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1. Introduction

Processes with tau leptons play an important role in searches for neveppy&nomena at
the LHC. The decay of th& boson to two tau leptons forms the main background to some of the
searches, e.¢gd — 11. Therefore, it is important to measure its production cross section pisecise
Furthermore, the cross section measuremert of T1 process is a complementary analysis to
theZ — eeandZ — pu precision measurements. Finally, the well known Standard Model pro-
cesses involving tau leptons are important for the commissioning and validatioidentification
techniques[]1] used at the ATLAS experimefjt [2].

This paper presents the measurement oZthe 11 cross section performed in proton-proton
collisions at centre of mass energy of 7 TeV. The analysis using datage®011 corresponding
to the integrated luminosity of.24— 1.55 fb ! is documented in Ref[]3]. Three different final
states determined by thelepton decay modesZ — 17 — [ + hadronst 3v (denotedr Thaq in
the following),Z — 117 — e+ hadronst 3v (denotedreThag) andZ — 17 — U + e+ 4v (denoted
TeTy) are used. The branching fractions given by the PDG 22650+ 0.09)%, (23.13+0.09)%
and(6.20+0.02)% respectively[[4]. Furthermore, the higkpurity dataset obtained in th& Thag
channel is used for studies of the distributions of variables relevatitédradronia identification.

2. Event selection

After selecting good collision candidate events, data are required to pdesatkd triggers.
The muon trigger with a transverse momentum threshold at 15 GeV and an isokgigrement
is used in ther, Thag and 1e7, channels, while a combined electron + hadronic tau trigger (with
transverse energy cut at 15 GeV on electron + 16 GeV on hadronimtd®1.Thagchannel. Next,
exactly one muon candidate (or electron) and a hadrongrequired in thery Thag (Or TeThad
channel. Similarly, one muon and one electron with opposite charges amdléokin theter,
channel. The transverse momentum threshold is set to 17 GeV for muoe¢eatrdns and to 20
(or 25 GeV) for hadronia@ in T, Thad (OF TeThad) Channel to avoid the turn-on region of the trigger
efficiency.

Special cuts reducing th&'+jets background are applied. The variables used are motivated
by a different event topology in the signal and background events.va@ihiables as defined in the
T, Thad Channel are shown bellow (the definitions in the other channels are anajog

S cos(Ag) = cog (1) — P(ET")) +COos(@(Thad) — P(ET"™)) (2.1)

mr = \/2pr (1) - EFS. [1 - coshg(y, E's9) (2.2)
The first variable is used in all three channels and the optimal cut is folretcogAg) > —0.15.
The transverse mass defined in Equat{or] (2.2) is required to be smallert@e\5in theT, Thag
andTeThad Channels. The distributions of these variables are shown in Hijjure 1.
Thett background contributes significantly in thgr,, channel. Contrary t& — 11, tt events
in the dilepton channel can be characterised by multiple Ipigfets and leptons and Iargi—!r‘”iss.
Therefore, events in theet,, channel are required to ha¥e < 140 GeV wheret is defined as

51 = pr(u) + Et(e) + Et(jets) + EsS, (2.3)
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Figure 1: The distributions of (a} cogA@) in the TeThag channel and (biny in the T, Thag channel [ﬂ%]. All
selection criteria except the cuts on these two variablesjgplied. The red line indicates the cut value used.

The distribution ofzt is shown in Figurg]2 (a).

Finally, thez — ¢¢ background, wheréstands foe or p, is reduced by requiring the invariant
mass of the visible parts of the decay (i.e. not considering the neutrinog) witlin the mass
window 35 GeV to 75 GeV. While th& — ¢¢ events tend to accumulate in the region around
90 GeV, theZ — 1T signal events peak at around 60 GeV due to the missing energy of thinnsutr
The visible mass distributions for all three channels are shown in Fifuigsadd[B (a), (b).
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Figure 2: The distributions of (a} 1 and (b) the visible mass in thgt, channel [[3]. All selection criteria
except the cut on the plotted variable itself are appliece fd line in (a) indicates the cut value used.

3. Expected number of background events

Contributions of the non-dominant backgrountisand dibosons in all three channels and
W, Z in the 11, channel) are obtained from Monte Carlo simulations. All other backg®und
(multijet in all three channels arWt, Z backgrounds ity Thag andTeThag channels) are derived by
partially or fully data-driven methods. Normalisation factors are derivéll jZ-enriched control
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Figure 3: The distributions of the visible mass in the @Ynad channel and (b}, Thad channel |ﬂ3]. The
contribution of theZ — ¢¢ background is larger in thesThag due to the higher fake rate for electrons. All
selection criteria except the cut on the visible mass aréeapp

regions to correctly scale the Monte Carlo predictions. The multijet backdroantribution is
estimated from the multijet-enriched region with inverse isolation requirementeolepton and
is extrapolated to the signal region. More details about the methods usei/emein Ref. [3].
The expected number of background events and the number of ot &emets are summarised in
Table[].

