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Abstract

The Transition Radiation Tracker (TRT) is the outermostgéd particle tracking device
of the ATLAS Inner Detector. In addition to its tracking céfaies, the TRT provides
discrimination between electrons and pions over the enengge between 1 and 200 GeV
by utilizing transition radiation. The electron identifiican is further improved using the
measurement of the signal length that is sensitive to itioizdoss. The same information
can be used to search for highly ionizing new particles. i tilote, we present the particle
identification performance of the TRT detector during thst firear of collision data-taking
at /s=7 TeV.



1 Introduction

The ATLAS Inner Detector (ID) is composed of three detectan-systems: the silicon-based Pixel
and SemiConductor Tracker (SCT) detectors, and the gaskoutube Transition Radiation Tracker
(TRT) [1]. The TRT is the outermost of the three sub-systethexploits a novel and unique design
which combines continuous tracking capability with paeticlentification based on transition radiation.
The latter functionality provides substantial discriming power between electrons and pions over the
energy range between 1 and 200 GeV and is a crucial compofidet tight” electron selection criteria

in ATLAS [2]. The purpose of this note is to provide a detaiedluation of the particle identification
(PID) performance of the TRT observed in 7 TeV proton-pratolision data collected with the ATLAS
detector at the Large Hadron Collider (LHC) in 2010.

Transition radiation (TR) is emitted when a highly relathc charged particle with a Lorentz factor
y 2 10° traverses boundaries between materials fiedént dielectric constants. The active region of
the TRT detector contains almost 300,000 straw drift tudesmm diameter. The space between the
straws is filled with radiator material. The TR photons (s6itays) emitted in the radiator are absorbed
in the gas inside the straw tubes, which serve as detectérgegits both for tracking and for particle
identification.

The TR-based electron-pion separation can be further eedaat momentg < 10 GeV through
measurements of the time-over-threshold (ToT) of the stigwals, which vary as a function of energy
deposition (&/dx) in the straws. To achieve the best electron-pion separali® and dE/dx-based
measurements are combined in a single likelihood functiorafparticle type. ToT measurements can
also be used to to identify highly ionizing particles suchpastons at low momenta, or hypothetical
exotic objects such as highly ionizing stable massive gagi[3].

This note is organized as follows. Section 2 summarizeselesant details of the TRT detector. The
data samples, electron, and pion reconstruction are egolah Section 3. Measurements of the TR and
its application to the electron identification are preseénteSection 4. This section also explains how
the optimal hardware threshold settings were determingapliéations of the &/dx measurement are
presented in Section 5. The particle identification perfomoe using the combination of both TR and
the cE/dx measurement is shown in Section 6.

2 Transition Radiation Tracker

The TRT is a straw tracker composed of 298,304 carbon-fitinéoreed Kaptof® straws, arranged in

a barrel and two symmetrical end-cap configurations [4]. Bdmeel section covers 560 R < 1080 mm
and|zZ < 720mm and has the straws aligned parallel to the directichebeam axis [51. The two
end-cap sections cover 827|7 < 2744 mm and 61% R < 1106 mm and have the straws arranged in
wheels. The end-cap straws are aligned perpendicular toctm axis, pointing outwards in the radial
direction [6]. The TRT extends up to pseudo-rapidity= 2. The average number of TRT hits on a
track is about 34, except in the transition region betweereband end-caps and gt > 1.7 where it

is reduced to approximately 25. For a radiator materialygrolpylene fibres are used in the barrel and
polypropylene foils in the end-caps. The straws are fillethwigas mixture of 70% Xe, 27% G@nd
3% O,. Xenon is used for its highfigciency to absorb TR photons of typical energy 85keV. The

IATLAS uses a right-handed coordinate system with its origfithe nominal interaction point (IP) in the centre of the
detector and the-axis coinciding with the axis of the beam pipe. Tkaxis points from the IP to the centre of the LHC
ring, and they-axis points upward. Cylindrical coordinatd® ) are used in the transverse planéieing the azimuthal angle
around the beam pipe afmithe distance from the beam pipe in the radial direction. Taektpseudo-rapidity is defined as
n = —In(6/2), where the polar angkeis the angle between the track direction andzbsis.



combined probability for production, absorption and detecof a TR photon is about 20% per hit for
an electron above TR threshold.

