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• Global symmetry between 
fermions & bosons
• Mo3va3on
▫ predicts a below-135-GeV Higgs scalar
� may be SM-like
� solves hierarchy problem 
▫ unifica-on of gauge couplings at a single scale
▫ dark ma2er candidate

Supersymmetry
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R-parity conservation versus RP-violation
• RPC → large MET from weakly interacting LSPs
• RPV → more leptons/jets and less or no MET
• RPV → prompt or delayed LSP decay

SUSY$searches$strategy
V.A. Mitsou
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Strong-produc6on channels
• copious producBon at hadron colliders
• MET-based generic channels

Corfu2022

Metastable spar6cles
• suppressed (effecBve) coupling
• lack of phase space, e.g. mass degeneracies
• may induce non-trivial signals in detectors

Third-genera6on spar6cles
• naturalness → mass of O(<TeV)
• lighter than other squarks

Electroweak production
• coloured spartners too heavy 
• direct gaugino/higgsino/slepton production
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Interpreta(ons in other BSM scenarios 
including dark ma8er

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections


Typical$SUSY$search
• Signal region (SR)
▫ single-bin (“cut & count”) or mulB-bin
▫ opBmised for targeted producBon/decay mode
▫ different mass hierarchies ➜ few SRs: A, B, C, …

• Data-driven background es7mate
▫ irreducible backgrounds esBmated using control region (CR) data as a 

constraint and Monte Carlo to extrapolate from CR to SR
▫ reducible background (fake/non-isolated leptons, MET from jet 

mis-measurement, …) measured with data
▫ validaBon regions (VR) to check background esBmate method 

• Likelihood fit of data in SRs and CRs
▫ hypothesis tesBng of signal models 
➜ exclusion curves in model parameter space

▫ background versus data ➜ model-independent upper limits 
in visible cross-secBon of any BSM scenario

V.A. MitsouCorfu2022
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Excluded 
region
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Large$Hadron$Collider$at$CERN
V.A. MitsouCorfu2022
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/ MoEDAL

• Run 1: 2010 – 2012 
▫ proton-proton √s = 7 – 8 TeV

• Run 2: 2015 – 2018
▫ proton-proton √s = 13 TeV

• Spectacular LHC performance!

Run 3 data-taking

under way at 

√s = 13.6 TeV !

Results 

presented here



• Produc(on of squarks and gluinos with subsequent cascade decay to lighter 
spar(cles

• Including stop and sbo/om produc(on

V.A. MitsouCorfu2022
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Gluinos: 1L with Δφ & top/W tagging
• Event selec3on
▫ exactly one e or μ
▫ at least 3 jets
▫ b-tagged jets in SRs 

for topology with 
t-quarks

• Main discrimina3on 
variable: Δφ(Wreco,ℓ)

V.A. MitsouCorfu2022
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Excluded: 
m(g̃) < 2130 GeV 
m(χ̃10) < 1270 GeV

Excluded: 
m(g̃) < 2280 GeV 
m(χ̃10) < 1220 GeV

CMS PAS SUS-21-007

http://cds.cern.ch/record/2805223


Peak or edge in mℓℓ distribution
• Modelling MET, meff, … tails can be challenging
• In events with two opposite-sign same-flavour leptons, 
mℓℓ can provide a secure handle in SUSY searches
• Shape fit of mℓℓ distribuMon

V.A. MitsouCorfu2022
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ATLAS: arXiv:2204.13072
CMS: JHEP 04 (2021) 123 

background

Z

Z* ℓℓ̃̃

mℓℓ
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https://arxiv.org/abs/2204.13072
http://dx.doi.org/10.1007/JHEP04(2021)123


mℓℓ distribution<– g̃/q̃<production
• No data excess over SM predic1on
• Exclude regions of SUSY mass parameter 

space by “s1tching” SRs
• Improved limits on g̃/q ̃ mass vs. χ1̃0 mass
• Electroweakino produc1on also considered
▫ excesses of ≤3σ seen with 36 `-1

[PRD98 (2018) 092012] gone

V.A. MitsouCorfu2022
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arXiv:2204.13072
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https://doi.org/10.1103/PhysRevD.98.092012
https://arxiv.org/abs/2204.13072


Top<squark 4-body<decay<(1<soft<lepton<with<MVA)
• Targets compressed spectum
• 4-body decay of stop to so, par(cles: pT

