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All results at:
http://cern.ch/go/pNj7

https://arxiv.org/abs/1405.7225
https://arxiv.org/abs/1405.7225γγ  0.12± 0.01 ±1.06 -15.0 fb
https://arxiv.org/abs/1308.6832
https://arxiv.org/abs/1308.6832(NLO th.), γW  0.13± 0.03 ±1.16 -15.0 fb
https://arxiv.org/abs/2102.02283
https://arxiv.org/abs/2102.02283(NLO th.), γW  0.05± 0.00 ±1.01 -1137 fb
https://arxiv.org/abs/1308.6832
https://arxiv.org/abs/1308.6832(NLO th.), γZ  0.05± 0.01 ±0.98 -15.0 fb
https://arxiv.org/abs/1502.05664
https://arxiv.org/abs/1502.05664(NLO th.), γZ  0.05± 0.01 ±0.98 -119.5 fb
https://arxiv.org/abs/1210.7544
https://arxiv.org/abs/1210.7544WW+WZ  0.14± 0.13 ±1.01 -14.9 fb
https://arxiv.org/abs/2107.01137
https://arxiv.org/abs/2107.01137WW  0.09± 0.18 ±1.24 -10.302 fb
https://arxiv.org/abs/1306.1126
https://arxiv.org/abs/1306.1126WW  0.09± 0.04 ±1.07 -14.9 fb
https://arxiv.org/abs/1507.03268
https://arxiv.org/abs/1507.03268WW  0.08± 0.02 ±1.00 -119.4 fb
https://arxiv.org/abs/2009.00119
https://arxiv.org/abs/2009.00119WW  0.06± 0.01 ±1.00 -135.9 fb
https://arxiv.org/abs/2107.01137
https://arxiv.org/abs/2107.01137WZ  0.04± 0.20 ±0.57 -10.302 fb
https://arxiv.org/abs/1609.05721
https://arxiv.org/abs/1609.05721WZ  0.06± 0.07 ±1.05 -14.9 fb
https://arxiv.org/abs/1609.05721
https://arxiv.org/abs/1609.05721WZ  0.07± 0.04 ±1.02 -119.6 fb
https://arxiv.org/abs/2110.11231
https://arxiv.org/abs/2110.11231WZ  0.03± 0.02 ±1.00 -1137 fb
https://arxiv.org/abs/2107.01137
https://arxiv.org/abs/2107.01137ZZ  0.12± 0.59 ±1.36 -10.302 fb
https://arxiv.org/abs/1211.4890
https://arxiv.org/abs/1211.4890ZZ  0.07± 0.13 ±0.97 -14.9 fb
https://arxiv.org/abs/1406.0113
https://arxiv.org/abs/1406.0113ZZ  0.08± 0.06 ±0.97 -119.6 fb
https://arxiv.org/abs/2009.01186
https://arxiv.org/abs/2009.01186ZZ  0.04± 0.02 ±1.04 -1137 fb

5.02, 7, 8, 13 TeV CMS measurements (stat,stat+sys) 

stat                 sys

CMS measurements
 theory(NLO)vs. NNLO 

• Standard Model (SM) is a  
great success!

Excellent agreement with SM in direct searches
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• No direct evidence for  
beyond SM particles yet 

• Indirect searches can explore New 
Physics (NP) up to   

•  transitions  
sensitive probes for NP 

• Strongly suppressed in the SM 
 

• Potential NP may alter decay rates  
or their distributions

𝒪(100 TeV)

b → sℓ+ℓ−

ℬ ≈ 𝒪(10−6)
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• Varying cleanliness of the observables in  decays 

• Hadronic form factors and charm loops ( ) affect predictions

b → sℓ+ℓ−

cc̄

Angular Analyses
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LHCb Run 1 + 2016
[PRL 125 011802 (2020)]
CMS Run 2 preliminary
[CMS-PAS-BPH-21-002]
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OBSERVABLES IN  DECAYSb → sℓ+ℓ−
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Increasing precision of SM prediction

https://arxiv.org/abs/2105.14007
https://arxiv.org/abs/2212.09153
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Integrate out

• Description of  with  
effective field theory 

• “Integrate out” heavy degrees of freedom 

• Set of effective couplings   
which can be computed in the SM 

• Flavour universality tests use 
 

 

• Different -regions allow to differentiate 
between different NP scenarios

b → sℓ+ℓ−

Ci
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INTERPRETING POTENTIAL DEVIATIONS
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[Eur.Phys.J.C 76 (2016) 8]

ℋeff = −
GF

2
VtbV*ts ∑

i

(CSM
i + CNP

i )𝒪i

(If  large enough)q2

https://doi.org/10.1140/epjc/s10052-016-4274-7
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Determine  from measured observables. 

