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Abstract

Signatures of supersymmetry with R-parity violation (RPV) are searched for using
proton-proton collisions at a centre-of-mass energy of 8 TeV. The analysis is based on
the 2012 dataset taken with the CMS detector, corresponding to an integrated lumi-
nosity of 19.7 fb~1. Final states consisting of two isolated leptons (electrons or muons)
and jets are analyzed and interpreted in models of resonant slepton production via the
RPV couplings A};; and Al;;. The observation is in agreement with the expectation
from standard model processes. Within modified versions of the cMSSM, including
one of the two couplings as an additional non-zero parameter, exclusion limits on
these couplings are set in the range of scalar masses my up to 1.5 TeV and gaugino
masses 17/, up to 2.5 TeV. Using simplified models, limits on the production cross
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1 Introduction

Supersymmetry (SUSY) [1-3] is an attractive extension of the standard model because of cou-
pling unification, dynamic electroweak symmetry breaking and a solution to the hierarchy
problem. In SUSY scenarios with R-parity violation, the lightest supersymmetric particle (LSP)
is unstable and will decay into standard model particles. Due to the decay of the LSP, the sig-
nature of RPV SUSY differs strongly from standard SUSY searches since it exhibits no missing
energy due to an escaping neutralino, and thus limits from searches for R-parity conserving
SUSY typically do not apply. These scenarios may in addition allow for the resonant produc-
tion of supersymmetric particles (e.g. sleptons) via RPV couplings.

This document describes a search for resonant production of first and second generation slep-
tons with the Compact Muon Solenoid (CMS) detector at the Large Hadron Collider (LHC). It
is based on the /s = 8TeV proton-proton collision dataset with an integrated luminosity of
19.7 £ 0.5fb~!. The search focuses on final states consisting of two isolated leptons (electrons
or muons) with the same charge and additional jets. Since the occurrence of this signature in
standard model processes is very rare, it is well suited for the search for new physics.

This search extends the results from previous searches for second generation resonant produc-
tion by the DO [4] and CMS [5] collaborations and it is complementary to searches for RPV
SUSY by the LEP (see references in [6]) and Tevatron experiments [7, 8].

2 CMS detector

The central feature of the CMS apparatus is a superconducting solenoid of 6 m internal diam-
eter, providing a magnetic field of 3.8 T. A silicon pixel and strip tracker as well as a lead
tungsten crystal electromagnetic calorimeter (ECAL) and a brass and scintillator hadron cal-
orimeter (HCAL), each composed of a barrel and two endcap sections, are located within the
superconducting solenoid volume. Muons are measured in gas-ionization detectors embedded
in the steel flux-return yoke outside the solenoid. Extensive forward calorimetry complements
the coverage provided by the barrel and endcap detectors.

The particle-flow event algorithm [9, 10] reconstructs and identifies each individual particle
with an optimized combination of information from the various elements of the CMS detector.
The energy of photons is directly obtained from the ECAL measurement, corrected for zero-
suppression effects. The energy of electrons is determined from a combination of the electron
momentum at the primary interaction vertex as determined by the tracker, the energy of the
corresponding ECAL cluster, and the energy sum of all bremsstrahlung photons spatially com-
patible with originating from the electron track. The energy of muons is obtained from the
curvature of the corresponding track. The energy of charged hadrons is determined from a
combination of their momentum measured in the tracker and the matching ECAL and HCAL
energy deposits, corrected for zero-suppression effects and for the response function of the
calorimeters to hadronic showers. Finally, the energy of neutral hadrons is obtained from the
corresponding corrected ECAL and HCAL energy.

Jets are clustered by the anti-kt algorithm [11, 12] with a size parameter of 0.5. Their momen-
tum is determined as the vectorial sum of all particle momenta in the jet, and is found from
simulation to be within 5% to 10% of the true momentum over the whole pt spectrum and de-
tector acceptance. An offset correction is applied to jet energies to take into account the contri-
bution from additional proton-proton interactions within the same bunch crossing. Jet energy
corrections are derived from simulation, and are confirmed with in situ measurements of the



2 3 Signal model

energy balance in dijet and photon+jet events. Additional selection criteria are applied to each
event to remove spurious jet-like features originating from isolated noise patterns in certain
HCAL regions. The jet energy resolution amounts typically to 15% at 10 GeV, 8% at 100 GeV,
and 4% at 1TeV, to be compared to about 40%, 12%, and 5% obtained when the calorimeters
alone are used for jet clustering.

