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Abstract

A search for new physics is performed using events with a pair of isolated same-
sign leptons and jets in the final state using the CMS detector at the LHC. Results are
based on a sample of proton-proton collisions at a centre-of-mass energy of 13 TeV,
corresponding to an integrated luminosity of 12.9 inverse femtobarns. In order to be
sensitive to a wide variety of possible signals beyond the standard model, we con-
sider multiple search regions defined by the missing transverse energy, the hadronic
transverse energy, the transverse mass, the number of jets and b quark jets, and the
transverse momenta of the leptons in the event. No excess above the standard model
background expectation is observed and constraints are set on the gluino pair pro-
duction cross section; model independent limits and selection efficiencies are also
provided for additional model testing.
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1 Introduction
Searches for new physics in the same-sign (SS) dilepton final state are motivated by the lim-
ited number of standard model (SM) processes yielding such a signature and by numerous
new physics models producing two same-sign leptons, such as the production of supersym-
metric (SUSY) particles, Majorana neutrinos, or same-sign top quark pairs. Among the SUSY
processes, gluino pair production can result in same-sign leptons either by generating four top
quarks in the decay chain (g̃ → tt̃, t̃ → tχ̃0

1), or when both gluinos decay to charginos of the
same sign (g̃ → qqχ̃±, χ̃± → W±χ̃0

1), due to the Majorana nature of the gluino, leading to
same-sign W bosons. Alternatively, cascade decays of pair-produced squarks could also lead
to the same signature. Rare SM processes, such as the tt tt production, also lead to SS lepton
signature.

Searches for SS dileptons have been carried out previously by the CMS experiment [1] at the
CERN LHC, and the results have been published for different analysis strategies with 8 TeV
data [2, 3], and with 13 TeV data recorded in 2015 [4]. The 2015 data analysis based on an
integrated luminosity of 2.3 fb−1 [4] probed gluino masses in the four top quark signature up
to about 1.3 TeV. Searches performed by the ATLAS collaboration with 13 TeV data [5] yield
similar results.

This physics analysis summary describes a new physics search similar to the one presented
in [4]. The search is performed using a data sample ot 13 TeV proton-proton collisions corre-
sponding to an integrated luminosity of 12.9 fb−1, collected with the CMS detector in the first
half of 2016. Signal regions definitions have been slightly modified with respect to Ref. [4],
benefiting from the larger available data sample and increasing the sensitivity of the search.

2 Event selection and Monte Carlo simulation
The event selection requires the presence of a pair of well-identified and isolated leptons (ee,
eµ, or µµ). Online, such events are selected by two sets of high-level triggers (HLT). The first
set requires two loosely identified and isolated leptons with transverse momentum pT > 17
or 23 GeV for the leading lepton, and pT > 12 (8) GeV for the trailing electron (muon). The
second set benefits from lowered pT thresholds for both leptons (pT > 8 GeV), no isolation
requirements on the lepton, but demands hadronic activity of HHLT

T > 300 GeV in the event,
with HHLT

T defined as the scalar sum of pT of all jets with pT > 30 GeV and |η| < 3.0.

Electron candidates are reconstructed by combining tracks in the silicon tracker [6] and clus-
ters of energy deposits in the electromagnetic calorimeter (ECAL). Electron identification is
performed using a multivariate discriminant based on the shower shape and track quality
variables. The nominal selection criteria are designed to have maximum rejection of electron
candidates from QCD multijet production, while maintaining approximately 90% efficiency for
electrons from the decay of W/Z bosons; a relaxed selection on the multivariate discriminant is
used for the “loose” definition of electron identification. The quality of the electron charge re-
construction is ensured by requiring the consistency between the independent measurements
of the charge from the inner tracker and from the ECAL energy deposit. To suppress elec-
trons arising from photon conversions, tracks with missing hits in the innermost layers of the
tracking system are rejected.