Table 1: The expected number of background events and the numbersefv@a events after the full
selection [B]. The quoted uncertainties are statistichl. drhe notatior¢ stands fore andu only.

TuThad (1.55 oY) Telhag(1.34 fo 1) ety (1.55 )

v /Z— 00 81+7 64+ 4 23+4
W — fv 186+ 13 45+ 5 <0.5
W — tv 49+5 18+2 <0.5
tt 31+1 17+1 2+1
Diboson 15+2 6+1 18+2
Multijet 432430 300+ 21 13+7
Total background 793 34 449+ 22 56+ 8
vV /Z— 1T 4544449 202925 981+ 26
Nobs 5184 2600 1035

4. Cross section measurement and results

The measurement of the cross section is done separately in each chadrtbke obtained
values are then combined. The calculation is performed using the formula

Nobs_ kag
Az . CZ &L

whereNgps is the number of observed evenligyq is the number of estimated background events,
B is the branching fraction for the channel considered_&hdenotes the integrated luminosity for

0(Z— TT,my; € 66,116 GeV) x B = (4.1)
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the final state of interesfz is the geometrical and kinematic acceptance factor for events with the
TT invariant mass between 66 GeV and 116 Geystands for the experimental correction factor
which accounts for the efficiency of triggering, reconstructing andtityémg the Z — 11 events.
Several sources of systematic effects have been studied. The dosyisgmatic uncertainties
contributing in all three channels are the energy scale, luminositpandcertainty. Furthermore,
the tau identification leads to a large uncertainty inthe,aq and TeThag Channels, the tau trigger
efficiency and electron identification efficiency in thanag channel. The measured cross sections
with their statistical and systematic uncertainties are summarised in[Jable 2.

Table 2: The production cross section times branching fractionHeizt — 1t processes measured in each
final state [B].

Final State 0(Z — 1T,m; € (66,116 GeV)

Ty Thad 0.91+0.01(statH0.09(systH 0.03(lumi) nb
TeThad 1.00+4 0.02(statH0.13(systH 0.04(lumi) nb
TeTy 0.96+ 0.03(statH-0.09(systH 0.04(lumi) nb

The individual results are combined by means of the BLUE (Best Linehiddad Estimate)
method [b[B] leading to the value of(Z — 7T) = 0.924- 0.02(staty- 0.08(syst)- 0.03(lumi) nb.
The individual cross sections together with the combined result are simoigure[#t. The theo-
retical expectation[J 7] §] 9] of.06+0.05 nb is also shown.
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Figure 4: The Z — 17 individual cross section measurements and the combinedt {§s The Z — ¢/
combined cross section measured by ATL/E [10] is shown fonmarison. The grey band indicates the
uncertainty on the NNLO cross section prediction.

5. Variables used in the hadronicrt identification

The sample obtained after the full selection inth@aghas a relatively high purity in hadronic
T decays allowing a study of the variables used byttigentification for signal-liker candidates.
As an example, a calorimeter cluster mass (defined in Ref. [1]) is shown imeffg(a) and the
distribution of the Boosted Decision Tree (BDT) scdrd [1][12, 1] keémy identification require-
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ments on the candidate have been applied in Figife 5 (b). More distributions are cehpar
Ref. [3] and in general, a good agreement between data and Montei€abiserved.
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Figure 5: Variables relevant for the hadronicidentification: (a) calorimeter cluster mass and (b) distri
tion of the BDT score[[3].

6. Summary

The measurement of the— 11 cross section with the ATLAS detector using collision data
collected at the centre-of-mass energy of 7 TeV corresponding to thgrated luminosity of
1.34— 155 fb~ ! has been presented. The measurements are performed in three clarmgls
TeThad@ndTeT,) and the individual results are combined together resulting in the total sectisn
of 0.92+ 0.02(statH 0.08(systH 0.03(lumi) nb which is in a good agreement with the theoretical
predictions and previous measurements.

The obtained sample after all selections has a high purityleptons and is used to study a
number of variables relevant to the identification of hadraniecays. A good description of these
variables by the Monte Carlo simulation is observed.
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