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Results are presented on searches for supersymmetric particles in a dataset corresponding to
an integrated luminosity of 35 pb−1 recorded by the ATLAS detector at the Large Hadron
Collider (LHC) at CERN. The searches can be broadly classified into “Missing-ET -based”
searches, where it is expected that the Lightest Supersymmetric Particle (LSP) is stable and
neutral, and is not directly detected, and other searches, which cover models where R-Parity
is violated, or with meta-stable, charged supersymmetric particles. No signal was observed
in any of these searches, and upper limits were placed on various regions of parameter space,
which are in many cases more stringent than previous limits.

1 Introduction

Supersymmetry (SUSY) is one of the most widely investigated extensions to the Standard Model
of particle physics, in which every fundamental Standard Model fermion has a supersymmetric
boson partner, and vice versa. This naturally solves the hierarchy problem, and in the case where
R-Parity is conserved, provides a candidate dark matter particle in the form of the Lightest
Supersymmetric Particle (LSP), which would be stable.

Search strategies for R-Parity conserving supersymmetry using the ATLAS detector 1 are
based on missing transverse energy (Emiss

T ), and since production of coloured sparticles is ex-
pected to be favoured at the LHC, high pT jets are also required. Searches are performed
separately for final states with different numbers of high-pT leptons, which can arise from model-
dependent cascades of decays from the produced sparticles to the stable LSP.

In addition, searches are performed for various R-Parity violating SUSY scenarios, which
can give rise to very different experimental signatures. Examples of these examined here are
massive particles decaying to an electron-muon pair, and long-lived massive “R-hadrons”.

2 Search for supersymmetry in final states with jets, missing transverse energy,
and no leptons.

The ATLAS search for SUSY events with high-pT jets and missing transverse energy2 is designed
to be as model-independent as possible. Four signal regions are defined, optimized for maximum
exclusion reach on different regions of the squark mass versus gluino mass plane: mq̃,mg̃. These
regions are defined in Table 1 in terms of several discriminating variables:

• Emiss
T : the missing transverse energy, measured using calorimeter cells over the full range

of pseudorapidity |η| < 4, and corrected for the energy of reconstructed physics objects
such as muons.



Table 1: Signal region definitions for the zero-lepton analysis.

A B C D
Njets ≥ 2 ≥ 2 ≥ 3 ≥ 3

Leading jet pT (GeV) > 120 > 120 > 120 > 120
Other jet(s) pT (GeV) > 40 > 40 > 40 > 40

Emiss
T (GeV) > 100 > 100 > 100 > 100

∆φ(jet, ~pT
miss
min ) > 0.4 > 0.4 > 0.4 > 0.4

Emiss
T /meff > 0.3 - > 0.25 > 0.25

meff (GeV) > 500 - > 500 > 1000
mT2 (GeV) - > 300 - -

• meff : the scalar sum of the pT of the jets and Emiss
T

• mT2: defined in 3, a generalization of the transverse mass (mT ), designed for the situation
where pair-produced particles decay into visible and invisible particles.

The principle background for this analysis is from QCD, but this is hugely reduced by
imposing a cut on the angle ∆φ between a jet and the missing transverse energy, which in
background events can come from mismeasurement of a jet or the presence of neutrinos.

The remaining background sources (W+jets, Z+jets, tt) are estimated using Monte Carlo
(MC) simulation (ALPGEN 4 for W,Z, normalized to NLO cross-section, and MC@NLO 5 for
tt). Numerous cross-checks were performed on control regions in data to verify that the MC is
accurately modeling the data.

No excess of events over the background expectation is seen in any of the four signal regions,
and an 95% C.L. upper limit is placed on the “effective cross-section” (i.e. assuming 100%
efficiency) for New Physics in any of the signal regions A, B, C, D, of: 1.3 pb, 0.35 pb, 1.1 pb,
and 0.11 pb respectively.

Furthermore, these results can be interpreted in the context of “Minimal Supergravity”
(mSUGRA) 6, a model with only four parameters plus a sign choice, as shown in Figure 1.
In this framework, if the squark and gluino masses are similar, the exclusion limit is approxi-
mately mq̃,g̃ < 775 GeV, and is relatively insensitive with respect to variations in the remaining
mSUGRA parameters.

