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Abstract

A search is presented for physics beyond the standard model in final states with two
opposite-sign, same-flavor leptons, jets, and missing transverse momentum. The data
sample corresponds to an integrated luminosity of 12.9 fb~! of proton-proton col-
lisions at /s = 13 TeV collected with the CMS detector at the LHC in 2016. The
analysis uses the invariant mass of the lepton pair, searching for a kinematic edge
or a resonant-like excess compatible with the Z boson mass. The search for a kine-
matic edge targets strong production while the resonance search targets both strongly
and electroweakly produced new physics. Both search modes use several event cate-
gories in order to increase the sensitivity to new physics. These categories are based
on several observables related to the lepton pair and the hadronic system in order to
optimize signal efficiency and background rejection. A fit is employed to search for
a possible kinematic edge position in the strong, non-resonant search. In addition,
signal regions are included for which excesses were reported by the ATLAS and CMS
collaborations using /s = 8 TeV and /s = 13 TeV data. The observations in all signal
regions are consistent with the expectations from the standard model, and the results
are interpreted in the context of simplified models of supersymmetry.
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1 Introduction

Supersymmetry (SUSY) [1-8] is one of the most appealing extensions of the standard model
(SM) and assumes a new fundamental symmetry that assigns a new fermion (boson) to every
SM boson (fermion). SUSY resolves the hierarchy problem of the SM by stabilizing the Higgs
boson mass via additional quantum loop corrections from the top super-partner (top squark),
which compensate the correction due to the top quark. If R-parity [9] is conserved the lightest
state predicted by the theory is stable and potentially massive, providing a candidate for dark
matter. Many SUSY models also lead to the unification of the electroweak and strong forces at
high energies [10-12].

This document presents a search for signatures of SUSY in events with two opposite-sign,
same-flavor leptons (electrons or muons), jets, and missing transverse momentum. A data
set of pp collisions collected with the CMS detector at the CERN LHC at /s = 13 TeV in 2016
was used, corresponding to an integrated luminosity of 12.9 fb~!. The dilepton topology is
expected to occur in SUSY models where a neutralino decays to either an on-shell Z boson or
a virtual Z/< boson which in turn decays to leptons and the lightest SUSY particle (LSP), or
into a lepton and its supersymmetric partner (slepton), the latter decaying into another lepton
and the LSP. Decays involving an on-shell Z boson are expected to produce an excess of events
in which the di-lepton invariant mass is compatible with the Z boson mass, while decays in-
volving off-shell Z bosons or sleptons are expected to produce a characteristic edge shape in
the invariant mass distribution of the dilepton system [13].

The search for a contribution at the Z boson mass is performed in both scenarios of strong and
electroweak SUSY production and features corresponding signal models and event selections.
In case of the strong production, the neutralino is part of a decay chain starting from a gluino
or squark, while in the electroweak case it is directly produced. The search for a kinematic edge
is only performed under the assumption of strongly produced SUSY.

The CMS Collaboration published versions of this analysis using a /s = 8 TeV data set and
a /s = 13TeV data set from 2015. At 8 TeV a 2.6 ¢ local significance excess compatible with
an edge shape located at a dilepton invariant mass of 78.7 + 1.4 GeV [14] was observed. This
excess could not be confirmed using 13 TeV data [15]. The ATLAS collaboration reported the
absence of any excess in a similar signal region, but observed a 3.0 ¢ excess in dilepton events
compatible with the Z boson mass in 8 TeV data [16] and 2.2 ¢ excess using 13 TeV data in
2015 [17]. A similar signal region in the CMS search at 13 TeV did not show any deviation from
the expectation. Both deviations are analyzed here with minimal changes with respect to the
previous 8 and 13 TeV searches.

2 The CMS detector

The central feature of the CMS apparatus is a superconducting solenoid, 13 m in length and 6 m
in diameter, that provides an axial magnetic field of 3.8 T. The bore of the solenoid is outfitted
with various particle detection systems. Charged-particle trajectories are measured by silicon
pixel and strip trackers, covering 0 < ¢ < 27 in azimuth and |77 < 2.5, where the pseudo-
rapidity 7 is defined as 1 = —log[tan(0/2)], with 6 being the polar angle of the trajectory of
the particle with respect to the beam direction. A crystal electromagnetic calorimeter (ECAL),
and a brass and scintillator hadron calorimeter surround the tracking volume. The calorimetry
provides high resolution energy and direction measurements of electrons and hadronic jets. A
preshower detector consisting of two planes of silicon sensors interleaved with lead is located
in front of the ECAL at || > 1.479. Muons are measured in gas-ionization detectors embedded
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in the steel flux-return yoke outside the solenoid. The detector is nearly hermetic, allowing for
energy balance measurements in the plane transverse to the beam direction. A two-tier trigger
system selects the most interesting pp collision events for use in physics analysis. A more de-
tailed description of the CMS detector, its coordinate system, and the main kinematic variables
used in the analysis can be found elsewhere [18].

3 Datasets, triggers, and object selection

Events are collected with a set of dilepton triggers that require a transverse momentum of pr
> 17 or 23GeV for the leading lepton depending on the time of data taking, except for the
dimuon trigger where the requirement is always pr > 17GeV. These triggers impose loose
isolation criteria on the leptons. For the subleading electron (muon) pt > 12 (8) GeV is required
and both leptons have to satisfy |17| < 2.5 (2.4) for electrons (muons). In order to retain high
signal efficiency, in particular for Lorentz-boosted dilepton systems, dilepton triggers without
isolation requirement have been used, which require for both leptons pt > 33 (30) GeV in the
dielectron (electron muon) case and either pt > 27 (8) GeV or pt > 30 (11) GeV for the leading
(subleading) muon in dimuon events. The trigger efficiencies are measured in data using events
selected by a suite of hadronic triggers.

Events are selected by requiring two opposite-charge, same-flavor leptons (e*e™ or u*u¥) with
yreq & pPp & p pou

pr > 25 (20)GeV for the leading (subleading) lepton and pseudorapidity || < 2.4 for both
leptons. The distance between the leptons must satisfy \/A¢? + Ay? = AR > 0.1 to avoid
reconstruction efficiency differences between electrons and muons in events with very collinear
leptons. To ensure symmetry in acceptance between electrons and muons, all events with at
least one of these two leptons in the barrel-endcap transition region of the ECAL, 14 < || <
1.6, are rejected. A control sample of different flavor leptons (ey or ue) is defined using the same
lepton selection criteria. All the parameters above have been chosen in order to maximize the
lepton selection efficiency while keeping the electron and muon efficiencies similar.

