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Abstract. The results of a search for new physics in events with two opposite-sign isolated electrons or muons,
hadronic activity, and missing transverse energy in the final state are presented. The results are based on anal-
ysis of a data sample with a corresponding integrated luminosity of 0.98 fb−1 produced in pp collisions at a
center-of-mass energy of 7 TeV collected by the CMS experiment at the LHC. No evidence for an event yield be-
yond Standard-Model expectations is found, and constraints on supersymmetric models are deduced from these
observations.

1 Introduction

A search for physics beyond the standard model in final
states with opposite-sign isolated lepton pairs accompa-
nied by hadronic jets and missing transverse energy is pre-
sented [1]. The search is based on LHC data recorded with
the CMS experiment corresponding to an integrated lumi-
nosity of 0.98 fb−1.

Two complementary search strategies are performed.
The first search probes models with heavy, colored ob-
jects which decay to final states including invisible par-
ticles, leading to very large hadronic activity and missing
transverse energy. The second search probes models with
a specific dilepton production mechanism, which leads to
a characteristic kinematic edge in the dilepton-mass distri-
bution.

No specific model has been used to optimise this search.
However, Supersymmetry (SUSY) models and benchmark
points have been chosen to illustrate the sensitivity of the
search.

2 The CMS detector

The central feature of the Compact Muon Solenoid (CMS)
apparatus is a superconducting solenoid, of 6 m internal
diameter, providing a field of 3.8 T. Within the field vol-
ume are the silicon pixel and strip tracker, the crystal elec-
tromagnetic calorimeter (ECAL) and the brass/scintillator
hadron calorimeter (HCAL). Muons are measured in gas-
ionization detectors embedded in the steel return yoke. In
addition to the barrel and endcap detectors, CMS has ex-
tensive forward calorimetry. A much more detailed descrip-
tion of CMS can be found elsewhere [2].

3 Counting experiment

A cut-and-count analysis is used as a generic approach to
search for physics beyond the standard model.

3.1 Event selectiont

For basic event selection, a dilepton trigger for light lep-
tons (electrons and muons) is used. Two isolated leptons
with opposite charge sign are demanded. One of these lep-
tons has to have a transverse momentum of at least 20 GeV,
the other lepton of at least 10 GeV. To suppress low reso-
nances and Z boson background, the invariant mass of the
two leptons is required to be larger than 12 GeV and out-
side the Z boson mass window (76 GeV to 106 GeV).

Two signal regions are defined. The first region uses
a very tight cut on missing transverse energy, Emiss

T , of
275 GeV and a moderate cut on the summed up momenta
of all jets, HT , of 300 GeV. The second signal region tight-
ens the HT cut to 600 GeV while loosening the Emiss

T cut to
200 GeV.

3.2 Background estimation

Two data-driven methods [3] are used to predict standard
model background in the signal regions.

The first method (“ABCD prediction”) measures the
background yield dependence on HT and y = Emiss

T /
√

HT
in two control regions. These variables are found to be un-
correlated. Therefore, using the determined dependencies,
the background yield can be extrapolated from a control
region into the signal regions.

The second method (“pT (ll) prediction”) exploits the
fact that the Emiss

T distribution in top-antitop events can be
modeled using the pT distribution of the charged leptons in
these events [4]. Emiss

T is described as the sum of the neu-
trino transverse momenta in these events, which follows
the same distribution as the charged leptons. Using cor-
rection factors for detector effects, W polarisation and the
applied Emiss

T cut, the amount of top-antitop background in
the signal regions can be extrapolated with this method.

3.3 Results

The observed yields and prediction results of both back-
ground estimation methods are shown in Table 1 for both
signal regions.
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Table 1. Observed and predicted yields of the counting experiment in the two signal regions. The background yield, Nbkg is the error-
weighted average of the two data-driven background prediction methods. The non-standard-model yield upper limit (UL) is a CLS

95%-confidence-level upper limit.

