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b → sℓℓ
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- Processes mediated by  transitions are 
sensitive to New Physics (NP)


‣ Suppressed in the SM: 


‣ High energy mediators can modify the amplitudes

b → sℓℓ

BR ∼ 10−7 − 10−6

Electroweak penguin decays

Neutral Current

New Physics

Z’

s

b

b

s

W t
Z
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Neutral Current

b
s

- Rare  decays can be described by an effective theory:b

Electroweak penguin decays

Local Operators

- NP can introduce new operators or modify the WCs depending 
on its structure: Ci = CSM

i + CNP
i

Heff ∝
4GF

2
VtbV*ts ∑ CiOi b

s

W t
Z

O9,O10

C9,C10

Effective coupling 
Wilson Coefficients (WC)

Prog.Part.Nucl.Phys.02(2017)50

q2 = m2(ℓ+ℓ−)

https://arxiv.org/abs/1606.00916
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Experimental Observables
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- Large variety of observables available:


‣ Differential branching fractions: Large hadronic form factors uncertainties (20-30%)

q2 = m2(ℓ+ℓ−)
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Experimental Observables
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- Large variety of observables available:


‣ Differential branching fractions: Large hadronic form factors uncertainties (20-30%)

JHEP 04 (2017) 142JHEP 06 (2015) 115

q2 = m2(ℓ+ℓ−)

JHEP 06 (2014) 133
PRL 127 (2021) 151801

1.8σ − 3.6σ

B0
s → ϕμ+μ−

https://link.springer.com/article/10.1007/JHEP04(2017)142
https://link.springer.com/article/10.1007/JHEP06(2015)115
https://link.springer.com/article/10.1007/JHEP06(2014)133
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.127.151801
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Differential branching fractions: Λb → Λ(1520)μ+μ−
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arXiv:2302.08262

NΛb→pK−μ+μ− = 2250 ± 57(stat)

- Latest news from baryonic sector!


‣ First measurement of differential 


‣  used to normalise and to correct the simulation


‣ Difficult to estimate the agreement with the SM predictions 

BF(Λ0
b → Λ(1520)( → pK−)μ+μ−)

Λb → pK−J/ψ

https://arxiv.org/abs/2302.08262
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Experimental Observables
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- Large variety of observables available:


‣ Differential branching fractions: Large hadronic form factors uncertainties (20-30%)


‣ Angular distributions of the final state particles:

❖ Reduced form factor uncertainties


❖ May be polluted by “charm loop” effects, hard to predict

q2 = m2(ℓ+ℓ−)

cb sc

d d
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- The angular distributions of the  decay is 
described by 


- The coefficients , ,  are related to WCs


- New basis of  operator to reduce form factors uncertainties: 
e.g. 

B0 → K*μ+μ−

Ω = (θℓ, θK, ϕ)

FL AFB Si

P′￼i
P′￼5 = S5/ FL(1 − FL)

8

K+

π−

K∗0 θK

µ+

µ−

B0

θ!

(a) θK and θ# definitions for the B0 decay

µ−

µ+

K+

π−

B0

K∗0
φ

K+ π−

n̂Kπ

!p̂Kπ

µ−

µ+

n̂µ+µ−

(b) φ definition for the B0 decay

π+

K−

K∗0

µ−

µ+

B0

φ

K− π+

n̂Kπ

! p̂Kπ

µ−

µ+

n̂µ−µ+

(c) φ definition for the B0 decay

φ

Angular distributions: K*μ+μ−

PRL 125 (2020) 011802

- Observables are extracted from a multidimensional fits in the angles, , m(Kπ) m(Kπμμ)

3.3σ
q2 = m2(ℓ+ℓ−)

https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.125.011802
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- Recent angular analysis of  showed 
tension in the SM consistent with that found in 

B+ → K*+μ+μ−

B0 → K*0μ+μ−

- Near future:


‣ Update of  with the full  dataset


‣ Angular analysis with electrons: , 



‣ Direct fits to WCs via amplitude analysis 

B0 → K*μ+μ− 9 fb−1

B0 → K*e+e−

B+ → K+e+e−

PRL 126 (2021) 1618023.1σ

- Angular observables are also studied for 


‣ Not all observables accessible (flavour symmetric 
final state)


‣ Results found to be compatible with SM predictions

B0
s → ϕμ+μ−

JHEP 11 (2021) 022

Angular distributions: K*+μ+μ−, ϕμ+μ−

https://arxiv.org/pdf/2012.13241.pdf
https://link.springer.com/article/10.1007/JHEP11(2021)043
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Experimental Observables

10

- Large variety of observables available:


‣ Differential branching fractions: Large hadronic form factors uncertainties (20-30%)