Electrons, reconstructed by associating tracks with ECAL clusters, are identified using a mul-
tivariate approach based on information on the cluster shape in the ECAL, track quality, and
the matching between the track and the ECAL cluster [19]. Additionally, electrons from pho-
ton conversions are rejected. Muons are reconstructed from tracks found in the muon system
associated with tracks in the tracker. They are identified based on the quality of the track fit
and the number of associated hits in the tracking detectors. For both lepton flavors, the impact
parameter with respect to the reconstructed vertex with the largest pZ sum of associated tracks
(primary vertex) is required to be within 0.5 mm in the transverse plane and below 1 mm along
the beam direction. The lepton isolation, defined as the scalar pt sum of all particle candidates,
excluding the lepton itself, in a cone around the lepton, divided by the lepton pr, is required to
be smaller than 0.1 (0.2) for electrons (muons). A cone-size, varying with lepton pr, is chosen
tobe AR = 0.2 for pt < 50GeV, AR =10GeV /pt for 50 < pr < 200GeV, and AR = 0.05 for pt
> 200 GeV. This shrinking cone-size as a function of pr recovers leptons from highly boosted
decays.

In the electroweak search, additional electrons (muons) with an isolation of 0.4, pr > 10 GeV
and |y| < 2.5 (2.4) are vetoed.

A particle flow (PF) technique [20, 21] is used to reconstruct particle candidates in the event. Jets
are clustered from these candidates, excluding charged hadrons not associated to the primary
vertex, using the anti-k; clustering algorithm [22] implemented in the FASTJET package [23, 24]
with a distance parameter of 0.4. Each jet is required to have pr > 35GeV where the pr is



corrected for non-uniform detector response and multiple collision (pileup) effects [25, 26], and
7| < 2.4. Ajetis removed from the event if it lies within AR < 0.4 of any of the selected leptons.
The scalar sum of all jet transverse momenta is referred to as Hr. The magnitude of the negative
vector pr sum of all the PF candidates is referred to as EXS. Corrections to the jet energy are
propagated to the Ef"** using the procedure developed for 7 TeV data [25]. Identification of jets
originating from b-quarks is performed with the combined secondary vertex algorithm, using
a working point in which the typical efficiency for b quarks is around 65% and the mis-tagging
rate for light-flavor jets is around 1.5% [27].

While the main SM backgrounds are estimated using data control samples, simulated events
are used to estimate uncertainties and minor SM background components. Next-to-leading
order (NLO) and next-to-NLO cross sections [28-33] are used to normalize the simulated back-
ground samples, while NLO plus next-to-leading-logarithm (NLL) calculations [34] are used
for the signal samples. Simulated samples of Drell-Yan (DY) production associated with jets
(DY + jets), v +jets, V+V, and ttV (V = W,Z) events are generated with the
MadGraph5_aMCE@NLO event generator [35], while POWHEG [36] is used for tt and single top
quark production. The matrix element calculations performed with these generators are in-
terfaced with PYTHIA 8 [37] for the simulation of parton showering and hadronization. The
NNPDEF3.0 parton distribution functions (PDF) [38] are used for all samples. The detector re-
sponse is simulated with a GEANT4 model [39] of the CMS detector. The simulation of new
physics signals is performed using the MadGraph5_aMC@NLO program at LO precision with
up to 2 additional partons in the matrix element calculations. Events are then interfaced with
PYTHIA 8 for fragmentation and hadronization, and simulated using the CMS fast simulation
package [40]. Multiple pp interactions are superimposed on the hard collision and the simu-
lated samples are reweighted such that the number of collisions per bunch crossing accurately
reflects what is seen in data. Normalization scale factors are applied to the simulated sam-
ples to account for differences between simulation and data in the trigger and reconstruction
efficiencies.

4 Signal models

This search targets different production and decay modes of neutralinos resulting in final states
with two opposite-sign, same-flavor leptons; jets; and EsS originating from the LSPs. In order
to study these processes, three simplified models have been considered: two for the search for
strongly produced SUSY, and one for the search for electroweakly produced SUSY.

One of the strong signal models as well as the electroweakly produced model produce a reso-
nant lepton signature through an on-shell Z boson, while the other strong signal model results
in an edge-like distribution in the invariant mass of the leptons targeted by the “edge” search.

The first of these simplified models represents gauge mediated supersymmetry breaking SUSY
models [41] and is referred to as the GMSB scenario. The model assumes the production of a
pair of gluinos (g) that decay into a pair of quarks (u, d, s, ¢, or b) and the lightest neutralino
X?. This neutralino decays into an on-shell Z boson and a massless gravitino (G) as seen in
Fig. 1 (left). At least one of the Z bosons decays promptly into a pair of leptons producing the
signature targeted by the strong on-Z search.

The signal model for the edge search, referred to as slepton-edge, assumes the production of a
pair of bottom squarks, which decay to the next-to-lightest neutralino ¥3 and a b quark. Two
decay modes of the {3 are considered each with 50% probability. In the first one, the §5 decays
to a Z boson and the lightest neutralino )E(l), which is stable. The Z boson can be on- or off-shell,
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Figure 1: Diagrams for gluino and b pair production and decays realized in the simplified
models (top row). The GMSB model targeted by the strong on-Z search is shown on the left.
On the right, the slepton-edge model features characteristic edges in the m spectrum given
by the mass difference of the ¥ and ). The electroweak production model EWK-WZ (bottom)
shows the production of a ¥ together with a ¥, resulting in a final state with a Z, and a W
boson and two {! s.

depending on the mass difference between the neutralinos, and decays according to its SM
branching fractions. The second one features sequential two-body decays with an intermediate
slepton ’: Xg — - X?. The masses of the sleptons (&, ji) are assumed degenerate and equal
to the average of the Xg and X‘l). The masses of the b and Xg are free parameters, while Mo is
fixed at 100 GeV. This scheme allows the position of the signal edge to vary along the invariant
mass distribution according to the mass difference between the )Eg and X(l). The mass of the
XY has been chosen in such a way that the difference to the §5 mass is above 50 GeV, setting
the minimum possible edge position at 50 GeV. An example for one of the possible decays is
shown in Fig. 1 (right).

The simplified model for the electroweak search, referred to as the EWK-WZ model, can be
seen in the bottom of Fig. 1. It shows the production of a ¥ and the lightest chargino %7,
which decay into a ¥J and a Z, and a ¥J and a W boson, respectively. The masses of the §5 and
)Zf are assumed to be equal in this simplified model.

