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Introduction: Electroweak Production

Supersymmetric spin-1/2 partners to Electroweak and Higgs bosons
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A4 neutral mass states: neutralinos g 182 DDA DR BRSRERR A é
AMass states are combinations of  § qgéf T .. ?f___‘_'f‘f‘?_iTFE_T_';'?’??_'f‘?__'_'_'_‘_‘?{__
bino, wino, higgsino states B 07 fr e R L MRS
Rare Electroweak pair production RIS G A S S
AC1C1,C1N2 for wino/bino ° *(NNLO +Nm ....................
AAlso CIN1, N2N1 for higgsino 107\ SO D S— M —

N T -

......................................................................................................................

1 | | | 1 | | ‘ 1 | | | I | | | 1 ; 1 | 1 | 1
500 1000 1500 2000 2500 3000
SUSY particle mass [GeV]

Phys. Rep. 1116 (2025) 26300, arXiv:2403.02455



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2023-10/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2023-10/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2023-10/

. Introduction: Electroweakino Decay

Challenge: mass spectra and decay give huge range of experimental signatures
AStrategy: optimize searches for simplified models, then reinterpret

RPV
Unstable N1

Wino Bino Higgsinotriplet Gravity GMSB
Stable N1 Stable N1 Unstable N1
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. Introduction: Compressed Higgsinos

Searches explore region with small 2 m (C1,N1)
Pure higgsinos compressedemP  24600VieV
Stable N1 Additional Wino/Bino mixing em P O( 10
Visible decay products low p+

Invisible decay products almost collinear if system recolls off Initial State Radiation jet
AHigh MET signature for triggerin g

Present results in 2 m vs C1 mass plane Am (GeV)
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. Compressed Higgsinos in 2024

_explores very interesting ‘1
region with 2m of 0.3to 1 GeV

ADisplaced charged pion from decay

40 July 2024
- — I 1 1 I I I I I 1 Y) | I I I I I I
of chargino after a few mm > : e -
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AFirst result in 2024 = 20r y VS=13TeV, 13614010 ]
A cl:’;?- .. PP — X9X7 N9x%, XiXy, X1 X7 (Higgsino)
e 10 3 N Al limits at 95% CL E
1 \\ I Observed limits T
~ B — — Expected limits
_-" . 3¢ + Soft 2¢, m(x3) = m(x9) + 2Am(;, X9)
2 _ - arXiv:2106.01676, 1911.12606 .
-7 Displaced track, m(x3) = m(x9) + 2Am(y7,x9)
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. Compressed Higgsinos in 2024
First displaced charged pion search Phys. Rev.Lett 132.(2024) 22160

Impact parameter (d ,) significance
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, Compressed Higgsinos in 2026

Two new searchesexplore very interesting
region with 2 m of 0.3 to 2 GeV

ANew result with 1 lepton+1 track
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ANew displaced charged pion search E ' 7 ATLAS |
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. Compressed Higgsinos with Neural Nets

Displaced charged pion with NNs arXiv:2511.20042, submitted to JHEP

AEventlevel NN (MET, jet p;)
ATrack-level NN (dO significance, track p;, isolation)
ASRs and VRs defined within 2D plane of NN scores
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. Compressed Higgsinos

1 lepton + 1 track

Devel oped merwa ¢k 2 pltD nwi |
DNNSs to identify very low p- leptons

ACalibrated via -0 g g thanks to
asymmetric final state with FSR photon
AHigh p; electron or positron
ALow p- positron or electron tends to
be collinear with FSR photon

AcCalibrated with - © HH

arxiv:2511.20042, submitted to JHEP
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. Compressed Higgsinos

1 lepton + 1 track

Devel qoNZ pYar ametam i zed
and 16 inputs

AData-driven background estimate using
control regions

A Six non-orthogonal SRs per lepton flavor
(electron or muon)

Signal region kinematics shown for 1
muon + 1 track with  pNN 2m =2 GeV

arXiv:2511.20042, submitted to JHEP

Events / 100 GeV

Data / Bkg.

Events

Data / Bkg.

.................................................

ATLAS $ Data == Total background [l Fake tracks
-1

Ys=13 TeV, 140 fb - wo [ Wsets Zsjets B

SR-1u1T-dM2 (Post-fit) _ - —

| Others === H:mi(7,, %)= (102, 100) GeV

— - H:m(7%, 70) = (128, 125) GeV

——————————

%00 250 300 350 400 450 500 550 600 650 700

25

20

15 |-

T [GeV]
I WL B R B B N A B B R
— ATLAS ¢ Data == Total background || Fake tracks
- - 1 =
~ {5=13TeV, 140 fb W i Zujets ]

[ SR-1u1T-dM2 (Post-fit)

Others === H: m(75. 71) = (102, 100) GeV
— - H:m(z), 70) = (128,125) GeV ]



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HMBS-2024-65/

arxiv:2511.20042, submitted to JHEP

Compressed Higgsinos

1 lepton + 1 track: no significant deviation observed from post -fit background
In six non -orthogonal signal regions per lepton flavor