Muon candidates are reconstructed combining the information from both the silicon tracker
and the muon spectrometer in a global fit [7]. The muon identification is performed using the
quality of the geometrical matching between the tracker and the muon system measurements.



2 2 Event selection and Monte Carlo simulation

The quality of the muon charge reconstruction is ensured by an additional criterion on the track
quality: δpT(µ)/pT(µ) < 0.2.

To ensure that leptons originate from the same collision vertex (defined as the one with the
highest sum of p2

T of associated tracks), the transverse (longitudinal) impact parameter for each
lepton must not exceed 0.5 (1) mm, and only leptons with the 3D impact parameter significance
below 4 are considered.

Prompt charged leptons produced in decays of W/Z bosons or SUSY particles are usually spa-
tially isolated from the hadronic activity of the event, in constrast to leptons originating from
hadron decays or misidentified leptons. In highly Lorentz-boosted systems, as often observed
in 13 TeV pp collision data, decay products tend to overlap, making both signatures less dis-
cernible. To mitigate that effect, the isolation variable defined in Ref. [4] is considered. This
isolation uses three input variables :

• A mini-isolation (Imini) [8] which is computed as a ratio of the scalar sum of trans-
verse momenta of the charged hadrons, neutral hadrons, and photons within a cone
of radius R(p`T) around the lepton candidate direction at the origin to the transverse
momentum of the candidate. The cone radius R depends on lepton pT as

R(p`T) =
10 GeV

min
[
max

(
p`T, 50 GeV

)
, 200 GeV

] . (1)

The varying isolation cone definition takes into account the aperture of b hadron
decays as a function of their pT, and reduces the inefficiency from accidental overlap
between the lepton and jets in a busy event environment.

• A ratio between the lepton p`T and pjet
T of a jet containing the lepton:

pratio
T =

p`T
pjet

T

. (2)

The pratio
T variable acts as a relative isolation in a larger cone. It improves mini-

isolation performance when there are no nearby jets, expecially for low-pT leptons.

• Transverse momentum of the lepton relative to the residual momentum of the closest
jet after lepton momentum subtraction:

prel
T =

|(~p(jet)− ~p(`))× ~p(`)|
|~p(jet)− ~p(`)| . (3)

The prel
T variable aids in identification of leptons that accidentally overlap with other

jets in the event.

For a lepton to be considered as isolated, the following requirement needs to be fulfilled:

Imini < I1 ∧ (pratio
T > I2 ∨ prel

T > I3). (4)

The values of the thresholds Ii, i = 1, 2, 3, depend on the lepton flavor (see Table 1). Tighter
isolation values are used for electrons, as the probability to misidentify one is higher than for
muons.

A pair of SS leptons passing the tight identification with invariant mass m`` > 8 GeV must
be present for an event to be selected. In order to reduce backgrounds from γ∗ or Z boson
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Table 1: Multi-isolation working points used in the analysis.
Isolation value Loose leptons Tight electrons Tight muons
I1 0.4 0.12 0.16
I2 0 0.80 0.76
I3(GeV) 0 7.2 7.2

production, events are rejected if there is an additional lepton (tight or loose) that forms an
opposite-sign same-flavor pair with m`` < 12 GeV or 76 < m`` < 106 GeV with one of the two
SS leptons.

Jets and missing transverse energy (Emiss
T ) are reconstructed with the particle-flow algorithm [9,

10]. For jet clustering, the anti-kt algorithm [11] with a distance parameter of 0.4 is utilized. Jets
are required to pass certain quality requirements [12] to remove those consistent with calori-
meter noise. After the expected contribution from extra pp collisions is subtracted, jet ener-
gies are corrected for residual nonuniformity and nonlinearity of the detector response using a
combination of simulation and data [12]. Jets are required to have pT > 40 GeV, be within the
tracker acceptance |η| < 2.4, and be separated from loosely identified leptons by a distance of
∆R > 0.4. We require the number of jets in the event (Njets) to be at least 2. Hadronic activity
in the event is defined as the scalar sum of selected jet transverse momenta pT’s: HT = ∑jets pT.
The missing transverse energy Emiss

T is defined as the negative vectorial sum of all particles
reconstructed with the particle-flow algorithm. The corrections applied on the jet energies are
propagated to the Emiss

T computation.

