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Abstract

We present a measurement of the ATLAS muon reconstruction and triffggemcies
using decay muons from th#y resonance. The measurement is based on the “tag and
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1 Introduction

This note describes a measurement of the muon identificafiimeacy in the first-pass reconstruction
of ATLAS data and the triggerficiency of the ATLAS detector for muons with low transverse mo-
mentum,pr. The dficiencies were determined using the so-called “tag and probe” method atthe
resonance. In this method muon pairs are selected by requiring a watisteotted muon, the “tag”,
and an inner detector (ID) track, the “probe”, consistent with comingfadl/yy — p* = decay. In this
way the “probes” are selected independently of the ATLAS muon specteoifdS) and can be used to
measure theficiency for reconstructing a muon based on the MS. The reconstrudfioieiecy could

be measured with this method uppe = 12 GeV. With additional requirements on the energy deposit
in the calorimeters associated to the probe tracks, the background caelduoed significantly and the
measurement could be extendegio= 20 GeV.

This study was performed with a samplep collisions at+/s = 7 TeV, collected in the period
April-August 2010, corresponding to an integrated luminosity.aff® . The dficiencies presented in
this note are currently used in the measurement od tiigoroduction cross section [1] based on the same
data sample.

A study of the muon ficiency at largempr, exploiting theZ resonance is reported in [2]. Early
results on the performance of the ATLAS muon system have been préseihss.

2 The ATLAS Detector

A detailed description of the ATLAS Detector can be found elsewhereN#jons are independently
measured in the ID and in the MS.

The ID measures tracks up to a pseudorapigity: 2.5 exploiting three types of detectors operated
in a solenoidal magnetic field of 2 T: a silicon pixel detector closest to the ottenapoint, a silicon
strip detector (SCT) surrounding the pixel detector, and a transitionti@uistraw tube tracker (TRT)
as the outermost part of the inner detector.

The MS consists of large air-core superconducting toroidal magnetgidprg a field of approxi-
mately 05 T. The deflection of the muons in the magnetic field is measured by three tfymexcision
drift tube (MDT) chambers foly| < 2.0 and, for 20 < || < 2.7, by two layers of MDT chambers in
combination with cathode strip chambers (CSC) as the inner layer.

Three layers of resistive plate chambers (RPC) in the bdntet (1.05) and three layers of thin gap
chambers (TGC) in the end-capsq8 < |n| < 2.4) provide the muon trigger and also measure the muon
trajectory in the non-bending plane of the spectrometer magnets.

The ATLAS detector has a three-level trigger system: level 1 (L1), [2\ePR), and the Event Filter
(EF). The MS provides a L1 hardware muon trigger which is based omimiciclences within dierent
RPC or TGC detector layers inside programmed geometrical windows wHicke dee muorpy. The L2
and EF muon triggers perform a software validation of the L1 muon trigdegaslditional information
from MDT and CSC chambers and from the ID, applying a furtweselection.

3 Classification of reconstructed muons

Three kinds of reconstructed muons are considered in this note:

e Combined (CB) muons, obtained from the combination of tracks reconstructed indepiinoen
the MS (stand-alone muons) and in the ID;

e Segment tagged (STinuons, obtained from ID tracks that, extrapolated to the MS, are associated
with track segments in the muon chambers.



e Calorimeter tagged (CT) muons, obtained by matching ID tracks with an energy deposition in
the calorimeters compatible with a minimum ionizing particle. These are used in plargacks
to reduce the background in the “tag and probe” method.

CB muons are the highest purity muon candidates. ST muons give additific@nrey as they can
recover muons which did not cross enough precision chambers to allindapendent momentum
measurement in the MS. Typical cases are [gwmuons that only reach the inner layer of precision
chambers or less instrumented detector regions.

Two independent reconstruction chains, each implementing CB and ST marengsed in AT-
LAS [5]: chain 1 (or Staco) and chain 2 (or Muld). This redundankigwas a cross check of the
performances of the reconstruction algorithms and is particularly usefilleirthe first phase of the
LHC operation.