μ > 3.5 GeV, pT
e > 5 GeV

• 2017+2018 data analysis ⊕ 2016 results [JHEP 09 (2018) 065]
• Selec(on based on mul(variate approach adapted to Δm
• m(t1̃) up to 480 GeV (700) GeV excluded at ∆m=10 GeV (80 GeV)
▫ 2.9σ (local) excess reduces to 2.5σ if 2016 data included

V.A. MitsouCorfu2022
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CMS PAS SUS-21-003

http://dx.doi.org/10.1007/JHEP09(2018)065
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-21-003/index.html


RPV<and<Stealth<SUSY
• Stop decays in final states with no MET (besides 

neutrinos) + many jets + 1 lepton
• RPV SUSY: LSP decays to 3 jets ⇒ no large MET
• Stealth SUSY: hidden sector which simply 

contains a a scalar S and its superpartner S(
• Largest excess 2.8𝜎 (local) for RPV at mt ̃ = 400 GeV

V.A. MitsouCorfu2022

11

Phys.Rev.D 104 (2021) 032006

mt ̃ < 670 GeV excluded

mt ̃ < 870 GeV 
excluded

RPV

Stealth

Similar analysis by ATLAS [Eur.Phys.J.C 81 (2021) 1023]

λ’’112 SYY-

https://doi.org/10.1103/PhysRevD.104.032006
https://doi.org/10.1140/epjc/s10052-021-09761-x


3rd generation<squarks
V.A. MitsouCorfu2022
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SUSY searches with top squarks can
constrain (pseudo)scalars that 
mediate DM produc@on
☞ talk by Nishu Nishu ATLAS-CONF-2022-007

CMS Public SUSY Results

ATL-PHYS-PUB-2022-013

combination

0ℓ
1ℓ

2ℓ

0ℓ
1ℓ2ℓ

Top squark masses up to ~1300 GeV 
constrained (fine-tuning 𝒪(1%))

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-007/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-013/


Neutralino, chargino, slepton direct produc;on

V.A. MitsouCorfu2022
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Sleptons
▫ 1.5σ excess and 3.5σ local data 

deficit
▫ light μ̃ and light LSP could 

explain (g-2)μ anomaly through 
loop correcBons

Chargino/slepton pairs: 2L + 0-1 jets + MET
Targe;ng moderately 
compressed regions with 
mass spli@ngs close to mW

V.A. MitsouCorfu2022
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ATLAS-CONF-2022-006

ATL-PHYS-PUB-2022-013

Results on smuons
complementary to previous 
Run 2 2L0J analysis 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-006/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-013/


2L + 0-1 jets + MET: WW fiducial measurement
First measurement in topologies associated with SUSY searches,
complementary to exisBng ATLAS measurements

V.A. MitsouCorfu2022
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arXiv:2206.15231

• Itera;ve Bayesian 
unfolding from detector 
to par;cle level

• Largest systema;c 
uncertainty contribu;on 
from experimental jet 
uncertainty

<latexit sha1_base64="HDbswAAdtgJBjQ3W59fsIgKjFEc="></latexit>

�WW!e±⌫µ⌥⌫ = 19.2± 0.3(stat)± 2.5(syst)± 0.4(lumi) fb

= 19.2± 2.6(total) fb

meμ> 100 GeV
MET ∈ [60, 80] GeV
mT2 ∈ [60, 80] GeV

https://arxiv.org/abs/2206.15231


Same-sign 2L – wino/bino model
V.A. MitsouCorfu2022
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• Small SM same-sign lepton backgrounds
• Targets 
▫ wino decays to W and h/Z
▫ bilinear RPV and UDD RPV

• MET, MET significance, mT2
discrimina1ng variables

m(χ̃1±/χ̃20) < 525 GeV 
excluded for massless LSP

190 < m(χ̃1±/χ̃20) < 250 GeV 
excluded for massless LSP

Wh

WZ

ATLAS-CONF-2022-057

Similar analyses by CMS
[Eur.Phys.J.C 80 (2020) 752, JHEP 04 (2022) 147]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-057
http://dx.doi.org/10.1140/epjc/s10052-020-8168-3
http://dx.doi.org/10.1007/JHEP04(2022)147


Same-sign<2L<&<3L<– higgsino RPV<models

1. Bilinear RPV (bRPV) higgsino
▫ bRPV terms induce neutrino masses
▫ inclusive produc@on assumed

2. UDD RPV with λ’’323 coupling
▫ model-independent limits set

V.A. MitsouCorfu2022
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excluded: 
m(χ̃10/χ̃20/χ̃1±) < 440 GeV

