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1. Introduction

Supersymmetry (SUSY) [1] is a candidate for a theory to describe physics beyond the Standard
Model (SM). It introduces a symmetry between fermions and bosons, resulting in a SUSY partner
(sparticle) with identical quantum numbers (differing by half a unit of spin) for each SM particle.
As none of these sparticles have been observed, SUSY must be abroken symmetry if realised in
nature. Assuming R-parity conservation[3], sparticles have to be produced in pairs. These would
then decay through cascades involving other sparticles until the lightest SUSY particle (LSP) is
produced. The LSP is stable and escapes detection, manifesting itself in missing transverse energy
(Emiss

T ) in the event. The experimental signature of SUSY events is largely determined by the
character of the next-to-lightest SUSY particle (NLSP).

In this paper we discuss the search for SUSY using leptons, photons andb-jets in the final
state. The most recent results on these channels from the ATLAS experiment[2] are presented.

2. The ATLAS Detector

The ATLAS detector is designed as a general purpose detectorwith a a symmetric cylindrical
geometry, providing nearly 4π solid angle coverage. Closest to the beam pipe are tracking detectors
using silicon (|η | < 2.5) and straw-tube detector technologies(|η | < 2.0)1, located inside a super-
conducting solenoid providing a 2T magnetic field. Further out from the interaction point lies the
calorimeter system, consisting of liquid-argon (LAr) sampling calorimeter and iron-scintillator tile
calorimeter to provide electromagnetic and hadronic coverage. The outermost detector is a muon
spectrometer consisting of three large super-conducting toroids, a system of precision tracking
chambers and detectors for triggering.

3. Search for SUSY with exactly one high pT lepton.

If charginos (̃χ±) are produced in the SUSY chain, they can produce a high-momentum lepton.
An analysis[4] was designed to search for such events with only one lepton, such that it can be
combined with other channels (0,2,3 lepton channels) and isnot optimised for any particular model
of SUSY.

A dataset based on an integrated luminosity of 165pb−1 from proton-proton collisions col-
lected in 2011 in by the ATLAS experiment at a center-of-massenergy of 7 TeV was used. Events
were selected, after the application of basic data quality requirements, by single leptons triggers (e
or µ). Events containing exactly one well reconstructed and isolated electron or muon with trans-
verse momentumpT > 20 GeV were selected. The events were also required to have 3 good jets,
with |η | < 2.8 of pT > 60 GeV for the leading jet, andpT > 25 GeV for the second and third jets.
Large mismeasurement of the jet transverse momenta is avoided by requiring theEmiss

T vector to

not be aligned with any of the three leading jets (∆φ(
−→
jeti,

−→
E

miss
T ) > 0.2). In addition the transverse

1ATLAS uses a right-handed coordinate system with its originat the nominal interaction point (IP) in the centre of
the detector and thez-axis along the beam pipe. Thex-axis points from the IP to the centre of the LHC ring, and they
axis points upward. Cylindrical coordinates(r,φ) are used in the transverse plane,φ being the azimuthal angle around
the beam pipe. The pseudorapidity is defined in terms of the polar angleθ asη = − ln tan(θ/2).
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mass (mT) andEmiss
T were required to be larger than 100 and 125 GeV respectively.The two final

cuts that define the signal region areEmiss
T /me f f > 0.25 andme f f > 500 GeV, whereme f f is the

scalar sum ofEmiss
T and the transverse momenta of the three leading jets.

The main SM backgrounds arett̄ andW + jet events which are estimated with data-driven
techniques. The number of observed events in all three analyses has been found in agreement with
the SM predictions, as shown in table 1.

Table 1: Summary of the observed and expected event yields in events with a single electron or muon.