The TRT operates as a drift chamber: when a charged pantislerses the straw, it ionizes the gas,
creating about 5-6 primary ionization clusters per mm ohpangth. The straw wall is held at a potential
of —1530V with respect to a 3im diameter gold-plated tungsten wire at the center thatfe&serced
to ground. The electrons drift towards the wire and cascadled strong electric field very close to the
wire, thus producing a detectable signal. The signal on eéehis amplified, shaped and discriminated
against two adjustable thresholds, a low threshold (LT)baua300 eV and a high threshold (HT) at
about 6- 7 keV [7]. The two thresholds are needed in order to measertrdlaking information as well
as to identify a large energy deposit due to the absorptianTR photon. For any triggered event, the
TRT reads out data over three bunch crossing period253hs. The measured drift times span a range of
about 50 ns. The information about whether the low threstsoékceeded or not is measured separately
in time intervals of 312 ns length so that each crossing period is divided intoteigte bins. The first
low threshold 0— 1 transition marks the leading edge (LE) of the signal (hitd the leading edge time
t e is defined as the centre of the first bin set to “1”. Similarhg tast 1— 0 transition is called the
trailing edge (TE) of the hit. The information about whetktee HT is exceeded or not is recorded at a
coarser granularity, every 25ns. A hit is said to be a HT haini§ of the three HT bits is high.

The leading (trailing) edge time depends on the time whenctbgest (furthest) electron cluster
arrives at the wire at the center of the straw. The leading didge is thus directly related to the track-
to-wire distancegack [8]. If the furthest electrons were always produced at thawsivall and drifted
for the full straw radius of 2 mnt;;e time would be independent of,ck. This, however, is not the case,
due to the finite interaction length (and thus the limited banof primary ionization clusters) and signal
shaping &ects. A particle that deposits more ionization inside thavswill on average have a higher
signal, exceed the threshold sooner, have signal abovehthicefor longer, and hence also earlier LE,
later TE and longer ToT. This correlation can be used to oladioT-based H/dx estimate.

3 Data samples and track reconstruction

Data from proton-proton collisions at the LHC gfs = 7 TeV recorded by the ATLAS detector in 2010
were used for the studies reported in this note. The deteetmonse for electrons was studied with
samples of reconstructed photon conversionszabdson decays. [erent triggers and data sets were
used to reconstruct the electron candidates from the twiresu The detector response to pions was
studied using the same data set as for photon conversions.

The results observed in data were compared to Monte Carlo) @#@ulations [9]. The detector
response to electrons from photon conversions and pioret@wveere compared to Pythia norffdictive
minimum bias MC simulation. The electrons frdfrboson decays were compared to Pythia» eeMC
simulation.

The ATLAS detector simulation primarily uses tGBANT4 framework [10]. For the TRT, however,
the default simulation of a charged particle passing thnotlng very thin gas layers was shown to be
inaccurate. Customized standalone packages called thesifioa Radiation model and Photon Absorp-
tion and lonization model (PAI) are used instead for thetawazof transition radiation and to simulate
the energy loss of charged particles due to ionization esely.

The data-taking periods and trigger requirements are sulineacn more detail in Section 3.1 below.
Sections 3.2 through 3.4 explain the reconstruction otedas from photon conversions, electrons from
Z boson decays, and pions, in that order. The purity of thesples is discussed in Section 3.5.



3.1 Data periods and trigger requirements

A minimum bias trigger was used to record the data set usatiéaeconstruction of photon conversions
and pion candidates. During the initial low-luminosity nimg period from April 15 to June 5, 2010,
the events were collected in the minimum bias trigger strabenrate that was typically between 40 Hz
and 200 Hz, providing a high statistics sample of electransfphoton conversions. This data set
corresponds to an integrated luminosity of approximafei&]dt =9nbl.

Data recorded during June 24, 2010 - October 29, 2010, gameling to an integrated luminosity
of f Ldt =35pb?, was used to reconstruct electron candidates floboson decays. Events were
required to be triggered by an electron trigger that hasectos100% éiciency for electrons fronZ
boson decays selected in this analysis.

The LHC bunch spacing during both running periods was 150 mgeater. Pile-up from multiple
interactions per bunch crossing was small. The average euaflminimum bias interactions per beam
crossing was less than20in the data set used for photon conversions, and aboutithtiee data set used
to reconstruct the sample @fbosons.

Good data quality requirements were applied to all data Beafs. The Inner Detector tracking
system that is needed for accurate conversion finding wasregbto be fully functional. The calorimeter
information used to identify boson decays to two electrons was required to be of hightguali

3.2 Electron candidates from photon conversions

Photon conversions to electron-positron pairs were useectnstruct a pure sample of electrons. The
photon conversion candidates [11] are required to haveraeois, each with a minimum of 20 TRT hits
and four silicon (SCT and Pixel) hits. The vertex is requitedbe well reconstructed and to be at least
60 mm away from the primary vertex in the radial direction. ifprove the sample purity, a tag and
probe method is applied to the two tracks of the selectedophobnversion candidates. The tag leg is
required to have a ratio of the number of TRT high-threshdtglto total TRT hits of at least 0.12, which
corresponds to at least three high-threshold hits on a tségitkthe minimum total number of 20 TRT
hits. For a conversion candidate passing these requiremiet probe leg is declared to be an electron
candidate. The two tracks are treated independently; if bbthe tracks pass the tag requirement, each
is also used as a probe. Over 500,000 electron candidatsfy sa¢se selection criteria, providing a high
statistics sample of electron candidates at the early stafyeollision data-taking. Figure 1 shows the
momentum distribution of the electron candidates. Thessponding range of is about 18 — 10*.

