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Same-sign (SS) lepton pair or at least three leptons (3L) with jets and/or b-jets.
Large ETmiss ,  meff (∑pT(lep)+∑pT(jets)+ ETmiss) for RPC SUSY models. Low ETmiss 

(but high meff) for RPV scenarios.

Signal scenarioMotivation

On which SUSY signature do we focus?

Event selection and background estimation

19 different signal regions (SR) are defined which are optimised for specific RPC 
and RPV SUSY benchmark scenarios.
Same-sign or three lepton requirement (pT > 10 GeV). Additional cuts on signal jets 
(pT > 25 GeV), b-jets (pT > 20 GeV, 70% OP), ETmiss and meff are applied.
The number of electrons with mis-identified charge is reduced by using a classifier 
based on a boosted decision tree (BDT) for the electron selection.

Event selection Background estimation
Different sources for Standard Model processes contaminating the signal regions: 
Prompt SS/3L production, fake/non-prompt leptons and electrons with mis-identified 
charge (charge-flip). 

Validation regions (VR) designed to verify the background estimation for SM 
processes leading to a SS/3L signature, like ttW, ttZ, W±W±, WZ+jet. Good agreement 
between data and prediction in all VR.
To check the data-driven background estimations, several variables are compared  
with the predicted background after SR-like selections.

(I) Prompt SS or 3L background is estimated with simulated Monte Carlo events.
(II) For charge-flip electrons (negligible for muons), the charge-flip rate is measured 

with a likelihood fit in a Z/γ* → e+e- sample. The yields of this background in the 
signal regions are obtained by applying the measured rate to data regions similar 
to signal regions but with OS leptons. 

(III) Fake-leptons are estimated from data with a matrix-method: If the ratio of signal 
leptons to loose leptons ε1,2, ζ1,2 is known separately for prompt/fake leptons, the 
number of events with at least one fake lepton can be predicted with a matrix Λ.

Results and statistical interpretations
The yields for 2015+2016 data (36.1 fb-1) and the different sources of Standard Model 
background in the signal regions are presented.
No significant excess over the background is observed in any of the 19 signal regions.
The total uncertainties amount to 24 - 46% (depending on the SR).

Exclusion limits on SUSY contributions to the signal regions are computed, in particular in 
the context of the benchmark scenarios shown above.
Results are also used to derive limits for other BSM scenarios (e.g. NUHM2).
The limits can be compared to previous results of ATLAS searches. In the models 
considered, mg < 1.6 - 1.8 TeV and mχ︎  < 850 - 950 GeV can be excluded at 95% CL.

Strong production of SUSY particles: Gluino g and squark q
Gluinos are Majorana particles: allow same-sign lepton pair production.
Rare processes in Standard Model: very low background.
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SUSY searches at √s = 13 TeV with two same-sign leptons or 
three leptons, jets and ETmiss  with the ATLAS detector  

Background estimation and latest analysis results
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simplified models which we use as benchmarks for the choice of signal regions.122
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Figure 1: Gluino decay via o↵shell stop (left), and direct sbottom pair production (right).

Gluino-stop o↵shell g̃! tt̄�̃0
1123

In this model inspired by naturalness arguments, gluinos are coupling preferentially to stops which are124

lighter than the other squarks. Gluinos are however considered lighter than stops, and decay directly into125

a tt̄�̃0
1 triplet via a virtual stop (Fig. 1). The pair production of gluinos leads to a final state containing four126

top quarks and two neutralinos. This characteristic final state is accessible through various experimental127

signatures, which is why this model is commonly used as a benchmark to estimate analyses sensitivities.128

The searches performed with run-1 data [16], summarized in Fig. 2, showed that the same-sign leptons129

final state is competitive mainly at large neutralino mass. This region of the phase space is consequently130

given a particular attention in the choice of signal regions described further on. In the signal samples131

referenced in this document, the lightest stop mass is fixed to 10 TeV and is mostly aetR state. Only gluino132

pair production is considered, followed by an exclusive decay in the aforementioned channel.133

