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

IRN Terascale @ IJCLab Orsay
April 20th 2026

Lorenzo Feligioni




PARTICLES

Quarks Leptons

Supersymmetry . o'@ oo

Top quark  BoTfom quark Tau

24 generation ‘ ‘ a a

m quark Strange quark Neutrino vy

1¥' generation m Q e °

Vp quark Down quark  Electronm

JgR9R4
' L &0 &
)€ e
— .
oo o>

 Most general superpotential allows
for baryon- (B) and lepton-number
(L) violation

 |n order to avoid this a new

symmetry Is imposed R-parity proton I (w2 bowor] | _shuors ] \ srattr
S 8 8 8 9
Pp — (—1)3<B_L)+28 ggs boson
/Al =

e +1 SM particles

LiL;Ey+ 2},

e -1 superpartners

Lorenzo Feligioni IRN Terascale @ |JCLab Orsay 20/4/2026 2

Ne{ OUT

Neutrino ve

LinDk+

SPARTICLES
Squarks Sleptons
Stop Sbottom fau Sneutrino i

aane

Charm squark Strange squark  Smuon Sneutrino vy,

dgdg o o

Vp squark Down squark Selectron  Sveutrino wve
]
Photino Wino,Zino Gluinos Gravifino
Hig@sinos




Supersym metry R-Parity conserving scenario (RPC):

RPC sparticles produced in pairs q

- LSP behaving like a neutrino
9 ol -0 escaping detection—Large

 Most general superpotential allows === X} missing transverse energy
for baryon- (B) and lepton-number “ %0 (MET)
(L) violation g
p q

 |n order to avoid this a new

symmetry is imposed R-parity However there is no real theoretical

motivation to choose RPC
Pp = (_I)B(B—L)—FQS
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Supersym metry R-Parity violating scenario (RPV):

RPV violation of L and/or B €/v

LSP not necessary neutral nor

 Most general superpotential allows stable

for baryon- (B) and lepton-number
(L) violation

 |n order to avoid this a new

symmetry Is imposed H-parity Single production is possible

Pp = (_I)B(B—L)+23

* +1 SM particles A ] .
—L;L;Ey + A}, LiQ D[+

e -1 superpartners
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RPV SUSY phenomenology

Constraining RPV couplings

Arpy strength

Xo lifetime

RPC limit <
branching ratio

» Values of RPV couplings O(1) allow sparticle direct decays into SM particles

* Intermediate values favor long decay chains 0" 10-11F
10_14 : B O 7 S S
* Lifetime depends on RPV couplings and other squark masses, e.g.: 107} B
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https://arxiv.org/abs/1611.05850

Signal models

 ATLAS just released a reinterpretation of 13

complementary searches on simplified models

e Full Run 2 dataset (~140 fb-1)

 Scan’* over RPV couplings, testing different
signatures: stable — long-lived — prompt

* 6 models, mixture of sparticles and
couplings

* Only one non-zero coupling per model

 Cover many combinations of production and
decays of sparticles

* Lifetimes and BRs as a function of coupling values are calculated using SPheno+SARAH
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ATLAS Run 2 Reinterpretation

ATLAS Collaboration arXiv:2603.15007

' i Model RECAST
Analvsi 0/eM 12T Jets / bt EmeSS Representative
nalysis name / Thad/ Thad cts ags selection cuts targeted
RPV MJ 0/-/- >8/>2 — C >0.85 Gqq+UDD No
: Gqq+LQD
RPC 0L, 2-6 jets 0/-1- >6/=  EMS/VHT > 10 mep > 3400Gev 9Dy
Gqq+UDD
) Gqq+UDD,
RPV DV+jets — >4 /- — Rpy < 300 mm No
Gtt, Stop
_ 0/—/~ >5/>3 ENMS>600GeV meg > 2900 GeV
RPC multi-b . Gtt Yes
1/-/- > EF™ >300GeV  meg > 800 GeV
— Mefr > 2600 GeV qu+LQD,
RPV SS/3L 2SS/ /- >6/=1 = > P> 1600 Gev Gtt No
>5/>2 3 PR > 1600 GeV
RPV 1L 1/-/- >10/>3 — — Gtt, Stop Yes
RPC Stop OL 0/-/- >4/>2 EMS>250GeV mR=12 > 120 GeV Stop Yes
RPV stop dijet — >4/>2 — A <0.05 Stop No
RPV dijet resonance — >2/>2 — mjj > 1133 GeV Stop No
RPV multi-b 0/-/- >9/>5 — — Gtt No
—/=2,0512/>1 —/veto €[60, 150] GeV  mTy > 80 GeV
mty > 85 GeV
—/=2,081,/- —/ veto > 150 GeV
, MTsum > 400 GeV Stau,
RPC Di-t No
—/>2,0812,/>1 —/veto €[60, 150] GeV  mt, > 70 GeV Higgsino
mry > 85 GeV
—/>2,081,/- —/ veto > 150 GeV
MTsum > 400 GeV
> 100 GeV
> 200 GeV
>4/>0/- — / veto
meg > 600 GeV
meg > 1250 GeV Stau,
RPC/RPV 4L Yes
meg > 600 GeV Higgsino
=3/>1/- —/ veto —
meg > 1000 GeV
meg > 600 GeV
=2/>2/- —/ veto —
meg > 1000 GeV
RPC DL 2/-1- — /- — AR > 0.2 Higgsino Yes



