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Strong and Electroweak Production

Cross-sections for Strong and EW Production

e Larger for strong production (Squarks, Gluinos)

e Charginos, Neutralinos, Sleptons produced through EWK
e Comparable to rare SM processes (10 million low mass? )

Searches are still covering new parameter space

Some Difficulties

e Mass ordering is unspecified
e Hadron collider is messy for EWK
e Hard to reconstruct O(1) GeV electrons
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections
https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections

Electroweakino LSPs and Mass Ordering
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Mass eigenstates depend on mixing of LSP ordering & spacing outcomes
superfields
e Large p; leptons or soft leptons
e 4 Neutralinos: Xi % % X1 e Soft pions
e 4 Charginos: i % e Large MET
e Fails trigger or reconstruction



Various Scenarios for LSPs and Mass Spacing
Compressed SUSY

o Mass difference between NLSP and LSP about 1-15 GeV
o Can be for nearly degenerate mass eigenstates

Non-minimal SUSY

o Extra structure for neutrino masses for example

Split SUSY

o Fermionic superpartners (squarks/sleptons) mass >> than scalar sector
R-Parity Violating SUSY

o Allows the LSP to directly to SM for example



Overview

Lepton Searches

Search for Z' bosons decaying into charginos in final states with two oppositely charged leptons and missing
transverse momentum (CMS) [https://cds.cern.ch/record/2929803]

Search for displaced leptons in Vs = 13 TeV and 13.6 TeV pp collisions with the ATLAS detector
[https://arxiv.org/abs/2410.16835]

Search for cascade decays of charged sleptons and sneutrinos in final states with three leptons and missing
transverse momentum in pp collisions at Vs =13 TeV with the ATLAS detector [https:/arxiv.org/abs/2503.13135]

Compressed SUSY EWK Searches

Searches for direct slepton production in the compressed-mass corridor in Vs =13 TeV pp collisions with the ATLAS
detector [https://arxiv.org/abs/2503.17186]

Search for compressed electroweakinos with low-momentum isolated tracks (CMS)
[https://cds.cern.ch/record/2929520]

Search for new physics with compressed mass spectra in final states with soft leptons and missing transverse
energy in proton-proton collisions at \s = 13 TeV (CMS) [https://cds.cern.ch/record/2930836]

Search for Higgsinos in final states with low-momentum lepton-track pairs at 13 TeV (CMS)
[https://cds.cern.ch/record/2932111]



https://cds.cern.ch/record/2929803
https://arxiv.org/abs/2410.16835
https://arxiv.org/abs/2503.13135
https://arxiv.org/abs/2503.17186
https://cds.cern.ch/record/2929520
https://cds.cern.ch/record/2930836/
https://cds.cern.ch/record/2932111

Lepton Searches



Lepton Searches

Many well motivated theories predict 2 leptons in the final state

e e.g. Wino-Bino scenario
o Chargino pair production with W — {v

e Long-lived Charginos
o picoseconds travel O(100) microns
o Displaced leptons

e Heavy mother particle to Charginos
o High p_ leptons and large MET

e 3 Searches discussed: 1 CMS, 2 ATLAS

GMSB: Gauge Mediated SUSY Breaking
Higgs Portal: Wino-Bino equivalence for small mixing angle
Leptophobic Z': U(1)' extension leads to Z'



https://www.sciencedirect.com/science/article/pii/0370269382912412
https://arxiv.org/abs/1812.04628
https://www.arxiv.org/abs/1711.06302

1) Opposite Charge Leptons CMS-PAS-SUS-23-006 % 8

Final state has 2 oppositely charged high p.. leptons and large me‘SS
Leptophobic Z' Boson

e Avoids leptonic decay constraints
e Enhance cross-section for chargino pair production

CMS Preliminary
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https://cds.cern.ch/record/2929803

1) Opposite Charge Leptons CMS-PAS-SUS-23-006 % 0

e 2-30 excess in yu channel
e Parameter Space:
o Z'mass and Chargino Mass
o Neutralino mass = %2 Chargino mass
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https://cds.cern.ch/record/2929803

2) Disp|aced Lepton Pairs submitted to Phys. Rev. D. A@; 10
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Final state has displaced electrons or muons NN !
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e GMSB has long lived selectrons, smuons, stau (left) e DO a

L w*

e Wino-Bino like Higgs Portal has long lived charginos (right)

First Search with Run 3 Data!
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https://arxiv.org/abs/2410.16835

2) Displaced Lepton Pairs submitted to Phys. Rev. D. @ 4

EXPERIMENT
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e Complementary analyses have different advantages >)€ @ 2 2
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https://arxiv.org/abs/2410.16835
https://doi.org/10.1140/epjc/s10052-022-10027-3

3) Slepton Production with Decay via Bino into Higgsino submitted to Phys. Rev. D. A@ 12
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£
Final state has three leptons and MET ‘;
e Slepton-Bino-Higgsino Scenario m
o Pure Bino and mass-degenerate Higgsino Xw/*f
. - W/Z/h
o Less simplified Model
q
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https://arxiv.org/abs/2503.13135

Compressed EWK Searches



4) Compressed Sleptons

Large p; jet, MET from ISR jet, and 2 same-flavour opposite-sign leptons

Slepton-Bino Compressed Scenario
o 4 fold degeneracy (right) and 2-fold investigated

o Diboson backgrounds dominate (left)
Disjoint Cut-and-Count and BDT analyses
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https://arxiv.org/abs/2503.17186
https://doi.org/10.1103/PhysRevD.109.112001