134

Direct sbottom b̃1 ! t�̃±1135

In this model, bottom squarks are rather lights and assumed to decay in a top quark and a chargino �̃±1136

(Fig. 1), providing complementarity to the mainstream search which focuses on the channel b̃1 ! b�̃0
1.137

The final state resulting from the production of a sbottom pair contains pairs of top quarks, of W bosons138

and of neutralinos. While this final state may lead to various experimental signatures, the model was139

considered in run-1 [16] only by the same-sign leptons and jets search, leading to the exclusion limits140

presented in Fig. 2. In the signal samples used by the analysis, the neutralino mass is fixed to 60 GeV,141

and the chargino mass to 150 GeV, while the sbottom mass is varied. Only pair production of the lightest142

sbottom is considered, followed by an exclusive decay in the aforementioned channel.143

144

Gluinos and squarks 2-step decays via gauginos145

These scenarios feature a less oriented search for gluinos or squarks (save third generation) where gluinos146

couple preferentially to the latter, and squarks decay to charginos (Fig. 3 left) with the subsequent cas-147

cade �̃±1 ! W�̃0
2 ! WZ�̃0

1. This leads to final states of two light quarks, two W and Z bosons, and two148

neutralinos (with two additional light quarks in the case of gluino pair production). Fig. 4 left shows149

the exclusion limits obtained with the 2012 dataset [16]; in the gluino scenario, the same-sign leptons150

+ jets search provided complementarity at large neutralino mass, while its sensitivity in the squark sce-151

nario dominated completely. In the signal samples used here, the chargino mass is set halfway between152

the neutralino and squark (or gluino) masses, while the neutralino �̃0
2 mass is set halfway between the153

chargino and neutralino masses. Gluino and squark-antisquark pair production are considered separately154

in distinct scenarios.155

156

Gluinos and squarks 2-step decays via sleptons157

In these scenarios, gluinos couple preferentially to the squarks of the first two generations, and the latter158

decay either to a chargino �̃±1 or a neutralino �̃0
2, which are assumed to be mass-degenerate, and decay in159
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g̃

g̃
p

p

�̃0
1

t

t

�̃0
1

t

t

b̃

b̃

�̃±
1

�̃⌥
1

p

p

t

�̃0
1

W

t

�̃0
1

W

Figure 1: Gluino decay via o↵shell stop (left), and direct sbottom pair production (right).
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Figure 2: Exclusion limits on the gluino-stop o↵shell (left) and direct sbottom (right) scenarios set by
ATLAS with the 2012 dataset [16].
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Figure 3: Two-step decays of gluinos and squarks, mediated by gauginos (left) or sleptons (right).

turn to sleptons (Fig. 3 right) with BR(�̃±1 ! ⌫ ˜̀) = BR(�̃±1 ! `⌫̃) = BR(�̃0
2 ! ⌫⌫̃) = BR(�̃0

2 ! ` ˜̀) =160

50%. The corresponding final state may contain zero to four charged leptons, neutrinos, two light quarks161

and two neutralinos (with two additional light quarks in the case of gluino pair production). Because of162

the sleptons replacing the gauge bosons featured in the scenarios presented in the previous paragraph,163

these scenarios have comparatively a lower jet multiplicity but a significantly enhanced acceptance in164

multi-lepton experimental signatures. As can be seen on Fig. 4 right, which presents the exclusion limits165

obtained with the 2012 dataset [16], the same-sign leptons and jets signature is again very competitive.166

In the signal samples used here, the chargino �̃±1 and neutralino �̃0
2 masses are set equal, halfway between167

the neutralino and squark (or gluino) masses, while the degenerate sleptons masses are set halfway be-168

tween these gauginos and the lightest neutralino masses. Furthermore, gauginos decay to any slepton169

flavor with equal probability. Gluino and squark-antisquark pair production are considered separately in170

distinct scenarios.171

172

Models not considered for the moment173

In the publications [14, 16] of the analysis results obtained with run-1 data, exclusion limits were also174

provided for other signal models, often These scenarios included the g̃ ! tbW�̃0
1 and g̃ ! tcW�̃0

