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Muon reconstruction at the ATLAS detector

= Combined muons (combine Inner
Detector (ID) and Muon
Spectrometer (MS) measurements)

Combined Muon

Muon Spectrometer

— Standard method used in ATLAS

= Standalone muons: MS only (at

high 7, near to the beam axis)

......... = Calo-Tagged muons: ID tracks

with additional small energy

..... deposits in the calorimeter
; @n~0)

|
FoRagEE A = Segment-Tagged muons: ID tracks

combined with single segments of
the MS (at low energies)
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Motivation: How well does the reconstruction work?

= All precision measurements of
processes with muons in the

CERN-PH-EP-2015-275

10%¢ T e B
final state require the knowledge E . ATLAS V=8 TeV, 203 fb*
of the muon reconstruction 3 10°g P 20ce <24 Hy-channel
. c [ eDaa Oz - uu
effICIency I.%’ e .vv - Hplee .WW Wz, 72z
E Emultijet Bw - 1v
= Tune agreement between [ Bz- Wi+ Single top
measured data and MC
simulation by applying 3
corrections to the MC -
— Muon efficiency € especially 35
. . . 10
important for multi-lepton final
states (e.g. integrated Z-boson 102
. 60 80 100 120 140
cross section measurement, m, [GeV]

where Nevents ~ 62)
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How to measure the muon reconstruction efficiency?
Example - Reconstruction efficiency for muons in the MS:

Probe Muod - = Use dimuon resonances where
> 40 Doy | one muon is called Tag, the other
one Probe

= MS efficiency is the probability
that a Probe track measured in
the ID is also reconstructed as a
muon by the MS

— Count number of ID tracks as
Probes

— Try to match reconstructed MS
CERN-OPEN-2008-020 muons to all the ID Probes

Select Z-decay by requiring . __ Nmaiched Probes
81 < myp < 101 GeV and Adgp > 2 — | Hficiency e = =
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First public ATLAS run 2 results

Dimuon mass resonances are the standard candle for Tag&Probe
measurements

v

o
>

ATLAS Preliminary
=13 TerLd( ~6.6pb"

Events/GeV

0°E 3 le. Z — ppand J/v — pp
F S i events profit from clear
)4 — .
10 signature and good
i 7] background suppression
10° E!
102? 3 https://atlas.web.cern.ch/
E E Atlas/GROUPS/PHYSICS/PLOTS/
oL i MUON-2015-001/
E | T
10 10°
m,, [GeV]
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Tag&Probe pairs after Z — i selection

Invariant mass Transverse momentum of probe muon
[ T T T T T T T T T T > 2200E57] T T T T T T T
1] @ E-ATLAS Work in progress —o- o () EATLAS Work in progress _o— -
2 10 og Data Wz o9 Data Wz-pp
8 E Vs=13TeV,3.21b O 2000=-{s=13TeV, 3.21h
E 107 CaloTag Probes -?CD (D) WZ-tt o 180 aloTag Probes -?CD ©p)  Wz-t
106 Prediction normalized to data t S 160 rediction normalized to data tt
10 < 140
ﬁ 120
100
2 “go
60
401
200
= = 1
0 I %) 1.1
8 . —o—o—o—o—g -0 3 B R
I jing S ey e kS 1
0.9 0.9
82 84 86 88 90 92 94 96 98 100 10 20 30 40 50 60 70 80 90 100 110
m, [GeV] P, [GeV]

~ 2.9 x 10% Tag&Probe pairs selected — Large signal to background ratio

Data-driven (DD) QCD background estimate with same-charge muon events,
irreducible backgrounds (tf, Z — 77) are taken from MC simulation
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J/v — ppand Z — 0 systematics evaluation

T —
Medium muons 7

TTTT

A‘TLAS‘W‘ork in progress
[ V/s=13TeV, 320"

" ness
Ttagmnunese

10%E s
F o J-pu Z-up E
o Truth closure Truth closure .
10 E gi?;(;kaglround Background E
E ...... Statistics (MC) —— Stattistics (MC) 3
10 ------ Statistics Statistics
E ereees Total Total
B

11 HMH 1 HHMH

Relative Systematic Uncertainty (%)