Efficiencies for four categories of reconstructed muons are presented imoth:

e CB, chain 1: CB muons from chain 1 with thg2 of the MS-ID combination lower than 150 for
5 degrees of freedom. In contrast to other studies [2], no cut on ldveemomentum dference
between the ID and the MS tracks was applied,; tifieot of this cut on theficiency was found to
be negligible in the lowpr region studied in this analysis;

e CB + ST, chain 1: all CB muons from chain 1 plus ST muons from chain 1 not associated to a
CB muon from the same reconstruction chain;

e CB, chain 2 all CB muons from chain 2;

e CB + ST, chain 2: all candidates belonging to the previous category plus ST muons noi-assoc
ated to a CB muon from the same reconstruction chain. The algorithm used an#lisis for
chain 2 ST muon finding diers from that used in other studies [2] since it is optimised for muon
identification at lowpr.

4 Monte Carlo samples and expectations

A Monte Carlo (MC) sample of five million prompl/ys events with subsequent decay into muons was
generated with PYTHIA 6.4 [6] using the PYTHIA implementation of the colociebmodel. It was
then passed through a detailed simulation of the ATLAS detector [7] bas€&sEANT4 [8, 9] and
reconstructed with the same reconstruction programs as real data.

The reconstructionficiencies obtained from analysis of the Monte Carlo sample are shown in Fig-
ure 1 as a function opr andn for CB and CB+ST muons from chain 1. The most discernible features
are the areas of loweffeciency at fixedy that result from the crack in the MS atx~ 0 for the passage
of services and from the barrfehd-cap transition region &jf ~ 1.2 where the chamber configuration
and the magnetic field are rather non-uniform. Another clearly visible feattiFigure 1 is that, for
Inl < 2.0, the CB+ST muons start to bdigcient at lowermpr with respect to CB muons since they include
muons reaching only the inner layer of muon chambers in the MSjpFor 2.0 the CB and CBST
efficiency are very similar since cases with only one segment in the CSC chamhimts correspond to
the inner layer of precision chambers in this region, are not consider&Ifmuons. This motivates the
binning used in this note for the reconstructidghaency determination. The data are separated into five
pseudorapidity intervals according to thédient MS regions:
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Figure 1: The muon reconstructioffieiency from Monte Carlo for CB (left) and GEST (right) muons
of the reconstruction chain 1. Thdhieiency is shown as a function gfand py for efficiency values
above 0.5.

Inl < 0.1, then = 0 crack region;
0.1<|g <11, the barrelregion;
11< g < 1.3, the transition region between the barrel and the end-cap;
13 <y <20, theend-cap region;
20<ng <25, the forward region.

5 Selection of Tag and Probe pairs

Events were selected online with a single-muon trigger chain. At level 1 #net®were taken by the
lowest possible L1 trigger threshold, “LMMUQ". At L2 and at the EF, a CB muon was required, with
minimum-pr thresholds of 4, 6 or 10 GeV. As the luminosity increased during the datagtatkia
two lower pr thresholds were prescaled. Approximatively 35% of the integrated luminesity in this
analysis was collected with the lowest unprescaled threshglg of4 GeV, 50% withpr > 6 GeV and
15% with pr > 10 GeV. For the first part of the considered period, corresponding th5% of the
integrated luminosity, the events were selected online using the L1 trigger only.

Good collision events were selected by requiring at least one recaestiuimary vertex with three
or more associated good ID tracks, where a good ID track was defjneaMing:

e > 1 pixel hits;
e > 6 SCT hits;
e for || < 1.9: total number of TRT hits{%, > 5;

o for niSt > 5: fraction of outlier TRT hitsn?/n!%_ < 90%. TRT outliers are measurements

associated to the ID track that either appear in a drift tube not crosse tisack or belong to a
set of TRT measurements that failed to form a smooth trajectory together witlixileaRd SCT
measurements.

