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Electroweak SUSY at the LHC
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! SM processes being measured with exceptional precision

! Including new measurements of rare SM processes


! Stringent limits on strong-production of SUSY particles

! Lower mass limits:  gluinos (2 TeV) and stops (1 TeV)

! Access to rare processes which require a lot of data 
for discovery potential


! Using the now well established Higgs boson as a 
portal to new physics


! Connections to recent anomalies

! With the full Run-2 dataset:

! Can probe direct electroweak production of 

charginos/neutralinos and sleptons

! Naturalness favours light higgsinos, begin 
probing with full Run-2 dataset 
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Fully hadronic boosted
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! Interpretations based on various models:

! Baseline MSSM scenario with bino, wino and higgsino

! Light higgsinos and gravitino LSP

! Light higgsinos and axino LSP assuming the SM extension 

with a QCD axion

ATLAS-CONF-2021-022

! Mass heirarchy in the bino/wino/higgsino 
LSP scenario 

! Boosted boson identification

! Large-R jet tagging (R = 1.0)


! Events contain two large-R jets: Boson tagging


! SRs categorized based on: 2B2Q or 4Q

! Variable radius track jets for b-jet ID inside jet

Both W or Z tagging Exactly two b-tagged VR track jets 

! Backgrounds:

! Irreducible: VVV, tt+X, estimated from MC

! Reducible: Z+jets, W+jets, tt estimated from CR
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-022/
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Fully hadronic boosted
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! No significant excess above SM prediction

! Exclusion limits on simplified wino/bino models

! Chargino-neutralino pair production limits:


! 960 GeV in WZ and 1060 GeV in Wh

! Higgsino production decaying into a 
massless gravitino LSP: 940 GeV (100 % Br)

NEW

Placeholder for Approval

ATLAS-CONF-2021-022

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-022/
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Chargino/Neutralino: Wh, h->bb
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! Single lepton + bb + pTmiss final state


! Both small-R (∆R = 0.4) and large-R (∆R = 0.8) jet collections

! Large-R jets pT > 250 GeV 

CMS PAS SUS-20-003 

! Higgs tagger discriminator: deep 
neural network algorithm 


! Kinematic variables: mCT, bb inv. 
mass, mT, pTmiss
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Wino-like model NLSP

! Charginos / neutralinos excluded with masses up 
to 820 GeV


! LSPs with mass up to 350 GeV are excluded when 
the mass of the chargino / neutralino is ~ 700 GeV

https://cds.cern.ch/record/2758360/files/SUS-20-003-pas.pdf
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Chargino/Neutralino: Wh, h->bb
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! Search for charginos and neutralinos decaying to 
Higgs boson and W boson


! W boson —> leptonic decays (single lepton)

! Higgs decays to bb


! Large MET, tagging of h and W decays

Eur. Phys. J. C 80 (2020) 691

! 2D signal regions based on mT and mCT


! No significant excess found < 2 sigma local

! Exclusion limits: up to 740 GeV


Wino-like model NLSP

https://link.springer.com/article/10.1140/epjc/s10052-020-8050-3
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Chargino/Neutralino: h->γγ
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! Higgs boson decay to diphotons (narrow peak in γγ)

! Main backgrounds from γγ and γ+jets

! Parametrised likelihood fits in each category-based SRs


! W-boson decay, MET significance, N (b-)jets, razor 

Wino-like model NLSP

JHEP 10 (2020) 005

! ATLAS: Limits up to 310 GeV 
for electroweakino production 
(Wh decays)

! CMS Higgsino-like: Excluded 
neutralino decays exclusively to 
a h and a gravitino for neutralino 
masses below 290 GeV

JHEP11 (2019) 109

Higgsino-like neutralino PP

https://link.springer.com/article/10.1007/JHEP10(2020)005
https://arxiv.org/ct?url=https://dx.doi.org/10.1007/JHEP11%25282019%2529109&v=55d4140c
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RPV SUSY
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! EWKino production, higgsino LSP type

! RPV: LSP unstable and decays in SM particles

! ≥ 1l/2lSS, and many (b-)jets final states

ATLAS-CONF-2021-007

! SRs up to 15 (10) jets for the ≥1l (2SSl) 
with 0, 1, 2, 3 and ≥ 4 b-jets


! Data driven approach to estimate 
backgrounds in each N jet slice

! First limits on EWK production with prompt 
RPV decay to quarks since LEP


! Higgsino (wino) masses between 200 (197) GeV 
and 320 (365) GeV excluded

! Jet multiplicity predicted by parametrization of the 
jet scaling up to 10 or more jets


