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1. Introduction

Supersymmetry (SUSY) [1–4] is an extension of the Standard Model (SM) which assigns to
each SM field a superpartner field with a spin differing by a half unit. SUSY provides elegant
solutions to several open issues in the SM, such as the hierarchy problem [5], the identity of dark
matter [6], and the grand unification of fundamental interactions [7].

SUSY searches in collider experiments typically focus on events with high transverse missing
momentum (𝐸miss

T ) which can arise from the (weakly interacting) lightest supersymmetric particle
(LSP), in the case of 𝑅-parity-conserving (RPC) SUSY, or from neutrinos produced in LSP decays,
when 𝑅-parity is violated (RPV). Hence, the event selection criteria of inclusive channels are based
on large 𝐸miss

T , no or few light leptons (𝑒, 𝜇), many jets and/or 𝑏-jets, 𝜏-leptons and photons.
The exact sets of selection criteria (signal regions, SRs) are a compromise between the necessity
to suppress events coming from known SM processes while maintaining a statistically sufficient
number of surviving SUSY events. Typical SM backgrounds are top-quark production — including
single-top —,𝑊/𝑍 in association with jets, dibosons and QCD multi-jet events. These are estimated
using semi- or fully data-driven techniques in so-called control regions (CRs). Less dominant
backgrounds are estimated by Monte Carlo (MC) simulation. Although the various analyses are
motivated and optimised for a specific SUSY scenario or topology, the interpretation of the results
may be extended to various SUSY or other beyond-SM (BSM) models, hence both collaborations
are investing huge effort to facilitate the reinterpretation of their search results [8].

A summary of results from searches for SUSY with and without 𝑅-parity conservation is
presented. The reported results are based on up to ∼ 140 fb−1 of data from proton–proton collisions
at a centre-of-mass energy of

√
𝑠 = 13 TeV recorded by ATLAS [9] and CMS [10] during Run 2

(2015–2018) at the Large Hadron Collider (LHC) [11]. Recent results from searches mainly
targeting strongly produced sparticles, including third-generation squarks, are presented in Section 2,
whilst electroweak (EW) production of EW gauginos and higgsinos (�̃�0, �̃�±) and sleptons (ℓ̃) are
discussed in Section 3. In Section 4, recent developments on the long-lived-sparticle front are
highlighted. Lastly, Section 5 provides a summary of the results and an outlook.

2. Strong production including third-generation squarks

The production of the supersymmetric partners of quarks and gluons (squarks and gluinos) is
characterised by large cross-sections at the LHC. Strong SUSY production is searched in events with
large jet multiplicities and high missing transverse momentum, with and without leptons. Various
channels fall into this class of searches; here several searches are showcased, some of which also
target EW production of sparticles.

The mixing of left- and right-handed gauge states which provides the mass eigenstates of the
scalar quarks and leptons can lead to relatively light 3rd generation particles. Stop (𝑡1) and sbottom
(�̃�1) with a sub-TeV mass are favoured by the naturalness argument [5, 12], while the stau (𝜏1) is the
lightest ℓ̃ in many models. Therefore, these sparticles could be abundantly produced either directly
or through �̃� production and subsequent decay. Such events are characterised by several energetic
jets (some of them 𝑏-jets), possibly accompanied by light leptons, as well as large 𝐸miss

T .
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2.1 One-lepton channel with 𝑊-boson and top-quark tagging

Events with a single electron or muon and multiple jets are selected in a CMS analysis with
tagging of the 𝑊-boson and the top-quark [13]. Top-quark and 𝑊-boson identification algorithms
based on machine-learning techniques are employed to suppress the main background contributions.
Various exclusive search regions are defined that differ in the number of jets, the number of 𝑏-tagged
jets, the number of hadronically decaying top quarks or𝑊 bosons, the scalar sum of all jet transverse
momenta, 𝐻T, and the scalar sum 𝐿T of 𝐸miss