A tag muon was defined to have:
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Figure 2: Invariant mass of the unmatched (upper points) and matchest @oints) tag-probe pairs for
CB (filled circles) and CB ST (empty circles) muons of chain 1 fordO< || < 1.1 and 3< pt < 4 GeV.
The curves show the fits described in the text.

e a CB muon associated to a good ID track defined as above;
o pr>4GeV,lnl < 25;

o distance of closest approach to the primary vertex in the transverse|gdare.3 mm and in the
longitudinal coordinatézg| < 1.5 mm. Distance of closest approach significardgigo(dp) < 3

and|zol/o(20) < 3;

e the tag muon is consistent with being the muon that fired the trigger. This welsathey requiring
that the reconstructed muon is consistent with passing through-¢heegion in the MS (the
“region of interest” [4]) corresponding to the trigger muon.

Probes were selected as any good ID track, as defined above, with
e p>3GeV,|n < 2.5;
e the probe and the tag track can be refitted to a common vertex/ititof < 6;
o distance between tag and prabR = +/(A¢)? + (An)? < 3.5.

All possible tag-probe combinations are used in the analysis. The ableatiee results in B x 10°
tag-probe pairs in the invariant mass rangg2m < 3.6 GeV, including 276 cases in which the same
probe enters in two élierent pairs.
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Figure 3: Distribution of probes, after background subtractiomyritfleft) andn (right), for data, MC,
and reweighted MC. Tags were selected using chain 1.

6 Efficiency measurement

To measure the reconstructioftieiency of a particular algorithm, the tag-probe pairs were divided into
two categories, those in which the probe was reconstructed as a muon &gadhiéhm (matched) and
those in which the probe was not reconstructed as muon (unmatchedke Bigiows the invariant mass
distribution for pairs with the probe in the transverse momentum and psudityaegion 3< pr <
4 GeV and (L < |n| < 1.1. The mass distribution is shown separately for probes classified as whatche
and unmatched with respect to CB and to«H chain 1 muons. The distribution of matched probes
shows a clean peak at tli@y mass with low background while the distribution of unmatched probes has
a peak on top of a large background.

The reconstructionficiency was obtained as the the ratio of the number of events in the peak of
the matched distribution to the total number of events in the two mass peaks fitwas performed
simultaneously on the two distributions, with the following parametrizations:

Matched fy(m) = Nite G(M; um, om) + Pum(m)
Unmatched fy(m) = Niot(1-—€)G(mM; uy,ouy)+ Pu(m)

whereG(m; i, o) is a Gaussian distribution with mearand standard deviatiomn, used to describe the
signal peak, andP is a polynomial function used to describe the background. The main paramete
extracted from the fit are the number of tag-probe pairs in the signal [ggaknd the reconstruction
efficiencye. The mean and width of the two Gaussian distributions were forced to be rie aad
second-order polynomials were used for the background.

The MC sample was used to compare tlfeceencies obtained with the method described above to
the true diciency, defined as the probability for a true muon matched to a reconstilicteatk to be
also reconstructed as a CB or €BT muon. The dferences were found to be always smaller than 1%. It
should be noted that this check does not test the background subtqat@dure since the background
is almost absent in th&/ys MC sample.

Figure 3 shows the number of probes after background subtractiofuastan of pt andr for data
and MC. The MC distribution diiers significantly from the data, being more populated at fgvand
large|n|. This difference is ascribed to several origins: the lack of non-prainptproduction in the
MC sample (i.e.J/ws from beauty decays), possible deficiencies of the physics model, diatbgion
caused by the trigger requirements applied on the tag muon in the data butmoMC.



For a precise comparison of thffieiencies calculated in data and MC it is important that the under-
lying probe distributions agree. For this reason the MC tag-probe paiestigeen reweighted according
to the dataMC ratio calculated in small two-dimensional binsqmand pr, using a simple sideband sub-
traction to extract thd/y yield for the data. The probe distributions after reweighting are also sirown
Figure 3.

7 Systematic checks and uncertainties

A number of checks have been performed to study the dependencerebthis on analysis details and
assumptions (the abbreviations in parentheses are used later in Table 1):

1. Signal shapes (s1): the mean and the widths of the two Gaussian fgrictite fit were allowed
to vary independently.

2. Background shape (s2): a linear background function was udéd fit, instead of the quadratic
one, and the fit was performed in a reduced mass rangd ef 25 GeV.