1175

simplified models, as well as minimal models featuring R-parity violation through bilinear terms, gauge-176

mediated SUSY breaking, or universal extra dimensions. These models are not considered here, although177

~g → t t  χ10~– b → t W± χ10~ ~ ~g → qq W± Z χ10~

DRAFT
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Figure 2: RPV SUSY processes featuring gluino (a,b) or right-handed down squark (c,d) pair production and decays
via baryon number-violating couplings � 00 considered in this analysis.

conjugate.79

Di↵erent signal regions (SRs) are designed to achieve good sensitivity for these RPC and RPV SUSY80

scenarios, mainly characterised by the number of b-tagged jets or reconstructed leptons. They are detailed81

in Section 4, preceded by descriptions of the experimental apparatus (Section 2) and the simulated event82

samples (Section 3). Section 5 describes to the estimation of the contribution from SM processes to the83

signal regions, validated by comparisons with data in dedicated regions. The results are presented in84

Section 6 together with the statistical procedure used to interpret the results in the context of the SUSY85

benchmark scenarios. Finally, Section 7 summarises the main conclusions of this note.86

2 The ATLAS detector87

The ATLAS experiment [23] is a multi-purpose particle detector with a forward-backward symmetric88

cylindrical geometry and nearly 4⇡ coverage in solid angle.4 The interaction point is surrounded by an89

inner detector (ID), a calorimeter system, and a muon spectrometer (MS).90

The ID provides precision tracking of charged particles for pseudorapidities |⌘ | < 2.5 and is surrounded91

by a superconducting solenoid providing a 2 T axial magnetic field. It consists of pixel and silicon-92

microstrip detectors inside a transition radiation tracker.93

In the pseudorapidity region |⌘ | < 2.5, high-granularity lead/liquid-argon electromagnetic sampling94

calorimeters are used. A steel/scintillator tile calorimeter measures hadron energies for |⌘ | < 1.7. The95

endcap and forward regions, spanning 1.5 < |⌘ | < 4.9, are instrumented with liquid-argon calorimeters96

for both the electromagnetic and hadronic measurements.97

The MS consists of three large superconducting toroids with eight coils each, a system of trigger and98

precision-tracking chambers, which provide triggering and tracking capabilities in the ranges |⌘ | < 2.499

and |⌘ | < 2.7, respectively.100

4 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector
and the z-axis along the beam pipe. The x-axis points from the IP to the centre of the LHC ring, and the y-axis points upward.
Cylindrical coordinates (r , �) are used in the transverse plane, � being the azimuthal angle around the beam pipe. The pseu-
dorapidity is defined in terms of the polar angle ✓ as ⌘ = � ln tan(✓/2). Rapidity is defined as y = 0.5 ln

⇥
(E + pz )/(E � pz )

⇤

where E denotes the energy and pz is the component of the momentum along the beam direction.
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Figure 2: RPV SUSY processes featuring gluino (a,b) or right-handed down squark (c,d) pair production and decays
via baryon number-violating couplings � 00 considered in this analysis.
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space. The event selection requires at least two signal leptons with pT > 20 GeV (apart from two SRs213

where the subleading lepton pT should be greater than 10 GeV, see Table 2). If the event contains exactly214

two signal leptons, they must have the same electric charge. Events are discarded if they contain any215

jet failing basic quality selection criteria in order to reject detector noise and non-collision background216

events [86].217

To maximise the sensitivity to the signal models of Figure 1, nineteen inclusive signal regions are defined218

in Table 2. The last column indicates the targeted signal model. Note that Rpc3L1b and Rpc3L1bH SRs219

are not motivated by a particular signal model and can be seen as a natural extension of Rpc3L0b SRs220

with the same kinematic cuts but with at least one b-jet. The requirements used to defined the SRs are the221

number of signal leptons (N signal
leptons), number of b-jets with pT > 20 GeV (Nb�jets), number of jets with pT222

above 25, 40 or 50 GeV regardless of their flavour (Njets), Emiss
T , the e↵ective mass (me↵) and the charge223

of the signal leptons. The me↵ variable is defined as the scalar sum of the pT of the signal leptons, jets224