The electron momentum is estimated by combining the energy measurement in the ECAL with
the momentum measurement in the tracker. The momentum resolution for electrons with
pr ~ 45GeV from Z — e"e” decays ranges from 1.7% for nonshowering electrons in the barrel
region to 4.5% for showering electrons in the endcaps [13].

Muons are measured in the pseudorapidity range || < 2.4, with detection planes made using
three technologies: drift tubes, cathode strip chambers, and resistive plate chambers. Matching
muons to tracks measured in the silicon tracker results in a relative transverse momentum
resolution for muons with 20 < pr < 100 GeV of 1.3-2.0% in the barrel and better than 6% in
the endcaps [14].

The missing transverse momentum vector is defined as the projection on the plane perpendic-
ular to the beams of the negative vector sum of the momenta of all reconstructed particles in
an event. Its magnitude is referred to as ET"*°.

Performance details for the measurement of photons can be found in [15].

A more detailed description of the CMS detector, together with a definition of the coordinate
system used and the relevant kinematic variables, can be found in Ref. [16].

3 Signal model

Constructing the most general minimal supersymmetric theory, one obtains lepton- and baryon-
number violating terms in the superpotential [6]:
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Here, the coefficients A, A" and « allow lepton number violation (LNV), whereas the coefficient
A" allows baryon number violation (BNV). These terms in conjunction lead to rapid proton
decay, which has not been observed in nature [17]. In order to keep the proton stable, an
additional symmetry is introduced. The most common choice for this symmetry is R-parity,
which forbids all lepton- and baryon-number violating terms. However, theoretically equally
well-motivated symmetries can replace R-parity in order to prevent proton decay [18, 19]. In
these scenarios R-parity is not conserved, and thus such models are dubbed “R-parity violating
(RPV) supersymmetry”.

At the LHC, left-handed sleptons can be resonantly produced via the coupling coefficient /\g ik of
the trilinear LQD term in the RPV superpotential, cf. eq. (1), wherei = 1, ..., 3 denotes the lepton
generation and j, k = 1, ..., 3 denotes the quark generation. Since protons are used in the initial
state, the contribution for j,k = 1 is dominant. In this paper the search for first and second
generation resonant slepton production via the A},; and A}, couplings is performed. Stringent
bounds from leptonic pion decays exist for both couplings [6]. For the first generation coupling
A}y, additional bounds from neutrinoless double beta decay searches are more stringent for
most of the parameter space. However, the LHC can improve these limits for certain parts



of the parameter space. Single coupling dominance for Aj;; or A}, [6] is assumed such that
contributions from other RPV couplings can be neglected. For all considered values of A;; in
this analysis the slepton decay is effectively prompt.

d

Figure 1: Resonant charged slepton (left) and neutral sneutrino (right) production and typical
decay chain into final states with two same-sign and same-flavor leptons together with at least
two jets. The R-parity violating vertices are marked by a red filled circle.

The search for resonant production of left-handed sleptons including charged sleptons as well
as neutral sneutrinos concentrates on final states with two charged leptons and at least two jets.
Fig. 1 illustrates the simplest possible Feynman diagrams leading to this final state, which is
experimentally interesting because the presence of two leptons allows to discriminate the signal
from background processes. One of the leptons is expected to be produced by the resonant
slepton while the other lepton and two quarks resulting in jets are expected to be produced in
the subsequent decay of the neutralino LSP. Due to the Majorana nature of the LSP, the two
leptons have the same charge with about 50% probability, which allows to discriminate further
against the background. There are multiple other diagrams involving heavier gauginos and
longer decay chains which contribute to the desired final state with either additional leptons
or jets. The different branching ratios depend on various signal properties, e.g. the involved
particles” masses and the mixing of the gauginos. The charged sleptons and neutral sneutrinos
of one generation are nearly mass-degenerated within the resolution of this search.

4 Signal simulation

The search results are interpreted in two different scenarios: a modified version of the cMSSM
with one additional RPV coupling and a set of simplified models with the physical sparticle
masses as free parameters.