 Interpretation of tensions possible
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LHCB DETECTOR IN RUN 1 AND 2
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• Single arm forward spectrometer

• Optimised for heavy flavour physics

• Coverage: 2 < η < 5

[2008 JINST 3 S08005]
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LHCb acceptance

GPD acceptance

 = 14 TeVs
LHCb MC

[LHCb speakers bureau]

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://lhcb.web.cern.ch/speakersbureau/html/Material_for_Presentations.html
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[2008 JINST 3 S08005]

LHCB DETECTOR IN RUN 1 AND 2

• Impact parameter (IP) resolution: 



• Resolve secondary vertices of long  
lived  mesons ( )


(15 + 29/pT [GeV]) μm

B τ ≈ 𝒪(ps)

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
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• Impact parameter (IP) resolution: 



• Resolve secondary vertices of long  
lived  mesons ( )


• Momentum resolution: 

(15 + 29/pT [GeV]) μm

B τ ≈ 𝒪(ps)

Δp/p ≈ 0.5 − 1 %
[2008 JINST 3 S08005]

LHCB DETECTOR IN RUN 1 AND 2

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
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[LHCb DP 2014 002]

LHCB DETECTOR IN RUN 1 AND 2

• Excellent particle identification:

• 

• 

• 


• Combines info from all detectors, 
e.g. muon chambers

μ : 97 % (π → μ : 1 − 3 %)
K : 95 % (π → K : 5%)
e : 90 % (h → e : 5 %)

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
https://cds.cern.ch/record/1978280?ln=de
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[LHCb DP 2014 002]
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• Energy resolution: 



• Bremsstrahlung recovery for 
electrons

ΔE/E = 1 % + 10 % / E [GeV]

[2008 JINST 3 S08005]

LHCB DETECTOR IN RUN 1 AND 2

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta
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• Collected a total of  during Run 1 and 2𝓛int = 9 fb−1

[2008 JINST 3 S08005]
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2018 (6.5 TeV): 2.19/fb
2017 (6.5 TeV): 1.71/fb
2016 (6.5 TeV): 1.67/fb
2015 (6.5 TeV): 0.33/fb
2012 (4.0 TeV): 2.08/fb
2011 (3.5 TeV): 1.11/fb

[Adapted from J. Heuel]

• Only possible due to the great 
work of the people operating LHC 
and LHCb!

https://iopscience.iop.org/article/10.1088/1748-0221/3/08/S08005/meta


Sebastian Schmitt

Photo: S. Schmitt

ANALYSIS STRATEGY

• Measure  depending on  

• low- :  

• central- :  

• high- :   First time! 

• Measure  as blind double ratio: 

 

• Most efficiency-related systematic  
uncertainties cancel in double ratio

Rϕ q2 = m(ℓ+ℓ−)2

q2 0.1 < q2 < 1.1 GeV2/c4

q2 1.1 < q2 < 6.0 GeV2/c4

q2 15 < q2 < 19 GeV2/c4 ⇐

R−1
ϕ

R−1
ϕ =

ℬ (B0
s → ϕe+e−)

ℬ (B0
s → ϕμ+μ−) /

ℬ (B0
s → ϕJ/ψ (e+e−))

ℬ (B0
s → ϕJ/ψ (μ+μ−))

18
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 ratio is flavour universal!  
[PRD 88 (2013) 3] 

Single ratio  powerful crosscheck!

rJ/ψ

⇒

r−1
J/ψ

https://arxiv.org/abs/1307.1189
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ANALYSIS STRATEGY
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r−1
J/ψ

Extended maximum likelihood fits 
(blind!) Simulated  decaysB0

s → ϕℓ+ℓ−

Experimentally: R−1
ϕ =

N (ϕe+e−)
N (ϕJ/ψ (e+e−))

⋅
N (ϕJ/ψ (μ+μ−))

N (ϕμ+μ−)
⋅

ε (ϕJ/ψ (e+e−))
ε (ϕe+e−)

⋅
ε (ϕμ+μ−)

ε (ϕJ/ψ (μ+μ−))
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• Electron PID more challenging 

• Background control crucial 

• Smaller hardware trigger efficiency 

• Higher thresholds compared to muons 

• Electrons emit more bremsstrahlung  

• Main source of energy loss for e+e−

23

EXPERIMENTAL CHALLENGES WITH ELECTRONS

4.6 4.8 5.0 5.2 5.4 5.6 5.8
m(K+K°`+`°) [GeV/c2]

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0 Sketch
Electrons
Muons

Trigger and  
reconstruction

Bremsstrahlung  
energy loss



Sebastian Schmitt

Photo: S. Schmitt

• Thresholds lower for  
muons compared to electrons 

• Muons:  

• Electrons:  

• Combine different trigger categories  
to maximise electron trigger efficiency: 

