
Searches for SUSY with ATLAS and CMS
experiments

Otilia Ducu, on behalf of the ATLAS and CMS collaborations

IFIN-HH, Bucharest, Romania

August 31, 2023

Workshop on the Standard Model and Beyond
Corfu 2023, August 28th – September 6th

1 / 26

http://www.physics.ntua.gr/corfu2023/sm.html
https://indico.cern.ch/event/1311102/timetable/#all.detailed


LHC: ATLAS and CMS experiments

Today, showing some of the results obtained with Run-2 ATLAS (link) and CMS (link) data
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS/index.html


Supersymmetry

Supersymmetry (SUSY) can solve most of the SM problems:

A fundamental theory which unifies fermions (matter) and bosons (forces)

→ SM boson ↔ new fermion; SM fermion ↔ new scalar
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Supersymmetry and R-parity

Introduces R-parity, (−1)3(B−L)+2S : protects baryon and lepton numbers conservation

→ In SM R=+1, in SUSY R=–1

1) R-parity conserved (RPC): sparticles produced/annihilated in pairs

→ Lightest SUSY particle (LSP) can be stable and weakly interacting

→ Final states with large missing transverse energy (Emiss
T )

2) R-parity violated (RPV): allows the possibility of some RPV
couplings to be non-zero

→ LSP unstable and decays in SM particles

→ Emiss
T only generated through SM particles (neutrinos)
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SUSY particles can be:

Short lived: values of the coupling are large enough to ensure prompt decays of the LSP

Long lived (LL): e.g in RPV SUSY, if small RPV couplings and/or large sfermion masses

the LSP can become long-lived

→ The LSP lifetime depends on the RPV coupling strength & masses of the sfermions
involved in the decay
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Strategy to look for SUSY (1)

To cover the entire SUSY phase space and ensure a good sensitivity, several channels are defined:
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1) Strong-production: inclusive searches for
gluinos and squarks, copiously produced at
the LHC

→ final states with many light and/or
b-tagged jets, zero or multiple leptons and
(plenty of) missing transverse energy

2) Third generation squarks (stop, sbottom):
lighter than 1st and 2nd squarks

→ in the context of Natural SUSY, with
masses below/around the TeV scale

3) Ewkinos and sleptons pair production

→ coloured spartners too heavy

→ direct gaugino/higgsino/slepton prod
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Strategy to look for SUSY (2)

All searches for SUSY (or other new physics) have some common points:

Signal regions (SRs): regions targeting specific SUSY signal models

→ Defined to have the best discovery potential in the
selected models

→ For one model, several SRs can be defined, to cover
each region of the phase-space (low, intermediate
and high mass difference between the sparticles)

→ In Run-2: exploiting more new variables and using
machine learning techniques

Background (bkg): identify → understand → estimate as precise as possible → validate

→ Standard Model (SM) bkg, or Detector bkg
→ Estimated from Monte Carlo (MC) simulations, or using data control regions (CRs),

or with data-based techniques, as appropriate
→ In Run-2: an increased use of data-based bkg estimates to avoid dependence on MC

Statistical interpretation: test the compatibility between data and bkg estimation in SRs

In case of no excess:

→ Set model dependent / independent exclusion limits
The results are interpreted using SUSY simplified models, where particles not
involved in production or decays are decoupled, i.e too heavy to be produced or affect
the decays of the particles of interest

6 / 26



Exclusion limits: gluinos

Left: ATLAS; Right: CMS (only g̃ → tt̄χ̃
0
1 shown here)

→ Analyses covering each corner of the phase space, targeting a wide range for the gluino

decay mode, with the LSP being χ̃0
1 or G̃

When χ̃0
1 LSP, in the very compressed region with χ̃0

1 and g̃ masses very close, weaker limits

→ Work ongoing to improve this with more advanced SRs definitions (e.g using ML
techniques with/without much softer objects)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-005/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS


CMS, gluino search with photons & jets (1)

Event selection with at least one photon with pT > 100 GeV, 0-leptons, high Emiss
T

(> 300 GeV), and at least 2 jets

→ Using W /Z (V) and Higgs (H) taggers, to ensure maximum signal sensitivity, as well as
multiple Emiss

T - N jets/b−jets bins

Dominant backgrounds: Vγ+jets, tt̄γ+jets, γ+jets, W+jets, tt̄+jets, QCD
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https://cds.cern.ch/record/2852844/files/SUS-21-009-pas.pdf


CMS, gluino search with photons & jets (2)

As no excess in any of the defined signal regions:

→ Upper limits on the production cross sections

→ Exclusion limits on the gluino mass, given a selected LSP (χ̃
0
1) mass
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https://cds.cern.ch/record/2852844/files/SUS-21-009-pas.pdf


ATLAS, gluino search with multiple jets

An RPV ATLAS search, looking for gluinos with signatures that have:

→ Direct decays for 3 jets, or cascade decays to 5 jets

Jets that originate from either light quarks (UDS) or can contain a heavy flavour (UDB)

