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• The Standard Model of particle 
physics is a very successful model: 
many experimental confirmations, 
good description of phenomena at 
energies currently accessible in 
accelerators. 

• Clues we need to go beyond: 

1. Experimental data not explained 
within the SM (ν masses, Dark 
Matter, baryon asymmetry…) 

2. Experimental anomalies in 
indirect  searches.

Why this thesis?
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Figure 4: Constraints in the Wilson coe�cient plane C
bsµµ
9 vs. C

bsµµ
10 . Left: LFU ratios

only. Right: Combination of LFU ratios, combination of b ! sµµ observables,

BR(Bs ! µ
+
µ
�), and the global fit. The dashed lines show the constraints

before the recent updates [11, 13, 14,41].

pull from the b ! sµµ observables is somewhat reduced once the new physics dependence

of the theory errors is taken into account. We expect the e↵ect to become much more

pronounced with more precise data.

3.2. Two parameter scenarios

Next, we discuss scenarios where two Wilson coe�cients are turned on simultaneously.

In Figure 4 we show the best fit regions in the C
bsµµ
9 vs. C

bsµµ
10 plane. The plot on the

left focuses on the constraints from the LFU ratios RK and RK⇤ . The RK constraint

before the update [11] is shown by the dashed contours. As the measured RK > RK⇤

the best fit range prefers a sizable positive C
bsµµ
10 . The plot on the right shows the result

of the global fit. The Bs ! µ
+
µ
� branching ratio prefers a modest positive C

bsµµ
10 , while

the b ! sµµ observables mainly prefer a negative C
bsµµ
9 . Overall, the best fit point

corresponds to (Cbsµµ
9 , C

bsµµ
10 ) ' (�0.51, 0.30) with a pull of 5.3�.

In Figure 5 we show the viable parameter space of a couple of other Wilson coe�cient

pairs, that were found to give good fits in the past. The plot on the left shows the C
bsµµ
9

vs. C
0 bsµµ
9 plane, while the plot on the right shows the C

univ.
9 vs. �C

bsµµ
9 = �C

bsµµ
10 plane

(defined such that C
bsee
9 = C

univ.
9 and C

bsµµ
9 = C

univ.
9 + �C

bsµµ
9 ). The best fit points
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Figure 1: Constraints on (Cbsµµ
9 , Cbsµµ

10 ), including the recently updated measurement of
RK(⇤) by LHCb [14, 15]. For details see Section 2.2.

SM predictions and no longer provide evidence of a µ/e universality violation. This raises
the question of whether the b ! sµµ anomalies can still be consistently combined with
the stringent constraints on NP provided by the new RK(⇤) measurement. To answer this
question, we perform global fits in the WET in several scenarios. Our analysis is based
on [43] and, in particular, considers its treatment of the NP dependence of the correlated
theory uncertainties.

Shown in Fig. 1 is the result of an updated fit in the two-dimensional scenario
(Cbsµµ

9 , Cbsµµ
10 ) assuming no NP in the electron channel. Here we can observe a (slight)

tension between the best-fit regions preferred by the LFU ratios RK(⇤) (in blue) and the
b ! sµµ observables (in orange). The fit to the branching fraction of the leptonic decay
Bs ! µµ (in yellow) is separately compatible with both RK(⇤) and the b ! sµµ observables
and takes into account the recent measurement by CMS [46] as well as the results from
LHCb [8, 9] and ATLAS [74], see Appendix C.

A large class of WET scenarios with a single non-zero WC are considered in Ap-
pendix B. Regarding 1D scenarios in Table 6, the best performing case with NP only in
muons is Cbsµµ

9 where the tension between the b ! sµµ observables and the LFU ratios
RK(⇤) is ⇡ 2�.

This slight tension can be resolved in the presence of LFU NP, which contributes
only to the b ! sµµ observables but not to RK(⇤) . The best performing LFU 1D case is
Cbs``
9 ⌘ Cuniv.

9 ⇡ �0.8 with 3.7� pull, cf. Table 6. In principle, a shift in Cuniv.
9 could be

mimicked by QCD effects. Whether such a large shift can be due to underestimated non-
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Anomalies in B-meson decays - observables of interest

− b → sμ+μ− branching ratios and angular observables (e.g. B → K(*)μ+μ− and
Bs → ϕμ+μ− )

− The Lepton Flavour Universality ratios

RK(*) =
BR[B → K(*)μ+μ−]
BR[B → K(*)e+e−]

1. Clean observables .
2. SM prediction: RSM

K(*) ≈ 1.
− Bs → μ+μ−

1. Another clean observable .
2. Can distinguish between different NP scenarios .
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Methodology:

B-meson decays are described by the Weak Effective Theory (WET) Hamiltonian

ℋeff = ℋSM
eff −

4GF

2

e2

16π2 ∑
q=s,d

∑
ℓ=e,μ

∑
i=9,10,S,P

VtbV*tq(C
bqℓℓ
i Obqℓℓ

i + C′ bqℓℓ
i O′ bqℓℓ

i ) + h . c .