Electron Channel Muon Channel

Observed Events 10 12

Estimated Top events 8.7±3.6 7.2±2.7
Estimated W/Z events 4.6±2.8 5.0±2.6
Estimated QCD events 1.12+0.7

−0.4 0.0+0.5
−0.0

Total Background 14.5±5.2 12.2±3.8

From the number of observed events and predicted background, 95% CL upper limits on the
observed number of signal events in the electron and muon channels of 6.8 and 8.8 were made
respectively. The results are interpreted as limits for a grid of signal models in them0−m1/2 plane,
as shown in figure 1.
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Figure 1: Observed and expected 95% CL exclusion limits, as well as the+- 1 sigma variation on the
expected limit, in the combined electron and muon channels.Results are obtained with the PCL technique.
The plots also show the published limits from CDF, D0, and theresults from the LEP experiments.

.

4. Search for Diphoton events with large Emiss
T

In Gauge Mediated Supersymmetry breaking (GMSB)[5] the LSPis the Gravitino (̃G) and the
NLSP is commonly the lightest neutralinõχ0, which if the SUSY partner of the U(1) gauge boson
(the “bino”), the final decay in the cascade isχ̃0 → γG̃. The two susy cascades result in a final state
γγ +Emiss

T +X, whereX represents SM particles emitted in the prompt cascade decays.
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From the full data sample collected in 2010 of 36pb−1, photon triggers were used to select
events. 762 events had two good photons (ET > 30,20 GeV), although none of these events were
found in the signal region ofEmiss

T > 125 GeV[6]. Data-driven techniques were used to estimate an
expected background of 0.10±0.04(stat)±0.05(sys) events. The number of events in the signal
region from any physics beyond that described by the SM, was found to be less than 3.0 at 95% CL.
This number corresponds to 95% CL limits on the production cross-sections ofσ < 0.38−0.65pb
in the GGM model (mχ̃0

1
= 150 GeV,mg̃ = 400−800 GeV). This estimate was used, together with

the observation of zero events, to place a 95% CL upper limit on the number of events from new
physics in the signal region as shown in figure 2.
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Figure 2: Expected and observed 95 % CL lower limits on the gluino mass as a function of the neutralino
mass in the GGM model with a bino-like lightest neutralino asNLSP (the grey area indicates the region
where the NLSP is the gluino, which was not considered here).The other sparticle masses are fixed to
1.5 TeV. Further model parameters are tan beta = 2 and c tauNLSP < 0.1 mm. The observed limit and the -1
sigma expected error band are degenerate with the expected limit.

5. Search for SUSY with b-jets and no leptons

SUSY is searched for in final states involvingEmiss
T , energetic jets, of which one must be

identified as ab-jet and no isolated leptons (e or µ). A total of 0.83 fb−1 of data is considered[7].
Events are triggered with a highpT jet and largeEmiss

T . They are required to have at least one jet
with pT > 130 GeV, two softer jets withpT > 50 GeV,Emiss

T > 130 GeV andEmiss
T /me f f > 0.25.

Four signal regions are defined in order increase signal sensitivity for the models considered. They
are characterised by the number of identifiedb-jets andme f f and presented in table 2 with the
observed and expected number of events they contained. These numbers were used to produce
95% CL upper limits on the number of events and effective cross-section from new physics. These
results are interpreted in terms of two phenomenological MSSM scenarios, as shown in figure 3. In
the first of these, thẽb1 is the lightest squark (mg̃ > mb̃1

> mχ̃0) and is produced via gluino mediated
processes or via direct pair production and decay exclusively to b̃1 → bχ̃0

1 . The second scenario is
defined in the context of the general simplified models[8] where the gluinos decay intobb̃χ̃0

1 final
states.
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Table 2: Summary of the observed and expected event yields in the foursignal regions. Systematic uncer-
tainties for the SM predictions are given. Also shown are the95%C.L. upper limits on contributions from
new physics using theCLs method and on the effective cross-section for new physics.