For the first scenario, the particle mass spectrum and the couplings are calculated at the su-
persymmetry breaking scale using SOFTSUSY 3.3.5 [20, 21] under the premise of the modified
cMSSM model with one additional RPV coupling (either A}, or A},,) while fixing the inputs at
the unification scale. The simulated signal events have been generated with CALCHEP [22] in
combination with PYTHIA 6 [23] using the CTEQ6.1L [24] parton distribution functions (PDF)
and the Z2* [25] event tune. The detector response has been simulated with the GEANT4 [26]
framework. The NLO corrections have been calculated according to Ref. [27]. The k-factors
vary moderately over the entire considered parameter space from 1.27 to 1.39. Two mass scans
are produced, one where the LQD coupling A’m is fixed to a value of 0.01 at the unification scale
and one where A}, is fixed to that value instead. Since for small values of A/;; the production
cross section scales with the square of the coupling, different A;; values can be adopted after
simulation for the limit setting. To cover a variety of R-parity violating constrained cMSSM
scenarios, the myg-m; /, parameter space is subdivided into a grid. The universal mass of scalar
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particles my is increased from 100 GeV to 1500 GeV and the universal mass of fermionic ones
my /5 from 100 GeV to 2500 GeV. The size of each step is 100 GeV for both variables. All remain-
ing parameters are constant throughout the entire grid and are chosen to be

Ap=0, tanp =20, sgnu=+1.

The second scenario aims to avoid the restrictions of the cMSSM by using simplified models.
Two of the dominating processes (see Fig. 2) to the dilepton and jets final state have been imple-
mented in the event generator MADGRAPH [28]. For each of the two graphs and two channels
additional mass scans were produced. Instead of using the full GEANT4 detector simulation
these mass scans were produced using the CMS fast simulation package [29]. To match the
reconstruction efficiencies of the full detector simulation additional scaling factors depending
on the lepton kinematics are used.

d

Figure 2: Resonant slepton l production and decay via the simplest decay (left) and the decay
via a heavier neutralino into a final state including 2 additional jets (right).

For the first graph the masses of the particles are scanned between:

e Mass of the resonantly produced slepton: 100-600 in 100 GeV steps and from there
on up to 2.2 TeV in 200 GeV steps

e Mass of the lightest neutralino (always below the slepton mass): 50-150 GeV in 50 GeV
steps for neutralino masses below 200 GeV and 200-1200 GeV in 100 GeV steps.

In the second graph the slepton decays into a heavier neutralino which subsequently decays
into the lightest neutralino and an additional Z-boson. The lightest neutralino then decays in
the same way as in the first graph. The mass scan is performed with the same masses as for the
first diagram, while the mass of the heavier neutralino is given by:

My = My + X X (m; — M), ()

where the scaling parameter x is fixed to 0.25, 0.5 or 0.75. As an additional condition the mass
gap between the two neutralinos has to be larger than the Z-mass.

5 Event selection

As a basic event selection, dielectron and dimuon triggers are used, where in both cases the
leading lepton has a transverse momentum threshold of 17 GeV and the second lepton a trans-
verse momentum threshold of 8 GeV. The pr-threshold for leptons is optimized to retain high
signal efficiency while keeping contributions from backgrounds small. To avoid turn-on effects,



the lepton pr is required to be larger than the trigger thresholds. The resulting requirements
are pt > 20GeV for the leading lepton and pr > 15GeV for the subleading lepton, where in
average an efficiency of 98.1% is achieved for the dielectron and 94.7% for the dimuon trigger.

Events are required to have at least one well reconstructed vertex within Az < 24 cm along the
beam axis and radius r < 2 cm perpendicular to the beam axis around the nominal interaction
point. If the event contains additional leptons (electrons or muons) above 10 GeV of transverse
momentum or high noise in the electromagnetic and hadronic calorimeter cells it is discarded
from the analysis.

Electrons are reconstructed in the pseudorapidity range up to |77| < 2.5 excluding the transition
region between the barrel and endcap 1.44 < |5| < 1.57. Muons have to be reconstructed
both in the muon chambers and in the silicon tracker and reside in the pseudorapidity range
of |n| < 2.1, avoiding endcap regions with high background contamination. Compared to the
trigger requirements on the leptons, a stricter lepton identification is adopted in order to reduce
contributions from misidentified leptons. An invariant mass of M(¢,¢) > 15GeV is required
to exclude events with J/¢, Y, low-mass Drell-Yan processes as well as photon conversions. In
the dielectron search a mass-window of 20 GeV around the Z-peak is also excluded to reduce
the yield of events where one of the electrons is reconstructed with the wrong charge.

