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Abstract

This note describes a first set of measurements of supersymmetry-sensitive variables in
the final states with jets, missing transverse momentum and leptons usig thg TeV
proton-proton collisions at the LHC. The data were collected during the period March 2010
to July 2010 and correspond to a total integrated luminosity of Bdib—1. Agreement
is found between data and Monte Carlo simulations indicating that the Standard Model
backgrounds to searches for new physics are under control.



1 Introduction

Supersymmetry (SUSY) [1] is a theoretically favoured candidate for physics beyond the Standard Model.
If strongly interacting supersymmetric particles are present at the TeV-scale, then such particles should
be copiously produced in the 7 TeV collisions at the Large Hadron Collider [2]. The ATLAS [3] col-
laboration has already reported the observation of the electrowéaind Z° bosons [4], and of high
transverse-momentum jets [5]. With increasing integrated luminosities the LHC experiments will achieve
sensitivity to the production of supersymmetric particles [6] exceeding that of the Tevatron experi-
ments [7].

This note presents a first comparison of data to Monte Carlo simulations for some of the most impor-
tant kinematical variables that are expected to be employed in supersymmetry searches involving jets and
missing transverse momentum and one or more isolated leptons (electrons or muons). Selections based
on these variables are expected to be sensitive not ofypiarity conserving SUSY particle production,
but also to any model in which one or more strongly-interacting particles decay semi-invisibly producing
leptons and jets.

2 The ATLAS detector

The ATLAS detector is described in detail elsewhere [3]. The analysis presented makes use of almost all
detector components.

The ATLAS inner tracking detector is immersed in a 2 T magnetic field provided by a superconduct-
ing solenoid. Charged particle position measurements are made by silicon pixel and microstrip detectors
in the pseudorapidify range|n| < 2.5 and by a straw tube tracker in the rangé< 2.0 which enhances
electron identification by the detection of transition-radiation photons.

The calorimeters instrument the range < 4.9, using a variety of detector technologies. The lead-
liquid argon (LAr) electromagnetic calorimeter is divided into a barrel payt < 1.475) and the two
endcap componeni{d.375< |n| < 3.2). The hadronic tile calorimeter is placed directly outside the
barrel electromagnetic calorimeter envelope. This steel/scintillating-tile detector consists of a barrel
covering the regionn| < 1.0 and two extended barrels in the rang8 4@ |n| < 1.7. The copper-LAr
hadronic endcap calorimeter consists of two independent wheels per giidsap|n| < 3.2) located
directly behind the endcap electromagnetic calorimeter. Larger valygs$(@ip to|n| < 4.9) are covered
by the forward calorimeters which consist of three modules in each endcap: the first made of copper-
LAr is optimized for electromagnetic measurements while the other two made of tungsten-LAr measure
primarily the energy of hadronic interactions.

The muon spectrometer measures the deflection of muon tracks in the field of three large super-
conducting air-core toroid magnets. It is instrumented with separate trigger and high-precision tracking
chambers. The trigger is provided by resistive plate chambers in the barfet 1.05) and thin gap
chambers in the endcap regions (upno= 2.4). Over most of the pseudorapidity range precision mea-
surements in the principle bending direction are made with monitored drift tubes. The range2 2.7
of the innermost of the three layers is covered by higher granularity cathode strip chambers.

DThe coordinate system employed has its origin at the nominal interaction point. The beam direction defiredsthad
thex—y plane is transverse to the beam direction. The positia®is is defined as pointing from the interaction point to the
centre of the LHC ring and the positiyeaxis is defined as pointing upwards. The azimuthal apgkemeasured around the
beam axis and the polar angdeis the angle from the beam axis. The pseudorapidity is definef-as-Intan(6/2). The
transverse momentumpr, the transverse enerdyr, and the transverse missing eneh‘jﬂ?iss are defined in the—y plane.

The distancéRin then, ¢ space is defined @SR = /An2 +A¢2.



] Physics process Cross sectiorx BR /nb \ Luminosity / nb?