Signal Region
1 b-jet 1b-jet 2b-jet 2 b-jet

me f f > 500 GeV me f f > 700 GeV me f f > 500 GeV me f f > 700 GeV

Observed events 361 63 76 12
Est. Top events 221+82

−68 37+15
−12 55+25

−22 7.8+3.5
−2.9

Est. W/Z events 121±61 31±19 20±12 5±4
Est. QCD events 15±7 1.9±0.9 3.6±1.8 0.5±0.3

Total Background 356+103
−92 70+24

−22 79+28
−25 13.0+5.6

−5.2

95% C.L.NeventsCLs 140 51 65 14
95% C.L.σe f f(pb)CLs 0.288 0.061 0.078 0.017

 [GeV]g~m
100 200 300 400 500 600 700 800 900 1000

 [G
eV

]
1b~

m

200

300

400

500

600

700

800

900

1000
 

0

1
χ∼ b+→1b

~
 production, 1b

~
-1b

~
 + g~-g~ =7 TeVs, 

-1
L dt = 0.83 fb∫

b-jet analyses
0 lepton, 3 jets

 PreliminaryATLAS

0 lepton, 3 jets

Reference point

)g~)>>m(
1,2

q~) = 60 GeV, m(
0

1
χ∼m(

b fo
rbidden

b~→g~

 observed limitsCL
 expected limitsCL

68% and 99% C.L.
 expected limitssCL

)-1ATLAS (35 pb

-1 2.65 fb
1

b
~

1
b
~

CDF 

-1 5.2 fb
1

b
~

1
b
~

D0 

-1b 2.5 fb
1

b
~
 →, g~g~CDF 

102.0 15.2 2.9 1.5 0.7 0.4 0.3 0.2 0.2 0.2 0.2 0.4

79.9 19.9 6.5 1.5 0.8 0.6 0.4 0.2 0.2 0.2 0.2 0.4

89.5 31.8 8.9 3.4 1.2 0.7 0.4 0.2 0.2 0.2 0.3 0.4

136.9 97.5 17.0 5.2 2.6 1.0 0.4 0.3 0.2 0.2 0.3 0.4

275.0 34.4 11.8 6.3 1.7 1.0 0.7 0.4 0.3 0.3 0.5

68.2 26.0 21.0 3.5 1.3 1.0 0.7 0.3 0.4 0.5

114.7 20.7 5.1 2.2 2.1 1.0 0.5 0.6 0.6

52.6 8.1 4.4 4.1 3.4 2.0 0.7 0.8

80.6 19.0 4.5 4.7 2.2 0.9 1.1

60.0 13.1 8.3 7.1 1.2 1.6

82.4 19.0 14.0 6.3 3.8

93.4 30.5 10.0 6.6

87.9 20.5 13.7

90.6 38.4

107.7

 [GeV]g~m
200 300 400 500 600 700 800

 [G
eV

]
10 χ∼

m

0

100

200

300

400

500

600

700

800

) s
M

ax
im

um
 c

ro
ss

 s
ec

tio
n 

[p
b]

(C
L

-210

-110

1

10

210

) g~) >> m(q~, m(
0

1
χ∼ 2b+→g~ production, g~-g~ =7 TeVs, 

-1
L dt = 0.83 fb∫

 PreliminaryATLAS

) s
M

ax
im

um
 c

ro
ss

 s
ec

tio
n 

[p
b]

(C
L

-210

-110

1

10

210

 forbidden

0
1χ∼

2b+
→g~

0 lepton, 3 jets

b-jet analyses

 limitsObserved 95% CL

 limit
s

Expected CL

Figure 3: The plot on the left shows the observed and expected 95% C.L. exclusion limits in the gluino-
sbottom mass plane. Also shown are the 68% and 99% C.L. expected exclusion curves. For each point in
the plot, the signal region selection providing the best expected limit is chosen. The neutralino mass is set to
60 GeV. The result is compared to previous results from ATLASand CDF searches which assume the same
gluino-sbottom decays hypotheses. Exclusion limits from the CDF and D0 experiments on direct sbottom
pair production are also shown. The plot on the right shows the 95% C.L. upper cross section limits in pb
and observed and expected limit contours in the gluino-neutralino (LSP) mass plane for gluino masses above
200 GeV. For each scenario, the signal region selection providing the best expected limit is chosen.

6. Summary

Searches for SUSY with photons, leptons andb-jets have been performed at ATLAS
experiment using data collected in 2010 and the beginning of2011. The observed number of
events in the signal regions shows agreement with the expected background from SM processes.
Limits are placed on the number of events from new physics.
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