1. Trigger independent of signal (“TIS”) 

2. Trigger on signal lepton from  (“TOS”)

pT > 1.5 − 1.8 GeV/c

ET > 2.5 − 3.0 GeV

B0
s

TRIGGERING ON ELECTRONS

24
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• Thresholds lower for  
muons compared to electrons 

• Muons:  

• Electrons:  

• Combine different trigger categories  
to maximise electron trigger efficiency: 

1. Trigger independent of signal (“TIS”) 

2. Trigger on signal lepton from  (“TOS”)

pT > 1.5 − 1.8 GeV/c

ET > 2.5 − 3.0 GeV

B0
s

TRIGGERING ON ELECTRONS
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[PRL 122 191801 2019]
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e+ e−K+ K−

e/γ

π /K /p

μ

Electrons
MUON

HCAL
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PV

SV

μ+ μ−K+ K−

e/γ

π /K /p

μ

Muons

https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.122.191801
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• Expect on average one  
bremsstrahlung photon  
emitted upstream of the magnet 

• Corrected using  
bremsstrahlung recovery  

•  efficient and 
well modelled in simulation 

• Momentum resolution deteriorated  

• Wider fit range required 

• Higher background pollution

𝒪(50 %)

4.6 4.8 5.0 5.2 5.4 5.6 5.8
m(K+K°`+`°) [GeV/c2]

0.0

0.2

0.4

0.6

0.8

1.0

Missed ∞

æe+e° º 140 MeV/c2

æµ+µ° º 40 MeV/c2 ECAL
Resolution

Sketch
B0

s ! ¡e+e°

B0
s ! ¡µ+µ°

BREMSSTRAHLUNG
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EFFECTS OF BREMSSTRAHLUNG
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EFFECTS OF BREMSSTRAHLUNG

29

5000 5250 5500 5750 6000 6250 6500
m(K+K°µ+µ°) [MeV/c2]

2.5

5.0

7.5

10.0

12.5

15.0

17.5

q2
[G

eV
2 /

c4 ]

LHCb 9 fb°1

J/ψ → μ+μ−

B0
s → ϕμ+μ−

5000 5250 5500 5750 6000 6250 6500
m(K+K°e+e°) [MeV/c2]

2.5

5.0

7.5

10.0

12.5

15.0

17.5

q2
[G

eV
2 /

c4 ]

LHCb 9 fb°1

[LHCb-PAPER-2024-032] 
preliminary

[LHCb-PAPER-2024-032] 
preliminary



Sebastian Schmitt

Photo: S. Schmitt

30

5000 5250 5500 5750 6000 6250 6500
m(K+K°µ+µ°) [MeV/c2]

2.5

5.0

7.5

10.0

12.5

15.0

17.5

q2
[G

eV
2 /

c4 ]

LHCb 9 fb°1

B0
s → ϕμ+μ−

EFFECTS OF BREMSSTRAHLUNG

5000 5250 5500 5750 6000 6250 6500
m(K+K°e+e°) [MeV/c2]

2.5

5.0

7.5

10.0

12.5

15.0

17.5

q2
[G

eV
2 /

c4 ]

LHCb 9 fb°1

B0
s → ϕJ/ψ( → μ+μ−)

[LHCb-PAPER-2024-032] 
preliminary

[LHCb-PAPER-2024-032] 
preliminary



Sebastian Schmitt

Photo: S. Schmitt

31

5000 5250 5500 5750 6000 6250 6500
m(K+K°µ+µ°) [MeV/c2]

2.5

5.0

7.5

10.0

12.5

15.0

17.5

q2
[G

eV
2 /

c4 ]

LHCb 9 fb°1

B0
s → ϕμ+μ−

EFFECTS OF BREMSSTRAHLUNG

5000 5250 5500 5750 6000 6250 6500
m(K+K°e+e°) [MeV/c2]

2.5

5.0

7.5

10.0

12.5

15.0

17.5

q2
[G

eV
2 /

c4 ]

LHCb 9 fb°1

B0
s → ϕJ/ψ( → μ+μ−)

B0
s → ϕψ(2S)( → μ+μ−)

[LHCb-PAPER-2024-032] 
preliminary

[LHCb-PAPER-2024-032] 
preliminary



Sebastian Schmitt

Photo: S. Schmitt

5000 5250 5500 5750 6000 6250 6500
m(K+K°e+e°) [MeV/c2]

2.5

5.0

7.5

10.0

12.5

15.0

17.5

q2
[G

eV
2 /

c4 ]

LHCb 9 fb°1

32

5000 5250 5500 5750 6000 6250 6500
m(K+K°µ+µ°) [MeV/c2]

2.5

5.0

7.5

10.0

12.5

15.0

17.5

q2
[G

eV
2 /

c4 ]

LHCb 9 fb°1

B0
s → ϕμ+μ−

B0
s → ϕψ(2S)( → μ+μ−)