Generally weaker limits when RPV (when comparing to RPC) due to challenging final
states with very small Emiss

T

Main analysis difficulty: QCD background estimation
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-049/


Exclusion limits: 1st and 2nd gen squarks

Left: ATLAS; Right: CMS (only q̃ → qχ̃
0
1 shown)

→ Again stronger limits when G̃ is the LSP (because of the extra handle from the decay
products of neutralinos)

When χ̃0
1 LSP, in the every compressed region much weaker limits

→ Decay products much softer, and/or Emiss
T much lower thus signal events more challenging

to discriminate from the background, etc.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-005/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS


ATLAS, squarks search with leptons (1)

Main characteristic: three leptons, 0 b-tagged jets, several jets and Emiss
T final states

SRs with ‘simple’ variables like rational functions of objects pT , that are closely tailored to
target scenarios
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Main bkgs (data-driven): WZ+jets processes and the fake/non-prompt leptons
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https://arxiv.org/abs/2307.01094


ATLAS, squarks search with leptons (2)

To place exclusion mass limits, the SR with best expected sensitivity is chosen in each point

→ To ensure the best exclusion, the SRs are binned in Emiss
T or meff
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CMS, squarks search with photons

Using a stealth SUSY benchmark model with G̃ LSP produced through a decay of the
stealth sector singlino: S̃ → G̃ S (the singlet, a scalar boson, with a mass of 90 GeV)

→ Very small S̃ − S mass difference (10 GeV): G̃ carries very small momentum

Event selection using two photons, many jets and low Emiss
T
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-001/index.html


Exclusion limits: stop

Left: ATLAS; Right: CMS (only t̃ → tχ̃
0
1 shown)

→ Slightly better results in CMS

Most challenging: improve the sensitivity in the compressed region
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-0XX/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS


ATLAS: stop searches strategy

monojet [2102.10874]

fit binned Emiss
T distribution

a high-pT recoiling ISR jet

0ℓ, 1ℓ [2004.14060,
2012.03799]
low-pT objects:
- track-jet b-tag → 5 GeV
- muon → 4 GeV
- electron → 4.5 GeV
- soft b-tag (sec. vertex)
ISR event topology

2ℓ [2102.01444]
super-razor [1310.4827] vars.
Emiss
T significance

1ℓ [2012.03799, ATLAS-CONF-2023-043]
NN using lepton 4-mom. +
object multiplicities +
mXY and ∆R(X ,Y ) +
RNN with jets 4-mom.

[1903.07570]
tt̄ spin correlations

1ℓ [2012.03799,
ATLAS-CONF-2023-043]
NN, but also
reconstruction of tops:
- mass of reclustered jets
- topness [1212.4495]
- Emiss

T ⊥ tt̄ system
mτ

T2 [1407.0583]

0ℓ [2004.14060]
reclustered jet mass
Emiss
T significance

mT2 [hep-ph/9906349]
∆Rbb

mb,min
T

+ always sophisticated lepton / jet / Emiss
T / reconstruction!

source
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https://arxiv.org/abs/2102.10874
https://arxiv.org/abs/2004.14060
https://arxiv.org/abs/2012.03799
https://arxiv.org/abs/2102.01444
https://arxiv.org/abs/1310.4827
https://arxiv.org/abs/2012.03799
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-043/
https://arxiv.org/abs/1903.07570
https://arxiv.org/abs/2012.03799
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-043/
https://arxiv.org/abs/1212.4495
https://arxiv.org/abs/1407.0583
https://arxiv.org/pdf/2004.14060.pdf
https://arxiv.org/abs/hep-ph/9906349
https://indico.cern.ch/event/1214022/contributions/5458506/attachments/2685483/4659178/susy23.pdf


Exclusion limits: sbottom

Left: ATLAS; Right: CMS (only b̃ → bχ̃
0
1 shown)

→ Very similar sensitivity at both ATLAS and CMS

Various b̃ decay modes considered, via χ̃±
1 or χ̃

0
2, with χ̃0

1 as LSP
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-005/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS


CMS, stop and sbottom LL search (1)

A search for stops and sbottoms considering final states with disappearing tracks

→ Considering a nearly pure wino-like or higgsino-like LSP that are consistent with the
observed dark matter (DM) relic density
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The LSP and the χ̃±
1 nearly mass degenerate, with a mass difference of a few hundred MeV

χ̃±
1 is LL, with a macroscopic lifetime (ns, @LHC decay length of several cm or more)

Unique experimental signature: in χ̃± → χ̃0
1π± decays, π± has a momentum of only a

few hundred MeV, generally too low to reconstruct

χ̃±
is reconstructed as a track with hits up to its point of decay, with no hits recorded after

→ This leads to the disappearing track signature: a reconstructed track ends abruptly within
the sensitive tracking volume, with a continuation that has “disappeared”
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-21-006/index.html


CMS, stop and sbottom LL search (2)

Search performed with a machine learning-based track classification method to improve the
disappearing track selection efficiency and background rejection