5 Signal regions

The signal regions are designed to provide sensitivity to a range of new physics models, includ-
ing the simplified models defined above. In the case of the strong on-Z and the edge search,
an additional signal region is included to investigate excesses seen by the ATLAS collaboration
when analyzing the 8 TeV data set [16] and the 13 TeV data set collected in 2015 [17]. Finally, a
signal region designed to investigate the excess seen by the CMS collaboration when analyz-
ing the 8 TeV data set [14] is also included in this analysis. The selections described below are
applied in addition to the dilepton selection described in Section 3.
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5.1 On-Z signal regions

The on-Z search is divided into a total of three signal region (SR) categories with dilepton
invariant mass (/) in the range 81 < my, < 101 GeV. The first two, referred to as “SRA” (2-3
jets and Ht > 400 GeV) and “SRB” (> 4 jets), focus on events with low and high jet multiplicity.
These categories are further divided according to the number of b-tagged jets, Hy, and EXss,

One additional signal region, namely “ATLAS SR”, is defined corresponding to the region
showing a 2.2 ¢ excess in the 13TeV data set of the ATLAS Collaboration [16]. This corre-
sponds to an increased lepton-pt threshold of 50 (25) GeV for the leading (subleading) lepton,
the quantity (Ht +pr b +pT ) > 600GeV, E%‘iss > 225 GeV, and a selection on the A¢ between
each of the leading jets and the ET" of > 0.4.

The exact selection details for all signal regions are given along with the final results in Table 5.

5.2 Electroweak search signal regions

The signal region in the electroweak search also requires a dilepton pair with 81 < my, <
101 GeV, EMiss > 150 GeV, and at least two jets. Events with any additional loosely isolated
leptons with pr > 10GeV or b-tagged jets with pt > 25GeV are vetoed. In order to further
suppress tt backgrounds, a requirement on My, [42, 43], a kinematic variable introduced to
measure the mass of pair-produced particles decaying to the same visible and invisible parti-
cle, is introduced. When building Mr; from both leptons and E%ﬁss, the distribution exhibits a
sharp decline around the mass of the W-boson and is therefore well suited to suppress remain-
ing contributions of tt. The final requirement on Mr; is chosen to be 80 GeV. Furthermore, an
additional requirement on the |A(¢)| between EXsS and the largest-pr jet of > 1 is implemented
to further suppress fake-EX* from DY processes. The signal region is then divided into three
bins in E‘Tmssz 150 - 225 GeV, 225 - 300 GeV, and above 300 GeV.

5.3 Edge search signal regions

The baseline signal region in the edge search requires m,, > 20GeV, at least two jets, and EXss
> 150GeV. The fit to search for a kinematic edge in the invariant dilepton mass spectrum is
performed in this baseline region. To perform a counting experiment this region is further sub-
divided into two m, regions, the low mass region with m,, < 81 GeV and the high mass region
which requires my, > 101 GeV, thereby excluding any overlap with the on-Z signal regions. A
likelihood discriminant, NLL, is used to distinguish between events that most likely originate
from dileptonically decaying top quark pairs and those that are not.

The observables used for the likelihood discriminator are: EFS, the pr of the dilepton system,
|A(¢)| between the leptons, and an observable called Xm,. To calculate Xmy,, all combinations
of leptons and jets are selected and the minimum mass is found. This process is repeated for
the remaining lepton and jets, and the sum of the masses of the two systems is then defined as
Xmy,. 1f b-tagged jets are present, they are given priority in the calculation of both lepton-jet
systems; i.e. if one or two (or more) b-jets are present, X, between the leptons and the b-jets
is minimized first, and then the remaining (b-)jets are considered for the minimization of the
sum Xmy, of the second lepton. To calculate this likelihood, the probability density functions
of the four observables are determined by fits in the opposite-flavor control sample in the same
kinematic region as the same-flavor signal region. The respective fit functions for the variables
are a sum of two exponentials for the ET*, a second-order polynomial for the |A(¢)], and a
Crystal-Ball function for both the di-lepton pt as well as the Xy, distribution.

A likelihood function is then constructed and its negative logarithm is taken as the discrimi-
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nator value NLL. Two categories of events are then defined, namely events that are tt-like and
those that are non-tt-like. The distinction between the two categories is made such that the two
bins have an expected tt efficiency of 5% and 95%.

This results in a total of four cut-and-count signal regions: two bins in the 1, times two bins
in the NLL discriminator.

In addition, one signal region corresponding to the signal region where the excess was observed
by CMS at 8 TeV [14] is defined called the “CMS legacy” signal region. This region requires both
leptons to be reconstructed in the central part of the detector (|| < 1.4), 20 < my < 70GeV,
and EMisS > 100 (150) GeV if at least three (two) jets are present.

A summary of all signal regions is given along with the experimental results in Section 8.

6 Standard model background predictions

The backgrounds from SM processes are divided into two types. Those that produce opposite-
flavor (OF) pairs (e*uT) as often as same-flavor (SF) pairs (u=uT, eteT) are referred to as
flavor-symmetric (FS) backgrounds. Among them, the dominant contribution arises from top
quark-antitop quark production; sub-leading contributions from WW~, Z/y*(— 1), tW
single-top quark production, and leptons from hadron decays are also present. The other cate-
gory of backgrounds includes flavor-correlated lepton production and only contributes with SF
leptons. The dominant contributions arise from DY production in association with jets, where
the EMNsS arises from mismeasurement of the jet energies. Smaller contributions come from WZ
and ZZ production, as well as rare processes such as ttZ. These backgrounds are referred to as
“Other SM” in this document.

6.1 Flavor-symmetric backgrounds

The method of estimating the FS backgrounds relies on the fact that for such processes, SF and
OF are produced at the same rate at particle level. This allows for the translation from the
OF sample to the SF sample by application of an appropriate translation factor. For a scenario
where the OF contribution is of sufficient statistical power to make an accurate prediction in
the SF channel, this translation factor only has to correct for different flavor-dependent efficien-
cies stemming from reconstruction and identification effects and from flavor-dependent trigger
efficiencies which might be different for electrons and muons.

A background estimate in the SF channel can therefore be obtained by simply applying a mul-
tiplicative correction factor, Rgg/or, to the OF channel yield. This factor is determined in two
independent ways purely on collision data and then combined by weighting the two measure-
ments according to their corresponding uncertainties. The two ways are a direct measurement
of this translation factor in a control region outside of the baseline signal region on the one
hand, and a factorized approach of measuring the effects of reconstruction, identification, and
trigger separately on the other hand.