To identify jets originating from b quarks, a combined secondary vertex algorithm is used.
Jets with pT > 25 GeV and |η| < 2.4 are considered as b-tagged if they pass the medium
working point of the algorithm, which provides around 70% efficiency with a mistag rate less
than 1% [13–15]. The number of b-tagged jets is referred to as Nb. The kinematic selections of
reconstructed objects used in this analysis are summarized in Table 2.

Table 2: Kinematic and fiducial requirements on tight (loose) leptons and jets that are used in
the analysis.

Object pT (GeV) |η|
Electrons >15 (7) <2.5
Muons >10 (5) <2.4
Jets >40 <2.4
b-tagged jets >25 <2.4

A set of Monte Carlo (MC) simulations are used to estimate the selection efficiencies for various
new physics scenarios or rare SM processes and to estimate the SM backgrounds processes with
two SS leptons produced by W or Z boson decays (see Section 4).

The SM background samples are produced with the MADGRAPH5 2.2.2 program [16] at leading
order (LO) or next-to-leading order (NLO) accuracy in perturbative quantum chromodynam-
ics, with the exception of diboson samples, which are generated with POWHEG v2 [17]. The
PYTHIA 8.205 generator [18] with the CUETP8M1 tune [19] is used to simulate parton shower-
ing and hadronization. The CMS detector response is modeled with the GEANT4 package [20].
The SUSY signal samples are generated with MADGRAPH5 AMC@NLO program [16] at LO
precision, allowing up to two additional partons to be present in the matrix element calcula-
tions. The double top pair sample is generated with MADGRAPH5 AMC@NLO program [16]
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at NLO precision. Parton showering and hadronization, as well as decays of SUSY particles,
are simulated with PYTHIA.The detector simulation is carried out with the CMS fast simulation
package [21]. A series of cross checks is performed to ensure that fast simulation results are in
agreement with the ones obtained with GEANT4-based detector simulation.

The NNPDF3.0LO [22] parton distribution functions (PDFs) are used for the simulated sam-
ples generated at LO, and the NNPDF3.0NLO [22] PDFs for the samples generated at NLO.
Simulated events are processed with the same chain of reconstruction programs that is used
for data.

3 Search strategy
The analysis strategy presented in this report follows the strategy already used in an earlier
search based on 2015 data [4].

Several signal models can produce SS lepton pairs signatures, and those will lead to different
event compositions, in numbers of light-flavor jets, b-tagged jets, and W bosons. In addition,
the considered SUSY particle mass spectrum will impact the kinematics of final decay products,
implying differences in event kinematic variables, such as the pT of the leptons, HT, and Emiss

T .

We consider models of gluino pair production decaying via the ttttχ̃0
1χ̃0

1 or qq̄qq̄WWχ̃0
1χ̃0

1 chan-
nels, where χ̃0

1 is the lightest supersymmetric particle (LSP). The Feynman diagrams corre-
sponding to these two models, referred to as T1tttt and T5qqqqWW, are shown in Figure 1.
The kinematics of the decay products are determined by the gluino and LSP masses, as well as
the chargino mass in the T5qqqqWW model. In addition to these simplified models, we also
set limits on the cross section of SS top-quark production, and on that of the rare SM process tt
tt.
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Figure 1: Diagrams for SUSY processes possibly yielding two same-sign leptons in the final
state.

To be sensitive to a large variety of signal topologies, a number of signal regions are defined us-
ing several physics observables, leading to different background composition in these regions.

