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Introduction
Guinos and squarks are one of the primary targets as their pair production may have 
large cross section. The poster presents recent ATLAS result from searches for gluinos
and squarks with same-sign leptons and jets with 139 fb-1 data.N
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described in section 11, which is also used by convenience to determine the total background yields in576

the signal regions, accounting for correlations between systematic uncertainties associated to the di�erent577

background processes. These yields, compared to observed data, are reported in section 12. In the absence578

of significant excess in observed data over the Standard Model prediction, exclusion limits are set on the579

masses of SUSY partners involved in the benchmark SUSY scenarios, and are presented in section 13.580

Final conclusions are stated in section 14.581

2 Signal models of interest582

Final states with two same-sign leptons or three leptons and multiple jets are sensitive to a variety of new583

physics scenarios. In supersymmetric models in particular, such final states can be produced in the decays584

of heavy superpartners involving massive gauge bosons, sleptons or top quarks. Depending on the nature585

of the particles accompanying the leptons in the final states, a large variety of signatures can be obtained,586

notably in terms of the numbers of jets and b-tagged jets in the final state. We chose to illustrate the analysis587

versatility by evaluating its sensitivity to three R-parity-conserving (RPC) SUSY scenarios with the lightest588

neutralino �̃0
1 as lightest and stable superpartner, featuring gluino, bottom or top squark pair production589

with various exclusive decay modes (Figs. 1(a), 1(b) and 1(c)), as well as one R-parity-violating (RPV)590

SUSY scenario with gluino or neutralino decays via violating � 0 couplings (Fig. 1(d)). These scenarios591

were used as benchmarks to identify regions of the phase space where the analysis can bring particularly592

useful complementarity to other SUSY searches, and subsequently define our signal regions (SR) with a593

particular focus on these regions.594
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Figure 1: Decay modes in three RPC benchmark SUSY scenarios, featuring g̃g̃ (a), b̃1b̃
⇤

1 (b) or t̃ t̃ pair production (c),
and in one benchmark RPV SUSY scenarios with gluino decays via violating � 00 couplings (d).

Exclusion limits obtained in the previous version of the analysis Ref. [29] for the aforementioned simplified595

SUSY models are shown in Fig 2. In this section we present these scenarios and provide details about the596

assumed superpartner masses and decay modes.597

2.1 Gluino pair production with gaugino-mediated two-step decay g̃ ! qq̄
0
WZ �̃0

1
598

This scenario (Fig. 1(a)) features gluino pair-production with two-step decays via gauginos and W and Z599

bosons, g̃ ! qq̄
0 �̃±1 ! qq̄

0
W �̃0

2 ! qq̄
0
W Z �̃0

1, mediated by generic heavy squarks of the first and second600

generations. The final state is made of two W and two Z bosons (possibly o�shell), four additional jets and601

invisible particles (neutrinos and neutralinos). This generally leads to events with large jet multiplicities602

and a fair branching ratio for dileptonic final states. Indeed the same-sign leptons + jets search is very603
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Figure 1: Decay modes in three RPC benchmark SUSY scenarios, featuring g̃g̃ (a), b̃1b̃
⇤

1 (b) or t̃ t̃ pair production (c),
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                            g̃→ q̄q̃χ0

• Fast(er) Paper:

• Complex Paper: 
• Will introduce additional signal grids.