T and the lepton transverse momentum.
To reduce the main background processes from 𝑡𝑡 and 𝑊+jets production, the presence of a

lepton produced in the leptonic decay of a 𝑊 boson in the event is exploited. Under the hypothesis
that all of the 𝐸miss

T originates from the neutrino produced in a leptonic𝑊 boson decay, the𝑊 boson
momentum is calculated. The requirement of a large azimuthal angle, Δ𝜙, between the directions of
the lepton and of the reconstructed 𝑊 boson decaying leptonically, notably reduces the background
contributions, as shown in Figure 1.
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Figure 1: Signal and background distributions of
the Δ𝜙 variable for the CMS one-lepton zero-𝑏
analysis, requiring at least six jets, 𝐿T > 350 GeV,
𝐻T > 750 GeV. The predicted signal distribu-
tions are also shown for two representative com-
binations of (gluino, neutralino) masses with large
(2.2, 0.1) TeV and small (1.8, 1.3) TeV mass dif-
ferences. From [13].

The event yields observed in data are consistent with the expectations from the SM processes,
which are estimated with data in specific CRs. Exclusion limits on the sparticle masses in the
context of two simplified models of gluino pair production are evaluated. Exclusions for gluino
masses reach up to 2130 (2280) GeV at 95% confidence level (CL) for a model with gluino decaying
to a 𝑡𝑡 pair (a 𝑞𝑞 pair and a 𝑊 boson) and the LSP. For the same models, limits on the mass of
the LSP reach up to 1270 (1220) GeV. This corresponds to an improvement on gluino (neutralino)
masses by about 380 (270) GeV in comparison with the previous result [14], extending the existing
limit from ATLAS [15] on the neutralino mass in the compressed region by about 150 GeV.

2.2 Two-leptons final state with edge in the 𝑚ℓℓ distribution

This ATLAS analysis presents searches for new phenomena in final states with exactly two
oppositely charged same-flavour leptons, jets and 𝐸miss

T [16], which applies a shape fit [17] in the
dilepton invariant mass, 𝑚ℓℓ , distribution. The analysis is split into three searches probing both
strong and EW sparticle production. Two searches target the pair production of charginos and
neutralinos. One uses the recursive-jigsaw reconstruction (RJR) technique to follow up on excesses
observed in 36.1 fb−1 of data [18] and the other uses conventional event variables. The third search
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targets pair production of coloured SUSY particles (squarks or gluinos) decaying through the next-
to-lightest neutralino (�̃�0

2) via a slepton (ℓ̃) or a 𝑍-boson into ℓ+ℓ− �̃�
0
1 resulting in a kinematic

endpoint or peak in the 𝑚ℓℓ spectrum, depicted in Figure 2.

Figure 2: Schematic graph of the shape of the𝑚ℓℓ

distributions for leptonically decaying on-shell 𝑍
(red), off-shell 𝑍∗ (green) production and slepton-
mediated NLSP decay (blue) to two leptons over
the SM background (grey area).
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Figure 3: 95% CL expected and observed exclusion
contours from the combination of all SRs for the 𝑞–𝑍
model. The dashed line and yellow band indicate the
expected limit and the 1𝜎 experimental uncertainties.
The red dotted lines around the observed limit indicate
the signal cross-section uncertainty. From [16].