HWW T T:HHW

6 7 8910 20 30 40 5060 102

— Very small systematic uncertainties (< 1%-level)
J/z/; — w0 measurement more precise for probe muon pr < 20 GeV
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Z — ptu reconstruction efficiencies vs. n
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Loose muons increase reconstruction efficiencies in 77 ~ 0 region
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Z — 1~ reconstruction efficiencies for Medium muons

ATLAS Work in progress Medium muons

{s=13TeV, 3.2 fb?
So4 | 594 J996] 080 [691] bo6 [995[oda] dod 8.3 [9dafoga 588 100 'O\?'
903 | 992 [09.7 | e0.4 |w.3 985 |99.3[00.1 0.4 99.1 [90.1[003 98.0 —
985 | 085 [902] 093 [093] 995 [99.6[005| 98.1 973 [99.7[99.4] 995 977 5
99.5 99.2 [99.4|99.2 |98.7| 98.9 |99.4(99.1| 99.3 99.1 [99.2]99.1| 985 |99.0 99.0 80 g
594 | 989 974 99.4 [993[0056| 005 995 |99.7[99.6] 005 [992] 99 i)
993 | 99.3 [09.4| 991 [95.7 983 [99.2]98.1| 900 992 [00:3]002[ 084 |00 993 =
988 | 990 [996] 096 [983] 986 [985[985] 986 986 [99.3[99.1] 99.4 [094] 2| 994 | 60 w
99.4 98.8 |199.5|99.5 (99.2]| 98.5 [99.2(99.0 | 98.9 99.3 (98.999.0( 98.2 |99.2 99.3 s
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99.4 99.3 199.6 | 99.4 (99.1| 98.8 [99.2(99.2 | 99.4 99.3 [99.5/99.2 98.5 |99.0 99.4 40
995 | 993 [99.8] 093 [982] 995 [99.4]995] 995 995 994|995 [ 550 |
99.5 99.1 |99.4| 99.1 |98.8| 98.6 |94.0(98.8 | 97.8 97.6 |98.6 99.2
994 | 992 [9956] 095 [092] 99.4 [98.7 005 | 993 993 9959955 [so2 | 20
995 | 992 (996|993 [989 986 [97.4|99.1| 077 97.7 [oo[on1[ o84 oas 9.1

7] 990 | 990 993 [08.4 990 |99.0[08.8| 989 9.3 |98.4985] 99.0 [985 991
Ef 986 [99.2]990| 993 992 [092[99.4 99.o||%9.3 900 | o 0
—32.5 -1 -05 0 0.5 1 15 2 2.5

n
— Notice smaller ¢-dependant reconstruction efficiencies for
Medium muons in 1 ~ 0 region due to missing MS coverage
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Z — i reconstruction scale factors for Medium muons

- . Data efficiency
Efficiency scale factor := MC olTicieney

ATLAS Work in progress Medium muons

fs=13TeV,3.2fb*
110

5
o
s
3
553
fa
15 25
n
— Investigated and understood origin of local inefficiencies
Close collaboration and feedback for detector operation
10/12
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Combined J/v — pp and Z — 10 measurement

Muon reconstruction efficiency as a function of pr for 0.1 < |n| < 2.5
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Efficiency

Data / MC
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— Very good agreement of J/1) — i and Z — puju results
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Summary

Tag&Probe measurement of muon reconstruction efficiencies in ATLAS

= Muon reconstruction efficiencies around 99%
= Tiny systematic uncertainties (< 1%)
= Very high granularity of measurement in 7-¢

= Very good agreement of J /1 — i and Z — pupu results
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Summary

Tag&Probe measurement of muon reconstruction efficiencies in ATLAS

= Muon reconstruction efficiencies around 99%
= Tiny systematic uncertainties (< 1%)
= Very high granularity of measurement in 7-¢

= Very good agreement of J /1 — i and Z — pupu results

Thanks for your attention!
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Locally resolved Z — pp1 reconstruction inefficiencies

ATLAS Work in progress Medium muons

{s=13Tev,3.2fb*

Misaligned chamber
Misaligned chamber

Misaligned chamber
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Z — pup reconstruction efficiencies for different ATLAS muon Working Points
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PLOTS/MUON-2015-004/index.html
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