EFFECTS OF BREMSSTRAHLUNG

B0
s → ϕJ/ψ( → μ+μ−)

[LHCb-PAPER-2024-032] 
preliminary

[LHCb-PAPER-2024-032] 
preliminary



Sebastian Schmitt

Photo: S. Schmitt

5000 5250 5500 5750 6000 6250 6500
m(K+K°e+e°) [MeV/c2]

2.5

5.0

7.5

10.0

12.5

15.0

17.5

q2
[G

eV
2 /

c4 ]

LHCb 9 fb°1

33

5000 5250 5500 5750 6000 6250 6500
m(K+K°µ+µ°) [MeV/c2]

2.5

5.0

7.5

10.0

12.5

15.0

17.5

q2
[G

eV
2 /

c4 ]

LHCb 9 fb°1

B0
s → ϕμ+μ−

B0
s → ϕψ(2S)( → μ+μ−)

EFFECTS OF BREMSSTRAHLUNG

B0
s → ϕJ/ψ( → μ+μ−)

[LHCb-PAPER-2024-032] 
preliminary

[LHCb-PAPER-2024-032] 
preliminary



Sebastian Schmitt

Photo: S. Schmitt

5000 5250 5500 5750 6000 6250 6500
m(K+K°µ+µ°) [MeV/c2]

2.5

5.0

7.5

10.0

12.5

15.0

17.5

q2
[G

eV
2 /

c4 ]

LHCb 9 fb°1

B0
s → ϕμ+μ−

5000 5250 5500 5750 6000 6250 6500
m(K+K°e+e°) [MeV/c2]

2.5

5.0

7.5

10.0

12.5

15.0

17.5

q2
[G

eV
2 /

c4 ]

LHCb 9 fb°1

34

More pronounced tails

EFFECTS OF BREMSSTRAHLUNG
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s → ϕψ(2S)( → μ+μ−)

B0
s → ϕJ/ψ( → μ+μ−)

[LHCb-PAPER-2024-032] 
preliminary

[LHCb-PAPER-2024-032] 
preliminary



Sebastian Schmitt

Photo: S. Schmitt

5000 5250 5500 5750 6000 6250 6500
m(K+K°e+e°) [MeV/c2]

2.5

5.0

7.5

10.0

12.5

15.0

17.5

q2
[G

eV
2 /

c4 ]

LHCb 9 fb°1

35

Worse resolution
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SELECTION
• Leverage narrow  resonance and excellent  mass resolution 

• Require displaced secondary decay vertices  

• Multivariate classifiers to suppress combinatorial background 

• Using vertex quality and kinematics 

• Optimise significance for each 
 

 region and data taking period

ϕ K+K−

q2
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EFFICIENCIES AND CORRECTIONS

37

• Data driven, staged simulation correction chain, similar to [PRD 108 (2023) 3, 032002] 

• “Prior corrections” to ensure kinematics corrections universally applicable

PID TRK GEN L0 HLT RECO q2 Decay 
Model

PID L0TRK

Trigger

Particle  
identification 

Track  
reconstruction

Kinematics + 
Occupancy

Vertex  
reconstruction

Dilepton  
mass

Physics  
model

https://inspirehep.net/literature/2684465
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CROSSCHECKS rJ/ψ

• rJ/ψ =
ℬ(B0

s → ϕJ/ψ(μ+μ−))
ℬ(B0

s → ϕJ/ψ(e+e−))
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Very clean signal peak!  
Negligible background levels!

Worse mass resolution  
 wider fit range 

Higher background levels

⇒
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CROSSCHECKS rJ/ψ

• rJ/ψ =
ℬ(B0

s → ϕJ/ψ(μ+μ−))
ℬ(B0

s → ϕJ/ψ(e+e−))
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CROSSCHECKS rJ/ψ

•  

•  includes systematics from calibration sample size

rJ/ψ =
ℬ(B0

s → ϕJ/ψ(μ+μ−))
ℬ(B0

s → ϕJ/ψ(e+e−))
= 0.997 ± 0.013

σ
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CROSSCHECKS rJ/ψ

•  

•  includes systematics from calibration sample size 

•  independent of kinematics 

rJ/ψ =
ℬ(B0

s → ϕJ/ψ(μ+μ−))
ℬ(B0

s → ϕJ/ψ(e+e−))
= 0.997 ± 0.013

σ

rJ/ψ
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CROSSCHECKS Rψ(2S)

• Rψ(2S) =
ℬ(B0

s → ϕψ(2S)(μ+μ−))
ℬ(B0

s → ϕψ(2S)(e+e−))
× r−1

J/ψ
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CROSSCHECKS Rψ(2S)