3.3 Electron candidates fromZ boson decays

A second sample of electron candidates is obtained fromett@nstruction oZ — eedecays. Electrons
from this sample have higher momenta, and can thus be usewle the TR performance at higher
values ofy. Electron candidates are required to pass the calorimatadd‘medium” electron selection
criteria [2], and to have an innermost Pixel layer (b-lay@t)when passing through an active part of
the b-layer. Candidate events are required to have two dectrans, with a reconstructed di-lepton
invariant mass in the range #5105 GeV. Electrons froniZ boson decays are treated in the same way
as those from photon conversions. The tag leg is requirecte b TRT high-threshold ratio greater
than 012, and both the tag and the probe leg are required to havasitd® TRT hits. The momentum
distribution of electron candidates frafhboson decays is shown in Fig. 1. The corresponding values of
they factor are around 0
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Figure 1: Momentum distribution for electron candidatesnfrphoton conversions, electrons from
Z boson decays and pion candidates. The distribution for tiediinulation sample is rescaled to
the number of entries observed in data.

3.4 Pion candidates

Pion candidates are selected from reconstructed pantédkd that have a minimum of 20 TRT and four
silicon hits. Further selection criteria are applied t@ogjelectrons, protons and kaons. Any track that
does not have a hit in the innermost Pixel layer or that ismstracted as a part of a photon conversion
candidate is excluded. Photon conversion candidatesdadhack pairs in which only one of the tracks
has silicon hits as well as single-track conversion candglaThese two requirements reduce electron
contamination from photon conversions, which is the domtisaurce of electrons in the minimum bias
data. Additionally, any track withE/dx above 16 MeVg tcn? in the Pixel detector is excluded in order
to reduce the contamination from protons (and to a lessenekaons) at low momentum [12]. A track
passing these requirements is declared to be a pion caaditlat momentum distribution of the pions
is similar to that of the electron candidates from photorveosions shown in Fig. 1. Thefactors are
however calculated assuming the pion mass, and are in the feom about 2 to 200 in the barrel, and 2
to 700 in the end-caps.

3.5 Purity of the reconstructed track samples

The purity of the electron candidates from conversions and pandidates from generic tracks was
studied with the simulated sample. The results as a functignare shown in Fig. 2. As in the rest of
this note, the value of is calculated using the assumed mass of the candidateréelemt pion), which

is systematically dferent from the true factor for misidentified candidates. For electron candigla
the TRT barrel region, the simulation estimates that thepsaupurity is higher than 99% foy < 10°.

At higher values ofy, the contamination from pions increases to about 2%. In tiaeoap region, the
simulation estimates that the contamination from pions athdr hadrons increases with increasing
factor, from below 1% fory < 2 - 10* to around 5% ay ~ 4 - 10*. For the electron candidates the
effect of the contamination from pions (and more generallyadirbns) will result in a lower average HT
fraction. The systematic negative bias is equal to the pigriaznination, multiplied by the fierence in
HT fraction for electron and pion tracks. This bias is ndflig; except at high values ¢fin the end-cap,



where the average HT fraction for all electron candidat@s0i$ lower than for true electrons.

The purity of pion candidates is considerably lower. Theraleomposition of the pion sample,
combining barrel and end-caps and summed over all momendd% pion, 10% kaon and 5% proton.
The fraction of pions is above 90% for < 5. The contamination from electrons, which would emit
transition radiation at the same momenta, is less than 0.B5B& contribution of charged kaons and
protons becomes significant ferfactor above 5 and 10 respectively, as the Pieldk measurement
becomes less discriminating. Fer> 20, the sample composition is approximately constant atitabo
65% pions, 25% kaons, and 10% protons. However, this mixegbkastill provides an accurate model
of the high threshold response for pions since the respamdaabns and protons is similar to pions in
this range. The positive bias on the measured average Hffoimatue to electron contamination is found
to be negligible.
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Figure 2: The reconstructed track sample composition fertrrel (left) and end-caps (right), as a
function of the Lorentz factor. The value o¥ is calculated using the assumed mass of the candidate
(electron or pion). The composition is estimated from tinfbrmation in the MC simulation. The same
track reconstruction and selection as in data is used.

