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Supersymmetry (SUSY):
New symmetry between bosons and fermions. 
For every SM particle introduce a supersymmetric partner with Δspin=1/2.
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Analysis Target Lumi (fb-1) Date Ref.

sbottom 139 2021.03 2101.12527

stop to stau 139 2021.03 ATLAS-CONF-2021-008

RPV leptonic gluino, stop UDD 139 2021.03 ATLAS-CONF-2021-007

disappearing track 139 2021.03 ATLAS-CONF-2021-015

stopped particles gluino, R-hadron 139 2021.04 2104.03050
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Analysis Target Lumi (fb-1) Date Ref.

stop 0L 137 2021.03 2103.01290

stop corridor +combination 137 2021.03 SUS-20-002

EW multi lepton 137 2021.02 SUS-19-012

EW HW 1L 137 2021.03 SUS-20-003

soft 2/3L 137 2021.03 SUS-18-004

RPV stop stop UDD 137 2021.02 2102.06976
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Figure 7: Observed and expected upper limits at 95% CL on the signal cross section as a func-
tion of the top squark mass and neutralino mass. The color indicates the 95% CL upper limit
on the cross section at each point in the plane.

to be fully correlated.

Figure 8 (top left) shows the combination of the results of the three searches for direct top
squark pair production for the model with !t ! t !! 0

1 decays. The analysis described in Sec. 5 is
exclusively used for extracting limits in the top corridor region. No result of the other analyses
is used in this particular region of parameter space. The combined result excludes a top squark
mass of 1325 GeV for a massless LSP, and an LSP mass of 700 GeV for a top squark mass of
1150 GeV. The expected limit of the combination is driven primarily by the fully hadronic
search for signals with large mass splitting. In regions with smaller mass splitting between the
top squark and the LSP, searches in the zero- and one-lepton channels have similar sensitivity.

Figure 8 (top right) shows the equivalent limits for direct top squark pair production for the
model with !t1 ! b !! +

1 ! bW+ !! 0
1 decays. The mass of the chargino is set to the mean of the

masses of the top squark and the LSP. The combined result for this scenario excludes a top
squark mass of 1260 GeV for a massless LSP and an LSP mass of 575 GeV for a top squark mass
of 1000 GeV. The combination extends the sensitivity to both top squark and LSP masses by
about 50 GeV compared to the most sensitive individual result coming from the fully hadronic
channel.

Figure 8 (bottom) shows the limits for the model with a 50% BR of the top squark decays
discussed before. In this model, the mass splitting between the neutralino and chargino is
assumed to be 5 GeV. Because of the low acceptance for low momentum leptons the dilepton
result is not interpreted in terms of this model. Top squarks up to 1175 GeV are excluded in this
model when the LSP is massless, and up to 1000 GeV for LSP masses up to 570 GeV.

6.3 Search for dark matter in association with top quarks

The results of the inclusive top squark searches are interpreted in simpliÞed models of asso-
ciated production of DM particles with a top quark pair, shown in Fig. 9. The interaction of
the DM particles and the top quark is mediated either by a scalar or pseudoscalar mediator
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2103.01290

High #m(stop, LSP): 2-body �H�u !

- high pT hadronic top  !  top tagging !

DeepResolved �ž�ç�°�æ�¶�Ü  (100 GeV < pT < 500 GeV)!

     3�m�w jet �w
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5.2 Resolved top quark tagging algorithm 9
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Figure 3: Top quark and W boson tagging efÞciencies are shown as a function of the generator-
level top quark pT and the generator-level W boson pT, respectively, for the merged tagging
algorithm and resolved tagging algorithm described in Section 5.2. The left plot shows the
efÞciencies as calculated in a sample of simulated tt events in which one top quark decays
leptonically, while the other decays hadronically. The right plot shows the W boson tagging
efÞciency when calculated in a sample of simulated WW events. In addition to the individual
algorithms shown as orange squares (boosted top quarks), green inverted triangles (resolved
top quarks), and red triangles (boosted W bosons), the total top quark tagging efÞciency (blue
dots) is also shown.

top quark versus those that do not. More complex neural network architectures did not result
in improved discrimination power in our study. The network uses high-level information such
as the invariant mass of the trijet and individual dijet pairs, as well as information from each
jet including the relativistic energy-momentum four-vector describing the jet, the DeepCSV
heavy-ßavor discriminator value, jet shape variables [120], the number of PF candidates asso-
ciated with the jet, and variables describing the fraction of the jet energy carried by each of
several categories of PF candidates. The network is trained using simulated t t events, sim-
ulated QCD multijet events, and events from a collision data set that is dominated by QCD
multijet production.