The charged leptons are required to be isolated. A particle flow based relative isolation criterion
is used, where the sum of the energy deposits around the lepton in the tracker, electromagnetic
and hadronic calorimeter are normalized to the lepton transverse momentum and corrected
for additional activity of pileup. For electrons the isolation has to be smaller than 0.15 (pt >
20GeV) or 0.1 (pr < 20GeV), respectively. For muons its value is required to be less than 0.12.

The lepton with the highest (second highest) transverse momentum is denoted as ey, ji1 (€2, y2).

Jets with a transverse momentum of pr > 30GeV in a range of || < 2.4 are selected. Fur-
ther jet identification quality requirements [30] are applied and at least two jets in the event
well separated from the leptons by AR > 0.4 are required. Jets originating from b quarks are
identified and vetoed using the combined secondary vertex (CSV) algorithm at the medium
working point [31, 32]. Furthermore, muons are required to originate from the same vertex by
requiring Az(j, pi2) < 0.8 mm. Since little missing transverse energy (ET*) is expected within
the detector resolution, backgrounds such as tt production with neutrinos in the final state can
be partially suppressed by requiring ETi$$ < 50 GeV, where the EI* is obtained by means of
particle flow objects.

After applying these selection requirements, the dominant background is expected to come
from Drell-Yan production, followed by tt production. At this stage and before applying any
charge requirement the Drell-Yan simulation is scaled to match the event yield in the Z-peak re-
gion in the invariant m(¢;, {) mass distribution. The left plots of Fig. 3 and 4 show the invariant
mass distribution of the two leptons and the two leading jets after the scaling of the Drell-Yan
simulation has been applied, representing the mass of the slepton resonantly produced in the
primary interaction. A good agreement between data and simulation is observed.

The dominant Drell-Yan background is drastically reduced by requiring two same-sign leptons.
After this requirement, tt production with one of the two same-sign leptons either misidentified
or originating from a semi-leptonic b-decay constitutes a major background component which
can be further reduced by rejecting events with identified b-jets. For the dielectron case the
main contributions come from QCD multi-jet and W + jet events where one or multiple jets
are misidentified as electrons as well as from events where the charge of one of the electrons
is mismeasured leading to a same-sign final state. Contributions from faked leptons have been
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Figure 3: Invariant mass of the two electrons and jets before (left) and after (right) applying
the b-tag veto and same-sign electron requirement. Data are compared to the expectation from
simulation (left and right) and measured backgrounds (right). Signal distributions are shown

for two different kinematic configurations.
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simulation (left and right) and measured backgrounds (right). Signal distributions are shown

for two different kinematic configurations.
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estimated with a data-driven method described below, and predictions for rare processes with
prompt leptons are taken from simulation. For the dimuon search the dominant backgrounds
consist of semi-leptonic tt events, where one of the leptons is misidentified and WZ — 3¢ +v
events, where one of the leptons is either not reconstructed within the acceptance or fails the
third lepton veto requirements. The resulting invariant mass distribution is shown in the right
plot of Fig. 3 and Fig. 4.

The signal selection efficiency has been determined from simulation. Both the resonant produc-
tion of a slepton as well as a sneutrino can lead to a same-sign two-lepton final state. Because
of the large standard model production of dilepton final states, the analysis uses an EX* veto
and focuses on the same-sign final state. Thus, decay chains containing neutrinos instead of
charged leptons or decay chains resulting in opposite sign final states are neglected in order to
enhance the signal to background ratio. The efficiency is thus of the order of a few percent for
most of the considered parameter space. For low values of m;/,, the neutralino is very light,
boosted, and its decay products do not match the isolation criteria. This leads to small signal
efficiencies. Since the lepton originating from the slepton decay is not sufficiently energetic,
this search lacks sensitivity when the neutralino or chargino mass is close to that of the slep-
ton. Because efficiencies are small for parts of the parameter space, they have been computed
together with their uncertainties making use of the Wilson score interval [33].

