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Results are presented from a search for supersymmetric particles in scenarios with small mass splittings.
The data sample corresponds to 19.7 fb~! of proton-proton collisions recorded by the CMS experiment
at /s =8 TeV. The search targets top squark (f) pair production in scenarios with mass differences
Am =m(t) — m()??) below the W-boson mass and with top-squark decays in the four-body mode
t— bev)"(lo), where the neutralino ()?{J) is assumed to be the lightest supersymmetric particle (LSP).
The signature includes a high transverse momentum (pr) jet associated with initial-state radiation, one
or two low-pt leptons, and significant missing transverse energy. The event yields observed in data are
consistent with the expected background contributions from standard model processes. Limits are set
on the cross section for top squark pair production as a function of the T and LSP masses. Assuming a
100% branching fraction for the four-body decay mode, top-squark masses below 316 GeV are excluded
for Am =25 GeV at 95% CL. The dilepton data are also interpreted under the assumption of chargino-
neutralino production, with subsequent decays to sleptons or sneutrinos. Assuming a difference between
the common )?1*/)73 mass and the LSP mass of 20 GeV and a t-enriched decay scenario, masses in the

range m(j(;r) < 307 GeV are excluded at 95% CL.
© 2016 The Author. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/). Funded by SCOAP3.

1. Introduction

The main objectives of the CERN LHC programme include
searches for new physics, in particular supersymmetry (SUSY)
[1-5], one of the most promising extensions of the standard model
(SM) of particle physics. Supersymmetric models can offer solu-
tions to several shortcomings of the SM, in particular those related
to the mass hierarchy of elementary particles [6,7] and to the pres-
ence of dark matter in the universe.

Supersymmetry predicts superpartners of SM particles (sparti-
cles) whose spins differ by one-half unit with respect to their SM
partners. In SUSY models with R-parity [8] conservation, sparti-
cles are pair-produced and their decay chains end with the lightest
supersymmetric particle (LSP). In many of these models the light-
est neutralino ()710) takes the role of the LSP and, being neutral
and weakly interacting, would match the characteristics required
of a dark matter candidate. The LSPs would remain undetected and
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yield a characteristic signature of high missing transverse momen-
tum, the magnitude of which is referred to as EISS.

In this paper we investigate the production of supersymmet-
ric particles in a scenario in which the mass splitting between the
next-to-lightest SUSY particle (NLSP) and the LSP is small, which
is referred to as compressed SUSY. In this case, the events would
escape classical search strategies because of the low transverse
momenta (pr) of the decay products of the NLSP. Signal events
can still be distinguished from SM processes if a high-pt jet from
initial-state radiation (ISR) leads to a boost of the sparticle pair
system and enhances the amount of E;“iss, while the other decay
products typically remain soft. In the signal scenarios studied in
this paper, SUSY particles can decay leptonically, and the presence
of low-pt leptons can be used to discriminate further against oth-
erwise dominant SM backgrounds, such as multijet production and
Z + jets events with invisible Z boson decays.

SUSY models with light top squarks (t) are well motivated as
they control the dominant correction to the Higgs boson mass
and thereby preserve “naturalness” [6,7,9-14]. SUSY scenarios with
mass splittings of 15-30 GeV between the top squark and the LSP
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Fig. 1. Signal models for top squark pair production with subsequent four-body de-
cays (left), and chargino-neutralino pair production with decays via sleptons and
sneutrinos (right). Antiparticle labels are suppressed. The ISR jet used in the analy-
sis is not shown in these diagrams.

are especially interesting because they would lead, through ?—)’(10
co-annihilation, to the observed cosmological abundance of dark
matter [15]. For mass differences below the W-boson mass, top
squarks could undergo either a two-body decay (such as t — cf(lo )
or a four-body decay (f — bff”)”(]o, where ff' represents a pair of
quarks or leptons), as shown in the left panel of Fig. 1, with
branching fractions and kinematic properties that depend on de-
tails of the model [16,17]. The search strategy based on the pres-
ence of an ISR jet has been used to search for the two-body decay
in a monojet topology by the CMS Collaboration [18], and for both
decay modes by the ATLAS Collaboration [19-21]. In this paper we
assume that other SUSY particles are decoupled and that the four-
body decay proceeds exclusively via virtual SM particles.

Final states with a hard ISR jet, high E;“iss, and one or more
charged leptons can also occur in the production of chargino-
neutralino pairs in compressed SUSY models [22-24]. A model of
pair-production of the lightest chargino ()’Z;r ) with the second-
lightest neutralino (ZS) is shown in Fig. 1 (right). Decay chains
could proceed via intermediate sleptons or sneutrinos and give rise
to final states with one or three charged leptons. In this model,
5{1* and )N(zo are assumed to be almost degenerate and are assigned
a common mass m(¥). In general, the same signature can arise
from the production of heavy particles whose decay chains contain
undetected, slightly lighter particles plus leptons. Previous LHC re-
sults for the model of electroweak production described above and
mass splittings below m(Z) can be found in Refs. [25-29], where
the last two references also report an alternative approach based
on the vector-boson fusion topology.

In this paper we describe a search for pair production of top
squarks with subsequent four-body decays via virtual top quarks
and W bosons in events with a high-pr jet, E‘T“iss, and one or two
soft leptons, corresponding to signal events with a leptonic decay
of at least one of the virtual W bosons. The single-lepton topol-
ogy offers the second-highest branching fraction after the purely
hadronic mode. In this channel we consider only muons, which
can be efficiently reconstructed and identified with transverse mo-
menta as low as 5 GeV. For the dilepton topology we require a
second lepton (electron or muon) of opposite charge. The single
and double electron final states are not used because they have
reduced sensitivity compared to the muon channels due to the
higher pr thresholds required for electrons. In addition, selected
events are required to have an energetic jet compatible with the
ISR signature, at most one additional jet of moderate to high pr,
no hard leptons, and a significant amount of E‘T“iss. The dominant
SM backgrounds to this search are pair production of top quarks,
W boson or Z/y* production in association with jets, and diboson
(VV) production. Their contributions to the signal region (SR) are
estimated by correcting the predictions from simulation using the
event yields observed in several control regions (CRs) in data. Data

are also used to validate this procedure and to derive systematic
uncertainties.
The results of the dilepton search are also interpreted in terms

of the model of )"(1+ —)”(g pair production discussed above. For small

5(«1+ - )~(10 mass splittings, the leptons in the final state would be
soft and therefore within the signal region of the dilepton search.