3. Alternative fit (s3): a simultaneous fit to the matched and the total (matelwednatched) distri-
butions, rather than to matched and unmatched, was used to enhancet#lifiy.s

4. Trigger matching: the bias introduced by the trigger was studied by appyitiferent criterion,
based on &R cut, to associate the tag muon to the trigger muon. Hezewas negligible.

5. Other signal extraction methods: to reduce the dependence on thiefahéorm used in the fit,
the dficiency was also calculated using sideband subtraction. The analysitsovasgeated using
the sPlot [10] technique. No significant variation of theotency was observed.

6. Dependence on probe selection: the dependence on the prok®selas tested by reducing
the background by requiring an energy deposit in the calorimeter compuafitlea muon. No
significant variation of thefciency was observed. Further studies with a calorimeter-based probe
selection are presented in Section 10.

7. Dependence on the impact parameter cuts: the dependence on tiwe foh@rompt and non-
promptJ/y in the sample was checked by loosening the cuts on the tkgakdz, in the selection
of the tag muon. No significant variation of thiieiency was observed.

8. Period dependence: the data sample was split in tiferdnt periods; the results were compatible
within the statistical uncertainties.

The maximal positive and negative variations among checks 1 to 3 werelemtbas systematic uncer-
tainties and added in quadrature to the statistical uncertainty to obtain the tptaland lower uncer-
tainties.

The dficiency measured in a given bin pf andn depends on the underlying probe distribution
within that bin. Therefore the measurefli@ency applies only to a sample of muons with the same
pr andn distribution as the probes. In addition to the sources of systematic errcnitohet above, the
uncertainty from the underlying probe distribution was included when cangpthe result with MC (s4).
This uncertainty was evaluated by usin€felient procedures to reweight the MC probe distribution. The
weights applied to the MC were calculated using alternative methods to exealfi/tlsignal (the same
fit used for the #iciency measurement or a simpler sideband subtraction) and ufliegedt binnings in
pr andn. The variations were in general within 2%.
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Figure 4: Hficiency for CB and CBST muons of chain 1 as a function pf for five bins in|p| for
data and MC. The error bars represent the statistical uncertainties wdibaiid around the data points
represents the statistical and systematic uncertainties added in quadrature.



> 1.2——— —————— —— o - 1.2 —————— —— R R
9] [ "ATLAS Prellminary B 9 [ "ATLAS Prellminary B
§ C Ji<o.1 p>3GeV § F 0.1<pni<L.1 p>3GeV
= 1 _ — Qo —
o \s=T7Tev E&.:é: ] § T :
o.BJLdt:?"lp 5 1 0.8 - 2
" r O s=7TeV ]
C r & 1]
0.6 R R 0.6 I Ldt=3.1pb~ ]
L L7, 77 L ]
0.4 ¥z 2 O CB+STMCC 0.4— o s O CB+ST MC Chain 2 1
L s ® CB+ST Data Chain 2 ] L ® CB+ST Data Chain 2 ]
0.2 A CB MC Chain 2 _ 0.2 % A CB MC Chain 2 _
L A CB Data Chain 2 ] L A CB Data Chain 2 ]
Y P Y U IR | o PR N Y N U B
0 2 4 6 8 10 12 0 2 4 6 8 10 12
p, [GeV] p, [GeV]
> 1.2 —— — — T > 1.2 ——T — — ——
o [ "ATLAS Prellminary B o [ "ATLAS Prellminary B
& [ 1l<p<L3 p>3Gev & [ 13<n<20 p>3GeV
gt g
5 T \s=7Tev = g F
o.s}[Ldt:S'l pirt 7,7 ~ s &Y 4 Z
L A ] L ‘?" Ns=7TeV ]
0.6 2 3 06F % ILdt:3.1 pb’l{
0.4 o O CB+ST MC Chain 2 ] 0.4 O CB+ST MC Chain 2 ]
L . A ® CB+ST Data Chain 2 ] L % ® CB+ST Data Chain 2 ]
0.2 /A CB MC Chain 2 _ 0.2 /A CB MC Chain 2 _
L A CB Data Chain 2 ] L & A CB Data Chain 2 ]
7”%-”\”‘\”‘\”‘\”‘71 Coopm 00 vyl
00 4 6 12 0O 2 4 6 8 10 12
p, [GeV] p, [GeV]
= 12— —————— —— —
o [ TATLAS Prellminary B
& [ 20<nK<25 p>3GeV 1
e 1= ot o —
W ; 7 A
08 G // 4
L 3% B
060 4 ILdt:3.1 pb* ]
0.4 '2_’*‘ O CB+ST MC Chain 2 .
L g;* ® CB+ST Data Chain 2 ]
02 "P# A\ CB MC Chain 2 .
L A CB Data Chain 2 ]
ol A& 1 v v |
0 2 4 6 10 12
P, [GeV]