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HMBS-2024-04/

Signal models

* ATLAS just released a reinterpretation of 13
complementary searches on simplified models

e Full Run 2 dataset (~140 fb-1)

\/

 Scan* over RPV couplings, testing different
signatures: stable — long-lived — prompt

* 6 models, mixture of sparticles and
couplings

* Only one non-zero coupling per model

 Cover many combinations of production and
decays of sparticles

* Lifetimes and BRs as a function of coupling values are calculated using SPheno+SARAH
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ATLAS Run 2 Reinterpretation

ATLAS Collaboration arXiv:2603.15007

Other

Model name | Coupling Decay . LSP
sparticle masses
g — qq¥) m(q) = 3 TeV )
’ ’ ~ ~0 , , ~ bino—like)? R
Gqq+LQD | A7y, =4y, g — qqXi1(— tqq'/vqq’) m(f,b) = 5TeV m(%) = 550 GeV
§ —tqq’'/vqq’
g — gk} m(G) =3 TeV
Gqq+UDD A g — qq¥1(— qqq) m(f,b) = 5 TeV
g8 — 4499
5 — i) m(G) =5 TeV
Gt X, 3 — 1680 (> 1bs) m(i.5) =3 Tev | Pinolike 21,
m(X1) = 200 GeV
g — tbs
i — m(g,§) = 3 TeV
Stop s 7| — tX)(— ths) m(fy, b) = 3 TeV
271 — bs
F o Th) m(f) =5 TeV
T — T)??(—> {tv/TtTVv)
Ai33, Ty bino-like X7,
Stau i €{1,2} ~0 vy
’ 177_ _)v)(l m()(l) = 50 GeV
Ve — v)?(l)(—> {tv/TTV)
Ve > 7€
XE— qa' XY evi) m(f) = 3 TeV
-+ , <0 ,, =0 5 .
X1 — qq' X1 [tvXi(— {rv/TTV) m({) =5 TeV higgsino-like X!,
c+ ~c+ =0
o Ai33, X1 — {rt/lvv/Ttvy Am(X1, X1) =0.25
Higgsino ie{1,2) GeV

0 s qa0eexy
)’58 —> qq)??/ff)??(% v /TTV)

~0
Xy = ltv/TTV

Am(ts, X)) = 0.5
GeV



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HMBS-2024-04/

1o Strength
—
P lifetime
—

g branching ratio
—>

Gqqg+UDD model

A" dependent jet multiplicity

* AM”112~1: direct RPV decay to quarks B(g — gqq)=1
gﬁqqx (ﬁqqq) / éﬁqqq

e ~0 Jets in the final state o 0.6 | | | | | N

S - ATLAS Slmulatlon
* A”112~10-1: prompt neutralino mediated RPV & (5[ (S18TeV, 14010 (9,)_,__,1_80?;?9_\/1 " r(]’;) =00 Gev—:
decay B(g — qqx( = qq9)) ~ S 0t ne :
= 04 S -
, : : O - e B _ _
» > 10 jets in the final states @ - 9= qax,t=aqa) =1 -
SN PR A A B(g—qqq) = 1 -
* 10-3 < A”172 < 10-2: neutralino non prompt decay N S -
. . . 02  TTUTr e -
» Jet reconstruction starts to fail for some jets S -
* A”112 104 non negligible lifetime e A Sy S -
» Presence of MET, low jet multiplicity P e T N TS