2. Detector description and event reconstruction

The CMS detector has been described in detail in Ref. [30]. Its
central feature is a superconducting solenoid that provides a ho-
mogeneous field of 3.8 T in a volume containing a silicon pixel
and strip tracker, a lead tungstate crystal electromagnetic calorime-
ter, and a brass and scintillator hadron calorimeter. Muons are
measured in gas-ionization chambers embedded in the steel flux-
return yoke surrounding the solenoid. The acceptance of the sili-
con tracker and the muon systems extends to pseudorapidities of
In] <2.5 and < 2.4, respectively. The barrel and endcap calorime-
ters cover the range |n| < 3.0 and are complemented by extensive
forward calorimetry. Events are selected for further analysis by a
two-tier trigger system that uses custom hardware processors to
make a fast initial selection, followed by a more detailed selection
executed on a dedicated processor farm.

The measurement of jets and E’T‘“iss is based on candidates
reconstructed by the particle-flow (PF) algorithm [31,32], which
identifies leptons, photons, and charged and neutral hadrons by
combining information from all subdetectors. The PF candidates
are clustered into jets by using the anti-kt algorithm [33] with a
distance parameter of 0.5. Jets are required to have pr > 30 GeV
and |n| < 4.5, and to pass loose quality criteria [34] based on the
energy fractions associated with electromagnetically or hadroni-
cally interacting charged or neutral particles. The negative vector
sum of the transverse momenta of the PF candidates defines the
value of ET"* and the corresponding direction. Jet energies and
E%“iss are corrected for shifts in the energy scale, contributions
from additional, simultaneous proton-proton collisions (pileup),
and residual differences between data and simulation [35,36]. Jets
originating from b quarks are identified (“tagged”) using the com-
bined secondary vertex algorithm [37,38] at a working point cor-
responding to an efficiency of about 70% and a misidentification
probability for light-quark jets of about 1%. Hadronic decays of
leptons are identified using the hadrons-plus-strips algorithm [39].

Muons and electrons are required to have pr above 5 and
7 GeV, respectively. In the single-muon search, the lepton accep-
tance is restricted to |n| < 2.1, while in the dilepton search, this
limit is tightened to 1.5 for both electrons and muons. Standard
loose identification requirements [40,41] are applied to reduce the
background from nonprompt (NPR) leptons produced in semilep-
tonic hadron decays and from jets showing a lepton signature.
Further background reduction is achieved by requiring the leptons
to be isolated. The absolute isolation I,s is computed by summing
the transverse momenta of PF candidates, except that of the lep-
ton, in a cone of size AR < 0.3 around the lepton direction, where

(Ag)2 + (An)? and ¢ is the azimuthal angle measured in
radians. The energy in the isolation cone is corrected for the ef-
fects of pileup. The relative isolation I is obtained by dividing
Ips by the pr of the lepton. The details of the isolation require-
ments differ between the single-lepton and dilepton topologies due
to differences in the dominant backgrounds and the purities. They
are described in Sections 4 and 5.

3. Samples and event preselection

The data sample comprises proton-proton collisions recorded in
2012 at a centre-of-mass energy of 8 TeV and corresponds to an
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integrated luminosity of 19.7 fb~!. The search uses events passing
one of several online E?’iss selections. These triggers evolved over
the data-taking period and required either E%“iss > 120 GeV, where
E?iss is reconstructed from the energy deposited in the calorime-
ters, or EMS > 95 GeV and a jet with pr > 80 GeV and || < 2.6,
where both objects are reconstructed using the PF algorithm. In
the second part of the data-taking period, the threshold on E;“iss
was raised from 95 to 105 GeV. Control samples were collected
based on a single-muon trigger with a pt threshold of 24 GeV.

Simulated Monte Carlo (MC) samples of SM background events
are produced by using several generators. Single and pair produc-
tion of top quarks are simulated by using the PowHEG 1.0 [42]
program. Simulations of multijet and diboson events are done with
PYTHIA 6.4 [43]. The generation of all other relevant samples, in
particular Z/y* processes, W + jets events, and tt production in
association with a W, Z, or Higgs boson, is performed with the
MADGRAPH 5.1 [44] generator. Alternative samples of tt and di-
boson events are also produced using MADGRAPH to investigate
possible systematic differences, which are found to be insignificant
in the context of the analyses described in this paper. All samples
generated with MADGRAPH or POWHEG are passed to PYTHIA 6.4
with the Z2* tune [45] for hadronization and showering. The de-
tector response is simulated with the GEANT4 [46] program. Finally,
all events are reconstructed with the same algorithms as the ones
used for data. Pileup events are included in the simulation and all
samples are reweighted to match the distribution of the average
number of these events in data.

The signal simulation for t pair production is done on a grid
in the T-X? mass plane with m(t) ranging from 100-400 GeV in
steps of 25 GeV, and Am=m(t) — m()'(?) ranging from 10-80 GeV
in steps of 10 GeV. The production of top-squark pairs with up to
two additional jets and the four-body decays of the top squarks are
generated with MADGRAPH. The decays are forced to proceed only
through virtual SM particles. Chargino-neutralino pair production
is also modelled with MADGRAPH, while their decays are generated
with PYTHIA. We assume a bino-like LSP and wino-like )"(20 and )“(1+
in order to allow a direct comparison with Ref. [25]. A range in
the common gaugino mass of 100-400 GeV is covered with steps
of 20 GeV, maintaining a fixed mass difference of 20 GeV above
the )?10 As for the background samples, the generation steps for
both signal models are followed by hadronization and showering
in PYTHIA. For the signal samples, the modelling of the detector
response is performed with the CMS fast simulation program [47].
Differences in the efficiencies of the lepton selection and the b-jet
identification between the fast and the detailed GEANT4 simulation
are corrected by using scale factors. Deficiencies in the modelling
of ISR in the simulation [48] are corrected by applying a weight as
a function of the pt of the recoiling system.

The effects of residual differences between data and simulation
are taken into account in the analysis. The systematic uncertainty
related to possible variations in the jet energy scale [35] is evalu-
ated by a coherent change of all jet energies, which is also propa-
gated to E}“iss. The jet energy resolution in simulation is found to
be slightly better than in data [35]. To compensate for this effect,
the energies of simulated jets are smeared and a corresponding
systematic uncertainty is assigned. Simulation is corrected for dif-
ferences in the efficiencies of the reconstruction of leptons, and of
the identification of leptons [40,41] and b jets [37,38] with respect
to the values measured in data. The corresponding uncertainties
are propagated to the final results.

The first step in the event selection is designed to match the
online requirements and to serve as a common basis for the anal-
ysis in both channels. It is guided by the general characteristics of
signal events. The leading jet of each event is considered as an ISR

jet candidate. It is required to pass tighter jet identification crite-
ria and to fulfil pr > 110 GeV and |n| < 2.4. Since jets resulting
from t decays are soft, and no jets are expected from )Yg or )?fr
decays, at most one additional jet with pt > 60 GeV is accepted.
At least one identified muon with pr > 5 GeV and |n| < 2.1 must
be present. Finally, a requirement of E¥‘iss > 200 GeV is imposed.
By using a control sample collected with the single-muon trigger,
the signal triggers are found to be fully efficient after these prese-
lection criteria are applied.