The data are found to be consistent with SM expectations and strong limits are set on possible
BSM contributions to the SRs. The RJR search does not see significant excesses above the
background expectation, thus the small excesses in the two-lepton channel of the 36 fb−1 dataset [18]
did not persist with more data. The EW and strong searches results are interpreted with SUSY-
inspired simplified models and set exclusion limits, expanding the sensitivity reach compared
to previous ATLAS [19–21] and CMS [22] analyses. The EW search targets chargino-neutralino
production and a gauge-mediated SUSY breaking (GMSB) model with higgsino next-to-the-lightest
supersymmetric particles (NLSPs). Limits up to 820 GeV and 900 GeV are set on the masses of the
mass-degenerate chargino-neutralino and higgsino NLSP, respectively. The strong search targets
gluino or squark pair production, which decay via a 𝑍 boson or the NLSP, to lepton pairs and jets.
Limits up to 2250 GeV and 1550 GeV are set on the masses of the gluino and squarks, respectively,
as shown in Figure 3. Compared to the previous result [21], the limits of the gluino mass improved
by 400 GeV and the limits of squark masses by 300 GeV. Improvements to both the strong and
EW searches result from the increased size of the dataset and subsequent optimisations of analysis
requirements.

2.3 Production of two top squarks with four-body decay

A search for the direct pair production of top squarks (𝑡1) in single-lepton final states has
been carried out by CMS [23] within a compressed scenario where the mass difference Δ𝑚 =

𝑚(𝑡1) −𝑚( �̃�0
1) between the lightest top squark and the neutralino LSP does not exceed the𝑊 boson

mass. The considered decay mode of the top squark is the prompt four-body decay to 𝑏 𝑓 𝑓 ′ �̃�
0
1 ,
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where the fermions in the final state 𝑓 and 𝑓 ′ represent a charged lepton and its neutrino for the decay
products of one 𝑡1, and two quarks for the other 𝑡1. The search is based on data collected during 2017
and 2018, combined with the results from 2016 data [24]. Events are selected containing a single
lepton (electron or muon), at least one high-𝑝T jet, and significant 𝐸miss

T . The analysis is based on a
multivariate boosted decision tree (BDT) specifically trained for different Δ𝑚 regions, thus adapting
the signal selection to the evolution of the kinematical variables as a function of (𝑚(𝑡1), 𝑚( �̃�0

1)).
An example of the BDT-output distributions for data, SM processes and a benchmark point are
provided in Figure 4.
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Figure 4: BDT output from 2017 data and
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1)) point. The lower panel shows the
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Figure 5: Expected and observed 95% CL upper
limit on the 𝑡1 production cross section as a function
of the top squark mass for the RPV SUSY model.
Particle masses and branching fractions assumed for
the model are included. The expected cross section
is shown in the red curve. From [25].

The observed number of events is consistent with the predicted SM backgrounds in all signal
regions. Upper limits are set at the 95% CL on the 𝑡1𝑡1 production cross section as a function of the
𝑡1 and �̃�0

1 masses, within the context of a simplified model. Assuming a 100% branching fraction
in the four-body decay mode, the search excludes top squark masses up to 480 and 700 GeV at
Δ𝑚 = 10 and 80 GeV, respectively. These results are among the best limits to date on the top squark
pair production cross section, where the top squark decays via the four-body mode, and currently
correspond to the most stringent limits for Δ𝑚 < 30 GeV.

2.4 RPV and stealth SUSY in 𝐸miss
T -agnostic analysis

𝑅-parity is defined as 𝑅 = (−1)3(𝐵−𝐿)+2𝑆 , where 𝐵 (𝐿) is the baryon (lepton) number and 𝑆

the spin, respectively, granting 𝑅 = +1 (𝑅 = −1) to all SM particles (SUSY partners) [26]. It is
stressed that RPC is merely an ad-hoc assumption with the only strict limitation coming from the
proton lifetime: non-conservation of both 𝐵 and 𝐿 leads to a rapid proton decay. RPC has serious
consequences in SUSY phenomenology in colliders: the SUSY particles are produced in pairs and,
most importantly, the LSP is absolutely stable, providing the characteristic high 𝐸miss

T in SUSY
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events at colliders. If the RPV coupling is sufficiently small, the decay of the LSP into SM particles
may be delayed, leading to distinctive signatures discussed in Section 4.1.