Figure 5: Hficiency for CB and CBST muons of chain 2 as a function pf for five bins in|p| for
data and MC. The error bars represent the statistical uncertainties wdibaiid around the data points
represents the statistical and systematic uncertainties added in quadrature.



8 Reconstruction dficiency with respect to ID tracks

Figure 4 shows theflciency for chain 1 with respect to ID tracks with> 3 GeV as a function of
the probepr for the five bins in|p|. As expected, theficiency for CB+ST muons is larger than for
CB muons at lowpt and in then ranges corresponding to the less instrumented regjghs 0.1 and
1.1 < |5| < 1.3). In the forward region (® < |n| < 2.5) CB and CB-ST have similar fficiencies. The
requirementp > 3 GeV only dfects the two bins witlpr < 3 GeV in the region 4 < || < 1.1 and the
bins withpt < 2 GeV in the region 1 < || < 2.0. The dficiency plateau is reached fpg > 5 GeV for
CB muons andbt > 3.5 GeV for CB+ST muons in the barrel region, while it starts earlier in the end-
caps. In the ranggy| < 0.1 the dficiency is larger foipr in the range 4- 5 GeV than at largepr since
low-pr tracks have more chances to be bent away fronythe crack. In the range.2 < || < 2.0, the
efficiency for CB+ST muons is above 70% fgr > 1 GeV. The simulation describes the data well.
Figure 5 shows thefigciency for chain 2. Also in this case the agreement between data and MC is
very good.
The DatdMC scale factors, defined af.s= egata/ emc, Whereegata andeyc are the measuredie
ciencies for data and MC, are given in Table 1 for the plateau region 6 GeV.

9 Charge dependence

Due to the toroidal magnetic field of the ATLAS MS, muons with positive (negatbharge are bent
towards larger (smaller). This dfect introduces a charge dependence of the muon reconstruction and
trigger dficiencies, which is particularly relevant at very latgg where muons of one charge may be
bent outside the detector geometrical acceptance, and girlomhere muons of one charge may be bent
back before reaching the middle or outer MS stations.

As an illustration, Figure 6 shows the measurfitiency as a function of for CB muons of chain 1.
The charge dependence of tiféa@ency is reversed between the two sides of ATLAS: tiieiency for
positively charged muons is larger fp 0 than forp > 0, since afy < 0 (> 0) they are bent away from
(towards) the beamline, while the opposite holds for negatively chargedsniiberefore, as long as the
ATLAS detector is symmetric with respect#o= 0, the dficiency depends only ogx n, whereq is the
muon charge. Figures 7 (chain 1) and 8 (chain 2) show the reconstrefimency as a function ajxn
for two pr regions: 1< pr < 6 GeV andpt > 6 GeV. In the first region a strong asymmetry between
positive and negativg x n is observed for CB muons. For GEBT muons the asymmetry is lower since
in this case it is dfiicient to find a segment in the inner MS stations, which are located at a position
where the muon trajectory has not yet been significantly bent by the tbroatmetic field. Most of the
asymmetry for CB-ST muons is in the largegij| bin. Theq x n dependence is well reproduced by the
simulation. No significant asymmetry is observed in the higtregion.

