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In the 2010 data taking period, the CMS experiment collected 36 pb−1 of integrated luminosity.
An overview of the analyses performed on this dataset in the search for supersymmetric events
is presented. No significant excess with respect to the backgrounds expected from the Standard
Model has been observed in any final state. Exclusion regions beyond previous experiment
searches are set, and a robust strategy is defined to make discoveries in the 2011-2012 LHC
run

1 Analysis strategy

The strategy of the CMS Collaboration in the search for Supersymmetric events is based on one
fundamental assumption: we don’t know how Physics beyond the Standard Model will manifest
itself. The guideline is hence not to follow the models, and to design instead a set of inclusive
analyses based uniquely on the final states. This set of analyses has to be complete and robust.
For a given final state, different approaches can be chosen to increase the robustness of the
analysis.

2 Supersymmetry at CMS

The Supersymmetric analyses are performed using the physics objects reconstructed in the
CMS detector 1: electrons, muons, taus, photons, jets, missing transverse energy (MET), HT
(the scalar sum of the jet transverse energies), MHT (the vectorial sum of the jet transverse
energies). They have all been commissioned and understood during the initial stages of the 2010
run.

The analyses are essentially counting experiments: an excess of events is searched out of
an estimated Standard Model background. Whenever possible, the backgrounds are estimated
with data-driven methods. To make the analyses even more robust, the same background is
often estimated with multiple data-driven methods. The cuts are not optimized to maximize
the exclusion regions: the aim of the analyses is not to just define stringent exclusion limits, but
to establish the methods needed to be ready for discoveries.

3 Fully Hadronic final states

Different approaches are used in the search for Supersymmetric events with jets and missing
transverse energy in the final state. The first approach is based on the variable αT

2, used



as main discriminator between events with real and fake missing transverse energy 3. Three
independent data-driven techniques have been used for the background estimate. 13 events are
observed after all the selection, in agreement with the expectations from the Standard Model.
A variation of the analysis based on the αT variable is performed requiring a b-tagged jet in
the final state, in order to reduce non-top backgrounds and to enhance the sensitivity to models
with an increased third generation activity 4. The other two approaches are based on the MHT
variable 5 and on the Razor variable 6 respectively. These two approaches are complementary,
since the former is based on the understanding of the detector response in detail, while the latter
relies on the kinematics of the event. The two analyses use both data-driven techniques for the
estimate of the backgrounds. The fact that they give similar limits gives further confidence of
the capability of CMS to discover Supersymmetry when it will appear. The mSUGRA exclusion
limits for all the hadronic analysis separately are shown in fig. 1. The combination of the
exclusion limits from all the fully hadronic analyses is given in the framework of the simplified
models 7, and is shown in fig. 2.

 (GeV)0m
0 200 400 600 800 1000

 (
G

eV
)

1/
2

m

150

200

250

300

350

400

(500)GeV

q~

(500)GeVg~

(650)GeV

q~

(650)GeVg~

(800)GeV

q~

(800)GeVg~

 = 7 TeVs, -1 = 36 pb
int

CMS preliminary    L

 > 0µ = 0, 
0

 = 10, AβtanTα

+b-tagTα

Jets+MHT

Lepton+M
E

TSS DileptonOS Dilepton

Razor

LM1

<0µ=5, βtan, q~, g~CDF  

<0µ=3, βtan, q~, g~D0   

±
1

χ∼LEP2   

±
l
~

LEP2   

 =
 L

S
P

τ∼

 (GeV)0m
0 200 400 600 800 1000

 (
G

eV
)

1/
2

m

150

200

250

300

350

400

 (GeV)0m
0 200 400 600 800 1000

 (
G

eV
)

1/
2

m

150

200

250

300

350

400

)  (GeV)q~M(

400 600 800 1000 1200 1400 1600 1800 2000

) 
 (

G
e
V

)
g~

M
(

400

600

800

1000

1200

1400

1600

1800

2000

CMS
136 pb

 = 7 TeVs

) = 50 GeV
1

0
χ
∼

M(

) = 150 GeV
1

0
χ
∼

M(

) = 500 GeV
1

0
χ
∼

M(

Expected for
) = 150 GeV

1

0
χ
∼

M(

Figure 1: Left: Summary of the exclusion limits in the mSUGRA plane for the various CMS searches. Right:
Exclusion limit in the squark-gluino plane for the search in the final state with two photons, jets and missing

transverse energy.
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Figure 2: Limit on the production cross section in a simplified model in a LSP-gluino plane (left) and LSP-
squark plane (right). The curves refer to an assumed interaction strength equal to the QCD interaction (solid),
three times larger (dashed), one third of it (points). Theoretical uncertainties are not taken into account in the

calculation of the limits.