‣ Angular distributions of the final state particles:

❖ Reduced form factor uncertainties


❖ May be polluted by “charm loop” effects, hard to predict


‣ Relative rates of  and , of the formb → sμ+μ− b → se+e−
cb sc

d dEPJ C76 (2016) 8 440

❖ are clean: QCD uncertainties cancels out in the ratio

❖ are predicted by the SM with very high precision

❖ Intriguing deviations observed in the past years

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

= 1 ± 𝒪(10−2)
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LFU ratios: Electron vs Muon

- Relative rates are sensitive to differences 
between leptons:

- Most electrons emit bremsstrahlung photons:


‣ Need to recover the photon cluster energy


- High occupancy in the ECAL


‣ Higher energy thresholds ➞ lower statistics


- Worse  resolution, lower PID and tracking 
efficiencies than for muons

p

Crucial to control  differences
e/μ

RX =
𝒩B+→Xe+e−

𝒩B+→Xμ+μ−
⋅

ϵB+→Xμ+μ−

ϵB+→Xe+e−X = K, K*, . . .
Vertex

Tracking Magnet

Magn
et

ECAL

E1

E2

Tracking

e

E0

Not in scale

𝝁
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- Relative rates are sensitive to differences 
between leptons:

- Most electrons emit bremsstrahlung photons:


‣ Need to recover the photon cluster energy


- High occupancy in the ECAL


‣ Higher energy thresholds ➞ lower statistics


- Worse  resolution, lower PID and tracking 
efficiencies than for muons


- Additional backgrounds in the electron modes e.g 
misID 

p

h → e

RX =
𝒩B+→Xe+e−

𝒩B+→Xμ+μ−
⋅

ϵB+→Xμ+μ−

ϵB+→Xe+e−X = K, K*, . . .

https://arxiv.org/abs/2212.09153
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LFU ratio: Experimental strategy

-  is measured as double ratios, to mitigate  reconstruction differencesRX e/μ

‣Yields: fits to the invariant 
mass

‣Efficiencies: 
corrected simulation

RX =
𝒩B→Xe+e−

𝒩B→XJ/ψ(→e+e−)
⋅

𝒩B→XJ/ψ(→μ+μ−)

𝒩B→Xμ+μ−
⋅

ϵB→XJ/ψ(→e+e−)

ϵB→Xe+e−
⋅

ϵB→Xμ+μ−

ϵB→XJ/ψ(→μ+μ−)

-  satisfy LFU at , not mediated by 


- Intensive use of the resonant channels for checks/data 
driven studies

J/ψ 𝒪( < 1%) b → sℓℓ

‣ rJ/ψ =
ℬ(B → XJ/ψ( → μμ))
ℬ(B → XJ/ψ( → ee))
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arXiv:2212.09153v1

https://arxiv.org/abs/2212.09153
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arXiv:2212.09153v1
- Latest and most precise LFU ratios by 

measuring simultaneously  with the 
full LHCb dataset


- Results in agreement with SM predictions 
within 


- Shift wrt to previous measurements 
(superseded) due to


‣ Tighter PID requirements


‣ Addition of mis-identified background 
component in the fit


❖ Main systematics

RK & RK*

0.2σ

RK & RK*

- Future: more decay channels: Rϕ, RpK, RΛ, RKππ . . .

https://arxiv.org/abs/2212.09153


-  transitions also used to look for LFV decays


‣ Related to possible LFUV


‣ Can help constraining NP models


- Very recent search for  and 


‣ Results also for  and  separately  


‣ No access found, best limits set

b → sℓℓ

B0 → K*0μ±e∓ B0
s → ϕμ±e∓

b → sμ+e− b → sμ−e+

LFV

15‣ Provided limits on a scalar and left-handed NP scenario
World first limit

@90% (95%) CL

JHEP 06 (2023) 073

https://link.springer.com/article/10.1007/JHEP06(2023)073


LFV with taus

16

- First ever search for  recently 
published using full LHCb dataset


‣ Use 


‣ Separated treatment for charges combinations


‣ Corrected mass used to recover neutrinos 

energies: 


‣ No significant access observed 

B+ → K*0τ±μ∓

τ− → π−π+π−(π0)ντ

mcorr = p2
⊥ + m2

K*τμ + p⊥

arXiv:2209.09846

@90% (95%) CLWorld first limit on b → sτμ

https://arxiv.org/pdf/2209.09846.pdf
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Conclusion & outlook
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-  are ideal probes for New Physics


- LHCb intensively studied these processes over the years


‣ Measurement precision limited by the statistics available


- Run3 started!


