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LHCb

LHCb detector

structure in yz plane,

operational for Run1

and Run2

• Single-arm forward 
spectrometer

• 2 < η < 5

• Designed for the study of 
particles containing b or c 
quarks

https://arxiv.org/abs/2212.12574
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Introduction 

Motivation

•                      not yet observed

• Background in CKM     angle measurement using 

                         decays

• Hadronic decay probing amplitude of           
transition

● Only first order diagram

•

●               Decay constant

●                Form factor

●                Non-factorisable effects, due to 
QCD interactions between Ds  meson and a 
proton

• Similar to                      decay [Eur. Phys. J. C 81, 314 (2021)]

https://arxiv.org/abs/2212.12574
https://doi.org/10.1140/epjc/s10052-020-08790-2
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• Normalisation channel:                        
• Topologically similar and high statistics decay

•

• Yields  Invariant mass fits⇒

• Efficiencies  Calculate using MC corrected by data⇒

• Branching fractions  PDG⇒

Method of branching fraction determination

https://arxiv.org/abs/2212.12574
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• Full Run 2 data-set (6 fb-1) collected by the LHCb detector

• Preselection of tracks with high transverse momentum

• Good-quality of b-hadron and c-hadron vertices

• Combinatorial background suppressed by BDTG (Gradient-Boosted Decision Tree).              
Use of geometrical and kinematic variables like transverse momentum, vertex fit ꭕ2 and 
flight distance

• Explicit vetoes of cross-feed backgrounds

• Particle identification (PID) of the final state particles

Event selection

https://arxiv.org/abs/2212.12574
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Selection - particle identification

https://arxiv.org/abs/2212.12574
https://arxiv.org/abs/2212.12574


817th January 2023 Maciej Giza | First observation and branching fraction measurement of the                   decay [arXiv:2212.12574]

Selection efficiencies – intermediate results

A breakdown of the relative efficiency ratios of the                        and                      decays, 
calculated after applying the preceding requirements.

https://arxiv.org/abs/2212.12574
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Invariant mass fits

https://arxiv.org/abs/2212.12574
https://arxiv.org/abs/2212.12574
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Control samples

• Use control samples to constrain misidentified backgrounds in signal sample

https://arxiv.org/abs/2212.12574
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Main components: 
•                      signal

• Combinatorial background

• Partially reconstructed background 

• Misidentified backgrounds
●              -like                                

–

–

–

–

Fit to                   candidates

                      

https://arxiv.org/abs/2212.12574
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Fit to                   candidates -           sample

Misidentified backgrounds:              -like 
• Data-driven strategy

• Very clean, high statistic mode

• Same selection except companion PID cut

• Obtained yields of:
●  
●

●

●

under the                        hypothesis

                      

 -like components                      

https://arxiv.org/abs/2212.12574
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Fit to                   candidates - result
•                     = 831 ± 32

• Crystal clear discovery

https://arxiv.org/abs/2212.12574
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Main components: 
•                          signal

• Combinatorial background

• Partially reconstructed backgrounds
●                         and 

• Misidentified backgrounds
●                            and                           yields obtained in a data-driven way 
●                            yield calculated using corresponding branching fractions and efficiencies

Normalisation channel: fit to                   candidates

https://arxiv.org/abs/2212.12574
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Fit to                   candidates - result • Many signal events!

•                    = 404 700 ± 700

https://arxiv.org/abs/2212.12574
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Systematic uncertainties

https://arxiv.org/abs/2212.12574
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Branching fraction result

https://arxiv.org/abs/2212.12574
https://arxiv.org/abs/2212.12574
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•

• Yields  Invariant mass fits⇒

• Efficiencies  Calculate using MC corrected by data⇒

• Branching fractions  PDG⇒

Reminder (Obtaining the branching fraction)

https://arxiv.org/abs/2212.12574
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Results
Inputs for the branching fraction measurement

•

•

• World’s first measurement of this branching fraction

https://arxiv.org/abs/2212.12574
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Thank you for your attention!

https://arxiv.org/abs/2212.12574
https://arxiv.org/abs/2212.12574


home.cern
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Backup

https://arxiv.org/abs/2212.12574
https://arxiv.org/abs/2212.12574
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Previous limit for                    branching fraction:

https://arxiv.org/abs/2212.12574
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                   signal: 
• Sum of a double-sided Hypatia and a Johnson SU distribution

Fit to                   candidates

Partially reconstructed background                        : 
• Used the sum of a                               and a                             function

Combinatorial background: 
• Not exponential

● Due to changed mass hypothesis of companion

• Described by                          :

 

• Exponential used for determination of systematic uncertainty

https://arxiv.org/abs/2212.12574
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Johnson SU function:

https://arxiv.org/abs/2212.12574
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Double-sided Hypatia:

https://arxiv.org/abs/2212.12574
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HORNSdini and HILLdini:

https://arxiv.org/abs/2212.12574
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