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Search for Gluinos in Events with One Isolated 
Lepton, Jets and Large Missing Transverse 
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Combined exclusion limits (95% CL) in the two gluino simplified models using for each model point the signal region  
with the best expected sensitivity. The exclusion limits by previous ATLAS analyses are shown as the grey area. !
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Figure 1: The decay topology of the signal model considered in this search.

function (PDF) set. The EvtGen v1.2.0 program [32] is used to describe the properties of the bottom and
charm hadron decays in the signal samples.

The signal cross-sections are calculated at next-to-leading order (NLO) in the strong coupling constant,
adding the resummation of soft gluon emission at next-to-leading-logarithmic accuracy (NLL) [33–37].
The nominal cross-section and its uncertainty are taken from an envelope of cross-section predictions
using di↵erent PDF sets and factorisation and renormalisation scales [38, 39].

Table 1: Simulated background event samples: the corresponding generator, parton shower, cross-section normal-
isation, PDF set and underlying-event tune are shown.

Physics process Generator Parton shower Cross-section PDF set Tune
normalisation

W(! `⌫) + jets Sherpa 2.1.1 [40] Sherpa 2.1.1 NNLO NLO CT10 Sherpa default
Z/�⇤(! ``) + jets Sherpa 2.1.1 Sherpa 2.1.1 NNLO NLO CT10 Sherpa default
tt̄ powheg-box v2 Pythia 6.428 [41] NNLO+NNLL NLO CT10 Perugia2012 [42]
Single-top
(t-channel) powheg-box v1 Pythia 6.428 NLO NLO CT10f4 Perugia2012
Single-top
(s- and Wt-channel) powheg-box v2 Pythia 6.428 NLO NLO CT10 Perugia2012
tt̄ +W/Z/WW MG5_aMC@NLO 2.2.2 Pythia 8.186 NLO NNPDF2.3LO A14
WW, WZ and ZZ Sherpa 2.1.1 Sherpa 2.1.1 NLO NLO CT10 Sherpa default

The simulated event samples for the SM backgrounds are summarised in Table 1, along with the PDFs and
tunes used. Further samples are also used to assess systematic uncertainties, as explained in Section 7.

For the production of tt̄ and single top quarks in the Wt and s-channel [43] the powheg-box v2 [44] gen-
erator with the CT10 [45] PDF sets in the matrix-element calculations is used. Electroweak t-channel
single-top-quark events are generated using the powheg-box v1 generator. This generator uses the four-
flavour scheme for the NLO matrix-element calculations together with the fixed four-flavour PDF set
CT10f4. For all top-quark processes, top-quark spin correlations are preserved (for the single-top t-
channel, top quarks are decayed using MadSpin [46]). The parton shower, fragmentation, and the un-
derlying event are simulated using Pythia 6.428 with the CTEQ6L1 [47] PDF set and the corresponding
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The observed data agree with the Standard Model background  prediction in the signal regions. The largest 
deviation is a 1.1 standard deviation  excess in a channel requiring a high-pT lepton and six jets. 
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Benchmark signal: simplified SUSY 
model of gluino pair production

Only three free parameters: and
Two different scenarios considered in this search:

fixed to 60 GeV
fixed to (                     )/2 GeV

➙

➙

Analysis Strategy

The analysis is based on 14.8 fb-1 of ATLAS data at √s=13 TeV:

Lepton pT used to exploit different SUSY mass spectra:  
soft-lepton channelhard-lepton channel

lepton pT>35 GeV lepton pT<35 GeV
large gluino-LSP  
mass splittings

compressed SUSY 
mass spectra

Define Signal Regions (SR) to enhance a possible SUSY signal in the data over the Standard  
Model backgrounds. Main discriminating variables: transverse mass (mT), “effective” mass  
(meff), missing transverse momentum (ETmiss) and aplanarity (Aplanarity). 

➙ selecting events using missing transverse momentum triggers; 
➙ requiring exactly one lepton (e/µ) in the final state.

Top CR 
(≥1 b-jets)

W CR 
(b-jet veto)

Signal 
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The final observable is the absolute number  
of events observed in each signal region.

Main backgrounds: ttbar, W+jets 
  ➙  normalization fitted simultaneously to data in     
       specific Control Regions (CR) 
  ➙  extrapolated to SR using MC-based Transfer          
       Factors (TF)

TF
Minor backgrounds: single top, diboson,  
Z+jets and ttV 
  ➙  estimated entirely using MC simulation

Results

1 lepton (e/µ) + jets + missing transverse momentum 

Model-independent upper limits and discovery p-values
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Table 16: The columns show from left to right: the name of the respective signal region; the observed 95% confid-
ence level (CL) upper limits on the visible cross-section (h✏�i95

obs) and on the number of signal events (S 95
obs ); the

95% CL upper limit on the number of signal events (S 95
exp), given the expected number (and ±1� variations on the

expectation) of background events; the two-sided CLb value, i.e. the confidence level observed for the background-
only hypothesis and the one-sided discovery p-value (p(s = 0)). The discovery p-values are capped to 0.5 in the
case of observing less events than the fitted background estimates.