The simulation is used to deÞne which trijets are considered ÒsignalÓ and ÒbackgroundÓ during
neural network training. Signal is deÞned as any trijet passing the preselection in which each
jet is matched to a simulated decay product of a top quark within a cone of size ! R < 0.4 and
the overall trijet system is matched to the simulated top quark within a cone of size ! R < 0.6.
Background is deÞned as any trijet combination that is not categorized as signal. Background
includes trijet combinations where some, but not all, of the jets are matched to top quark decay
products, as well as trijet combinations in which the three top quark decay products to which
the three jets are matched originate from two or more simulated top quarks. Collision data
that are highly enriched in QCD multijet events are included in the training. These data are
included using domain adaptation via gradient reversal [121, 122] to discourage the network
from learning features of the simulation that are not present in data. With this method an addi-
tional output is added to the neural network, connected to the hidden layer in the same manner
as the primary neural network output. This additional output is tasked with distinguishing be-
tween trijet candidates from QCD multijet simulation and trijet candidates from collision data.
The primary neural network output is trained to minimize the ability to discriminate based on
observables that are not well modeled in simulation. This yields a network that is able to dis-
criminate between signal and background almost as well as a network trained without domain
adaptation but with minimal reliance on features that exist only in simulation.
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25 fb-1 in Run 1
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BR�w�G�V�MH! bb �H�u�›�b�; !

Large-R jet (pT> 250 GeV) �›�–�l�o�| H! bb�›�»�¬ !

- DNN-based boosted Higgs tagger!

- effHiggs = 60-80%!

Njet, NHiggs, ETmiss�p 12-bin SR�›���[ !

wino-like chargino/neutralino �í�”  820 GeV�‡�p�:�k

H! bb

http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-20-003/index.html
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3. The CMS detector and event reconstruction 3

m(!t 1) ! m( !! 0
1) = mt .

The R parity violating decays considered in this analysis are T1qqqqL (Fig. 3a) and T1tbs
(Fig. 3b). In T1qqqqL, the gluino decays to the lightest squark ( !g " !qq), which in turn de-
cays to a quark (!q " q !! 0

1), but decays with the !! 0
1 off shell (violating R parity) into two quarks

and a charged lepton, giving rise to a prompt 5-body decay of the gluino. In T1tbs, each gluino
decays into three different SM quarks (a top, a bottom, and a strange quark).
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Figure 1: Diagrams illustrating the simpliÞed RPC SUSY models with gluino production con-
sidered in this analysis.
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Figure 2: Diagrams illustrating the simpliÞed RPC SUSY models with squark production con-
sidered in this analysis.

3 The CMS detector and event reconstruction

The central feature of the CMS detector is a superconducting solenoid of 6 m internal diameter,
providing a magnetic Þeld of 3.8 T. Within the solenoid volume are a silicon pixel and strip
tracker, a lead tungstate crystal electromagnetic calorimeter (ECAL), and a brass and scintilla-
tor hadron calorimeter (HCAL), each composed of a barrel and two endcap sections. Forward
calorimeters extend the pseudorapidity ( " ) coverage provided by the barrel and endcap detec-
tors. Muons are detected in gas-ionization chambers embedded in the steel ßux-return yoke

http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-19-008/index.html
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simpliÞed models, c.f. refs. for the assumptions made.
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pp ! ÷g÷g

Overview of SUSY results: gluino pair production
Moriond 2021CMS

137 fb# 1 (13 TeV)

Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.
The quantities ! M and x represent the absolute mass di"erence between the primary sparticle and the LSP, and the di"erence between the intermediate
sparticle and the LSP relative to ! M , respectively, unless indicated otherwise.
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0#: arXiv:1909.03460;1908.04722 ÷qR + ÷qL (÷u, ÷d, ÷c, ÷s)

pp ! ÷q÷q

2# same-sign and " 3#: arXiv:2001.10086 M ÷! 0
1

= 50 GeV

0#: arXiv:1909.03460;1908.04722

pp ! ÷b÷b

2#: arXiv:2008.05936 x = 0 .5

0#: arXiv:2103.01290 ! M < 80 GeV (max. exclusion)

0#: arXiv:1909.03460;2103.01290 ! M < 80 GeV (max. exclusion), x = 0 .5

0#: arXiv:1909.03460;2103.01290 ! M < 80 GeV (max. exclusion)

1#: arXiv:1912.08887

0#: arXiv:1909.03460;2103.01290 ! M ÷! ±
1

= 5 GeV, BF=50%

Combination: SUS-20-002 ! M ÷! ±
1

= 5 GeV, BF=50%

2# opposite-sign: arXiv:2008.05936 x = 0 .5

1#: arXiv:1912.08887 x = 0 .5

0#: arXiv:1909.03460;2103.01290 x = 0 .5

Combination: SUS-20-002 x = 0 .5

2# opposite-sign: arXiv:2008.05936

1#: arXiv:1912.08887

0#: arXiv:1909.03460;1908.04722,2103.01290

Combination: SUS-20-002

pp ! ÷t÷t

Overview of SUSY results: squark pair production

Moriond 2021CMS (preliminary)

137 fb# 1 (13 TeV)

Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.
The quantities ! M and x represent the absolute mass di"erence between the primary sparticle and the LSP, and the di"erence between the intermediate
sparticle and the LSP relative to ! M , respectively, unless indicated otherwise.
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pp ! ÷! L / R
÷! L / R , ÷! ! ! ÷" 0

1

pp ! ÷" ±
1 ÷" ±

1 , ÷" ±
1 ! (÷!#/! ÷#) ! !# ÷" 0

1

pp ! ÷" ±
1 ÷" ±

1 , ÷" ±
1 ! W÷" 0

1

pp ! ÷" 0
2 ÷" ±

1 / ÷" 0
1 ÷" ±

1 , ÷" ±
1 / ÷" 0

2 ! (W ! / Z! )÷" 0
1

pp ! ÷" 0
2 ÷" ±

1 ! WZ÷" 0
1 ÷" 0

1

pp ! ÷" 0
2 ÷" ±

1 ! WH÷" 0
1 ÷" 0

1

pp ! ÷" 0
2 ÷" ±

1 ! ÷$#$÷$ ! $#$$÷" 0
1 ÷" 0

1

pp ! ÷" 0
2 ÷" ±

1 ! ÷$#!÷! ! $#!! ÷" 0
1 ÷" 0

1

pp ! ÷" 0
2 ÷" ±

1 ! ! ÷#!÷! ! !#!! ÷" 0
1 ÷" 0

1

e+ e! , µ+ µ! : arXiv:2012.08600

pp ! ÷! ÷!

2! opposite-sign: arXiv:1807.07799 BF( ÷!" ) = 50% , x = 0 .5

2! opposite-sign: arXiv:1807.07799M ÷! 0
1

= 1 GeV

pp ! ÷" ±
1 ÷" ±

1

2! and 3 ! soft: SUS-18-004higgsino simpliÞed model, ! M = 5Ð10 GeV

2! and 3 ! soft: SUS-18-004! M = 5Ð10 GeV

2! same-sign and 3 ! : SUS-19-012

2! opposite-sign: arXiv:2012.08600

1!+jets: SUS-20-003

2! same-sign and " 3!/$ h : SUS-19-012

" 3!/$ h : SUS-19-012 # dominated, x = 0 .5

3!/$ h : SUS-19-012 # enriched, x = 0 .95

3!/$ h : SUS-19-012 # enriched, x = 0 .05

2! same-sign and 3 !/$ h : SUS-19-012 # enriched, x = 0 .5

2! same-sign and " 3! : SUS-19-012 ßavour democratic, x = 0 .95

2! same-sign and " 3! : SUS-19-012 ßavour democratic, x = 0 .05

2! same-sign and 3 ! : SUS-19-012 ßavour democratic, x = 0 .5

pp ! ÷" 0
2÷" ±

1

Overview of SUSY results: electroweak production
Moriond 2021CMS (preliminary)