Di-jets (QCD) 8< fpr < 17 GeV 9.85x 10° 0.14
Di-jets (QCD) 17< pr < 35 GeV 6.78x 10° 2.06
Di-jets (QCD) 35< pr < 70 GeV 4.10x 10* 341
Di-jets (QCD) 70< pr < 140 GeV 2.20x 10° 636
Di-jets (QCD) 140< fpr < 280 GeV 88 1.59x 10*
Di-jets (QCD) 280< fpr < 560 GeV 2.35 5.96x 10°
Di-jets (QCD) 560 Ge\K pr 0.034 4.12x 10
W — ev 10.45 2.0x10°
W — uv 10.45 20x10°
W — v 10.45 2.0x10°
Z—>vv 5.82 1.0x 10°
Z—ete 0.79 50x 10°
Z—utu~ 0.79 50x 10°
Z— 1ttt 0.79 50x 10°
tt 0.164 7.0x 10°
SU4 SUSY point 0.060 119x10° |

Table 1: Standard model and SUSY benchmark point Monte Carlo samples used in this analysis includ-
ing cross section times branching ratio and the equivalent integrated luminosity of the sgmpde.

the transverse momentum of the two partons involved in the hard scattering process. The cross sections
reported are given at NNLO faW — |v andZ — vv, at NLO with NLL for tt and at leading order for

jet production via QCD processes (referred to as QCD in the followingyand 1.

3 Monte Carlo simulation

The results presented are compared to expectations based on Monte Carlo simulations. The signal and
background samples used were generate¢sat 7 TeV. Samples generated witYTHIA [8] and

HERWIG [9] (with JIMMY [10]) used a set of parameters tuned by ATLAS for its 2009 Monte Carlo
generation [11]. All signals and backgrounds were passed throaghiNg4 [12] based simulation and

were reconstructed with the same algorithms used for the data. The samples used are summarized in
Table 1.

QCD jet production A large sample of inclusive jet events has been generatedPWithIA 6.4.21.
The hard interaction of the event is modelled via-22 leading order matrix elements. Additional
initial and final state radiations are generated by a parton shower algorithm in the leading logarithm
approximation. Multiple interactions are simulated by extra»2 processes according to the ATLAS
tunes [11]. Parton density functions are based on MRST 2007L8). Given the uncertainties on the
rate of such events, the QCD jet production is normalized to data in dijet control regions as described in
Section 7.

For the single-muon channel the QCD samples of Table 1 were compared against other samples:
sample (b) similar to the QCD sample in Table 1 but with a filter applied requiring a muonpyith
10 GeV andn| < 2.8 in the event record before detector simulation; and sample (c) similar y'Tie A
sample but producing onlgb at the parton level and so having a larger integrated luminosity than that in
Table 1. All of which gave consistent expectations within the statistical uncertainties of the samples. For



the single-muon channel only, the muon-filtered sample (b) which corresponds to the largest integrated
luminosity generated for that channel has been used in what follows.

A cross-check of the QCD background has also been performed by comparipgTier QCD
prediction with a set oALPGEN QCD samples sliced in thpr and the number of partons in the hard
scattering process. For the kinematic region that it has been possible to explore, and with the exist-
ing experimental uncertainties, there are no material differences between the predictions given by two
generators.

Electroweak boson + jets production The production ofN* or Z° bosons in association with jets is
expected to be one of the most important backgrounds for supersymmetry searches both with and with-
out leptons. As the SUSY event selection often requires many jets in the final state, it is important to
model multiparton final states. For this reason, AheGEN [14] Monte Carlo generator which includes
electroweak and QCD effects for multiparton hard processes has been chosen. Jet production was gener-
ated for up to five-parton matrix elements, in different slices of momentum of the hard prpgpsBhé
generator is interfaced ®ERWIG [9] for showering and fragmentation processes andiiaty [10] for
underlying event simulation. The parton density function set used for these samples was CTEQ6L1 [15].
The samples were initially normalized to the integrated luminosity accumulated using the cross sections
shown in Table 1 based on next-to-next-to-leading order (NNLO) QCD calculations from the FEWZ
program [16]. For the one-lepton channels a refined normalization ®the» | v+jets background has
been determined by measuring the number of eventsvifia two-jet control region as described in
Section 7. In each case the same normalization factors have been applied f®GEN matrix element
parton multiplicities.