Region h✏�i95
obs[fb] S 95

obs S 95
exp CLB p(s = 0)

GG 2J 1.44 21.3 20.2+6.8
�5.1 0.56 0.41

GG 6J bulk 1.49 22.1 14.7+6.3
�4.2 0.89 0.11

GG 6J high-mass 0.35 5.1 5.5+2.2
�1.4 0.40 0.90

GG 4J high-x 0.28 4.2 5.2+2.2
�1.2 0.26 0.77

GG 4J low-x 0.37 5.5 6.6+2.7
�1.7 0.28 0.83

SS 4J x=1/2 0.51 7.5 6.9+2.8
�1.7 0.62 0.40

SS 5J x=1/2 0.43 6.3 9.1+3.4
�2.4 0.13 0.88

SS 4J low-x 0.59 8.8 6.6+2.5
�1.6 0.83 0.18

SS 5J high-x 0.49 7.2 8.8+3.5
�2.1 0.26 0.91

Depending on the model, gluino masses up to ⇠ 1.8 TeV can be excluded for small LSP masses or459

chargino masses of ⇠ 900 GeV. In the case of squark pair-production, the limits reach up to ⇠ 1.1 TeV460

in the model parametrisation with fixed LSP mass at 60 GeV for chargino masses of ⇠ 480 GeV or461

⇠ 650 GeV and also in the model parametrisation with fixed x for small LSP masses.462
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Table 16: The columns show from left to right: the name of the respective signal region; the observed 95% confid-
ence level (CL) upper limits on the visible cross-section (h✏�i95

obs) and on the number of signal events (S 95
obs ); the

95% CL upper limit on the number of signal events (S 95
exp), given the expected number (and ±1� variations on the

expectation) of background events; the two-sided CLb value, i.e. the confidence level observed for the background-
only hypothesis and the one-sided discovery p-value (p(s = 0)). The discovery p-values are capped to 0.5 in the
case of observing less events than the fitted background estimates.
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�1.6 0.83 0.18
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�2.1 0.26 0.91

Depending on the model, gluino masses up to ⇠ 1.8 TeV can be excluded for small LSP masses or459

chargino masses of ⇠ 900 GeV. In the case of squark pair-production, the limits reach up to ⇠ 1.1 TeV460

in the model parametrisation with fixed LSP mass at 60 GeV for chargino masses of ⇠ 480 GeV or461

⇠ 650 GeV and also in the model parametrisation with fixed x for small LSP masses.462
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Table 14: Background fit results for the gluino regions, for an integrated luminosity of 14.8 fb�1. Uncertainties
in the fitted background estimates combine statistical (in the simulated event yields) and systematic uncertainties.
The uncertainties in this table are symmetrised for propagation purposes but truncated at zero to remain within the
physical boundaries.

Region (GG) 2J 6J bulk 6J high-mass 4J low-x 4J low-x b-veto 4J high-x

Observed events 47 32 3 4 2 2
Fitted background events 46 ± 7 24 ± 5 3.8 ± 1.2 6.0 ± 1.6 3.3 ± 1.2 3.4 ± 0.9
Fitted tt̄ events 12.4 ± 3.5 17 ± 5 2.0 ± 0.9 3.4 ± 1.6 0.8 ± 0.4 0.7 ± 0.4
Fitted W+jets events 16.7 ± 3.2 1.2 ± 0.5 0.6 ± 0.4 0.7 ± 0.4 1.2 ± 0.7 1.4 ± 0.4
Fitted Z+jets events 2.9 ± 1.7 0.04+0.07

�0.04 0.11 ± 0.09 0.11 ± 0.08 0.030 ± 0.030 0.040 ± 0.030
Fitted single top events 3.4 ± 2.8 2.0 ± 1.6 0.7 ± 0.6 1.2 ± 1.0 1.0 ± 0.9 0.6 ± 0.5
Fitted diboson events 9 ± 5 1.8 ± 1.5 0.20+0.33

�0.20 0.21+0.32
�0.21 0.31+0.33

�0.31 0.6 ± 0.6
Fitted tt̄+V events 1.27 ± 0.12 1.72 ± 0.32 0.18 ± 0.06 0.27 ± 0.05 0.04 ± 0.010 0.18 ± 0.04

Table 15: Background fit results for the squark regions, for an integrated luminosity of 14.8 fb�1. Uncertainties
in the fitted background estimates combine statistical (in the simulated event yields) and systematic uncertainties.
The uncertainties in this table are symmetrised for propagation purposes but truncated at zero to remain within the
physical boundaries.