4 Transition radiation and high threshold hits

This section presents the results of HT studies in electrmhpon samples. Figure 3 shows the HT
fraction distributions for electron and pion candidatele HT fraction is defined as the fraction of hits
on track that exceed the high threshold. The distributiarefectrons shown in Fig. 3 is clearly shifted
to higher values. The HT probability shown later in this &@tis defined as the average HT fraction.

Section 4.1 shows the HT probability dependence omtliactor. Section 4.2 presents detailed
studies of the variation of the HT probability within the éetior. The dferences between the data and
simulated samples shown in Sections 4.1 and 4.2 are distassiee end of those sections. Section 4.3
shows the performance of a requirement on the HT fractioterims of the electronficiency and pion
misidentification probability. Section 4.4 explains how trardware HT setting was validated with 7 TeV
collision data.

4.1 Transition Radiation onset

The first step towards establishing electron identificatiith the TRT is to observe the expected increase
in the average number of HT hits with The increase has been observed in 2004 test-beam data [13],
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Figure 3: The HT fraction for electrons from photon convemsi and pion candidates in momentum
range 4 Ge\k p < 20 GeV, in barrel (a) and end-cap (b) regions.

cosmic-ray data [14] and for collision data g6 = 900 GeV [15]. The HT probability observed in 7 TeV
collision data is shown in Fig. 4 and agrees well with earieasurements.

The results are shown separately for five intervals in pseapiaity  reflecting diferent detector
regions. The errors are statistical only. The average Hdatifna was evaluated for tracks in bins of
the Lorentz factoly. The pions, electrons from photon conversions and elestimm Z boson decays
cover diferenty ranges. For the electron candidates, the sharp turn-oredfdhsition radiation can be
seen, with the HT probability increasing rapidly from 0.0%atplateau of @ — 0.3 asy increases from
600 to 5000 and above. The HT plateau level in the end-capméagihigher than in the barrel. The
HT response in dierent detector regions will be discussed in more detail énrixt section. Electrons
from the reconstructed decays allow studies of HT probability at~ 10°, which can not be accessed
with electrons from photon conversions. Smalteliences in the HT probability for the electrons from
conversions and — eedecays in the overlappingrange can not be resolved at the current statistical
uncertainty. The lower HT probability for the electronsrir@onversions ai| > 1.07 could be due to
the higher pion contamination in the end-cap region.

The pion candidates shown in Fig. 4 populate the regien1C®. In thisy range, HT hits are caused
by large ionization energy deposits due to Land&jdk fluctuations. Such fluctuations exist also for
electrons withy > 10* and contribute there abouid® to the HT probability. The HT probability for pion
candidates increases gradually from abaQ#Gty ~ 1 to about 07 aty ~ 700 (p ~ 100 GeV) due to
the rise o dE/dx) with increasing track momentum. This behavior was crogsskbd with a sample of
pion candidates frork? decays that has higher pion purity, and the results weread ggreement.

Figure 4 includes also the result obtained for the simulateghts, analyzed in the same way as the
data sample. The agreement between data and MC simulatlmesisn the barrel region, where the
simulation response was tuned based on the ATLAS combisethéam data [13]. Only barrel modules
were tested in the test beam. The HT probability for pionsy&estimated by about 10% in MC samples.
The HT probability due to TR for electrons in the end-capsidarestimated in simulation, by up to 20%.
Both dfects contribute to a better electron-pion separation ia,dehen compared to MC expectations.
The MC simulation has since been tuned to better describdatae The updated tuning will be used for
the next production of simulated events, expected for antR@il.
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Figure 4: The high-threshold turn-on curve, separatednegions according to the reconstructed track
n. The value of Lorentz factor is calculated using the assumed mass of the cand&latdron or pion).

4.2 Geometrical variation

This section reports results of studies of the HT probabdit a finer detector granularity. The section
starts with an explanation of the detector geometry thammitant for the understanding of the results.

The straws are assembled in modules in the barrel, and wimettle end-cap region. Within the
modules (wheels), the straws are arranged in straw layetbelbarrel, where straws are parallel to the



beam axis £ direction), the same straw extends frare —720 mm toz = 720 mm. Glass wire joints at

z = 0 mechanically connect two electrically separated wiresaath side is read out separately. Wires in
the innermost nine out of 73 straw layers of the barrel ari¢ispb three parts, where the central section
at|z < 400 mm is not read out. These straws are referred to as “setoativs. The straw layer number
increases with increasing distance from the beam pipe.

