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Introduction

 We don’t know what SUSY looks like — leave no stone unturned
 The most general renormalizable, gauge-invariant superpotential contains RPV terms
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« RPV is a possible SUSY scenario, we should be looking for it
* |n general combinations of lepton+baryon number violating couplings are highly
constrained by proton and neutron decays
e Limits on only lepton- or only baryon-number violating couplings are much weaker
e (Constrains on third generation couplings are generally much weaker
 RPV couplings make the LSP decay to SM, trade MET for more visible particles
« For small enough couplings and/or heavy mediating sparticles the LSP can become
long-lived
» This talk focuses only on prompt decay
o Dedicated talks for long-lived scenarios:
« Hidden Sectors and Long-Lived Particle Signatures
o Searches for long-lived particles with the CMS detector
e Search for long-lived SUSY decays - CMS Experiment
o Detecting hidden sector dark matter via long-lived stau decays
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RPV searches at the LHC

e Extensive search program for RPV SUSY in both ATLAS and CMS, also inclusive searches
with RPV interpretations
o Will discuss only a subset, covering the three trilinear couplings: LLE, LQD, UDD

« ATLAS
e Same-sign or three leptons (139 fb-1) ATLAS-CONF-2019-015 (see Giordon’s talk)
e Displaced vertex + muon (136 fb-1) ATLAS-CONF-2019-006 (see Hidetoshi’s talk)
« RPC to RPV reinterpretation (36.1 fb-') ATLAS-CONF-2018-003
 RPV all-hadronic (36.1 fb-1) Phys. Lett. B 785 (2018) 136
 RPV four leptons (36.1 fb-1) Phys. Rev. D 98 (2018) 032009

Dijet pairs (36.1 fb-1) Eur. Phys. J. C 78 (2018) 250
Stop B-L (36.1 fb-1) Phys. Rev. D 97 (2018) 032003
RPV lepton + many jets (36.1 fb-1) JHEP 09 (2017) 88

« CMS
e Same-sign or three leptons (137 fb-1) CMS-PAS-SUS-19-008 (see Andrew’s talk)
 Resonant slepton (35.9 fb-1) Eur. Phys. J. C 79 (2019) 305
* Displaced jets (35.9 fb-1) Phys. Rev. D 99 (2019) 032011
« Tri-jet pairs (35.9 fb-1) Phys. Rev. D 99 (2019) 012010
o Displaced vertex + jets (35.9 fb-') Phys. Rev. D 98 (2018) 092011

RPV lepton + many jets (35.9 fb-1) Phys. Lett. B 783 (2018) 114
Dijet pairs (35.9 fb-1) Phys. Rev. D 98 (2018) 112014
RPV all-hadronic (38.2 fb-1) Phys. Rev. Lett. 121 (2018) 141802
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RPV four leptons, ATLAS 5% LiLE;

e Search for wino, slepton or gluino production with LSP
decay via LLE coupling, to at least four leptons

 Three search channels with 0, 1 or 2 hadronic taus

e Sensitivity to all LLE couplings, interpret in the two
extremes with most/least taus: Aiss/ A2k, (i,k € 1,2)

* Background in O-tau regions estimated from MC,
dominated by prompt leptons (ZZ, ttZ, triboson)

* Background in 1- and 2-tau regions dominated by fake
taus, estimated with data-driven methoad
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RPV four leptons, ATLAS 5% LiLE;

* Reducible background estimated via fake-factor method

« Fake-factor extracted from simulation and corrected to data where possible

« FF split per lepton type (light/heavy flavour, gluon-jet, photon conversion), process
(ttbar, Z+jets, ...) and binned in pr, eta, and number of prongs for taus

 FF applied to data as a weighted average of lepton type and process fraction

« No significant excess observed, limits are set for each production mode for two
couplings: Aiza/ A1zk, (i,k € 1,2)
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Resonant slepton, CMS Nijk LiQ; Dy

e Search for resonant slepton production decaying to ! "
same-sigh muons via \'211 (both production and decay) o /
« SR is binned in the 2D plane of m(uiuz+jets)~m a; /5, T e AN
- KL -
and m(pzjij2)=myy \
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Resonant slepton, CMS Nijk LiQ; Dy

 WZ and ttZ normalised via a fit to the b-tag distribution in a 3-muon CR with
Imyu - mz|<15 GeV

e Fake muon contribution estimated with tight-to-loose ratio methoad

e Contribution from photon conversion taken from MC and validated in 3-muon CR
with |Mppy - mMz|<15 GeV