The Drell-Yan production of events with two leptons is generated WiftHIA. A cut on the invariant
mass of the intermediate vector boson has been applied to separate tmig, lsample from thez®
production samples described above.

Top pair production  Thett process is an important background for most of the SUSY channels de-
scribed. TheMCoNLO [17, 18] generator, including full next-to-leading order QCD corrections has been
used to simulate the hard process. Parton showering and fragmentation were simulateHsEBy/ Ikte

event generator witdIMMY [10] generating the underlying event. Tttecross sections were normal-

ized to the next-to-leading order result including next-to-leading log resummation corrections [19]. The
CTEQ6.6 next-to-leading-order parton set is used for the matrix element, the parton shower and the un-
derlying event.

Supersymmetry model Kinematic distributions are compared for illustrative purposes to the predic-
tion from a supersymmetric mMSUGRA [20] benchmark point. The point chosen SU4 is a low mass point
close to the Tevatron limits [7] witing = 200 GeV,m, ;, = 160 GeV,A; = —400 GeV, tarf = 10 and

u > 0. The SU4 mass spectrum and branching ratios were calculatedI$ingT [21] version 7.75. A

sample of 5< 10* inclusive supersymmetry production events were generated WiERWIG++ gener-

ator [22] version 2.4.2 using the MRST 2007 L. @arton density distributions [13]. The inclusive SUSY
production cross section is calculated at leading ordétHBY IG++ to be 42.3 pb and byrospino [23]

at next-to-leading order to be 59.9 pb. For this model point the typical masses of the strongly interacting
particles are in the range 410 to 420 GeV. In the figures presented the SU4 sample is hormalized to ten
times the next-to-leading-ordeéPfospino) cross section, for illustrative purposes.



4 Data and Trigger Selection

The measurements presented are based og/she 7 TeV proton-proton collisions from the LHC and
were recorded between March and July 2010. They correspond to a total integrated luminosity of ap-
proximately 7G: 8nbL.

The single muon and dimuon analyses use the events recorded by the ATLAS L1 hardware-based
triggerL1_MU6 which selects events with a hit pattern in the muon chambers consistent with a track with
transverse momentum larger than about 6 GeV. The trigger efficiency has been measured for events
containing one muon witlpr > 20 GeV (using the muon definition described in Section 5.1) from in-
dependently triggered events. It is measured t¢#8t 5)% in the regionn| < 1.05 and(82+ 4)%
in the region 105 < |n| < 2.4. The corresponding efficiencies in the Monte Carlo(@&@®+ 3)% in the
region|n| < 1.05 and(93=+ 3)% in the region 105 < |n| < 2.4. The efficiency becomes constant within
statistical uncertainties for muons wighk above 8 GeV, well below the threshold for selecting muons in
the analyses.

The single electron, dielectron and electron-muon analyses use events selected first by the L1 hardware-
based calorimeter triggen _EM5, selecting events on the basis of the energy deposited in the electromag-
netic calorimeter and calorimeter information with reduced granularity. To further reduce the rate, events
passing the first level trigger are further required to pas&#hg10_Loose high level trigger which ex-
amines the region of interest flagged by the first level trigger, and selects electromagnetic calorimeter
deposits with transverse energieslO GeV. The combined efficiency of this electron trigger chain has
been measured for events containing one electron pyitty 20 GeV (using the electron definition de-
scribed in Section 5.1) from independently-triggered events. The efficiency becomes constant within
uncertainties for electrons withr > 15 GeV and equal to b@ooi‘{o)%. The corresponding efficiency
is computed in the Monte Carlo simulation and found tq ®&+ 3)%.