• Rψ(2S) =
ℬ(B0

s → ϕψ(2S)(μ+μ−))
ℬ(B0

s → ϕψ(2S)(e+e−))
× r−1

J/ψ = 1.010 ± 0.026
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 includes systematics from 
calibration sample size
σ

5200 5300 5400 5500 5600 5700 5800
m√(2S)(K

+K°e+e°) [MeV/c2]

0

200

400

600

800

1000

C
an

di
da

te
s

/
(1

0.
0

M
eV

/c
2 )

√(2S) LHCb Lint = 9 fb°1

Data
Model
Signal
Combinatorial
B0

s ! ¡√(2S) (J/√X)
B0

s ! ¡J/√

[LHCb-PAPER-2024-032] 
preliminary

[LHCb-PAPER-2024-032] 
preliminary



Sebastian Schmitt

Photo: S. Schmitt

CROSSCHECKS Rψ(2S)

• Rψ(2S) =
ℬ(B0

s → ϕψ(2S)(μ+μ−))
ℬ(B0

s → ϕψ(2S)(e+e−))
× r−1

J/ψ = 1.010 ± 0.026
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 includes systematics from 
calibration sample size
σ
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Double ratio  
incredibly robust!
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ROBUSTNESS OF THE DOUBLE RATIO

• Single ratio  changes  
about after all   
simulation corrections applied

rJ/ψ
25 %
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• Single ratio  changes  
about after all   
simulation corrections applied 

• Double ratio  and  
move only about 
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ROBUSTNESS OF THE DOUBLE RATIO
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ROBUSTNESS OF THE DOUBLE RATIO

• Single ratio  changes  
about after all   
simulation corrections applied 

• Double ratio  and  
move only about  

• Reinforces robustness of  
the double ratio approach 

• Highlights control of  
systematic uncertainties 

rJ/ψ
25 %

Rϕ Rψ(2S)
𝒪(1 %)
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MASS FIT TO LOW AND CENTRAL  - MUONSq2

• Clean signal peak  

• Almost negligible background levels  

• Simultaneous fit: mean shift and 
width scale shared and constrained 
from  J/ψ
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FROM MUON FITS TO ELECTRON FITS
• Wider mass range due to compromised resolution, pronounced tails
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ELECTRON FITS: TREE LEVEL BACKGROUND
• Wider mass range due to compromised resolution, pronounced tails 

• Tree-level  become relevantB0
s → D−

s e+νe
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ELECTRON FITS: TREE LEVEL BACKGROUND
• Wider mass range due to compromised resolution, pronounced tails 

• Tree-level  become relevantB0
s → D−

s e+νe
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ELECTRON FITS: TREE LEVEL BACKGROUND
• Wider mass range due to compromised resolution, pronounced tails 

• Tree-level  become relevantB0
s → D−

s e+νe

52

4.8 5.0 5.2 5.4 5.6 5.8 6.0
m(K+K°e+e°) [GeV/c2]

0

1

2

3

4
0.1 < q2 < 6.0 GeV2/c4 Sketch

Model
Signal
Combinatorial
Semileptonics

1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
m(K+K°e°) [GeV/c2]

10°2

10°1

100

C
an

di
da

te
s

[a
.u

.]

Sketch
0.1 < q2 < 6.0 GeV2/c4

B0
s ! ¡e+e°

B0
s ! D(§)°

s (¡e°∫̄e(∞))e+∫e

B0
s ! D°

s (¡º°)e+∫e



Sebastian Schmitt

Photo: S. Schmitt

ELECTRON FITS: TREE LEVEL BACKGROUND
• Wider mass range due to compromised resolution, pronounced tails 

• Tree-level  become relevantB0
s → D−

s e+νe
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RESIDUAL BACKGROUND SOURCES

54

• Data driven estimate of residual  mis-ID similar to 
[PRD 108 (2023) 3, 032002] 

• Extrapolate from background enriched control region  
which inverts the PID requirements   

• 3 regions:  

• Build transfer functions  from calibration samples 

• Encode probability for candidate in background region to 
be reconstructed in signal region 

• Obtain prediction for shape and amount of residual 
backgrounds! 

• Validated using  decays in  data

h → e

e+
faile

−
pass, e+

passe−
fail, and e+

faile
−
fail

Th(pT, η, L0e)

D → Kπ B0
s → ϕe+e−

0.00 0.25 0.50 0.75 1.00
ProbNN(e)

0

2

4

6

8

10

12

D
L
L
(e

)

Pion calibration sample

0.00 0.25 0.50 0.75 1.00
ProbNN(e)

0

2

4

6

8

10

12

D
L
L
(e

)

Kaon calibration sample

3.0 3.5 4.0 4.5
log10(p

track
T /(1 MeV/c2))