Jet multiplicity
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Gqag+UDD model

Run 2 limits

e RPC OL ATLAS Collaboration, JHEP 02 (2021)

e Jets and MET, with veto on leptons

* RPV DV + jets ATLAS Collaboration, JHEP 06 (2023) 200

 Massive, displaced vertex with energetic jets

 RPV multijet ATLAS Collaboration, Eur. Phys. J. C 83 (2023) 561
* High multiplicity of hard jets

* The region A”112>1.25 is forbidden by constraints
from the renormalization group equations.

* The exclusion limits are derived assuming the
sqguark masses indicated.
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https://arxiv.org/abs/2010.14293
https://arxiv.org/abs/2301.13866
https://arxiv.org/abs/2211.08028

Gtt model

A" dependent b-jet multiplicity

e A"303~1: B(g — tbs)=1
* tt + heavy flavor final state
* A’303~101": B(g — tbs)=0.25
 ~8 b-jets in the final states
¢ N1125 10" 7(jy)~102 ns

* Presence of secondary vertices
from light jets

e A"112 <108 7(j)~102 ns

 Presence of MET, lower number
of (b-)jets reconstructed
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g branching ratio
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| | | | |
ATLAS Simulation

s=13TeV, 140 fb™

m(g) = 1800 GeV, m(azf) = 200 GeV
—— B(F — tbs) = 1
B(§ — tbs) = 0.25

- () = 107 ns

» Light-jets from j, decay

b-tagged jet multiplicity

are identified as b-jets

10

Tagging efficiency
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103 Strength
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i) lifetime
4—

Gtt mOdel g branching ratio

Run 2 limits

e RPV SS/3L ATLAS Collaboration, JHEP 02 (2024) 107

e 2 same-sign leptons or 3 leptons + jets Szooﬁeﬁ;’gtj(etbs) G—tos, m(3)=200 GeV, bino-like %, m(fj=m(6)=3 Tev
. ';‘ a L ! IIIIIIII ! IIIIIIII por i E
* No MET requirement 3 3000 ATLAS S EEX ;iﬁ; =
— — {s=13 TeV, 140 fb™ _ i 5
 RPV MultiB ATLAS Collaboration, Eur. Phys. J. C 83 (2023) o ;2885_ _©- Expected 2;3 '1\/' Lu” ° Y -
& = —0— Observed N § =
+ High (b-)jet multiplicity, no MET requirement 2400F  95% CLimit YRR g
2200F ¥ =s===_ =
* RPC MultiB ATLAS Collaboration, Eur. Phys. J. C 81 (2021) 2000 K i
. High (b-)jet multiplicity and large MET 1800 - > =a E
1600} =
e RPV 1L ATLAS Collaboration, Eur. Phys. J. C 81 (2021) 1400F o=
+ >1 lepton and high jet multiplicity 1200 L B
10007Rpc 10° 1072 10~ 1
* RPV DV + jets ATLAS Collaboration, JHEP 06 (2023) 200 - S N e 2
102 1o 1 107 10-2 107 323
 Massive, displaced vertex with energetic jets %, lifetime [ns] 0.1 0.3 0.7 0.9
BR(g — tbs)
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https://arxiv.org/abs/2307.01094
https://arxiv.org/abs/2211.08028
https://arxiv.org/abs/2010.01015
https://arxiv.org/abs/2106.09609
https://arxiv.org/abs/2301.13866