‣ LHCb detector undergoing staged upgrades (see talk by Federica Oliva)


❖ Replaced vertex, tracking detectors: Better vertex resolution


❖ Removed hardware trigger: Better efficiency (especially for the electron 
modes)


- Measurements from other experiments (Belle II, CMS..) will be fundamental to 
solve the flavour puzzle

b → sℓℓ

https://indico.in2p3.fr/event/28579/contributions/126432/
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Thank you
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Backup
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LHCb upgrade - Phase I
- New Vertex Detector


- Pixel silicon detector


- Trigger-less readout

- Software HLT on GPU


- New tracking stations:

- Scintillating Fibers (SciFi) 

and Silicon micro-strips 
(UT)


- RICH: New PMTs + new 
electronics


- Calorimeters

- PMT gain reduced by a 

factor 5, FEE redeveloped


- Muon system

- FEE redeveloped
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 angular distributionsB → K*μ+μ−B  -> K mumu

A. Mauri (UZH) 27

K* infl. our K+ infl.

B -> K*µµ ANGULAR ANALYSIS

Study the full angular distribution (θl, θK,φ) of the 4 final state particles.



Described by eight independent observables:

























Observables (AFB, FL and Sj) are function of the Wilson coefficients.



A cleaner set of observables, where hadronic form factor uncertainties 
cancels at the leading order, can be defined (JHEP 1305(2013)137), ex:

	

10
Francesco Polci – CKM 2016	

K+

π−

K∗0 θK

µ+

µ−

B0

θ!

(a) θK and θ# definitions for the B0 decay

µ−

µ+

K+

π−

B0

K∗0
φ

K+ π−

n̂Kπ

!p̂Kπ

µ−

µ+

n̂µ+µ−

(b) φ definition for the B0 decay

π+

K−

K∗0

µ−

µ+

B0

φ

K− π+

n̂Kπ

! p̂Kπ

µ−

µ+

n̂µ−µ+

(c) φ definition for the B0 decay

φ
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B0
s,d → μ+μ−(γ)

First limit

- Helicity suppressed, very rare decays


- Precise SM predictions







- Sensitive to axial-vector coupling 

BF(B0
s → μ+μ−) SM= (3.66 ± 0.14) × 10−9

BF(B0 → μ+μ−) SM= (1.03 ± 0.05) × 10−10

C10

PRL 128 (2021) 041801

Consistent with the SM at 1.5σ

-  lifetime is sensitive to NPB0
s

10

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.041801
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 Effective LifetimeB0
s → μ+μ−

- The  lifetime is sensitive to NP


‣  for the SM 


❖  only from heavy mass eigenstate

❖ Access to the CP structure of the interaction

B0
s

Aμμ
ΔΓs

= 1

B0
s → μμ

Consistent with the SM at 1.5σ

- Strategy:


‣ Dataset split into two BDT bins


‣ Fit to background-subtracted  distribution via 
the  technique  

τμμ
sPlot

PRL 128 (2021) 041801

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.041801
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 Effective LifetimeB0
s → μ+μ−

- Oscillations between flavour eigenstates 


- Two mass eigenstates 


- For SM  only from heavy eigenstates


-  sensitive to scalar or pseudo scalar NP 
contribution:  WCs

B0
s , B̄0

s

BH, BL

B0
s → μ+μ−

Aμμ
ΔΓs

C(′￼)
10, C(′￼)

S , C(′￼)
P

SM= 1
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B0
s → μ+μ−

- Helicity suppressed, very rare decay 


- Fully leptonic final state: Very clean SM predictions (few percent)
𝒪(10−9)

In agreement with 
the SM within 1σ



- Decay vertex position reconstructed from pions tracks


- Hadronic decays can be reconstructed analytically 

Why not ?b → sτ+τ−

- Momentum direction from tau and B decay vertices 



Why not ?b → sτ+τ−

12

- taus could be the most sensitive to NP, still largely unexplored


- More complex experimentally


‣ Neutrinos in the final state,  weak discriminant

‣ No  coverage at LHCb


- Usually searched with : 


‣ Study intermediate resonance forms cross-shape


- Exploit a large variety of MVA techniques

‣ Isolation, selection and fit variables


- Difficult choice of control regions to model the background

‣ Pseudo-Dalitz plane: define signal and background boxes

m(ττ)
4π

τ → a1(1260)−ντ → ρ(770)0π−ντ → π−π+π−ντ

Decay SM prediction Limits @90% CL

PRL 118 (2017) 031802

LHC + LHCb upgrades 
➞ 2x yields for fully 
hadronic decays!

PRL 120 (2018) 181802

PRL 118 ( 2017) 251802

B → ττ

Ongoing

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.031802
https://journals.aps.org/prl/pdf/10.1103/PhysRevLett.120.181802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.118.251802
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Upgrade
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Pass-Fail
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