10 Reconstruction dficiency with respect to calorimeter-tagged muons

At large pr the uncertainty of the reconstructioffieiency measurement described above is dominated
by the statistical contribution from the background in the unmatched sampkebdadkground can be
significantly suppressed using CT muons as probes instead of ID trébksCT dficiency for muons
from J/y decays is around 90%. The same analysis as described above watedapith the dierence
that the probe was required to be a CT muon. This allows a precise measticdrtiee probability that

a CT muon is also reconstructed as a CB o+SB muon. A cut ofpr > 4 GeV was applied by the
CT muon algorithm, as the background contamination of CT muons incregsely ra lower pt. The
mass distributions for tag-probe pairs with matched and unmatched prabebavn in Figure 9. As
the background is small and linear to a good approximation, a simple sideblaindction was used to



|nlrange| s.f. +stat. +syst. -syst. sl s2 s3 s4
Chainl1| 0.0:0.1| 1.022 0.084 0.025 -0.04P-0.035 0.004 -0.027 +0.024
CB 0.1:1.1] 0973 0.018 0.022 -0.001L 0.009 0.016 0.021 +0.001
1.1:1.30.909 0.050 0.022 -0.00f 0.008 0.021 0.001 +0.007
1.3:2.0| 0951 0.023 0.037 -0.07p-0.075 0.037 -0.025 +0.001
2.0:25/ 0976 0.056 0.040 -0.013-0.012 0.040 0.008 +0.003
Chain1| 0.0:0.1| 0.958 0.155 0.009 -0.019-0.018 0.004 -0.005 +0.008
CB+ST | 0.1:1.1/0.989 0.017 0.015 -0.001L<103 0.015 0.015 +0.001
1.1:1.3|1.024 0.046 0.015 -0.020-0.015 0.007 0.005 +0.013
1.3:2.0|/ 0.970 0.024 0.036 -0.06p-0.065 0.035 -0.023 +0.006
2.0:25] 0976 0.050 0.040 -0.013-0.012 0.040 0.008 +0.003
Chain2| 0.0:0.1| 0.930 0.080 0.059 -0.073-0.042 0.007 -0.034 +0.059
CB 0.1:1.1/0.982 0.018 0.024 -0.002 0.008 0.017 0.024 +0.002
1.1:1.3/0.969 0.049 0.021 -0.020-0.020 0.021 -0.004 +0.001
1.3:2.0|0.962 0.024 0.036 -0.072-0.072 0.036 -0.022 +0.004
2.0:25] 0963 0.053 0.050 -0.029-0.027 0.050 -0.023 +0.008
Chain2| 0.0: 0.1/ 0.922 0.057 0.022 -0.023-0.009 0.004 <10° +0.021
CB+ST | 0.1:1.1]{0.992 0.017 0.012 <103 | <10 0.012 0.012 <1073

1.1:1.3|1.001 0.045 0.007 -0.012-0.011 0.005 0.003 +0.005
1.3:2.0| 0972 0.023 0.028 -0.063-0.063 0.028 -0.027 +0.003
2.0:25] 0996 0.050 0.015 -0.02p-0.012 0.015 -0.020 +0.003

Table 1: DatAMC scale factors fopr > 6 GeV in diferent intervals ofg|. The table shows the scale
factor (s.f.), the statistical uncertainty, the total positive and negativersgtic uncertainties and the
contributions to the systematic uncertainty from individual sources destiibthe text: signal shape
(s1), background shape (s2), alternative fit (s3), and MC rewiag(s4).
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Figure 9: Invariant mass using calorimeter-tagged muons as probesrfatched and matched tag-
probe pairs for CB (filled circles) and GEST (empty circles) muons of chain 1 forl0< || < 1.1 and
pr > 4 GeV.

determine the signal yield using the mass ran§& 2 3.25 GeV for the signal region,.@5 — 2.95 GeV
and 325 - 3.55 GeV for the sidebands. No reweighting of the MC probe distribution wased since
the probe distribution was reasonably described by MC.

The diiciency for CB muons with respect to CT muons is shown in Figures 10 anddlécaampared
to the MC results. The following systematic uncertainties were considered:

1. Signal extraction: the signal region was widened.®-23.3 GeV and the sidebands moved to
25-29and 33-3.7 GeV,;

2. Tag muon selection: the trigger matching criteria andgheut on the tag muon were varied,
producing negligible fects on the ficiency;

3. MC probe distribution: the distribution was reweighted by varying by 33% the weight of muons
in the end-caps, to allow for filerences between data and MC similar to those observed in Figure 3.
The dfect on the plateaufiéciency was< 0.1%.