5 Lepton, jet and missing transverse momentum reconstruction

A general search strategy fBrparity conserving SUSY signatures would be the selection of events with
large missing transverse momentum and reconstructed particles with large transverse momentum. At the
LHC these objects are predominantly jets since the coupling strength of the strong force would cause
an abundance of squarks and gluinos if these particles are not prohibitively heavy. Squarks or gluinos
will cascade decay to final states containing jets, possibly leptons or photons, depending on the SUSY
parameters, and missing transverse momentum caused by any neutrinos and/or stable invisible SUSY
particles. The same object identification criteria are used for all channels.

5.1 Object selection

The following criteria are used to select different particle candidates that are used in the event selection.
These selection criteria are similar to the ones used in Ref. [24].

Jets are reconstructed with the amgi-algorithm [25] which is an infrared safe and collinear safe jet
clustering algorithm. The parameter which sets the maximum distance from the jet core to any
constituent cluster iR = 0.4. The jet algorithm is run on topological clusters which reconstruct
a three-dimensional shower topology. The jets are then required to sdﬁ"sﬁy 20 GeV and
In| < 2.5, Wherep'Tet is the transverse momentum at the hadronic scale.

A set of cleaning cuts is applied to reject events containing jets which are consistent with calorime-
ter noise, cosmic rays or out-of-time energy deposits. Algorithms for identifying problematic jets
are documented elsewhere [26] and have been further refined for early SUSY searches [27].
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Any jets passing this loose selection are considered when applying the object identification de-
scribed in Section 5.2. Larger transverse momenta are required for jets to enter the final selections
described in Section 6.

Electrons are reconstructed by algorithms that provide a good separation between isolated electrons and
a fake signature from hadronic jets. This paper uses the medium level selection criteria based on
shower shape variables combined with track information. In addition to those standard cuts, the
pr of electrons is required to be larger then 10 GeV é&nd< 2.47. Heren of the electrons is
considered as thg of the second sampling layer of the electromagnetic calorimeter. Electrons
that have 137 < |n| < 1.52 are rejected from the selection. This particular regiom dfas the
transition between barrel and endcap calorimeter thus provides unreliable electron identification.
To obtain a more isolated electron candidate, the calorimeter energy around the electron is required
to be less than 10 GeV within a cone of raddR = 0.2.

Muon candidates are reconstructed by algorithms which perform a statistical combination of a track
reconstructed in the muon spectrometer with its corresponding track in the inner detectpt. The
of the muons is required to be larger than 10 GeV. The pseudorapidity of muons must|gatisfy
2.4. Muons are required to have a matghto be smaller than 100, where matgR-s defined
as the difference between outer and inner track vectors weighted by their combined covariance
matrix. An isolated muon is obtained by requiring calorimeter energy around the muon to be less
than 10 GeV within a cone d&fR=0.2.

Missing transverse momentumis formed from two components. The first component is obtained
from the vector sum of the transverse energies of all three-dimensional topological clusters in the
calorimeter. The second component is obtained from the vector sum of the transverse momenta
of the selected well-isolated muons in the anafsighe total missing transverse momentum is
computed by a vector sum of these two components.

5.2 Resolving overlapping objects

When candidates passing the object selection overlap with each other, a classification is required to
remove all but one of the overlapping objects. All overlapping criteria are based on the simple geometric
AR = /A¢2+ An? variable and applied in the following order based on previous studies [24] :

1. If an electron and a jet are found withtfR < 0.2, the object is interpreted as an electron and the
overlapping ‘jet’ is ignored.

2. Ifamuon and a jet are found withxR < 0.4, the object is treated as a jet and the muon is rejected.

3. If an electron and a jet are found within20< AR < 0.4, the object is interpreted as jet and the
nearby ‘electron’ is ignored.