The direct measurement is performed in the region with Njets = 2 and 100 < EITniss < 150GeV,
excluding the mass range 70 < my, < 110GeV to reduce contributions from DY backgrounds.
Here, Rgp,oF is evaluated using the observed yield of SF and OF events, Rsp;or = Nsg/Nog.
The applicability of this value in the signal region is confirmed by comparing it with the Rgr,oF
value obtained in the signal region for tt simulated events. The difference between both values
is found to be similar to its statistical uncertainty (1%). The latter value is assigned as the
systematic uncertainty in the measurement.
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For the factorized approach, the ratio of muon to electron reconstruction and identification ef-
ficiencies, 7,/¢, is measured in a DY-enriched region with Njes > 2 and EITniSS < 50GeV and
requiring 60 < my, < 120 GeV, resulting in a large sample of e*eT and u*u¥ events with sim-
ilar kinematics to the signal region in terms of jet multiplicity. Assuming the factorization of

lepton efficiencies in an event, the efficiency ratio is measured as 7, /e = /Ny+;-/Nete-. A

systematic uncertainty of 10% is assigned to r,/. based on studies of its dependency on the
lepton kinematics, the amount of EI®*, and the jet multiplicity. The trigger efficiencies for

the three different flavor combinations are used to define the factor Rt = , / e’fi ’ﬁeziﬁ / eeTi i

which takes into account the difference between SF and OF channels at the trigger level. The
final correction is Rsg/0F = %(ru Je + r;/le) -Rr. Here, 7,/ is summed with its inverse, leading
to a large reduction of the associated uncertainty. Rt is calculated only on collision data.

The results of the direct measurement and the factorization method are shown in Table 1. Since
the results are in agreement and are obtained on independent data samples, they are combined
using the weighted average. The resulting correction is Rsp/op = 1.09 £ 0.02.

Table 1: Summary of Rsr,or values obtained in data and simulation using the direct and fac-
torized methods, and the final combination by weighting the two results according to their
uncertainties.

Data MC
%( Tuje + Tuse *1) 1.0324-0.025 1.0204+0.020
Rt 1.0624-0.069 -

Rsg/0F
From factorization method 1.096+0.076 1.083+0.073

From direct measurement  1.090-£0.024 1.10140.003
Weighted average 1.091+0.023 1.10140.003

6.1.1 Adaptations to the FS background prediction for the electroweak search

This method works well in searches in signal regions which feature a relatively large number
of events. This is to say, the statistical uncertainty on the predicted number of events is driven
by the Poisson error on the number of events in the OF control region. For regions with a
very small number of expected events, such as the signal region for the electroweak searches,
this method is no longer feasible and requires some adaptation in order to obtain a stable esti-
mation of the FS background contribution. Since the search regions for the electroweak SUSY
production employ a veto on b-tagged jets as well as the requirement of the invariant mass
of the two leptons to be within 10 GeV of the Z-boson mass, this gives two lever arms to in-
crease the statistical power of the prediction method. By extending the control region from the
b-veto region to a region with at least one b-tagged jet, and by extending the window in my,
by 20 GeV on each side of the signal region the number of events in the OF control region is
increased substantially. In order to translate this into a prediction for the SF signal region, it is
needed to measure two additional multiplicative factors to be multiplied with Rgp,oF, namely
the fraction of events on-Z over the number of events in the extended my-window called f1,
and the ratio of number of events with a b-veto over the number of events with b-tagged jets,
called rg,1,. These factors are determined from the OF control sample in MC simulation and
validated in their respective data control regions, where good agreement is observed. Values
of 0.33 £ 0.02 for fuy, and 0.28 £ 0.02 for 7oy}, are obtained and summarized in Table 2. Sta-
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tistical uncertainties on these ratios are small, and systematic uncertainties stemming from the
difference in these ratios in the OF and SF region are small as well.

Table 2: Measured values of f,; and rg,,. Values are obtained from MC simulation after
validating them on collision data.

quantity value
Sl 0.32 +0.02
Tob1b 0.28 + 0.02

An additional systematic uncertainty is assigned to the adapted method for the FS background
prediction in the electroweak searches by performing a MC closure test in the tails of the EJ"*
spectrum of the tt process. This systematic uncertainty is determined to be 30%.

6.2 Drell-Yan-like backgrounds
6.2.1 ET'sS template method

The EXsS from the DY background is estimated from EMi* templates obtained from a data con-
trol region. The main premise of this estimate based on data is that EX* in Z + jets events orig-
inates from the limited detector resolution when measuring the objects making up the hadronic
system that recoils against the Z boson. We estimate the shape of the EI* distribution from a
control sample of 7y + jets events where the jet system recoils against a photon instead of a Z
boson. Signal regions requiring at least one b-tagged jet can lead to a small amount of addi-
tional ET® due to the neutrinos in semileptonic b quark decays. To account for this effect, the
ET"** templates are extracted from a control sample of 7y +jets events with at least one b-tagged
jet.

The v+ jets events in data are selected with a suite of single-photon triggers with pt thresholds
varying from 22 to 165GeV. The triggers with thresholds below 165 GeV are prescaled such
that only a fraction of accepted events are recorded, and the events are weighted by the trigger
prescales to match the integrated luminosity collected with the signal dilepton triggers. In
order to account for kinematic differences between the hadronic systems in the <y + jets and the
Z + jets sample, the 7 + jets sample is reweighted such that the boson pr distribution matches
that of the Z + jets sample. This reweighting is performed for each signal region, where the
same requirements are applied to the Z + jets and the v 4+ jets samples.

For the signal regions for the electroweak search, where a requirement on My, is implemented,
this method has to be adapted since Mr; requires two visible objects, whereas the single photon
in the 7 + jets does not suffice this criteria. Therefore, a method was developed to emulate this
cut in 7y + jets by decaying the photon to two leptons. This method is described in detail in
section 6.2.2. The resulting EM* distribution is then normalized to the observed data yield in
a region where Z -+ jets is the dominant background. For the electroweak signal region, this
is defined to be the region with 50 < EXss < 100 GeV, and for every other signal region the
normalization is performed in events with EFisS < 50 GeV.

The control sample used to estimate this background does not need to have a high purity of
photons, since the EX* is assumed to originate from jet mismeasurement. However, it is re-
quired that the photon-like object be well measured so as to not contribute to the EX' mismea-
surement. The stability of the photon selection is tested by repeating this background measure-
ment after tightening the photon ID requirements, and it is found that the results are consistent
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with the measurement done using the looser selection. In order to ensure the photon-like object
is sufficiently well-measured and that the ET® in the -y + jets sample comes primarily from the
mismeasurement of the jet system, the following conditions are required: AG(ETSS, ) > 0.4, a
veto on events where the photon can be connected to a pattern of hits in the pixel detector, and
the photon to be matched to a jet within a cone of AR = 0.4. Finally, the electromagnetic frac-
tion of this jet, i.e. the fraction of jet energy deposited in the electromagnetic calorimeter with
respect to the total energy deposited in both, the electromagnetic and hadronic calorimeter is
required to be > 0.7.

