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• Why are we interested in b→sℓℓ transitions ? 

• Electrons and muons in LHCb

• The RX analysis
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Why are we interested in 
b→sℓℓ transitions ?

FCNC are forbidden at tree level in the SM
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How to find cracks in the SM fortress ? 

Direct evidence for new particles Indirect evidence through precision 
measurements sensitive to the 
presence of virtual states present in 
the decay of SM particles 

Flavour Physics
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Flavour Changing Neutral Currents were successful in the past

CP violation and FCNC : sensitive 
probes of short distance physics

Many tests limited by 
statistics not by 
systematics nor theory 

1987 Bd mixing √s=10 GeV (ARGUS)    

Þ mt >50 GeV

Δ𝑚!~0.00002×
𝑚"

GeV/𝑐#
#
ps$%~0.5 ps$%1964 KL→pp : CP violation

3 families 
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𝐴 𝜓! → 𝜓" + 𝑋 = 𝐴#
𝑐$%
𝑣&

+
𝒄𝐍𝐏
𝜦𝐍𝐏𝟐

NP scale and coupling

Branching fractions suppressed at tree level  (<  10-6)

Highly sensitive to New Physics (NP)

NP can affect decay rates and angular distributions 

!!"

√s
Direct searches

DF=1

𝒄𝐍𝐏
generic flavour 
violation

CKM-like 
flavour violation
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In the SM: 

Relative importance of the different diagrams varies with q2= M2(ℓ+ℓ-)

~ Fermi’s description of the neutron decay 

ℓ+

ℓ-
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But we are using hadrons …. 

Q Q Q Q

Q=u Q=d Q=s
B-→K- ℓℓ 
B-→K*- ℓℓ 

B0→Ks ℓℓ 
B0→K*0 ℓℓ 

Bs→f ℓℓ 
+ b-baryons …. 

(and Bc)
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B→K* ℓℓ
B→K ℓℓ

Rx signal 
region

resonant 
control modes
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Rich phenomenology: 

o Branching Ratios (but large theoretical uncertainties due to non-perturbative  QCD) 

o Angular observables

B→K* ℓℓ B→K ℓℓ
Described by 3 angles and q2 Described by one angle and q2
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A set of anomalies in b→s µµ transitions

PRL 127 (2021) 151801

Global Wilson coefficients fit seems to 
indicate a pattern: different 
observables give a coherent picture 

theoretical debate about cc 
loop impact 

but 

They can mimic C9 shift 
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ℓ=e, μ or τ

Only difference : kinematics
(lepton masses)

e+

e-
e+

e-

=
SM

W± Z0

ℓ+

ℓ-

ℓ±

νℓ g

ℓ+

ℓ-

Any ratio of observables in principle

Start with the simplest (?)  one:  ratio of 
branching fractions IJCLab - 30 Jan 2023 - MH Schune

Lepton Flavour Universality tests in b→sℓℓ transitions
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?? ?? ?? ??
e+

e-

e+
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Electrons and muons in LHCb
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Muons: 

Negligible bremsstrahlung losses at LHCb
Muon stations occupancy much lower than ECAL 

⇒ excellent MuonID and μ/h already with muon station 
coincidence

⇒ lower trigger threshold

Typical L0 thresholds used in Run I 
LHCb-PUB-2014-046 
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Electrons emit Bremsstrahlung

Before the magnet 
• electron can be swept out (=lost !)
• kinematics are “wrong”  

After the magnet 
• not an issue

Energy loss ∝ Ee

Energy loss ∝ material 

g
Nuclei

e

In both cases E/p is correct
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LHCb unofficial

M(J/𝜓)

No Bremsstrahlung recovery

With Bremsstrahlung recovery
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Bremsstrahlung recovery algorithm is ~ 50% efficient 
Well described in simulation 
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Hardware trigger is very different for electrons and muons
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~ 110 B0→K*0 ee

JHEP 08 (2017) 055
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Experimental 
context ⊗
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⇒the Rx analysis

