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➢ Many SUSY searches have been published by CMS in the last few years.

http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/index.html

http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/index.html
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➢ Many SUSY searches have been published by CMS in the last few years.
➢ Several of them targeting gluinos and stops.

http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/index.html

http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/index.html
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Stop searches

SUSY 2022 

𝒕

𝒕



HIGH 𝒑𝑻
𝒎𝒊𝒔𝒔

SEARCHES
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➢ The stop quark plays an essential role in understanding the SUSY models.

➢ Several searches with the full Run 2 dataset have been performed by the CMS
Collaboration, but the so-called “top corridor” requires special care because…

• The mass difference between stop and
neutralino is close to the top mass.

• Signal and 𝑡 ҧ𝑡 background have similar
kinematics, especially at low neutralino
masses.

• Signal events can only be detected as an
excess on the 𝒕 ҧ𝒕 cross section.

• The accurate estimation of 𝒕 ҧ𝒕 process is
very important to have sensitivity.

TOP CORRIDOR

➢ Combination with three previous searches
with 0, 1 and 2 leptons in the final state is
also presented in this paper:

• Hadronic: Phys. Rev. D 104 (2021) 052001

• Single lepton: JHEP 05 (2020) 032 

• Dileptons: Eur. Phys. J. C81(2021) 3

Eur. Phys. J. C 81 (2021) 970 

SUSY 2022 

https://doi.org/10.1103/PhysRevD.104.052001
http://dx.doi.org/10.1007/JHEP05(2020)032
https://doi.org/10.48550/arXiv.2008.05936
https://doi.org/10.48550/arXiv.2107.10892


➢ Backgrounds: The main
background is 𝒕 ҧ𝒕 due to the 
similar kinematics with the 
signal process in this region. 
It is estimated from MC with 
an accurate knowledge.
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➢ Event selection: ℓℓ, ≥ 2 jets, ≥ 1 b-tagged jet, 𝒑𝑻
𝒎𝒊𝒔𝒔 ≥ 50 GeV, 𝒎𝐓𝟐 ≥ 80 GeV.

Signal models 
have also 

different shapes

𝒕 ҧ𝒕 and stop have 
different shapes

𝑚𝑠𝑡𝑜𝑝

𝑚𝐿𝑆𝑃

𝑥𝑖
𝑓(𝑚𝑠𝑡𝑜𝑝,𝑚𝐿𝑆𝑃 , 𝑥𝑖)

With one DNN we have an 
specific model for each 

mass point!

➢ Main strategy: use a parametric Deep Neural Network to separate signal from background. 
By introducing stop and LSP masses in the training we exploit the kinematic differences to 
maximize sensitivity.

TOP CORRIDOR ANALYSIS

SUSY 2022 

Eur. Phys. J. C 81 (2021) 970 

https://doi.org/10.48550/arXiv.2107.10892
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➢ No excess is observed and for the signal extraction
the DNN output is used.

➢ The DNN score has different shapes due to the parametric training:  there is one signal 
and one background distribution for each mass point.

➢ Results are presented in terms of upper limits on the
production cross section of top squark pairs at 95%
confidence level for the T2tt model.

➢ Full top corridor region is excluded for the first 
time by CMS!

TOP CORRIDOR RESULTS

SUSY 2022 

Eur. Phys. J. C 81 (2021) 970 

https://doi.org/10.48550/arXiv.2107.10892


COMBINATION ANALYSES
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Fully hadronic analysis: 
Phys. Rev. D 104 (2021) 052001
• High Δm: advanced jet tagging 

algorithms to identify hadronically 
decaying top quarks and W bosons. 

• Low Δm: dedicated algorithm to 
identify very low 𝑝𝑇 B hadrons.

Single lepton analysis:
JHEP 05 (2020) 032 
• 𝑀𝑇 to suppress 𝑡 ҧ𝑡+jets/W+jets.
• Modified topness (𝑡𝑚𝑜𝑑) to 

discriminate against 𝑡 ҧ𝑡.
• Hadronic top tagger categories 

(unmerged, merged and resolved).