(regardless of their flavour) and the Emiss
T . The values of acceptance times e�ciency of the SR selections225

near the exclusion limit for the RPC SUSY signal models typically range between 0.5–7% for models226

with a light �̃0
1 and 0.5–2% for models with a heavy �̃0

1. Note that, to increase the signal e�ciency of227

the SUSY models with low energetic leptons (Figure 1(b) and 1(c)), the pT threshold of leptons is relaxed228

from 20 to 10 GeV in the SR definition. For RPV SUSY signal models, these values are in the range229

0.2%-4%.230

Signal region N signal
leptons Nb�jets Njets pT,jet Emiss

T me↵ Emiss
T /me↵ Other Targeted

Name [GeV] [GeV] [GeV] Signal

Rpc2L2bS � 2SS � 2 � 6 > 25 > 200 > 600 > 0.25 – Fig. 1(a)
Rpc2L2bH � 2SS � 2 � 6 > 25 – > 1800 > 0.15 – Fig. 1(a), NUHM2

Rpc2Lsoft1b � 2SS � 1 � 6 > 25 > 100 – > 0.3 20,10 <p`1
T ,p`2

T < 100 GeV Fig. 1(b)
Rpc2Lsoft2b � 2SS � 2 � 6 > 25 > 200 > 600 > 0.25 20,10 <p`1

T ,p`2
T < 100 GeV Fig. 1(b)

Rpc2L0bS � 2SS = 0 � 6 > 25 > 150 – > 0.25 – Fig. 1(c)
Rpc2L0bH � 2SS = 0 � 6 > 40 > 250 > 900 – – Fig. 1(c)
Rpc3L0bS � 3 = 0 � 4 > 40 > 200 > 600 – – Fig. 1(d)
Rpc3L0bH � 3 = 0 � 4 > 40 > 200 > 1600 – – Fig. 1(d)
Rpc3L1bS � 3 � 1 � 4 > 40 > 200 > 600 – – None
Rpc3L1bH � 3 � 1 � 4 > 40 > 200 > 1600 – – None
Rpc2L1bS � 2SS � 1 � 6 > 25 > 150 > 600 > 0.25 – Fig. 1(e)
Rpc2L1bH � 2SS � 1 � 6 > 25 > 250 – > 0.2 – Fig. 1(e)
Rpc3LSS1b � `±`±`± � 1 – – – – - veto 81<me±e±<101 GeV Fig. 1(f)
Rpv2L1bH � 2SS � 1 � 6 > 50 – > 2200 – – Figs. 1(g),1(h)
Rpv2L0b = 2SS = 0 � 6 > 40 – > 1800 – veto 81<me±e±<101 GeV Fig. 1(i)

Rpv2L2bH � 2SS � 2 � 6 > 40 – > 2000 – veto 81<me±e±<101 GeV Fig. 1(j)
Rpv2L2bS � `�`� � 2 � 3 > 50 – > 1200 – – Fig. 1(k)
Rpv2L1bS � `�`� � 1 � 4 > 50 – > 1200 – – Fig. 1(l)
Rpv2L1bM � `�`� � 1 � 4 > 50 – > 1800 – – Fig. 1(l)

Table 2: Summary of the signal region definition. Unless explicitely stated in the table, at least two signal leptons
with pT >20 GeV and same charge (SS) are required in each signal region. Requirements are placed on the number
of signal leptons (N signal

leptons), the number of b-jets with pT > 20 GeV (Nb�jets), the number of jets (Njets) above various
pT thresholds, the pT of the jet, Emiss

T , me↵ and/or Emiss
T /me↵ . The last column indicates the targeted signal model.
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and pp ! g̃g̃, g̃ ! tds/tdb. Rpv2L0b and Rpv2L2bH are sensitive to the new RPV models described in790

section 2.8 (R parity-violating decays of neutralinos via UDD and LQD couplings).791

Figure 7 shows the discovery significance and the 3� contours for Rpv2L1bS, Rpv2L1bM and Rpv2L1bH9792

signal regions defined for the R parity-violating decays of gluinos and down squarks with top quarks (via793