137 fb# 1 (13 TeV)

Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.
The quantities ! M and x represent the absolute mass di"erence between the primary sparticle and the LSP, and the di"erence between the intermediate
sparticle and the LSP relative to ! M , respectively, unless indicated otherwise.
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pp ! ÷! 0,±
i ÷! 0,±

j ! ZZ ÷G ÷G + X soft

pp ! ÷! 0,±
i ÷! 0,±

j ! (h/ Z)(h/ Z) ÷G ÷G + X soft

pp ! ÷! 0,±
i ÷! 0,±

j ! hh ÷G ÷G + X soft

pp ! ÷! 0
1 ÷! ±

1 , ÷! ±
1 ÷! ±

1 ! 2 " [(Z/ h/" ) ÷G] + X soft

pp ! ÷! 0
1 ÷! ±

1 , ÷! 0
1 ! " ÷G, ÷! ±

1 ! W ÷G

÷t ! t÷! 0
1, ÷! 0

1 ! ("/ Z) ÷G

÷q ! (q÷! 0
1 ! q" ÷G/ q÷! ±

1 ! qW ÷G)

÷q ! q÷! 0
1 ! q" ÷G

÷g ! qøq÷! 0
1, ÷! 0

1 ! Z ÷G

÷g ! tøt÷! 0
1, ÷! 0

1 ! ("/ Z) ÷G

÷g ! bøb÷! 0
1, ÷! 0

1 ! ("/ Z) ÷G

÷g ! qøq÷! 0
1, ÷! 0

1 ! ("/ H ) ÷G

÷g ! (qøq÷! 0
1 ! qøq" ÷G/ qøq!÷! ±

1 ! qøq!W ÷G)

÷g ! qøq÷! 0
1 ! qøq" ÷G

combined: arXiv:1801.03957

# 3#/$h : arXiv:1709.05406

2# opposite-sign: arXiv:1709.08908

combined: arXiv:1801.03957BF = 50%

h ! "" : arXiv:1709.00384BF = 50%

# 3#/$h : arXiv:1709.05406BF = 50%

2# opposite-sign: arXiv:1709.08908BF = 50%

combined: arXiv:1801.03957

h ! "" : arXiv:1709.00384

h ! bb: arXiv:1709.04896

# 3#/$h : arXiv:1709.05406

pp ! (÷! ±
1 , ÷! 0

2, ÷! 0
1)(÷! ±

1 , ÷! 0
2, ÷! 0

1)

" + ME T : arXiv:1711.08008 BF(Z:H: ! ) = 1:1:2

" + #+ ME T : arXiv:1812.04066 (max. exclusion)

" + ME T : arXiv:1711.08008

pp ! ÷! 0
1÷! ±

1 , ÷! ±
1 ÷! ±

1

" + b + ME T : arXiv:1901.06726 (max. exclusion)

pp ! ÷tø÷t

" + #+ ME T : arXiv:1812.04066 (max. exclusion)

" + H T : arXiv:1707.06193 (max. exclusion)

" + ME T : arXiv:1711.08008 (max. exclusion)

"" : SUS-17-011 (max. exclusion)

" + H T : arXiv:1707.06193 (max. exclusion)

" + ME T : arXiv:1711.08008 (max. exclusion)

pp ! ÷qø÷q

2# opposite-sign: arXiv:1709.08908 (max. exclusion)

" + b + ME T : arXiv:1901.06726 (max. exclusion)

" + b + ME T : arXiv:1901.06726 (max. exclusion)

" + b + ME T : arXiv:1901.06726 (max. exclusion)

combined: SUS-18-005 (max. exclusion)