! b-jet multiplicity extracted at low number of jets

! NN discriminant to reach sensitivity to Higgsino 

production 

! Background invariance under N b-jets

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-007/
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Stau pair production
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! Two hadronic tau and light lepton + hadronic tau final states 
(77.2 fb-1) = 2016+2017


! Backgrounds from fake tau estimates —> transfer factor

Eur. Phys. J. C 80 (2020) 189

! Hadronic: mT2 (stransverse mass), 
Sum mT and Nj 


! Semi-leptonic: BDT of kinematic 
variables (e.g. contransverse mass)

! No significant excess found


! Limits set between 90 and 200 
GeV and neutralino masses of 1, 
10, and 20 GeV 


! Combination of both channels

https://arxiv.org/ct?url=https://dx.doi.org/10.1140/epjc/s10052-020-7739-7&v=bacaf973
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Stau pair production
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! Two hadronic tau final state

! Final state divided into low and high ETmiss regions

! Two SRs: highMass and lowMass SR


! Trigger dependent

! ETmiss cut to split SRs (150 GeV)

! mT2 > 70 GeV

Phys. Rev. D 101 (2020) 032009

! No excess is found in either of the signal regions

! Exclude 120 GeV < m(stau) < 390 GeV


! 2-SR single bin combined fit only


! Both SRs are shown binned in mT2 ! Large contribution from W+jets and 
multi-jet events (1 or 2 fake taus)


! ABCD Method to model multi-jet

https://link.aps.org/doi/10.1103/PhysRevD.101.032009
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Long Lived Charginos

11

! Search for long-lived chargino production

! Using disappearing track signature in ID

! Tracks which have hits in the inner-most pixels


! Charginos that are pure wino or higgsino

ATLAS-CONF-2021-015

! Chargino masses up to 660 (210) 
GeV are excluded in scenarios where 
the chargino is a pure wino (higgsino)


! Details in talk by: 
E. Sian Kuwertz

Phys. Lett. B 806 (2020) 135502

! Lifetime dependent limits


! Chargino masses up to 474 (175) GeV 
are excluded in scenarios where the 
chargino is a pure wino (higgsino)


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-015/
https://indico.cern.ch/event/905399/timetable/?view=standard#368-searches-for-disappearing
http://dx.doi.org/10.1016/j.physletb.2020.135502
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Summary Figures
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! Still no indication for SUSY yet in the LHC

! Summary figures of chargino/neutralino exclusion limits (CMS and ATLAS)

! Not all of the production and decay modes are fully analysed using the full Run-2 dataset

! Small production modes, difficult multi-object final states


! More results to come from the full Run-2 dataset

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Summary and Outlook
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! New searches for electroweak SUSY at CMS and ATLAS 

! Using the large, high-quality Run 2 dataset 

! Thanks to the excellent performance of the LHC and experiments!


! Exploring new signals

! First sensitivity to direct stau searches, additional final states with Higgs

! Probing very difficult final state signatures in compressed scenarios


! For now the data remains compatible with SM predictions 

! Though we know the SM cannot explain everything we observe in the Universe


! New searches for SUSY are still to come with the full Run-2 dataset

! Preparing optimal searches for the upcoming larger Run-3 dataset in order to 

explore new regions of phase space


! Still only a fraction of data-taking at the full lifetime of LHC and HL-LHC
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Additional Slides
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Status of the Standard Model
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! LHC has given us the 
opportunity to test 
fundamental 
parameters of the SM


! Impressive 
agreement of SM 
theory predictions   
to ATLAS data
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Supersymmetry
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! A new symmetry to protect masses of particles at the Planck scale

! Symmetry between fermions and bosons


! Includes an extended Higgs sector


! Can offer a DM candidate       also a WIMP

! Solves the fine-tuning problem of the Higgs mass

! Broken symmetry: mass (SUSY)     mass (SM)

Image credit: M. Rimoldi
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Analysis Strategy
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! Build signal regions (SRs) based on requirements on signal / background 
discriminating variables to target specific SUSY event topologies 


! Optimised for discovery & exclusion


! Determine Standard Model background in control regions (CRs) and test 
background estimates in the validation regions (VRs)

O
bs
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Observable 2

SR

CR VR

VR

! Fit in CR:

! Simultaneous fit of all components in CR


! Check modelling in VR (post-fit):

! SM backgrounds (with MC)

! Fake objects (MC and/or data-driven)

! Combined fit of CR and SR:

! Fit for discovery or exclusion
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Fully hadronic production modes
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Fully hadronic SR definitions
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Fully hadronic boosted regions
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EWP yy analysis categories
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Chargino/Neutralino: Wh, h->γγ
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! Higgs boson decay to diphotons