5.1 Background estimates

After the full event selection, a small amount of background events from standard model pro-
cesses remains. This background consists of three different components:

e "Non-prompt backgrounds” (Fakes)

This background describes events with leptons from heavy-flavour decays, misiden-
tified hadrons or electrons from non-matched photon conversions. Since these type
of backgrounds are hard to model in simulation, a data-based method called "tight-
to-loose” method is used to estimate their contribution to the search region. It is
based on measuring the ratio of "tight” to "loose” leptons in a QCD enriched region.
While tight leptons fulfill all selection steps as the leptons in the analysis, the loose
leptons satisfy relaxed isolation and impact parameter criteria. Backgrounds which
do not contain two prompt same-sign leptons are estimated by data events where
one or both leptons used in the analysis only satisfy looser isolation and impact pa-
rameter criteria, but not the tight ones used in the analysis. These events are then
weighted based on the “tight-to-loose” ratio depending on their transverse momen-
tum and pseudo-rapidity. The remaining contributions from standard model pro-
cesses which can produce same-sign events are subtracted using Monte Carlo (MC)
simulations and the result of this subtraction provides an estimate of the non-prompt
backgrounds. The main contributing processes are W + jets, tt and QCD multi-jet
production. The method is validated by closure tests in simulation and leads to
good agreement with data when applied to control regions.

e Standard model backgrounds with same-sign leptons
There are very few standard model backgrounds which can lead to two prompt
same-sign leptons and have altogether a very small cross section. Double-boson,
triple-boson, tt + V and Higgs (ttH, VH) production are considered as such and they
constitute an irreducible background. Rare processes such as double parton inter-
actions or two interactions in one bunch crossing can also lead to the same final
state. All these processes are estimated from MC simulation. The main contribu-
tions arises from WZ production, for which agreement of the simulation with data



8 6 Systematic uncertainties

was cross-checked in a control region.

e Charge misidentification

This background describes events with two prompt opposite-sign leptons where the
charge of one of the leptons is misidentified yielding contributions to the same-sign
final state. This only affects the electron channel since the charge misidentification
for muons is negligible. As verified in data from Z — e'e™ events the charge
misidentification is well described in simulation and the wrong charge fraction ob-
tained from the tt simulation is applied to opposite-sign data events to estimate the
background yield from charge misidentified events.

Several MC samples are used for the background estimation (see above), the subtraction of
non-fake contributions in the tight-to-loose ratio method and different cross-checks. The sam-
ples for the Drell-Yan, W + jets, top-pair with vector bosons (tt + V), double boson (VV) and
triple boson (VVV) production, where V = W, Z stands for a W or a Z boson, are generated with
MADGRAPH [28] interfaced to the event generator PYTHIA 6 [23] for parton shower, hadronisa-
tion and underlying event. Single and top quark pair production samples are generated with
POWHEG [34-36]. The simulation of QCD multi-jet events and rare processes such as ttH, ZH,
WH, WEW=-production was done with PYTHIA 6. For the simulation of double parton scat-
tering PYTHIA 8 was used. All samples include the simulation of pileup effects, were produced
with the Z2* [25] event tune and the CTEQ6.1L [24] parton distribution functions and have
been processed through a full simulation of the CMS detector based on GEANT4 [37].

6 Systematic uncertainties

Several sources of systematic uncertainties have been investigated. Their individual impact on
the background prediction as well as the quadratic sum of all the uncertainties is summarized
in Table 1.

Reconstructed object uncertainties of jet energy scale (JES) and resolution (JER) as well as lepton
(electron and muon) energy scale and resolution are taken into account. Due to the fact that
EMisS js used in the event selection, all object energy variations have to be propagated into
EMisS. The energy scales of leptons are shifted within their uncertainties and their resolution
is smeared with a Gaussian function according to their uncertainties. The difference in event
yield is taken as uncertainty.

Jet energy scale uncertainties have been evaluated following the procedure of [38]. The jet en-
ergy resolution in simulation is better than in data. The simulation has been corrected for this
difference. Systematic uncertainties arise from matching ambiguities between jets of generated
final state particles and reconstructed particle flow jets. The parameters of the b-tagging cor-
rection procedure are varied within the uncertainties found when computing the correction
factors [31, 32].

Possible discrepancies in the lepton identification and isolation efficiencies between data and
simulation are corrected by applying scale-factors to the simulated backgrounds, the uncer-
tainty of these scale-factors is included as additional systematic uncertainty. The performance
of the trigger might vary between the data and simulation. The trigger efficiency is determined
using orthogonal jet trigger in data and simulation and a systematic uncertainty is assigned
due to small differences between the two.

