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R-Parity Violating (RPV) SUSY

Lepton Violating Baryon Violating

• Many SUSY models assume R-Parity conservation, i.e. Lighest Susy 
Particle (LSP) is stable

• Typical large missing transverse energy (MET) signature

• LSP could be Dark Matter candidate

• BUT could introduce R-parity violating terms in superpotential

• No simultaneous lepton & baryon number violation due to proton 
stability

Look for no-MET signatures:

both multi-leptonic and multi-jet final states2

• LSP decaying to Standard Model particles



Long-Lifetime Particles

• If couplings are small LSP can have long lifetime ( proportional to λ-2)

•              ~100MeV, eg AMSB, disappearing/kinked tracks

• Long-lived gluino due to heavy squark mediating its decay: R-Hadrons

• GMSB scenarios: weak coupling NLSP-gravitino → stable sleptons or delayed 

photons

R-Parity Violating:

R-Parity Conserving:

Primary
Vertex

Decay Length

Penetrating
Low β, high dE/dx

O(10mm) O(10omm) >O(1m)
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Multi-leptons ATLAS 20.7 fb-1 ATLAS-CONF-2013-036
CMS 19.5 fb-1 PAS-SUS-13-010

RPV stop search CMS 19.5 fb-1 PRL 111, 221801 (2013)
ATLAS 20.7 fb-1 arxiv:1404.2500

Stable Massive Particles ATLAS 15.9 fb-1 ATLAS-CONF-2013-058

CMS 18.8 fb-1 JHEP07(2013)122

Stopped gluinos ATLAS 22.9 fb-1 Phys. Rev. D 88, 112003 (2013)

Displaced vertices CMS 20.5 fb-1 PAS-EXO-12-037
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Massive particles to multi-jets

• Each decay produces exactly one up-type 
and two down-type quarks

• Large number of jets

• Use flavor information to constrain 
different λ”

• Simple strategy: 

• Use number of jets, jet pT, number of b-
tags to separate signal from background

• Backgrounds: 

• Mainly QCD multi-jet production 

• tt, W+jet after b-tag 

• Estimate from data in low multiplicity 
control regions
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Probe baryon violating term

ATLAS-CONF-2013-091
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Massive particles to multi-jets

• Optimize signal regions 
according to two different 
gluino decays

• 6 or 10 jets with 0,1,2 b-
tagged jets

• Categorize limits according 
to BR(t), BR(b), BR(c)
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Massive particles to multi-jets
CMS:

8

• Look for 3 light-flavor or 2 light + 1 heavy-
flavor jets

• Trigger on 6 high pT jets
• Form jet triplets and use mass to separate 

background (QCD, combinatorics, t-tbar)
• Combine 3 signal regions: light flavor, low 

mass heavy flavor, high mass heavy flavor

Physics Letters B 730 (2014) 193–214

Decays to least one heavy flavor excluded up to mg<̃835GeV
Decays to light quarks up to mg<̃650GeV



Massive particles to multi-jets
Model RPV
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• Require high pT leptons (e,μ)
• Rely on lepton triggers

• Use b-tagged jets multiplicity to separate 
signal from background
• Estimate from MADGRAPH

• Combine 3 signal regions: 6, 7, ≥8 jets

Simplified benchmark model g→̃tbs
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•Searches for massive particles decaying 
to multi-jets exclude gluinos up to 
900-1000 GeV in several RPV scenarios
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Multi-leptons searches
• Expect large number of leptons produced by 

SUSY decays
• Typical selection criteria:

• Inclusive single and double electron and muon 
trigger

• high pT isolated leptons 
• Di-lepton Z mass window 

• High signal to background ratio: 
• Irreducible background: 4 leptons from 

Standard Model 
• mostly heavy boson production -> tth, zh, 

Wh, WZ (+jets), ZZ (+jets), ZZtt, WWZ, 
WZZ

•  Reducible background: at least one fake 
lepton

Probe lepton violating term

from MC

from DATA
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Multi-leptons searches

• ≥ 4 leptons (e,μ,τ) (pT> 10 GeV )
• ≥ 1 above trigger threshold
• Z Candidate veto
• 2 Signal regions

ATLAS: 
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CMS: 

• 4 leptons (e,μ): pT> 20 (highest), 10 GeV 
• 1 opposite sign, same flavor pair
• define di-lepton mass regions according 

to Z
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ATLAS-CONF-2013-036
PAS-SUS-13-010
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• 2 same sign or 3 (no charge 
constraint) leptons (e/μ)

• ≥ 3 b-jets, ≥ 5 jets
• meff> 350 GeV

Stop in RPV models
arxiv:1404.2500

ATLAS:

CMS:
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Multi-leptons searches
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• Searches for massive particles decaying to 
multi-jets exclude gluinos up to 900-1000 
GeV in several RPV scenarios

• Lepton Flavor Violation multi-lepton searches 
exclude

• NLSP gluinos up to 1-1.4TeV
• stops up to 1.1TeV

• LSP neutralinos up to 400-800 GeV
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Stable Massive Particles (SMP)

• Allowed by many models: mGMSB, splitSUSY, 
MSSM, UED...

