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We present the implementation in MadAnalysis 5 of the ATLAS-SUSY-2018-32 search
for new physics, and document the validation of this re-implementation. This analysis

targets, with 139 fb−1 of proton-proton collisions at a centre-of-mass energy of 13 TeV

recorded by the ATLAS detector, the electroweak pair production of supersymmetric
charginos and sleptons when they further decay into a final state comprising a pair

of leptons and missing energy. The validation of our work is based on three R-parity

conserving supersymmetric benchmark setups that feature, respectively, chargino pair-
production followed by decays into leptons via an intermediate weak boson, chargino

pair-production followed by chargino cascade decays into a leptons through a slepton

mediator, and slepton pair-production followed by slepton direct decays into leptons.

1. Introduction

Supersymmetry (SUSY) is one of the most popular extensions of the Standard

Model (SM). By naturally extending the Poincaré algebra and linking the fermionic

and bosonic degrees of freedom of the theory, SUSY could provide, among others,

a solution for the hierarchy problem of the SM and an explanation for the prob-

lematics of dark matter. The so-called Minimal Supersymmetric Standard Model

(MSSM) [1,2] consists in the direct supersymmetrisation of the SM, giving thus rise

to one SUSY partner to each SM degrees of freedom. In this framework, the slepton

mass eigenstates are the superpartners of the SM leptons, and the electroweakino

mass eigenstates consist of admixtures of the partners of the SM gauge and Higgs

fields. More precisely, electroweakinos comprise the electrically-charged charginos
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Fig. 1. Representative Feynman diagrams for the scenarios used for the validation of our re-
implementation of the ATLAS-SUSY-2018-32 analysis. We consider chargino production followed

by decays through electroweak bosons (left), slepton production followed by direct decays into

leptons and missing energy (centre) and chargino production followed by decays mediated by an
intermediate slepton or sneutrino (right). The diagrams have been taken from Ref. [3].

(χ̃±
i , i ∈ 1, 2) and the electrically-neutral neutralinos (χ̃0

i , i ∈ 1, 2, 3, 4). The light-

est neutralino is often considered to be the lightest supersymmetric particle (LSP),

hence a potentially viable candidate for dark matter.

The ATLAS-SUSY-2018-32 analysis [3] has been structured to look for new

physics signals that might appear due to charginos and sleptons. It searches for

dilepton and missing energy final states which can emerge from the production of

either a pair of lightest charginos, or of a pair of sleptons. Two separate benchmarks

have been constructed for this purpose in the chargino case. First, a pure wino-like

(W̃ ) chargino is considered to decay into a bino-like (B̃) LSP and a lepton via an

intermediate W -boson. Second, the same wino-like chargino is assumed to cascade

decay to the same final state, but this time through a slepton exchange. Additionally,

a third benchmark scenario is dedicated to the pair production of sleptons that decay

each into a lepton and an LSP. Those three cases are illustrated with the Feynman

diagrams of Fig. 1.

Those three scenarios have been analysed to constrain the corresponding simpli-

fied models. The experimental results have shown that for a massless LSP, chargino

masses up to 420 GeV are excluded at 95% confidence level (CL) in the first class

of scenarios (chargino pair production and decay via a charged weak gauge boson).

A more severe bound has been set on the second class of scenarios, when charginos

decay through an intermediate slepton. The masses are in this case constrained to

be larger than 1 TeV at 95% CL. Finally, slepton mass bounds, as derived in the

context of the third class of scenarios, are of 700 GeV.

In the rest of this note, we present the recast of ATLAS-SUSY-2018-32 analy-

sis of Ref. [3] in the MadAnalysis 5 framework, that is now available from the

MadAnalysis 5 Public Analysis Database and the MadAnalysis 5 dataverse [4].

2. Description of the analysis

This analysis targets a signature made of two lepton and missing transverse energy,

as could arise from the production and decay of a pair lightest charginos (χ̃±
1 ) or

http://madanalysis.irmp.ucl.ac.be/wiki/PublicAnalysisDatabase
https://doi.org/10.14428/DVN/EA4S4D
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slepton (l̃i). As mentioned in the previous section, the results are interpreted in

three classes of simplified models depicted in the diagrams of Fig 1. The first two

of these extend the SM by a chargino and a neutralino LSP, the difference between

them lying at the level of the chargino decay. In the first setup, charginos decay

into a single lepton and missing energy via an intermediate W -boson, whereas in the

second setup, they decay via an intermediate slepton. In the last class of simplified

models under consideration, the SM is supplemented by a charged slepton and a

neutralino LSP, the slepton being taken directly decaying into the LSP and a lepton.