A first of its kind CMS search for top squark pair production with subsequent decay charac-
terised by two top quarks, additional gluons or light-flavour quarks, and low 𝐸miss

T is described in
Ref. [25]. Events containing exactly one electron or muon and at least seven jets, of which at least
one should be 𝑏-tagged, are selected from a CMS data sample. No requirement is made on 𝐸miss

T .
The dominant 𝑡𝑡 background is predicted from data using a simultaneous fit of the jet multiplicity
distribution across four bins of a neural network score.

The results are interpreted in terms of top squark pair production in the context of an RPV
and the stealth SUSY models. Top squark masses (𝑡) up to 670 GeV are excluded at 95% CL for
the RPV model in which the top squark decays to a top quark and the lightest neutralino, which
subsequently decays to three light-flavour quarks via an off-shell squark through a trilinear coupling
𝜆′′. Top squark masses up to 870 GeV are excluded for the stealth SUSY model in which the top
squark decays to a top quark, three gluons, and a gravitino via intermediate hidden-sector particles.
The maximum observed local significance is 2.8𝜎 corresponding to a best fit signal strength of
0.21 ± 0.07 for the RPV model with 𝑚𝑡 = 400 GeV, making the observed limit weaker than the
expected, as shown in Figure 5. A similar analysis has been conducted by ATLAS considering
gluino, stop, or electroweakino pair production in RPV SUSY scenarios [27].

3. Electroweak production

Electroweak SUSY production is motivated by naturalness [5, 12] and it is complementary to
searches focusing on strongly produced sparticles. Natural models of SUSY favour light chargino
and neutralino masses, in a range well accessible at the LHC. In the event that the strong production
is sufficiently suppressed due to heavy squarks and gluinos, EW SUSY production may be the
dominant SUSY production mechanism at the LHC.

3.1 Two-lepton channel with 𝐸miss
T and no jets and 𝑊𝑊 fiducial measurement

ATLAS carried out a search for the EW production of charginos and sleptons decaying into
final states containing two leptons with opposite electric charge and 𝐸miss

T [28]. Two scenarios
are considered: the direct production of slepton pairs, where each slepton decays directly into the
lightest neutralino and a lepton, and the production of lightest chargino pairs, where each decays
into a final state with the lightest neutralino plus a lepton via a 𝑊 boson decay. The regions with
mass differences up to approximately 150 GeV between the sleptons and neutralino and between the
chargino and neutralino are explored in these analyses. Models with smuon production with mass
differences in this region of the 𝑚( �̃�) − 𝑚( �̃�0

1) plane are favoured to explain the (𝑔 − 2)𝜇 anomaly
for small tan 𝛽 values, as discussed in Ref. [29]. Their decay topologies are similar to those of
SM processes, making it challenging to separate signal from background. In order to target these
models, a data-driven technique is used to estimate the main backgrounds in the slepton search, and
a semi-data-driven approach using CRs to normalise the main backgrounds, classified with a BDT,
is used in the chargino search.

The data are found to be consistent with the SM predictions, and exclusion limits at 95%
CL are set on the masses of relevant sparticles in each of these scenarios. Slepton masses up to
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150 GeV are excluded in the case of a 50 GeV mass-splitting between the sleptons and neutralino,
thus surpassing the exclusion limits previously set by the LEP experiments. Chargino masses up
to 140 GeV are excluded in the case of a mass splitting between the chargino and neutralino as
low as about 100 GeV, as demonstrated in Figure 6. Compared to previous analyses for the same
scenarios, in the regions with a mass difference up to about 150 GeV between the slepton or chargino
and neutralino, the results of these searches extend beyond the exclusion limits previously set by
ATLAS [30, 31] and CMS [32].
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Figure 6: Observed and expected 95% CL exclusion
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1) plane. The yellow
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the ATLAS experiment in previous searches [30, 31]
are also shown. From [28].