Three exclusive event selections based on the lepton momenta are defined:

• high-high (HH) selection: two tight leptons with pT > 25 GeV;

• high-low (HL) selection: one tight lepton with pT > 25 GeV and one tight lepton
with 10 < pT < 25 GeV; and

• low-low (LL) selection: two tight leptons with 10 < pT < 25 GeV.

These selections allow to target signals producing high-pT leptons in the HH selection, and
compressed-spectrum models inducing soft leptons from off-shell W bosons decays in the HL
and LL signal regions. The background composition also differs among the selections, with
mostly irreducible SM backgrounds populating the HH region, and leptons not originating



5

from W or Z boson decays in the HL region. The LL region is characterized by very small
background, since all processes with at least one lepton originating from an on-shell vector
boson are suppressed by the low-pT requirement.

As the background composition is different for the HH, HL, and LL selections, signal regions
are defined separately. The search regions are formed using the Njets, Nb, HT, Emiss

T , and Mmin
T

variables, with Mmin
T defined as:

Mmin
T = min

(
MT(`1, Emiss

T ), MT(`2, Emiss
T )

)
,

where MT is the transverse mass of the lepton and Emiss
T system. The jet and b-tagged jet mul-

tiplicities separate SM backgrounds and signal models, while the separation in HT and Emiss
T

bins increase the sensitivity to different SUSY scenarios. The Mmin
T variable separates signal-

like events from tt-like events, as for the latter a cutoff is expected at the W boson mass. Con-
sequently, search regions with Mmin

T > 120 GeV profit from reduced tt background. The choice
of 120 GeV is the result of an optimization study.

With respect to the previous analysis [4], the signal regions HH SR27 and HL SR21 have been
merged with their neighboring regions HH SR25 and HL SR19, respectively. This modification
is motivated by the very low SM yields predicted in regions HH SR27 and HL SR21. The
numbering of the remaining regions has been adjusted accordingly. In addition, for the HH
and HL signal regions, each HT and Emiss

T tail region has been split in two, to account for the
higher integrated luminosity, by introducing additional tail regions HH SR32, HH SR33, HL
SR26, and HL SR27.

The summary of the selection is described in Tables 3–5. All signal regions are exclusive and
are further combined statistically to yield the final results (Section 6).

4 Backgrounds
The SM backgrounds for the SS dilepton final state can be divided in three categories:

• Nonprompt leptons: Nonprompt leptons originate from heavy-flavor decays, misiden-
tified hadrons, muons from light-meson decays in flight, or electrons from uniden-
tified photon conversions. The dominant contributions are the tt and W + jets pro-
cesses, depending on the signal regions. For low-Mmin

T and low-HT signal regions,
the nonprompt leptons represent the largest background contribution.

• SM processes with SS leptons: SM processes could yield SS leptons mostly from
diboson production and bosons produced in association with a pair of top quarks;
the dominant sources are WZ and ttW events for signal regions with zero and one
or more b jets, respectively. They are the largest background in the signal regions
defined by very tight selection requirements.

• Charge misidentification: Events with opposite-sign isolated leptons, where the
charge of one electron is misidentified because of severe bremsstrahlung in the tracker
material, account for the smallest fraction of background.

The nonprompt lepton background is estimated using the “tight-to-loose” ratio technique based
on control samples in data.

First, a control sample (application region) is defined by selecting events with one lepton fail-
ing the nominal selection but passing looser isolation requirements. In this sample, events are
reweighted by a transfer-factor T = εTL/(1− εTL), where εTL is the probability for a loosely
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Table 3: Signal region definitions for the HH lepton selection.