4. Search in the single-lepton channel

The single-lepton topology is selected by requiring at least one
muon within the acceptance described in the previous sections.
Events are rejected if an electron, a T lepton, or an additional
muon with pr > 20 GeV is present. To avoid strong variations of
the muon selection efficiency with pr, a combined isolation cri-
terion, I;ps <5 GeV or I < 0.2, is used, equivalent to a transi-
tion from an absolute to a relative isolation requirement at pr =
25 GeV. The impact parameters of the muon with respect to the
primary collision vertex in the transverse plane, dxy, and longi-
tudinal direction, d,, are required to be smaller than 0.02 and
0.5 cm, respectively. The primary vertex is chosen as the one with
the highest sum of pt2 of its associated tracks. Furthermore, re-
quirements are imposed on E?iss and on the scalar sum of the
transverse momenta of all jets, Ht. Since these two observables
are correlated, a simultaneous selection is applied by using the
combined variable Cr = min(E}“iSS, Ht — 100 GeV). To match the
preselection, Ct > 200 GeV is required. Background from SM dijet
and multijet production is suppressed by requiring the azimuthal
angle between the momentum vectors of the two leading jets to
be smaller than 2.5 rad for all events with a second hard jet
of pr > 60 GeV. According to simulation, the remaining sample
is dominated by W + jets and, to a lesser extent, by tt produc-
tion with a single prompt lepton in the final state. Therefore, we
use the transverse mass mp [49] computed from the transverse
components of the muon momentum and the E%‘iss vector as a
discriminant.

Distributions of the muon pt and of my at this stage of the
selection are presented in Fig. 2. They show good agreement be-
tween data and simulation. The variation of the signal shapes is
illustrated with two extreme cases of the mass splitting (10 and
80 GeV).

To maintain sensitivity over a large range of Am values, sev-
eral SRs are defined as listed in Table 1. Since signal leptons have
low pr, we impose an upper limit of pr < 30 GeV in all these
selections. Because the muon pr spectrum of the signal changes
rapidly with Am, the full range of muon pr is subdivided into
three bins in the calculation of the final results: 5-12, 12-20, and
20-30 GeV.

The signal region labelled as SRSL1 is designed for low values
of Am, where the b jets produced in the T decays rarely pass the
selection thresholds. A veto on b-tagged jets strongly reduces the
contribution from tt events. In addition, only events with nega-
tively charged muons (Q = —1) are accepted, using the fact that
the remaining W + jets background shows significantly more posi-
tively than negatively charged muons [50] while the signal is sym-
metric in the muon charge. The acceptance for muons is reduced
to the central region, |n| < 1.5, and the requirement on Cr is tight-
ened to 300 GeV. For signal points at low Am, mr is typically
small, mainly due to the soft lepton pt spectrum. With increas-
ing Am, the average mrt increases and eventually the distribution
extends to values above m(W). To cover the full range of Am val-
ues, SRSL1 is therefore divided into three subregions, SRSL1a-c,
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Fig. 2. Distributions of (top) muon pr and (bottom) mr after the preselection of
the single-muon analysis. For each plot, the variable shown has been excluded from
the selection. Data are indicated by circles. The uncorrected background predictions
from simulation are represented as filled, stacked histograms, and the shapes for
two signal points with m(t) = 225 GeV and mass splittings of Am =10 and 80 GeV
as dashed red and solid blue lines, respectively. The error bars and the dark, shaded
bands indicate the statistical uncertainties of data and simulation, respectively. The
lower panels show the ratio of data to the sum of the SM backgrounds. (For inter-
pretation of the references to colour in this figure legend, the reader is referred to
the web version of this article.)

defined by mr < 60 GeV, 60 < mt < 88 GeV, and mt > 88 GeV, re-
spectively.

The second signal region (SRSL2) targets signals with higher
mass splitting, where some of the b jets enter the acceptance.
Therefore, the b jet veto in the region 30 < pr < 60 GeV is re-
versed, and at least one such jet is required. Events with one or
more b-tagged jets with pt > 60 GeV are still rejected to reduce
the tt background. In addition, the pr threshold of the ISR jet
candidate is raised to 325 GeV. This second SR receives a strong
contribution from tt events.

4.1. Background estimation

The following four background contributions are estimated by
using data: W + jets and tt production, which are the dominant
components for the single-muon search; (Z — vv) + jets, which
is relevant for a signal region at high mt as explained below;
and multijet production. For the first three of these backgrounds,
data/simulation scale factors are determined in suitable CRs and
applied to the simulated yields in the SR. The contribution of
multijet events is estimated by using data only. Rare backgrounds
(other Z/y* processes, and diboson and single top quark produc-
tion) are predicted by using simulation.

Simulation provides only an imperfect description of the pr
spectrum for the main background samples (W + jets, tt). Since
the extrapolations from control to signal regions involve the lep-
ton pt spectrum, the pr distributions of W bosons (for W + jets
events) and top quarks (for tt events) are corrected based on mea-
surements in data samples dominated by tt, Z + jets, and W + jets
events before deriving the scale factors.

For the estimation of the tt background, a single control region
(CRSL(tt)) is used: events are required to pass the basic selection
defined above and must include at least two b-tagged jets, with
one of them in the pr region above 60 GeV. This CR has an es-
timated purity of 80% in tt events. The observed event count in
CRSL(tt) is corrected for other background contributions and com-
pared to the yield estimated from tt simulation. The resulting scale
factor of 1.05 is then used to modify the predictions of the tt sim-
ulation in all SRs.

The W + jets yields from simulation are normalized in con-
trol regions associated to each of the four signal (sub-)regions
SRSL1a-c (CRSL1la-c) and SRSL2 (CRSL2). Control and signal re-
gions differ only by the muon pt range: in the CRs a muon with
pt > 30 GeV is required. The control regions CRSL1a-c have an es-
timated purity of 80% in W + jets events. For region CRSL2 this
number is about 50%, the remainder being dominated by tt events.
Again, scale factors are derived after subtracting non-W + jets back-
grounds from the observed yields in the CR. The tt yields used in
the subtraction are corrected by the scale factor determined as de-
scribed in the previous paragraph. The scale factors for W + jets
simulation vary from 0.88-1.18 in the four signal regions SRSL1a-c
and SRSL2.