� 00i jk couplings). Figure 8 shows the performance (3� contours) of the Rpv2L0b and Rpv2L2bH sig-794

nal regions for the two (new) models with R parity-violating decays of neutralinos via UDD and LQD795

couplings.796

Table 7: Definitions of RPV signal regions

SR N` N20
b-jets Njets pjets

T me↵ [GeV] Other targeted model

Rpv2L1bS �2 �1 �4 50 >1200 � 2 negatively-charged leptons
d̃R d̃R/d̃

⇤
R d̃⇤R , d̃R ! ts

Rpv2L1bM �2 �1 �4 50 >1800 � 2 negatively-charged leptons
Rpv2L2bS �2 �2 �3 50 >1200 � 2 negatively-charged leptons d̃R d̃R/d̃

⇤
R d̃⇤R , d̃R ! tb

Rpv2L1bH �2 �1 �6 50 >2200 - g̃g̃, g̃ ! tds/tdb
Rpv2L0b 2 0 �6 40 >1800 veto 81 < mee < 101 GeV g̃g̃, g̃ ! qq �̃0

1(! lqq)
Rpv2L2bH �2 �2 �6 40 >2000 veto 81 < mee < 101 GeV g̃g̃, g̃ ! tt̄ �̃0
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Figure 50: Projected exclusion limits on superpartner masses in di↵erent R-parity-violating SUSY scenarios in-
volving d-squark production, for 36.1 fb=1. The signal regions used to contain each scenario are specified in the
captions.
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and pp ! g̃g̃, g̃ ! tds/tdb. Rpv2L0b and Rpv2L2bH are sensitive to the new RPV models described in790

section 2.8 (R parity-violating decays of neutralinos via UDD and LQD couplings).791

Figure 7 shows the discovery significance and the 3� contours for Rpv2L1bS, Rpv2L1bM and Rpv2L1bH9792

signal regions defined for the R parity-violating decays of gluinos and down squarks with top quarks (via793

� 00i jk couplings). Figure 8 shows the performance (3� contours) of the Rpv2L0b and Rpv2L2bH sig-794

nal regions for the two (new) models with R parity-violating decays of neutralinos via UDD and LQD795

couplings.796

Table 7: Definitions of RPV signal regions

SR N` N20
b-jets Njets pjets

T me↵ [GeV] Other targeted model

Rpv2L1bS �2 �1 �4 50 >1200 � 2 negatively-charged leptons
d̃R d̃R/d̃

⇤
R d̃⇤R , d̃R ! ts

Rpv2L1bM �2 �1 �4 50 >1800 � 2 negatively-charged leptons
Rpv2L2bS �2 �2 �3 50 >1200 � 2 negatively-charged leptons d̃R d̃R/d̃

⇤
R d̃⇤R , d̃R ! tb

Rpv2L1bH �2 �1 �6 50 >2200 - g̃g̃, g̃ ! tds/tdb
Rpv2L0b 2 0 �6 40 >1800 veto 81 < mee < 101 GeV g̃g̃, g̃ ! qq �̃0

1(! lqq)
Rpv2L2bH �2 �2 �6 40 >2000 veto 81 < mee < 101 GeV g̃g̃, g̃ ! tt̄ �̃0

1(! qqq)

5.3. RPC signal regions definitions797

The proposal for the RPC SRs is summarized in Table 8. For each lepton/b-jet multiplicity, two signal798

regions are defined targeting either compressed spectra or large mass splittings. Many of the SRs in799

Table 8 feature a Emiss
T /me↵ cut, which is a new addition with respect to previous versions of the analysis800

and helps improving the sensitivity for the optimizations with 36.5 fb=1.801

Table 8: Definitions of the RPC signal regions for 36.5 fb=1, also showing the signal model targeted by each SR.