L-number viola;on B-number viola;on
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C
k + �

0
ijkL̂iQ̂jD̂

C
k + ✏iL̂iĤu + �
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bilinear terms

Near-degenerate higgsino
spectra favoured by 

naturalness without soU 
leptons in final state

ATLAS-CONF-2022-057

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-057


Fully<hadronic<WX +<MET
• SensiBve to wide range of EW pair 

producBon of electroweakino models
▫ wino-like (χ1̃±/χ2̃0) NLSP
▫ higgsino-like (χ ̃1±/χ ̃20/χ ̃30) NLSP

• Large mNLSP⇒ high pT H/W/Z
⇒ taggable boosted AK8 jets
• Uses improvements in heavy-flavour tagging
▫ DeepCSV iden1fies b-tagged single-parton (AK4) jets
▫ DeepAK8 and DeepDoubleB iden1fy large-radius 

(AK8) jets from merged-jet daughters for H/W/Z
bosons

• Lepton veto rejects major leptonic W decay 
background 

V.A. MitsouCorfu2022
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& bino-like 
LSP (χ1̃0)

arXiv:2205.09597

https://arxiv.org/abs/2205.09597


Fully<hadronic<WX +<MET<results
• Hadronic final states challenging to probe, but deep neural-

network taggers provide sensi@vity to higher NLSP masses than 
homologous leptonic searches

• Realis@c interpreta@on for wino-bino scenario with WW+WZ
(WW+WH) produc@ons extends exclusion up to 870 GeV (960 GeV)

• Higgsino-bino: first @me that CMS excludes significant mass range  
(300 – 650 GeV) 

V.A. MitsouCorfu2022
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Higgsino

WW WZ
WH

Similar analysis by ATLAS [Phys.Rev.D 104 (2021) 112010]

arXiv:2205.09597

https://doi.org/10.1103/PhysRevD.104.112010
https://arxiv.org/abs/2205.09597


τ̃ pairs<– prompt<&<delayed<decay
• Stau decays to a hadronic τ (τh) and the LSP
• Sum of each τh mT (ΣmT) used as discriminant variable
• Displaced taus in the maximally mixed scenario considered
• Stau masses up to 400 GeV excluded for the prompt case, 

between 150 and 220 GeV for cτ0 = 0.1 mm

V.A. MitsouCorfu2022
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arXiv:2207.02254

displaced taus

prompt τ̃ decays

http://arxiv.org/abs/2207.02254


For dedicated reviews, see:
• Lee, Ohm, Soffer, Yu, Prog.Part.Nucl.Phys. 106 (2019) 210

• LHC-LLP Community, J.Phys.G 47 (2020) 090501

V.A. MitsouCorfu2022

21

https://doi.org/10.1016/j.ppnp.2019.02.006
https://doi.org/10.1088/1361-6471/ab4574


Long-lived<particles
• Long-lived decays of spartners possible in several frameworks, including
▫ hierarchy of mass scale

� long-lived gluinos or squarks that hadronise before decaying → R-hadrons in Split SUSY
▫ small coupling between the par1cle and the final state

� weak RPV couplings or gravita@onal (GMSB)
▫ mass degeneracy between the par1cle and the final state

� chargino and neutralino wino in AMSB
� stau and neutralino in coannihila6on scenarios

• Depending on the lifeBme, different detecBon techniques involving tracks, photons, 
leptons, verBces, …

V.A. MitsouCorfu2022
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Displaced<vertices<+<jets
• General search for heavy LLPs decaying in hadrons
▫ SUSY: B-number violaBng RPV, gaugino → qqq

• DV reconstruc1on possible up to 300 mm thanks 
to Large Radius Tracking
▫ reconstructed from lej-over hits ajer standard 

tracking with looser IP constraints
• Jet-DV correla1on measured in signal-free CR 

and used to es1mate the background in SR

V.A. MitsouCorfu2022
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ATLAS-CONF-2022-054

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-054/


Non-pointing<photons
• Targe@ng delayed and non-poin@ng photons
▫ non-resonant: h → χ1̃

0 χ1̃
0 (LL) → γγ G,G, [ATLAS-CONF-2022-017]

▫ displaced vertex (DV): displaced h→ɣɣ or Z→ee in χ1̃
0 (LL NLSP) → h/Z G,

[ATLAS-CONF-2022-051]
• Key discriminants are poin@ng and @ming measurements from