Dilepton analysis:
Eur. Phys. J. C. 81(2021) 3

• 𝑝𝑇
𝑚𝑖𝑠𝑠 Significance to supress Drell-Yan.

• 𝑚T2(ℓℓ) and 𝑚T2(𝑏ℓ𝑏ℓ) to suppress 𝑡 ҧ𝑡+jets. 
• ttZ(Z→inv) main irreducible background.

SUSY 2022 

https://doi.org/10.1103/PhysRevD.104.052001
http://dx.doi.org/10.1007/JHEP05(2020)032
https://doi.org/10.48550/arXiv.2008.05936


COMBINATION RESULTS
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T2tt

T2bt

T2bW
Exclusion limits are 
improved by over 50 GeV 
wrt. previous analyses!

Top corridor region 
excluded!

SUSY 2022 

Eur. Phys. J. C 81 (2021) 970 

https://doi.org/10.48550/arXiv.2107.10892


DARK MATTER INTERPRETATION
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➢ The results of the inclusive top squark searches are also
interpreted in an alternative DM signal model where a scalar
(φ) or pseudoscalar (a) particle mediates the interaction
between the DM candidate particle and SM quarks.

➢ Prior searches excluded φ and a mediator particles with a
mass of up to 290 and 300 GeV, respectively.

• 𝒎𝝌 = 1 GeV and 

𝒈𝒒 = 𝒈𝑫𝑴= 1 are 

assumed.

• Limits are set on 
σ(tt+φ/a→χχ).

Scalar and pseudoscalar mediators with a mass up to 400 GeV and 420 GeV are 
excluded, respectively.

SUSY 2022 

Eur. Phys. J. C 81 (2021) 970 

https://doi.org/10.48550/arXiv.2107.10892


➢ R-parity Violating SUSY: LSP is not stable and decays to SM ➔ stop production 

would not end in large 𝑝𝑇
𝑚𝑖𝑠𝑠.

➢ Stealth (SYY) SUSY: Consider a hidden sector which simply contains a sfermion
and a scalar partner and are very close in mass ➔ stop decays through this
hidden sector.

RPV / STEALTH STOP SEARCHES
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Phys. Rev. D 104, 032006 (2021)

BLOIS 2021 

• Final state: 𝑡 ҧ𝑡 + jets with very high jet multiplicity.

• Focused on (largely unexplored) low 𝒑𝑻
𝒎𝒊𝒔𝒔 topologies of stop decays.

https://doi.org/10.48550/arXiv.2102.06976


➢ Event selection 
• Exactly one electron or muon, to reduce QCD background.
• Events are required to have at least 7 jests and large 𝐻𝑇.
• To reduce non 𝑡 ҧ𝑡 + jets backgrounds,  at least one b-jet and 50 < 𝑀𝑏,𝑙 < 250 GeV 

are required.

DETAILS OF THE ANALYSIS
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Phys. Rev. D 104, 032006 (2021)

BLOIS 2021 

➢ Strategy
• A Neural Network (NN) is trained to enhance the

discrimination between signal and the primary
background 𝒕 ҧ𝒕 + jets.

• Events are then divided into four NN score (SNN) 
signal regions and categorized by 𝑵𝒋𝒆𝒕𝒔.

https://doi.org/10.48550/arXiv.2102.06976


RESULTS
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➢ No significant deviations from SM predictions and results are interpreted in 
terms of exclusion limits on 𝝈𝒕 ҧ𝒕 at the 95% CL.

BLOIS 2021 

Phys. Rev. D 104, 032006 (2021)

R-parity Violating SUSY Stealth (SYY) SUSY

• Stop masses up to 670 GeV are excluded for the RPV model.

• Stop masses up to 870 GeV are excluded for the Stealth model.

https://doi.org/10.48550/arXiv.2102.06976
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Gluino searches
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𝒈

𝒈



MOTIVATION
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➢ Two gluino-pair production simplified models are explored in this analysis.