0.0

0.1

0.2

0.3

0.4

0.5

0.6

T
ra

ns
fe

r
fu

nc
ti

on

LHCb
1.7 fb-1

Pions

Kaons

2 3 4 5
¥

0.0

0.1

0.2

0.3

0.4

0.5

0.6

T
ra

ns
fe

r
fu

nc
ti

on

LHCb
1.7 fb-1

Pions

Kaons

1

100

104

1

100

104

[PRD 108 (2023) 3, 032002]

0.00 0.25 0.50 0.75 1.00
ProbNN(e)

0

2

4

6

8

10

12

D
L
L
(e

)

Pion calibration sample

0.00 0.25 0.50 0.75 1.00
ProbNN(e)

0

2

4

6

8

10

12

D
L
L
(e

)

Kaon calibration sample

3.0 3.5 4.0 4.5
log10(p

track
T /(1 MeV/c2))

0.0

0.1

0.2

0.3

0.4

0.5

0.6

T
ra

ns
fe

r
fu

nc
ti

on

LHCb
1.7 fb-1

Pions

Kaons

2 3 4 5
¥

0.0

0.1

0.2

0.3

0.4

0.5

0.6

T
ra

ns
fe

r
fu

nc
ti

on

LHCb
1.7 fb-1

Pions

Kaons

1

100

104

1

100

104

[PRD 108 (2023) 3, 032002]

https://inspirehep.net/literature/2684465
https://inspirehep.net/literature/2684465
https://inspirehep.net/literature/2684465


Sebastian Schmitt

Photo: S. Schmitt

ELECTRON FITS: MISID BACKGROUND
• Wider mass range due to compromised resolution, pronounced tails  

• Hadron to electron mis-identification plays a role
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• Wider mass range due to compromised resolution, pronounced tails  

• Leakage from  with missed bremsstrahlung B0
s → ϕJ/ψ( → e+e−) γ
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ELECTRON FITS: LEAKAGE BACKGROUND
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ELECTRON FITS: LEAKAGE BACKGROUND
• Wider mass range due to compromised resolution, pronounced tails  

• Leakage from  with missed bremsstrahlung B0
s → ϕJ/ψ( → e+e−) γ
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MASS FITS TO LOW AND CENTRAL : ELECTRONSq2

• Relatively clean signal inspite of challenges 

•  only relevant for central-  (right)B0
s → ϕJ/ψ q2
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MASS FITS TO LOW AND CENTRAL : ELECTRONSq2

• Relatively clean signal inspite of challenges 

•  only relevant for central-  (right)B0
s → ϕJ/ψ q2
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• Phase-space limited due to selection 

• Morphs distributions at high-q2

CHALLENGES AT HIGH- : COMBINATORIALq2
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CHALLENGES AT HIGH- : COMBINATORIALq2
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• Phase-space limited due to selection 

• Morphs distributions at high-q2
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CHALLENGES AT HIGH- : COMBINATORIALq2
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CHALLENGES AT HIGH- : COMBINATORIALq2
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• Phase-space limited due to selection 

• Morphs distributions at high-  

• Missing part of phase space modelled  
using “acceptance” function 

• Data driven estimation of missing  
phase space at high-  

• Validated using same-sign data 

• Extensive systematic variations  
explored
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MASS FIT TO HIGH : MUONSq2
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FROM MUON FITS TO ELECTRON FITS
• Deteriorated mass resolution and roll-over combinatorial
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FROM MUON FITS TO ELECTRON FITS
• Deteriorated mass resolution and roll-over combinatorial 

• Additional background from hadron to electron mis-identification
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FROM MUON FITS TO ELECTRON FITS
• Deteriorated mass resolution and roll-over combinatorial 

• Leakage from  decaysB0
s → ϕψ(2S)
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FROM MUON FITS TO ELECTRON FITS
• Deteriorated mass resolution and roll-over combinatorial 

• Leakage from  decaysB0
s → ϕψ(2S)
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FROM MUON FITS TO ELECTRON FITS
• Deteriorated mass resolution and roll-over combinatorial 

• Leakage from  decays, with wrong bremsstrahlung B0
s → ϕJ/ψ γ
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• Leakage from   
and  

• But not limited to only these!

B0
s → ϕψ(2S)

B0
s → ϕJ/ψ

CHALLENGES AT HIGH- : LEAKAGEq2
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CHALLENGES AT HIGH- : LEAKAGEq2
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• Leakage from   
and  

• But not limited to only these!