The dominant uncertainties in the EI template prediction come from the limited size of the
samples used. The uncertainty in the prediction takes into account the statistical uncertainty
of the -y + jets sample in the signal ETS regions, which ranges from 10-75%. The statistical
uncertainty of the normalization for EFS < 50 GeV is included and ranges from 1-11%, as
shown in Table 3. A closure test of the method is performed in simulation, using 7y + jets to
predict the yield of Z + jets. An uncertainty is assigned from the results of this test as either the
largest discrepancy between the 7y + jets prediction and the Z + jets yield for each EI* region,
or the MC statistical uncertainty, whichever is larger. The values are listed in Table 4 and vary
between 1 and 35%, depending on the EMis* region.

6.2.2 My, emulation for the EM''sS-template method

Two visible objects are needed when calculating the Mr; variable, and only one photon is
required in the 7 + jets events used to predict the ETsS from the Z + jets background in the
electroweak signal region. Therefore in order to emulate the M, cut in the 7y + jets sample,
a method was developed where the photon is decayed to two leptons and Mr; is calculated
using the two decayed leptons as the visible objects. This decay is done by assuming the mother
particle has the mass of a Z boson and the momentum of the photon reconstructed from data.
The angular distribution of the leptons is accounted for by assuming a scenario where the
direction of the spin of the mother particle is sampled from a distribution that is flat in (1 +
cos?(0)), where 6 is the polar angle in the system of reference in which the mother particle is
at rest. After the photon is decayed, the same pr and # requirements that are applied to the
Z + jets events are applied to the decay products from the photon. Mr; is constructed using
these leptons, and the same cut is applied, namely M7, > 80 GeV. Finally, the pr distribution
is reweighted in the same way as is done in the other signal regions described in the previous
section.

6.2.3 Correcting electroweak contamination in tails of ET'sS templates

After selecting events with a high-pr photon and large EXsS, events from electroweak pro-
cesses with real EXss, e.g. W7y where the W decays to /v, can be present in the tail of the EXss
distribution. A cutis applied to the 7y + jets data sample vetoing events that contain an isolated
track identified by particle flow as a lepton or charged hadron with pr > 5 GeV to reduce the
contamination from these electroweak processes. We then subtract the residual electroweak
contamination after applying this selection, where the predicted value of this contamination
is taken from MC after applying all the same selections including the aforementioned lepton
veto. The difference between the prediction with and without the electroweak contamination
subtracted is then applied as an additional systematic uncertainty on the final template predic-
tion.
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Table 3: Statistical uncertainties in the normalization of the EM* template prediction in the
EMiss < 50 GeV range (50 - 100 GeV for the electroweak signal region), for each signal region.
These are taken as a systematic uncertainty in the background prediction. The definitions of
SRA, SRB, and ATLAS SR are found in Section 5.1 and Table 5.

Signal region SRA SRB ATLAS \ edge \ electroweak
b-veto | > 1b-tag | b-veto | > 1b-tag
Uncertainty 2% 5% 2% 4% 2% | 1% | 5%

Table 4: Systematic uncertainties in percentage for the EM® template method from the MC
closure test, shown for all the on-Z signal regions. The definitions of SRA, SRB, and ATLAS SR
are found in Section 5.1 and Table 5.

ET'5(GeV) 0-50 50-100 100-150 150-225 225-300 > 300
SRA, b-veto 2% 10 % 20 % 20 % 20 % 25 %
SRA, with b-tags 1% 5% 20 % 20 % 40 % 40 %
SRB, b-veto 1% 6 % 10 % 10 % 35 % 35 %
SRB, with b-tags 1% 10 % 20 % 25 % 30 % 30 %
EWK Signal Region 25 % 2% 10 % 10 % 10 % 15 %
ATLAS Signal Region 2 % 10 % 25 % 35 % 40 %

edge Signal Region 1% 5% 5% 7 %

6.2.4 JZB method

In the ATLAS signal region, the jet-Z balance (JZB) [44] is used as a second method to estimate
the Drell-Yan backgrounds, in order to have an orthogonal cross-check of the results obtained
with the method described above using <y + jets sample.

A detailed description of the JZB method can be found in previous publications, such as Ref. [44].
In brief, JZB is a measure of the imbalance between the pr of the Z/* boson and the pr of the
recoiling hadronic system in DY + jets events and is defined as the scalar difference of the pr
of the two systems. Standard model DY + jets events equally populate negative and positive
values of JZB, because non-zero JZB in these events arises from jet energy resolution effects,
whereas in SUSY and tt events, which contain genuine EXS, JZB can be very asymmetric
towards positive values because of the correlated production of the lepton pair and the un-
detected particles. Events with negative values of JZB mainly arise from DY -+ jets processes,
with a small contribution from tt production. Therefore, in order to estimate the DY + jets
contribution in the signal region located at positive JZB values, the negative JZB events can
be used. Contribution from tt in the negative JZB region is subtracted from the corresponding
negative-JZB OF sample in data.

Uncertainties arising from imperfect knowledge of the Rgr,oF factor (Table 1) when subtracting
the tt contribution are propagated to the final DY + jets estimate. This method also accounts
for processes with DY— ¢*/F + X, where X denotes other particles that might be present in
the final state. The systematic uncertainty in the assumption that DY + jets events equally
populate positive and negative values of JZB is evaluated in simulation by comparing the Ess
distributions of events with JZB < 0 and JZB > 0.

A systematic uncertainty of 30 % is assigned to account for possible differences, dominated by
the limited statistical precision of the MC sample.
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6.2.5 Other standard model processes with a Z boson

Both the Ess template and JZB method only predict instrumental ET® from jet mismeasure-
ment and thus do not include the genuine ET$S from neutrinos expected in processes like
W(lv)Z(eL), Z(¢0)Z(vv), or rarer processes such as ttZ. These processes contribute a small frac-
tion of the overall background and are determined with MC simulation. The MC prediction
is compared to data in 3- and 4-lepton control regions. Good agreement is observed in the
3-lepton control region, and therefore a systematic uncertainty of 30 % is assigned to cover for
the statistical precision of this test and remaining kinematic differences between the 3-lepton
control region and the 2-lepton signal region. In the 4-lepton control region, the ZZ event count
is scaled to the observed data, thereby extracting a scale factor of 1.35. This scale factor is the
applied to the MC prediction in the signal region. A systematic uncertainty of 50 % is applied
to this process to cover for the limited statistics and potential kinematic differences.