PID

Trigger

Bremsstrahlung
Fits
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Simultaneous fit of two decay modes and two kinematical regions
Full LHCb dataset (9 fb-1) 

Rare modes :  ~ 1.1 – 1.3 10-7 in the central q2 range
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General analysis strategy

measured to be = 1 

• Double ratio using the resonant channels ⇒ cancel out most of the systematics due to e/µ differences

• Efficiencies  obtained from corrected MC using data-driven techniques

• Yields obtained from mass fits 

Use to check the corrections

[PDG]
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Trigger strategy

R ratios computed from 

Trigger On Signal
Trigger Independent from Signal

Mode TOS TIS

µµ ~90% ~ 25%

ee ~ 60% ~ 50%

2𝑁 𝜖 𝜇𝜇 − 𝐿0𝑇𝐼𝑆
2𝑁 𝜖 𝑒𝑒 − 𝐿0𝑇𝐼𝑆

2𝑁 𝜖 𝜇𝜇 − 𝐿0𝑀𝑢𝑜𝑛𝑇𝑂𝑆
2𝑁 𝜖 𝑒𝑒 − 𝐿0𝐸𝑙𝑒𝑐𝑡𝑟𝑜𝑛 − 𝑇𝑂𝑆

balance of statistics
less difference in efficiencies due to triggeringIJCLab - 30 Jan 2023 - MH Schune
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Selection 1/3 
For a given decay mode: 

• Stringent lepton PID cuts 

• Hadron PID cut 

• One multivariate classifier using kinematic and vertex quality information 
to reject the combinatorial background 

• Cut optimized on S/sqrt(S+B) separately for each decay mode, q2 region, run 
period 

+ specific treatment of the K(*)ee decay modes (next slides)
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Selection 2/3 
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Nature Physics 18, (2022) 277-282

Remove as much as possible the partially 
reconstructed background 

4000 4500 5000 5500 6000
mcorr(K+e+e°) [MeV/c2]

0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

0.16

A
rb

it
ra

ry
U

ni
ts

LHCb
Simulation

B+ ! K+e+e°

Cut low-q2

Cut central-q2

low-q2 signal
central-q2 signal
low-q2 background
central-q2 background

4000 4500 5000 5500 6000
mcorr(K+º°e+e°) [MeV/c2]

LHCb
Simulation

B0 ! K§0e+e°

Cut low-q2

Cut central-q2

low-q2 signal
central-q2 signal
low-q2 background
central-q2 background

+ a specific multi-classifier



IJCLab - 30 Jan 2023 - MH Schune 28

Selection 3/3 

Veto specific backgrounds
B+→D0 e+ n

D0 →K+ e- n

BF > 100 x signal
Does not peak in B invariant mass
present in the Bremsstrahlung tail

Semileptonic decays

+ Specific vetoes under electron 
mis-ID hypothesis on D0 →K+ p-
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Potential remaining backgrounds: 

Tighter PID cuts on the electron candidates than in previous publications. 
small impact on efficiencies (Run1 ~ no loss, Run2 10% loss) 

different for 
B0 and B+

low-q2 and central-q2
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Efficiencies determination Hadron collider: MC out of the 
box is not fully reliable

Correct the simulation for 
• B kinematics and global event properties (tracks multiplicity)
• Tracking efficiency
• PID efficiency
• Detector response for the trigger (L0 mostly)
• q2 resolution and bin migration (M(ee) in MC & data) 

Intensive use of 
data control 
samples
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q2 resolution and bin migration (M(ee) in MC & data) 
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….and test it on the (challenging) single ratio: 
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but, as expected, on double ratio, the effect is much less important: 
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Fitter schematics: muon modes 

Low-q2 Central-q2 J/𝜓

B+→ K+ 𝜇 𝜇

B0→ K*0 𝜇 𝜇

x 3 runs periods (Run1 – Run2p1 – Run2p2) 

x 2 trigger types (TOS or TIS) 
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Fitter schematics: electrons modes 