6 Event selection

The results presented were collected from March to July 2010. From all data taken at a centre-of-
mass energy of 7 TeV and for which the LHC declared stable beams, only those with the detector high
voltage in optimal condition are selected. In addition both the solenoid and toroid must be on at nominal
conditions to allow good momentum measurements for the electrons and muons. It is also required

2)Contributions from non-isolated and poorly reconstructed muons are not included in the calculation in either the data or
the Monte Carlo samples since otherwise poorly reconstructed muons would dominate in the tail of the distribution.
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Data | Monte Carlo| Normalization factor
Electron channe| 101 245 0.414-0.08
Muon channel 15 31.4 0.48+0.12

Table 2: The numbers of events in data and the Monte Carlo expectations are shown in the control
region used to normalise the QCD dijet background. The control region is defined fiy40 GeV and
ET'S° < 40 GeV.

that the status of the sub-detectors be sufficiently good that electron, muon, and jet identification as
well as energy and momentum computations do not deviate significantly from their expected behaviour.
This includes the systems needed for missing transverse momentum reconstruction, as well as the single
lepton trigger systems. These basic data-quality requirements resulted in a total integrated luminosity of
70+ 8nb ! (the same such requirements are used for the electron and muon modes).

In all channels, events are vetoed if an electron passes the object selection in the electromagnetic
calorimeter transition region.37 < |n| < 1.52. The cut is applied to exclude electrons reconstructed in
the barrel-endcap transition region of the electromagnetic calorimeter that will not be properly calibrated
with early data. We also veto events with a calorimeter problem in the region covered by the cluster
associated to an electron object.

In addition to the electron crack veto described in Section 5.1, the pre-selection cuts are as follows.

1. Require that events have at least one well-reconstructed lepton (electron or muomy with
10 GeV.%)

2. Reject events which contain a bad jet as described in Section 5.1. The fraction of triggered events
removed by this requirement is about 20~# in both the muon and the electron triggered samples.

3. Reject events which do not contain a primary vertex with at least five associated tracks. This cut
removes about 8 103 of the remaining events in the electron-triggered channel and about 15%
of the remaining events in the muon-triggered channel. A larger proportion of the events fail this
cut in the early data runs when the instantaneous luminosity was relatively smaller suggesting that
a significant proportion of the events rejected are unrelated to the proton-proton collisions.

Further selections are applied for both the one lepton channels and for the dilepton channels.

e One lepton channels: there must be exactly one leptongyith 10 GeV and that lepton must have
pr > 20 GeV. Two or more good jets with pseudorapidify < 2.5 and jet transverse momentum
pr > 30 GeV are required.

e Dilepton channels: there should be two or more leptons with- 10 GeV, at least one of which
must havept > 20 GeV. The dilepton invariant mass must be larger than 5 GeV.

7 Control regions and sample normalization

Normalization of the PYTHIA QCD expectation ThePYTHIA QCD Monte Carlo is only leading order
in the strong coupling constant and thus is not expected to correctly describe the absolute normalization

of the dijet cross section.
A control region is defined to rescale the absolute normalizati®NTHIA to the data. The selection
criteria for the control region are a cut on the transverse mass 40 GeV and the requirement of

3)A separate analysis for events without leptons can be found elsewhere [27].
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Channel| Observed W expectation| Other SM expectation
Electron 6 2.2 0.8
Muon 4 2.1 0.3

Table 3: Number of observed and expected events ilMhe- jets control region.

missing transverse momentugy"'ss < 40 GeV where the transverse mass of the lepton andEfhe
two-vector is defined by .
i = 2|pf||EF'*S - 2pf - Efs2

This region is expected from simulation to be dominated by QCD dijet production. The normaliza-
tion factors are shown in Table 2. To allow for any differences between data and Monte Carlo in the
rate at which QCD events lead to reconstructed electrons or muons, the normalization factor is derived
separately for each lepton species.

Events in the dilepton channel are normalized to the QCD cross section. The normalization was veri-
fied in a control region defined by&my, < 15 GeV andEMsS< 15 GeV where the QCD background is
expected to dominate. We have assigned a total systematic uncertainty of 100% to the QCD background
in the dilepton channel.

Normalization of the ALPGEN W+ + jets expectation For higher jet multiplicities the normalization of
theW™ + jets prediction can suffer from higher order corrections which have been found to be significant
at the Tevatron [28].