BLOIS 2021 

CMS-PAS-SUS-21-007

➢ The main discrimination variable between signal and SM events is the 
azimuthal angle between the lepton momentum and the reconstructed 
leptonic W boson candidate: Δφ(Wreco , ℓ)

Multi b-tagsMulti b-tags 0 b-tags

http://cds.cern.ch/record/2805223/files/SUS-21-007-pas.pdf


➢ Event selection 
• Exactly one electron or muon.
• Events are required to have at least 3 jets, and the two leading with 𝒑𝑻 > 80 GeV.
• Events in the multi-b analyses are additionally required to contain at least one top tag.

• Large 𝑯𝑻 and 𝑳𝑻 to be not only sensitive to events with high 𝑝𝑇
𝑚𝑖𝑠𝑠, but also to signal

events with very small 𝑝𝑇
𝑚𝑖𝑠𝑠 but higher lepton 𝑝𝑇.

➢ Strategy
• The ∆φ variable is used to further suppress the background contributions.
• The search region is split into bins of 𝑁𝑗𝑒𝑡𝑠 , 𝑁𝑏−𝑗𝑒𝑡𝑠 , 𝐿𝑇 , and 𝐻𝑇 , and further

categorized by 𝑁𝑡𝑜𝑝 (𝑁𝑊) for the multi-b (zero-b) analysis.

DETAILS OF THE ANALYSIS
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➢ Backgrounds

• The main 
backgrounds arise 
from top quark 
pair production 
and W+jets
production.

BLOIS 2021 

CMS-PAS-SUS-21-007

Multi-b signal regions

http://cds.cern.ch/record/2805223/files/SUS-21-007-pas.pdf


RESULTS
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➢ No significant deviations from SM predictions and results are interpreted in 
terms of exclusion limits at the 95% CL.

• The excluded gluino (neutralino) 
masses reach up to 2130 (1270) 
GeV. Improvement of about 320 
(170) GeV on the gluino
(neutralino) masses. 

BLOIS 2021 

CMS-PAS-SUS-21-007

• The excluded gluino (neutralino) 
masses reach up to 2280 (1220) 
GeV. Improvement of about 380 
(270) GeV on the gluino
(neutralino) masses. 

Multi b-tags 0 b-tags

http://cds.cern.ch/record/2805223/files/SUS-21-007-pas.pdf


SUMMARY
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➢ Several recent results with Run 2 dataset collected by the CMS experiment
have been summarized.

➢ A very varied program of searches has been completed in different final
states and with different interpretations.

➢ These results significantly extend the existing exclusion limit.

➢ There are many more results published and on the way, stay tuned!

CMS Public SUSY Results:
http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/index.html

BLOIS 2021 

[link] [link]

http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/index.html
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsSUS/T2tt_limits_summary_cms.png
https://twiki.cern.ch/twiki/pub/CMSPublic/PhysicsResultsSUS/T1tttt_limits_summary_cms.png
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Back up



INTRODUCTION
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➢ Supersymmetry is an extension of the SM that assigns a new particle (superpartner)
to every SM particle differing only in ½ of spin.

➢ This model can solve several shortcomings of the SM:
o The hierarchy problem of the quantum loop corrections to the Higgs mass, due

mainly to the top quark, can be compensated by the effect of the top quark
superpartner.

o If R-parity is conserved, the lightest supersymmetric particle (LSP) is stable and
potentially massive, providing a good candidate for Dark Matter.

o Unification.



TARGET MODELS
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STOPS GLUINOS

RPV StealthStealth
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𝑴𝑻𝟐 variable

SUSY 2022 



• The network uses gradient reversal 
to avoid correlation with Njets.

• A simultaneous fit over all SNN bins 
of the total Njets shape is performed, 
where the ttbar Njets shape is 
constrained to be the same in each 
region.

RPV/STEALTH STOPS
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Phys. Rev. D 104, 032006 (2021)

BLOIS 2021 

https://doi.org/10.48550/arXiv.2102.06976


GLUINOS
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CMS-PAS-SUS-21-007

Multi b-tags 0 b-tags

http://cds.cern.ch/record/2805223/files/SUS-21-007-pas.pdf
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CMS-PAS-SUS-21-007

http://cds.cern.ch/record/2805223/files/SUS-21-007-pas.pdf