Figure 7: Measured fiducial differential cross-
sections of 𝑊𝑊 production for |Δ𝜙𝑒𝜇 |. The mea-
sured values are shown as points with dark (light)
bands giving the statistical (total) uncertainty. The
results are compared with predictions from vari-
ous packages with 𝑘-factors applied to scale the
predictions of 𝑞𝑞-initiated (𝑔𝑔-initiated) processes.
From [33].

The aforementioned analysis [28] leads to the cross-section measurement [33] for 𝑊𝑊 →
𝑒±𝜈𝜇∓𝜈 production in a fiducial phase-space characterised by the absence of jets and additional
leptons, the presence of a high dilepton invariant mass 𝑚𝑒𝜇 and large values of 𝐸miss

T and stransverse
mass, 𝑀T2 [34, 35]. The measured cross section is 𝜎(𝑊𝑊 → 𝑒±𝜈𝜇∓𝜈) = 19.2 ± 0.3 (stat) ±
2.5 (syst)± 0.4 (lumi) fb. Differential cross sections for three variables sensitive to the energy scale
of the event and three variables sensitive to the angular correlations of the leptonic decay products
are compared with two theoretical SM predictions from perturbative QCD calculations. Good
agreement is observed for most distributions within the uncertainties. The largest discrepancies
occur at low values of |Δ𝜙𝑒𝜇 | < 1.5, as seen in Figure 7, which is consistent with the observations
of the previous atlas 𝑊𝑊+0-jet measurement [36]. This study validates the SM in a new and
interesting region motivated particularly by SUSY searches and provides benchmark measurements
that can be used to improve future SM predictions and calculate additional constraints on BSM
models.
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3.2 Final state with two same-sign leptons or three leptons

In the SM, the production of multiple jets in conjunction with two same-sign (SS) or three
charged leptons is a very rare process in proton–proton collisions. Therefore, these final states
provide a promising starting point in the search for BSM physics [37–42]. ATLAS has recently
performed a search for directly produced electroweak gauginos and higgsinos in events with two
electrons or muons of the same charge or three leptons [43]. Events were categorised according to
the number of jets, 𝑏-jets, the 𝐸miss

T , the effective mass and other relevant observables, improving
substantially the sensitivity to specific RPC and RPV SUSY scenarios. The distribution of the 𝐸miss

T
significance, S(𝐸miss

T ), for the low-𝑀T2 SR is shown in Figure 8.
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No significant excess over the expected background is seen. Observed 95% CL limits on
the visible cross-section are placed in the defined signal regions and constraints have been set
on the parameters of the simplified topologies and complete models considered. In a wino-bino
𝑊ℎ-mediated model, NLSP masses of up to 525 GeV have been excluded for a massless lightest
neutralino, extending considerably previous limits set by ATLAS [44] with a 36.1 fb−1 dataset and
CMS [45] with a 137 fb−1 sample of 240 GeV and 300 GeV, respectively. The analogous excluded
�̃�±

1 /�̃�0
2 mass range for the 𝑊𝑍 topology is between 190 GeV and 260 GeV in a channel probed for

the first time in ATLAS in the two-SS-lepton final state. In a natural RPV model with bilinear
terms [46], never explored before in electroweak SUSY production, mass-degenerate higgsinos
�̃�0

1 /�̃�0
2 /�̃�±

1 lighter than 440 GeV have been excluded, as depicted in Figure 9. Model-independent
production cross-section upper bounds as low as 40 ab have been set in signal regions inspired by
an RPV baryon-number-violating scenario. Search regions orthogonal to other ATLAS analyses
have been deployed in all considered models, improving future statistical combinations with other
channels.
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3.3 Fully hadronic channel with 𝑊𝑋 intermediate production

A search for signatures of electroweak production of charginos and neutralinos in fully hadronic
final states has been carried out by CMS [47], following a similar analysis by ATLAS [48]. The
charginos are assumed to decay to the 𝑊 boson and the lightest neutralino �̃�0