Region (SS) 4J x=1/2 5J x=1/2 4J low-x 5J high-x

Observed events 6 8 8 7
Fitted background events 5.4 ± 1.7 13.2 ± 2.5 11.1 ± 2.7 4.6 ± 1.4
Fitted tt̄ events 1.0 ± 0.5 4.2 ± 1.5 1.8 ± 1.0 0.51 ± 0.20
Fitted W+jets events 2.2 ± 0.6 3.6 ± 0.9 4.0 ± 1.1 2.4 ± 0.8
Fitted Z+jets events 0.08 ± 0.06 0.29 ± 0.19 0.16 ± 0.09 0.11 ± 0.08
Fitted single top events 0.27 ± 0.24 0.6 ± 0.5 1.4 ± 1.2 0.18 ± 0.17
Fitted diboson events 1.8 ± 1.5 4.3 ± 2.5 3.7 ± 2.1 0.6 ± 0.6
Fitted tt̄+V events 0.059 ± 0.022 0.34 ± 0.08 0.13 ± 0.04 0.104 ± 0.031

SM (S 95
obs and S 95

exp, respectively), as discussed in Section 8. All limits are calculated using the CLs446

prescription [90]. Table 16 presents the upper limits together with the upper limits on the visible beyond447

the SM cross-section (�vis, defined as the product of acceptance, selection e�ciency and production448

cross-section). The latter is calculated by dividing the observed upper limit on the number of beyond-SM449

events by the integrated luminosity of 14.8 fb�1. The table also gives the background-only confidence450

level CLb. Further, the discovery p-values are given, presenting the probability for the background-only451

assumption to produce event yields greater or equal to the observed data. The CLb and p-values use452

di↵erent definitions of test statistics in their calculation, the former with the signal-strength parameter set453

to one and the latter to zero.454

Using the model-dependent limit fit described in Section 8, limits on the specific models discussed in455

Section 3 are calculated. Figure 6 shows the combined 95% CL exclusion limits, where the signal region456

with the best expected sensitivity is used for each model point. Figure 7 details the contributions of the457

various signal regions to the combined limits.458
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Table 3: Overview of the selection criteria for the gluino hard-lepton signal regions.

GG 6J bulk GG 6J high-mass GG 4J low-x GG 4J low-x b-veto GG 4J high-x

Nlep (preselected) = 1
p`T (GeV) > 35 > 35 > 7(6) > 7(6) > 35

for electron (muon) for electron (muon)

Njet � 6 � 6 � 4 � 4 � 4
pjet1

T (GeV) > 125 > 125 > 100 > 100 > 400
pjet2,3

T (GeV) > 30 > 30 > 100 > 100 > 30
pjet4

T (GeV) > 30 > 30 > 100 > 100 [30, 100]
pjet5,6

T (GeV) > 30 > 30 - - -
Nb�jet - - - = 0 -

mT (GeV) > 225 > 225 > 125 > 125 > 475
Emiss

T (GeV) > 250 > 250 > 250 > 250 > 250
minc

e↵ (GeV) > 1000 > 2000 > 2000 > 2000 > 1600
Emiss

T /minc
e↵ > 0.2 > 0.1 - - > 0.3

Jet aplanarity > 0.04 > 0.04 > 0.06 > 0.03 -

Table 4: Overview of the selection criteria for the gluino hard-lepton signal regions.

GG 2J GG 6J bulk GG 6J high-mass GG 4J low-x GG 4J low-x b-veto GG 4J high-x

p`T (GeV) [7(6), 35] > 35 > 35 > 7(6) > 7(6) > 35
for e (µ) for e (µ) for e (µ)

Njet � 2 � 6 � 6 � 4 � 4 � 4
pjet1

T (GeV) > 200 > 125 > 125 > 100 > 100 > 400
pjet2,3

T (GeV) > 30/� > 30 > 30 > 100 > 100 > 30
pjet4

T (GeV) - > 30 > 30 > 100 > 100 [30, 100]
pjet5,6

T (GeV) - > 30 > 30 - - -
Nb�jet - - - - = 0 -

mT (GeV) > 100 > 225 > 225 > 125 > 125 > 475
Emiss

T (GeV) > 460 > 250 > 250 > 250 > 250 > 250
minc

e↵ (GeV) - > 1000 > 2000 > 2000 > 2000 > 1600
Emiss

T /minc
e↵ > 0.35 > 0.2 > 0.1 - - > 0.3

Jet aplanarity - > 0.04 > 0.04 > 0.06 > 0.03 -

6 Background estimation293

The dominant Standard Model background processes in the signal regions targeting gluino production are294

tt̄ and W+jets. The signal regions constructed for squark production also exhibit a significant contribution295

from diboson processes. The di↵erential distributions arising from these major background processes296

as predicted from simulation are simultaneously normalised to the number of data events observed in297

dedicated control regions (CR), through the fitting procedure described in Section 8. The simulation is298
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