B0
s → ϕψ(2S)

B0
s → ϕJ/ψ

5000 5250 5500 5750 6000 6250 6500
m(K+K°e+e°) [MeV/c2]

2.5

5.0

7.5

10.0

12.5

15.0

17.5

q2
[G

eV
2 /

c4 ]

LHCb 9 fb°1

B
0
s
→

ϕχ c1
( →

J/ψγ)

B0
s → ϕJ/ψ

B +
→ ϕK +J/ψ

B 0
s → ϕψ(2S)( → J/ψX)

B0
s → ϕψ(2S)

B0
s → ϕe+e−

B +
→ ϕK +ψ(2S)

B0 → K*0 ψ(2S)

B0 → K*0 J/ψ

Λb → pKJ/ψ

Λb → pKψ(2S)

Casie Holzwarth  
pinterest

[LHCb-PAPER-2024-032] 
preliminary



Sebastian Schmitt

Photo: S. Schmitt

CHALLENGES AT HIGH- : LEAKAGEq2
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• Leakage from   
and  

• But not limited to only these!

B0
s → ϕψ(2S)

B0
s → ϕJ/ψ
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CHALLENGES AT HIGH- : LEAKAGEq2
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• Leakage from   
and  

• But not limited to only these!

B0
s → ϕψ(2S)

B0
s → ϕJ/ψ
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• Leakage from   
and  

• But not limited to only these!

B0
s → ϕψ(2S)

B0
s → ϕJ/ψ

CHALLENGES AT HIGH- : LEAKAGEq2
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MASS FIT TO HIGH- : ELECTRONSq2
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MASS FIT TO HIGH- : ELECTRONSq2
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Leakage backgrounds 
close to the signal region

Signal, Combinatorial, and 
mis ID backgrounds morphed 

by phase space

Signal sits in the 
middle of it

high-q2

Statistical 
significance: 

3.6 σ
[LHCb-PAPER-2024-032] 
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• Uncertainty dominated by statistical component 

• Many systematics will shrink with bigger sample size

SYSTEMATIC UNCERTAINTIES
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RESULTS
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• Measurement is in agreement with  
the SM predictions 
 
 
 
 
 
 

• Presence of local minimum at low-  

• Fully visible in more dimensions 

 Likelihood is non-Gaussian

q2

⇒

R−1
ϕ (low − q2) = 1.57 +0.28

−0.25
± 0.05

R−1
ϕ (central − q2) = 0.91 +0.20

−0.19
± 0.05

R−1
ϕ (high − q2) = 0.85 +0.24

−0.23
± 0.09
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• Measurement is in agreement with  
the SM predictions 
 
 
 
 
 
 

• Presence of local minimum at low-  

• Fully visible in more dimensions 

 Likelihood is non-Gaussian

q2

⇒
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SECONDARY MINIMUM AT LOW-q2

• Local minimum characterised by  
flatter combinatorial
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SECONDARY MINIMUM AT LOW-q2

• Local minimum characterised by  
flatter combinatorial 

• Variations of analysis choices affect  
which minimum is global

81

0.3 0.4 0.5 0.6 0.7 0.8
BDT Cut Value

0.5

1.0

1.5

2.0

R
°

1
¡

(l
ow

-q
2 )

LHCb

Nominal Result
Nominal PID, Varying BDT, Nominal Range
Tight PID, Nominal BDT, Nominal Range
Nominal PID, Nominal BDT, Wider Range

4600 4800 5000 5200 5400 5600 5800 6000
m(K+K°e+e°) [MeV/c2]

0

5

10

15

20

25

C
an

di
da

te
s

/
(4

0.
0

M
eV

/c
2 )

0.1 < q2 < 1.1 GeV2/c4 LHCb Lint = 9 fb°1

Data
Model
Signal
Combinatorial
Semileptonics
MisID

4800 5000 5200 5400 5600 5800 6000
m(K+K°e+e°) [MeV/c2]

0

25

50

75

100

125

C
an

di
da

te
s

/
(4

0.
0

M
eV

/c
2 )

1.1 < q2 < 6.0 GeV2/c4 LHCb Lint = 9 fb°1

Data
Model
Signal
Combinatorial
Semileptonics
MisID
B0

s ! ¡J/√

5000 5250 5500 5750 6000 6250 6500
m(K+K°e+e°) [MeV/c2]

0

5

10

15

20

25

30

C
an

di
da

te
s

/
(5

0.
0

M
eV

/c
2 )

15 < q2 < 19 GeV2/c4 LHCb Lint = 9 fb°1

Data
Model
Signal
Combinatorial
B0

s ! ¡√(2S) (J/√X)
MisID
B0

s ! ¡√(2S)
B0

s ! ¡J/√

4800 5000 5200 5400 5600 5800 6000
m(K+K°e+e°) [MeV/c2]

0

500

1000

1500
C

an
di

da
te

s
/

(1
0.