! Categories based on pT of the diphoton h, 

and additional Z, W, or H → bb candidates 


! SR bins: N (b-)jets and razor variables

JHEP11 (2019) 109

Wino-like model NLSP Higgsino-like neutralino PP

… or Z

! Parametrised likelihood fits in each SR

! Wino-like: Excluded chargino and neutralino masses below 235 GeV 
with a gravitino mass of 1 GeV

! Higgsino-like: Excluded neutralino decays exclusively to a h 
and a gravitino for neutralino masses below 290 GeV

https://arxiv.org/ct?url=https://dx.doi.org/10.1007/JHEP11%25282019%2529109&v=55d4140c
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Modelling the Higgs as background
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! Dominant backgrounds: 

! Resonant Higgs

! Non-resonant γγ, γ+jet 


! Higgs modelled as double-sided crystal 
ball functions


! Non-resonant background fitted in 
sideband regions


! Different analytic functions per region


! SM Higgs predictions across categories


! Excess fitted as signal


! Combined un-binned likelihood fit

2 Leptonic categories
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General Limits
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! No significant excess was found in 
any individual category


! No significant excess observed in 
combined fit to data

! First observed sensitivity to Wh(γγ) 
at ATLAS


! Large gain when compared to 36 fb-1 

! Use of all W boson decay channels

Model-independent upper limits 
on the visible cross section
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WH(γγ) Categories
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WH(γγ): Analytic function
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WH(γγ): Systematic uncertainties
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Chargino/Neutralino: Wh, h->γγ
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! Higgs boson decay to diphotons

! Higgs Mass window: m(h)[105,160]GeV


! Main backgrounds from γγ and γ+jets

! Parametrised likelihood fits in each SR

Wino-like model NLSP

JHEP 10 (2020) 005

Inclusive W decays:

W —> lv and W —> jj

! 12 orthogonal event categories:

! Lepton / jet number

! S            = ETmiss /    ET

! Dijet invariant mass in 2jet categories

p
<latexit sha1_base64="iwAldVCg5pgofrNDxLH0MET8t/8=">AAAB8XicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GS6KNJSbyEeFC9pYFNuztnbtzJuTCv7Cx0Bhb/42d/8Y9uELBl0zy8t5MZuYFsRQGXffbWVvf2NzaLuwUd/f2Dw5LR8ctEyWa8SaLZKQ7ATVcCsWbKFDyTqw5DQPJ28HkJvPbT1wbEal7nMbcD+lIiaFgFK30UOmZR43prFLsl8pu1Z2DrBIvJ2XI0eiXvnqDiCUhV8gkNabruTH6KdUomOSzYi8xPKZsQke8a6miITd+Or94Rs6tMiDDSNtSSObq74mUhsZMw8B2hhTHZtnLxP+8boLDKz8VKk6QK7ZYNEwkwYhk75OB0JyhnFpCmRb2VsLGVFOGNqQsBG/55VXSqlU9t+rd1cr16zyOApzCGVyAB5dQh1toQBMYKHiGV3hzjPPivDsfi9Y1J585gT9wPn8AwqeQTA==</latexit><latexit sha1_base64="iwAldVCg5pgofrNDxLH0MET8t/8=">AAAB8XicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GS6KNJSbyEeFC9pYFNuztnbtzJuTCv7Cx0Bhb/42d/8Y9uELBl0zy8t5MZuYFsRQGXffbWVvf2NzaLuwUd/f2Dw5LR8ctEyWa8SaLZKQ7ATVcCsWbKFDyTqw5DQPJ28HkJvPbT1wbEal7nMbcD+lIiaFgFK30UOmZR43prFLsl8pu1Z2DrBIvJ2XI0eiXvnqDiCUhV8gkNabruTH6KdUomOSzYi8xPKZsQke8a6miITd+Or94Rs6tMiDDSNtSSObq74mUhsZMw8B2hhTHZtnLxP+8boLDKz8VKk6QK7ZYNEwkwYhk75OB0JyhnFpCmRb2VsLGVFOGNqQsBG/55VXSqlU9t+rd1cr16zyOApzCGVyAB5dQh1toQBMYKHiGV3hzjPPivDsfi9Y1J585gT9wPn8AwqeQTA==</latexit><latexit sha1_base64="iwAldVCg5pgofrNDxLH0MET8t/8=">AAAB8XicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GS6KNJSbyEeFC9pYFNuztnbtzJuTCv7Cx0Bhb/42d/8Y9uELBl0zy8t5MZuYFsRQGXffbWVvf2NzaLuwUd/f2Dw5LR8ctEyWa8SaLZKQ7ATVcCsWbKFDyTqw5DQPJ28HkJvPbT1wbEal7nMbcD+lIiaFgFK30UOmZR43prFLsl8pu1Z2DrBIvJ2XI0eiXvnqDiCUhV8gkNabruTH6KdUomOSzYi8xPKZsQke8a6miITd+Or94Rs6tMiDDSNtSSObq74mUhsZMw8B2hhTHZtnLxP+8boLDKz8VKk6QK7ZYNEwkwYhk75OB0JyhnFpCmRb2VsLGVFOGNqQsBG/55VXSqlU9t+rd1cr16zyOApzCGVyAB5dQh1toQBMYKHiGV3hzjPPivDsfi9Y1J585gT9wPn8AwqeQTA==</latexit><latexit sha1_base64="iwAldVCg5pgofrNDxLH0MET8t/8=">AAAB8XicbVA9TwJBEJ3zE/ELtbTZCCZW5I5GS6KNJSbyEeFC9pYFNuztnbtzJuTCv7Cx0Bhb/42d/8Y9uELBl0zy8t5MZuYFsRQGXffbWVvf2NzaLuwUd/f2Dw5LR8ctEyWa8SaLZKQ7ATVcCsWbKFDyTqw5DQPJ28HkJvPbT1wbEal7nMbcD+lIiaFgFK30UOmZR43prFLsl8pu1Z2DrBIvJ2XI0eiXvnqDiCUhV8gkNabruTH6KdUomOSzYi8xPKZsQke8a6miITd+Or94Rs6tMiDDSNtSSObq74mUhsZMw8B2hhTHZtnLxP+8boLDKz8VKk6QK7ZYNEwkwYhk75OB0JyhnFpCmRb2VsLGVFOGNqQsBG/55VXSqlU9t+rd1cr16zyOApzCGVyAB5dQh1toQBMYKHiGV3hzjPPivDsfi9Y1J585gT9wPn8AwqeQTA==</latexit>ETmiss