The validation of our re-implementation is achieved in these three cases.

2.1. Object definitions

Jets are obtained by the clustering all participants to the hadronic activity in the

event, electrons and photons according to the anti-kT algorithm [5], as embedded

in the FastJet package version 3.3.3 [6], with a radius parameter set to R = 0.4.

Jet candidates are then extracted by requiring the reconstructed objects to have

a minimum transverse momentum pT > 20 GeV and a pseudorapidity satistying

|η| < 2.4.

Electron and muons are required to satisfy strong isolation conditions to be

considered as a signal leptons.

A signal electron is required to have a minimum pT of 10 GeV and to be within

|η| < 2.47. These electrons are then required to be isolated from the calorimetric

activity and any other charged track. This is achieved in practice by constraining

the sum of the pT of all tracks lying in a cone of radius ∆R around the electron to

be smaller than 15% of the electron transverse momentum, the cone radius being

defined by ∆R = min(10/pT , 0.2). Moreover, the calorimetric activity Ierel in a cone

of radius ∆R = 0.2 around the electron is restricted to be smaller than 20% of

the electron pT . For very hard electrons with pT > 200 GeV, a special isolation

treatment is, however, implemented. In this case, one solely imposes the signal

electron to be calorimetrically isolated, requiring Ierel < max(0.015pT , 3.5).

Signal muons are defined similarly. Their transverse momentum is imposed to

fulfil pT > 10 GeV and their pseudorapidity |η| < 2.7. Track-based isolation implies

that the sum of the transverse momentum of all tracks lying in a cone of radius

∆R = min(10/pT , 0.3) around the muon is smaller than 15% of the muon transverse

momentum, whilst calorimetric isolation enforces Iµrel < 0.3pT , for a cone of radius

∆R = 0.2 centred on the muon.

Finally, all jets at a distance in the transverse plane of ∆R ≤ 0.2 (0.4) of an

electron (muon) are removed, and all electrons are required to be separated from

any muon by least ∆R = 0.2. The collection of b-jets is extracted from the collection

of cleaned signal jets.
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2.2. Event selection

The considered ATLAS-SUSY-2018-32 analysis includes four sets of signal regions

differing by the properties of the dilepton system and the jet activity in the event.

Two categories of signal regions feature a pair of leptons of different flavours (DF).

Regions of the first class impose a veto to the presence of any final-state signal

jet, whereas regions of the second sub-category allow for the presence of one jet in

the final state. Similarly, two classes of regions are designed to probe final states

featuring a pair of leptons of the same flavour (SF), these two sub-categories differing

by requiring either zero or one final-state jet.

After dedicated pre-selection requirements, all signal regions are further divided

into different bins in the mT2 observable defined by [7, 8]

mT2(pT,1,pT,2,p
miss
T ) = min

qT,1+qT,2=pmiss
T

{max [mT (pT,1,qT,1),mT (pT,2,qT,2)]} .

Here pT,1 and pT,2 are transverse momentum vectors of the two leptons and qT,1
and qT,2 are chosen to be a decomposition of the missing momentum vector, qT,1 +

qT,2 = pmiss
T . A minimisation is performed over all possible decompositions of the

missing momentum vector. For each decomposition, we calculate the transverse

mass of the system constitued by the first (second) lepton and the qT,1 (qT,2)

vector. The mT2 value is then taken as the minimum of the maximum of the two

transverse masses associated with a given pmiss
T decomposition.

In order to take trigger efficiencies into account, events are reweighed by 85%

before any selection requirement. All signal regions then imposes that events feature

two opposite-sign leptons with a minimum transverse momentum of 25 GeV, and

whose invariant ,ass is larger than 25 GeV. A b-jet veto is further enforced. At this

stage, the analysis is split into four categories, as mentioned above (DF/SF lepton

pair, with or without one jet).

The DF signal regions additionally asks that the invariant mass of the lepton pair

satisfies ml1,l2 > 100 GeV, whereas the SF ones increase this threshold to ml1,l2 >

121.2 GeV. Finally, all signal regions require the presence of at least 100 GeV of

missing transverse energy, and the missing energy significance, defined by /ET /
√
HT ,

has to be larger than 10
√

GeV. In this expression, the denominator involves the

HT variable that consists of the scalar sum of the transverse momenta of all signal

jets. A schematic representation of all signal regions is shown in Table 1.