Each factor is applied to all three muon pt bins of a signal re-
gion. Systematic uncertainties are assigned related to the statistical
uncertainties of the factors (6-30%), and to the shape of the pr
spectrum as described later in this section. The definitions of the
single-lepton signal and control regions are summarized in Table 1,
and the expected compositions of the events in the control regions
are shown in Table 2. For the benchmark signal models, the control
regions would typically receive a contribution from signal events at
the level of a few percent. This effect is taken into account in the
statistical analysis of the results.

After applying the signal selection, with the exception of the
requirement on muon pr, the muon pr spectra of tt and W + jets
events are similar. Therefore, the correction procedure leads to an
anti-correlation of the estimates for the two categories and a rela-
tive uncertainty in the sum of the two contributions that is smaller
than the uncertainty in a single component. For this reason, the
analysis is robust against variations in the relative yields of tt and
W + jets events: a validation based on the direct estimation of
the sum of both background components from the control regions
CRSL1a-c and CRSL2 yields almost identical results in terms of
the total background. The anti-correlation between the two back-
grounds is taken into account in the computation of the results
described in Section 6.
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Table 1

Definition of signal and control regions for the single-muon search. For jets, the attributes “soft” and “hard” refer to the pr ranges
30-60 GeV and > 60 GeV, respectively. For the calculation of the final results, each signal region (SRSL1a-c, SRSL2) is subdivided

into three bins according to pr(u): 5-12, 12-20, and 20-30 GeV.

Variable SRSL1a-c, CRSL1a-c SRSL2, CRSL2 CRSL(tt)
EIisS (GeV) > 300 > 300 > 200
Hrt (GeV) > 400 - > 300
pr(ISR jet) (GeV) > 110 > 325 >110
Number of hard jets <2 <2 <2
Ad¢(hard jets) (rad) <25 <25 <25
Number of b jets 0 > 1 soft (>1 soft and > 1 hard)
0 hard or (> 2 hard)
pr() (GeV) 5-30 (SR), > 30 (CR) 5-30 (SR), > 30 (CR) >5
()| <15 <24 <24
dyy(t) (cm) <0.02 <0.02 <0.02
dz () (cm) <05 <05 <05
QW -1 any any
Lepton rejection no e, 7, or additional p with pt > 20 GeV
mt (GeV) < 60 (a), 60-88 (b), > 88 (c) - -
Table 2

Contributions to the control regions of the single-muon analysis as determined from simulation before application of scale factors,
together with the observed event counts. All uncertainties are statistical.

Background CRSL(tt) CRSL1a CRSL1b CRSL1c CRSL2

W + jets 67.9£3.6 323.3+64 141.9+4.3 303£2.0 365£23
tt 471.0+9.6 19.5+2.2 9.9+1.5 6.1+1.2 375+£35
Z/y* + jets 2.1+05 16.1+1.0 0.8+0.2 0.3+0.1 0.7+£0.2
A 3.8+£0.6 13.7+1.3 8.0+1.1 25+£0.5 1.1+04
Single top quark 58.6£12.6 46+14 33+1.2 1.1+£0.7 35+1.2
Total SM 603.4+16.2 377.1+£7.1 165.0£4.8 40.3+2.5 79.4+43
Data 628 347 172 46 75

The extrapolation of the correction factors from control to sig-
nal regions has been validated by comparing corrected yields from
simulation to data in sideband regions. Each of these sidebands is
defined by one of the following changes with respect to the sig-
nal selection: (a) a lowering of the E%‘iSS/HT requirement to 200 <
Ct <300 GeV, (b) a change in the muon charge requirement, and
(c) the condition of exactly one b-tagged jet with pt > 60 GeV. The
predictions in the sidebands are compatible with the observations,
and the results are used to assign systematic uncertainties on the
extrapolation of the scale factors to the SRs. These uncertainties
are 20% for the estimate of the tt background and 10-30% for the
estimate of the W+ jets background where the highest uncertainty
applies to region SRL1c.

At high values of mt, only a few W + jets events pass the
SRSL1c selection. In this signal region, Z + jets production, with
the Z boson decaying to neutrinos, plus a nonprompt muon re-
lated to one of the jets, constitutes a non-negligible contribution.
This contribution is estimated from simulation, together with a
correction derived from a data sample of events with two or more
muons, selected by the single-muon trigger. In this control sample,
Z+ jets events with Z boson decays to muon pairs are used. By us-
ing tighter muon selection criteria and restricting the mass of the
dimuon system to be within 15 GeV of m(Z), a high-purity sam-
ple is obtained. The events are used to mimic Z — vv decays by
removing the two daughter muons and adding their momenta to
the E{.“iss vector. The correction is applied as the product of two
factors: R, the inclusive data-to-simulation ratio, and R /ppu.
the ratio of the probabilities to observe a third, soft muon. The first
factor corrects the cross section in the pu channel for a signal-
like region. Its measured value is 0.80 & 0.03. The double ratio
Ry is determined in a looser selection to be 1.26 £ 0.27,
yielding a total correction factor of 1.01 £ 0.22. The uncertainties
quoted above are statistical. Systematic uncertainties due to the
evolution with E%’iss and Hr, or due to differences in the muon ef-

ficiency or acceptance between data and simulation, are negligible
with respect to the statistical uncertainty.

The contribution from multijet events is estimated by inverting
the requirements on muon isolation, the muon impact parameter,
and the veto on leading jets in back-to-back configuration. Assum-
ing small correlations among the three variables mentioned above,
the yield of multijet events can be estimated from the yield ob-
tained with the fully inverted selection combined with the product
of three reduction factors (one for each variable). The estimated
contributions to SRSL1 and SRSL2 are below 0.1 events and are
therefore neglected.

A summary of the expected contributions of different back-
ground processes to the SRs is shown in Table 3 together with the
yields of two benchmark signal points.

4.2. Background systematic uncertainties

In addition to the systematic uncertainties estimated in the pre-
vious subsections, the following systematic effects and associated
uncertainties have been evaluated.

The full difference in the background estimates induced by
the correction of the pr spectrum of simulated tt and W + jets
events is assigned as a systematic uncertainty. The impact of the
reweighting applied to tt events is only significant for the signal
region SRSL2, where the contribution of this background is the
highest.

Changes in the polarization of the W boson can have an im-
pact on the results since they change the balance between muon
pr and E‘T“iss. To quantify this effect, the polarization fractions
fa=+1, fo=—1, and fr—o, associated with helicity +1, —1, and 0
amplitudes have been modified following three different scenarios:
a 10% variation of f_1 — fi1 for both W™ and W™, a 5% variation
of f_1, f41, and a 10% variation of the longitudinal polarization
fraction fo [51-53].
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Table 3

Estimated background contributions for the signal regions of the single-muon analysis. The scale factors deter-
mined in the control regions are applied. For the signal samples, m(t) and m()'(lo) are shown in parentheses. All

uncertainties are statistical.