Nb Mmin
T (GeV) Emiss

T (GeV) Njets HT < 300 GeV HT ∈ [300, 1125]GeV HT ∈ [1125, 1300]GeV HT > 1300 GeV

0

< 120
50− 200

2-4 SR1 SR2

SR31 SR33

5+

SR3

SR4

200− 300
2-4 SR5
5+ SR6

> 120
50− 200

2-4 SR7
5+

SR8
200− 300

2-4
5+

1

< 120
50− 200

2-4 SR9 SR10
5+

SR11

SR12

200− 300
2-4 SR13
5+ SR14

> 120
50− 200

2-4 SR15
5+

SR16
200− 300

2-4
5+

2

< 120
50− 200

2-4 SR17 SR18
5+

SR19

SR20

200− 300
2-4 SR21
5+ SR22

> 120
50− 200

2-4 SR23
5+

SR24
200− 300

2-4
5+

3+
< 120

50− 200
2+ SR25

SR26
200− 300 SR27

> 120 50− 300 2+ SR28 SR29

inclusive inclusive
300− 500

2+ –
SR30

> 500 SR32

Table 4: Signal region definitions for the HL lepton selection.

Nb Mmin
T (GeV) Emiss

T (GeV) Njets HT < 300 GeV HT ∈ [300, 1125]GeV HT ∈ [1125, 1300]GeV HT > 1300 GeV

0 < 120
50− 200

2-4 SR1 SR2

SR25 SR27

5+
SR3

SR4

200− 300
2-4 SR5
5+ SR6

1 < 120
50− 200

2-4 SR7 SR8
5+

SR9
SR10

200− 300
2-4 SR11
5+ SR12

2 < 120
50− 200

2-4 SR13 SR14
5+

SR15
SR16

200− 300
2-4 SR17
5+ SR18

3+ < 120
50− 200

2+ SR19
SR20

200− 300 SR21
inclusive > 120 50− 300 2+ SR22 SR23

inclusive inclusive
300− 500

2+ –
SR24

> 500 SR26

isolated and identified nonprompt lepton to pass the nominal selection. The probability εTL
is measured in a multijet-enriched data set (measurement region), defined by single-lepton
events, from which (Drell–Yan and W + jets) processes are suppressed by the MT and Emiss

T
requirements and their residual contamination subtracted. The probability εTL is parametrized
as function of the isolation applied at the trigger level, and as function of the lepton flavor,
η, and pcorr

T , defined as the pT plus the energy in the isolation cone exceeding the isolation



7

Table 5: Signal region definitions for the LL lepton selection. The HT > 300 GeV requirement is
applied in all search regions in this category.

Nb Mmin
T (GeV) HT (GeV) Emiss

T ∈ [50− 200]GeV Emiss
T > 200 GeV

0 < 120

> 300

SR1 SR2
1 < 120 SR3 SR4
2 < 120 SR5 SR6

3+ < 120 SR7
inclusive > 120 SR8

threshold value. The use of pcorr
T reduces the difference of lepton kinematics between the mea-

surement region and the application region. As nonprompt electrons are sensitive to the flavor
of the originating parton, the loose electron selection is tuned in order to mitigate the flavor
dependence with a relaxed identification criteria in addition to looser isolation selection.

Standard model processes producing prompt SS lepton pairs are estimated from simulation,
except for the WZ background. Experimental and theoretical uncertainties are taken into ac-
count. The WZ background is taken from the simulation with a normalization taken from
collision data in a dedicated control region. This region is defined by requiring three leptons
with two of them forming a same-flavor opposite-sign pair with the invariant mass compatible
with the Z boson mass, at least two jets, no b-tagged jets, and Emiss

T >30 GeV. The measured
normalization factor is found to be 1.02± 0.27.

Background originating from misidentified charge is estimated from a control sample of events
with opposite-sign lepton pairs, reweighted by the charge misidentification probability ex-
tracted from the simulation. For electrons, the probability is found to be O(10−5)–O(10−3)
depending on the electron pT and η. The charged misidentification probability is scaled up
by 20% after validating the method in a Z → ee control sample, where this scaling provides
agreement between the estimate and observed misidentified charge background. Simulation
studies find the charge misidentification probability for muons to be negligible.

