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Introduction

Twofold role of low-energy physics 
[flavor-changing processes, EDMs, anomalous magnetic moments]

Indirect probe of physics at energy 
scales not directly accessible at 
accelerators

Identify symmetries and symmetry-
breaking patterns beyond those 
present in the SM

Despite all its successes, the SM is likely to be an effective theory, i.e. the limit 
-in the experimentally accessible range of energies and effective couplings- 

of a more fundamental theory, with new degrees of freedom
 

We need to search for New Physics with a broad spectrum perspective 
given the lack of clear indications on the SM-EFT boundaries

(both in terms of energies and effective couplings)
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SM +

Introduction

Two key open questions:
Higgs
sector

“intermediate”
BSM sector

non-SM
flavor 

Are there other sources of 
flavor symmetry 
breaking?

Probe physics at energy scales not 
directly accessible at accelerators

Identify symmetries and symmetry-breaking 
patterns beyond those present in the SM

What determines the 
observed pattern of quark 
& lepton mass matrices?

Twofold role of
low-energy physics

High-scale
[more-symmetric?]

theory

flavor
non-universal
interactions
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Are there other sources of flavor 
symmetry breaking (beside the SM 
Yukawa couplings)?

What determines the 
observed pattern of quark 
& lepton mass matrices?

That's the question addressed by precision measurements (& searches) of flavor-
changing processes of quarks & charged-leptons → So far everything seems to fit 
well with the SM→ Strong limits on NP 

        +        OΔF=2
 ℒeff  =  ℒSM

1 

Λ2
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That's the question addressed by precision measurements (& searches) of flavor-
changing processes of quarks & charged-leptons → So far everything seems to fit 
well with the SM→ Strong limits on NP [not to be over estimated...]

Are there other sources of flavor 
symmetry breaking (beside the SM 
Yukawa couplings)?

MX > 200 TeV

MEG '13

BR(μ→eγ)exp  < 5.7×10-13

E.g.: γ

μ e

X

yμ θ12

Either NP is very heavy...   ort   it has a non-trivial flavor-breaking pattern...

~

What determines the 
observed pattern of quark 
& lepton mass matrices?
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Are there other sources of flavor 
symmetry breaking (beside the SM 
Yukawa couplings)?

MX > 10 GeV

MEG '13

BR(μ→eγ)exp  < 5.7×10-13

E.g.: γ

μ e

X

Either NP is very heavy...   ort   it has a non-trivial flavor-breaking pattern...

~

yμV23 yeV31

That's the question addressed by precision measurements (& searches) of flavor-
changing processes of quarks & charged-leptons → So far everything seems to fit 
well with the SM→ Strong limits on NP [not to be over estimated...]

What determines the 
observed pattern of quark 
& lepton mass matrices?
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Are there other sources of flavor 
symmetry breaking (beside the SM 
Yukawa couplings)?

There is still a wide (possibly interesting...) 
region of NP parameter space 

(both in masses and couplings) 
that is waiting to be explored yet...

Either NP is very heavy...   ort   it has a non-trivial flavor-breaking pattern...

That's the question addressed by precision measurements (& searches) of flavor-
changing processes of quarks & charged-leptons → So far everything seems to fit 
well with the SM→ Strong limits on NP [not to be over estimated...]

What determines the 
observed pattern of quark 
& lepton mass matrices?
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Some interesting, intriguing, new results
[on semi-leptonic B decays]
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I. B → D(*) τν [LHCb, Belle]

Test of LFU in charged curr.: 
τ vs. light leptons (μ, e)

M. Rotondo

SM prediction quite solid 
(f.f. cancel in the ratio) 

Consistent exp. results by 
the 3 experiments

4σ excess over SM
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II. |Vub/Vcb| from B(Λb → pμν)/B(Λb → Λcμν) [LHCb]

Very different th. & exp. error
compared to other available data
on |Vub| & |Vcb| 

Small th. error given recent
Lattice estimate of the f.f. 
[arXiv:1503.01421]

Consistent with other exclusive  data

Increased tension between excl. & incl.

Rules out RH curr. as possible explanation

T. Gershon
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III. Anomalies in B → K(*) μμ / ee [LHCb]

 Deviations from SM in kin. distrib. [P5' & others] and overall rates in B → K(*) μμ 
Not easy to precisely determine th. erorr due to charm rescattering
Good fit with specific NP short-distance operators (bsμμ)

 Deviations from SM in RK = B(B → K μμ)/B(B → K ee)    
Negligible th. error → clean test of LFU in neutral currents
Consistent fit with same NP as above (only in μ channel)
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Speculations on the breaking of Lepton Flavor Universality
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Speculations on the breaking of LFU
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These recent results have stimulated a lot of theoretical activity. 