6.2.6 Drell-Yan background in the edge search

A procedure was designed to propagate the estimations obtained using the EM* templates for
the on-Z regions to the off-Z — edge — signal regions. This contribution is very small, around
the percent level of the total background in the edge signal regions. For this reason, a ratio
Tout/in 18 Mmeasured in the DY-dominated control region where 7, /. is also obtained. The nu-
merator of this ratio is the number of SF events outside of the Z boson mass window, while the
denominator is the SF yield within this window. Opposite-flavor yields in both the numerator
and denominator are subtracted from the respective same-flavor yields in order to correct for
FS contributions in the region where /i is measured. The final ratio is 6 % in the 8 TeV edge
legacy region, 11 % in the low mass region and 6 % in the high mass region. The final contribu-
tion to the edge-like signal regions is then the on-Z prediction multiplied by this ratio for each
of the signal regions. An uncertainty of 25 % is assigned to 7,,/in to cover its dependencies on
EMiss and the jet multiplicity.

7 Kinematic fit

The search for an edge based on the fit method is performed using a simultaneous extended
unbinned maximum likelihood fit to the dilepton mass distributions of e*e™, u*u~, and e*u¥
events. The likelihood model contains three components: a) a FS background component, b) a
DY background component, and c) a signal component.

The FS background is described using a Crystal-Ball [45] function: Pcg(m):

(my—pcp)* if Mu—HcB
ex — lf < ®,
Pcp(my) = P ( mrzfli%:% 2 : mllo;Cl;‘CB @
AB+ T )" T >
where
A= <n>nexp <—’“|2> and B—i—W (2)
] 2 |

The DY background is modeled with the sum of an exponential function, which describes the
low-mass rise, and a Breit-Wigner function with a mean and width set to the nominal Z boson
values [46], which accounts for the on-Z lineshape. To account for the experimental resolu-
tion, the Breit-Wigner function is convolved with a double-sided Crystal-Ball [45] function



12 8 Results

Ppscr(my):

Al(Bl o mug—ﬂcs)fm if mng;gcs < —u,

hen)? ) _
Ppscs(my) = { exp (_(mllzgyCB) ) i —ay < muUCZCB <, 3)
CB
My —HcB\— ie M —HeB
Az(By + =50 F) i TS >,

The full model for the on-Z DY lineshape is thus:

Ppy, on-z(Mye) = /PDSCB(mM)PBW(mM —m')dm'. 4)

The signal component is described by a triangular shape, convolved with a Gaussian distribu-
tion to account for the experimental resolution:

edge
1 My (ﬂ’lgg—y)z
Ps(m /‘ : eI ) gy, 5
s (M) 2o Jo Y exp( 20?( y &)

As a preliminary step, a fit is performed separately for electrons and muons in the DY-enriched
control region (the same control region as described for 74yt /in in Section 6.2.6) to determine the
shape of backgrounds containing a Z boson. The parameters of the DY shape are then fixed
and only the normalizations of these backgrounds are free parameters in the fit. The nominal
fit is applied simultaneously to the dilepton invariant mass distributions in the ete™, u*u~,
and e ;T samples in the baseline signal region. Therefore the model for the FS background is
the same for the SF and OF events.

The Rsg,oF factor is treated as a nuisance parameter, parametrized by Gaussian distributions
with a mean value and standard deviation given by the value of Rgr,or and its uncertainties
(Table 1).

The signal model has two free parameters: the fitted signal yield and the position of the edge.

8 Results

The observed number of events in the different signal regions is compared with the background
estimates obtained with the methods explained above for the strong on-Z and the edge searches
and the electroweak search. For the edge search, the kinematic fit is applied additionally to
search for a kinematic edge in the m/, spectrum.

8.1 Results of the search for strong production
8.1.1 Results of the on-Z search for strong production

The results for the 16 exclusive signal regions of the strong on-Z search and the additional
ATLAS signal region are presented in Table 5. A graphical representation of these results can
be seen in Fig. 2, where the background prediction has been divided into its three components:
FS, DY, and other processes with a Z boson, in order to illustrate their relative contributions in
the different signal regions. No excess above the expectation from the background prediction
is observed.
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Table 5: Results for the strong on-Z search, binned as a function of Hr, the jet multiplicity,
the b jet multiplicity, and the missing transverse momentum. In the ATLAS SR an additional
requirement is imposed on the angle between the EM and the two leading jets Appmiss ;, ;) >
0.4 and the pr thresholds of the leading (subleading) leptons are increased to 50 (25) GeV.

Niets/ Ht Npets E%ﬁss (GeV) Predicted Observed

100-150 169.6 T181 177

SRA 0 150-225 43.6 771 45
225-300 24.3 1137 11

2-3jets > 300 15.0 38 23
100-150 77.2 733 87

and Hy > 400 GeV >1 150-225 40055 3
225-300 12.0 134 22

> 300 115 733 11

100-150 126.3 173 122

SRB 0 150-225 39.5 79 45
225-300 11.7 31 11

> 300 5.7 133 7
100-150 240.8 *187 238

> 4 jets - 150-225 81.2 1% 99
- 225-300 24.1 780 24

> 300 7.2 132 7

ATLAS - SR:

Hr +pr f4+pr 2 > 600GeV  EMiss > 225GeV Appmiss 1, > 0.4 441 8 51

Juj2

8.1.2 Results in the ATLAS signal region using JZB

Results for the ATLAS region using the alternative DY-estimation method with the JZB vari-
ables are presented in Fig. 3 where the JZB spectrum is shown for the predicted backgrounds
and the observed data. The EMsS requirement of the ATLAS region is not applied here, as the
JZB variable has the EI*¢ observable as an input.

In tabulated form, these JZB results are presented in Table 6. Good overall agreement is ob-
served and therefore the ATLAS excess seen in 2015 cannot be confirmed by this result.

8.1.3 Results of the edge search

The edge-like search features two distinct m,, regions, each of which is divided into two bins
using the leptonic likelihood, resulting in four signal regions. Table 7 summarizes the SM
predictions and the observations in these signal regions. A graphical representation of these
results is shown in Fig. 4, including the relative contributions of the different backgrounds.

