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Abstract. Atthe Large Hadron Collider (LHC), the strategy for the atvaéion of supersymmetry
in the early days is mainly based on inclusive searches. Magakgrounds are constituted by
mismeasured multi-jet events and Z andt quark production in association with jets. We describe
recent work performed in the ATLAS Collaboration to derivese backgrounds from the first
ATLAS data.
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INTRODUCTION

SUper SYmmetry (SUSY) is one of the most favourable sceadaophysics beyond
the Standard Model (SM) [1, 2]. With no evidence of SUSY fodnydexperiments at
LEP and so far at Tevatron, the LHC is the next candidate temwkst. Owing to the
large number of SUSY models on the market, inclusive searehe to be preferred
with the first LHC data. R-parity conserving SUSY models pdevyeneral event signa-
tures such as several highly energetic jets, leptons, agd taissing transverse energy
(Et mis9 [3]. An excess of such events with respect to SM predictisilisbe a typical
manifestation of SUSY. Due to insufficient knowledge of SMss-sections, underly-
ing event, parton showers, and parton distribution fumstiat LHC energies, as well
as limited Monte Carlo statistics, a reliable estimationtef 8M backgrounds should
be extracted from collider data. In the ATLAS collaboratisaveral data-driven back-
ground estimation methods are currently under developfdénthe common strategy
is the extrapolation of SM contributions from a control séenvith features similar to
the signal sample but as free of SUSY events as possible. diiteot sample must al-
low for an unbiased prediction of SM background distribagiphave low contamination
from SUSY events or other SM backgrounds, but contain eneughts to keep the sta-
tistical uncertainty low. In ATLAS, inclusive searches fJSY are classified according
to the number of required leptons (0, 1, ...). The main cbatrons to SM backgrounds
in O-lepton mode SUSY searches are giventl{$7%),W (17%) andZ (10%) with jets,
and QCD events (10%). The most dangerous SM background fatdnlenode searches
is given bytt events (91%). Other contributions come frakh(7%) andZ (1%) with
jets, and QCD events(1%). We present an overview of methods for the estimation of
QCD, Z andtt backgrounds with the ATLAS detector from early data (1¥fintegrated
luminosity is assumed in the following). We focus on the adages and uncertainties
of the methods, rather than on a detailed description otsetecriteria, which can be
found in [4].
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FIGURE 1. Missing transverse energy distibutiondf— vv (left) and QCD (right) events in O-lepton
mode SUSY searches. Data-driven estimations and Monte @agelictions are shown. Contributions
from SUSY (SU3 benchmark point, defined in the minimal sugeiity parameter space [5] by = 100
GeV,my, = 300 GeV,Ag = —300 GeV,u >0) and other SM backgrounds are also shown with the QCD
estimation.

Z— vv ESTIMATION WITH REPLACEMENT METHOD

The contribution oZ — vv events to SUSY searches with no lepton can be estimated
from a control sample & — Il (I = e, i) events. A dilepton sample is selected by apply-
ing 0O-mode-lepton SUSY selection and additionally requjriwo leptons of the same
flavour and opposite charge. TEe missis then replaced byr(I). The approximation
that the main contribution t&r missin Z — Vv events is given by the two neutrinos is
justified by the ATLASET missresolution. To further reduce contaminations from other
SM backgrounds or SUSY events, we require the invariant o two leptons to

be within+ 10 GeV of theZ mass, andEr miss<<30 GeV. After correcting for acceptance
and lepton reconstruction efficiency, the estimation froez — Il sample agrees with
the distribution ofZ — vv events from Monte Carlo (see Fig. 1, left). However, due to
the lower branching ratio & — Il with respect t& — vv, statistics of the control sam-
ple is limited in the highEr missregion. This can be solved by using the shape from the
Monte Carlo, and normalizing it to data, since studies shauttie uncertainty in Monte
Carlo predictions is coming mainly from the normalizaticsther than from the shape.
The systematic uncertainty on the number of estimated aokg events is 1815%,
mainly coming from the lepton identification efficiency aB¢lmiss Scale. The statistic
uncertainty is~13%.

QCD BACKGROUND ESTIMATION WITH JET SMEARING

Large Er miss values in multi-jet events may arise either from mismeaserd in the
calorimeters, or from neutrinos emitted in semileptdniz c decays. Both contributions
can be estimated by measuring the calorimeter responsgdnrtao jets in QCD events
whereEr misspoints in the direction of one of the jets. The jet responsetion is then
used to smear the transverse momentum of jets in a contrgdleashmulti-jet events
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FIGURE 2. Missing transverse energy distibution tf— bblvlv events in 1-lepton mode SUSY
searches. Contribution from events witlr and misidentified leptons are shown on the left. On the right,
contributions from SUSY antt — bblvqq to the control sample are also shown.

with low Et miss The estimated distribution &t missin QCD multi-jet events is shown
in Fig. 1 (right). The systematic uncertainty~$0%, mainly due to the measurement of
the jet response function. The SUSY contamination of thérobsample is negligible
due to the lowET missrequirement. The statistic uncertainty is also lewlgo), due to
the large cross-section of the control sample.

tt — bblvlv WITH KINEMATIC RECONSTRUCTION

The most dangerous SM background to 1-lepton mode SUSY ts=sis given bytt
events where bottW bosons decay leptonically, but where one lepton is misseduse

it is either at or not reconstructed. A control sample of clgan- bblvlv events is
selected by requiring kinematic constraints specific totthgecay. The contribution
from events where th&/ decays into a is estimated by replacing one of the lepton
in the control sample with &, and letting it decay with the TAUOLA package [6]. To
estimate the contribution of misidentified leptons, onddapof the control sample is
removed, and all event variables are recalculated. Aftplyamy 1-lepton-mode SUSY
search requirements and correcting for lepton identificadifficiency, the contribution

oftt — bblvlv can be estimated by normalizing in the |&# missregion. The systematic
uncertainty is~20%, mainly coming from the replacement and the normabpafihe
statistic uncertainty is+10%. SUSY contamination to the control sample is sizable
(~50%), due to the presence of two neutrinos which do not allmwafunambiguous
reconstruction of thé decay. The excess from the presence of SUSY is however larger
than the over-estimation of thiebackground (see Fig. 2).

CONCLUSIONS

A few methods under development in ATLAS for the data-driestimation of SM
backgrounds to SUSY searches have been presented. Rreslisith 1 fb ! integrated
luminosity are affected by systematic uncertainties nag@iom 10 to 60%, and statistic



uncertainties o~~10%. The presence of SUSY will also affect the backgrounitnest
tions, however the over-estimation due to this effect islEen¢ghan the SUSY signal
itself.
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