The normalization of th&V* +jet prediction for> 2 jets has therefore been determined in a separate
control region in which 30 Gew E¥”SS< 50 GeV and 40 GeW¥: Mt < 80 GeV. The numbers of events
expected and measured in this control region can be found in Table 3. The normalization factor for the
control region was calculated to bel2- 1.0. The uncertainty in the normalization factor is large because
of the small number of events in the control region but the factor is consistent with one. A systematic
uncertainty was assigned in addition to the extrapolation of this number from the control region to the
full phase space. The total conservative uncertainty assigned to this prediction is 50%.

8 Systematic uncertainties

To estimate the Standard Model prediction several of the most important sources of experimental system-
atic uncertainties on the Monte Carlo predictions have been considered. Firstly the uncertainty associated
with the measurement of the calorimeter energy scale was estimated using a parameterization of the en-
ergy scale as a function of jgir andn [29]. This procedure was designed to produce a conservative
estimate of the uncertainty. Jets have a fractional uncertainty of typically 10% if the jet transverse mo-
mentum is in the range 20 pt < 60 GeV and 7% for jets at higher. The effect of the change in energy

scale was applied in a fully correlated way to jets in all Monte Carlo samples and to the component of
the missing transverse momentum from clusters associated with those jets.

The lepton fake rate was studied by reversing the lepton isolation criteria with good agreement be-
tween the data and the QCD Monte Carlo simulation being found. The QCD background procedure
was also compared with theLPGEN QCD sample and again satisfactory agreement was found. From
those studies a conservative systematic uncertainty of 50% is assigned to the overall normalization of the
QCD prediction to the one-lepton channels. The uncertainty for the 2-lepton channels is 100%. We have
attributed a 60% normalization uncertainty ¥t jets production.



The uncertainty in the integrated luminosity is estimated to result in an overall normalization error
of 11% fortt production.

Uncertainties associated with the trigger efficiency, and electron and muon identification efficiency
are small by comparison.

The statistical uncertainty (assumed to3Bl) on the Monte Carlo prediction and all systematic
uncertainties are added in quadrature. No attempt has been made in this early study to distingusish
between errors correlated and uncorrelated between bins or selections.

9 Results

Selections and distributions are made for the following variables.

Missing transverse momentum The calorimeter transverse missing energy components are defined
by

] Neell
E)r(mss,calo = _ Z E; sin6, coso;
i=

Neell

Eymiss,calo = _ ZEi sing, sing;
i=

where the sum is over topological cluster cell energies at the electromagnetic scale within the pseudo-
rapidity range|n| < 4.5. In the following definitions the missing transverse momentum two-vector is
corrected by subtracting the transverse momentum from any isolated muons,

E’_rl_nissE (E)r(niss,calta E;niss,calc) . Z p#hl' (1)
J

The missing transverse moment&'*Sis defined as the norm of tHg"ss vector.

The performance of the missing transverse momentum reconstruction during the data-taking period
is described in Ref. [30]. Events in which invisible particles are produced can be expected to have large
E#niss_

Effective mass (Meg) is the scalar sum of transverse momenta of all main objects and is defined as the

sum
Njets

whereNets is the minimum number of jets required for the analysis channel, which is two in this paper,
andNp is the number of leptons required (one or two depending on the channel). If more than two jets
pass the selection, the two with the largpstare used in the sum. Other high jets or leptons are not
included in the sum.

The data are shown for all distributions as points, with Poisson interval error bars to allow the reader
to estimate the statistical uncertainty. All results are compared to the Monte Carlo expectation for QCD,
W= +jets,Z0 + jets andt production.

After requiring a single lepton witlpr > 20 GeV, two jets withpr > 30 GeV andEl"ss > 30 GeV
the selection efficiency times branching ratios for the SU4 SUSY model point used for comparison was
6.1% for the single electron mode andl% for the single muon mode.

jet,i Nep lep, i

, , miss

+ E pr o +E7
J:]_



9.1 Distributions for the one-lepton analysis

Figure 1 shows the missing transverse momentum distribution for events in the electron channel (before
any E'SS or my cut is applied). The data are in agreement with the Monte Carlo prediction which is
dominated by the QCD background upg'ss of about 40 GeV. For higher values Bf''sSthe dominant
contribution is fromW= + jets. The SUSY model would tend to yield higher values of missing transverse
momentum as can be seen in Fig. 1. Two events are found after a cut on the transversg mass

100 GeV, consistent with the expectation from Standard Model processes. Such a cut would enhance the
signal-to-background ratio for typical SUSY models with an mSUGRA-like mass spectrum.