Higgsino Compressed Results from ATLAS and CMS

July 2024 ATLAS Preliminary /s=13 TeV, 136—140 fb~
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5) Soft Leptons and Isolated Track CMS-PAS-SUS-24-003 % 10

Large me‘SS, 2 muons or lepton and isolated track

e Higgsino LSP Scenario g »

o 0.5-5.0 GeV Mass Splitting | \‘wwi
o Isolated track for low p_leptons
o Small lepton opening angles Excl. track (muon) (13 TeV)
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¥ Gaooo- CMS = 22 fren)
o Takes AR, An and p_for example >3500E Simulation Preliminary i B test; -
: Ll - L, i S (test =
o >0.6 score defines SR 3000 =
e 5 Categories 2500 =
o Dimuon 20001 FE
o Muon and isolated track (right) 1500F E
o Electron and isolated track 12335 E
o x2 for tracker upgrades 0; . B
—0.6-0.4-0.2 0 0.2 0.4 0.6 0.8

1 208
BDT


https://cds.cern.ch/record/2932111

5) Soft Leptons and Isolated Track CMS-PAS-SUS-24-003
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https://cds.cern.ch/record/2932111

6) Soft Leptons and MET CMS-PAS-EX0-23-017 % 18

2 2 low p, electrons or muons and MET

e Higgsino Scenarios (Wino-Bino not discussed)
o .6 GeV to 50 GeV mass splitting
o Isolated same flavor electrons
o Initial State Radiation jets (p,™°)

e Utilizes low p. lepton reconstruction
o Applied for 1-3 GeV electrons
o Compliments particle flow (> 2 GeV)
o BDTs trained on low p. electrons

e Dimuon, dielectron, trilepton SRs


https://iopscience.iop.org/article/10.1088/1361-6633/ad4e65
https://cds.cern.ch/record/2930836/

6) Soft Leptons and MET CMS-PAS-EX0-23-017 % 19

CMS Preliminary 129-138 fb' (13 TeV)
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https://cds.cern.ch/record/2930836/

7) Isolated Soft Tracks and MET CMS-PAS-SUS-24-012 %\ 20

Low momentum, isolated track and large MET /r

e Higgsino LSP Scenario . g -
o 0.3-1.0 GeV Mass Splitting i
o Soft pions dominate
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https://cds.cern.ch/record/2929520

CMS,

7) Isolated Soft Tracks and MET CMS-PAS-SUS-24-012
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https://cds.cern.ch/record/2929520

Putting It All Together...
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Comparing Compressed SUSY Performance with ATLAS

Just beginning to exclude Higgs mass Charginos!

Compressed EWK Production possibilities are shrinking
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https://doi.org/10.1103/PhysRevLett.132.221801

Much much more... 24
Charm+MET Searches

e Search for supersymmetry in final states with missing transverse momentum and charm-tagged jets using
139 fb™" of proton-proton collisions at Vs = 13 TeV with the ATLAS detector
o https://doi.org/10.1007/JHEP02(2025)193
e Reinterpretation of searches for flavour-violating supersymmetry into flavour-violating dark matter models
using 139 fb~" of ATLAS Run 2 data
o https://cds.cern.ch/record/2927712

dE/dx lonization Loss Searches

e Search for long-lived charged particles using large specific ionisation loss and time of flight in 140 fb™ of pp
collisions at Vs =13 TeV with the ATLAS detector
o https://arxiv.org/abs/2502.06694
e Limits on long-lived chargino production using large specific ionisation and low-8 in 140 fb™ of pp collisions
at Vs=13 TeV using the ATLAS experiment
o https://cds.cern.ch/record/2899235

ATLAS Public Results CMS Public Results



https://doi.org/10.1007/JHEP02(2025)193
https://cds.cern.ch/record/2927712
https://arxiv.org/abs/2502.06694
https://cds.cern.ch/record/2899235
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SearchesPublicResults
https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/index.html
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Wino-Bino Limits from ATLAS
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Vector Boson Fusion and MET

= 2 jets with large pseudorapidity gap, large MET, 0 leptons , q ’s
e Wino-Bino Scenario ~ X
o O(1) pb production but unique signature ‘ : i
o Enhance EWK sensitivity with hadronic activity
o t- and s-channel modes
o Strict 0 lepton from low mass split Zg:i*t__ - gn:ie%gjhfﬂg@;g&oéythia E
e BDT scores event as signal-like 1!2 10:? —— E
o Jetngap and subleading jet p,. dominate :Zg —+— No Interference — 3
* Interference in s-channel (right) -2 I p———
o Partons exchange W, Z, y, gluons b = E
o Identical final state 1w+_‘_+ ________________________________________________________ ]
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https://link.springer.com/article/10.1007/JHEP12(2024)116
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e Largest excess is <10 in 23 jets region , ; z , ! T
e Parameter Space: i 2 . 2
" . X
o Mass splitting of Neutralinos 2 ; @
L] L] L] ~0 1 ~O
o Mass of Chargino (degenerate with NLSP Neutralino) q & f g & ff
e Improves on LEP by 25 GeV at hadron collider 1 J 1
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CMS vs ATLAS Detectors
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Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)
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CMS LLP Signatures
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Izaak Neutelings via tikz.net


https://tikz.net/bsm_longlived/

Partial Chargino Widths

Range of mass splitting with neutralino

X+ branching ratios
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Closing the window for compressed Dark Sectors with disappearing
charged tracks, R. Mahbubani, P. Schwaller, J. Zurita, JHEP06(2017)119



https://link.springer.com/article/10.1007/JHEP06(2017)119

