF
W (?)(?)

B → D(*)ℓνℓ B → K*ℓ+ℓ− B+ → K+ℓ+ℓ−

Bs → μ+μ− B0 → μ+μ−



[Eur. Phys. J. C 81, 226 (2021)]

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

[Nature Phys. 18, 277 (2022)]

RD,D* =
Br(B → D(*)τν̄τ)

Br(B → D(*)ℓν̄ℓ))

RK =
Br(B+ → K+μ+μ−)
Br(B+ → K+e+e−)

= 0.846+0.055
−0.051

RK* =
Br(B → K*μ+μ−)
Br(B → K*e+e−)

= 0.685+0.160
−0.116

[Phys. Rev. D 96, 095000 (2017)]

Tantalising hints for new physics in B decays



[K. Szabo talk at Moriond 2022 on behalf of 
the BMW collaboration]

aμ (?)

aμ = 2.51(59) × 10−9

[Phys. Rev. Let. 126, 141801 (2021)]



[K. Szabo talk at Moriond 2022 on behalf of 
the BMW collaboration]

mCDF
W (?)aμ (?)

CDF-II reported a 7.2     deviationσ
[Science 376, n6589, 170-176 (2022)]

Modification to the T-parameter (S = U = 0)

• Pre CDF-II:  

• CDF-II:

̂T = (0.39 ± 0.47) × 10−3

̂T = (0.88 ± 0.14) × 10−3
[PDG]

[A. Strumia 2204:04191]

Must be independently confirmedaμ = 2.51(59) × 10−9

[Phys. Rev. Let. 126, 141801 (2021)]



Neutrinos

[Taken from mpi-hg.mpg.de]

Use N.O. and PMNS mixing as 
input parameters in our analysis

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?



Accommodate all the above in the 
most economical framework

Our proposal:

B-physics + + + +aμ mW mν + +VPMNS VCKM

LFV + LFC Z decays

mℓ + mℓ mq+ +



SM + Singlet leptoquark + Doublet leptoquark

S1 ∼ (3, 1)1/3 R̃2 ∼ (3, 2)1/6

This field content has an UV inspiration…



[Morais, Pasechnik, Porod, Eur. Phys. J. C 80,  (2020) 12, 1162]

[SU(3)]3 × SU(2)F × U(1)F ⟶ Flavour Unified Theory

R̃2 S1

L = ( H ℓL

ℓR ϕ ) QL = (qL DL) QR = (qc
R Dc

R)⊤

This FUT contains an emergent      B-parityℤ2

ℙB = (−1)3B+2S



R̃2 S1• Forbids di-quark interactions 

• Only allows leptoquark interactions

L QL Q̃R + L Q̃L QR

+− −− − +

• Proton is stable



The model

Gauge Basis Mass Basis

R ≡ (R2/3

R1/3) , S S1/3
1 , S1/3

2 , S2/3



Neutrino Masses

No flavour ansatz in      and      with several texture zerosΘ Ω

Left generic as well as Υ



LQ Yukawa matrices are left generic in order to fully 
accommodate 3 neutrino masses and a viable PMNS mixing 

CHALLENGE: Keep all LFV and LFC observables under 
control while improving B-physics and  aμ



b → sℓℓ

Cbsℓℓ
9 (s̄γμPLb)(ℓ̄γμℓ)

Cbsℓℓ
10 (s̄γμPLb)(ℓ̄γμγ5ℓ)

C′ bsℓℓ
9 (s̄γμPRb)(ℓ̄γμℓ)

C′ bsℓℓ
10 (s̄γμPRb)(ℓ̄γμγ5ℓ)

Contribution to RK,K* and Bs → μμ



Recall that…
Cbsμμ

9,10  and C
bsee
9,10 ⟶ RK , RK* < 1

C′ bsμμ
9,10  and C′ bsee

9,10 ⟶ RK < 1 and RK* > 1 or RK > 1 and RK* < 1

[Altmannshofer, Stangl, Eur. Phys. J. C. 81 (2021), 10, 952]



b → cτν

(cRbL)(τRντ) only to RD as QCD form factor ⟨D* |cb |B⟩ = 0

(cRγ5bL)(τRντ) only to RD* as QCD form factor ⟨D |cγ5b |B⟩ = 0
[Bardhan, Bhakti, Ghosh, JHEP 01 (2017) 125]

RD and RD* compete with Rνν
K* =

Br(B → K*νν)
Br(B → K*νν)SM

< 2.7 ( replace Υ → Θ)

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



aμ

Largest contribution for the pairing: Θμt and Υμt

However, other pairings can induce LFV decays as E.g.: 
Υμt → Υet : μ → eγ, μ → 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



Numerical Results
• Use SPheno for spectrum generation, calculate Br’s and Wilson Coefficients 

• Use flavio to calculate flavour observables



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

• Take a conservative approach by assuming that  

• Use reported experimental correlations and determine theoretical ones 
with sampled points 

• Consider 3 scenarios:  

• a)  both consistent with SM,  

• b) only  consistent with SM,  

• c) neither of them consistent with SM 

χ2
SM,LFV = 0

aμ and mW

mW
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Inputs SM + neutrinos: v, mh, mq, mℓ, mν, VCKM, VPMNS

Inputs LQs:
1.5 < mLQs/TeV < 8 −100 < a1/GeV < 100

Υ, Θ, Ω ∈ ± [10−8, 4π]gHS, gHR, g′ HR ∈ ± [10−8,4π]

m2
S1/3

1,2
=

μ2
S+

gHSv2

2
va*1

2
va1

2
μ2

R+
Gv2

2

G = (gHR + g′ HR)m2
S2/3 = μ2

R +
Gv2

2

Obtain a total of 9 entries of the  inverting the neutrino mass formΘ and Ω



• a) blue:    

• b) cyan:  

• c) red:  

χ2/d . o . f . = 1.70, mS1/3
1

= 3.00 TeV, mS1/3
2

= 6.95 TeV, mS2/3 = 6.97 TeV

χ2/d . o . f . = 1.70, mS1/3
1

= 2.60 TeV, mS1/3
2

= 4.65 TeV, mS2/3 = 4.64 TeV

χ2/d . o . f . = 1.75, mS1/3
1

= 2.64 TeV, mS1/3
2

= 4.13 TeV, mS2/3 = 4.18 TeV



• Muon channel dominates the  anomalies 

• Strongly correlated with 

RK,K*

Bs → μμ



• We can simultaneously 
accommodate  and  

•  competes with 

RD,D* Rνν
K,K*

RD* Rνν
K*



• We can simultaneously 
accommodate  and  

•  competes with 

RD,D* Rνν
K,K*

RD* Rνν
K*

•  controls the size of Υμt aμ



Preferred sizes to simultaneously address all anomalies in consistency with neutrino 
physics, LFV and LFC  decaysZ → ℓℓ

• Provides information to test the model at colliders 

• E.g. t-channel single production: di-tau final state,  
electrons and muons in the final state

Θτu ∼ 0.1 →
Υℓu ∼ 0.1 →



Concluding remarks
• Simple, economical, constrained and falsifiable model 

• Well motivated by unification principles 

• Can explain B-physics, ,  in consistency with LFV observables and 
LFC -boson decays:  

• Can also potentially address W-mass anomaly while slightly 
disfavoured:  

• Lightest LQ with mass in the range 

aμ mν
Z χ2/d . o . f . = 1.70

χ2/d . o . f . = 1.75

1.5 to 6 TeV



T H A N K  Y O U