SR N` N20
b-jets Njets pjets

T Emiss
T [GeV] me↵ [GeV] Emiss

T /me↵ targeted model

Rpc3L0bS �3 =0 �4 40 >200 >600 -
g̃g̃ with g̃ ! qq̄(``/`⌫) �̃0

1Rpc3L0bH �3 =0 �4 40 >200 >1600 -

Rpc2L0bS �2 =0 �6 25 >150 - >0.25
g̃g̃ with g̃ ! qq̄0W Z �̃0

1Rpc2L0bH �2 =0 �6 40 >250 >900 -

Rpc2L1bS �2 �1 �6 25 >150 >600 >0.25
b̃1b̃⇤1 ! tt̄ �̃+1 �̃

�
1Rpc2L1bH �2 �1 �6 25 >250 - >0.2

Rpc2L2bS �2 �2 �6 25 >200 >600 >0.25
g̃g̃ ! tt̄tt̄ �̃0

1 �̃
0
1Rpc2L2bH �2 �2 �6 25 - >1800 >0.15

Figures 9 and 10 show the performance of the SRs in the four RPC benchmark models with top quarks802

considered. The discovery significance for each signal point is shown, together with the contours corres-803

ponding to a 3� discovery sensitivity, 1.64� discovery sensitivity and 95% confidence level limits.804

9 Rpv2L2bS was originally optimized with a �3 b-jet requirements, and was later adapted to use �2 b-jet intead.
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space. The event selection requires at least two signal leptons with pT > 20 GeV (apart from two SRs213

where the subleading lepton pT should be greater than 10 GeV, see Table 2). If the event contains exactly214

two signal leptons, they must have the same electric charge. Events are discarded if they contain any215

jet failing basic quality selection criteria in order to reject detector noise and non-collision background216

events [86].217

To maximise the sensitivity to the signal models of Figure 1, nineteen inclusive signal regions are defined218

in Table 2. The last column indicates the targeted signal model. Note that Rpc3L1b and Rpc3L1bH SRs219

are not motivated by a particular signal model and can be seen as a natural extension of Rpc3L0b SRs220

with the same kinematic cuts but with at least one b-jet. The requirements used to defined the SRs are the221

number of signal leptons (N signal
leptons), number of b-jets with pT > 20 GeV (Nb�jets), number of jets with pT222

above 25, 40 or 50 GeV regardless of their flavour (Njets), Emiss
T , the e↵ective mass (me↵) and the charge223

of the signal leptons. The me↵ variable is defined as the scalar sum of the pT of the signal leptons, jets224

(regardless of their flavour) and the Emiss
T . The values of acceptance times e�ciency of the SR selections225

near the exclusion limit for the RPC SUSY signal models typically range between 0.5–7% for models226

with a light �̃0
1 and 0.5–2% for models with a heavy �̃0

1. Note that, to increase the signal e�ciency of227

the SUSY models with low energetic leptons (Figure 1(b) and 1(c)), the pT threshold of leptons is relaxed228

from 20 to 10 GeV in the SR definition. For RPV SUSY signal models, these values are in the range229

0.2%-4%.230

Signal region N signal
leptons Nb�jets Njets pT,jet Emiss

T me↵ Emiss
T /me↵ Other Targeted

Name [GeV] [GeV] [GeV] Signal

Rpc2L2bS � 2SS � 2 � 6 > 25 > 200 > 600 > 0.25 – Fig. 1(a)
Rpc2L2bH � 2SS � 2 � 6 > 25 – > 1800 > 0.15 – Fig. 1(a), NUHM2

Rpc2Lsoft1b � 2SS � 1 � 6 > 25 > 100 – > 0.3 20,10 <p`1
T ,p`2

T < 100 GeV Fig. 1(b)
Rpc2Lsoft2b � 2SS � 2 � 6 > 25 > 200 > 600 > 0.25 20,10 <p`1

T ,p`2
T < 100 GeV Fig. 1(b)