Further uncertainties on the background prediction from simulation are due to cross section
uncertainties for the simulated backgrounds (50%), the luminosity measurement uncertainty



(see [39] for details), the choice of PDF and a; used in the simulation and the pileup reweight-
ing. Evaluation of PDF and «; uncertainties have been performed following the PDFALHC
procedure [40] making use of the PDF sets CT10, MSTW2008 and NNPDF2.1. The systematic
uncertainty on the pileup reweighting procedure for simulated events has been obtained by
varying the number of interactions per event by £5%.

To obtain systematic uncertainties on the background estimate for fake leptons, the relative
isolation criterion and the selection criteria for enriching the QCD multi-jet contribution while
suppressing prompt leptons have been varied and for each variation the number of fake back-
grounds has been re-evaluated. From the results of these variations and the closure tests a total
systematic uncertainty of 50% on the fake estimate is assigned.

Table 1: Average impact of the systematic uncertainties on the event yield in the final search
region. The first block of uncertainties is assigned to all simulated backgrounds. For the back-
ground prediction based on data the uncertainties given in the second block are taken. The
quadratic sum of all individual sources (X) is shown in the third block.

. overall impact on final event yield [%]
source of sys. uncertainty
electron channel \ muon channel
luminosity 0.3 1.2
jet energy scale & resolution 0.2 1.7
b-tagging 0.1 0.3
lepton resolution & scale 0.3 0.1
identification & trigger efficiency 0.9 15
cross sections 5.6 23.1
PDF & pileup modeling 0.7 2.8
charge misidentification 6.1 -
data-driven background estimate 38.4 26.9
P \ 39.3 \ 35.7
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Figure 5: Background estimate and CMS data of the two-dimensional slepton and gaugino
mass distribution for both electrons (left) and muons (right). All backgrounds are summed up
and are shown as colored bins, while the data points are shown individually. The six bins are
regarded as separate search regions SR 1-6 to improve the sensitivity for this analysis over the
whole parameter space. The grey lines represent the borders of the individual search regions.
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7 Results and interpretation

After the selection requirements we observe 255 candidate events in the dielectron final state
(see Fig. 3-right). The data-driven estimate for the non-prompt electron background as well as
Monte Carlo simulations for the remaining backgrounds yield a total background prediction
of Nyackgrouna = 218.8 = 12.9 (stat.) + 84.7 (syst.) events. For the second generation search we
observe 46 candidate events (see Fig. 4-right) which is in good agreement to the background
prediction of Nyackground = 47.0 1.8 (stat.) = 14.0 (syst.) events.

Further insight is gained by studying the distribution of events in the two-dimensional recon-
structed slepton m; - reconstructed neutralino 3 mass plane, where a peak is expected for the
signal. To reconstruct the mass of the neutralino coming from the slepton decay, the lepton
originating from this decay needs to be identified. Although there are in principle two choices,
the lepton from the slepton decay is in most regions of the parameter space more energetic
than the lepton from the LSP decay and can be identified as ¢;. Thus, the reconstructed slepton
- neutralino mass plane is defined as m; = m(j1, ja, Ef, Zit) mg = m(j1, jo, EZi) The resolution of
the reconstructed signal peak depends on the sparticle mass spectrum and the branching ratios
to longer decay chains (e.g. Fig. 2-right). Its dependence on the lepton flavor is small, since the
resolution of the different particle energies is dominated by the resolution of the jets. In general,
the width of the reconstructed mass peak will be small for parameter points where the short
decay chains dominate (e.g. around 5% for mg = 1000 GeV, my, = 2000 GeV (m; ~ 1600 GeV))
and broader for parameter points where the longer decay chains are more frequent (e.g. around
16% for mo = 400 GeV, my /o = 400 GeV (m; ~ 500 GeV)).

The observed events in the data are compatible with the background expectation. No special
structure can be observed. The parameter space is subdivided into six signal regions SR1 - SR6,
corresponding to low, medium and high mass for the slepton and the neutralino, respectively.
These regions, indicated in Fig. 5, are sensitive to different combinations of slepton and neu-
tralino masses. The bin width is chosen such that the expected contribution from a signal can
tit approximately into a single bin: The slepton and neutralino masses are reconstructed using
the two highest jets. This works very well for short decay chains, but if longer decay chains are
dominant the reconstructed masses will be lower than the generated ones due to the additional
jets but most of the signal should be contained in the right signal region.

The corresponding event yields and their uncertainties for the six regions are given in Tables 2
and 3 for the dielectron and dimuon channel, respectively.