Background SRSL1a SRSL1b SRSL1c SRSL2

W + jets 116.8£8.8 73.2+£7.6 8.8+2.1 16.0+4.9
tt 74+13 41+1.0 1.2+0.5 13.8+1.8
Z— vy + jets 1.1+04 1.2+04 1.5+0.5 0.3+0.2
Z/y* — L+ jets 44405 0.2+0.1 0.2+0.1 0.5+0.2
Vv 4.6+0.7 1.8+0.5 0.7+0.3 0.5+0.2
Single top quark 0.1+0.1 0.6+0.4 <0.3 1.0+£0.7
Total SM 134.5+8.9 81.3+7.8 123+23 32.1+5.3
Tt signal (250, 230) 325428 62+1.2 474+1.0 71+13
Tt signal (300, 250) 11.0+1.0 42+0.6 51+0.7 10.7+1.0

Table 4

Relative systematic uncertainties in the background predictions in the signal regions
of the single-muon search. The labels refer to sources of systematic uncertainties
discussed in Sections 3 and 4.2.

Systematic effect Uncertainty (%)

SRSL1a SRSL1b SRSL1c SRSL2
Pileup 0.5 0.8 3.0 0.5
W pr reweighting 71 8.8 8.1 3.7
tt pr reweighting 0.8 0.5 0.1 5.4
Jet energy scale 2.4 3.2 2.1 6.0
Jet energy resolution 1.1 4.4 7.3 3.4
b tagging 0.1 0.1 0.5 1.3
W polarization 2.9 2.8 3.9 0.8
Muon efficiency 3.5 3.5 3.5 3.5
W + jets validation 8.8 18.1 21.7 10.2
tt validation 1.0 0.9 1.7 8.4
Other backgrounds 3.8 2.4 9.8 3.6
Total uncertainty 131 21.5 27.0 171

The uncertainties based on the comparison of data and simu-
lation in the validation regions described in the previous subsec-
tion are propagated to the final estimate. An uncertainty of 50%
is assigned to the cross sections of all non-leading backgrounds,
including Z — vv, and propagated through the full estimation pro-
cedure. An overview of all systematic uncertainties related to the
background prediction is presented in Table 4. The dominant un-
certainties are related to the limited statistical precision of the
validation procedure and to the uncertainties in the shape of the
muon pr spectrum in W + jets events.

5. Search in the dilepton channel

The analysis in the dilepton channel also starts from the com-
mon baseline selection described in Section 3. In this topology, less
background is expected, and thus the selection requirements on
E{.“iss and the pr of the ISR jet candidate are set to be above 200
and 150 GeV, respectively, just above the trigger thresholds. To in-
crease sensitivity, we select events in two signal regions defined
by the pr of the leading lepton: 5-15 and 15-25 GeV. The sec-
ond lepton is required to have pt < 15 GeV. We require exactly
two identified leptons of opposite sign, with at least one of them
a muon. Finally, events with an invariant mass of the dilepton pair
m(€f) <5 GeV are rejected to remove a region that is difficult to
simulate and to avoid any potential J/¢ background. Because the
relative fraction of reconstructed leptons not arising from the de-
cay of a W or Z boson (“nonprompt” leptons) is higher compared
to the single-lepton channel, the isolation and identification crite-
ria on the leptons are stricter. On top of the muon identification
used for the single-lepton topology, stricter requirements on the
number of tracker hits, the quality of the track fit, and the match

to signals in the muon detector are applied. This selection is sim-
ilar to the soft muon identification used for b-quark physics in
CMS [54]. For electrons, the definitions for the H — ZZ — 4¢ [55]
analysis are used together with a stronger rejection of photon con-
versions. For both flavours, the leptons are required to be isolated
(Iaps <5 GeV and I < 0.5) and to have impact parameter values
dyy and d, smaller than 0.01 cm. As in the region SRSL1 of the
single-muon analysis, b-tagged jets are vetoed to suppress tt back-
grounds. To remove potential multijet backgrounds, a selection on
EMiSS/Hy > 2/3 is applied.

After this selection, one of the main backgrounds is Z/y* pro-
duction of t pairs, with both 7 leptons decaying leptonically. Un-
der the assumption that the direction of the reconstructed lepton
is parallel to the 7 direction, which is true to good approximation,
the invariant mass of the 7 pair, m;;, can be reconstructed by set-
ting its transverse momentum equal to the hadronic recoil (the
missing transverse momentum without the leptons). All events
with m;; < 160 GeV are rejected.

The definitions of the dilepton signal (SRDL) and control (CRDL)
regions are summarized in Table 5.

5.1. Background prediction

Four different background categories are predicted from data:
dileptonic tt events (tt(2¢), ¢ : eut), which constitute the largest
background; diboson production such as WW or WZ (the second-
largest background); and Z/y* production of T pairs with leptonic
T decays. Backgrounds with one nonprompt lepton, i.e. W + jets
and semileptonic tt events (tt(1¢)), are the fourth category. Half of
the background events contain at least one 7 lepton that decays
leptonically. The negligible (=1%) contribution of rare processes
(ttv, ttH, tW, and W¥W=) is predicted by using simulation. For
each of the four categories, a CR enriched in such processes is de-
fined in data, from which we derive correction factors to correct
yields from simulation.

In all CRs, the requirements on jets are the same as in the SR.
Several CRs use events with higher lepton pr compared to the SR.
In these regions, the leading lepton has to be a muon, and events
are selected by using the single-muon trigger described before. The
relative lepton isolation has to be smaller than 0.12 and the muon
identification criteria are tightened. Apart from the Z/y* control
region, the E;“iss requirement is lowered to 125 GeV and the E%’iss
selection of the signal region is instead applied to L, the sum of
E;“iss and the pr of the leading lepton. The present selection is
Lt > 225 GeV to take into account that for the default selection
Lt is also up to 25 GeV higher than E;“iss. In this way, the event
yields in the CRs can be increased while maintaining kinematics
similar to the SR even in the presence of a higher-pr lepton.

To achieve a clean control sample of dileptonic tt events
(CRDL(tt(2¢))), we require exactly one b-tagged jet. This jet must
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Table 5

Definition of signal and control regions for the dilepton search. For the CRs, only changes with respect to the SR are shown. Dashes indicate that no selection is applied. For
the lower limits on lepton pt in the SR, the value used for electrons is shown in parentheses. The SR is subdivided into two bins according to the pr of the leading lepton:

5-15 and 15-25 GeV.

