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RPV SUSY  

n  Precision SM measurements support baryon and lepton 
number conservation, while some MSSM couplings do not  

n  Search for R-parity Violating SUSY 
 

n  Super-potential with RPV of lepton or baryon number  
R=+1  (SM);    R=-1 (SUSY) 
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LLE LQD UDD Bilinear LH 



RPV SUSY  

n  RPV SUSY signatures: 
-  Decaying LSP à lower Missing Transverse 

Energy (MET) 
-  Many jets (or leptons) in the final states  
-  QCD backgrounds are very challenging in 

UDD model 
n  Only show results from 13 TeV data 
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Model                 objects  lumi.         Mass limit 

UDD 



Standard Model 
 

Top, multijets 
V, VV, VVV, Higgs                  

& combinations of these 

 

Reducible backgrounds 
 

Determined from data 
Backgrounds and methods 

depend on analyses 
 

Irreducible backgrounds 
 

p  Dominant sources:  
-  Mulit-jet: data-driven 
-  Non-Multi-jet: normalise 

MC in data control regions 
p  Subdominant sources: MC 

Validation 
 

Validation regions used to 
cross check SM 

predictions with data 

Signal regions 
 

blinded	

blinded	
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SM Background Modeling 

Combined fit of 
all regions and 

bgs, and 
including 

systematic exp. 
and theory 

uncertainty as 
nuisance 

parameters 



n  Chargino pair production to neutralino (LSP)  
and decays via Lepton number-violating 
couplings 

n  Signatures: 4 leptons and MET 
n  Exclude chargino mass up to 1.1 TeV from 

m(LSP) > 400 GeV 
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LLE 

ATLAS-CONF-2016-075	

EWK SUSY: RPV 4 leptons   



n  Gluino pair production, decays via 
Baryon number-violating couplings 
into quarks 

n  Signatures: 4-5 large-Radius jets 
n  Discriminating variable: MJ

Σ  
n  Exclude gluino mass upto 1.1-1.5 TeV 

ATLAS-CONF-2016-057	
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 Strong SUSY: RPV multi-jets 

UDD 

(a) (b) 

(a) (b) 



 Strong SUSY: RPV multi-jets 

n  stop pair production, decays via Baryon 
number-violating couplings into light quarks 

n  Signatures: 4 high-pT jets 
n  Discriminating variables:  
-  ATLAS: mass asymmetry between 2 jet pairs       

A=|m1-m2|/(m1+m2); stop pair production angle    
|cos(θ*)|; mavg=(m1+m2)/2;  

-  CMS: average pruned jet mass, Masym. 
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A mavg 

average pruned 
jet mass 

UDD 

Dominate bgs: Multi-jet (ABCD) 
-  Masym .Vs. Δη (j1, j2) (CMS) 
-  Masym .vs. |cos(θ*)| (ATLAS) 



 Strong SUSY: RPV multi-jets (cont.) 
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Stopàbs 

n  Exclude stop mass 100-410 GeV for light quark FS 
n  Exclude stop mass 100-470, 480-610 GeV for heavy quark FS 

ATLAS-CONF-2017-025	CMS-PAS-EXO-16-029 

	Stopàqq 	Stopàqq 

CMS, 2.7 fb-1 ATLAS, 36 fb-1 



n  Gluino (stop) pair production, 
decays via Lepton/Baryon number-
violating couplings into quarks  

n  Signatures: 1lepton + multi-jets 
(≥8-12) and (0, ≥3) bjets 

n  SRs are binned in N_jet, N_bjet 
n  Dominant bgs: ttbar, W/Z+jets 
-  Find b-jet multiplicity templates at 

lower jet multiplicities 
-  Extrapolate to high jet multiplicity 

using scaling parameterization 

 Strong SUSY: RPV 1L + multi-jets (+bjets) 

UDD LQD 

9 

1L+10J  
NEW! 



 Strong SUSY: RPV 1L + multi-jets + (bjets) 

~g > 1.65 TeV 
~g > 2.1 TeV 
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UDD arXiv:1704.08493	

NEW! 



 Strong SUSY: RPV 1L + multi-jets + (bjets) 

arXiv:1704.08493	

~g > 1.8 TeV 

~t > 1.1-1.25 TeV 
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NEW! 

LQD UDD 



n  Gluino (down squark) pair 
production , N1 decays via 
Baryon/lepton number-violating 
couplings into quarks  

n  Signatures: SS2L + (≥3-6)multi-
jets + (0-2)bjets 

n  SRs are binned in N_jet, N_bjet + 
Meff cut (>1200-2200 GeV) 

n  Main backgrounds:  
-  diboson and ttV: estimated 

from MC simulation, validated 
in VRs.  

-  Fake background and charge 
flip: estimated in data 

 Strong SUSY: RPV SS2L +multi-jets + bjets 

ATLAS-CONF-2017-030	

UDD LQD 

NEW! 

