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Abstract

Tau leptons play an important role in the physics program at the LHC. They are used not only in
searches for new phenomena like the Higgs boson or Supersymmetry and electroweak measurements but
also in detector related studies like the determination of the missing transverse energy scale. Optimal
identification of hadronically decaying tau leptons is achieved by using detailed information from tracking
and calorimeter detector components. Variables describing the properties of calorimeter energy deposits
and track reconstruction within tau candidates are combined in multi—variate discriminants, to achieve
high rejection against backgrounds, which is challenging in a high particle density environments. The
identification efficiencies are measured in W — 7v and Z — 77 events, and compared with the prediction of
the Monte Carlo simulation. The energy scale uncertainties for tau leptons are determined by investigating
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single hadron calorimeter response, as well as kinematic distributions in Z — 77 events.
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1. Introduction

Tau leptons are important signatures for Stan-
dard Model processes and searches for new physics.
With a mass of 1.777 GeV [1], the tau is the heaviest
lepton and due to its short lifetime of 2.9 x 107135
(cr = 87 um) decays inside the beam pipe of the
LHC. The tau lepton is the only lepton that has
a hadronic decay mode. The branching ratio for
leptonic decays is approximately 0.35 and hadronic
decay modes account for the remaining 65%. The
majority of hadronic tau decays are characterized
by one or three charged pions possibly accompa-
nied by neutral pions. The cross—section of most
of the Standard Model and new physics processes
with tau leptons in the final state are small com-
pared to the overwhelming background from multi—
jet production at LHC. Therefore well performing
tau identification is crucial.

The ATLAS detector is a large collider detector
built to be used for LHC collisions at CERN. It con-
sists of inner detector combining different tracking
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subsystems, sampling calorimeters and muon spec-
trometer.

In ATLAS [2] tau reconstruction and identifi-
cation concentrates on the hadronic decay modes
of a tau lepton. The number of tracks within
AR = /(An)?2 + (A¢)?2 < 0.2% is used to clas-
sify the tau candidate into 1 or multi—prong cat-
egories. These decays can be differentiated from
QCD jets by their characteristics, such as low track
multiplicity, collimated energy deposits, and in the
case of 3—prong tau decays the displacement of the
secondary vertex.

2. Reconstruction

The reconstruction of hadronically decaying tau
leptons is seeded by calorimeter jets reconstructed

IThe ATLAS experiment uses a right-handed coordinate
system with its origin at the nominal interaction point (IP)
in the center of the detector and the z—axis along the beam
pipe. The x—axis points from the IP to the center of the
LHC ring, and the y—axis points upward. The ¢ and 6 angles
are the azimuthal and polar angles. The pseudorapidity is
defined by n = —Intanf/2.
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Figure 1: Calibration functions [6] for multi-prong tau can-
didates.
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Figure 2: The energy scale uncertainties [6] for 1-prong tau
candidates.

with the anti — k; algorithm [3] using a radius pa-
rameter R = 0.4. Topological clusters [4] made of
calorimeter cells calibrated using the Local Hadron
Calibration (LC) [5] are used as an input for the
jet algorithm. The tau reconstruction is run on all
seed jets with pp > 10GeV and within |n| < 2.5,
the n—range of the ATLAS tracking system. The
tau energy is calculated using all calorimeter clus-
ters within a core of AR = 0.2 around the vec-
tor sum of clusters associated with the jet seed.
Calibration factors are derived [6, 7] from response
functions using Monte Carlo simulations. Response
functions depend on the tau energy reconstructed
at LC scale, and calculated separately for 1 and
multi-prong tau leptons, as well as for different de-
tector regions. The response functions for multi—
prong taus are shown in Fig. 1. The systematic un-
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Figure 3: The distribution of R, observable [8] for 1—
prong tau candidates.
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Figure 4: The distribution of track multiplicity [8] in ring
0.2 < AR < 0.4 for 1-prong tau candidates.

certainties on the tau energy scale are derived from
in situ measurement as well as Monte Carlo simula-
tions. The uncertainty on the tau energy scale for
1-prong candidates is shown in Fig 2, the scale is
known with 3% precision in the entire pr range.