3 Search for supersymmetry in final states with jets, missing transverse energy,
and one lepton.

For the one-lepton analysis 7, selected events are required to contain exactly one electron or
muon, with pT > 20 GeV, and at least three jets with energy greater than 30 GeV (60 GeV for
the leading jet). The principal backgrounds are expected to be tt and W+jets events. These are
estimated using a semi-data-driven approach, where the numbers of events in various control
regions in the Emiss

T vs mT plane, are fitted simultaneously with the number in the signal region.
Monte Carlo simulation is used to estimate the shapes of the distributions of the different
backgrounds, i.e. the relations between the numbers in the control regions and the numbers in
the signal region. The background from QCD events is estimated in a purely data-driven way,
solving linear equations to obtain the fake probability for a candidate passing “tight” particle
identification requirements, via a “loose” lepton selection.

The expected numbers of background events in the signal regions for the electron and muon
channels are (1.81±0.75) and (2.25±0.94) respectively. One event is observed for each channel,
leading to upper limits on σ×A×B.F. of 65 fb for the electron channel and 73 fb for the muon



channel. These results are combined and interpreted as an exclusion region in the mSUGRA m0

vs m1/2 plane as shown in Figure 1. If the squark and gluino masses are approximately equal,
values less than about 700 GeV are excluded.

4 Searches for supersymmetry in final states with jets, missing transverse energy,
and two leptons.

ATLAS SUSY searches for channels with missing transverse energy and two high-pT leptons in
the final state can be subdivided into three analyses: the same sign and opposite sign searches 8

look for pairs of leptons with same or opposite electrical charge but no requirement on flavour
(electron or muon), while the flavour subtraction analysis 9 looks for any excess of opposite-sign-
same-flavour lepton pairs over opposite-sign-different-flavour.

4.1 Same-sign and opposite-sign dilepton analyses

As very few Standard Model processes are expected to give rise to events with two leptons of the
same sign, the signal region for this analysis has a comparatively loose cut of Emiss

T > 100 GeV,
while the opposite-sign analysis requires Emiss

T > 150 GeV. The main background sources are
tt events for the opposite-sign analysis, and events containing fake or misidentified leptons for
the same-sign analysis. The top backgrounds are estimated using a data-driven method from
control samples enriched in tt events, while as in the one-lepton analysis, the fake background
is estimated from the “loose-tight” matrix method.

No excess over Standard Model expectations is observed in any of the signal regions for the
different lepton flavour combinations (ee, eµ, µµ). The resulting limits on the mSUGRA plane
are shown in Figure 1.

4.2 Flavour subtraction analysis

With the exception of Z or γ∗ sources, opposite-sign-different-flavour lepton pairs are expected
to occur as often in the Standard Model as opposite-sign-same-flavour pairs. However, due to
lepton flavour conservation in SUSY decay chains, an excess of same-flavour pairs could prove
a useful signal of new physics, and any features in the dilepton invariant mass spectrum could
provide insight into SUSY mass splittings.

A quantity S is defined that incorporates reconstruction and trigger efficiencies into a mea-
sure of this excess, and the measured value of S = 1.8 ± 0.2 is compatible with the Standard
Model expectation of S = 1.98±0.79±0.78. Figure 2 shows the dilepton invariant mass spectra
for same-flavour and opposite-flavour pairs.

5 Search for supersymmetry in final states with jets, missing transverse energy,
and more than two leptons.

Channels with three or more leptons and missing transverse energy are expected to have very low
Standard Model backgrounds, and were a “golden channel” for SUSY searches at the Tevatron.
In this search 10, at least three leptons (electrons or muons) are required, in any charge and
flavour combination, with minimum pT of 20 GeV (unless the third lepton is a muon, in which
case the requirement is pT > 10 GeV). Pairs of leptons with the same flavour but opposite charge
are vetoed if the invariant mass of their combination is close to the nominal Z mass, or very low
(to suppress backgrounds from Drell-Yan production). At least two jets with pT > 50 GeV are
required, and the signal region is defined as Emiss

T > 50 GeV.
The expected number of background events with three or more leptons passing the pT

requirements is 16.6 ± 1.3, and 19 are observed. Of these, 10 events pass the Z mass veto,



and none pass the jet pT requirements. The resulting exclusion regions at 95% C.L. in the
mSUGRA framework are shown in Figure 1, and are highly compatible with previous limits
from the Tevatron.

 [GeV]0m

50 100 150 200 250 300

 [G
eV

]
1/

2
m

120

140

160

180

200

220

240

260

280

300

320

>0µ= 0, 
0

 = 3, AβMSUGRA/CMSSM: tan =7 TeVs,  -1 = 34 pbintL

multilepton

ATLAS

 (400 GeV)q~

 (500 GeV)q~

 (600 GeV)q~

 (400 GeV)g~

 (500 GeV)g~

 (600 GeV)g~

Observed limit 95% CL

Median expected limit

±
l
~

LEP2 

1

±χ∼LEP2 

2

0χ∼, 
1

±χ∼D0 

-1<0, 2.1 fbµ, q~, g~D0 

-1=5, 2 fbβ, tanq~, g~CDF 

Preliminary

Figure 1: : Exclusion limits at the 95% C.L. on the m0.m1/2 plane in the mSUGRA framework, with tanβ = 3,
A0 = 0, and µ > 0. The top left plot is from the 0-lepton analysis, the top right plot from the 1-lepton, the

bottom left from the 2-lepton, and the bottom right for the multi-lepton analysis.