LAr calorimeter ➜ unique for ATLAS
• Constrained gauge-mediated SUSY breaking model χ1̃0 life@me 

and branching ra@os

V.A. MitsouCorfu2022
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non-resonant

non-resonant

DV DV

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-017/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-051/


Large<ionisation<energy<loss
• Wide sensi1vity to charged, long-lived, massive par1cles with life1mes of ~ns to stable
▫ SUSY → gluinos, charginos, sleptons

• Pixel detector provides ionisa1on measurements (σ ≈ 12%) along each track
• Control regions (low dE/dx, low MET) for data-driven track-mass templates

V.A. MitsouCorfu2022
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arXiv:2205.06013

dE/dx > 2.4

7 observed, 0.7±0.4 expected
3.3σ global excess

These 7 charged par@cles 
seen in calorimeter & muon 
systems, which es@mate β~1 
➜ inconsistent with signal 
model, if z = 1

<latexit sha1_base64="GW1k3lPzQr6usqpJ0D68RDMV9mk="></latexit>

m =
p

��

stau

Also, 1.5σ excess for z = 2 
observed in dE/dx multi-
detector analysis 
[ATLAS-CONF-2022-034]

Bethe-Bloch formula

https://arxiv.org/abs/2205.06013
http://cds.cern.ch/record/2810156


R-hadrons<&<long-lived<charginos
V.A. MitsouCorfu2022
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Chargino
Disappearing track  χ1̃

± → π± χ ̃10

Gluino R-hadrons
Metastable g̃ → g/qq χ ̃10
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-013/


Long-lived<particles<– summary
Including R-parity viola1on

V.A. MitsouCorfu2022

27

CMS Exotica Summary plots

https://twiki.cern.ch/twiki/bin/view/CMSPublic/SummaryPlotsEXO13TeV


• ATLAS and CMS have developed a vast program to search for 
supersymmetry
▫ many new results have just been released with the full Run 2 dataset

▫ no significant excess seen so far
• Improved search methods and new reconstruc3on techniques have de 

possible the explora3on of kinema3c regions previously inaccessible
• More searches and updates keep coming with the full Run-2 dataset 
• Many more to expect from Run-3!

Summary<&<outlook
V.A. Mitsou
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More results:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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R-parity<violation
V.A. MitsouCorfu2022
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In R-parity viola;ng SUSY
▫ LSP is not stable
▫ LSP may be charged and/or carry colour
▫ MET may be small (due to ν’s) or vanishing
▫ resonant LSP reconstruc6on (impossible in RPC SUSY)
▫ LSP may be long-lived ➜ displaced ver6ces

L-number viola@on B-number viola@on
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bilinear terms

𝑅 = (−1)! "#$ %&'

𝑅 = ( +1 for SM particles
−1 for superpartners

R-parity conserva;on hinted but not required by proton stability



1st &<2nd generation<squarks<&<gluinos
V.A. MitsouCorfu2022
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ATL-PHYS-PUB-2022-013
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squarks

gluinos

• Gluinos up to ~2.3 TeV probed
• Corresponds to fine-tuning of 𝒪(1%)

• Squarks up to 1.75 TeV for mass-degenerate 
L+R squark flavours

• Limits weaken to 1.3 TeV for single squark

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-013/
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/index.html


Reinterpre@on of RPC & RPV analyses in varying 
RPV couplings [ATLAS-CONF-2018-003]

Prompt R-parity violation
V.A. MitsouCorfu2022

32

Many more RPV decays considered
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http://cds.cern.ch/record/2308391
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-013/


ATLAS<2L<+<0-1<jets<+<MET
• Valida&on regions yields

V.A. MitsouCorfu2022
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ATLAS-CONF-2022-006

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-006/


Pixel<dE/dx<calibration
• Time-over-threshold from pixel sensors → charge measurement 
• Overflow-bit (OF1) informaBon helps idenBfying pixels where 

released ionisaBon is too large 
• Average dE/dx evaluated from all sub-leading pixel clusters
• dE/dx corrected to account for radiaBon damage and η

dependence

V.A. MitsouCorfu2022
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arXiv:2205.06013

• CalibraBon performed in a special dataset with low-pT
tracks 

• Fined MPV of dE/dx for known parBcle species 
→ calibrated MPV-βɣ relaBon

https://arxiv.org/abs/2205.06013


Pixel<dE/dx<background
• dE/dx and 1/pT sampled from CR to generate toy m values
• Toy mass distribu;on normalised to data in a signal-free 

region

V.A. MitsouCorfu2022
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arXiv:2205.06013

https://arxiv.org/abs/2205.06013

