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« SUSY argued to be last possible additional symmetry, and SUSY models attractive since they can
« Alleviate fine-tuning of Higgs mass (naturalness)
* Improve unification of forces at GUT scale

* Provide particles that can make up the dark matter
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 Lightest SUSY particles become nearly mass-
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300 MeV,  if pure Higgsino
0(10 GeV), if W/B mixing
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Compressed electroweakinos

« Challenging signatures at Am ~ 1 GeV

* Using ATLAS summary plot from 2024 as canvas
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Challenging signatures at Am ~ 1 GeV

Using ATLAS summary plot from 2024 as canvas
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« Main backgrounds: high—E%niSS processes,
Z(vv) + jets

 MC normalized in CRs + reweighting for DT
— expected yields in 4 SRs
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- 30+ Soft 20, m(§9) = (i) +2Am(iE, 1)

P arXiv:2106.01676, 1911.12606 1
- Displaced track, m(3) = m(y9) +2Am(i¥, 79)
P arXiv:2401.14046

Disappearing track, m(x9) = m(x)

i . arXiv:2201.02472
>, LEP2 {7 excluded
o =+ = Theoretical prediction for pure Higgsino

ATLAS: 2511.20042
CMS: CMS-PAS-EXO-23-017
251116394, CMS-PAS-SUS-24-012
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T T T T I T T T
ATLA
Vs =13TeV, 140 fo~!

PP — X3X1, X3X%, XiX7 . X3 x5 (Higgsino)

All limits at 95% CL

Obs. Exp. (+10)
This work

= == 11T (e + n combined)

= == Displaced track b

Previous results
== 3/ + soft 2¢

LEP2 {f

m(x3) = m(x9) + 2Am(x7, X9) —

Eur. Phys. J. C 81 (2021) 1118
= = Displaced track

m(x3) = m(x39) + 2Am(x7, X3)

Phys. Rev. Lett. 132 (2024) 221801
= = Disappearing track

m(x3) = m(x?9)

Eur. Phys. J. C 82 (2022) 606

— Prediction for pure Higgsino

ATLAS: 2511.20042
CMS: CMS-PAS-EXO-23-017
251116394, CMS-PAS-SUS-24-012
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: -~ ATLA -
_ 7 Vs =13TeV, 140 fb -
\ PP — X9XT, X300, 3 X7. X1 X7 (Higgsino)
N
- So All limits at 95% CL -
L AN Obs. Exp. (+10) ]
i \\ This work ]
- /I = == 11T (e + n combined) —

V4 —

== Displaced track

Previous results
== 3/ + soft 2¢

Displaced track
Disappearing track

m(x9) = m(x?)

LEP2 {f

Eur. Phys. J. C 82 (2022) 606

m(y9) = m(x9) + 2Am(X7, X9) —
Eur. Phys. J. C 81 (2021) 1118

m(x9) = m(9) + 2Am(x7, X9)
Phys. Rev. Lett. 132 (2024) 221801

Prediction for pure Higgsino

ATLAS: 2511.20042
CMS: CMS-PAS-EXO-23-017

251116394, CMS-PAS-SUS-24-012

~0-+ 00 4 =0 . . ~0. 0, ~x+ ~0
g PPl Tl XX %X, (Higgsino)m(y,) = m(y) +2A m(¢,%.)
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AN ."‘ 1
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H 25 . — Observed Limit
I\?S A Expected Limit
g Soft 2/ and 3
1= = EX0-23-017
=t D Soft lepton-+track
B SUS-24-003
B Isolated Soft Track
B SUS-24-012
0.5 Disappearing Track
arXiv:2309.16823
0.4F - :
--------- Radiative corrections
O s A U T
0.2
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100 150 200

10


https://arxiv.org/abs/2511.20042
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-23-017/index.html
https://arxiv.org/abs/2511.16394
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-24-012/index.html

Ly, . . : 26
{xtiy  Stop-pair search in 22 + EX'SS Run 2+3 <003.16191

 Full Run 2 + partial Run 3 dataset (2022-2023)