1 , and the heavier
neutralinos (�̃�0

2 and �̃�0
3) are assumed to decay to either the 𝑍 or the Higgs boson, 𝐻, and the �̃�0

1 .
The decay products of 𝑊 , 𝑍 , or Higgs bosons are clustered into large-radius jets. These jets are
categorised based on their mass and a collection of novel jet-tagging algorithms based on deep neural
networks. Four search regions, three that require 𝑏-jets and one that excludes 𝑏-jets, are constructed
to look for chargino- and neutralino-mediated production of a pair of bosons, 𝑊𝑊 , 𝑊𝑍 , or 𝑊𝐻,
together with a large 𝐸miss

T , as shown in Figure 10. Simplified models are considered in which the
charginos �̃�±

1 and the next-to-lightest-neutralino �̃�0
2 are assumed to be the mass-degenerate NLSPs.

The lightest neutralino �̃�0
1 is assumed to be the bino-like LSP.
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Figure 10: SM background prediction vs. observa-
tion in the𝑊 SR. The filled stacked histograms show
the SM background predictions. The superimposed
open histograms show the expectations for selected
signal models, denoted in the legend by the name
of the model followed by the assumed masses of the
NLSP and LSP in GeV. From [47].
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Figure 11: Expected and observed 95% CL ex-
clusion for mass-degenerate higgsino �̃�±

1 �̃�
∓
1 , �̃�±

1 �̃�
0
2 ,

�̃�±
1 �̃�

0
3 , and �̃�0

2 �̃�
0
3 production as functions of the

NLSP and LSP masses. The 95% CL upper lim-
its on the production cross sections are also shown.
From [47].

No statistically significant excess of events is observed in the data with respect to the SM
expectation. Using wino-like pair production cross sections, 95% CL mass exclusions are derived.
For signals with 𝑊𝑊 , 𝑊𝑍 , or 𝑊𝐻 boson pairs, the NLSP mass exclusion limit for low-mass
LSPs extends up to 670, 760, and 970 GeV, respectively. When we consider models including
both wino-like NLSP �̃�±

1 �̃�
0
2 and �̃�±

1 �̃�
∓
1 production under the assumption that either �̃�0

2 → 𝑍 �̃�
0
1 or

�̃�0
2 → 𝐻�̃�0

1 , the NLSP mass exclusion extends up to 870 and 960 GeV, respectively. Alternatively,
with higgsino-like NLSPs �̃�±

1 , �̃�0
2 , and �̃�0

3 , the higgsino masses from 300 to 650 GeV are excluded
for low-mass LSPs, as observed in Figure 11. These mass exclusions significantly improve on those
achieved by searches using leptonic probes of SUSY for high NLSP masses.

3.4 Tau slepton pairs

A search for direct 𝜏 slepton 𝜏 pair production has been performed by CMS in events with
two hadronically decaying 𝜏 leptons, 𝜏h, and significant 𝐸miss

T [49]. Both prompt and displaced
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decays of the 𝜏 slepton are considered. Thirty-one different search regions are used in the analysis,
based on kinematic observables that exploit expected differences between signal and background.
No significant excess of events above the expected standard model background has been observed.
Upper limits have been set on the cross section for direct 𝜏 pair production for simplified models
in which each 𝜏 decays to a 𝜏 lepton and the LSP. For purely left-handed 𝜏 pair production with
prompt decays, 𝜏 masses between 115 and 340 GeV are excluded at 95% CL for a nearly massless
LSP, while for the degenerate production of left- and right-handed 𝜏 pairs, 𝜏 masses up to 400 GeV
are excluded under the same hypothesis. The limits observed are the most stringent obtained thus
far in the case of direct 𝜏 pair production with prompt 𝜏 decays, for both the purely left-handed and
degenerate production scenarios. They represent a considerable improvement in sensitivity with
respect to a previous CMS search [50]. In the context of long-lived 𝜏 sleptons, final states with
displaced 𝜏h candidates are investigated for the first time. In a scenario with 𝑐𝜏0 = 0.1 mm, where
𝜏0 denotes the mean proper lifetime of the 𝜏, masses between 150 and 220 GeV are excluded for the
case that the LSP is nearly massless, as shown in Figure 12.
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1−10