Most interesting aspect: possible breaking of LFU, both in charged currents  
(b → cτν vs. b → cμν) and in neutral currents (b → sμμ vs. b → see)  

A few general messages:

LFU is not a fundamental symmetry of 
the SM Lagrangian (accidental symmetry 
in the gauge sector, broken by Yukawas)

LFU tests at the Z peak are not very  
interesting (→ gauge sector)

Most stringent tests of LFU involve 
only 1st-2nd gen. quarks & leptons  

   → Natural to conceive NP models where LFU is violated more 
in processes with 3rd gen. quarks (↔ hierarchy in Yukawa coupl.)



Speculations on the breaking of LFU
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These recent results have stimulated a lot of theoretical activity... 

 

+ many others...

...but most attempts based on EFT approaches and focused only on semi-leptonic 
operators [quark×lepton]

Very recent proposal to describe all these effect within a simplified dynamical 
model:

low-energy correlations among quark×quark, quark×lepton, lepton×lepton

correlation between low-energy and high-energy physics 

Greljo, GI, Marzocca '15



Speculations on the breaking of LFU
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Main assumptions:

NP in both charged & neutral currents + RH currents disfavored + 
SU(2)L×U(1)Y symmetry →  SU(2)L-triplet effective operator

Greljo, GI, Marzocca '15
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Main assumptions:

NP in both charged & neutral currents + RH currents disfavored + 
SU(2)L×U(1)Y symmetry →  SU(2)L-triplet effective operator

We assume this effective operator is the result of integrating-out a 
heavy triplet of vector bosons (W', Z') coupled to a single current:   

low-energy correlations among quark×quark, quark×lepton, lepton×lepton

correlation between low-energy and high-energy physics 
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Speculations on the breaking of LFU
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Main assumptions:

NP in both charged & neutral currents + RH currents disfavored + 
SU(2)L×U(1)Y symmetry →  SU(2)L-triplet effective operator

Non-Universal flavor structure of the currents → mainly 3rd generations   

We assume this effective operator is the result of integrating-out a 
heavy triplet of vector bosons (W', Z') coupled to a single current:   

Greljo, GI, Marzocca '15

+  small corrections for 2nd (& 1st) generations
    (hierarchy determined by CKM in the quark sector)



Speculations on the breaking of LFU

G. Isidori –  Theoretical considerations on low-energy physics                            CHIPP Plenary Meeting, July 2015

Global fit of low-energy data

+

several constraints:

R(D*)
R(D)
RK 
P5'(B → K*μμ)

ΔMBs , ΔMBd

CPV(D-D)
Γ(B → Xμν)/Γ(B → Xeν)
τ → 3μ 
Γ(τ → μνν)/Γ(τ → eνν) 

Overall good fit of low-energy data 
(non-trivial given tight constraints from ΔF=2 & LFV) 
 

5 free parameters:

Best fit point:



Speculations on the breaking of LFU
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Several clear predictions for future low-energy data:

b → c lν

b → s μμ

b → s ττ

Meson mixing

 τ decays 

μ → 3e

overall size of the anomaly should decrease 

|NP| ~ |SM|  → either large (~4) 
enhancement or strong suppression 

~ 10% deviations from SM both in ΔMBs & ΔMBd 

τ → 3μ close to present exp. bound  

no firm prediction (1st family), 
but potentially more interesting than μ → eγ 



Speculations on the breaking of LFU
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High-energy signatures of the simplified model:

W' and Z' resonances in the mass range:

Produced mainly from 3rd gen. quarks  
(bb → Z',  bc → W', bb → W' tt)

Decaying mainly in 3rd generations 
quarks or leptons   

      Most stringent constraints from 
Z' → ττ

Minimal version of the model
(no exotic decay channels)
ruled out by direct searches



Conclusions

Low-energy physics represent a “unique window” on BSM physics → There is 
still a lot to learn & explore, also in view of HL-LHC.

Intriguing hints of LF non Universality in recent semi-leptonic B decay data,  
but picture far form being clear → more data can help to clarify the situation

Main messages of these recent anomalies: 

(re)analyze B physics data without assuming LFU

conceive more low-energy tests of LFU (especially in B decays)

the search for LFV in charged leptons is extremely well motivated

the bounds on NP coupled mainly to 3rd generation are still relatively weak

the interplay of low- and high-energy searches is essential 
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