. Targets separately different Am(Z, )Z(l)) 7 I =
© 107 & ATLAS Simulation Internal
° LOW: Am ~ 200 — 300 GGV LI>J 106 - @=136 TeV, 53 fb1 Total SM
e Medium: Am ~/ 300 - 500 GeV 5 ? Preselectlon """" {{{1, m('f‘1,i(1))=(800,500) GeV, x50
10° ium- i, mE,x)=
- High: Am > 600 GeV - Medium-Am, 2b i{" m(E,x:))-(QOO,SOO) GeV, x50
. - . ot e t, m(,%)=(1000,1) GeV, x50
* NNs trained for each, with kinematic =
variables of jets and leptons as input 10° & " CR ' VR SR
b/ 107 £ | | |
T T e L luagmmasnns . o L L L hgeggrt i}
P ) 1 10 £ : o :
t %4 0 JE o seegeeees e :
_ - X1 N : : :
S~ o ~0 107 : : E
¢ 1%/4 X1 10_2|||||||||||||||||||l||||||:|||||||||||||||||||||||
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NN signal score
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* NN score distributions in
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i — ’ Y +Jets —
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limits o5 EL SS =
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Significance

[0.986,1]
[0.982,1]
[0.85,1]
[0.53,0.66)
[0.66,0.72)
[0.81,1]
[0.44,0.75)
[0.75,0.87)
[0.87,1]
[0.71,0.83)
[0.83,1]

[0.93,0.948)
[0.948,0.960)
[0.960,0.974)
[0.974,0.986)
[0.93,0.947)
[0.947,0.962)
[0.962,0.974)
[0.974,0.982)
[0.72,0.81)
[0.44,0.71)
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« Search tagging boosted tops, W, Z and Higgs

bosons with jet substructure

* Large anti-k, jets with R = 0.8

* Collimated leptons captured in lepton jets

CMS: CMS-PAS-SUS-23-014

* The Razor variables exploit decay chain kinematics,

M and R? map event onto dijet topology

Events / bin

Data/MC

CMS Prellm/nary 138 fb™' (13 TeV)

¢ Data [ti+jets [l Single t
B Wijets B Vvv(v)+iX
Multijet [l Z—I
B H+jets [1Z—vv

v+ets

NN
ANNN

—
IIII'IIII

OO

Stat. unc.|  Stat. + syst. unc. 1
ki i i i g AL, WIS ) s
s --------6--------///-/-/-/- L s s s, S III SIS

///////////// el g

50 100 150 200 250 300 350 400 450 500
(M_-800) x (R*-0.08) (GeV)
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Comprehensive program targeting signatures o
* Promptly decaying SUSY particles
* Long-lived SUSY particles

' in
* What if the new particles are somewhere

between? . )
Effort to determine sensitivity to very sma

R-parity-violating couplings

EUROPEAN ORGANISATION FOR NUCLEAR RESEARCH (CERN)

ATLAS \_/y

EXPERIMENT
Submitted to: Journal of High Energy Physics CERN~EP~2026-054
17th March 2026

Reinterpretation of searches for Supersymmetry in
models with variable R-parity-violating coupling
Strength using the full ATLAS Run 2 Dataset

e Do we have a gap? The ATLAS Collaboration

A collection of thirteen ATLAS searches for supersymmetry (SUSY) models, optimized
for R»parity-conserving (RPC) and R-parity»violating (RPV) SUSY, are reinterpreted jn
SUSY models with variable Rpy coupling strength, which determines whether the lightest
supersymmetric particle decays promptly or is long-lived. The dataset corresponds to an
integrated luminosity of 140 fb=1 of Pproton—proton collisions at a centre-of-magss energy of
Vs =13 Tev collected between 2015 and 2018 by the ATLAS detector at the Large Hadron