b̃→ tχ̃± t̃1 → t(W*)χ̃0 g̃→ tt̄χ̃0

Early Run-II Paper

 [GeV]g~m
800 1000 1200 1400 1600 1800 2000

 [G
eV

]
10 χ∼

m

200

400

600

800

1000

1200

1400

1600

1800

2000
))/2

1
0
χ∼) + m(

1
±
χ∼) = (m(

2
0
χ∼))/2, m(

1
0
χ∼) + m(g~) = (m(

1
±
χ∼; m(

1

0
χ∼ qqWZ→ g~ production, g~ g~

-1=13 TeV , 36.1 fbs

 
1

0
χ∼ + m

Z
 + m

W
 <  m
g~m

ATLAS )theory
SUSYσ1 ±Observed limit (

)expσ1 ±Expected limit (

[arXiv:1602.09058]
SS/3L observed limit 2015

[arXiv:1602.06194]
Multijet observed limit 2015

All limits at 95% CL

 [GeV]
1b~m

400 500 600 700 800 900

 [G
eV

]
10 χ∼

m

100

200

300

400

500

600

700

 + 100 GeV

1
0
χ∼

 + m
t

 <  m
1b~m

) + 100 GeV
1
0
χ∼) = m(

1
±χ∼, m(

1
±χ∼ t→1b~ production, 1b~ 1b~

-1=13 TeV , 36.1 fbs

ATLAS )theory
SUSYσ1 ±Observed limit (

)expσ1 ±Expected limit (

[arXiv:1602.09058]
SS/3L obs. limit 2015

All limits at 95% CL

 [GeV]
1t

~m
550 600 650 700 750 800

 ) 
[p

b]
10 χ∼

(W
*)

±
 tW

→ 1t~ ( 
B × 

pr
od

σ

2−10

1−10

1
0
χ∼

 m≈ 
1
±
χ∼

+100 GeV ; m
1
0
χ∼

=m
2
0
χ∼

-275 GeV ; m
1t

~ = m
1
0
χ∼

 ; m
1
0
χ∼(W*)± tW→ 1t

~ production, 1t
~

1t
~

ATLAS

All limits at 95% CL

 

1t
~ 1t

~
→pp

Theoretical uncertainty
Expected limit
Observed limit

σ 1±Expected 
σ 2±Expected 

-1=13 TeV, 36.1 fbs

 [GeV]g~m
800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800

 [G
eV

]
t~m

400

600

800

1000

1200

1400

1600

1800

 t
 + m
t~

 <  m
g~m

d b → t~, t t~ → g~ production, g~ g~

-1=13 TeV , 36.1 fbs

ATLAS )theory
SUSYσ1 ±Observed limit (

)expσ1 ±Expected limit (

All limits at 95% CL

Exclusion limits (4)

g̃

g̃

t̃

t̃

p

p

t

�00
313

b

d

t

b

d

800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800
 [GeV]g~m

400

600

800

1000

1200

1400

1600

 [G
eV

]
t~m

0.9

0.03

0.9

0.79e-05
0.32e-10

0.3

0.0004
4e-07

0.0007

3e-08

0.9

0.0005

0.1

0.9

9e-09

0.90.8

0.36e-11

0.90.0004

0.9

0.0001

0.6

2e-10

0.3

0.3

0.9

0.01

0.3

0.7

0.02

8e-06

0.9

0.02

0.7

0.0004

0.5

0.6

0.7

2e-05

0.6

0.05

G
rey Num

bers Represent O
bserved CLs Value

)expσ1 ±Expected Limit (

)SUSY
theoryσ1 ±Observed Limit (

SS/3L obs. limit 2017  [arXiv:1706.03731]

 t
 + m
t~

 <  m
g~m

d b → t~, t t~ → g~ production, g~ g~

, All limits at 95% CL-1=13 TeV, 139.0 fbs
ATLAS InProgress

Computed with asymptotic approximations for the test statistic PDFs.
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Event selection
5 different signal regions (SR) are defined
• 𝑛ℓ, 𝑛+, 𝑛,: Number of lepton, b-jet and jets
• 𝐸./011 : Missing transverse momentum
• 𝑚344 : scalar PT sum of all jets, lepton and 𝐸./011

Background
1. Real/Prompt lepton contribution
• Diboson production (WZ / ZZ)
• 𝑡 ̅𝑡 production with a vector boson
àEstimated from Monte-Carlo simulation
2. Reducible background
• Charge flip and Fake/non-prompt lepton
à Estimated using data-driven method

Background estimation
Charge flip: Bremsstrahlung or low track curve
• Transform opposite-sign in same sign events
• Muon charge flip is negligible in this analysis
• The rate for electron is measured in data and 
simulation for 𝑍 → 𝑒𝑒

Fake/non-prompt lepton: from heavy/light flavor decays
• Dynamic matrix method with 2 input parameters

• Real and Fake efficiencies are estimated from data.