1

10

 [p
b]

σ

68% expected 95% expected
Median expected

95% CL upper limits
Observed

 1 s.d.± NLO+NLLσ

) = 0.1 mmτ∼(0τ) = 1 GeV, cG
~

m(

G
~τ→τ∼, τ∼τ∼→pp

 (13 TeV)-1138 fbCMS

Figure 12: Expected and observed 95% CL cross
section upper limits as functions of the 𝜏 mass for
long-lived 𝜏 in the maximally mixed scenario for an
LSP mass of 1 GeV, and for 𝑐𝜏0 values of 0.1 mm.
The green (yellow) band indicates the regions con-
taining 68% (95%) of the distribution of limits ex-
pected under the background-only hypothesis. The
prediction for the signal production cross section
and its uncertainty is also shown. From [49].

4. Long-lived particles

In some supersymmetric theoretical scenarios, the existence of long-lived particles (LLPs) is
predicted [51], that may either decay within the typical volume of an LHC detector or may traverse
it entirely as (meta)stable. In the former case, it may give rise to displaced vertices, disappearing
tracks or other signatures. On the other hand, heavy stable charged particles can be probed though
the anomalous ionisation that they give rise to. The general-purpose ATLAS and CMS experiments
at the LHC are searching for and have set limits in LLP scenarios [52, 53]. Besides them, dedicated
detectors are being proposed to explore these less-constrained manifestations of BSM physics [53].

4.1 Displaced vertices

A search for BSM physics giving rise to LLP decays into hadrons has been performed by
ATLAS [54] using events that contain multiple energetic jets and a displaced vertex (DV). Similar
searches were performed previously by the ATLAS [55–58] and CMS collaborations [59, 60]. Event
selections are developed to efficiently reject backgrounds. The yields expected from background
in the two orthogonal SRs used in the analysis are extracted from data. The data agree with the
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yields expected from the background-only hypothesis, with zero and one event passing the trackless
and high-𝑝T jet SR requirements, respectively; the former data-versus-MC distributions is given in
Figure 13.
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Figure 13: Invariant mass 𝑚D𝑉 and track multi-
plicity for DVs in events with trackless jet selection
requirements. The observed vertex yields in data
are shown, while the colours express the expected
signal yield of an RPV model. The dashed line
shows the SR definition. From [54].
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The results are interpreted in SUSY models with electroweakinos decaying via small values
of the RPV couplings 𝜆′′ into quarks giving the electroweakinos lifetimes 𝜏 in the picosecond
to nanosecond range. At 95% CL, 𝑚( �̃�0

1) values up to 1.58 TeV for 𝜏 = 0.1 ns are excluded
independently of the presence of a heavier gluino, as becomes evident from Figure 14. Upper limits
on the visible cross section for processes with the sought signature are also derived to be 0.03 fb and
0.02 fb for the high-𝑝T jet and trackless jet SRs, respectively. This analysis significantly expands
the limits given by previous ATLAS searches [57].

4.2 Non-pointing photons

A search has been performed by ATLAS for delayed and non-pointing photons produced from
exotic decays of the 125 GeV Higgs boson into a pair of BSM LLPs such as the NLSP present
in GMSB models [61]. The analysis uses measurements of the trajectories and arrival times (cf.
Figure 15) of photons in the ATLAS liquid-Argon electromagnetic calorimeter to search for possible
displaced photons.