In SR3 and SR5 of the dielectron channel a small difference between the background expecta-
tion and data is observed. However, the difference is smaller than 2 ¢ in each region and the
largest source of uncertainty is fully correlated between the two bins. Thus, this discrepancy
is assumed to be a statistical fluctuation. Since the number of events from standard model
backgrounds and data agree, there is no evidence for a signal. This result is interpreted by
providing a set of exclusion limits. First an upper limit on the resonant slepton production
cross section as a function of mg and m;/; is set (see Fig. 6-7), which is then translated into
limits on the coupling parameters at the unification scale, A{;; for resonant production of first
generation sleptons and A/, for resonant production of second generation sleptons (see Fig. 8).
For the second generation search, the results and the covered parameter space from previous
analyses performed by DO [4] and CMS [5] are shown for comparison (note that the D0 scan
used different values for tan(B) and ). In Fig. 9 the limit on the couplings is shown as a func-
tion of the physical masses of the slepton m; and the lightest neutralino m 0 for some example
points in the parameter space the important masses and results are shown in Tab. 4. The LHC-
style [41] CLs; method [42] is used to derive limits. As a test statistic, a profile Likelihood [43]
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Table 2: First generation slepton: Summary of the six regions as displayed in Fig. 5. They are
numbered starting on the left and progressing upwards from the lowest bin. Statistical and
systematic uncertainties are added in quadrature. Correlations between the different sources
of uncertainties are taken into account.

process group | SR1 SR 2 SR 3

fake estimate | 89.22 | £45.68 | 49.92 | £26.08 | 19.77 | 4+ 10.88
wrong charge | 9.56 +£229 | 829 | £196 | 414 | £095
\A% 6.62 | +340 | 818 | £420 | 336 | £1.73
rare 1.03 | £055 | 1.10 | £059 | 0.87 | £0.48
tt+V 016 | £010 | 1.15 | £0.74 | 052 | £0.29
\A%% 020 | £011 | 035 | £0.18 | 0.15 | +0.08
Y 106.79 | £45.87 | 68.98 | £26.51 | 28.81 | 4 11.08
data 106 74 51

process group | SR4 SR 5 SR 6

fake estimate 156 | £152 | 674 | £433 | 0.72 | £1.01
wrong charge | 0.24 +017 | 149 | =057 | 047 | £0.18
\A% 016 | £0.09 | 1.12 | £0.58 | 030 | +£0.17
rare 0.06 | £0.06 | 063 | £036 | 030 | +£0.19
tt+V < 0.02 017 | £0.11 | 0.01 | £0.01
\A'AY 0.03 | £0.02 | 0.09 | £0.05 | 0.03 | 40.02
Y 205 | £153 | 1024 | +442 | 1.83 | +£1.06
data 3 18 3

Table 3: Second generation slepton: Summary of the six regions as displayed in Fig. 5. They
are numbered starting on the left and progressing upwards from the lowest bin. Statistical and
systematic uncertainties are added in quadrature. Correlations between the different sources
of uncertainties are taken into account.

process group | SR1 SR 2 SR 3

fake estimate 13.4 +638 7.5 +38 3.7 +19
\'AY 5.6 +£22 3.9 +17 24 +1.1
rare 1.72 +048 | 167 | £052 | 1.90 | £0.70
tt+V 0.32 +014 | 043 | £0.18 | 0.181 | &= 0.090
\ARY% 0.31 +013 | 033 | £0.15 | 0.153 | £0.072
z 21.3 +£72 | 138 | +43 8.3 +24
data 15 16 11

process group | SR4 SR 5 SR 6

fake estimate 0.19 +016 | 034 | £025 | 021 | £0.17
\'AY 0.045 | £0.020 | 0.73 | £036 | 022 | £0.10
rare 0101 | £0.051 | 072 | £0.26 | 0.80 | +£0.35
tt+V < 0.001 0.031 | £0.015 | 0.063 | £ 0.032
\A%% < 0.01 0.087 | £0.040 | 0.027 | £0.014
z 0.33 +019 | 191 | £056 | 1.31 | =046
data 1 1 2
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for a multi-bin Poisson counting experiment is used. The systematic uncertainties are modeled
with log-normal distributions. All limits are set at the 95% confidence level.