The agreement between the prediction and the observed number of events is good for all re-
gions but one, where an excess is observed above the SM expectations. This excess is of the
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Figure 2: The EM** distribution is shown for data vs. the data-driven predictions in the on-Z

signal regions and the ATLAS-like signal region. The plots on the left show the values when

requiring Np_jets = 0, and the plots on the right show the values when requiring Np_jets > 1.

The bottom plot shows the ATLAS-like signal region. See Table 5 for yields.
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Figure 3: JZB spectrum for 12.9 fb 1 of collision data. Flavor symmetric backgrounds are shown
in the gray histogram, the DY prediction using the negative JZB in blue and the observed data
in black markers. The uncertainties on the background prediction are included in the ratio.

Table 6: Results in the ATLAS signal region using the JZB DY-prediction method.
FSbackground 4.4 33

Drell-Yan 0.0 f(l)'g
Other SM 1.7 +08
Total background 6.13:2
Observed 8.0

order of 3.1 standard deviations, calculated as a local significance.

Figure 5 shows the my, distribution for the “CMS legacy” signal region with central leptons
CMS reported a moderate excess at /s = 8 TeV [14]. In this region 2170 signal events are ob-
served while 2053468 events were expected. This deviation corresponds to a local significance
of 1.2 ¢. Scaling the excess from 8 TeV by the luminosity and the ratio of cross sections between
13 TeV and 8 TeV and assuming that the excess was due to sbottom pair production would re-
sult in 342 (484, 654) events for sbottom masses of 300 (500, 700) GeV. Figure 5 shows the results
for this signal region with the signal shape from 8 TeV data overlaid on top of the background
prediction for these three sbottom mass scenarios. The signal shapes have been normalized to
the expected event yields stated above.

The dilepton mass distributions and the results of the kinematic fit are shown in Fig. 6. Ta-
ble 8 presents a summary of the fit results. A signal yield of 147.6 £ 78.9 events is obtained
when evaluating the signal hypothesis in the baseline signal region, with an edge located at
132.03:? GeV. The test statistics —21In Q, where Q denotes the ratio of the fitted likelihood
value for the signal-plus-background hypothesis to the background-only hypothesis, evalu-
ated on data is compared to the respective quantity on a large sample of background only toy
MC to estimate the p-value. The resulting p-value for a fixed edge position is 0.046 (local p-
value) and 0.277 in case the edge position is allowed to float (global p-value). These p-values
are interpreted as the one-sided tail probability of a Gaussian distribution and corresponds
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Figure 4: Overview of the results in the strong search shown in the m/, spectrum of the two
leptons. The left plot shows the region with tt-like events while the right shows events which
are classified as non-tt-like. The region left of the empty bin corresponds to the low mass region,
the region right of it to high-mass.

Table 7: Predicted and observed results for the edge search in the four m, versus NLL regions

for 12.9 fb~! of data.

ttbar-like non-ttbar-like
pred. FS 13744 +481 1058 + 109
d.DY  135+46 73425
11 < 81 pre
mil <81CeV' ed total 13879 + 483  113.1 + 112
obs 1417 135
pred. FS 24358 + 722 2083 £ 157
d.DY  76+26 41+14
I1>101Gev P
mil > 101 GeV 4 total 24434+ 723 2124 + 15.7
obs 2347 285

to an excess in the observed number of events compared to the SM background estimate of
2.0(1.1) o local (global) standard deviations.

As a cross-check, we tested an alternative shape for the FS background that was used at 8 TeV.
The results were found to be consistent with the nominal results.

8.2 Results of the electroweak search

Results of the electroweak regions are shown in Table 9 where the observations are compared
to the background predictions in all three bins of EIi*. The resulting E?sS spectrum is shown
in Fig. 7. For the data analyzed, observations are found to be compatible with the expected
yields from SM backgrounds.
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Table 8: Results of the unbinned maximum likelihood fit for event yields in the signal region.
The quoted uncertainties are calculated using the MINOS [47] program and account for both

statistical and systematic sources.

Drell-Yan
OF yield
Rsg/0F
Signal events

my, edge

177 29
4247 £ 59
1.08 £0.02

147.6 £78.9

132.0732 GeV

Local significance

Global significance

2000
1.09 ¢

Table 9: Observations and predicted background yields for the electroweak signal regions for

129 fb~ 1.

MET region 150 — 225 GeV  225-300 GeV > 300 GeV
Other rare 1.53 £0.79 0.80 2045 0.40+0.23
WZ 7.01 £2.16 267 2085 261 +0.84
4 420 +1.98 260+136 2.03+1.08
DY prediction | 18.28 £291 4.69 £+ 2.32 2.73 £1.56
tt 3.91 +1.36 0.50 £ 0.27 0.10 £ 0.11
Total bkg 349 +44 11.3+29 79121
Observed 45 15 7
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Figure 5: The my, distribution is shown for the region where CMS reported an excess in Run
1. Data is displayed as black points, while the total background is shown as a solid blue line
surrounded by a shaded blue band for the total uncertainty. The DY background contribution
is shown in green. The signal shape measured by CMS with 8 TeV data has been overlaid on
top of the background prediction. It has been normalized to the size of the excess observed at
8 TeV scaled by the ratio of integrated luminosity and cross section for three different sbottom
mass hypothesis.

9 Interpretation

The results of the analysis are interpreted in terms of simplified models. In order to quantify the
sensitivity of the on-Z and edge searches, two simulated samples with a scan of mass points of
the GMSB and slepton-edge models have been produced. In the search for electroweak produc-
tion, the EWK-WZ model is used. Upper limits on the cross section multiplied by the branching
ratio have been calculated at a 95% confidence level (CL) using the CLg criterion and an asymp-
totic formulation [48-51], taking into account the statistical and systematic uncertainties in the
signal yields and the background predictions.