In the end-caps, there are two types of wheels thi@edin the spacing between the straw planes
and in the number of straws per wheel. Type A wheels at smialleave smaller spacing and twice
the number of straw layers when compared to type B wheels. sfrae layer number increases with
increasingz. There are six A-wheels with 16 straw layers each, and eigiwhBels with eight straw
layers each, giving 160 straw layers in total.

The HT probability as a function of the straw layer for eleatand pion candidates, averaged over all
hits on track in a given straw layer, is shown in Figure 5. Adlbtron candidates from photon conversions
with momenta above.2 GeV are used for this study. A tighter requirement on the smom would
result in a too small sample of electron candidates. Elestiio this momentum range are close to being
on the HT plateau region. The related negative systemati&doi HT probability due to the variation in
HT response withy is about 1%. The systematic bias was estimated by compdmng T probability to
that obtained from the electrons in momentum range of 4 &g\/< 20 GeV.

The mechanical structure of the detector can be seen. Thedthalpility in the electron sample is the
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Figure 5: The HT probability for electron (top) and pion (ooh) candidates as a function of straw
layer number in the TRT barrel and end-caps. Increasing/$atger corresponds to increasing the radial
distance from the beam pipe in the barrel and increagjmg the end-caps.



largest in the end-cap B-wheels, which have larger spacimgnveompared to the A-wheels, and hence
more radiator material between straws. In each detectarretpe HT probability increases to a plateau
over the first few straw layers. The TR yield saturates aftei3straw layers, as equilibrium is reached
between generation and absorption of TR photons. In thelbarsharp decrease in the HT probability
for electron candidates is observed in straw layers 0, 19t8ndhich correspond to the first straw layer
of each barrel module. In the end-caps, the decrease isveldstr the first straw layer of each wheel:
every 16 straws in A-wheels, and every eight straws in B-lghekhe dfect is more pronounced in the
B-wheels, where there are only eight straw layers per wheel.

The HT probability for the pion candidates is observed torgl@se as the straw layer number in-
creases in both the barrel and the end-caps. The HT hitsdosphat are below the TR threshold are
caused by large ionization energy deposits/@k). The main parameter thatfacts the ionization loss
is the track length within the straw. When a track passesaavsit a larger angle, the track path length
inside the straw is longer, charge deposition is larger, taedorobability for the signal to exceed the
high threshold increases. In the barrel region, the tracknge decreases with increasing straw layer
number R). The track length within the straw as well as the HT probgbtherefore decrease as well,
as observed in Fig. 5. In the end-caps, the tracinge increases with increasing straw layer number.
Due to diferent orientations of the straws, this again results in g@eahse in HT probability as the
straw layer number increases. The first nine straw layerkérbarrel have systematically higher HT
probability because they are active only for> 400 mm, and therefore the average tracs well as the
track length within the straw is larger.

Other dfects that can impact the observed HT probability for piomsthe momentum dependence
from the relativistic increase in ionization loss at high@omenta, signal attenuation along the length
of the straw, signal reflection from the end of the wire withelectronics, and variations in electronic
threshold. A small residual structure that is limited toupse of four consecutive straw layers in the
end-caps can be minimized with fine hardware setting coomext

In the azimuthal direction, the detector read-out is segeteim 32¢ sectors. A study of HT proba-
bility for different¢ sectors confirmed there is no significant dependence, dihetectrons or for the
pion candidates.

The geometrical variation in HT probability observed in tia¢a is reproduced by the simulation. For
electrons, the HT probability is underestimated in simafaby about 20% in the end-cap A-wheels. For
pions, the increase in HT probability in barrel short strésv®/erestimated in simulation. The simulation
reproduces the decrease in HT probability in the first feavsiayers of each module or wheel.

4.3 Electron dficiency and pion misidentification probability

The HT-based electron-pion separation demonstrated irBksgutilized by a requirement of a minimum
HT fraction for electron candidates. Figure 6 shows thetivacf electron and pion candidates that pass
a HT fraction selection requirement, in bins|gf All electron candidates from photon conversions with
momentum in range 4 Ge¥ p < 20 GeV are used for this study. The pion misidentificatiorbpitulity
Pr—e iS the probability for a pion to pass an electron HT fractiefestion criteria. The pion rejection
power is ¥ p,_e. A direct comparison of the electroffieiency and the pion misidentification probability
from Fig. 6 is included in Fig. 7. The uncertainty on the pioisidentification probability shown in
Fig. 7 (b) was estimated by varying the selection criteriehsthat the electronfiiciency changed by
+2%. The range of2% is suficiently big to include the uncertainties due to hadron cmirtation in
the electron sample of about 1%.