No excess is observed above the expectation from prompt background processes which are
modelled entirely using data control samples. The results are used to set limits on B(𝐻 →
NLSP NLSP) for NLSP lifetimes ranging from 0.25 ns to 100 ns, assuming that B(NLSP →
LSP + 𝛾 = 100%. The limits are determined in a two-dimensional grid of NSLP mass values
from 30 GeV to 60 GeV and LSP masses from 0.5 GeV up to 𝑚NLSP − 10 GeV. The most stringent
constraints limit B(𝐻 → NLSP NLSP) to less than about 1% for intermediate NLSP lifetime values
and for the largest NLSP mass and mass-splitting between the NLSP and LSP. A model-independent
limit is also set on the production of photons with large values of displacement and time delay.
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4.3 Large ionisation energy loss

A search has been performed in ATLAS for heavy charged LLPs, with lifetimes sufficient
𝜏 ∼<1 ns to reconstruct inner-detector tracks [62]. The identification of LLPs is based on anomalously
high specific ionisation measured by the ATLAS pixel detector for isolated high-𝑝T tracks in events
with high 𝐸miss

T . The considerable increase in sensitivity compared to previous ATLAS searches
is not only due to the higher integrated luminosity, but also to several significant improvements in
the analysis strategy. The most noticeable are the use of a higher d𝐸/d𝑥 threshold, the separate
treatment of the tracks with an IBL overflow flag and the use of a data-driven d𝐸/d𝑥-response
template instead of a simulated one, as well as a more optimised definition of sub-regions in the
SR for exclusion interpretations. Evaluation of systematic uncertainties was also improved through
the adoption of a high-𝑝T validation region and the implementation of a pseudo-SR to test the
background generation method.

Observed yields and distributions agree with the SM background expectations, with the ex-
ception of an accumulation of events in the high-d𝐸/d𝑥 and high-mass range, shown in Figure 16.
The local (global) significance of this excess is 3.6𝜎 (3.3𝜎) in a sub-range of the signal region
optimised for a target mass hypothesis of 1.4 TeV. The events in the excess region were examined
in detail, although no obvious pathologies were identified in the measurement of these events. The
time-of-flight measurements in outer detector subsystems clearly indicate that none of the candidate
tracks are from charged particles moving significantly slower than the speed of light.

Maximum sensitivity is reached for LLPs with lifetimes of around 10–30 ns. Masses smaller
than 2.27 TeV are excluded at the 95% CL for gluino R-hadrons with a lifetime of 20 ns and
𝑚( �̃�0

1) = 100 GeV. The mass limit for compressed-scenario R-hadrons, with Δ𝑚(�̃�, �̃�0
1) = 30 GeV

and a lifetime of 30 ns, is 2.06 TeV. Masses below 1.07 TeV for charginos and in the range
220–360 GeV for 𝜏’s are excluded for lifetimes of 30 ns and 10 ns, respectively. The limits in the
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mass–lifetime plane are the most stringent to date and provide further constraints on the R-hadron,
chargino and 𝜏 production models considered.

5. Summary and outlook

Supersymmetry signals have been extensively sought after by the ATLAS and CMS exper-
iments, motivated by various theoretical approaches, models and topologies: strong production,
including 3rd-generation fermions, electroweak production, 𝑅-parity violation, delayed decays,
high ionisation, among others. They lead to a wide spectrum of signatures: 𝐸miss

T + jets + leptons /
photons / 𝑏-jets/ 𝜏-leptons, displaced vertices, and it is not possible to cover all of them here. No
significant deviation from known SM processes has been observed up to now with the data collected
during LHC Run 2 at

√
𝑠 = 13 TeV. In view of the null results in conventional SUSY searches,

it becomes necessary to fully explore non-standard SUSY scenarios also involving RPV and/or
quasi-stable particles.

As both experimental techniques and search strategies keep evolving, ATLAS and CMS keep
looking for supersymmetry with the new data that become available at the LHC, in particular the
proton–proton collision data at

√
𝑠 = 13.6 TeV that are being collected in LHC Run 3 that started in

2022. Summary plots of most recent results are continuously updated in Refs. [63, 64].
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