An additional increase in sensitivity at high LSP mass achieved by employing a measure of
the dE/dx ionization energy loss of candidate tracks

Different search channels defined (a total of 49 bins/SRs):

→ Hadronic channel, with 0 leptons, 1 disappearing track

→ Muon channel, with ≥1 muon and 0 electrons, 1 disappearing track

→ Electron channel, with ≥1 electrons, 1 disappearing track

→ ≥2 disappearing tracks
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-21-006/index.html


Searches for Ewkinos

Both ATLAS and CMS released the combined search for RPV electroweak direct

production of winos, binos, higgsinos, and sleptons

ATLAS-CONF-2023-046 and CMS-PAS-SUS-21-008, CMS public plots

The combined analyses are statistically independent

Intermediate states with W , Z or h bosons, and final states with 0→4 leptons
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-046/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-21-008/index.html
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS#Run_2_Summary_Plots_13_TeV


W or Z bosons in the decay chain

Limits obtained using a combined profile likelihood fit of the observed data yields, the
background yields, and the expected SUSY yields in the control and signal regions

Model: pure-wino, mass-degenerate χ̃±
1 -χ̃
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1 being excluded up to 1 TeV for low mass LSPs
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W or h bosons in the decay chain

Model: pure-wino, mass-degenerate χ̃±
1 -χ̃

0
2 pair production decaying to W or h, and χ̃0
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 (WH)-1, 36 fbb1801.03957, 1l+b
3l (WH)≥2106.14246, 2l SS + 

 (WH)b2107.12553, 1l+b
2205.09597, 0l (WH)
SUS-21-008, Combination

Slightly better sensitivity for CMS in the χ̃±
1 -χ̃

0
1 mass plane

→ χ̃±
1 excluded up to approx. 1 TeV for low mass LSPs
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W bosons in the decay chain

ATLAS model: pure-wino χ̃±
1 pair production decaying to W and χ̃0

1 (100% BR)

CMS model: a higgsino-bino model, with bino LSP, and mass-degenerate light higgsinos

→ Several production modes considered: χ̃±
1 χ̃0

2, χ̃
±
1 χ̃0

3, χ̃
±
1 χ̃±

1 and χ̃0
3χ̃

0
2

→ χ̃±
1 excluded up to 800 GeV for LSP masses below 50 GeV in ATLAS, and up to 1 TeV in

CMS
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A GMSB model (1)

As the direct pair production of neutralinos is expected to be vanishingly small, only the
mass-degenerate higgsino like χ̃±

1 , χ̃0
2 and χ̃0

1 case considered

In this model the χ̃±
1 and χ̃0

2 decay to χ̃0
1 via soft particles that escape the detector

→ Resulting in effective χ̃1
0 pair production

Signal regions defined using machine learning techniques, recursive-jigsaw reconstruction
techniques, or the traditional cuts on key variables
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A GMSB model (2)
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Discussion

ATLAS SUSY public results and CMS SUSY public results

Comprehensive set of results with the Run-2 dataset

Unfortunately, no significant excess observed...

While LHC Run-3 data is being recorded and understood, reanalysis of the Run-2 data:

Using more sophisticated techniques → more and more the ML is being used

Additional / new benchmark models are being included

Etc.

More results to come!
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS/index.html


BACKUP
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Long-lived particles (1)

Simplest definition for the long-lived particles (LLP):

→ Neutral particles decaying a macroscopic distance from the interaction point (IP)

→ Charged particles that decay as above or are quasistable on the detector scale

LLP can be (only few examples!):

Supersymmetric (SUSY) models

→ Long-lived gluinos (g̃) due to very heavy squarks, or g̃ -Bino co-annihilation

→ Long-lived charginos (χ̃): Wino/Higgsino Lightest Stable Particle (LSP)

→ Long-lived neutralino/LSP (χ̃0): Gravitino LSP, R-parity violation, Wino-Bino
co-annihilation

Hidden/dark sector scenario

→ Long-lived dark photon: Higgs portal model

→ Long-lived neutral scalar: Heavy neutral boson portal model

Others

→ Long-lived right-handed neutrino: Left-right symmetry extension of SM

→ Long-lived multi-charged particle: Monopole, Q-ball
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Long-lived particles (2)

LL particles can be light or heavy

Experimental signature: LLP itself if it’s stable, otherwise its decay products (jets, ℓ, etc)

Can have an unique signature (lifetimes in the pico to nanoseconds range), for example:

→ Meta-stable LL charged particles: travel
all the detector components, like muons
but with a very different signature
(interactions with the detector material)

→ Non-stable charged LLP: Disappearing or
kinked tracks → presence of secondary
(kinked) track dependent on the phase
space of the decay vertex

→ LLP can decay to leptons: can look for
displaced leptons or for displaced di-lepton
vertices (with no track pointing back to
the IP)

Usually lower Standard Model (SM) background than in the traditional BSM searches

Cannot relay on MC simulations, and most of the time a fully data-driven background
estimation is used

Requires a deep understanding of the detector!
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