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PID calibration at LHCb

* Simulating PID is difficult

* Sensitive to alignments, conditions and decay kinematics

* Require precise reconstruction efficiencies - e.g. charge
asymmetries

* Use data samples to determine efficiencies Particle A*?TZ:[;—
* Largeyields K/m | D** = D°(— K-« t)n+
* High purity T Jfo = ptp~
* Easy to reconstruct without using PID € BT = J/Y(— eTeT)KT
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Efficiencies

* Efficiencies in the calibration samples calculated using per-event
signal weights (sWeights) determined through fits

Ngi4(after PID selection)  };s;
N4 (before PID selection) B 2. S
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Efficiencies

* Efficiencies in the calibration samples are determined using per-event signal
weights (sWeights) determined through fits

Ng; 4 (after PID selection)  };s;
Ng; 4 (before PID selection) B 2. S

€E =

* An analyst’s sample will be kinematically different from the
calibration sample

Efficiency in calibration sample
User-defined kinematic binning —_ /
(typically p, n, occupancy) W
s 2. €iw;C;
Y - w;C;
| A Al | v\

Calibration sampleyield

* Performed using PIDCalib2 pagm@\

Kinematic weight


https://gitlab.cern.ch/lhcb-rta/pidcalib2

Example fits: A - pmr™

* Fitin regions of proton (p, pt) to determine more accurate sWeights
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Example fits;: D*t - D°(-» K nH)rn™

* 2D fit to account for background from real D decays with random
companion pion

* Small multibody background is work in progress
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2018 vs now
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2024 performance
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Charge studies

Proton fits split by charge so can study asymmetries

Efficiency

0.85%

Cross check: opposite charge &
opposite magnet polarity

Efficiencies stable across blocks for
tracks on each half of the detector
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Secondary proton sample: inclusive AT - pK~ ™

1. Reduced coverage of high momentum protons in the A° sample
(lower than Run 2)

2. ProbNN variables trained on properties of heavy flavour decays
so efficiencies from AY sample can be biased
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Purity problem

Candidates / 15 MeV/c?

Purity in the A} sample is low
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Normalised candidates

BDT training and response

* Trained on truth matched MC for signal (~4K events) and mass sideband
(M<2225 or m>2345 MeV/c?) in 2024 data for bkg

* Using 5 discriminating variables with good agreement between
sweighted data and MC, and are not correlated with DLLp
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Candidates / 15 MeV/c?

Performance on data

* Retains ~60% signal and removes ~85% background

* Efficiencies compared with/without BDT requirement agree —

no bias
175000 -
150000 -
125000 -
1099997 ) Heb preliminary
75000 4 2024 data
soooo 4 P(signal) > 70%
25000 -
o7 ' ' ' ' T T
2220 2240 2260 2280 2300 2320 2340

m(pKm) [MeV/c?]

LHCb UK 2025

¢

W+ Total error

Stat. error

0

20000 40000 60000 80000 100000 120000 140000

Momentum [MeV/c]

14




Summary

* PID performance is as expected

* Progression with PID calibration with 2024 data is good
» Multibody background in the D™* sample
* Electron sample
 Secondary proton sample

* ProbNN efficiency studies to be done

* Other PID work
* Muons - Michele Atzeni
 Flectrons — Pol Vidrier
* Downstream protons -Ying Liu
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https://indico.cern.ch/event/1475162/contributions/6253489/attachments/2976359/5239480/WP4-PIDCalib-281124-forMR-PIDCalib2-final.pdf
https://indico.cern.ch/event/1475162/contributions/6248523/attachments/2976346/5239662/WP4_IDvsMisID_Electrons_2024.pdf
https://indico.cern.ch/event/1475156/contributions/6231832/attachments/2967311/5221066/PID%20report.pdf
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