5 Systematic uncertainties
Sources of systematic uncertainties affecting the normalization and relative population of sig-
nal and background processes are presented in this section and summarized in Table 6.

Experimental sources of uncertainty are related to the energy scales and identification efficien-
cies of objects used in the analysis. The jet energy scale (JES) uncertainty varies between 1 and
8%. The impact of this uncertainty is assessed by shifting the energy of each jet up or down
by one standard deviation, before the computation of all kinematic observables. The variations
are correlated among different signal regions, accounting for migration effects, and leading to
uncertainties of 1–15%. Uncertainties associated to the jet b tagging efficiency are assigned in a
similar way, leading to effects of order 1–15% for the ttW process.

Lepton identification and trigger efficiency are measured with the “tag-and-probe” technique [6,
7] with an uncertainty of 4–10% and 2–7%, respectively. The uncertainty in the modeling of
pileup is 0–6%, while the integrated luminosity uncertainty is 6.2%.

Backgrounds estimated from simulation are subject to theoretical uncertainties in PDFs and in
higher-order effects. The yield uncertainties related to PDFs are estimated by using the replica
of the NNPDF 3.0 set, leading to a overall yield uncertainty of around 4% for the ttV (V = W, Z)
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samples. The yield uncertainties related to higher-order effects are estimated by varying the
renormalization and factorization scales up and down by a factor of two. The effect on the
overall cross section is found to be 13% for ttW and 11% for ttZ for the NLO computation [23].
The effect on the acceptance is typically 5% for signal regions populated in events with less
than 4 jets, and 10% for the LL signal regions. For regions with more hadronic energy, as the
ttV samples are generated at LO, extra shape uncertainties are considered to cover kinematic
differences observed in the corresponding NLO samples: an extra uncertainty in the acceptance
of 40% is considered for signal regions with at least five jets, and 100% for signal regions with
HT > 1125 GeV. A similar procedure is used for the W±W± process leading to an overall
uncertainty of 30%, while a 50% uncertainty is assigned to the other rare processes. Additional
details can be found in Ref. [4].

Other sources of uncertainty are related to the estimation of the nonprompt lepton, WZ, and
charge misidentification backgrounds from data. An overall normalization uncertainty of 30%
is assigned to the nonprompt lepton background prediction, accounting for the performance
of the method and the different application of the estimation methods described in Ref. [4]. An
additional systematic uncertainty, between 1 and 50%, is associated to the subtraction of Drell–
Yan and W + jets events from the multijet control region. Statistical uncertainty in the number
of events selected in the application regions is also considered.

A systematic uncertainty of 20% is assigned to the background yield from charge misidenti-
fication processes. This uncertainty corresponds to the correction derived in the Z → e±e±

control sample in data. The estimation of the WZ background is assigned a 20% normalization
uncertainty from the total uncertainty in the control region, combining a statistical component
and a systematic uncertainty in the subtraction of the non-WZ processes in the control region.
Using the same procedure as described above, uncertainties in the extrapolation from the con-
trol region to the signal region are assessed from the propagation of the uncertainty in the JES
and in the b tagging efficiencies.

Table 6: Summary of the sources of uncertainties and their effect on the yield in the signal
regions. Reported values are representative for the most relevant signal regions.

Source Typical effect (%)
Integrated luminosity 6.2
Lepton selection 4–10%
Trigger efficiency 2–7
Pileup 0–6
Jet energy scale 1–15
b tagging 1–15
Monte Carlo stat. 1–100
Scale variations 10–100
PDFs 1-4
Nonprompt leptons 30–60
Charge misidentification 20
WZ normalization 20

6 Results
The distributions of the five kinematic variables used to define the signal regions (HT, Emiss

T ,
Mmin

T , Njets, Nb) are shown in Fig. 2, after a preselection that requires SS lepton pair passing
nominal selection criteria, at least two jets, and either Emiss

T larger than 30 GeV or HT larger
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than 500 GeV. The full background estimation procedure is used. Event yields in the signal
regions after full selection are presented in Fig. 3 and in Table 7; no significant deviation from
the prediction is observed.
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Figure 2: Distributions for the main analysis variables after the baseline selection with L =
12.9 fb−1. The shaded area represents the total uncertainty in the background prediction.