(9] [ I —
§ 10° :_ ATLAS _ S ¢ Data -— Total background _:
D E Vfs=13TeV, 140 f' POStHtILIT SRS o e tracks 7 vV =
— o T W+jets Z+jets —
b - H:m(%,. Z.) = (102,100) GeV Others _

=  —-H: m(Zz 20) (128,125) GeV =

1 =
| | ] ] |

[0)) T T T T T T T T T T T
S ol e AR SRR SO SOOI S OO SOOI SRRSO OO —
@ : : : :
E ol SRS VSOOI Coorveseres SOVRIOOON RO SRV SOV STV VO S |
o : :
m ] 1 ] 1

1e1T-dM1.5
1e1T-dM2
1e1T-dM3
1e1T-dM4
1e1T-dM5
Wwi1T-dM1.5
Ww1T-dM2
W1 T-dM3
w1T-dM4
w1 T-dM5

1e1T-dM1


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HMBS-2024-65/

. Compressed Higgsinos in 2026

— 40— N L L

> - -7 ATLAS

© 20+ Rt V8 =13TeV, 140 fo _
New searches with Run 2 & \ PP — X3t X8X: Xy, X7 11 (Higgsino)
data have extended limits = 10h .. Allimits at 95% CL __
over entire compressed e : Ry Obs. Exp. (+12) :
2 m region for first time T 5F J — == 1T(e+ucombined)  _
S|nce LEP' q B ,/ == == Displaced track

Previous results

= = 3{ + soft 2¢
m(x3) = m(x3) + 2Am(, X9) —
Eur. Phys. J. C 81 (2021) 1118
= = Displaced track
m(x3) = m(y9) + 2Am(i7, 1)
Phys. Rev. Lett. 132 (2024) 221801 _|
= = Disappearing track
m(x3) = m(x?)
Eur. Phys. J. C 82 (2022) 606 i
LEP2 X7 _
—— Prediction for pure Higgsino

A1 lepton+1 track
ADisplaced charged pion

Chargino mass > 126 GeV
at 95% CL

Looking forward to Run 3
results with 2x data!
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. Higgsinos to "/Z/h and gravitino

Summary plot from July 2024

AHiggsino decays to gravitinos with Higgs or Z bosons

New result for decays with photons

Gravity GMSB
Unstable N1

v/Z/h
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JHEP 04 (2026) 150, arXiv:2511.21240

Significance
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, Higgsinos to photon and gravitino

No significant excess observed  210°
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. Higgsinos with R -Parity violating decays

AExclusion limits for 6 baryon number or lepton number violating
couplings by reinterpretation of 13 ATLAS analyses

Aln this talk, showing results for Higgsino pair production with
2 m=0.25 GeV and RPV couplingsy andy¥

LSP decay NLSP decay

arxiv:2603.15007, submitted to JHEP
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. Higgsinos with R -Parity violating decays

Electrons and taus >
A4 leptons 2.
A2 tau leptons =X
ADisplaced lepton ¥
T2
£

Higgsino limits up
to 1100 GeV over
wide range of ¢

arxiv:2603.15007, submitted to JHEP
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Higgsinos with R -Parity violating decays
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. Summary

ATLAS has explored Yuncharted watersZ
sighatures & reinterpretations to search for electroweak SUSY

ATLAS is looking forward to results with Run 3dataandtoHL -LHC 1 n 20
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_ References for each slide

References for figures and results in talk (also on each slide)

A Slide 2: Production cross sections
A Phys. Rep. 1116 (2025) 26300, arXiv:2403.02455

A Slide 4: Disappearing track graphic
A JHEP 06 (2018) 022, arXiv:1712.02118

A Slide 5 &15: 2024 summary plots
A ATL-PHYS-PUB-2024014

A Slide 5 & 6: CompressedHiggsino first search with displaced charged pion 2024
A Phys. Rev. Lett. 132 (2024) 221801 arXiv:2401.14046

A Slides 7-14: CompressedHiggsino lepton+track and displaced charged pion with NNs 2025
A arXiv:2511.20042, submitted to JHEP

A Slides 15, 16, 17: EWK SUSY with photons and jets foHiggsino to photon and gravitino
A JHEP 04 (2026) 150 arXiv:2511.21240

A Slides 18, 19, 20: RPC to RPV reinterpretation for Higgsinos with RPV decays
A arXiv:2603.15007, submitted to JHEP

A Backup:
A Run 2 C1IN1 large2m limits Phys. Rev. Lett. 133 (2024) 031802 arXiv:2402.08347
A pMSSM reinterpretation JHEP 05 (2024) 106, arXiv:2402.01392
A 2026 new disappearing track briefing https://atlas.cern/Updates/Briefing/Disappearing Track
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ASi mpl i fied models have their | imitsUe

AOn the other hand, cascade decays from higher mass states do give some
exclusion for compressed SUSY beyond limits from simplified models
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+ Example of Higgsino models still
allowed In pPMSSM scan in 2024
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. More pMSSM plots
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. Introduction: limit plots for large

ASearch results presented in 2D mass plane as exclusio,

limits at 95% CL
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Introduction: limit plots for large

cm

ASearch results presented in 2D mass plane as exclusion
limits at 95% CL
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. Higgsinos to "/Z/h and gravitino

ACross section and BR plots