0
M

eV
/c

2 )
J/√ LHCb Lint = 9 fb°1

Data
Model
Signal
Combinatorial
§b ! pKJ/√
B0 ! K§0J/√
B0 ! ¡J/√

Global Minimum

[LHCb-PAPER-2024-032] 
preliminary

[LHCb-PAPER-2024-032] 
preliminary



Sebastian Schmitt

Photo: S. Schmitt

BRANCHING FRACTIONS 

• Branching fraction extracted  
from  measurement 

•  agrees with  
the SM and the measured 

 

• Low-  slightly above the  
 measurement 

• Deviation in central-  similar 
for both modes

R−1
ϕ

ℬ(B0
s → ϕe+e−)

ℬ(B0
s → ϕμ+μ−)

q2

ℬ(B0
s → ϕμ+μ−)

q2
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BRANCHING FRACTIONS 

• Branching fraction extracted  
from  measurement 

•  agrees with  
the SM and the measured 

 

• Low-  slightly above the  
 measurement 

• Deviation in central-  similar 
for both modes
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CONCLUSION
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±1 σ

±2 σ

±2 σ

±1 σ

±2 σ

±1 σ

• A lot of firsts! 

• First LFU test at high-  for LHCb   

• First LFU test in  decays  

• First observation of   

• Most precise LFU test at high-  

• Results are in good agreement  
with the SM 

q2

B0
s

B0
s → ϕe+e−

q2

https://doi.org/10.1140/epjc/s10052-016-4274-7
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2024 (6.8 TeV): 8.38/fb
2023 (6.8 TeV): 0.37/fb
2022 (6.8 TeV): 0.82/fb
2018 (6.5 TeV): 2.19/fb
2017 (6.5 TeV): 1.71/fb
2016 (6.5 TeV): 1.67/fb
2015 (6.5 TeV): 0.33/fb
2012 (4.0 TeV): 2.08/fb
2011 (3.5 TeV): 1.11/fb

OUTLOOK
•  transitions are powerful probes of the SM 

• LFU tests are the most precisely predictable observables 

• Data favour flavour universality in , , and  decays 

• With Run 3 and 4 LHCb will increase the number of  
recorded  decays by a factor of about 5  

• Removal of L0-trigger drastic improvement for electrons! 

• Unprecedented precision for flavour observables 

• Systematic uncertainties for  will reduce with data sample size 

• Upgrade II aims to collect   increase of factor  compared to Run 3 and 4! 

• Tensions in the branching fractions and angular observables remain but seem to be lepton 
flavour universal

b → sℓℓ

B+ B0 B0
s

B0
s

Rϕ

ℒint ≈ 300 fb−1 ⇒ ∼ 6

85
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• Inclusively suppress over reconstructed  using multivariate classifier 

• Leverage ratio of bremsstrahlung momentum to electron momentum 

• Momentum asymmetries and isolation of the tracks

γ

OVER RECONSTRUCTED BREMSSTRAHLUNG
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BREMSSTRAHLUNG AND SHAPES
• Different bremsstrahlung categories: 

• Brem-0: 0 clusters added 
• Brem-1: 1 cluster added 
• Brem-2: 2 or more clusters added
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[JHEP 08 (2017) 055]

Shape from 
superposition 
of individual 

brem-
categories

https://arxiv.org/abs/1705.05802
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EXTENDED MASS RANGE FIT

• Demonstrate knowledge of  
full spectrum down to low 

 masses 

• Considered all contributions 
when asserting leakage  
for high-

K+K−ℓ+ℓ−

q2
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SIMULATION CALIBRATION GEN + RECO
• Calibrated using  decays, similar procedure as [PRD 108 (2023) 3, 032002] 

• Calibrated with BDT reweighter, background subtraction performed using eighting

B0
s → ϕJ/ψ

sW
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[PRD 108 (2023) 3, 032002][PRD 108 (2023) 3, 032002]

https://inspirehep.net/literature/2684465
https://inspirehep.net/literature/2684465
https://inspirehep.net/literature/2684465
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DILEPTON MASS CALIBRATION
• Extracted from fits to  data and simulation 

• Determine width scale  and mean shift  to compute corrected mass 

•

B0
s → ϕJ/ψ( → e+e−)

sσ Δμ

mcorr. = mtrue
pre FSR+sσ(msim. − mtrue

pre FSR)+Δμ+(1−sσ)(μsim. − mpdg
J/ψ )
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[PRD 108 (2023) 3, 032002]

σdataσsim.

sσ =
σdata

σsim.

μsim. μdata

Δμ = μdata − μsim.

Depending on 
number of 

bremsstrahlung  
associated with 

candidate 

γ

https://inspirehep.net/literature/2684465
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MISIDENTIFIED ELECTRON BACKGROUNDS
• Strategy follows  

[PRD 108 (2023) 3, 032002] 

• Calibration sample with 
 decays 

• High purity and sample size  

• Transfer function:   
in bins of , , L0-trigger decision 

• Validated using  decays 
in  data 

• Can be isolated when removing 
selection requirements

D*− → D0( → K+π−)π−

Pass
Fail

pT η

D → Kπ
B0

s → ϕe+e−
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