No significant excess of events is observed over the SM expectations, and we use the results
to constrain several simplified SUSY models as a function of the masses of the produced SUSY
particle and the LSP. Results from all signal regions are combined to extract exclusion limits
at 95% confidence level (CL), using the asymptotic formulation of the modified frequentist
CLs criterion [24–27]. Signal and background uncertainties described in Section 5 are included
as nuisance parameters, taking into account correlation effects among different processes and
signal regions when relevant.

The resulting limits on the cross section times branching fraction of SUSY particles, as well as
the exclusion contours, are shown in Fig. 4 for the T1tttt model, and in Fig. 5 for two differ-
ent assumptions for the chargino (χ̃±) mass in the T5qqqqWW model: mχ̃±1

= 0.5(mg̃ + mχ̃0)

and mχ̃±1
= mχ̃0 + 20 GeV. The exclusion contours are obtained with the production cross sec-

tion calculated at NLO+NLL (next-to-leading logarithmic) accuracy, assuming that all SUSY
particles other than those included in the respective diagrams are heavy enough to be decou-
pled [28–34]. In general, the search regions with the largest sensitivity are HH SR30-33, requir-
ing large Emiss

T or HT. Depending on the model and the mass, other regions with softer kine-
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Figure 3: Event yields in HH (a), HL (b), and LL (c) signal regions with L = 12.9 fb−1. The
shaded area represents the total uncertainty in the background prediction.
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Table 7: Event yields in the signal regions with L = 12.9 fb−1.
HH regions HL regions LL regions

Expected SM Observed data Expected SM Observed data Expected SM Observed data
SR1 153.8 ± 29.2 176 151.8 ± 37.6 153 3.5 ± 1.5 2
SR2 54.4 ± 8.3 65 34.2 ± 8.1 48 0.92 ± 0.56 1
SR3 8.2 ± 1.7 13 4.6 ± 2.1 2 4.9 ± 1.8 6
SR4 5.1 ± 1.3 5 5.3 ± 2.0 2 1.07 ± 0.79 1
SR5 9.2 ± 1.7 16 3.13 ± 0.74 6 0.84 ± 0.35 4
SR6 0.57 ± 0.14 2 0.19 ± 0.10 1 0.13 ± 0.08 1
SR7 2.40 ± 0.36 3 107.8 ± 30.1 118 0.76 ± 0.55 0
SR8 0.82 ± 0.22 1 22.6 ± 5.6 30 0.07 ± 0.06 0
SR9 108.3 ± 26.1 102 2.2 ± 1.4 2
SR10 36.9 ± 6.0 48 10.6 ± 3.6 12
SR11 7.2 ± 1.5 9 5.2 ± 2.2 7
SR12 9.0 ± 1.9 16 0.41 ± 0.17 0
SR13 4.29 ± 0.70 6 24.6 ± 6.4 22
SR14 1.09 ± 0.28 3 9.1 ± 2.4 15
SR15 2.10 ± 0.39 0 0.31 ± 0.33 3
SR16 0.89 ± 0.15 0 3.06 ± 0.97 6
SR17 24.0 ± 3.2 37 1.20 ± 0.58 1
SR18 14.6 ± 1.8 16 0.17 ± 0.23 0
SR19 2.40 ± 0.39 2 1.94 ± 0.91 0
SR20 6.0 ± 1.3 5 1.33 ± 0.32 2
SR21 1.58 ± 0.21 1 0.10 ± 0.09 0
SR22 0.56 ± 0.15 0 0.19 ± 0.13 0
SR23 0.89 ± 0.14 1 0.16 ± 0.06 0
SR24 0.60 ± 0.14 0 3.52 ± 0.98 4
SR25 1.72 ± 0.35 2 0.42 ± 0.14 0
SR26 2.76 ± 0.44 2 0.29 ± 0.08 2
SR27 0.48 ± 0.15 0 0.49 ± 0.24 1
SR28 0.08 ± 0.02 0
SR29 0.30 ± 0.09 0
SR30 7.26 ± 0.90 12
SR31 1.59 ± 0.47 4
SR32 1.31 ± 0.24 2
SR33 1.45 ± 0.44 5
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matics contribute significantly to the sensitivity. In the regions of SUSY parameter space with a
large mass difference between the gluino and the LSP, the results are rather stable with respect
to the LSP mass variations, and gluino masses up to 1350 GeV are excluded in the T1tttt model,
and up to 1100 GeV in the T5qqqqWW model with large mass splitting between the chargino
and LSP. As the difference between the gluino and LSP masses becomes small, the acceptance
decreases and the gluino mass limit becomes weaker, down to about 1100 GeV for an LSP mass
of 850 GeV for the T1tttt model, and around 200 GeV lower for the T5qqqqWW model. The
degradation of the limit with increasing LSP mass is much faster in the T5qqqqWW model with
small mass splitting between chargino and LSP, as the W bosons are always produced off-shell
and the lepton momenta depend strongly on the chargino boost.