(HT > 300 GeV, Emiss
T > 275 GeV) (HT > 600 GeV, Emiss

T > 200 GeV)

observed yield 8 4
MC prediction 7.3 ± 2.2 7.1 ± 2.2
ABCD prediction 4.0 ± 1.0(stat) ± 0.8(sys) 4.5 ± 1.6(stat) ± 0.9(sys)
pT (ll) prediction 14.3 ± 6.3(stat) ± 5.3(sys) 10.1 ± 4.2(stat) ± 3.5(sys)
Nbkg 4.2 ± 1.3 5.1 ± 1.7
non-SM yield UL 10 5.3
LM1 49 ± 11 38 ± 12
LM3 18 ± 5 19 ± 6
LM6 8.1 ± 1.0 7.4 ± 1.2
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Figure 7: The observed 95% CL exclusion contour at NLO (solid red line) and the expected
exclusion contour (dashed blue line) with ±1σ variation (shaded blue region) in the CMSSM
(m0, m1/2) plane for tan β = 10, A0 = 0 and µ > 0. The area below the curve is excluded
by this measurement. Exclusion limits obtained from previous experiments are presented as
filled areas in the plot. Thin grey lines correspond to constant squark and gluino masses. This
exclusion is based on the results of the high HT signal region, for which the observed yield is 4
events and the expected background yield is 5.1 ± 1.7 events. The exclusion contour based on
34 pb−1 2010 data is also displayed.

Fig. 1. Contour of the observed 95%-confidence-level exclu-
sion and the expected limit for the counting experiment in the
CMSSM m0 − m1/2 plane. The area below the curve is excluded.

No evidence for a signal is found, and upper limits on
non-standard-model yields in the signal regions are derived
(Tab. 1). A hybrid frequentist-bayesian CLS method [5] is
used for this. In a further step, limits on the parameters of
the CMSSM [6,7] are derived (Fig. 1).

The CMS benchmark points [8] LM1 and LM6 are in
the tan β = 10 plane, LM3 is located at tan β = 20. For all
three benchmark points is A0 = 0 and µ > 0. LM1, LM3
and LM6 are excluded.

4 Search for kinematic edge

Dilepton events are selected using the same basic selection
as for the counting experiment (Sec. 3.1), and the invari-
ant mass distribution of the lepton pair is investigated and
searched for a kinematic edge. An edge in the invariant
mass distribution is characteristic in SUSY models for de-
cays of Neutralinos into pairs of flavour-correlated leptons
e.g. χ̃0

2 → l̃l→ χ̃0
1l+l−.

Due to the flavour correlation in the signal process,
non-standard-model production of uncorrelated lepton pairs
is considered a background to this search.

4.1 Method

An unbinned maximum-likelihood fit is performed to the
dilepton invariant mass distribution of same-flavour lep-

ton pair events in order to estimate the number of signal
events on top of the standard-model background. The fit
consists of three components. Flavour-uncorrelated back-
ground e.g. by top-antitop production is the main back-
ground. It is modeled by the product of a power function
and a falling exponential and estimated using different-
flavour events. Z-boson background is modeled using a
Breit-Wigner function convolved with a Gaussian. The third
component represents the non-standard-model signal and
is modeled by a triangular shape with an endpoint at mll =
78 GeV. This corresponds to the mass edge of CMS bench-
mark point LM1. A model for separate invariant mass res-
olutions in ee and µµ events of σee = 2 ± 1 GeV and
σµµ = 1 ± 0.5 GeV is included in this component.

The fit is performed simultaneously to ee, eµ and µµ
dilepton events.

4.2 Control and signal region

The method is tested in a control region that is defined by
100 < HT < 300 GeV and Emiss

T > 100 GeV. No signal
is expected in this region. After performing the fit, a signal
contribution of 10.7±15.4 is obtained, which is compatible
with the background-only hypothesis.

The signal region is defined by HT > 300 GeV and
Emiss

T > 100 GeV. Figure 2 shows the fit and its compo-
nents to the data in this region. A number of signal events
of 8.4 ± 7.7 is extracted in this region. This is compati-
ble with the background-only hypothesis; no evidence for
a signal is found.

4.3 Limit

After performing the fit for a mass edge with a cut-off
at 78 GeV, the range between 20 GeV and 300 GeV is
scanned for other possible mass-edge cut-off points. No
evidence for a kinematic edge is found in this range.