4 Final states with photons, jets and missing transverse energy

The framework considered is the General Gauge Mediation (GGM), in which the Next-to-
Lightest Supersymmetric Particle (NLSP) is the Neutralino, which decays into a Gravitino
and a photon. The final state is hence characterized by two photons, jets and missing transverse
energy given by the Gravitinos escaping the detector. As for the searches of the previous section,
no assumption are made on the model, and the search is model independent, based exclusively
on inclusive cuts on the objects of the final state 8. The dominant background is given by QCD
jets with misidentified photons and mismeasured missing transverse energy and is estimated
with a data-driven technique. After the selection cuts one event is observed, in agreement with
the background estimate. The result is interpreted as an exclusion curve in the squark-gluino
mass plane, as shown in fig. 1. In GGM if Winos and Binos are mass degenerate NLSP’s, the
diphoton signature can be replaced by a photon-lepton signature. In this case the dominant
background is given by Wγ events. The Monte Carlo for this process has been validated on the
cross section measured by CMS 9, and is therefore used for the background estimate. In both
the electron-γ and muon-γ final states one event is observed, in agreement with the estimated
background 10.

5 Final States with two opposite sign leptons, jets and missing transverse energy

From Monte Carlo studies, the dominant background for this signature is tt. For this reason, the
same preselection as the one used in the CMS tt cross section measurement is used 11. After the
preselection cuts a good agreement is found between data and Monte Carlo in the distribution
of many variables. Two independent data-driven estimates for the backgrounds are used. The
first one is the so-called ABCD or matrix method: a plane is defined with two uncorrelated
variables for tt. The two variables are in this case HT and y = MET /

√
HT . After defining

a signal region with tighter cuts than the ones used for the preselections, the plane is split in
four sub-regions. If the assumption of the uniform distribution of the background in the plane
is verified, the number of events in the fourth sub-region can be estimated from the other three
sub-regions. The second data-driven technique is based on the assumption that in tt events the
missing transverse energy is given by the neutrinos produced by the W’s. Since the two leptons
from the W’s show a similar kinematic behaviour than the neutrinos, the missing transverse
energy can be estimated from the dilepton spectrum. The method is validated in a control
region defined by a low value of the y variable, and it is then applied to the signal region. One
event is observed after all the selection cuts, in agreement with all the Monte Carlo and data-
driven estimates of the background. In addition to the exclusion limit in the mSUGRA plane
(fig. 1), a parametrization of efficiencies and acceptances is given. With this parametrization,
generator level studies of every possible model are possible 12.

6 Final States with two same sign leptons, jets and missing transverse energy

The search in the same sign dilepton final state is performed in four different kinematic regions.
After the selection of two electrons or muons, the first with pT > 20 GeV/c and the second with
pT > 10 GeV/c, the first region is defined with HT>60 GeV/c and MET>80 GeV/c2, the second
with HT>200 GeV/c and MET>30 GeV/c2. The third region is chosen in order to have lepton
pT ’s as low as possible: the cuts are 5 GeV/c for the muons and 10 GeV/c for the electrons,
accompanied by HT>200 GeV/c and MET>30 GeV/c2. The fourth region is defined with the
same cuts on the electrons and muons as the third one. In this case tau’s are also considered,
with pT > 15 GeV/c. Since the tau’s are more affected by the QCD background the cuts on HT
and MET are raised to HT>350 GeV/c and MET>50 GeV/c2. The signature with two same



sign leptons is particularly interesting since this final state is absent in the Standard Model.
The dominant background is therefore given by fake leptons: for instance tt events in which
one lepton is a real isolated lepton from the W and the other one comes from the heavy flavour
decay. The fake lepton contributions are estimated with several data-driven techniques, which
are all based on the concept of the “tight-loose” method: the probability of a lepton passing a
loose selection to pass also a tight selection is estimated in QCD multijet sample as a function of
lepton pT and η; the contribution in the signal region is estimated by multiplying this efficiency
to the yield in a preselected loose sample. Different variations of the method are used for the
different analyses and for the different backgrounds. The number of observed events in data is
in agreement with all the Monte Carlo and data-driven estimates in all the four regions. The
exclusion region in a mSUGRA plane is given (fig. 1), as well as a parametrization of efficiencies
and acceptances to make possible generator level studies of different models. As a cross check,
the same analysis has been repeated at generator level using this parametrization: an agreement
with the actual exclusion region better than the theoretical error is achieved 13.

7 Conclusions

In this talk a review of the analyses performed by the CMS Collaboration with the first 35 pb−1 of
data is presented. No evidence of Supersymmetry has been found, in any of the final states. The
previous explored range of the model parameters has been significantly extended. The results
are presented in the mSUGRA scenario in order to compare them with the results by previous
experiments, but other interpretations are given in terms of simplified models. In addition,
in some of the analyses, a parametrization of efficiencies and acceptances is given, in order to
make possible generator level studies on other models. The most important achievement is that
a road-map for discoveries has been established: the physics objects are commissioned; many
different analyses are performed on many final states; the analyses are often complementary
among them; the backgrounds are estimated with data-driven techniques whenever possible:
multiple techniques are used for the various analyses, and for every analysis, different techniques
are used for the different backgrounds. The CMS collaboration set up a robust and complete
suite of analyses aimed at discoveries in the 2011-2012 run.
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