Obsℓℓ
9 = (b̄γμPLs)(ℓ̄γμℓ), Obsℓℓ

10 = (b̄γμPLs)(ℓ̄γμγ5ℓ)

Leptoquark models with ℒint = αQℓS

Perform better: suppression of 
|ΔF | = 2 and four-lepton processes.

Our model: SM extension with a gauged flavour symmetry.



• Goal: build a UV completion of the SM. 

• Main idea: if LFU must be preserved, it may be protected in the UV. How? A    gauged flavour 
symmetry, acting on light lepton generations. 

• NP scenario: , i.e. NP only coupled to left-handed leptons. Hence, we charge under the 
new symmetry . 

• We add scalar LQs: we work with  of . 

• Symmetry not observed  SSB mechanism at work. We postulate a scalar  of  (SM-singlet) 
s.t. , hence . 

• Other reasons to gauge this symmetry: we assign charge  of . This prevents:  

1. LFV processes such as . 

2. Baryon number-violating interactions such as .

SU(2)ℓ

Cbsℓℓ
9 = − Cbsℓℓ

10
L = (l1, l2)T ∼ 2

S ∼ (3̄, 3)1/3 GSM

⇒ ϕ ∼ 2 SU(2)ℓ
< ϕ > = (0, vϕ)T SU(2)ℓ

<ϕ> 1

S = (S1, S2)T ∼ 2 SU(2)ℓ

ℓi → ℓf γ

ℒ = QQS

The SU(2)ℓ flavour symmetry



• Starting requirements: 

1. Anomaly-free gauge theory → this requirement may predict a new light fermionic sector (not in our model). 

2. . 

• Identify mass eigenstates of the theory: fundamental to explore the phenomenological implications of the model. 

• At the renormalisable level the Yukawa sector is 

 

• We must take into account radiative corrections, described by effective operators: 

 

• If we admit , we find: . 

• The diagonalisation of  implies that the states corresponding to  are a mixing of the interaction eigenstates: 

 

• This introduces correlations between different observables that may be used in the future to test/falsify the model!

me ≪ mμ ≪ mτ

−ℒD=4
Yuk = C12LHEc + C3l3Hec

3 + h . c . ⇒ Ml = v (C12 ⋅ 12×2 0
0 C3)

ℒYuk = ℒD=4
Yuk + ℒD=5

Yuk ⇒ Ml = v
C12 0 ϵC̃L

0 C12 ϵCL

ϵC̃R ϵCR C3

, ϵ =
vϕ

Λ

C12 ∼ ϵe ≪ 1 me ∼ vϵe ≪ mμ ∼ ϵv ≪ mτ ∼ v

Ml e, μ, τ

L = (l1
l2) = ((UL)1αlα

(UL)2αlα) ⇒ ℒint = ∑
j=1,2

∑
β=e,μ,τ

(UL)jβαiQ̄ca
i ϵab(σkSk

j )bdld
β + h . c



Conclusions

• In absence of signals in direct searches, flavour physics plays a key role, as it offers 
an insight into new physics through indirect searches. 

• We identified possible new mediators of NP, i.e. Leptoquarks. 

• We identified a possible process which might help to test our model. 

• Many possible routes for future studies: a more thorough study of the scalar sector, 
the Landau pole of , ν masses and oscillations, phenomenological 
comparison with a gauged  model.

GSM × SU(2)ℓ
U(1)Le−Lμ
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• Employment of semiclassical methods 
for computation of CFT data to any 
loop order. 

• E.g.: scaling dimension  of composite 
operators . [O. Antipin, J. Bersini, and F. Sannino. Exact Results for 
Scaling Dimensions of Composite Operators in the  Theory. 8 2024.] 

• Next to come: NLO computations.

Δn
ϕn

ϕ4

My current focus: CFTs, defects and semiclassics

• CFTs characterised by the absence of 
running in the theory. 

• Add impurity in space  is it possible to 
define a  Defect Conformal Field 
Theory (DCFT) in such a setting? 

• Study of the phases Wilson Lines can 
have [O. Aharony, G. Cuomo, Z. Komargodski, M. Mezei, and A. Raviv-
Moshe. Phases of Wilson lines: conformality and screening. JHEP, 12:183, 2023]  

• Extension of the study to fermion-
boson interacting theories.

⇒



Thank you for your attention!