19.7 fb™* (8 TeV) 19.7 b (8 TeV)
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Figure 6: First generation slepton: Expected (left) and observed cross section limit (right) at
95% CL as a function of mg and m s, for Ag = 0, sign(y) = +1 and tan g = 20.

Table 4: Sparticles masses and observed cross section and RPV coupling limits for both chan-
nels for a small subset of the covered parameter space. The limit on the RPV coupling is set at
the unification scale.

mo mi /o my Mo cross section cross section limit coupling limit
[GeV] | [GeV] | [GeV] | [GeV] | Aj;; = 0.01[fb] | electron [fb] | muon [fb] | Al Abyq
200 200 245 76 1.29-10* 592 85.5 0.0021 | 0.0008
400 400 481 163 997 111 34.6 0.0033 | 0.0019
400 1000 | 772 427 121 22.0 4.20 0.0042 | 0.0018
1000 | 400 1031 165 39.1 24.5 13.5 0.0079 | 0.0059
1000 | 1000 | 1194 | 429 16.4 32.0 8.28 0.0140 | 0.0071
1500 | 1500 | 1787 | 656 1.51 19.6 11.9 0.0382 | 0.0290

In addition to the cMSSM scan, upper cross section limits based on a simplified model de-
scribed in Section 4 are determined. In order to be less model dependent, the exclusion limits
are set on the production cross section of the slepton times the branching ratio to particles
shown in Fig.2-left, e.g. the lightest neutralino and a charged lepton for the first graph. The
resulting observed cross section limits for the simplest graph can be seen in Fig. 10.

In the second graph the slepton decays into a heavier neutralino. This heavier neutralino de-
cays into the lightest neutralino and an additional Z-boson. Even though these signal events
typically result in more jets only the two jets with the highest pr are used in the reconstruction
of the sparticle masses. The spread in the reconstructed masses is wider for these events, but
due to the large widths of the signal regions most of the signal is contained in a single region.
The resulting observed cross section limits for a scaling parameter x=0.5 (see Eq. 2) can be seen
in Fig. 11. The branching ratio used here is the branching ratio of the slepton decaying into
a heavier neutralino and a charged lepton times the branching ratio of the heavier neutralino
decaying into the lightest neutralino and a Z boson.
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Figure 7: Second generation slepton: Expected cross section limit (left) and observed cross

section limit (right) at 95% CL as a function of mg and my,, for Ay = 0, sign(p) = +1 and
tan g = 20.
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Figure 8: Translation of the observed cross section limit into an upper limit on the RPV cou-
plings Af;; (left) and A%, (right) at the unification scale. For comparison the covered parameter
space and results from previous searches for resonant second generation slepton production
performed by DO [4] and CMS [5] are shown.
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Figure 9: Upper limit on the RPV couplings A}, (left) and A);, (right) at the unification scale as
a function of the physical masses in the two parameter scans.
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Figure 10: Observed cross section limits for the first simplified model for the dielectron (left)
and the dimuon (right) channel. An upper limit is set on the production cross section times the
branching ratio to the lightest neutralino and a charged lepton.
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Figure 11: Observed cross section limit for the second simplified model graph. On the left the
dielectron final state is used while the right one uses the dimuon final state. The limit is set
on the production cross section times the branching ratio of the resonantly produced slepton
decaying into a charged lepton, the lightest neutralino and an additional Z boson. The scaling
parameter x is chosen to be 0.5.

8 Conclusions

A search for resonant production of sleptons (¢, 7,) via the R-parity violating couplings A’;; and
Aby; with two same-sign leptons and at least two jets in the final state is presented. The kinemat-
ics of the signal is characterized by no missing transverse energy within the detector resolution.
The search is based on the 2012 dataset with an integrated luminosity of 19.7 fb~!, recorded
with the CMS detector in proton proton collisions at a center of mass energy of /s = 8 TeV.
The observed number of events agrees with the standard model prediction and exclusion lim-
its are set within a modified version of the cMSSM with one additional R-parity violating cou-
pling (A};; or A%;;). Most stringent limits to date on these couplings in the range of scalar
masses my up to 1.5TeV and gaugino masses m;,, up to 2.5TeV are established. Compared
to previous measurements from the DO experiment [4] and the CMS experiment [5], the ex-
cluded parameter space for the resonant smuon production is extended considerably. Based
on a simplified model approach, additional limits on the production cross section are set in the

two-dimensional plane of neutralino mz and slepton mass ;.
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