6 Searches for supersymmetry in final states with b-jets and missing transverse
energy

Depending on the value of tanβ, the ratio of vacuum expectation values for the two Higgs
doublets, the production of third generation squarks could be favoured at the LHC. It can
therefore be advantageous to search for final states containg b−jets. Separate searches 11 are
performed for final states with and without high-pT leptons. In both cases, at least one jet
is required to be b-tagged, using the SV0 algorithm 12, that selects tracks from a secondary
vertex that are associated with the jet. The principal background is from tt events. Data-driven
methods are used to estimate the QCD, W plus jets, and tt backgrounds. No excess of events
is observed above the Standard Model expectation in the signal region. The zero-lepton (one-
lepton) results can be interpreted in R-parity conserving models where sbottoms (stops) are the
only squarks in the gluino decay cascade, gluino masses below 590 GeV (500 GeV) are excluded
at the 95% C.L., as shown in Figure 2.



Figure 2: The top left plot shows the dilepton invariant mass spectra for oppositely signed same-flavour and
opposite-flavour lepton pairs, weighted according to efficiency and acceptance correction factors, from the flavour
subtraction analysis. The top right plot shows the exclusion limits on the mSUGRA m0.m1/2 plane, with high
tan β, from both b-jets analyses. The lower right plot shows the 95% C.L. exclusion region on the mb̃ vs mg̃ plane
from the zero-lepton plus b-jets SUSY search, while the right plot shows the result of the one-lepton plus b-jets

search on the mt̃ vs mg̃ plane.



Figure 3: The left plot shows exclusion limits on the production cross-sections of stable squarks and gluinos as a
function of mass. The right plot shows the exclusion limits from the eµ resonance search on the RPV coupling

parameters λ′311 and λ312 as a function of mν̃τ .

7 Stable massive particle search

Various R-Parity violating SUSY scenarios could give rise to meta-stable coloured sparticles, that
could then hadronize to produce “R-hadrons”. These could be electrically charged or neutral,
or could even change charge due to interactions with detector material. As these particles can
be slow (β < 1) and highly ionizing, the measurement of charge deposition dE/dx in the Pixel
detector, and precise timing measurements from the Tile calorimeter, provide two independent
methods for differentiating such Stable Massive Particles (SMPs) from SM background. In this
analysis 13, masses of candidate particles are calculated by dividing its momentum (measured
in the Inner Detector) by βγ measured in the Pixel detector or Tile calorimeter. Backgrounds
are determined from a data-driven method, where random momentum values are combined with
random measurements of Pixel dE/dx and Tile β, as the outlying events in these distributions
are found to be uncorrelated. No candidate SMPs are observed with mass > 100 GeV, and upper
limits are set on the production cross-sections of squarks and gluinos, as shown in Figure 3.

8 eµ resonance search

In some R-Parity violating SUSY models which do not conserve flavour, a ν̃τ can decay into
an electron and a muon. In this search 14, eµ candidates are required to have opposite charge,
pT > 20 GeV, and pass standard ATLAS particle identification criteria for electrons and muons
respectively. Sources of background that can produce real oppositely charged pairs of electrons
and muons include Z → ττ events, tt, and diboson events. These are estimated using MC,
normalized to NLO cross-sections. Correction factors are applied to make the identification
efficiency, energy scale and resolution in the simulation match those in the data. Other back-
grounds can come from events containing one lepton and one jet, where the jet is misidentified
as a lepton. These are estimated using a data-driven “loose-tight matrix” method, as described
in Section 3. No excess of events above the expected Standard Model background is observed,
and limits are placed on the mass of ν̃τ and on the R-Parity violating couplings λ′

311 and λ312,
as shown in Figure 3.

9 Conclusions

The excellent performance of the LHC and the ATLAS detector enabled numerous searches for
supersymmetry to exclude larger regions of parameter space than previous searches, using the



2010 data. Analysis techniques for estimating backgrounds and interpreting results in different
theoretical frameworks have been developed, and shown to work well. With the potential for a
data sample two orders of magnitude greater than that shown here to be collected and analysed
in 2011, the near future will be an exciting time for SUSY.
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