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1 Introduction

This note describes the implementation of the analysis ATLAS-EXOT-2018-06 [1] in MA-
DANALYSIS 5 [2, 3] that is now available in the Public Analysis Database [4]. This
analysis targets the search for new physics in final states with an energetic jet and large
missing transverse momentum. It uses 139 fb−1 of data at a center-of-mass energy of 13
TeV, collected in the period 2015–2018 with the ATLAS detector at the Large Hadron
Collider (LHC). Events are required to have at least one jet with transverse momentum
above 150 GeV (or 200 GeV) and no reconstructed leptons (electrons, muons or taus) or
photons. The final-state signature featuring at least one energetic jet, large pmiss

T and no
leptons constitutes a distinctive signature for new physics BSM at colliders. This signature
has been extensively studied at the LHC in the context of searches for :

1. large extra spatial dimensions,

2. supersymmetric particles in several compressed scenarios,

3. models with pair-produced weakly interacting massive particles as candidates for
dark matter,

4. new theoretical scenarios with axion-like particles,

5. signals from models inspired by dark energy with new scalar particles in the final
state.

Compared to previous publications using only 3.2 fb−1[5] and 36.1 fb−1[6] of data, the
analysis includes a number of improvements in the signal selection and the background
determination leading to enhanced sensitivity.

The ATLAS collaboration made available substantial additional data via HepData at
https://www.hepdata.net/record/ins1847779, including in particular detailed cut-
flows, tables and exclusion curves as well as digitised information on the figures.
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Figure 1 – Representative diagrams fro the processes relevant to this analysis : a Pair
production of weakly interacting massive particles χ through a mediator ZA with axial-
vector couplings exchanged in the s-channel. b Pair production of squarks that decay
through q̃ → q + χ̃0

1. The presence of a jet from initial-state radiation is indicated for
illustration purposes. c Pair production of dark-energy scalar fields φ in association with
an energetic jet in the final state.

2 Description of the analysis

This ATLAS analysis targets a final-state containing at least one very energetic jet that
is assumed to originate from initial state radiation, as well as a certain amount of missing
transverse energy Emiss

T .

2.1 Object definition in the ATLAS paper

Jets are reconstructed by using the anti-kt jet algorithm [7], as provided by the fastjet [8]
toolkit, with the radius parameterR = 0.4. Only those jets with pT > 20 GeV and |η| < 2.8
are considered in the analysis. Jets with pT > 30 GeV and |η| < 2.5 are identified as jets
containing b-hadrons (b-jets) according to a b-tagging working point that is in average
60% efficient [9].

Next, an overlap removal procedure is applied to jets, electrons, muons, taus and photons.

Electrons are initially required to have pT > 7 GeV and |η| < 2.47, and to satisfy the
’Loose’ track selection criteria [10], including a requirement on the match between the
track and the primary vertex, which requires the longitudinal impact parameter |z0| sin θ
to be less than 0.5 mm. Overlaps between identified electrons and jets with pT > 30 GeV
in the final state are resolved. Jets are discarded if they are not b-tagged and their sepa-
ration ∆R =

√
(∆η)2 + (∆ϕ)2 from an identified electron is less than 0.2. The electrons

separated by ∆R between 0.2 and 0.4 from any remaining jet are removed.

Muon are required to pass ’Medium’ identification requirements [11], and to have pT > 7
GeV and |η| < 2.5. As in the case of electrons, the muon track is required to have
|z0| sin θ < 0.5 mm. Jets with pT > 30 GeV and fewer than three tracks with pT > 500
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MeV associated with them are discarded if their separation from an identified muon is
less than 0.4.

Hadronically decaying τ -lepton candidates are formed by combining information from the
calorimeters and inner tracking detectors. The τ -lepton reconstruction algorithm [12] is
seeded by reconstructed jets with pT > 10 GeV and |η| < 2.5, and the reconstructed
energies of the τ -lepton candidates are corrected to the τ -lepton energy scale. They are
required to pass ’Loose’ identification requirements [13], to have pT > 20 GeV and |η| <
2.5, and to have one or three associated charged tracks. τ -leptons close to electrons or
muons (∆R < 0.2) are removed. Any jet within ∆R = 0.2 of a τ -lepton is removed.

