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Track Reconstruction Efficiency at LHCb

m precise measurement of efficiencies
essential for e.g. branching fractions

m measure efficiencies of different tracking // SdeVies o, HCAL
sub-detectors: Mognet  sar RICH?

m relevant in Run 2: Velo, T, IT, OT /

m relevant in Run 3: Velo, UT, SciFi

m produce calibration tables independent
from Stripping lines e

m efficiency only for tracks having enough
hits in muon stations

upgrade

Rowina Caspary Track Reconstruction Efficiency studies for Run 3



tag-and-probe method

m use tag-and-probe method with displaced J/i0 — pp from b — Jip X
m fully reconstructed tag muon + partially reconstructed probe muon

m try matching probe muon to a fully reconstructed long track

MUON

Tag-track

——————————————————————————— Probe-track

o NJ/w yield with probe matched to long
€ Track Reconstruction Efficiency — N ( 1)
J/yp yield with probe and tag
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Trigger lines

(see MR!967):
@ Downstream method (Run 2: Velo method): probe reconstructed from UT, SciFi and Muon hits

MUON
Scifi
IT] Tag-track
- -“ —————————————————— #-¢ o-¢ - - Probe-track

(Downstream track)
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https://gitlab.cern.ch/lhcb/Moore/-/merge_requests/967

Trigger lines

(see MR!967):
@ Downstream method (Run 2: Velo method): probe reconstructed from UT, SciFi and Muon hits
@ VeloMuon method (Run 2: T station method): probe reconstructed from Velo and Muon hits

MUON

Tag-track

e-o oo -- Probe-track
(VeloMuon track)
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https://gitlab.cern.ch/lhcb/Moore/-/merge_requests/967

Trigger lines

(see MR!967):
@ Downstream method (Run 2: Velo method): probe reconstructed from UT, SciFi and Muon hits
@ VeloMuon method (Run 2: T station method): probe reconstructed from Velo and Muon hits
@ MuonUT method (Run 2: Long method): probe reconstructed from UT and Muon hits

MUON

Tag-track

®-¢%-¢ -- Probe-track
(MuonUT track)
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https://gitlab.cern.ch/lhcb/Moore/-/merge_requests/967

Trigger lines

(see MR!967):

@ Downstream method (Run 2: Velo method): probe reconstructed from UT, SciFi and Muon hits
@ VeloMuon method (Run 2: T station method): probe reconstructed from Velo and Muon hits
@ MuonUT method (Run 2: Long method): probe reconstructed from UT and Muon hits

Run2: Velo and T station methods combined —weighted average with Long method to determine and
reduce systematics

MUON

Tag-track

- -¢ -- Probe-track
(MuonUT track)
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https://gitlab.cern.ch/lhcb/Moore/-/merge_requests/967

Trigger lines

what to do without UT (see MR!1236):

@ SeedMuon method: probe reconstructed from SciFi and Muon hits—for probing Velo

MUON

Tag-track

Probe track (VeloMuon line)

Rowina Caspary Track Reconstruction Efficiency studies for Run 3 5/14


https://gitlab.cern.ch/lhcb/Moore/-/merge_requests/1236

Yield extraction

m plot J/i invariant mass distribution from Bs — J/i () signal Monte Carlo of:
m matched candidates (probe matched to a long track)
m not matched candidates (probe not matched to a long track)

m simultaneous fit to both (Double Gaussian/Double Crystal Ball (S) 4+ Exponential (B))

probe matched to long track probe not matched to long track
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Invariant mass distribution of the

B - J(up)e ~ B, - JP(up)p
LHCb very preliminary —— Total PDF ' S LHCb very preliminary Total PDF
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m all J/Y passing the cuts plotted
m use Double Crystal Ball or Double Gaussian for signal shape
m Exponential distribution for background shape
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Invariant mass distribution of the minimum bias sample

minimum bias sample
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m clear peak for VeloMuon line — SciFi can be probed without problems

m SeedMuon line needs bigger minimum bias sample to make definite statement

Rowina Caspary

Track Reconstruction Efficiency studies for Run 3




TrackCalib2 status

m Same logic as previous TrackCalib - -
- . - . g Bkl W, i,
version, application is able to perform 3 u /-

. — i —
different tasks: | -

m prepare: skim tuples and store trees
with standard naming

m fit: perform fit in bins of kinematics and
multiplicity for efficiency determination

m plot: prepare final plots with MC
corrections and efficiency comparison

a) Year of data-taking (

m the new code is independent from RoOOT
(root files still used for tuple storage)

ional: the binning arl>: [bin list 1];<var2

m latest version of the code is here for a ULt List of araumente, do: ‘oython trackeatibioy bt

m code under developement, functionality
testing & improvements in progress with
old datasets

optional arguments

-h, —-help show this help messa
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https://gitlab.cern.ch/farchill/trackcalib2