3. Validation

3.1. Event generation

For the validation of the re-implementation of the ATLAS-SUSY-2018-32 analy-

sis, we study the three different scenarios defined above. For the production of

a pair of charginos that both decay via a W -boson, we choose a mass spec-

trum such that m(χ̃±
1 , χ̃

0
1) = (300, 50) GeV, all other SUSY states being decou-

pled. Similarly, for the scenario focusing on slepton pair production, we choose
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Table 1. Schematic representation of the ATLAS-SUSY-2018-32 signal region definitions.

Different Flavour (DF) Same Flavour (SF)

OS dilep. with pl1,l2T > 25 [GeV]

ml1,l2 > 25 [GeV]

b veto

DF dilep. & Nj = 0 DF dilep. & Nj = 1 SF dilep. & Nj = 0 SF dilep. & Nj = 1

ml1,l2 > 100 [GeV] ml1,l2 > 121.2 [GeV]

/ET > 110 [GeV]

/ET Sig. > 10 [
√

GeV]

mT2 bins

m(l̃±, χ̃0
1) = (400, 200) GeV and decouple the rest of the spectrum. Finally, for the

scenario where the two pair-produced charginos decay via an intermediate slepton,

the mass spectrum is chosen to be m(χ̃±
1 , l̃

±, χ̃0
1) = (600, 300, 1) GeV, with again

all other superpartners being decoupled. All SLHA spectrum files can be found in

dedicated HEPData records provided by the ATLAS collaboration [9].

For our validation, we generate various leading-order event samples with

MG5 aMC version 2.7.3 [10]. Following the MLM prescription [11], we merge sam-

ples featuring up to two extra jets at the matrix-element level, the merging scale

being set to one quarter of the mass of the pair-produced SUSY particle. All events

are showered and hadronised by means of Pythia 8 [12], and the simulation of

the ATLAS detector is performed with the Delphes 3 package [13]. Through our

simulation we used the leading-order set of NNPDF 2.3 parton distribution func-

tions, as provided by LhaPDF [14,15]. Our re-implementation can then be used to

investigate the ATLAS-SUSY-2018-32 sensitivity to the simulated signals, through

MadAnalysis 5 version 1.8 (or more recent) [16]. All analysis files can be obtained

from the MadAnalysis 5 Public Analysis Database [17].

3.2. Comparison with the official results

In this section we compare our preductions for all the benchmarks described in

section 3.1 with the corresponding official ATLAS results. To estimate the quality

of our re-implementation, we define a variable δ to quantify the difference between

the relative cut efficiencies as obtained from the ATLAS and MadAnalysis 5

results,

δi =
|εATLAS
i − εMA5

i |
εATLAS
i

.

Here εi represents the relative cut efficiency which is defined as εi = Ni/Ni−1, Ni
being number of surviving events after the ith cut. The analysis will be considered

as validated provided that all δi values are found to satisfy δ . 20%. In the present

https://www.hepdata.net/record/ins1750597
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recast exercise, it should be noted that the lack of public information related to

how the ATLAS collaboration has prepared its Monte Carlo production introduces

a certain bias and makes the comparison complicated.

Finally, in order to evaluated the statistical power associated with our event

generation procedure, we quantify the Monte Carlo uncertainty through a ∆MC

quantity defined by

∆MC =
Nn√
NMC
n

,

where NMC
n is defined by the number of unweighted Monte Carlo events surviving

the last cut. In our validation, we aim to remain a 10% Monte Carlo uncertainty,

that is found to always be smaller than the magnitude of the deviation between the

MadAnalysis 5 predsictions and the ATLAS results after the last cut.

Our results include a comparison between MadAnalysis 5 predictions and AT-

LAS official results for all four considered classes of signal regions, that respectively

target the production of a SF lepton pair with 0 jet, the production of a SF lepton

pair with 1 jet, the production of a DF lepton pair with 0-jet and the production of a

DF lepton pair with 1 jet. As only ATLAS predictions for the mT2 ∈ [100,∞[ GeV

bin are available in HEPData, we accordingly restrict the discussion to this sole

inclusive bin.