The minimum HT fraction that is required for an electron tepthe ATLAS “tight” electron selec-
tion requirement [2], the correspondingfieiency for electrons to pass this criterion as well as the pio
misidentification probability are summarized in Table 1eTurrent HT fraction selection criterion was
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fraction criteria that give 90% electrofffieciency (b), determined separately irffdrentr bins.

determined based on MC studies prior to the start of colliglata-taking, and was chosen such that a
pion rejection factor of at least 10 would be achieved afpgiyang the HT fraction electron selection
criteria [1]. In the range 825 < || < 1.07, only a factor of four was achieved due to fewer hits orktrac
in the transition region and a relatively large HT hit proitigbfor pions for geometric reasons. In the
highestn bin, the pion rejection factor is almost 100.

4.4 Validation of hardware high threshold setting

In order to determine the optimal average high thresholtingetdata corresponding to an integrated
luminosity of 20nb?* were taken with dferent HT settings in July 2010, and the results of the pion
rejection study with dferent settings are reported in this section. An electrggéri that maximized the
number of reconstructed photon conversion candidates sexkto record these data.
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|n| range Minimum HT fraction Electron Pion misidentification

efficiency probability
0.0 — 0.625 0.085 ®53+ 0.004 Q01268+ 0.0003
0.625 — 1.07 0.085 ®61+ 0.005 Q2420+ 0.0004
1.07 — 1.304 0.115 ®21+0.005 Q0473+ 0.0001
1.304 — 1.752 0.13 ™19+ 0.002 Q0174+ 0.0001
1.752 —- 2.0 0.155 (B82+ 0.002 Q0109+ 0.0001

Table 1: Minimum HT fraction selection criteria that are bgqb to “tight” electrons. The fraction
of electron and pion candidates that pass this selectiterieriare also shown. The quoted errors are
statistical only.

The value of the high threshold can be varied by changing fg#dbto Analogue Converter setting
(DAC counts) on the Amplification, Shaping, Discriminaticand Base-Line Restoration (ASDBLR)
chip [7], in steps of about 60 eV. Prior to the start of caflisidata-taking, the average HT was adjusted
to the setting that gave the best performance at the test.liRagults from electronics noise scans were
used to correct for the large variations in response dueriatians in ground fisets. Corrections to
these HT settings were considered on thréiedint detector granularities:

o full detector to determine the optimal average HT setting;

e straw layer variations, to minimize the variation due toyhdation with the track incidence angle
and other smallféects;

e equalization of HT settings on ASDBLR level, to avoid smiellel granularity variations.

Only the validation of the average HT setting for the fulletzor is reported in this note. To validate the
average HT setting, data were recorded with sffedent HT settings: nominal settings]l5 DAC counts
from nominal,+25 DAC counts from nominal, and8 DAC counts from nominal. The high-threshold
settings were varied uniformly across the entire detector.

The HT probability as a function of theftierence in HT settings is shown in Fig. 8 for electron and
pion candidates with 4 Ge¥ p < 20 GeV. As the threshold is decreased, the HT probabilityeimees
for both electron and pion candidates. The pion HT proktghii similar for the barrel and end-cap A
and B-type wheels. The electron HT probability is similar farrel and end-cap A-type wheels, but
0.05 (20% relative) higher for end-cap B-type wheels, cinst with the results reported in Section 4.

The optimal average HT setting is determined based on thergjection power. The HT fraction
selection criteria that gives 90% electrdfi@ency was determined forfiierent values of high threshold
settings and for dierentn bins. Figure 9 shows thefeiency for a pion candidate to pass the selection
criteria as a function of the high threshold settinfaetience. The selection criteria at 90% electron
efficiency was used as a reference for this study. As in Sect®rthie uncertainties were estimated by
varying the selection criteria such that the electrfiitiency changed by2%. For ally regions, the pion
misidentification probabilityp,_,e is independent of the HT setting in the range of -25 to nonm#EC
count. For settings higher than nominp},..e increases. Based on these results, the high-threshold was
lowered by eight DAC counts across the detector for 2011-@diiag. The primary reason for lowering
the thresholds was to operate at stable settings, whereetf@rmpance does not vary much if the HT is
slightly above or below the nominal.

