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1. Introduction

A large variety ofR-parity conserving supersymmetric models ([1] and refegsntherein)
predict that, if kinematically accessible, squarks andngisi can be abundantly produced in pairs
at the LHC, and can decay intp—> q)”(f, g— qq)”(?, giving therefore rise to final states with
different jet multiplicities and large missing transvemementum caused by the neutralinos being
undetected. The search described in this paper is based orelg padronic selection and has
been designed to be sensitive to such final states. Sevéfierkedt signal regions, differing by
the jet multiplicity and the kinematical selection appliede used to maximise the sensitivity to
different production channels. The results presented, lbaged on an integrated luminosity of 1
fb~1 of proton-proton collisions ay/s= 7 TeV recorded by the ATLAS experiment at the LHC,
significantly extend the previous published ATLAS exclusiionits obtained with 35 pb' of data

2].

2. The ATLAS Detector and Data Samples

The ATLAS detector is a multipurpose particle physics apper with a forward-backward
symmetric cylindrical geometry and nearlyr4¢overage in solid angle. A full description of the
detector can be found in Ref. [3]. The data used for the aisatysscribed here correspond to
those recorded by ATLAS in the first half of 2011. After the Bqadion of the beam, detector and
data quality requirements, they correspond to an integjdatainosity of 104+ 0.04 fb—. Events
are triggered using the combined presence of an pigfet and large missing momentum. The
trigger is full efficient for events with an offline leading jer of 130 GeV and missing transverse
momentum (whose magnitude will be in the following indicchiaesE%“‘ss) of 130 GeV. The average
number of minimum bias collisions superimposed to the heattaring is approximately five.

3. Object Reconstruction

Jets in the final state are reconstructed using ankaifdi- 5] algorithm withAR = 0.4 using
three-dimensional clusters of topologically connectddraaeter cell energy deposits [6]. The jet
energy scale is corrected for detector inhomogeneitiecalmlimeter non compensation usipg
and pseudo-rapidity(n in the following) dependent correction factors determimesthg Monte
Carlo (MC) di-jet events generated with Pythia [7] and va@t with in-situ measurements [8].
Jets withpr > 20 GeV andn| < 2.8 are retained for further processing.

Alepton veto is applied in this analysis. Candidate elextrare reconstructed based on shower
shape and track matching criteria, and retainggkrif- 20 GeV andn| < 2.47. Candidate muons
are reconstructed based on matching criteria betweerstracknstructed in the inner detector and
those reconstructed in the muon spectrometer, and retdipgd> 10 GeV andn| < 2.4. Further
details on lepton definitions can be found in Ref. [9]. Evergataining one or more leptone (

LATLAS uses a right-handed coordinate system with its origfithe nominal interaction point in the centre of
the detector and the-axis along the beam pipe. Cylindrical coordinatesp) are used in the transverse plarne,
being the azimuthal angle around the beam pipe. The pseymidiy ) is defined in terms of the polar angeas

n=—Intan(8/2).
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Signal Region | > 2-jet| > 3-jet| > 4-jet |High masg
Elniss >130| >130| >130 > 130
Leading jetpr | > 130 | > 130 > 130 > 130
Second jepr >40 | >40 > 40 > 80
Third jet pr - > 40 > 40 >80
Fourth jetpr - - > 40 > 80
Ag(jet, Pr's9in | > 0.4 | >04 > 0.4 > 0.4
EMISS/ Mg >0.3|>025| >0.25 > 0.2
Meft > 1000| > 1000| > 500/1000| > 1100

Table 1: Criteria for admission to each of the five overlapping sigeaions (nag, ESSand pr in GeV).
The my is defined with a variable number of jets, appropriate to esghal region. In the high mass
selection, all jets wittpr > 40 GeV are used to compute thegwalue used in the final cut.

or u) are rejected (although they are the subject of a separdtd8analysis [10]). A dedicated
procedure is used to remove possible overlaps between fatal abjects reconstructed both as
leptons and as jets.

The missing transverse momentum is reconstructed from e¢htosal sum of all identified
final state objects and cells belonging to clusters not @&ssatwith any object.