Therefore limits on the production cross section of cor-
responding processes are set. The limits are estimated us-
ing a hybrid frequentist-bayesian CLS method [5] and are
derived as a function of the cut-off parameter of the mass
edge (Fig. 3).
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Figure 2: Results of the maximum likelihood fit to the dilepton mass distribution for events
containing ee and µµ lepton pairs (left) and eµ lepton pairs (right) in the control region defined
as 100 < HT < 300 GeV, Emiss

T > 100 GeV (upper) and the signal region HT > 300 GeV, Emiss
T >

100 GeV (lower). In the extended fit the number of signal nS, Z nZ and tt nB events is extracted
as well.

events is shown in Fig. 2 (lower-right). We constrain the Z yield in this region using an ex-
trapolation in HT from the control region 100 < HT < 300 GeV. The Z yield in the preselection
region is multiplied by a scale factor from simulation corrected by a scale factor derived from
Z events in data with no requirement on Emiss

T , which quantifies the fraction of Z events with
HT > 100 GeV which satisfy HT > 300 GeV. Using this procedure we derive an upper limit
on the Z yield in the signal region of nZ < 6.3, which we use to constrain the Z yield in the
ML fit. The extracted signal yield is nS = 8.4 ± 7.7, which is consistent with the background
only hypothesis, as shown in Fig. 2 (lower-left). The expected LM1 yield in this region is 64 ± 6
events.
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Fig. 2. Results of the fit to the invariant mass distribution of ee and µµ events (left) and eµ events (right) in the signal region. The three
fit components of the same-flavour fit together with the extracted number of signal, different-flavour- and Z background (nS , nB and nZ)
are displayed.
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Figure 6: CLS 95% confidence level upper limit on cross-section times acceptance as a function
of the endpoint in the invariant mass spectrum assuming a triangular shaped signal.

to the predicted values in the LM1, LM3 and LM6 scenarios. For the specific benchmark SUSY
processes considered in this note, the results of the inclusive search achieve higher sensitivity
than the results of the correlated flavor search. These results significantly extend the sensitivity
of our previous 2010 results [2].

The results of the counting experiments in the high Emiss
T and high HT signal regions are also

used to place model-dependent limits on the quantity σ × A for the benchmark processes LM1,
LM3 and LM6. Here σ is the NLO cross-section and the acceptance is defined by the following
requirements, applied to the generator-level quantities. We require the presence of at least 2
opposite-sign leptons (electrons or muons) with pT > 10 GeV and |η| < 2.5; at least 1 of the
leptons must have pT > 20 GeV, and same-flavor lepton pairs with 76 < m(��) < 106 GeV are
vetoed. We require at least 2 generator-level jets with pT > 30 GeV and |η| < 3.0, separated
by ∆R > 0.4 from any lepton passing the above selection; the generator-level HT is the scalar
sum of the transverse energies of these selected jets. The generator-level Emiss

T is the vector
sum of the transverse momenta of the invisible neutrinos and LSP’s. For each signal region we
include the corresponding requirements on the generator-level Emiss

T and HT. The efficiency is
defined with respect to events passing this acceptance selection. We place CLS 95% UL’s on
the quantity σ × A, and compare these limits to the expected values of this quantity for the 3
benchmark SUSY scenarios. The results are summarized in Table 4, which indicates that all 3
benchmark SUSY scenarios are ruled out by these results.

We also quote the result more generally in the context of the CMSSM. The CLS 95% CL limit
in the (m0, m1/2) plane, for tan β = 10, A0 = 0 and µ > 0 is shown in Figure 7. The high
Emiss

T and high HT signal regions have similar sensitivity to the CMSSM; here we choose to
show results based on the high HT signal region. The SUSY particle spectrum is calculated
using SoftSUSY [23], and the signal events are generated at leading order (LO) with PYTHIA

6.4.22. NLO cross sections, obtained with the program Prospino [24], are used to calculate the

Fig. 3. 95%-confidence-level observed and expected upper limit
on cross-section times acceptance for the kinematic edge search.
The dependence of the limit on the endpoint of the triangular
mass edge, mcut, is shown.

5 Summary

Two complementary methods were presented to probe dilep-
ton events with opposite charge sign for physics beyond
the standard model. The first method focuses on models in
which dilepton pairs are accompanied by significant hadronic
activity and missing transverse energy. The other method
focuses on models with a specific dilepton production mech-
anism, which leads to a characteristic edge in the invariant
mass distribution of the lepton pair. No evidence for new
physics is found and limits on non-standard-model physics
are derived.

Additional information related to detector efficiencies
and response can be found in the CMS Physics Analysis
Summary [1]. Using this it can be tested whether specific
models of new physics are excluded by the presented re-
sults.
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