11



2 03T T > Ol T3
;; L ATLAS Preliminary | % 0.09 ATLAS Preliminary
S o03f Data 2010 Ns=7 TeV) ] S 0.08F Data 2010 Ns=7 TeV) 4
o C 7 o E 3
= L ] = 0.07 =
T r B L E E
§ O.25j ] 5 0.06; E
R | oot =
Hoo2p f 0.04F _ 3
[ 4<p<20GeV ] 003; 4<p<20GeV = B
[ eBarrel ] “TFE eBarrel E
0.15(~ =End-cap A-wheels ] 0.02  =End-cap A-wheels E
- =End-cap B-wheels 1 0.01 *End-cap B-wheels 3
Lo v v b v v v b v v b v v e L0 E e
0'—%0 -20 -10 0 10 20 30 930 -20 -10 0 10 20 30
Difference in TRT high threshold [DAC counts] Difference in TRT high threshold [DAC counts]

2 035 T T T

;; [ ATLAS Preliminary ]

S 03[ Data2010(s=7 Tev) ]

s L ]

= L ]

T L ]

§ O.25j ]

5 L ]

Q@ L ]

w02 ]

r 4 <p<20GeV ]

F *Barrel ]

0.15(~ =End-cap A-wheels |

r +End-cap B-wheels 1

[0 Y1 AT AN EPANAVIVIN WAVAFIFI ASVAVIVIS WA WA M W

"~ 0.03 0.035 0.04 0.045 0.05 0.055 0.06 0.065

Pion HT probability

Figure 8: The electron and pion probability dependence erchtange in HT setting (top left and right)
and the HT probability for electrons vs. the HT probability pions (bottom). The results forftkrent
regions of the detector are shown separately.

I L I L L L B L O B B B BB |

0'22? ATLAS Preliminary E
0.2 4<p<20GeV Data2010Ns=7TeV) ]
0.18F e 0<n|<0.625 =
0.16 /7 0.625<|n|<1.07 ..
F 1.07<|n|<1.304
0'14; 1.304<n|<1.752
0.12 1.752<|n|<2.0

0.1
0.08
0.06
0.04
0.02

Pion mis-ID probability (90% elec. eff.)

Difference in TRT high threshold [DAC counts]

Figure 9: Pion misidentification probability at 90% electrghiciency as a function of a change in high
threshold setting for dlierent, ranges.

12



5 Time over threshold based particle identification

The measured time over threshold is correlated with theaitn deposit within the straw, and can thus
be used to better distinguish between electrons and picsedban their expectededdx. Similar dis-
criminators based on TRT timing information can be usedstrtjuish between other types of particles,
such as protons, kaons and hypothetical highly ionizindiexarticles.

A ToT-based variable that is somewhaffdient from the full signal length afg—t g is used for the
dE/dx measurement. This variable takes into account the pdsgifiit the signal from the deposited
ionization to temporarily fall below threshold, breakirgetfull hit in two:

00000011 11111101 1111000.

This is less likely to happen when the ionization deposiairgér. For the purpose of th&ddx mea-
surement, the ToT is defined as the number of bits above thick#h the largest single group of bits
above threshold, multiplied by the bin width,x83.12 ns for the example shown above. This method
has a similar performance to a method that uses all bits abhogshold, and a better performance than a
method that uselsrg — tE.

The ToT is subject to several systematfteets that are not related tdegddx. Thet g depends on
the track-to-wire distance due to the drift time. Due to thdted number of primary ionization clusters,
the ttg also depends on the track-to-wire distance. The trackite-distance related variation in the
measured ToT is about 10 ns. Other smalleas that can cause variations of a few ns along the wire
length are signal attenuation (attenuation length 4 m [4]), signal reflection from the end of the wire
that is not read out, signal delay due to the propagationgetios wire and signal shaping.

These fects are taken into account by corrections that vary withtthek-to-wire distance and
distance along the straw. The track-to-wire distance d#gr@ncorrections also take into account the
dependence of the total energy deposit within the straw ertrtick length. For particles originating
from the interaction point, the track incidence angle (@ya-rapidityn) is strongly correlated with its
position along the wire. Thereforg;dependent corrections can be used instead of the disttoragthe
straw dependent corrections.

5.1 Electron identification

The ionization loss for electrons and pionffelis the most for particles of low momentumg 10 GeV.
This momentum range is where the ToT-based electron-piparaton contributes most to the overall
electron identification performance. To achieve the bessiteity, all systematic fects discussed in
the first part of Section 5 need to be taken into account. Ctiores are made faz dependence in the
barrel andR dependence in the end-caps. To take into account the toagk distance dependence, the
average corrected ToT measurement is divided by the avénageto-wire distance. Future studies will
use a more accurate hit-level correction that was develafted the start of collision data-taking. The
track level ToT-based discriminator is obtained by avarggiorrected ToT measurements for all hits on
track that do not exceed the HT. The HT hits are not used inrdcdavoid the correlation between the
ToT-based variable and the HT fraction. Figure 10 shows ¢inexcted ToT distributions for the electron
and the pion candidates. The average momenta of tracks aistisf study is 18 GeV (28 GeV) for the
electrons in the barrel (end-cap) region, amlGeV (22 GeV) for the pions in the barrel (end-cap).
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5.2 Identification of highly ionizing particles