In addition to the limits on simplified SUSY models, the results are also used to set 95% CL
upper limits on the cross section for tt tt production, as well as for SS top quark production.
For tt tt production, the cross section predicted by the SM at NLO precision [16] is 9.1 fb, and
the upper limit on σ(pp→ ttt̄t̄) is found to be 57 fb, with an expected result of 46+23

−15 fb. For SS
top quark pair production, the limit is obtained using events satisfying the baseline selection,
categorized according to the number of b jets, and relying on the detector acceptance and se-
lection efficiency of SM tt events (apart from the charge requirement). The observed (expected)
limit on σ(pp → tt) + σ(pp → t̄t̄) is 1.4 pb (0.9+/-0.4 pb). This limit should be considered
approximate, as the kinematics of SS top quark pair production in general are different from
those of tt̄ production, and the exact acceptance value depends on the details of the production
mechanism.

Finally, we extract model independent limits on σ · A · ε, with σ the production cross section,
A the kinematical and geometrical acceptance and ε the selection efficiency, in the two semi-
inclusive regions with large Emiss

T or large HT. We combine HH SR30 and HH SR32 to compute
the limit as a function of the minimum threshold on Emiss

T (for HT >300 GeV), and we similarly
combine HH SR31 and HH SR33 to compute the limit as function of the HT threshold (for
50<Emiss

T <300 GeV). The limits are computed assuming full efficiency for Emiss
T and HT, while

the lepton efficiency ranges 50–75% (70–90%) for generated electrons (muons) with |η| <2.4
and pT >25 GeV, increasing as a function of pT and reaching the plateau value for pT >60
GeV. The CLs criterion without the asymptotic approximation is used. Results are shown in
Fig. 6.

7 Summary
We have presented the results of a search for new physics in same-sign dilepton events using
the CMS detector at the LHC, based on a proton-proton collision data sample at

√
s = 13 TeV

corresponding to an integrated luminosity of 12.9 fb−1, collected in the first half of 2016. The
data are analyzed in exclusive signal regions defined with different selections on lepton and
event kinematic variables, as well as jet and b jet multiplicities.

No significant deviations from the standard model expectations are observed. The results are
used to set upper limits on the gluino pair production of supersymmetric particles in two sim-
plified models. Gluino masses are probed up to 1350 GeV, extending the sensitivity of previous
dilepton searches. In addition, 95% confidence level limits of 1.4 pb and 57 fb are set on the
production cross section of two SS top quarks and tt tt, respectively, and model independent
limits and selection efficiencies are provided to allow further interpretations of the results.
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