Nicola Abraham, University of Sussex

Background Estimation

!12

Real/prompt contributions: 
• Diboson (WZ) and ttV/H are the most dominant (depending on b-jet 

multiplicity); 
• Tribosons and other rare top processes are also considered; 
• CRWZ impact studies showed no significant improvement is observed; 
• Dedicated VRs will be used for background estimation validation.

Charge Flip: 
• Transforms opposite-sign events to same-sign; 
• Negligible for muons; 
• Strongly reduced with Electron Charge-ID Selector; 
Fake/non-prompt: 
• Reduced with tight ID and Isolation working points 

for both electrons and muons; 
• Data-driven method used to estimate these 

backgrounds (Dynamic Matrix Method) and verified 
(ABCD).

Validation regions (VR) are designed to verify the irreducible 
background. 
• Good agreement between data and prediction
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Table 3: Event selection requirements defining the three validation regions for the prediction of W Z+jets and tt̄V

Standard Model processes, based on the variables defined in Section 5.
n` nb nj me� [GeV] Other requirements

VRWZ4j = 3,
= 1 SFOS pair

= 0 � 4 (pT >25 GeV) > 600 81 < mSFOS < 101 GeV, E
miss
T > 50 GeV,

no fourth baseline leptonVRWZ5j = 0 � 5 (pT >25 GeV) > 400

� 2,
� 1 SS pair

pT > 30 GeV for SS leptons,
VRttV � 1 � 3 (pT > 40 GeV) > 600

Õ
|p

b

T | > 0.4
Õ

|p
j

T |, E
miss
T > 0.1me�,

min�R⌘(`1, j) > 1.1
All VRs me� < 1.5 TeV, E

miss
T < 250 GeV; veto Rpc2L1b, Rpc2L2b, Rpc2L0b and Rpv2L signal regions.

Simulated events are weighted by scale factors to account for the mismodelling of ine�ciencies in the218

reconstruction of leptons and the application of identification and isolation requirements, in the lepton-based219

trigger chains, and in the application of the pile-up rejection (JVT) and b-tagging requirements for both jets220

that do or do not contain genuine b-flavoured hadrons.221

Various sources of systematic uncertainties in the predicted event yields are accounted for. Experimental222

sources, evaluated for all processes, include uncertainties in the calibration of momentum scale and223

resolution for jets, leptons and the soft term of the missing transverse momentum, as well as uncertainties224

in the various scale factors mentioned above, in the measured integrated luminosity, and in the distribution225

of the number of interactions per event.226

To these sources are added uncertainties in the theoretical modelling of each process. Uncertainties in the227

inclusive production cross-sections of tt̄W , tt̄Z and tt̄H are taken respectively as 12%, 13% and 8% [55],228

while a 6% uncertainty is retained for VV processes [67]. The impact of the choice of factorisation and229

renormalisation scales on the estimated fiducial acceptance and reconstruction e�ciencies of the SRs230

is assessed by considering the alternative event weights provided by the generators that correspond to231

up/down variations of these scales (see e.g. appendix B.3 in [1]), as well as similar variations for PDF232

uncertainties for VV processes.233

For tt̄V and tt̄H processes, the modelling of initial and final state radiations by the parton shower algorithm234

is assessed by comparing five related variations of the P����� 8 A14 event tune [57]. For tt̄W the modelling235

of extra jets is further compared to the prediction of the S����� 2.2.2 generator including LO matrix236

elements with two extra final state partons; the di�erence is found to be smaller than the tune-based parton237

shower uncertainties.238

For VV processes, the impact of the choice of resummation scale (QSF) and CKKW matching scale is also239

evaluated by comparing the nominal prediction to alternatives obtained with variations of these scales. In240

addition, the modelling of high jet multiplicities is probed by switching between di�erent parton shower241

recoil schemes implemented by the S����� generator [68, 69].242

Overall, modelling uncertainties in the SRs where these processes have sizeable contributions are 35� 45%243

for tt̄W , 25 � 45% for tt̄Z , and 40 � 45% for W Z . For all other processes, uncertainties of 50% are244

considered. The latter numbers are believed to be conservative as these processes produce larger number245

of jets at the first order of the perturbative expansion, rendering them less sensitive to e.g. parton shower246

modelling uncertainties. Modelling uncertainties are further assumed to be uncorrelated between processes247

shown in di�erent categories in the tables and plots.248
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Figure 4: Observed data events compared to the expected contributions from relevant Standard Model processes and
the reducible background, in the three VRs and the five SRs. The total uncertainties in the expected event yields are
visualized by the hashed bands.