4. Event Selection

Several signal regions are defined aiming at different $dglaiino production and decay
channels. If a squark pair is produced, and assumjing q“)”(f, two jets are expected in the final
state. The associategdj production, with the subsequent three-body decay of thegfji— qq)”(?,
leads to three jets in the final state. The gluino pair pradadbllowed by the gluino three-body
decay leads to four jets in the final state. Five signal regiame defined and summarised in Ta-
ble 1 in terms of the kinematic selection applied in eachargiThe four jets signal selection
comprises two signal regions that differ by the selectigpliad on the rgi variable, defined as the
scalar sum of the transverse momenta of the selected jethandissing transverse momentum.
The Ag(jet, 5{“‘55)min, defined as the minimum transverse plane angular sepaatiany of the
leading three jets and the missing transverse momentunthari"'sS/mes cuts are designed to
strongly suppress backgrounds from QCD multi-jet proaurcti

5. Background Estimation and Systematic Uncertainties

The main Standard Model processes contributing to the vaukg areW+ijets, Z+jets, tt,
single top and QCD multi-jet production. For each signaiaregfive control regions (CR) are
defined, for a total of 25 CRs. The definition of the CRs is su@t each of them has a high
purity (at least above 50%) for one of the main backgroundgsses. The normalisation of each
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Figure 1: Combined exclusion limits for simplified SUSY models witm(¥?) = 0 (left) and
MSUGRA/CMSSM models with tafi = 10, Ag = 0 andu > 0 (right). The combined limits are obtained
by using the signal region which generates the best expéuoigdt each point in the parameter plane. The
dashed-blue line corresponds to the median expected 95%iMit. and the red line corresponds to the
observed limit at 95% C.L. The dotted blue lines correspanthé +10 variation in the expected limits.
Also shown for comparison purposes in the figures are limiisifthe Tevatron and LEP, although it should
be noted that some of these limits were generated with diftenodels or parameter choices. The previous
published ATLAS limits from this analysis [2] are also shown

background process is obtained with a combined likelihobdofiall the control regions. The
estimate of the background process in the signal regioneis tbtained by the use of transfer
factors (TF), equivalent to the ratio of the number of expdatvents in the signal region with
respect to that in the high purity control region. The TFsab&ined using a combination of MC
and data inputs. The TF for the QCD multi-jet production psxcis obtained by normalising the
number of pseudo-data events to that of the measured evemtegion at smalg(jet, ﬁ{“iss)min.
The pseudo-data events are derived by smearing=#i# events by a jet response function tuned
to data. Th&V+jets TF is obtained from control regions with similar kinatias as the signal region
where, in addition, a requirement of the presence of onetephd ab-jet veto is applied. Similar
regions, but with the requirement of at least drtag, provide the TF for the top pair production
background. Th& — vv background is estimated from two control regions congistinZ — Il
andy+jets events respectively, where the vector boson (or tayproducts, in the case on thg

is replaced by missing transverse momentum.

Systematic uncertainties arising mainly from jet energglesand MC mismodelling uncer-
tainties affect the determination of the TFs. The formetudes contribution from calorimeter
scale, hadronic shower modelling, parton shower, undeglgivent and pile-up contributions. The
latter, evaluated by comparing different generatorsediffit parton shower settings, different PDF
sets, typically dominate the TFs total uncertainty.

Systematic uncertainties on the expected SUSY signal cas#ons are evaluated for each

production process separatef§(§d, §) and include renormalisation and factorization scale and
PDF uncertainties.
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6. Results and Conclusions

The number of observed data events is consistent with thed&td Model prediction in all
the five SRs considered. The result is used to set first a 95%n@iLdn production cross section
times acceptance, then this limit is interpreted in spenifciels.

The first interpretation is shown in Figure 1 (left). The mladea phenomenological MSSM
one, where the mass of the neutralino (assumed to be thedigstiable SUSY patrticle) is set to
zero, and the masses of all SUSY patrticles, but the gluindiestcand second generation squarks,
are set to 5 TeV. The expected and observed 95% exclusiots laré shown as a function of the
gluino and common squark mass. Gluino and squark masses Béand 875 GeV respectively
are excluded.

The result is also interpreted in MSUGRA/CMSSM models, wi&hg = 10, Ap = 0, and
u > 0 (Figure 1 right). For equal squark and gluino masses, thi¢ ¢éixtends up to 950 GeV.
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