« No significant excess is observed, limits are set on the cross section and on a
modified cMSSM model with an additional A'211 coupling
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RPV all-hadronic, ATLAS AmkU‘“‘D“DC

e Search for gluino production decaying to 3
or 5 jets via UDD coupling
e gluino — 3 jets
e gluino = 2 jets + LSP — 5 jets

e Discriminant variable is sum of large-R jet
masses: My

« Individual jet masses predicted by g 03 Go13Tev, 86117 :
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RPV all-hadronic, ATLAS *mUcDCDk
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Tri-jet pairs, CMS

e Search for pair-produced three-jet resonances. Interpreted as
gluino production decaying to 3 jets via UDD coupling

e At high gluino masses (>700 GeV), trigger on Hr and Hr+jets

e Hard to trigger at low gluino masses, uses data-scouting
technique: store only HLIT-reconstructed objects. Allows
much higher trigger rate by recording smaller event size

o Strategy: fit jet-triplet mass distribution, using all jet triplet
combinations out of the 6 leading jets (20 triplets)
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Tri-jet pairs, CMS AmkUCDCDk

« Sensitivity enhanced building new Dalitz variables: | cmsi
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Tri-jet pairs, CMS AmkUCDCDk

« Fit jet-triplet mass distribution with analytic function, using all jet triplet
combinations that pass the triplet and event selections

« Correction and uncertainties in the regions using data-scouting are derived by
fitting the hadronic top mass
 ttbar simulation needs to be smeared and shifted to match data, same

correction applied to signal.

« No significant excess observed, set limits on the production of three-jet

resonances
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RPV-RPC reinterpretation, ATLAS 3X5.U:D:D;

Reinterpret RPC and RPV analyses in models with variable RPV coupling, rich
phenomenology:
RPC — long-lived — prompt with cascade to LSP — prompt with direct decay

RPC Long-lived neutralino Prompt RPV
0 105 103 1 ~1.25 A

e Searches that don’t exploit displaced objects can retain good sensitivity to moderate
ifetimes (especially without leptons)

Javier Montejo Berlingen ATLAS-CONF-2018-003
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RPV-RPC reinterpretation, ATLAS 3X5.U:D:D;

« Nice coverage and complementarity between RPC and RPV searches
* |n some cases dedicated long-lived searches are needed to bridge the gaps

RPC-RPV Combination: g—>ttx (—tbs) / g—>tbs, m( ) 200 GeV, bino-like % x
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RPV-RPC reinterpretation, ATLAS 3% U:D;D;

« Nice coverage and complementarity between RPC and RPV searches
* |[n some cases dedicated long-lived searches are needed to bridge the gaps

RPC-RPV Combination: t—>tx (—tbs) / T—bs, m(x ) 200 GeV, bino-like % X
T T I

. ~0 o S 2400 .
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Conclusions

» Extensive search program at the LHC in searches for supersymmetry with
R-parity violation

* No significant excess observed

e [arge increase in sensitivity still possible from full Run 2 dataset

~tF 0
X X,/%, = WWhllitvy RPC-RPV Combination: Tt (~tbs) / T-+bs, m(,)=200 GeV, bino-lie 7