Photons are required to pass ’Tight’ identification requirements [10], and to have pT > 10
GeV and |η| < 2.37. Photons are discarded if their separation ∆R from an identified muon
or electron is less than 0.4.

The vector missing transverse momentum pmiss
T is reconstructed from the negative vecto-

rial sum of the transverse momenta of electrons, muons, τ -lepton, photons, and jets with
pT > 20 GeV and |η| < 4.5.

2.2 Event pre-selection

A cut over all the events, Emiss
T > 150 GeV, is implemented in order to reproduce the

initial simulated sample generated with a minimum transverse momentum of 150 GeV
done in the ATLAS paper. It will not appear in the final code. Event preselection imposes
the presence of a significant amount of missing energy, Emiss

T > 200 GeV, a leading jet
with pT > 150 GeV and |η| < 2.4, and up to three additional jets with pT > 30 GeV and
|η| < 2.8.

Separation in the azimuthal angle of ∆ϕ(jet, pmiss
T ) > 0.4 (0.6) between the missing trans-

verse momentum direction and each selected jet is required for events with Emiss
T >

250GeV (200GeV < Emiss
T ≤ 250GeV) to reduce the multijet background contribution.

2.3 Signal Regions and summary

The analysis strategy is twofold, depending on the selection cut on the missing transverse
energy. Inclusive bins (named “IM”) are used for a model-independent interpretation of
the search results, while the full set of exclusive bins (named ”EM) are used for the
interpretation within different models of new physics.

In a first series of thirteen signal regions (EM0, EM1, . . ., EM12), the analysis considers
exclusive missing transverse energy selection, Emin

threshold < Emiss
T < Emax

threshold, where the 13
different thresholds range from 200 GeV to 1200 GeV. In a second series of thirteen signal
regions (IM0, IM1, . . ., IM12), it considers instead inclusive missing transverse energy
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Table 1 – Intervals and labels of the Emiss
T bins used for the signal region.

Exclusive (EM) EM0 EM1 EM2 EM3 EM4 EM5 EM6
Emiss

T [GeV ] 200–250 250–300 300–350 350–400 400–500 500–600 600–700
EM7 EM8 EM9 EM10 EM11 EM12

700–800 800–900 900–1000 1000–1100 1100–1200 >1200
Inclusive (IM) IM0 IM1 IM2 IM3 IM4 IM5 IM6
Emiss

T [GeV ] >200 >250 >300 >350 >400 >500 >600
IM7 IM8 IM9 IM10 IM11 IM12
>700 >800 >900 >1000 >1100 >1200

Figure 2 – Summary of all the cuts and “EM” Signal Regions (SR)

selections, Emiss
T > Ethreshold with the same thresholds range. These signal regions (SRs)

are summed up in Table 1.

Figure 2 presents all the cuts done for all the SRs and the specific cuts for each “EM”
SRs (from the ATLAS paper).
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3 Validation

Two principal types of results are presented : model-independent and model-dependent
exclusion limits. We will focus essentially on the squark-pair production case.

3.1 Generation of signal events

Different models of squark-pair production are considered : stop-pair production with
t̃1 → c + χ̃0

1, stop-pair production with t̃1 → b + ff
′
+ χ̃0

1, sbottom-pair production with
b̃1 → b + χ̃0

1, and squark-pair production with q̃ → q + χ̃0
1 (q = u, d, c, s). The results are

translated into exclusion limits as a function of the squark mass for different neutralino
masses. For our validation procedure, we considered first the t̃1 → b + ff

′
+ χ̃0

1 decay
channel. The additional case considered is the t̃1 → c+ χ̃0

1 decay channel (for the second
validation plot).

Signal events have been generated with MADGRAPH5 AMC@NLO[14] v.3 4 2 and Py-
thia 8 [15] for the hard scattering matrix elements and the simulation of the parton
showering and hadronization, respectively. The merging scale as been set, for each point,
to Qmatch = Mt̃/4 GeV for a MADGRAPH5 xqcut parameter set to 100 GeV. MSSM
[16, 17] within MADGRAPH5 AMC@NLO has been used to reproduce the wanted decay.
More specifically, we used a class of simplified models where the Standard Model is ex-
tended by a neutralino and a stop to produce the two decay channels considered for the
validation. To match the cutflows provided, I simulated 100k events at leading order in
MADGRAPH5 AMC@NLO, which after merging and passing to Pythia8 give 90k merged
events.