3. Identification

Since there is no attempt to separate QCD jets
and tau leptons in the reconstruction process a ded-
icated identification step is needed. It is based on
variables which provide discrimination power be-
tween QCD jets and tau leptons. Typical detector
signatures for the tau leptons are collimated energy
deposits in the calorimeter and one or three tracks.
Several observables employing these characteristics
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Figure 5: BDT score distribution [8] for 1-prong tau candi-
dates.
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Figure 6: The inverse background efficiency as a function of
signal efficiency [8] for 1-prong taus.

are calculated using the calorimeter and tracking
information. A few examples are presented below.
An observable describing the width of energy de-
posits in the calorimeter (R.q;) defined as

AR;<0.4
Sieqany  BriAR;

AR;<0.4
ety Pri

; (1)

RCal =

where Frt; are the transverse energy of cells in
AR < 0.4, is used to separate taus and jets. The
distribution of R¢yg; for 1-prong taus and QCD jets
is shown in Fig. 3.

The track multiplicity distribution in the ring
0.2 < AR < 0.4 has a separation power as can
be seen in Fig. 4 and is used for tau identifica-
tion. Several of such observables are combined in
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Figure 7: Tau identification efficiency as a function of pri-
mary vertex candidate multiplicity [9].

multi—variate techniques to obtain the best possi-
ble separation between tau leptons and QCD jets.
A projective likelihood (LLH) using the likelihood—
ratio of signal and background, and boosted deci-
sion trees (BDT) are currently in use. The methods
use different sets of identification variables and are
separately trained for 1 and multi—prong tau can-
didates. The BDT output score is shown in Fig. 5
for 1-prong tau candidates. For the training of the
identification algorithms, the jet background was
obtained from data, while the tau decay signal was
simulated in W — 7v and Z — 77 Monte Carlo
samples. The inverse background efficiency as a
function of signal efficiency for the two methods is
shown in Fig. 6 for 1-prong tau candidates.

Three working points (loose, medium, tight) cor-
responding to different signal efficiencies and back-
ground rejection are provided for the tau identifica-
tion methods. The signal efficiency for the working
points of BDT identification is shown to be indepen-
dent of the number of reconstructed primary vertex
candidates in Fig. 7.

Electrons can also be misidentified as a tau lep-
ton. Due to the signature of the electron in the
detector, they will be reconstructed mostly as a 1—
prong tau candidate. To distinguish between elec-
trons and tau leptons discriminating observables
are combined into a boosted decision tree and good
performance is achieved.

4. Identification Efficiency Measurements

The performance and systematic uncertainties
of the tau identification methods are evaluated on
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Figure 8: Muon-tau pair mass distribution [8, 9] before tau
identification.
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Figure 9: Muon-tau pair mass distribution [8, 9] after tau
identification.

data using two different signal channels. The first
method uses Z — 77 events and relies on a tag—
and—probe [8] approach. Events are tagged with
a muon from a tau decay, and the other tau lep-
ton in the event is required to decay hadronically,
forming the probe that is used to measure the iden-
tification efficiency. The background is dominated
by W — 7v and was estimated from Monte Carlo
simulation, while the multi—jet background was ob-
tained by a data—driven method.

The mass of the muon and the hadronic tau pair
is shown in Fig. 8 before and in Fig. 9 after ap-
plying the medium BDT tau identification. The
tau identification efficiency was also measured us-
ing W — 7v events [10] collected in 1.9fb~tof
data. Variables based on the missing transverse
energy were used to select the events. The num-
ber of hadronic tau candidates is derived by fitting

templates built with distributions of track multi-
plicity of the tau candidates. Three different tem-
plates were used: real hadronic tau decays, elec-
trons misidentified as tau leptons, and jets misiden-
tified as tau leptons. While the first two are ob-
tained from Monte Carlo simulation, the jet tem-
plate was estimated from a data control region. The
measured efficiencies in both methods are in good
agreement with Monte Carlo predictions.

5. Conclusions

ATLAS tau reconstruction is well understood.
An energy calibration independent of the number of
overlapping interactions has been developed achiev-
ing 3% uncertainties on the energy scale. Identifica-
tion algorithms provide high rejection against jets
and electrons already at medium signal efficiencies.
The performance of the identification algorithms is
measured in data using in situ techniques and good
agreement between data and MC is obtained.
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