Figure 2 shows the corresponding results for the muons channel. The simulations provide a reason-
ably good description of the data. The properties of the eventsE/i}l't‘ﬁ> 30 GeV have been individu-
ally checked. One event is found after a cut on the transversemgassl00 GeV, again consistent with
the expectation from Standard Model processes. For each, the muons were reconstructed with each of
two independent tracking algorithms. There is no evidence of noise in the calorimeter, nor nearby jets.
In each case the muon was found to be well-isolated (both in terms of lack of nearby calorimeter energy
and absence of nearby tracks), has a good track fit matching in the inner detector and the data, with a
well-matched relativepr. The timing of the hits on these tracks has been checked using precision timing
available from the monitored drift tubes and the transition radiation tracker. In each case the timing of
the hits is as expected from a track from the interaction point (to within the resolution of order 2 ns).
Such a good timing match would not be expected for tracks originating from cosmic rays for which one
would expect the timing to be only approximately coincident with the primary collision. All of the jets
have well-matched tracks and none show any of the features which might identify them as noise hits.

The distributions of the effective mass are shown in Figs. 3 and 4 for the electron and muon channel,
respectively. The Standard Model predictions are dominated by the QCD background for all effective
mass values when no cut E#‘issis applied. The data are generally in good agreement with the predic-
tions. One event in the muon channel has a particularly large valvgsefabove 900 GeV. A graphical
display of this event can be found in the appendix.

After a cut requiringE?“iSS> 30 GeV thew= +jets sample is the dominant Standard Model process.
Figure 5 shows the distribution of the transverse mass before the &{'&ifor the electron and muon
channels. The QCD background dominates in the electron channel. In the muon channel the QCD
background dominates only at low valueshef andW* + jets production gives the largest contribution
at high values. At higlmy the muon distribution contains many of the same events that could be observed
at highEMsSin Fig. 2 (a) and larg®e in Figs. 4 (a) and (b).

Figure 6 shows the same variable with a cu@ss. After this cut is applieW* + jets production
dominates for both channels. The data are consistent with the expectation frakhthgets Monte
Carlo. The events identified previously at hig#'sS are also observed in Fig. 6 (b).

The jet multiplicity distributions for the electron and muon channels can be found in Fig. 7. The
number of events after several stages of the selection can be found in Table 4.

9.2 Distributions for the two lepton analysis

The two-lepton analysis selection requires two leptons with> 10 GeV, one of which must have

pr > 20 GeV. The dilepton invariant mass is required to be greater than 5 GeV. Figure 8 shows the
missing transverse momentum distribution for events passing this selection subdivided in lepton pairs
of opposite sign and lepton pairs of same sign. Two events are found in the opposite sign channel with
EMiss > 30 GeV, consistent with the expectation 0d2- 0.8 from Standard Model processes.
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Electron channel Muon channel
Selection Data Monte Carlo Data Monte Carlo
pr(¢) > 20 GeVn

> 2 jets withpr > 30 GeV. 143 157+ 85 40 37+ 14
N E%niss> 30 GeV 13 16+ 7 17 15+ 7
N mr > 100 GeV 2 3.6+1.6 1 28+1.2

Table 4: Number of events observed and predicted at several stages of the single lepton selection. As
described in Section 7, the Monte Carlo predictions have been normalised to the data in control regions
which overlap all but the final selection.
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Figure 1: Distributions of the missing transverse momentum for events in the electron channel, without
(a) and with (b) a cut on the transverse mags> 100 GeV. No requirement d&["**has been applied.
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Figure 2: Distributions of the missing transverse momentum for events in the muon channel, without (a)
and with (b) a cut on the transverse mags> 100 GeV. No requirement o&"** has been applied.
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Figure 3: Distribution of the effective mass for events in the electron channel. No &ft'grhas been
applied in (a). A cut requiringey"** > 30 GeV is applied in (b). In (c) botB{"** > 30 GeV andnr >
100 GeV are required. In (d) the missing transverse momentum cut is reversedE8'that30 GeV.