9.1 Systematic uncertainty in the signal yield

The systematic uncertainties in the signal yield have been evaluated by comparing the yields
obtained after making a variation on the source of the systematic effect and the nominal yields.
The uncertainty related to the measurement of the integrated luminosity is 6.2%. The uncer-
tainty in the corrections used to account for lepton identification and isolation efficiency dif-
ferences between data and simulation in an uncertainty of 7% in the signal acceptance. The
uncertainty in the b tagging efficiency and mistag probability are 0-5%. A further systematic
uncertainty of 4-5% is considered on the scale factors correcting for the differences between fast
and GEANT4 simulations for leptons. Dilepton trigger efficiencies ranging between 90% and
97%, and depending on the lepton flavor, are measured in data and applied as an overall scale
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Figure 6: Fit results for the signal-plus-background hypothesis in comparison with the mea-
sured dilepton mass distributions, in the baseline signal region, projected on the same-flavor
(left) and opposite-flavor (right) event samples. The combined fit shape is shown as a blue,
solid line. The individual fit components are indicated by dashed lines. The flavor-symmetric
(FS) background is displayed with a black dashed line. The Drell-Yan (DY) background is
displayed with a purple dashed line. The extracted signal component is displayed with a red

dashed line.
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Figure 7: Distribution of E™** in the electroweak search region. The three final bins correspond
to the final search regions used for the interpretation of the results.
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factor to the signal simulation with a systematic uncertainty of 5%. The uncertainty in the jet
energy scale varies between 1% and 5% depending on the signal kinematics. The uncertainty
associated with the modeling of initial-state radiation (ISR) is 0-2% for most mass combina-
tions and can reach up to 10% at the diagonal. The uncertainty in the correction to account for
the pileup in the simulation is evaluated by shifting the inelastic cross section by 4 5% and
amounts to 0-3% on signal acceptance. To account for uncertainties in EsS in fast simulation,
the evaluation of the signal yield is repeated using generator EX*S. The average of both yields
is used for the signal yields and the difference between this value and the yield using standard
EMisS is used as an uncertainty that ranges from 1-10%. Finally the statistical uncertainty on the
number of simulated events is also considered and found to be in the range 1-9%, depending
on the signal region and mass point. These uncertainties are summarized in Table 10.

Table 10: List of systematic uncertainties taken into account for the signal yields and typical
values.

Source of uncertainty Uncertainty (%)
Luminosity 6.2
Pileup 0-3
b tag modeling 0-5
Lepton reconstruction and isolation 7
Fast simulation scale factors 4-5
Fast simulation MET uncertainty 1-10
Trigger modeling 5
Jet energy scale 1-5
ISR modeling 0-10
Statistical uncertainty 1-9
Total uncertainty 12-16

9.2 Interpretation using simplified models

Since the GMSB model leads to a signature containing at least 6 jets in the final state, most of
the sensitivity of the on-Z search is provided by the high jet multiplicity signal regions defined
within the SRB category. We only consider the number of observed and predicted events in
these regions to set limits on this model. The expected and observed limits are presented in
Fig. 8. We exclude gluino masses up to 1.5 (1.3) TeV for large (small) neutralino masses. These
results show an improvement with respect to the 2015 13 TeV result where we obtained an
observed and expected limits for gluino masses from 1.03 to 1.28 TeV.

The edge search is interpreted using the slepton-edge model, combining the two invariant mass
and likelihood regions. Figure 9 shows the exclusion contour in the plane of the masses of the
bottom squark and the second neutralino. We exclude bottom squark masses up to 750 GeV.
Due to the observed excess, the observed limit is about 50-150 GeV weaker than the expected
limit. The decrease in sensitivity at a neutralino mass of ~ 200-250 GeV corresponds to a kine-
matic edge located at ~ 100-150 GeV. In this case, signal events frequently have an invariant
mass close to the Z boson mass and do not fall into any of the m/, regions. For low (high) Xg
masses, the majority of signal events fall into the low- (high-) mass bin, which increases the
sensitivity for these mass points.
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9.2.1 Interpretations in the search for electroweak production

The search for electroweak production is interpreted using the EWK-WZ model and the ob-
servations and predictions in the three electroweak signal regions. Figure 10 shows the cross
section upper limits and the exclusion lines at 95% CL for an assumed mass of 0 GeV. The anal-
ysis is sensitive for masses between 200 GeV and 330 GeV approximately, improving the results
obtained with the 8 TeV data set. Due to the slight excess observed in the two lower ET* signal
regions with respect to the background prediction, the observed limit does not exclude any of
the masses in the range.

10 Summary

A search for physics beyond the standard model has been presented in the opposite-sign, same-
flavor lepton; jets; and EM* final state using a data sample of pp collisions collected with the
CMS detector in 2016 at a center-of-mass energy of 13 TeV, corresponding to an integrated lumi-
nosity of 12.9 fb~!. Searches are performed for signals that either produce a kinematic edge in
the dilepton invariant mass, or use dilepton systems whose invariant mass is compatible with
the decay of a Z boson. Comparing the observation to estimates for SM backgrounds obtained
from data control samples, no statistically significant evidence for a signal has been observed.

The search for strongly produced new physics containing an on-shell Z boson is interpreted
in a model of gauge-mediated supersymmetry breaking, where the Z bosons are produced in
decay chains initiated through gluino pair production, and where the branching ratios have
been fixed to 100% to produce the desired topology. Gluino masses below 1300 TeV for high
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Figure 8: Cross section upper limits and exclusions contours at 95% CL with the results of the
on-Z search interpreted in the GMSB model. The region to the left of the red dotted (black
solid) line shows the masses which are excluded by the expected (observed) limit.
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and low neutralino masses, and 1500 TeV for medium neutralino masses have been excluded,
extending the previous exclusion limits derived from a similar analysis at 13 TeV by almost
200 GeV.

The search for an edge-like kinematic feature is interpreted in a simplified model based on
bottom squark pair production, where dilepton mass edges are produced in decay chains con-
taining the two lightest neutralinos and a slepton, where again the branching ratios have been
fixed to produce the desired topology. Bottom squark masses below 800 and 625 GeV have been
excluded, depending on the %) mass. These limits extend previous exclusion limits by about
150 GeV depending also on the {3 mass.

The electroweak search has been interpreted in simplified models of chargino-neutralino pro-
duction and neutralino-neutralino production where the neutralino decays to a Z boson and
the LSP and the chargino decays to a W boson and the LSP. The search is sensitive to neutralino
and chargino masses between 200 GeV and about 330 GeV, however due to a slight excess of
the observation over the predicted estimates, the observed limit does not exclude any mass in
the considered range.

The two event selections where excesses of 2.6 and 3.0 ¢ significance had been observed by the
CMS and ATLAS collaborations in their respective 8 TeV results have been explored finding
good agreement between the observation and the background prediction estimates.

CMS Preliminary 12.9 fb* (13 TeV)
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Figure 9: Cross section upper limits and exclusion contours at 95% CL with the results of the
edge search interpreted in the slepton-edge model. The region to the left of the red dotted
(black solid) line shows the masses which are excluded by the expected (observed) limit.
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CMS  Preliminary 12.9 fb* (13 TeV)
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Figure 10: Cross section upper limits and exclusion lines at 95% CL for the search for elec-
troweak production where the mass of the " has been set to 0 GeV. Regions where the black
dotted line reaches below the theoretical cross section (blue band) are expected to be excluded.
The observed upper limit on the cross section is shown in a black solid line.
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