Rpc2L0bS � 2SS = 0 � 6 > 25 > 150 – > 0.25 – Fig. 1(c)
Rpc2L0bH � 2SS = 0 � 6 > 40 > 250 > 900 – – Fig. 1(c)
Rpc3L0bS � 3 = 0 � 4 > 40 > 200 > 600 – – Fig. 1(d)
Rpc3L0bH � 3 = 0 � 4 > 40 > 200 > 1600 – – Fig. 1(d)
Rpc3L1bS � 3 � 1 � 4 > 40 > 200 > 600 – – None
Rpc3L1bH � 3 � 1 � 4 > 40 > 200 > 1600 – – None
Rpc2L1bS � 2SS � 1 � 6 > 25 > 150 > 600 > 0.25 – Fig. 1(e)
Rpc2L1bH � 2SS � 1 � 6 > 25 > 250 – > 0.2 – Fig. 1(e)
Rpc3LSS1b � `±`±`± � 1 – – – – - veto 81<me±e±<101 GeV Fig. 1(f)
Rpv2L1bH � 2SS � 1 � 6 > 50 – > 2200 – – Figs. 1(g),1(h)
Rpv2L0b = 2SS = 0 � 6 > 40 – > 1800 – veto 81<me±e±<101 GeV Fig. 1(i)

Rpv2L2bH � 2SS � 2 � 6 > 40 – > 2000 – veto 81<me±e±<101 GeV Fig. 1(j)
Rpv2L2bS � `�`� � 2 � 3 > 50 – > 1200 – – Fig. 1(k)
Rpv2L1bS � `�`� � 1 � 4 > 50 – > 1200 – – Fig. 1(l)
Rpv2L1bM � `�`� � 1 � 4 > 50 – > 1800 – – Fig. 1(l)

Table 2: Summary of the signal region definition. Unless explicitely stated in the table, at least two signal leptons
with pT >20 GeV and same charge (SS) are required in each signal region. Requirements are placed on the number
of signal leptons (N signal

leptons), the number of b-jets with pT > 20 GeV (Nb�jets), the number of jets (Njets) above various
pT thresholds, the pT of the jet, Emiss

T , me↵ and/or Emiss
T /me↵ . The last column indicates the targeted signal model.
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regions are defined targeting either compressed spectra or large mass splittings. Many of the SRs in799
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T /me↵ cut, which is a new addition with respect to previous versions of the analysis800

and helps improving the sensitivity for the optimizations with 36.5 fb=1.801

Table 8: Definitions of the RPC signal regions for 36.5 fb=1, also showing the signal model targeted by each SR.
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b-jets Njets pjets

T Emiss
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Figures 9 and 10 show the performance of the SRs in the four RPC benchmark models with top quarks802

considered. The discovery significance for each signal point is shown, together with the contours corres-803

ponding to a 3� discovery sensitivity, 1.64� discovery sensitivity and 95% confidence level limits.804

9 Rpv2L2bS was originally optimized with a �3 b-jet requirements, and was later adapted to use �2 b-jet intead.
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squark ! q0WZ�̃0

1

and gluino-mediated (or direct) squark ! sleptons (see figure 1). The
signal region with low Emiss

T

requirement, SR3Llow, targets compressed regions of the phase
space where SUSY decay cascades would produce off-shell W and Z bosons. Backgrounds
from Z boson production in association with jets are suppressed by a Z boson veto. Models
with large Emiss

T

and on-shell vector bosons are targeted by SR3Lhigh. Hence no Z boson
veto is applied in this signal region, but Z + jets backgrounds are suppressed by the larger
Emiss

T

requirement.

6 Background estimation

Searches in SS and 3L events are characterised by low SM backgrounds. Three main
classes of backgrounds can be distinguished. They are, in decreasing order of importance
for this search: (1) prompt multi-leptons, (2) “fake” leptons, which denotes hadrons mis-
identified as leptons, leptons originating from heavy-flavour decays, and electrons from
photon conversions, and (3) charge mis-measured leptons.

