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The search for physics beyond the Standard Model (BSM) isadriee most important goals
for the general purpose detector ATLAS at the Large Hadrolfideo at CERN. Supersymmetry
search strategies based on generic event signatures ofdtighultiplicity and large missing
transverse momentum, optionally including leptons in thalfstate with R-parity conservation
are discussed in this document. We review the results for@BSY search strategies with first
data up to 305 nb' of integrated luminosity collected by ATLAS during 2010 atentre-of-mass
energyy/s=7 TeV.*
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1. Introduction

Supersymmetry (SUSY) is a theoretically favoured can@idiat physics beyond the Standard
Model. If strongly interacting supersymmetric particle® aresent at the TeV-scale, then such
particles should be copiously produced in the 7 TeV colfisiat the Large Hadron Collider (LHC)
at CERN [1]. Therefore the search for the Supersymmetritighes is one of the most important
aims of the ATLAS experiment at LHC.

This document presents a first comparison of data to MontkGemnulations for some of the
most important kinematical variables that are expectedterbployed in supersymmetry searches
involving jets and missing transverse momentum and pgssibluding isolated leptons (electrons
or muons) [2][3][4]. Selections based on these variablesapected to be sensitive not only to R-
parity conserving SUSY patrticle production, but also to ergdel in which one or more strongly-
interacting particles decay semi-invisibly producingtteps and jets. Three distinct signatures will
be discussed in this document, which differ by the numbeepfdns in the final states (no-lepton
and one-lepton channels) and by the application of a futiflegging requirement (b-jet channel).
The measurements in this document are based on data cdliadfee proton-proton collisions at
v/S=7 TeV at the LHC before August 2010. The no-lepton and op&techannels used a total
integrated luminosity of 78 8 nb~! while the b-jet channel used 38517 nb?.

2. Inclusive SUSY search strategy and first measurements

2.1 Inclusive SUSY search strategy

High-energy jets, missing transverse ener’g‘,?“fs) and possibly leptons are the typical sig-
nature of R-parity conserved SUSY events at the LHC. Therghen of deviations from the
Standard Model may manifest the presence of SUSY. The disgaf new physics can only be
claimed when Standard Model backgrounds are understoddawelunder control. Some of the
most important SUSY sensitive variables have been measamddompared between data and
Monte Carlo simulations to understand the Standard Mod=skdraunds. Due to the limited statis-
tics of data taking considered here, the prediction of tten@ird Model backgrounds is derived
from Monte Carlo simulation directly.

One of the important SUSY sensitive variables is missingsvarse momentun&{"'ss), which
is formed from two components. The first component is obthinem the vector sum of the trans-
verse energies of all three-dimensional topological eltssin the calorimeter. The second com-
ponent is obtained from the vector sum of the transverse mtara isolated muons. The lepton
isolation requirements is discussed later. The total misiansverse momentum is computed by
a vector sum of these two components. Another important SEEitive variable is the effective
mass Meft = 5 1o plet + z'}"jisp'fp’j + EMisy which is the scalar sum of the transverse momenta
of Njets leading jetsNieps leading leptons an&{“iss, whereNjets and Nieps are the number of jets
and the number of leptons required in the analysis sepgrdibé transverse mass of the lepton and

the EMSS (mr = \/2- pt - EMSS. (1— cogA@(4, EMMS9)))) is also used to suppress Standard Model
backgrounds in the one-lepton channel.
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2.2 Event selection and systematic uncertainty

After the good objects selection, the corresponding trigggquirement and a set of cleaning
cuts to reject events containing jets which are consisté@htaalorimeter noise, cosmic rays or out-
of-time energy deposits, the events are preselected bygébr at least two jets with transverse
momenturmpy > 30 GeV and one isolated lepton (electron or muon) yeith> 20 GeV in the one-
lepton channel and in the b-jet channel, and by asking fogastltwo (2 jet channel), three (3 jet
channel) or four (4 jet channel) jets witly > 30 GeV, leading jepr > 70 GeV and no lepton with
pr > 10 GeV in the no-lepton channel. The signal region of thelep&n channel is then defined
by applying two further cutsEMss > 30 GeV andmr > 100 GeV. For the b-jet channel with
one lepton, another two cuts are requiring: at least ong bvith the decay length significan&4
(=L/o(L), Lis the integrated luminosity) >6 ari"'ss significanceElss/,/S Er > 2\/GeV. The
signal region of the no-lepton channel is defined by reqgirEss > 40 GeV,Ag(jet,, EMss) >
0.2(i = 1,2,3) and E"SS/Meg > 0.3 (2 jet channel), 0.25 (3 jet channel) or 0.2 (4 jet channel),
whereAg(jet, EIMsS) (i = 1,2,3) is the azimuthal angle between the three leading jetsE&H.