For the validation we used ma5 expert (https://github.com/MadAnalysis/ma5_expert),
MadAnalysis 5 output interpreter for expert mode that parses the cutflow and histogram
collections and constructs it with an interactable interface.

5



ATLAS-EXOT-2018-06 analysis in the MadAnalysis 5 framework Diyar Agin

Figure 3 – Cutflow of several signal benchmarks. A pre-cut on the truth Emiss
T at 150

GeV is applied. In our validation we are only interested in the TT bffN 450 443 column
which corresponds to the t̃1 → b + ff

′
+ χ̃0

1 decay channel with mt̃1 = 450 GeV and
mχ̃0

1
= 443 GeV

3.2 Cutflow table comparison

The HepData file, reproduced in Figure 3, gives us the cutflow table of several signal
benchmarks. A pre-cut on the truth Emiss

T at 150 GeV is applied. In our validation we are
only interested in the TT bffN 450 443 column which corresponds to the t̃1 → b+ff

′
+ χ̃0

1

decay channel with mt̃1 = 450 GeV and mχ̃0
1
= 443 GeV.

In Figure 4 is presented the Cutflow table of the t̃1 → b + ff
′
+ χ̃0

1 decay channel with
mt̃1 = 450 GeV and mχ̃0

1
= 443 GeV. There are two columns : one for ATLAS results and

the other for the results from this recasting.

1. ϵ corresponds to the efficiencies calculated thanks to the cutflow tables : ϵ =
number of events after the cut

total number of events

2. δ corresponds to the Monte-Carlo uncertainty calculated on the efficiencies thanks
to ma5expert,

3. Rgap is the relative gap on efficiencies : Rgap = | ϵATLAS−ϵrecasting

ϵATLAS
|

We obtain good results in this comparison with the ATLAS analysis, with low Rgap (from
1 to 25 %). To validate these good results, two plots of two different decay channel have
been done.
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Figure 4 – Cutflow table comparison of the t̃1 → b + ff
′
+ χ̃0

1 decay channel with
mt̃1 = 450 GeV and mχ̃0

1
= 443 GeV. The ATLAS column corresponds to the cutflow table

given by the ATLAS collaboration team and the MadAnalysis 5-SFS column corresponds
to the results obtained within the recasting.
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3.3 Validation plots

Even with the validation given by the ATLAS cutflow comparison with our recasting,
we have decided to validate our reimplementation by reproducing the ATLAS excluded
regions at the 95% CL in the (t̃1, χ̃

0
1) mass plane for the decay channel t̃1 → c + χ̃0

1

(B = 100%) and the decay channel t̃1 → b+ ff
′
+ χ̃0

1 (B = 100%).

Our results are presented in Fig. 5 in which we superimpose the exclusion contour obtained
with MADANALYSIS 5 (green) with the official ATLAS one (black). An excellent degree
of agreement is observed.

(a) (b)

Figure 5 – Excluded regions at the 95% CL in the (t̃1, χ̃
0
1) mass plane for the decay

channel t̃1 → c+χ̃0
1 (left) and the decay channel t̃1 → b+ff

′
+χ̃0

1 (right). The green marks
are for points within the 95% CL (called “included”). The red marks are for points without
95% CL (called “excluded”). The black line comes from ATLAS analysis observation while
the green line comes from the recasting. The gap between the two lines is small, we observe
a good degree of agreement.
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4 Summary

We have implemented the ATLAS-EXOT-2018-06 analysis in the MADANALYSIS 5 fra-
mework, an analysis targeting the search for new physics in final states with an energetic
jet and large missing transverse momentum and in 139 fb−1 at a center-of-mass energy of
13 TeV collected with the ATLAS detector at the LHC. We have validated our recasting
in reproducing the cutflow table for a specific decay channel and the exclusion curve pro-
vided by ATLAS for two separate decay channels. We have obtained good agreement, so
that our reimplementation has been considered as validated. The code is available online
from the MadAnalysis 5 dataverse, at https://doi.org/10.14428/DVN/REPAMM.
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