~ .00
= L L L L L L L L BB g_gproduc“o”’g_)qqx,X_>qqq — el e - o
8 1600 - ATLAS All limits at 95% CL — 2200_ LA L L LI N B B ] T 1| LI L L L L N L L B L N B P > 2400: I . I. I I .
S [ Vs=13Tev,36.1 1" ’ = - — Obs Limit Vs =13 TeV, 36.1 b’ E &  2200F ATLAS Preliminary - ©- Expected =
E 1400 [ 4 lepton O 2000:_ 155YSY Obs Limit p ) E —_ E {s=13 TeV —&— Observed 3
C s Observed (= 105 (O] 18008 * Otheory YOS LIMI ATLAS = =  2000F ; 95% CL limits i
1200 [ vex Expected (= 1o,y R — - — Exp Limit (= 104,,) ] Qé'f - —— RPC Stop 0L (36.1 fo) 3
F =0 et gxﬁ 600F-.-. Run 1 Limit E 1800F- — RPC Stop 1L (36.1 fo) L g =
1000 - &=, -0 o 1400 - . 3 - —— RPV 1L (36.1 0" 2 big! 8 3
. k 1 —  Alllimits at 95% CL = 1600 pijet (37 ), TLA (3.2 o) Ay =
o = 08 3 c ’ ' g1 218 8 7
800 C 3N L B N L L B L L B I L L |3|5E 12005 ?3/70\0‘{\\0‘“6 E 1400:_ - Dl]et pairS (367 fb-1) %:T‘fé Zéf EIETE ; g _:
o - CMs o O OO E 1200F- RS T =
400 i 3000+ ---126 GeV---\--. 800:_ . _: E H oo _% E
C - cMSSM-like 600F \ = 1000+« L
200 - : tan(B) =20 :_ : _: :_ ” o _:
C L A =00 4005 \",f = L } 800: g .
600 700 800 900 1000 2500__M> - AR 200:_. L ,' s =0t e T 600 T
: 800 1000 1200 1400 = [ 400E A ul e & T
—~ [ ST | RPC 10 10 102 107 1
% 2000 ---my=124Gev..) .. o F 3
9 i 10° E
o i 10 L = 2 std. deviation ]
— 1500 g —— Theory (pp—g8, §~ q0) 3
E L m F Theory uncertainty ]
L i 1 | 3
L i= E Region 1 ! ;
Lood 5 10" 3 ERegion 2 E E
r : : Region 3 7
i 102 ' =
i o ! Region 4 3
i sl TS ]
500~ 10 200 400 600 800 1000 1200 1400 1600 1800 2000
L | | Resonance Mass [GeV]
00 000 sg0 2000 200 T ——
m, (GeV)

Javier Montejo Berlingen




Backup

Javier Montejo Berlingen



RPV four leptons, ATLAS 5% LiLE;
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RPV four leptons, ATLAS 5% LiLE;

e Exclusion limits per model
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Resonant slepton, CMS
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RPV all-hadronic, ATLAS *mUCD"Dk
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RPV all-hadronic, ATLAS

e Signal region distributions

Javier Montejo Berlingen
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RPV-RPC reinterpretation, ATLAS 3X5.U:D:D;
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RPV-RPC reinterpretation, ATLAS 3X5.U:D:D;

e Gluino = gg+LSP model
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RPV-RPC reinterpretation, ATLAS 5, UsDiD;

 Model summary

Model name Gqq Gtt Stop R-hadron
Coupling 112 523 323 B

G — qqXi G — ttX1 f; — tX1
Decay g — qqi?(—> qqq) §— tt>~<(1)(—> ths)  t; — t>~((1)(—> tbs) G — qqXi

Jg — qqq g — tbs t, — bs
Other colored m(q) = 3 TeV m(q) =5 TeV m(q,q) = 3 TeV -
sparticle masses m(t,b) =5 TeV  m(f,b) =2.4 TeV  m(fy,b) =3 TeV mig:1,b) ~ PeV
LSP The LSP is bino-like, m(X1) = 200 GeV m(X1) = 100 GeV
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RPV-RPC reinterpretation, ATLAS 3X5.U:D:D;

e Analyses summary

Analysis name Leptons Jets / b-tags E,If}iss requirement Representative cuts Model targeted
RPC 0-lepton, 2-6 jets [53] 0 >4 /- E,If«‘iss /meg > 0.2 meg > 3000 GeV Gqq, R-hadron
. >7 /- : Gaq
RPC 0-lepton, 7-11 jets [55] 0 S 11 i - EXss/\/HT > 5 GeV1/2 - Gt
0 >7/>3 Emiss > 350 GeV 2600 GeV
RPC multi-b [56] 27/ 2 T © Meff > © Gtt
1 >5/>3 ET'=5 > 500 GeV megg > 2200 GeV
RPV 1-lepton [57] 1 >10/ >4 - - Gtt, stop
RPC Stop 0-lepton [58] 0 >4/ >2 E,iﬂniss > 400 GeV Miet R=1.2 > 120 GeV stop
RPC Stop 1-lepton [59] 1 >4/ >1 E'El?iss > 250 GeV mr > 160 GeV stop
si >6/>2 Ermiss ,0.15 1800 GeV
RPO and RPV samesign | 5 gq g 20/ 2 B /et e > 1800 Ge Git, stop
and three leptons [60] >6/>2 — Meg > 2000 GeV
RPV stop dijet pairs [61] - >4/ >2 — A < 0.05 stop
Dijet and TLA [62,63] — >2 /- = ly*| < 0.6 stop
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