Variable SRDL CRDL
tt(26) NPR1 NPR2 \A% Z TT
Q(£1)Q(£2) -1 +1 +1
£y £ UL, jLe, efL L, e L, i Wi, pe i
pr(€1) (GeV) 5(7)-25 > 25 > 25 >25 > 125
pr(€2) (GeV) 5(7)-15 > 15 >15 >10
1n1(6) <15 <21
dxy, dz(£) (cm) <0.01 <0.02, <05
pr (ISR jet) (GeV) > 150
pr (jet3) (GeV) <60
Number of b jets 0 1 0 (loose id.)
Number of jets >1 1or2
|Ag (€1, ISR jet)| (rad) - >1
EMiss (GeV) > 200 >125 >125 >125 -
EMiss /Hy >2/3 - - - -
Lt (GeV) - > 225 > 225 > 225 -
Lt/Ht - >2/3 >2/3 >2/3
pr(pp) (Gev) - > 200
pr(um)/Hr - >2/3
m(ee) (GeV) >5 > 50 >10
m(z7) (GeV) > 160 - <160

not be the leading jet to ensure a distribution in pr of the tt
system similar to that in the SR. We require one muon with
pr > 25 GeV and a subleading lepton with pr > 15 GeV. Back-
grounds other than tt(2¢) are subtracted from data before calcu-
lating the ratio between data and the prediction from simulation
for tt(2¢) in the CR. This ratio is used to rescale the simulated
tt(2¢) yields in the SR.

For the CR enriched in nonprompt leptons (CRDL(NPR)), we use
the union of two samples. The first sample (CRDL(NPR1)) corre-
sponds to the SR with the exception that the leptons are required
to have the same charge. It was checked that in the selected kine-
matic region, the origins for NPR leptons, mainly heavy quarks,
occur at a similar fraction as in the SR. In addition, the kinematics
of these nonprompt leptons is very similar in signal and control re-
gions. For the second sample (CRDL(NPR2)), same-sign events with
a leading lepton pt above 25 GeV are used, and the CR selection of
E‘TniSS > 125 GeV, Lt > 125 GeV, and Lt/Ht > 2/3 is applied. Under
these conditions the origins and kinematics of the nonprompt lep-
tons are similar between signal and control regions, since the NPR
contribution in the signal region is mostly related to the sublead-
ing lepton. Again the data yield in the combined CR is corrected
for other backgrounds, such as diboson events, by using simula-
tion. The ratio of the corrected yield to the simulated NPR yield in
the CR is used to rescale the simulated NPR yield in the SR.

For the prediction of Z/y* events, two separate CRs are defined.
The first one is used to correct for any effects on m;; (CRDL(Z)).
For this purpose, a clean sample of Z/y* events with decays to
a pair of muons is used. The invariant mass of the muon pair
has to be higher than 10 GeV and the E%“iss selection is applied
to the pr of the muon pair. Three bins are defined as a function
of this momentum: 200-300, 300-400, and > 400 GeV. We use
the reconstructed muon pair pp to measure the resolution of the
hadronic recoil along and perpendicular to the direction given by
the muon pair both in data and simulation. The resulting scaling
factors of the recoil resolution are applied to the simulation to re-
compute the efficiency of the m;; selection in the SR. A second
control region (CRDL(t 7)) is used to measure in data the probabil-
ity of Z/y* — 11 events leading to two soft leptons and very high
E%“iss. To do so, we use the SRDL selection with the requirement on
me inverted to < 160 GeV. After subtracting other backgrounds in
this region by using simulation, the observed yield is multiplied by

the corrected m;, efficiency to predict the number of Z/y* events
in the SR.

For the diboson control region (CRDL(VV)) one muon with
pt > 25 GeV is required. The prt of the second lepton has to be
> 15 GeV. To further enhance the diboson fraction and reduce the
otherwise dominant tt background, at most two jets are allowed,
events with a jet passing a looser working point of the b tagging
algorithm are rejected, and the azimuthal angle between the lead-
ing lepton and the leading jet has to be > 1 rad. Finally, we require
mge to be above 50 GeV. Contributions of tt(2¢), NPR, and Z/y* to
CRDL(VV) are estimated with methods similar to those used for
the SR. Backgrounds due to rare processes are subtracted by us-
ing the simulation. After this correction, the ratio of the number
of data to simulated diboson events is built and used to rescale
the simulated VV yield in the SR.

The background contribution from multijet events is negligible
in our final selection. Apart from the fact that we require high
E‘Tniss and two leptons, we also select E?‘iss/HT > 2/3 to reject any
residual multijet events. To evaluate the efficacy of this selection,
a test was performed by inverting this requirement to have a re-
gion that should have significant multijet background if there were
any. For this region, data yields were compared with the simula-
tion results of all considered background categories (which do not
include multijet events) and were found to be in agreement. Fur-
ther tests were performed by using the electron-electron channel
and by relaxing the upper limits on dxy and d, to 0.05 cm, which
showed no indication for a contamination by multijet events. These
tests confirmed that, as expected, we can assume that multijet
background is negligible in our final selection that employs much
tighter requirements against multijet events.

The event yields for data and simulation in the different CRs
that are the basis for the scale factors applied in the SRs are shown
in Table 6. The predicted event yields per background for each
search bin are presented in Table 7. The impact of a potential sig-
nal contamination is found to be only relevant for control regions
CRDL(NPR) and CRDL(t7), with an effect of a few percent on the
total background prediction in the signal regions, and is taken into
account in the statistical analysis of the results.

To test the prediction methods, we define several validation re-
gions that are enriched in specific backgrounds but expected to be
free of signal. The first region is equivalent to the signal region,
except for an inversion of the veto on b-tagged jets. This region
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Table 6
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Contributions to the control regions of the dilepton analysis as expected from simulation before application of scale
factors, together with the observed event counts. All uncertainties are statistical.

Background CRDL(t(2¢)) CRDL(NPR) CRDL(VV) CRDL(TT)
tt(20) 1191 £ 24 0.27 £ 0.11 303 + 1.2 0.15 + 0.08
tt(10) 1.09 £ 0.29 47 £ 0.6 030 + 0.14 0.11 + 0.11
W + jets <04 34+ 13 <04 0.7 £ 0.7
Z/y* +jets 04 + 04 <0.30 49 £ 13 28 £ 0.9
\A% 24 + 06 0.62 £+ 0.11 459 + 1.8 0.13 + 0.09
Rare backgrounds 149 + 2.7 1.0 £ 05 6.4 + 1.7 <0.21
Total SM background 138.0 + 3.7 10.0 £ 15 878 + 3.0 39+ 11
Data 119 11 8 5

Table 7

Estimated background contributions for the two signal regions of the dilepton search. The scale factors determined in
the control regions are applied. For the signal samples, m(t) and m()?]o) are shown in parentheses. All uncertainties

are statistical.

