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Introduction

Supersymmetry remains a compelling answer to our deepest questions
connected to the weak scale.
— What stabilizes the higgs? What is the nature of dark matter?

Today, the electroweak sector is one of the most interesting targets.
— Colored sparticles may be heavier by a loop factor or more ("Split")

— Naturalness (higgsinos), dark matter (co-annihilation), even anomalies
(g-2 from smuons?) give extra motivation to search in every corner!

Experimentally, we are in excellent position conduct these searches now.
— Have accumulated large datasets of 13 TeV data (~2*150/fb).

— Developed an excellent understanding of our detectors, and
continually push the limits of their capabilities.
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Simplified models of EWK SUSY -

LHC phenomenology should be dominated by the few (lightest) sparticles.
— target Simplified Models, where heavy sparticles decouple.

g2(visible)

>MmMz2

Lightest sparticle (LSP) mass

Next-to-lightest sparticle (NLSP) mass
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Wino production #

LHC phenomenology should be dominated by the few (lightest) sparticles.
— target Simplified Models, where heavy sparticles decouple.
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Higgsino production #

LHC phenomenology should be dominated by the few (lightest) sparticles.
— target Simplified Models, where heavy sparticles decouple.
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Recent analyses from ATLAS+CMS #

Broad set of results from ATLAS and CMS that use the complete Run 2
dataset that target electroweak SUSY!

SUS-19-012 — WZ/Wh/ZZ+MET with parametric signal extraction
2106.01676 — WZ on/off-shell/compressed combo
SUS-18-004 — Low-my, compressed spectra

5103.11684 —» 4L high-MET/mef,

generic 5L
2011.10543 — Z+lepton résonances
OL/1L 2L 3L 4+
Not Disappearing track 2L opposite-sign See also LL §earches for SUSY
A: CONF-2021-015 A: 1908.08215 R. Rosen (displaced sleptons),

covered C: 2004.05153 C: 2012.08600 E. Kuwertz (disappearing track)
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https://indico.cern.ch/event/905399/timetable/?view=standard%23285-searches-for-displaced-and
https://indico.cern.ch/event/905399/timetable/?view=standard%23368-searches-for-disappearing
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-18-004/index.html
https://arxiv.org/abs/2106.01676
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-012/index.html
http://arxiv.org/abs/2011.10543
http://arxiv.org/abs/2103.11684
http://arxiv.org/abs/1908.08215
http://arxiv.org/abs/2012.08600
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-015/
http://arxiv.org/abs/2004.05153

CMS EWK Multilepton SUS-19-012

General search, targeting multi-lepton SUSY: 2L same-sign, 3L and 4L.
Includes e, |, as well as T categories for slepton-mediated decays.
Low ptmiss / mt2 selection enhances sensitivity to dM~mgz region.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-012/index.html

CMS EWK Multilepton SUS-19:-012 B

Multivariate classifiers improve sensitivity to
difficult signals (i.e. very similar to SM WZ).

Event kinematics @ Signal
(m”, pTZ,meiSS, mTW, ‘ >
mt3, Lt+prmiss, H) ¢

O C 0 ®

NN 'hidden layers'
yi = o(w;;x; +b;) "Signal likelihood"
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-012/index.html

CMS EWK Multilepton SUS-19:-012 B

Multivariate classifiers improve sensitivity to
difficult signals (i.e. very similar to SM WZ).

Event kinematics @ S2 S5
(m”, pTZ,meiSS, mTW, ‘ > S1
mTt3l, Lr+prmiss, Hy) @

O 0 0 ®

NN 'hidden layers'
yi = o(w;;x; +b;) "Signal likelihood"

Varying kinematics — a single classifier is
generally not optimal for all signal models.
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-012/index.html

CMS EWK Multilepton SUS-19:-012 B

CMS Preliminary 137 fb™ (13 TeV)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-012/index.html

CMS EWK Multilepton SUS-19:-012 B
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-012/index.html

CMS EWK Multilepton SUS-19-012

CMS Preliminary 137 fb' (13 TeV)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-19-012/index.html

ATLAS 2+3L combination 2106.01676
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-16/
https://arxiv.org/abs/2106.01676

ATLAS 3L combination 2106.01676
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https://arxiv.org/abs/2106.01676

ATLAS 3L
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https://arxiv.org/abs/2106.01676

1911.12606

Compressed spectra 2106.01676
SUS-18-004
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As mnLsp-misp—0, signal leptons are
exclusively produced with low-pr.

LSP mass

Prompt reconstruction is more challenging
and fake/non-prompt rates rise.

g2(visible)»mz2

NLSP mass
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-16/
https://arxiv.org/abs/2106.01676
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-18-004/index.html

P
L. 2

CMS search with 2 or 3 soft (3<pr<30 GeV), R e S B 18 TEY)

CMS soft leptons SUS-18-004
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-18-004/index.html

CMS soft leptons
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-18-004/index.html

CMS soft leptons

fNLSP/LSP mass difference

CMS Preliminary 137 b (13 TeV)
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http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-18-004/index.html

Beyond the MSSM #

In extended models of SUSY, the lightest neutralino may decay:

GMSB: Small couplings allow N1 decays to a near- massless Gravitino.
Can test Higgsinos w/o reconstructing soft decays. x G+ 7 /h

R-parity non-conservation: Allows for B and L-violating LSP decays
(many possibilities including N1 — llv, Iqq, vqgq, or 3q).

4+ |lepton searches are experimentally clean and general probes.

GMSB
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ATLAS 4L+ search 2103.11684
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RPV selection: GMSB selection:
High me=2(all pT), veto Zs, consider  High MET, pair of Z(—ee/up),
bins in b-jet and T multiplicity. without b-jets.
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http://arxiv.org/abs/2103.11684

ATLAS 4L 2103.11684

RPV LSP
decays
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‘ Also see 4L results in CMS multilepton! \
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http://arxiv.org/abs/2103.11684

ATLAS 3L resonance p

gi
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http://arxiv.org/abs/2011.10543

Lt

Conclusions 4

Electroweak SUSY is a compelling theoretical target, that ATLAS and CMS
are exploring with broad analysis programs.

Direct electroweakino and slepton production is being scrutinized intently,
with promising opportunities in high-mass and compressed scenarios.

Theoretically interesting and experimentally challenging!

Ongoing effort to explore signatures of beyond-minimal SUSY scenarios.

Also includes tight collaboration with state-of-the-art searches for long-
lived particles, boosted resonances, extended Higgs sectors, ...

Searches for electroweak SUSY will only become more interesting as we
collect more high-quality data, to uncover how SUSY is realized in Nature!
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