6.1 Background estimation methods

6.1.1 Prompt lepton background

The background with prompt leptons arises mainly from W or Z bosons, decaying lepton-
ically, produced in association with a top–antitop quark pair where at least one of the top
quarks decays leptonically, and from diboson processes (WZ, ZZ, W±W±) in association
with jets. The t¯tV and diboson backgrounds are dominant for signal regions with and with-
out b-jets, respectively. The prompt multi-lepton backgrounds are estimated from Monte
Carlo samples normalised to NLO calculations as described in section 3. The rarer pro-
cesses t¯tH, single top quark plus a Z boson, t¯tt¯t and V V V +jets, each of which constitutes
at most 10% of the background in the signal regions, are also included. The production of
t¯tWW , WH and ZH (where the Higgs boson decay can produce isolated leptons from W ,
Z or ⌧) were verified to give a negligible contribution to the signal regions.

6.1.2 Fake-lepton background

The number of events with at least one fake lepton is estimated using a data-driven method.
A fake-enriched class of “loose” leptons is introduced, composed of preselected leptons (de-
fined in section 4) with p

T

> 15 GeV failing the signal lepton selection. If the ratio of the
number of signal leptons to the number of loose leptons is known separately for prompt
and fake leptons, the number of events with at least one fake lepton can be predicted. For
illustration, when only pairs of leptons are considered, the equation that relates the number
of events with signal (S) or loose (L) leptons to the number of events with prompt (P ) or
fake (F ) leptons:
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, (6.1)
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where the first and second indices refer to the leading and subleading lepton of the pairs,
can be inverted to obtain the expected number of events with at least one fake lepton. The
matrix ⇤ is given by

⇤ =

0
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, (6.2)

where "
1

and "
2

(⇣
1

and ⇣
2

) are the ratios of the number of signal and loose leptons for
the leading and subleading prompt (fake) leptons, respectively. This analysis employs a
generalised matrix method where an arbitrary number of loose leptons can be present in the
event. For example, an event containing three leptons that pass, in decreasing order of p

T

,
the signal–loose–signal selections is considered a SS signal event if the first and third lepton
have the same charge. In addition, this event is included in the fake-lepton background
calculation for 3L events since the second lepton passes only the loose selections. In general,
eqs. 6.1-6.2 are adapted by dynamically adjusting the size of the matrix ⇤ according to the
number of loose leptons in the event under study. No upper limit on the number of loose
leptons is set. Each event is employed in all its possible incarnations (signal and/or as part
of the background calculation) as illustrated in the example above, but is only included in
one of the signal regions, which are exclusive by definition.

The efficiencies " and ⇣ are measured in data as a function of the lepton p
T

and ⌘. The
prompt lepton efficiencies are determined from a data sample enriched with prompt leptons
from Z ! `+`� decays, obtained by requiring 80 < m

``

< 100 GeV. As the background is
dominated by events with one real lepton and one fake lepton, the fake-lepton efficiencies
are measured from a data set enriched with one prompt muon (by requiring it to pass the
signal lepton selection and p

T

> 40 GeV) and an additional fake lepton (by requiring it
to pass the loose selections). The fake electron background has contributions from heavy
flavour decays, as well as from conversions and fake pions. The fake-electron efficiency is
therefore determined from two samples of SS eµ events to be sensitive to the different types
of fake electrons, one with a b-jet veto and another with at least one b-jet. The fake-muon
efficiency is determined from a sample of same-sign dimuon events where at least two jets
with p

T

> 25 GeV are required. The event yields in these control regions are corrected for
the contamination of prompt SS using Monte Carlo simulation. The eµ SS control regions
are also corrected for the presence of charge mis-measured electrons using the likelihood
fit method described in Sec 6.1.3, but applied to loose electrons. The contamination from
signal events is verified to be negligible in the same-sign eµ and µµ control regions. The
size of the data sample is not sufficient to allow the extraction of the fake-lepton efficiencies
for muons with p

T

> 40 GeV or for events with at least three b-jets. For these events the
fake-lepton efficiencies obtained from data in similar kinematic regions, i.e. muons with
25 < p

T

< 40 GeV or events with at least one b-jet, are employed and corrected with
extrapolation factors obtained from the t¯t Monte Carlo samples.
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S = Signal lepton         
L = Loose lepton
P = Prompt lepton        
F = Fake lepton

Using weighted average with CR-corrected MC yields in the SR (MC template 
method) for the final fake prediction.