Background pr(£1): 5-15 GeV pr(£1): 15-25 GeV Inclusive
tt(20) 0.75 £ 0.19 2.08 + 037 28 + 04
tt(1¢), W + jets 0.60 + 0.33 13+ 07 1.9+ 038
Z/y* +jets <0.30 05+ 0.5 05+ 05
\'A% 0.74 + 0.27 1.6 £ 0.5 24 £ 05
Rare backgrounds 0.03 £ 0.01 0.08 + 0.04 0.11 £ 0.04
Total SM background 21 +£ 0.5 56 £ 1.0 77 £ 11
Tt signal (225, 145) 42 + 12 6.3 + 1.6 104 £+ 2.0
tt signal (300, 250) 4.0 £+ 0.6 3.8 £ 0.6 7.8 £ 0.8

is used to test the prediction of low-pr leptons in tt(2¢) events.
The next validation region is identical to CRDL(tt(2¢)), except that
the pr of the subleading lepton is required to be below 15 GeV.
This region provides a further test of the prediction of the soft-
lepton rate. Another validation region is the same as CRDL(VV),
apart from the fact that all selections used to enrich the region in
diboson events are inverted. In addition, a validation region that
has a composition in backgrounds similar to the signal region is
defined. For this, one muon with pr above 25 GeV is required,
while the second lepton must be soft (pr < 15 GeV). All valida-
tion regions show reasonable agreement between prediction and
observation.

5.2. Background systematic uncertainties

In addition to the common uncertainties from object recon-
struction and simulation as described in Sections 2 and 3, the
following systematic uncertainties that are specific to the individ-
ual background predictions are considered.

In estimating the tt(2¢) background, the polarization of the W
boson resulting from the top quark decay is varied. In addition, the
spin correlation between the two top quarks is changed by 20%,
since this might affect how often both leptons are soft [56]. As
in the single-lepton channel, the difference due to the reweighting
of the top quark pr spectrum in tt simulation is taken as a further
uncertainty. However, its effect is small due to the background pre-
diction method used.

For a conservative assessment of the uncertainty related to the
estimate of NPR backgrounds, the fractions of leptons from b and
¢ hadrons are varied by 50% and 100%, respectively. The relative
fraction of tt to W + jets events is altered by rescaling both con-
tributions by +50%. The largest of these variations is used as the
uncertainty. Furthermore, the pr and |n| distributions in the CR
are varied to reflect potential residual differences in the kinemat-
ics between signal and control regions. Moreover, the polarization
of the W boson is varied to estimate the uncertainty due to polar-
ization modelling.

Table 8
Relative systematic uncertainties in the background predictions in the signal regions
of the dilepton search.

Systematic effect Uncertainty (%)

pT(el): 5-15 GeV

pr(€1): 15-25 GeV

Statistical uncertainty 21.9 18.3
Jet energy scale 1.0 2.8
b tagging 1.5 1.4
Electron efficiency 1.3 1.1
Muon efficiency 6.0 4.5
tt background 5.1 5.4
NPR background 10.1 5.6
Z/y* background <0.1 2.3
VV background 8.0 2.6
Rare backgrounds 3.7 33
Total uncertainty 26.9 21.1

The cross sections for WW [57,58] and also WZ and ZZ [59]
production have been measured at the LHC, and both the total
and differential cross sections show reasonable agreement between
data and simulation. To estimate the uncertainties related to VV
production, the polarization of the vector bosons is altered by 10%,
as well as the fraction of the diboson pair momentum that a sin-
gle boson carries. In addition, the cross section corresponding to
events with low m(y*) between 5 and 12 GeV is varied by 100%
to account for any potential shape mismodelling of the dilepton
mass.

In the estimation of the Z/y* background, the effect of the re-
coil resolution correction is used to derive an uncertainty due to a
potential mismodelling of the resolution. The cross section of rare
processes is varied by +£50% throughout the analysis (also in the
CRs), and the effect is propagated to the event yields in the SR.

A summary of all uncertainties can be found in Table 8. The
dominating uncertainty stems from the limited number of simu-
lated events with nonprompt leptons in the SRs.
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Table 9

Summary of observed and expected background yields in the signal regions of the single-lepton and dilepton searches. The uncertainties in the background yields include

statistical and systematic contributions. Transverse momenta are shown in units of GeV.

Single muon Dilepton
pr() SRSL1a SRSL1b SRSL1c SRSL2 pr(€1) SRDL
5-12 exp. 411+ 63 29.7 + 7.2 43+ 15 113 +£29 5-15 exp. 21406
obs. 42 17 3 16 obs. 2
12-20 exp. 442 + 638 251 + 6.2 31+ 12 85+ 24 15-25 exp. 56+ 12
obs. 39 14 4 16 obs. 4
20-30 exp. 492 £ 75 265+ 65 50+ 18 12.2 + 3.0
obs. 40 28 5 9
All exp. 1345 + 198 813 + 191 12.3 + 40 321477 All exp. 7.7 + 14
obs. 121 59 12 41 obs. 6
6. Results and interpretation 19.7 b (8 TeV)
_ 450 — - =10’
The observations and background predictions for the signal re- 3 PP~ tt,t > bff ), NLONLL exclusion (£ _
gions of the single-lepton and dilepton searches are summarized O, 400l =observed + 1 (theory) ] 8
in Table 9. Observed and predicted yields are in good agreement C{:* ==z Expected * 16 (experiment) B e
and give no indication of the presence of signal. £ 350? 4 | '%
The modified-frequentist CLs method [60-62] with a one-sided 300iCMS T 102 8
profile likelihood ratio test statistic is used to define 95% con- C Single-muon analysis y 1 7 A
fidence level (CL) upper limits on the production cross section 250i = 8
as a function of the sparticle masses. Statistical uncertainties re- C 1/ ] c
lated to the observed number of events in CRs are modelled as 200i /% 4 et
Poisson distributions. All other uncertainties are assumed to be E ,:'/' ] £
multiplicative and are modelled with log-normal distributions. The 150i 5 4 310 5
impact of a potential signal contamination in the control regions is F 4. 1 7 oy
taken into account in the calculation of the limits for each signal 100L A Bl 2
point. c : 7 ©
Systematic uncertainties in the signal yields related to the de- 50 =~ a1 §
termination of the integrated luminosity [63] (2.6%), pileup (& 2%), A T d, ©
energy scales [35,36] (up to 7%), object identification efficien- 100 150 200 250 300 350 400
cies [40,41] (up to 10%), and uncertainties in the parton distribu- m(t) [GeV]
tion functions [64-68] (up to 6%) and the modelling of ISR [48] 4
(A 20%) have been evaluated. Correlations between the system- 450 19.7 107 (8 TeV) — 10°
atic uncertainties in different signal regions are Faken into ac- = op > TLTobif Zo NLO+NLL exclusion ]
count, where applicable. All systematic uncertainties are treated 8 00| — 1 ] .
as nuisance parameters in the calculation of the limits, with the = =Observed + 10 (theory) ] =3
exception of the theoretical uncertainty on the inclusive SUSY pro- i) 350 =:: Expected + 10 (experiment) | s
duction cross section. The latter is shown in the form of an up- = F ] B
and downward variation of the observed mass limits. 300 r CMS P 4 2102 8
The limits obtained for top squark pair production in the single- F Dilepton analysis v/ 1 1 a3
muon and the dilepton searches are shown in Fig. 3 top and 250/ 7 7 4 7 5
bottom, respectively, under the assumption of a 100% branching F 1 £
fraction of the four-body decay. By using the t pair production 200~ 3 1 E
cross section calculated at next-to-leading order (NLO) + next-to- = % 4 E =
leading logarithm (NLL) precision [69-73], the cross section limits 150 4 1 10 g
can be converted into excluded regions in the ?—)?10 mass plane. F 1 S
Uncertainties in these cross sections are determined as detailed in 1000 9 7 -
Ref. [74]. At Am = 25 GeV, the dilepton search excludes T masses £ / 1 g
below 316 GeV. Here and in the following all quoted values for 50— 4 gq
mass limits conservatively refer to the —1o variation of the pre- A N A AN RPN SR |
dicted cross section. The single-muon search shows a smaller reach 100 150 200 250 300 350 400
in m(f) (=250 GeV) but has a higher sensitivity at the lowest con- m(t) [GeV]