Low-q2 Central-q2 J/𝜓

B+→ K+ ee

B0→ K*0 ee

x 3 runs periods (Run1 – Run2p1 – Run2p2) 

x 2 trigger types (TOS or TIS) 
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A simple example: B+→ K+ 𝜋𝜋

BR(B+→ K+ 𝜋𝜋) = 5.1 10-5 to be compared to BR(B+→ K+ ee) = 1.3 10-7 in the central-q2 region 

Phys.Rev.D 78 (2008) 012004

BaBar

Using a 𝜋 misId value of 1% and an electron PID pessimistic efficiency of 80% :  S/B ~ 16

in addition not all the decay is selected:  

Things are more complicated …. 
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This background is coming from many different sources, many of them not being measured 
(eg B →K* 𝜋𝜋 Dalitz distribution unknown) 

A representative subset of these backgrounds have been studied on MC ⇒ small 

But all of them ? 

+ Nasty potential interplay: simple-minded illustration

⇒ Extract its shape directly from data  

Kp e (n)
KKK
…
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Define a control region for the electron identification 

ProbNNe

D
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e

0 1

signal

Bkgd

Invert PID requirements on one or two electrons after 
the full selection 

Subtract the remaining signal events in the control
region 
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⇒ Invariant mass distribution for the control region:   
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Mis-identified hadron can be Pions or Kaons (leading to different background shapes) which have different 
probabilities to be mis-identified as electrons

⇒ categorize them using the NN Kaon-ID variable 
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⇒

Those shapes and contaminations are used as constraints in the nominal fit

Larger peaking backgrounds in the low-q2 regions due to the presence of hadronic resonances 

IJCLab - 30 Jan 2023 - MH Schune
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Misidentified backgrounds in RK
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Misidentified backgrounds in RK*
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Simultaneous fit for Rx extraction: muon modes

B+

B0
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Simultaneous fit for Rx extraction: electron modes

B+

B0
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A factor ~ 4 in yields between electron and muon modes 
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Systematic uncertainties

Main ones from misidentified backgrounds
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80% misID suppression 
50-60% signal loss

50% misID suppression 
20-30% signal loss

Tight

Intermediate
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First or most precise test of LFU in b→sℓℓ

Compatible with the SM at 0.2 s 

Results
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b →sℓℓ has a rich phenomenology (= a lot of possible measurements)  

Conclusion
Simultaneous fit of two decay modes and two kinematical regions 

èIn depth revision and understanding of electron misidentification

è
• 5 to 10% precision (stat dominated)
• Compatible with the SM at 0.2 s 

• Branching Ratios (but large theoretical uncertainties due to 
non-perturbative  QCD) 

• Study of the angular distributions of the decay products
• Ratios of BF (test of Lepton Universality): conceptually very 

simple, experimentally very challenging
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?

• 5 to 10% precision (stat dominated)
• Compatible with the SM at 0.2 s 

IJCLab - 30 Jan 2023 - MH Schune
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1961

In 1964 CP violation discovery: 
(2.0 ± 0.4) 10-3

Experiment stopped by funding agencies

Physical Review Letters, vol. 13, no 4, 1964, p. 138

• 5 to 10% precision (stat dominated)
• Compatible with the SM at 0.2 s 

Looking back in the mirror 
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Background subtracted distributions (using sPlots) 
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Comparison with previous measurement

4.7k

3.9k1.6k

1.2k

Different selection : ± 0.033 statistical 
scattering allowed 

Shift due to contamination at looser 
working point:  + 0.064 

Shift due to non inclusion of the misID
backgrounds in the fit:  + 0.038 ad

ds
 li

ne
ar

ly

Nature Physics 18, (2022) 277-282
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But also the RICH information ! 
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Clusters overlap: depends on di-lepton opening angle and momenta

⇒ the effect depends on  q2

It has impact on electron PID and the J/Psi control region has a different behaviour from the central-q2 one

⇒ additional cut (few % signal loss only in central-q2) 
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The rate for misidentifying two hadrons as electrons in the nominal dataset
~ 2% of that in the control dataset 
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Rare decay bà s