Tables 2 and 3 include cut-flow results for the benchmark simplified model fea-

turing chargino production and decay via a W -boson. As can be seen in the lower

panel of table 3, the largest variation from the ATLAS results has been observed

to be 20.3% for the /ET significance requirement. This disagreement stems from

potentially genuine differences between the implementation of this cut in our re-

implementation and in the non-public ATLAS code. However, our definition still

gives a reasonably acceptable deviation from the ATLAS results, especially after

accounting for all other cuts.

We then present results for slepton production (third class of benchmarks) in

table 4, and for chargino pair-production followed by chargino decays via an inter-

mediate slepton (second class of benchmarks) in tables 5 and 6.

All ten tables comprise two main columns, one for the ATLAS results and one

for the MadAnalysis 5 ones. These columns are further divided, so that they

include the number of events surviving each cut, the relative cut efficiencies and

the δi quantities for each cut. All tables have been prepared with the ma5 expert

package [18].

4. Conclusions

In this validation note, we presented our efforts on re-implementing the ATLAS-

SUSY-2018-32 analysis in the MadAnalysis 5 framework. We have validated our

work in the context of three simplified models dedicated to the production of elec-

troweakinos and sleptons. The validation has been achieved by comparing predic-

tions obtained with our code to official results from the ATLAS collaboration. We

https://www.hepdata.net/record/ins1750597
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Table 2. Cut-flow associated with the signal region dedicated to the pro-

duction of a SF lepton pair without any jet (upper) or with a single jet
(lower), for a benchmark scenario of the first category (production of a pair

of charginos that decay each via a W -boson), for a spectrum defined by

m(χ̃±
1 , χ̃

0
1) = (300, 50) GeV.

ATLAS MadAnalysis 5

Events ε Events ε δ [%]

Initial 26432.0 - 26432.0 - -

OS dilep. with pl1,l2T > 25 [GeV] 565.0 0.021 570.1 0.022 0.9

ml1,l2 > 25 [GeV] 559.0 0.989 564.0 0.989 0.0

b veto 526.0 0.941 557.7 0.989 5.1

SF dilep. & Nj = 0 138.7 0.264 134.0 0.240 8.9

ml1,l2 > 121.2 [GeV] 92.4 0.666 81.9 0.612 8.2

/ET > 110 [GeV] 47.1 0.510 42.4 0.518 1.5

/ET Sig. > 10 [
√

GeV] 42.9 0.911 42.4 1.000 9.8

mT2 ∈ [100,∞[ [GeV] 25.4 0.592 21.3 0.501 15.3

∆MC/Nyield 4.3% 7.5%

ATLAS MadAnalysis 5

Events ε Events ε δ [%]

Initial 26432.0 - 26432.0 - -

OS dilep. with pl1,l2T > 25 [GeV] 565.0 0.021 570.1 0.022 0.9

ml1,l2 > 25 [GeV] 559.0 0.989 564.0 0.989 0.0

b veto 526.0 0.941 557.7 0.989 5.1

SF dilep. & Nj = 1 88.8 0.169 87.7 0.157 6.9

ml1,l2 > 121.2 [GeV] 58.9 0.663 57.5 0.656 1.1

/ET > 110 [GeV] 32.6 0.553 31.8 0.552 0.2

/ET Sig. > 10 [
√

GeV] 26.9 0.825 30.5 0.961 16.4

mT2 ∈ [100,∞[ [GeV] 14.0 0.520 13.9 0.455 12.6

∆MC/Nyield 5.7% 9.4%

have obtained a good agreement at each step of the analysis and for each of the

four considered signal regions, the deviations being usually smaller than 10%. The

largest discrepancies can be traced to difficulties in modelling the missing energy sig-

nificance, which however yields a small impact when including the entire selection.

The re-implementation is therefore considered as validated.

The MadAnalysis 5 C++ code is available from the MadAnalysis 5 data-

verse (https://doi.org/10.14428/DVN/EA4S4D) [4]. The material relevant for the

validation benchmarks has been obtained from HEPData [9].

https://doi.org/10.14428/DVN/EA4S4D
https://www.hepdata.net/record/ins1750597
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Table 3. Same as in table 2 but for a pair of DF leptons produced without any

jet (upper) and with one jet (lower).