Gqq+LQD model Stop model

Run 2 Iimits /I’Strength Run 2 Iimits é’23 Strength

i) lifetime i lifetime
g branching ratio t branching ratio
t t b
p: ~ NP N b
t~ ~(1) f - ~ 1" t/’ 5 t
:’,, X PR )fz i323 S :’ )\g’23 >_t_;\<
RN ~0 SSo X1 s g o=~ s 323 393
, P <‘° X1 ) 7 Wtb , f Ag?;g _ , )
/ t b
3500 ﬁeqqi?(equ'/qu') / g—Ilqq'/vaq), m(;’{?):SOO GeV, bino-like 7(?, m(q)=3 TeV — 2400 £ 13 - tbs)/;—f bs, m()??) = OOGleV |
Y L AR > - ATLAS ]
3 - ATLAS z O, 2200 vs=13TeV, 140 fb~!, 95% CL limits -
— - {s=13TeV, 140 fb™ — RPC OL S - = ~ —e-+ Expected ]
@ 3000_ -o- Expected ?gj _ E 2000 ___._ Observed %__
= : —8— Observed 3 - - —— RPV stop dijet (37 fo™) 8]
2500 [ 95% CL limits RPV SS/3L 2 7 1800 :_— RPV dijet resonance 83'”:
i ] 1600 RPC stop OL g_—
- . B RPV DV+jets -
2000 | §__ 1400 :—_ é{
- g - 1200 ¢
1500( 5 1000 &
1000_ IIIIII 1 1 IIIIIII 1 1 II:I‘:IIII 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 IIL i 800:_ _:
RPC 405 10*  10° 102 10" 1 600 -
N1 =M1 400 - g
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Stau model
Run 2 limits " //; p /‘T

p (L/ Lo )
T _ 7 _ Vr
: . -7 N33 -7 N33 =7 Niss
 RPC Di-stau ATLAS Collaboration, JHEP 05 (2024) 150 ~< Diss < Aiss < iz
T (v v Ur ) — T Uz X — T
e > 2 hadronic taus and large MET ! . y \ !
T E f

e 108 < A%1712<101:102 ns > () =104 ns

* Prompt tau reconstruction fails to reconstruct stau product decays
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https://arxiv.org/abs/2402.00603

Higgsino model

Run 2 limits

 RPC Di-stau ATLAS Collaboration, JHEP 05 (2024) 150

e > 2 hadronic taus and large MET

e RPC/RPV 4L ATLAS Collaboration, JHEP 07 (2021) 167

e >4 charged leptons and MET

e RPC DL ATLAS Collaboration, Phys. Rev. Lett. 127 (2021)

* High prt leptons with large impact parameter

~t

X1%,—> W /Z7(~ etvitwv), 7, - ewv/tty, ¥, — ettlevv/tvv, Higgsino-like %%, , m(7)=3 TeV
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8 - ATLAS - €~ - Expected
— | {s=13TeV, 140 fb™ _.E Observed
S + | _ 95% CL limits
> 2000— __ Rpc Di
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Forbidden by indirect decays:

Phys. Rev. D60 (1999) 075014; Assuming T ~ 3 TeV
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https://arxiv.org/abs/2011.07812

RPV SUSY as a signature generator

Presented @ GDR Terascale 2016

SUMMARY

® The RpV SUSY model offers a variety of interesting final
states not yet explored by experiments

® RPV opens the possibility of light SUSY spectrum

® Depending on the spectrum and the (likely) small
magnitude of RPV couplings, SUSY can be hiding in high
multiplicity final states

® Possible reinterpretation of ATLAS and CMS results in
cases where the stop is NOT the LSP

® The strong sensitivity to different channels apply more
generally than the case we presented

Thanks for your attention! PESBLADe
=

Sara Diglio GDR Terascale 2016
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https://indico.in2p3.fr/event/12859/contributions/11758/attachments/9907/12332/SaraDiglio_GDR_May_2016.pdf

Co!umbia‘

Summary

* ATLAS produced a first thorough reinterpretation of SUSY analysis in terms ofielelgisiigNgitsiel i siz Aeleltlellglols

* Results for models with variable R-parity coupling strength AR

* Large variations in sensitivity as a function of the RPV coupling strength m  Ei{zi:Rislelfefle|gh= 1
ATLAS SUSY program’s coverage F e e ‘ 5 ~ .

eeeeeeeeeeeee
Hard Monkey;

ve Been ¥
,,,,,,,,,

» Gluinos below 1.6 TeV are excluded for all the tested coupling strength, and a¥ClUsion contours reach masses
close to 2.5 TeV for intermediate values of \”

« Forthe A\’ coupling, masses below 1.7 TeV are ruled out, limits extends up to 2.2 TeV for both high and low values of \’

» Stops models show also large variations: excluded mass ranges from 1 TeV to 1.6 TeV for small and
intermediate values of A”, extending up to 2.4 TeV for A” approaching 1

e Staus with masses between 180 GeV and 340 GeV excluded, but with a gap in 10-3 < Aizaz < 101

* Higgsinos with masses up 800 GeV excluded for high Ai33, down to couplings close to 10-6
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