The data is compared to the full-detector GEANT4 simulatidnich is reconstructed with
the same algorithms as for the data. The Standard Model baakg processes considered in this
analysis are QCD (PYTHIA), W/Z+jets (ALPGEN + HERWIG + Jimjrgndtt (MC@NLO +
HERWIG + Jimmy). The PYTHIA QCD predictions were comparedateet of ALPGEN QCD
samples; the differences were found to be well within theeeirpental uncertainties for the kine-
matic region explored. The QCD and W+jets backgrounds ammalized to the data in the control
regions defined aB!MsS < 40 GeV andnr < 40 GeV for the QCD background and 30ESS <
50 and 40< mr < 80 GeV for the W+jets background in the one-lepton channieé Q@CD back-
ground is normalized to the data in a control region with astawo jets withpr > 30 GeV and
leading jetpr > 70GeV in the no-lepton channel. As an example, the SU4 symengtric point
(ISAJET+ HERWIG) is also shown in the plots with its crossteecmultiplied by 10; SU4 is a
low-mass benchmark point close to the Tevatron limits amtéfsied asny = 200 GeVmy /, = 160
GeV,Ag =-400 GeV, taPp = 10 andu > 0.

The following most important sources of systematic unaetiess are considered: the uncer-
tainty on the jet energy scale (which varies from 7-10% asnatfan of the jetpr andn), the
uncertainty on the W+jets and QCD normalizations (50%),uheertainty on the Z+jets normal-
ization (60%) and the uncertainty on the luminosity (11%).

2.3 Results

2.3.1 No-lepton channel

Fig. 1 shows theE{”iSS andMeg distributions for data and the different Standard Model-con
tributions after the no lepton event selection in the déferjet channels. All distributions are
reasonably well described by the Monte Carlo predictiorthiwithe systematic uncertainties. In
the signal region, four data events are found, which is ab@ist with the expectation of@+ 3.0 in
the two-jet channel, no data events are found, which is sterdi with the expectation of9+ 0.9
in the three-jet channel and one data event is found, whiconsistent with the expectation of
1.0+ 0.6 in the four-jet channel with 7@ 8 nb* of integrated luminosity[2].
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Figure 1: Distributions ofE{T‘iSS (upper) andVigir (lower) for events in the two-jet channel (left), three-jet
channel (medium) and four-jet channel (right) only with jbeselection cuts (upper) or after final selection
cuts (lower) in the no-lepton channel.

2.3.2 One-lepton channel

Fig. 2 shows th&MsS andMe distributions for data and the different Standard Modeltden
butions after the electron channel event selection (lef)the muon channel event selection (right)
in the one-lepton channel. All distributions are reasopaiell described by the Monte Carlo pre-
dictions within the systematic uncertainties. Two eveptsain in the single electron channel and
one event is found in the single muon channel. The StandadkMexpectation is. B+ 1.6 events
in the electron channel and®+t 1.2 events in the muon channel with ZB nb! of integrated
luminosity[3].

2.3.3 b-jet channel with one lepton

In the framework of minimal supersymmetry (MSSM), the praiifon of third generation
squarks could be favoured. Direct pair production of sbottar stop quarks can lead to a final
state consisting of a pair of bottom-quark jets (b-jets) aig@ificantE?“ss. Leptons might also be
present[4].

Fig. 3 shows théMs distributions for data and the different Standard Modeltdbations
after the electron channel event selection (left) and muwmoel event selection (right) in the
b-jet channel. After applying all selections cuts, 4 eveataain for the electron channel, with a
Standard Model expectation ofg4 }g and 8 events remain for the muon channel, with a Standard
Model expectation of #"1- with 305+ 17 nb* of integrated luminosity. In both cases, data are
in agreement with the Monte Carlo simulation within stétestand systematic uncertainties.

3. Conclusion and outlook

Measured distributions of missing transverse momentufacife mass show agreement with
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Figure 2: Distributions of the missing transverse momenttﬁﬁ"&% for events in the electron channel
(upper left) and muon channel (upper right) only with thesgelection cuts requiring and distributions of the
effective massNles) for events in the electron channel (left) and muon chamighi) after final selection
cuts in the one-lepton channel.

> 103;”‘\””\””\”‘w“““‘w“‘w“‘w‘ D 0 B B B B B U
8 E ATLAS Preliminary Electron channel 8 E ATLAS Preliminary Muon channel 3
o F 1 ® Data2010 (5= 7 TeV) =) F 1 ® Data2010 (5= 7 TeV) -
B el IL dt = 305 nb £ Mome Caro B 2k IL dt= 305 nb — vonecas
; E [ Qcp production E E 3 QcD production 3
e = @ W production c = @ W production E
Q r B  production 4 r B  production b
o 10 [T top production i 10 [T top production =
E -~ SUSY SU4 E -- SUSY SU4 E
3 3 E
10 w0t S E
10.k‘ S D O O OO O 10_2k” i RO R DN RPN BN Bece |

0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
My [GeV] Mg [GeV]

Figure 3: Effective Massief) distributions for data and the different Standard Modeltdbutions after the
electron channel (left) and muon channel (right) eventcigles in the b-jet channel. The uncertainty band
includes statistic and systematic uncertainties. The Sigérsymmetry benchmark point is also shown.
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the Standard Model predictions, which demonstrates tleaffiLAS detector is performing well
and that the Monte Carlo simulations describe both the Uyidgrphysics, and the detector re-
sponse to jets ar’la-?“sS within the systematic uncertainties achievable thus far.
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