ATLAS MadAnalysis 5

Events ε Events ε δ [%]

Initial 26432.0 - 26432.0 - -

OS dilep. with pl1,l2T > 25 [GeV] 565.0 0.021 570.1 0.022 0.9

ml1,l2 > 25 [GeV] 559.0 0.989 564.0 0.989 0.0

b veto 526.0 0.941 557.7 0.989 5.1

DF dilep. & Nj = 0 122.7 0.233 137.0 0.246 5.3

ml1,l2 > 100 [GeV] 94.2 0.768 103.7 0.757 1.4

/ET > 110 [GeV] 46.5 0.494 52.2 0.503 1.9

/ET Sig. > 10 [
√

GeV] 42.2 0.908 52.2 1.000 10.2

mT2 ∈ [100,∞[ [GeV] 26.4 0.626 30.1 0.578 7.6

∆MC/Nyield 4.2% 6.3%

ATLAS MadAnalysis 5

Events ε Events ε δ [%]

Initial 26432.0 - 26432.0 - -

OS dilep. with pl1,l2T > 25 [GeV] 565.0 0.021 570.1 0.022 0.9

ml1,l2 > 25 [GeV] 559.0 0.989 564.0 0.989 0.0

b veto 526.0 0.941 557.7 0.989 5.1

DF dilep. & Nj = 1 81.9 0.156 88.2 0.158 1.5

ml1,l2 > 100 [GeV] 62.3 0.761 65.0 0.738 3.0

/ET > 110 [GeV] 33.8 0.543 35.4 0.544 0.3

/ET Sig. > 10 [
√

GeV] 27.2 0.805 34.3 0.968 20.3

mT2 ∈ [100,∞[ [GeV] 15.3 0.562 15.9 0.464 17.6

∆MC/Nyield 5.2% 8.8%
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Table 5. Same is in table 2 but for a benchmark scenario of the third
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ATLAS MadAnalysis 5

Events ε Events ε δ [%]

Initial 1320.0 - 1320.0 - -

OS dilep. with pl1,l2T > 25 [GeV] 430.0 0.326 450.7 0.341 4.8
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SF dilep. & Nj = 1 74.0 0.185 73.5 0.166 9.8

ml1,l2 > 121.2 [GeV] 65.5 0.885 66.8 0.909 2.7

/ET > 110 [GeV] 55.9 0.853 57.6 0.863 1.1

/ET Sig. > 10 [
√

GeV] 49.7 0.889 56.7 0.984 10.6

mT2 ∈ [100,∞[ [GeV] 41.7 0.839 44.4 0.783 6.6

∆MC/Nyield 5.3% 1.4%
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Table 6. Same as in table 5 but for a pair of DF leptons produced without

any jet (upper) and with one jet (lower).

ATLAS MadAnalysis 5

Events ε Events ε δ [%]

Initial 1320.0 - 1320.0 - -

OS dilep. with pl1,l2T > 25 [GeV] 430.0 0.326 450.7 0.341 4.8

ml1,l2 > 25 [GeV] 429.0 0.998 449.9 0.998 0.1

b veto 401.0 0.935 441.5 0.981 5.0

DF dilep. & Nj = 0 82.8 0.206 92.8 0.210 1.8

ml1,l2 > 100 [GeV] 77.8 0.940 86.8 0.935 0.5

/ET > 110 [GeV] 66.8 0.859 73.8 0.850 1.0

/ET Sig. > 10 [
√

GeV] 62.9 0.942 73.8 1.000 6.2

mT2 ∈ [100,∞[ [GeV] 53.8 0.855 60.3 0.817 4.5

∆MC/Nyield 4.8% 1.2%

ATLAS MadAnalysis 5

Events ε Events ε δ [%]

Initial 1320.0 - 1320.0 - -

OS dilep. with pl1,l2T > 25 [GeV] 430.0 0.326 450.7 0.341 4.8

ml1,l2 > 25 [GeV] 429.0 0.998 449.9 0.998 0.1

b veto 401.0 0.935 441.5 0.981 5.0

DF dilep. & Nj = 1 66.3 0.165 72.7 0.165 0.4

ml1,l2 > 100 [GeV] 61.3 0.925 68.4 0.941 1.8

/ET > 110 [GeV] 53.4 0.871 59.0 0.863 1.0

/ET Sig. > 10 [
√

GeV] 48.6 0.910 58.0 0.984 8.1

mT2 ∈ [100,∞[ [GeV] 40.7 0.837 45.7 0.788 5.9

∆MC/Nyield 5.4% 1.3%