" + #+ ME T : arXiv:1812.04066 (max. exclusion)

" + H T : arXiv:1707.06193 (max. exclusion)

" + ME T : arXiv:1711.08008 (max. exclusion)

"" : SUS-17-011 (max. exclusion)

" + H T : arXiv:1707.06193 (max. exclusion)

" + ME T : arXiv:1711.08008 (max. exclusion)

pp ! ÷g÷g

Overview of SUSY results: GMSB / GGM

Moriond 2019CMS (preliminary)

36 fb$ 1 (13 TeV)

Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.
The quantities ! M and x represent the absolute mass di"erence between the primary sparticle and the LSP, and the di"erence between the intermediate
sparticle and the LSP relative to ! M , respectively, unless indicated otherwise.
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1 Introduction

This paper presents the results of a new search for new phenomena in events containing an energetic jet
and large missing transverse momentumpmiss

T (with magnitude! miss
T ) in protonÐproton collisions at a

centre-of-mass energy
!

" = 13 TeVrecorded by the ATLAS detector at the Large Hadron Collider (LHC).
The Þnal-state monojet signature of at least one energetic jet, large! miss

T and no leptons constitutes a
distinctive signature for new physics beyond the Standard Model (SM) at colliders. This signature has
been extensively studied at the LHC in the context of searches for large extra spatial dimensions (LED),
supersymmetry (SUSY), weakly interacting massive particles (WIMPs) as candidates for dark matter
(DM) [1Ð5], and signals from models inspired by dark energy (DE) with new scalar particles in the Þnal
state [6]. In addition, experimental results have been reinterpreted in terms of new theoretical scenarios
with axion-like particles [7]. Finally, the monojet Þnal-state results have been used to constrain the invisible
branching fraction of the Higgs boson [8, 9]. In the following, the di! erent models are discussed brießy.
Figure1 shows diagrams for some of the models.

q g
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qq

÷! 0
1

÷! 0
1

q
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÷q

÷q

p

p
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(c)

Figure 1: (a) Diagram for the pair production of weakly interacting massive particles#, with a mediator$! with
axial-vector couplings exchanged in the"-channel.(b) A generic diagram for the pair production of squarks with the
decay mode÷%" %+ ÷#0

1. The presence of a jet from initial-state radiation is indicated for illustration purposes.(c)
Diagram for the pair production of dark-energy scalar Þelds& in association with an energetic jet in the Þnal state.

The existence of a non-baryonic form of matter is well established from a number of astronomical
observations [10Ð12]. The existence of a new, weakly interacting massive particle is often hypothesized [13],
as it can lead to the correct relic density for nonrelativistic matter in the early universe [14] as measured
from data from the Planck [15] and WMAP [16] Collaborations. For WIMP masses below1 TeV, WIMPs
may be pair-produced at the LHC. Traditionally, a monojet Þnal state has been considered a golden channel
for the discovery of WIMPs at colliders. In this case, the WIMP pair is produced in association with a jet of
particles from initial-state radiation, leading to the signature of a jet and missing transverse momentum (see
Figure1(a)). Results are presented for simpliÞed DM models [17Ð19] where Dirac fermion WIMPs (#) are
pair-produced from quarks via"-channel exchange of a spin-1 mediator particle ($! ) or a spin-0 mediator
particle ($" ) with axial-vector or pseudoscalar couplings, respectively. In the case of the axial-vector
mediator model with couplings of the mediator to WIMPs and SM quarks set to' # = 1 and' $ = 1/ 4,
respectively, mediator masses below1.55TeV have been already excluded at 95% conÞdence level (CL)
for very light WIMPs in previous analyses [4].

Supersymmetry is a theory of physics beyond the SM which can solve the hierarchy problem in a natural
way and can provide candidates for dark matter [20Ð25]. SUSY introduces a new supersymmetric partner
(sparticle) for each particle in the SM. SpeciÞcally, a new scalar Þeld is associated with each quark chirality
state. Two squark mass eigenstates÷%1 and ÷%2 result from the mixing of the scalar Þelds for a particular

2

https://arxiv.org/abs/2102.10874