SS2L, 2j, MET>50GeV 12 



n  Exclude gluino mass up to 
1.4-1.8 TeV 

n  Exclude right-handed down 
squak mass up to 0.5 TeV 
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ATLAS-CONF-2017-030	

LQD 

NEW! 

 Strong SUSY: RPV SS2L +multi-jets + bjets (cont.) 



n  Gluino pair production, decays via Baryon 
number-violating couplings into quarks  

n  Signatures: (0-1) lepton + multi- jets and bjets 
n  SRs (0-1L) are binned in N_lep (0-1), N_jet 

(>6-10), MJ (500-800, >800), + HT cut (>1.2-1.5 TeV) 
n  Dominant bgs : 
-  0L: Multi-jet (data-driven) 
-  1L: ttbar (normalized MC in data CR) 

 Strong SUSY: RPV 0-1L + multi-jets + bjets 

UDD 
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1L+8J  

CMS-PAS-SUS-16-013 

0-1 L  

~g à tbs 

CMS, 2.7 fb-1 
Exclude 
gluino 

mass up to 
1.36 TeV 



 Strong SUSY: RPV 2L + 2b-jets 

LQD 
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n  Stop pair production, decays via lepton 
number-violating couplings into lepton+b-quarks 

n  Signatures: 2leptons+ 2b-jets 
n  SRs defind on HT, mbl

0, and mbl asymmetry 
n  Dominant backgrounds: 
-  ttbar, single top, Z+jets (normalized MC to 

data in CRs) 

NEW! 

ATLAS-CONF-2017-036	

SR800 (mbl
0>800) 



n  Limits on top masses are set between 600 GeV for large tau 
branching ratios to 1.5 TeV for an e branching ratio of 100%. 

n  The limits are strongest at lower Br(t ̃ → bτ)  

 Strong SUSY: RPV 2L + 2b-jets 

LQD 

NEW! 
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ATLAS-CONF-2017-036	

~t=600GeV 

~t=1500GeV 



Search for LFV di-lepton Resonance 

Eur. Phys. J. C76 (2016) 541 

tau sneutrino >2.3 TeV 

q  Search for a heavy resonance 
from LFV di-lepton (eµ, eτ or 
µτ) final states, like RPV SUSY 
tau sneutrino, Z’ etc. 

q  Tau sneutrino up to 2.3 (eµ), 2.2 
(eτ), 1.9 (µτ) GeV excluded 
(ATLAS) 

CMS-PAS-EXO-16-001 17 

λ311
’=0.11 
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Summary and Outlook 

n  ATLAS and CMS are carrying out a detailed 
and wide search for RPV SUSY in Run2 

n  No evidence for RPV SUSY so far 

n  Higher mass limits excluded for SUSY 
particles 

n  More results will coming soon. Stay tuned! 

10-1                                          1                Mass Scale [TeV] 
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 Strong SUSY: RPV 2L + 2b-jets 
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The	mass	limit	
shown	
corresponds	to	
the	highest-
mass	sample	
which	is	
excluded.	 



 Strong SUSY: RPV SS2L +multi-jets + bjets 
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 Strong SUSY: RPV SS2L +multi-jets + bjets 

Dominant	by	reducible	background	or	the	theory 



 Strong SUSY: RPV 1L + multi-jets (+bjets) 
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 Strong SUSY: RPV 2L + 2b-jets 
LQD 
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EWK SUSY: RPV 4L 

Dominant:	ttZ,	ZZ	 



n  Stop pair production, decays via lepton number-
violating couplings into lepton+b-quarks 

n  Signatures: 2leptons+ 2b-jets 
n  SRs defind on HT, mbl

0, and mbl asymmetry 
n  As the branching ratio of t → bτ increases, the 

number of expected events with electrons or 
muons in the final state decreases 

 Strong SUSY: RPV 2L + 2b-jets 

LQD 

ATLAS-CONF-2015-015	
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Run1 



 Strong SUSY: RPV 2L + 2b-jets + 2jets 
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LQD 
n  Stop pair production, chargino-mediated decay 

of stop, chargino decays to a lepton and two jets 
n  Signatures: 2leptons+ b-jets + multi-jets 
n  SRs: 1bjet, 5jets, 2 leptons, Mll>130 GeV 
n  Exclude stop mass up to 890 (1000) GeV for 

elec (mu) channel CMS-PAS-SUS-14-013 

ee μμ 

Run1 



n  Gluino pair production, decays via Baryon 
number-violating couplings into quarks 

n  Signatures: 8-10 jets + (0-1) b-jet 
n  Discriminating variable: sphericity (S),HT   
n  Exclude gluino mass upto 0.6-1.1 TeV 

 Strong SUSY: RPV multi-jets 
UDD 

CMS-PAS-EXO-13-001 
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Run1 



n  Many RPV secnarios re-interpretated using Run1 SRs: 4L, 
SS/3L, 1L, 0L  
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ATLAS-CONF-2015-018	

LLE, LQD, bRPV 

LLE LQD bRPV 

Run1 