Table 5: Number of observed data events and expected contributions from Standard Model processes and the reducible
background to the five signal regions. The displayed numbers include all sources of statistical and systematic
uncertainties; since some of the latter might be correlated between di�erent processes, the numbers do not necessarily
add up in quadrature to the uncertainty in the total expected background. The uncertainties shown in this table
are symmetrised. The W Z and tt̄V processes cannot genuinely result in final states with three same-sign leptons,
therefore their contributions to the Rpc3LSS1b signal region are denoted by �.

Rpc2L0b Rpc2L1b Rpc2L2b Rpc3LSS1b Rpv2L

Observed 6 11 12 4 5

Total SM background 4.8 ± 1.4 6.5 ± 1.5 7.8 ± 2.2 3.5 ± 1.4 5.6 ± 1.8

tt̄W 0.38 ± 0.21 1.56 ± 0.61 1.81 ± 0.67 � 0.64 ± 0.29
tt̄Z 0.26 ± 0.10 1.17 ± 0.42 1.04 ± 0.31 � 0.30 ± 0.16
W Z 1.88 ± 0.80 0.29 ± 0.13 0.21 ± 0.10 � 1.03 ± 0.46
Z Z , W

±
W

±, VH, VVV 0.61 ± 0.19 0.05 ± 0.03 0.05 ± 0.02 < 0.02 (*) 0.59 ± 0.17
t(W)Z , tt̄H, tt̄VV , 3/4t 0.51 ± 0.21 2.10 ± 0.75 3.2 ± 1.3 0.36 ± 0.06 (*) 1.52 ± 0.70
Fake/non-prompt 1.1 ± 1.0 1.3 ± 1.0 1.4 ± 1.5 2.6 ± 1.4 1.4 ± 1.5
Charge-flip 0.05 ± 0.04 0.11 ± 0.11 0.22 ± 0.22 0.52 ± 0.39 0.14 ± 0.14

(*) contributions to Rpc3LSS1b only include those from processes with genuine three-same-sign leptons final states,
such as tt̄W Z or W Z Z .

CLs prescription [79]. The likelihood is built as the product of a Poisson probability density function403

describing the observed number of events in the SR and, to constrain the nuisance parameters associated404

with the systematic uncertainties: Gaussian distributions for most sources, and Poisson distributions for405

statistical uncertainties arising from limited number of preselected or opposite-sign data events in the406

estimation of the reducible background, or limited number of simulated events. The hypothesis tests are407

performed for each of the SRs independently. Correlations of a given nuisance parameter between the408
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The yield of 139 fb-1 data and the predicted 
SM background is shown.
• No excess over the expected yields

Interpretation

m( 9𝑔) < 1.6 TeV , m( 9𝜒<=) < 1.0 ‒ 1.2 TeV m(𝑡̃), m(?𝑏) < 750 GeV
can be excluded in the model considered.

Nicola Abraham, University of Sussex

Physics Models
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                            g̃→ q̄q̃χ0

• Fast(er) Paper:

• Complex Paper: 
• Will introduce additional signal grids.

b̃→ tχ̃± t̃1 → t(W*)χ̃0 g̃→ tt̄χ̃0

Early Run-II Paper
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All limits at 95% CL

95 % CLs exclusion limits are computed.

• Large meff and EBCDEE except RPV scenarios ( 9𝑔 → 𝑡𝑏𝑑)
• Low EBCDEE for RPV sce

• At least 2 leptons and multiple jets

Rare process in SM à Very low background!

9𝑔 → 𝑞𝑞𝑊𝑍 9𝜒<= 𝑡̃ → 𝑡𝑊𝑊 9𝜒=< 9𝑔 → 𝑡𝑏𝑑

9𝑔 → 𝑞𝑞𝑊𝑍 9𝜒<=

𝑡̃ → 𝑡𝑊𝑊 9𝜒=<

9𝑔 → 𝑡𝑏𝑑