The measurements sensitive tB/dx that are used to identify electrons can also be used to fgenti
any highly ionizing particles. The ToT measurement in thel MrRs used for one of the background
estimation cross-checks in the ATLAS heavy ionizing stabbessive particle (SMP) search with 2010
data [3]. The expected ionization loss from SMP is highentfa electrons, motivating a fierent
choice of hits used to identify them. For studies of SMPshidl are required to have no “gaps” in the
bit pattern, and a length of at least two time-bins. The saaie required to have at least one pixel,
at least six SCT, and at least 15 TRT hits. The range ef @y < 2 includes both barrel and end-
cap regions of the detector. Track impact parameters wiheret to the primary vertex are required to
satisfy|dp| < 1 mm andz sin@)| < 1 mm. A data set of approximately 17 million tracks collectgth

a minimum bias trigger during one run in May 2010 is used fa situdy.

The measured ToT is corrected for the dependence on the radadift radiusr and ther of the
track. This correction is done separately for MC samplesdatd, using all tracks with 2 Ge¥ p <
10 GeV. ltis done in two independent steps: one forrtdependence and one for thelependence. To
correct for ther dependence, the mean ToT is obtained in bins, @ind subtracted from the measured
value. Once the dependence is corrected for, the mean ToT is studied as adnrmg the reconstructed
track n, separately for the barrel and the end-caps. Thertwlependencies are each fitted with a 5th
order polynomial, and the results are usedifalependent corrections. Finally, the ToT-based estimator
is shifted such that the corresponding distribution forrbad is centered at “one” (B2 ns bin). To obtain
a ToT measurement for a track, the ToT measurements aregadeoaer all hits on track.

Figure 11 shows the ToT distributions after all correctiofise widths of the corrected distributions
in data and MC simulation are similar. Figure 12 shows theesdistribution as a function of track
momenta. The bands at higher ToT correspond to protons ankhat have higherk) dx.

The relation between the corrected track ToT measuremehthentrackBy was determined from
MC studies, as shown in Fig. 13 (a). The measute@dnd momentum are used to measure the particle
mass,m = p/(By). The result for tracks with track-averaged, corrected Between 2x 3.12ns and
5x 3.12ns is shown in Fig. 13 (b). The average momenta of selexdelstisp = 0.8 GeV. The proton
mass resolution for proton candidates included in this @gsifound to be about 90 MeV.
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6 Combining HT and ToT measurements

The HT fraction and the ToT measurements can be combinechtevacthe best electron identification
performance. To combine the HT and ToT measurements, tvetiHdod functions are first formed
based on the discriminating variables: one for HT, and onddd. Since the HT hits are not used for
ToT discriminator, the two likelihoods are assumed to bejrahdent, and are multiplied to form a single
combined likelihood. The electrons are then selected biyaqgpa cut on the combined likelihood.

To compare the performance in collision data with the exgakperformance reported in the ATLAS
Technical Design Report [16], the performance of a seladatiiterion that gives 90% electroffieiency
is used as a reference. A criterion that gives a 90% electfiiciemcy was determined in fiierent
momentum bins, and applied to the pion sample to determimeficiency for pions to pass the same
criterion. Figure 14 shows the pion misidentification pioiby p,_ at 90% electron féiciency as a
function of momentum. A larger 2010 data set was used forfidpise in order to have better statistics
for higher momentum electron candidates. The uncertaintiere estimated by varying the selection
criteria such that the electrorfigiency changed by2%. It should be noted that any contamination of
the pion sample with electrons above the TR threshold witespatically bias the estimate pf_,¢ by
roughly the same amount. The ToT-based selection imprinegion rejection ap < 10 GeV.
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7 Summary

Studies in the early collision data collected with the ATLA&ector have confirmed that electron iden-
tification based on transition radiation measured by the ®RJerforming well, and in some detector
regions even exceeds the performance obtained from thentutetector simulation. The pion misiden-
tification probability for selection criteria that give 908tectron éficiency is about 5% (rejection factor
20) for the majority of the detector and as low asZPs in the best performing detector regions. Analysis
of data from a dedicated run withftkrent hardware threshold settings confirmed that the gsttirere
close to their optimal value, and only a small change wasieghjoh order to ensure stable performance
under a wide range of operating conditions. The transitamtiation measurement was used to identify
electrons for the firséV boson production cross section measurement by ATLAS [EAlell as for the
W*W~ cross section measurement [18] and other analyses sucteasch $or supersymmetry [19].

The time over threshold measurements can be used to funtipeove the electron-pion separation,
in particular for tracks with momentum less than 10 GeV. & haen shown that this technique can also
be successfully applied in searches for highly ionizingipis.
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