• Two main classes of particles: 
• Lepton-like → no strong interactions

• Hadron-like → color-charged, hadronize to 

form“R-Hadrons” with quarks/gluons 
• Striking signatures: 

• Slowly moving particle, typically 
reconstructed as a muon 
• High momentum 
• Anomalously high ionization energy loss 

(dE/dx) 
• Large time-of-flight 

• Might need specific reconstruction/trigger 
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• Benchmark model: GMSB with τ̃1 NLSP 

•  τ̃1 mass estimated using m=p/(γβ)
• Small background: mis-measured high pT muons
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Direct production:
chargino/
neutralino
production

GMSB
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• Benchmark models

• direct gluino and stop pair productions

• Large uncertainties on R-Hadrons’ strong 
interactions with detector material

• Use different search strategies:

• tracker only (dE/dx)

• muon only (TOF) 

• tracker + muon system 

• ∼6.5% resolution on 1/β

• Muon-only and tracker-only allow 
for R-Hadron charge flipping in 
calorimeter or tracker material
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Stopped gluinos
• R-Hadrons loose momentum and come to rest

• Decay to neutralinos + hadronic jets
• Selection:

• Trigger on empty bunch crossings with 
calorimeter activity.

• Leading jet: |η|< 1.2, Ejet>100, 300 GeV

• Muon activity veto
• Main backgrounds: Cosmic rays and beam halo
• Limits: 

• mg<̃ 832GeV excluded, for 1 μs < τg<̃1000s
• mg<̃ 600GeV excluded for lifetimes up to 2 

years!
• Also exclude long-lived stops and sbottoms

ATLAS:

19

Phys. Rev. D 88, 112003 (2013)

CMS excludes mg ̃< 640GeV, for 1 μs < τg ̃<1000s  at 7TeV

arxiv:1207.0106

http://link.aps.org/abstract/PRD/v88/e112003
http://link.aps.org/abstract/PRD/v88/e112003


• Searches for massive particles decaying to multi-jets 
exclude gluinos up to 900-1000 GeV in several RPV 
scenarios

• Lepton Flavor Violation multi-lepton searches exclude
• NLSP gluinos up to 1-1.4TeV

• stops up to 1.1TeV
• LSP neutralinos up to 400-800 GeV

• Stable Massive Particle searches exclude:
• gluinos up 1.2-1.3 GeV
• stops up to 800- 900 GeV

• sleptons up to 350-500 GeV
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Displaced vertices

• Signatures: multi tracks displaced 
vertex (high pt leptons or jets)

• Cons: standard reco has low efficiency 

• ATLAS has specific tracking and 
displaced vertex reconstruction 

• CMS uses inner tracker only (no 
lepton reconstruction)

• Pro: Relatively low background

• Cosmic rays, random combinations of 
tracks, hadronic interactions with 
material
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Displaced vertices
ATLAS:

• High-pt muon trigger (pt>40 GeV)

• Specific tracking and displaced vertex 
reconstruction

• Veto vertices in high density regions to reduce 
background from hadronic interactions (expect 
0.02+/-0.02 events).
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CMS:
• Combine ee and μμ channels

• trigger on calo energy depositions  
and muons

• rely on Inner Tracker reconstruction

• give σA limits

Multi-tracks displaced vertex with one or two leptons
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Mq=1000,Mχ=108 GeV
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PAS-EXO-12-037
ATLAS-CONF-2013-092



Displaced vertices

• HT>300GeV trigger

• 2 jets made of large impact parameter tracks

• Fit secondary vertex from jet tracks

• Estimate background in control regions

• Use Ks→ππ to model tracking systematics
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Long-lived neutral particles decaying to quarks

CMS:

PAS-EXO-12-038

 [cm]τc10 210

 [p
b]

 (9
5%

 C
L)

2
 B
σ

-310

-210

-110
 = 1000 GeVHm
 = 350 GeVXm

Obs. Limit
Exp. Limit

σ 1±Exp. 
σ 2±Exp. 