sidered mass splitting of 10 GeV, where values up to ~ 210 GeV
are excluded. In the intermediate Am region (& 20-70 GeV), these
results considerably extend existing limits [19-21]. They are com-
plementary to the results of searches in the monojet topology
[18,19,21].

In the case of chargino-neutralino pair production, the results
of the dilepton analysis are used. For the model involving de-
cay chains with sleptons, the slepton masses are set to (m()N(lo) +
m()?fr))/Z. Instead of using branching fractions derived from com-
plete SUSY models, two extreme decay scenarios are studied in or-

Fig. 3. Cross section and mass limits at 95% CL in the m(j('?) and m(t) mass plane
for the (top) single-muon and (bottom) dilepton searches. The colour shading corre-
sponds to the observed limit on the cross section. The solid (dashed) lines show the
observed (expected) mass limits, with the thick lines representing the central value
and the thin lines the variations due to the theoretical (experimental) uncertainties.

der to illustrate the dependence on the final state. In the “flavour-
democratic” scenario, both the neutralino and the chargino would
decay via the supersymmetric partners of the left-handed leptons
(ZL) and of the neutrinos (V) with equal branching fractions to all
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Fig. 4. Cross section limits at 95% CL obtained from the search in the dilepton
channel as a function of the common )?]i/)‘({) mass. The black lines with symbols
correspond to the observed limit, while the solid and dashed coloured lines rep-
resent the expected limit and the +10 bands corresponding to the experimental
uncertainties, respectively. The flavour-democratic (t-enriched) cases of the model
are indicated by green (orange) lines and upward- (downward-) pointing triangular
symbols. The solid and dashed blue lines without symbols correspond to the pre-
dicted cross section for chargino-neutralino production and its uncertainties. (For
interpretation of the references to colour in this figure legend, the reader is referred
to the web version of this article.)

lepton flavours. In this scenario, the fraction of events with at least
two charged leptons is reduced by 50% due to the )73 — W)T]O
decay channel. In the “r-enriched” scenario, the decays would pro-
ceed via the supersymmetric partners of the right-handed leptons.
In this case, the decay )?g — vvf(lo is not present, and we assume
equal branching fractions of the ig into the three charged lepton
flavours and exclusive decays of the chargino to T leptons. In Fig. 4,
the 95% CL cross section limits are presented for a mass splitting
of Am=m(¥) — m(x") =20 GeV. Comparing with the predicted
cross section, calculated at NLO + NLL precision with the RESuM-
MINO [75-77] program, 95% CL limits on m()) of 212 and 307 GeV
are obtained for the flavour-democratic and t-enriched scenarios,
respectively. In these compressed scenarios, the new limits slightly
improve current results [25,29] in the flavour-democratic scenario
and exceed them by ~ 200 GeV for the t-enriched scenario. As
for the latter case, the dominant decays lead to final states with
opposite-sign leptons.

7. Summary

A search for supersymmetry with compressed mass spectra is
performed in events with soft leptons, moderate to high values of
E‘T“iss, and one or two hard jets, compatible with the emission of
initial-state radiation. The data sample corresponds to 19.7 fb~! of
proton-proton collisions recorded by the CMS experiment at /s =
8 TeV. Two event categories are considered: events with a single,
soft muon and events in which a second, soft electron or muon is
present.

The first target of this search is the pair production of top
squarks with a mass splitting of at most 80 GeV with respect to
the LSP. At low mass splitting, lepton momenta are low, and the
b jets do not enter the acceptance. At higher values of Am, the
average lepton momentum increases and soft b jets can be recon-
structed. Therefore, signal regions are further divided according to
the pt of the leading lepton and the presence or absence of a soft
b-tagged jet. In the single-lepton search the transverse mass of the
lepton-E§rliSS system is used as an additional discriminant.

The main backgrounds to this search are W + jets and tt pro-
duction. Contributions to the signal regions from these and several
nonleading background sources are estimated by using data in con-
trol regions to normalize the simulated yields. These estimates are
tested with data in validation regions.

The observations in the signal regions are compatible with the
SM background predictions. In the absence of any indication of sig-
nal, cross section limits are set at 95% CL in the ?—)710 mass plane.
These results are used to extract mass limits based on a reference
cross section for top squark pair production and assuming a 100%
branching fraction for the four-body decay t — bff 7. The most
stringent limit on the mass of the top squark is obtained in the
dilepton channel: m(t) > 316 GeV at 95% CL for a mass splitting of
25 GeV. These results extend existing limits in the four-body decay
channel of the top squark [19-21] and complement the analyses
performed in the T — C)’({’ channel [18,21].

The results obtained in the dilepton channel are also used to
set limits on models of chargino-neutralino production in a com-
pressed spectrum with a mass difference between ¥9/X;" and x?
of 20 GeV. Based on the 95% CL upper limit on the cross section
in the case of flavour-democratic leptonic decays of these parti-
cles, a lower limit on the common X, /%7 mass is set at 212 GeV.
If chargino decays proceed exclusively via the t channel, and in
the absence of the )YS — Vv decay mode, this limit increases to
307 GeV, well above existing limits [25,29].
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