! First observed sensitivity to Wh(γγ) at ATLAS

! Limits up to 310 GeV for electroweakino production

! Non-resonant background 
fitted in sideband regions

https://link.springer.com/article/10.1007/JHEP10(2020)005
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WH(γγ): Limits on GMSB model
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! GMSB model where two lightest neutralinos and the lightest chargino are Higgsinos 

BR(hG) = 100 %

! LSP is the gravitino
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Direct stau production
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! Lower limits ~ 90 GeV for all 
neutralino masses (set in 2004) 


! Combined LEP limit has prevailed to 
LHC Run-2

! Search for direct stau production using full Run-2


! Simplified model assuming two mass-degenerate staus

! Decay to neutralino (LSP) and tau leptons 

! LEP SUSY Summary

http://lepsusy.web.cern.ch/lepsusy/www/sleptons_summer04/slep_final.html
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Identifying taus - Triggers
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! Improvements in tau triggers in 2018 data-taking


! For full 2018 - included precision tracking instead of fast tracking pre-selection

! Reduction in fake track contamination —> increase in 3-prong tau efficiency


! Post TS1 - included possibility to use RNN ID for taus
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SRs and VRs
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! Two SRs: highMass and lowMass SR

! Trigger dependent

! ETmiss cut to split SRs (150 GeV)

! mT2 > 70 GeV


! Validation regions confirm good modelling 
of SM backgrounds (using MC)
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Fake tau Modelling
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! ABCD Method to model multi-jet

! 2 fake taus in the event


! Separate lowMass and highMass regions

! Multi-jet contributions larger in lowMass 

regions (75 GeV < ETmiss < 150 GeV)


! Good agreement observed in VRs
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Signal Regions
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! No excess is found in either of the 
signal regions


! 2-SR single bin combined fit only


! Both SRs are shown binned in mT2
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Model-dependent exclusions
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! Limits on mass-degenerate staus (left and right-handed)


! First direct stau limits from ATLAS:

! 95 % CL excluded” 120 GeV < m(stau) < 390 GeV for massless neutralino

! 95 % CL excluded” 160 GeV < m(stau) < 300 GeV for left-handed staus only and 

a massless neutralino


! No observed sensitivity to right-handed staus
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Long-lived Chargino SR
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Fit to the fake tracklet CR
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Long Lived Charginos
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! Search for long-lived chargino production

! Using disappearing track signature in ID


! At least 4 hits in Pixel, no hits in SCT or further energy deposits

! One additional high pT jet (> 100 GeV) 
and large missing transverse energy 
(> 200 GeV)


! Fully data-driven unbinned likelihood 
in tracklet pT

! Tracklet pT in hight ETmiss SR

ATLAS-CONF-2021-015

! Chargino masses up to 660 (210) GeV are excluded in 
scenarios where the chargino is a pure wino (higgsino)

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-015/