The dfects of the above variations were added in quadrature to the statisticataimiyeto produce the
total error bars.

At large pr the dficiency reaches a plateau604% (99%) for CB (CB-ST) muons for both chains.
Data and MC agree to within 2%. The d&EC scale factors are given in Table 2 for > 6 GeV
and the full pseudorapidity ranggy < 2.5. These scale factors are in agreement with those for the
efficiencies calculated with respect to ID tracks presented in Table 1. Thagavecale factors obtained
in the analysis of highpr muons fromZ — uu decays [2] are also reported in Table 2, showing good
agreement between the two analyses.
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represent the statistical uncertainties while the band around the data ppirgsants the statistical and
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Algorithm s.f. + stat. +syst.| s.f.@ =+ stat.

chain 1 CB 0.980 0.007 0.005| 0.9806 0.0024
CB+ST | 1.009 0.004 0.003| 0.9990 0.0016

chain 2 CB 0.993 0.007 0.007| 0.9918 0.0020
CB+ST | 1.011 0.003 0.005| 1.0006 0.0015

Table 2: Scale factors (s.f.) for thefieiency with respect to calorimeter-tagged muons for the full
pseudorapidity rangly| < 2.5 andpt > 6 GeV. The last two columns show the scale factors obtained
from the analysis of — uu decays [2].

11 Trigger efficiency

The “tag and probe” method was also used to measure the trifiigermrcy relative to reconstructed
muons. The triggerféciency measurement follows the same approach as the measurement obthe re
struction dficiency, with the main dference being that reconstructed muons are used as a probe. This
study also uses the same sample and triggers used Hiheross section measurement [1]. Two kinds

of trigger dficiencies have been measured:

e ¢(L1|rec) the probability for a reconstructed muon to pass the level 1 trigger;

e ¢(L2&EF|L1 &rec): the probability for a reconstructed muon accepted by the L1 trigger to pass
a particularpr threshold at level 2 and in the Event Filter.

Figure 12 shows(L1 | rec) for the lowest L1 threshold (“LMUQ") with respect to chain 1 muons for the
regions covered by the RP@|(< 1.05) and the TGC (D5 < || < 2.4) trigger chambers. Thefeciency
at plateau fr > 8 GeV) is~ 80% (76%) for CB (CB-ST) muons in the barrel and 95% (93%) in
the end-cap, in agreement with studies based on inclusive muon samgle$ hgllower dficiency in
the barrel region is mainly due to the geometrical acceptance of the triggfensythat have itfigcient
regions corresponding to support structures of the ATLAS detectioe LTL dficiency for CB muons
is higher than for CBST muons, in particular at loyer. This is because the L1 trigger chambers are
placed close to the second layer of MDT chambers in the MS. CB muons etipgite segments in at
least two MDT layers to be reconstructed, are typically made of muons thett the middle stations,
while ST muons, at lowpr, are typically made of muons reaching only the inner MDT stations, therefore
missing the trigger chambers.

The dficiency ¢(L2 & EF|L1 &rec) is shown in Figure 13 for twqr thresholds,pr > 4 GeV
(“EF_mu4”) andpt > 6 GeV (“EF-mu6”). The dficiency above the nominal threshold is 90% or larger.

12 Conclusions

Muons fromJ/y decays have been used to measure the reconstruction and trifijgieneies of the
ATLAS detector for lowpr muons, using a data set corresponding to an integrated luminositipif3.

The reconstructionficiency is well described by the Monte Carlo simulation. Ipgr> 6 GeV
the reconstructionficiency is above 98% and the scale factor, defined as the ratio of data @xd M
efficiencies ranges from 0.98 to 1.01 depending on the particular type afsteaction considered.

The dficiency was also measured for the level 1 trigger and for level 2 and #ientriggers used in
the J/y cross section analysis [1]. The L1 triggdfiegiencies, measured using CB reconstructed tracks,
reach a plateau value of 80% in the barrel and 95% and endcap regipn 08 GeV. The L2 and EF
efficiency, above the appliggl thresholds, is above 90%.
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