MUON

VeloMuon method - use VeloMuon track as probe

run over By — J/ib (up)ed MC sample
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m plots produced with TrackCalib2
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SeedMuon method status

SeedMuon method - use SeedMuon track as probe "
run over B; — JAip () MC sample < :7
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m plots produced with TrackCalib2
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Track Reconstruction Efficiency tables

Track Reconstruction Efficiency tables (not calibration tables) for current B — J/i) (pp)¢p MC sample
(178705 events ~ 1.34pb ™)

VeloMuon method LHCb preliminary SeedMuon method ~ LHCb preliminary
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m plots produced with TrackCalib2
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Estimated uncertainty

rough estimation of expected uncertainty on efficiency @100 pb™* based on upgrade signal MC:

VeloMuon | SeedMuon
worst bin 0.145% 0.078%
best bin 0.020% 0.012%

Table: Statistical uncertainty on Track Reconstruction Efficiency (without background)

efficiency of a long track to be reconstructed if it left hits in the muon stations

Track Reconstruction Efficiency not limited by statistics according to signal MC sample

size of minbias sample limits study of background level

additional consideration necessary for hadronic interactions

does not account for geometrical acceptance, selection efficiency, material and physics effects
for more information, see TrackCalib twiki

calibration tables of data/MC ratio will be provided
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https://twiki.cern.ch/twiki/bin/view/LHCb/TrackCalib

Summary & Outlook

m Done

all trigger lines for Track Reconstruction efficiency implemented (Downstream, VeloMuon, MuonUT)
trigger lines in place for Run without UT (VeloMuon, SeedMuon)

bigger minimum bias sample needed

uncertainty hopefully not limited by statistics (if yield can be extracted)

TrackCalib2 tool generally ready

TrackCalib2 provides calibration tables in bins of kinematics and multiplicity for all Runs

m In Progress

refactoring of TrackCalib2 code without ROOT still under development
implementation of transition between Moore and TrackCalib2 tool

m Next Steps

adapt calculations for run with partial Velo and possibly not fully closed SciFi
implement online monitoring
hadronic & material interactions to study for systematics with regard to MC/data differences
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Invariant mass distribution of the signal

(note different mass ranges!)

- By J/W(uu)K ‘ - By - J/W(uu)K ‘
:60000} LHCb very preliminary’ ——— Total PDF 23500 - LHCb very preliminary ——— Total PDF
= E Downstream line —— Gaussian = MuonUT line — Gaussian
250000 —— Gaussian %300" —— Gaussian
g F — & 22500 — e
{40000 Nsig=582171+ 1855 o Nsig=433656 + 1608
E Nbkg=216101+ 603 2000 Nbkg=85150 + 419
30000 11=3096.62+ 0.02 1=3096.81+ 0.08
E 0=12.53+0.03 1500 0=43.59+0.11
20000 0,=30.00+0.02 0,=100.00+0.17
E XéIndf = 20.79 1000 Xéindf = 8.35
10000
05950 3000 3050 3100 3150 3200 3250 2700 2800 2900 3000 3100 3200 3300 3400 3500
M, [MeVic?] M, [MeV/c?]
_ By - P ~ By - /P
=1 E LHCbD very preliminary Total POFE . E) LHCb very preliminary —— TomlPDF
< 3000 VeloMuon line —— Gaussian < 500 SeedMuon line —— DoubleCB
2 E —— Gaussian 2 — B
§ 2500 - Ex 5 Nslg—:53896 +299
g E P 2 4000 Nbkg=4844 + 201
u E Nsig=42194 + 971 w 1=3098.1% 0.2
2000~ Nbkg=2534 + 97 3000 width=20.2 + 0.35
E 1=3095.25 + 0.30 07075+
1500E 0=43.99+ 0.64 ne20L000
1000 0,=102.87 + 2.56 2000 n’=2.0+ 0.00
E xoindf = 2.59 Xindf = 1.74
500 1000

RGO 2700 2800 2900 3000 3100 3200 3300 3400 3500 3600 00 2700 2800 2900 3000 3100 3200 3300 3400 3500 3600
M, [MeVic?] M, [Mev/c?]

Rowina Caspar Track Reconstruction Efficiency studies for




Invariant mass distribution of the minimum bias sample

(note different mass ranges!)

minimum bias sample
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