3.15007v1 [hep-ex] 16 Mar 2026

arXiv:260

and 340 GeV are excluded for 2 couplings smaller than 104, Higgsino

masses up to 800 GeV-1.0 Tev are excluded whenp Ai33 is larger than 4 x 1073, This work 15
extends the analyses beyond RPC scenarios to a broad class of RPV frameworks and achieves

signiﬁcantly improved sensitivity to a diverse range of long-lived particle signatures,
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Table 3: Main characteristics of the most sensitive signal region per analysis. Only an illustrative subset of the
selections that define each signal region are included here. The definition of different kinematic variables used for
. SY a rt i C I es these selections js described in Table 2. The T}ﬁfd (rhTad) refers to 7,,g passing the Medium (Tight) identification
tl d ecayl n g S U p working points [85]. A dash (=) is used to indicate that the variable is not used in the analysis selection. The
* Promptly

requirement of two same-sign leptons is denoted as SS. The OS> means that the leading and second leading taus in

* Comprehensive program targeting signatures of

. S U SY a rt i Cl e S for cuts indicated in the table can be found in the corresponding publications for the input analyses. The RECAST
- column indicates that the entry is a recast result, not the original analysis.
* Long-lived P bt s D

RECAST

miss
EY )
selection cuts

Representative Model
targeted
Gqq+UDD
Gqq+LQD
Gqq+UDD
Gqq+UDD,
Gt, Stop

Jets / b-tags

* What if the new particles are somewhere in

between? | )
« Effort to determine sensitivity to very sma

0/—/- 26/-  EMs/\EDS 0 Mer > 3400 GeV

RPV DV+jets [88] - >4/- - Rpy <300 mm

-/~ miss > 2900 GeV
H RPC multi- [101] 0/=1 2RI B 600Gev gy Gt Yes
o * I t' g Oupllngs 1/-/- 24723 EPM>300GeV  megr > 800 Gev
R-pal‘lt)/'Vlo ating c >5/- et > 2600 Gey
288/-/- >6/=1 - P > 1600 Gev Gt No
? 25/>2 Py > 1600 Gev
Do we have a gap- RNVILOO s .

. . t —RPC Stop OL [89] 0/-/- 24/22 EMS 5 950 Gey mp=12 >-1 20 Gev Stop Yes
* Reinterpreted 13 searches optimized for promp “” ST T
| atures T T 73— 0
or d|Sp|aCed decay S g ) . TI=20812/2 1 ~/veto e [60, 150] Gev mrs > 80 Gev
* Extra care to account for additional uncertainties,

e.g. jet-energy scale for particles from displaced
decays

—/:2,051,2/- —/ veto > 150 Gev

No

-/>2, OSi2/>21  —/veto € [60, 150] Gev mrz > 70 GeV
mry > 85 GeV

MTaum > 400 GeV

Higgsino

-/> 2,08, /- —/ veto > 150 GeV

> 100 Gev
> 200 GeV

24/>0/- ~/veto

Mefr > 600 GeV
Mefr > 1250 GeV Stau,

Mefr > 600 GeV Higgsino
Mefr > 1000 GeV
Meg > 600 GeV
Megr > 1000 GeV
ARer > 0.2

Yes

=3/>1/- —/ veto -

15

=2/22/- -/ veto -

RPC DL [106] Higgsino
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« Smaller RPV coupling — longer LSP lifetime: prompt — long-lived — E%niss

* Very large RPV coupling — direct decay instead of cascade

o2 . ° ° ° ° ° °
ixti:  Reinterpretation: conservation to violation of R-parity
N
TR
2603.15007
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« Smaller RPV coupling — longer LSP lifetime: prompt — long-lived — E{Piss

* Very large RPV coupling — direct decay instead of cascade
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ixme . Concluding remarks

« SUSY remains one of the best motivated and most extensively studied SM extensions
« MSSM more and more constrained — but SUSY still attractive theoretical principle
* Flashed / recent results from ATLAS and CMS excluding new interesting parameter space

 Interesting regions remain allowed — targeted efforts and careful experimental work
« Great Swiss army knife for spanning space of experimental signatures

« Many talks tomorrow will cover more SUSY results!

* New physics with photons

» Displaced Vertices & unconventional signatures
« ATLAS wildcard

* For anyone interested in observed excesses in searches: LPCC BSM WG excess page

* Run 3 underway and will keep pushing sensitivity
 HL-LHC detector upgrades enable improvements
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