10 Summary and conclusion

An analysis of the first 78 8nb! of integrated luminosity collected with the ATLAS detector is pre-
sented. These data are analysed in an early search for new physics in channels containing jets, and
missing transverse momentum together with one or more leptons (electrons or muons). The measure-
ments are compared to simulations based on Monte Carlo predictions of Standard Model QCD, gauge
boson + jets antt processes using the ATLASEANT-based full detector simulation.

The measured distributions of jet momenta, missing transverse momentum, effective mass, and trans-
verse mass generally show agreement with expectations from Standard Model processes.

One of the single-muon events contains five jets vath> 30 GeV and an unusually large scalar
sum of transverse momentum (greater thahTeV). A graphical display of this event can be found in
the appendix.

After a further cut requiringnr > 100 GeV two events remain in the single electron channel and one
event is found in the single muon channel. The Standard Model expectation after this further selection is
3.6+ 1.6 events in the electron channel an82 1.2 events in the muon channel.

When requiring a second leptoadr p) with pr > 10 GeV ancEMsS> 30 GeV, two events remain in
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Figure 4: Distribution of the effective mass for events in the muon channel. In (a) no cE!li"éﬁs
applied. In (b) a cut requiring"**> 30 GeV is applied. In (c) botB{"**> 30 GeV andny > 100 GeV
are required. In (d) the missing transverse momentum cut is reversed &'tftat 30 GeV.

the data in the opposite sign channel, consistent with the expectatiof-60028 from Standard Model
processes.
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Figure 5: Distributions of the transverse masswithout a cut orE!™sS for the electron (a) and muon
channel (b).
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Figure 6: Distributions of the transverse masswith a cut onE?iSS> 30 GeV for the electron (a) and
muon channel (b).
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Figure 7: Distribution of the number of jets withr > 30 GeV for the electron (a) and muon channel (b).
The cut requiring={"**> 30 GeV has been applied.

102 g o g 10 T T o g
E.. Dilepton Channel OS ® Data2010 Ns=7TeV) 3 E  Dilepton Channel SS ® Data2010 Ns=7TeV) 7
B ElggnDte Carlo | C Elggrge Carlo |
10 IL dt~70nb'  E@Wijets E 105 J.L dt~70n6"  @@Wijets E
E I Z+jets E = [ Z+jets E
% C = DrellYan ] % I = DrellYan ]
(g 1? ....gua, (x10) E (OD 1= ----tStU4 (x10) E
§ 10_1;‘|—|_ ATLAS Preliminary | 5 10_1: ATLAS Preliminary 1
£ R T S WGLIR SO — 3 £ E 3
im] E - 3 i £ 3
MRS U LA J F T e B
10‘2;J E 102 ; b e E
E B g B
10—37”‘\Hm‘H\Hmumumumu‘ i 10-37 i |
0 20 40 60 80 100 120 140 160 180 200 0O 20 40 60 80 100 120 140 160 180 200
ET [GeV] ET® [GeV]
(@) (b)

Figure 8: Distribution of the missing transverse momentum for di-lepton events. The cuts applied are
described in the text.
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AT LAS Event with high-p.
%’ Jets and a Muon

.._.. ) EXPERIMENT in 7 TeV Collisions

Run: 155569 Event: 5091167
Date: 2010-05-22 04:34:53 CEST

Figure 9: Event display of the collision (run number 155569, event number 5091167 Mattof

915 GeV when only the leading two jets are included in the scalar sum increasing to 1156 GeV if all
jets are included. There are a total of 145 tracks associated with the primary vertex; no second vertex
is reconstructed. The missing transverse momentum is 118 GeV. There is one well isolated positively
charged muon wittpy of 25 GeV, andn = 2.33. That muon is cleanly selected with 11 hits on the
monitored drift tubes, 6 on the cathode strip chambers, 5 pixel hits and 8 silicon strip hits.
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