CMS Preliminary

 = 8 TeVs, -1 L dt = 18.6 fb∫

Limits depend on cτ, mH and mχ :
cross sections excluded in 0.3-1 fb 

range 



• Signature: 

“disappearing tracks” inside tracking detector

• Strategy: 

Well reconstructed tracks in inner (silicon) tracker, 
low number of hits in outer tracker 

• Background from fit to the pT spectrum of 
disappearing tracks

• No excess over SM background is observed

Disappearing tracks

• AMSB models:                  ~ 160 MeV 

→ lifetime O(0.1ns)

signal
wrong pT

interacting
hadron

misidentified
lepton

Inner silicon tracker outer tracker

Phys. Rev. D 88, 112006 (2013)

ATLAS:
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http://link.aps.org/abstract/PRD/v88/e112006
http://link.aps.org/abstract/PRD/v88/e112006


• Searches for massive particles decaying to multi-jets exclude 
gluinos up to 900-1000 GeV in several RPV scenarios

• Lepton Flavor Violation multi-lepton searches exclude
• NLSP gluinos up to 1-1.4TeV
• stops up to 1.1TeV

• LSP neutralinos up to 400-800 GeV
• Stable Massive Particle searches exclude:

• gluinos up 1.2-1.3 GeV
• stops up to 800- 900 GeV
• sleptons up to 350-500 GeV

• Displaced vertices/Disappearing tracks searches exclude:
• squarks pair production excluded up to 2-5 fb depending on 

neutralinos lifetimes and masses
• charginos up 270 GeV
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∫
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MSUGRA/CMSSM 0 2-6 jets Yes 20.3 m(q̃)=m(g̃) ATLAS-CONF-2013-0471.7 TeVq̃, g̃

MSUGRA/CMSSM 1 e, µ 3-6 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0621.2 TeVg̃

MSUGRA/CMSSM 0 7-10 jets Yes 20.3 any m(q̃) 1308.18411.1 TeVg̃

q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-047740 GeVq̃

g̃g̃, g̃→qq̄χ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-0471.3 TeVg̃

g̃g̃, g̃→qqχ̃
±
1→qqW±χ̃

0
1

1 e, µ 3-6 jets Yes 20.3 m(χ̃
0
1)<200 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1)+m(g̃)) ATLAS-CONF-2013-0621.18 TeVg̃

g̃g̃, g̃→qq(""/"ν/νν)χ̃
0
1

2 e, µ 0-3 jets - 20.3 m(χ̃
0
1)=0 GeV ATLAS-CONF-2013-0891.12 TeVg̃

GMSB ("̃ NLSP) 2 e, µ 2-4 jets Yes 4.7 tanβ<15 1208.46881.24 TeVg̃

GMSB ("̃ NLSP) 1-2 τ 0-2 jets Yes 20.7 tanβ >18 ATLAS-CONF-2013-0261.4 TeVg̃

GGM (bino NLSP) 2 γ - Yes 20.3 m(χ̃
0
1)>50 GeV ATLAS-CONF-2014-0011.28 TeVg̃

GGM (wino NLSP) 1 e, µ + γ - Yes 4.8 m(χ̃
0
1)>50 GeV ATLAS-CONF-2012-144619 GeVg̃

GGM (higgsino-bino NLSP) γ 1 b Yes 4.8 m(χ̃
0
1)>220 GeV 1211.1167900 GeVg̃

GGM (higgsino NLSP) 2 e, µ (Z) 0-3 jets Yes 5.8 m(H̃)>200 GeV ATLAS-CONF-2012-152690 GeVg̃

Gravitino LSP 0 mono-jet Yes 10.5 m(g̃)>10−4 eV ATLAS-CONF-2012-147645 GeVF1/2 scale

g̃→bb̄χ̃
0
1 0 3 b Yes 20.1 m(χ̃

0
1)<600 GeV ATLAS-CONF-2013-0611.2 TeVg̃

g̃→tt̄χ̃
0
1 0 7-10 jets Yes 20.3 m(χ̃

0
1) <350 GeV 1308.18411.1 TeVg̃

g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Yes 20.1 m(χ̃
0
1)<400 GeV ATLAS-CONF-2013-0611.34 TeVg̃

g̃→bt̄χ̃
+

1 0-1 e, µ 3 b Yes 20.1 m(χ̃
0
1)<300 GeV ATLAS-CONF-2013-0611.3 TeVg̃

b̃1b̃1, b̃1→bχ̃
0
1 0 2 b Yes 20.1 m(χ̃

0
1)<90 GeV 1308.2631100-620 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e, µ (SS) 0-3 b Yes 20.7 m(χ̃

±
1 )=2 m(χ̃

0
1) ATLAS-CONF-2013-007275-430 GeVb̃1

t̃1 t̃1(light), t̃1→bχ̃
±
1 1-2 e, µ 1-2 b Yes 4.7 m(χ̃

0
1)=55 GeV 1208.4305, 1209.2102110-167 GeVt̃1

t̃1 t̃1(light), t̃1→Wbχ̃
0
1

2 e, µ 0-2 jets Yes 20.3 m(χ̃
0
1) =m(t̃1)-m(W)-50 GeV, m(t̃1)<<m(χ̃

±
1 ) 1403.4853130-210 GeVt̃1

t̃1 t̃1(medium), t̃1→tχ̃
0
1

2 e, µ 2 jets Yes 20.3 m(χ̃
0
1)=1 GeV 1403.4853215-530 GeVt̃1

t̃1 t̃1(medium), t̃1→bχ̃
±
1 0 2 b Yes 20.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
1 )-m(χ̃

0
1)=5 GeV 1308.2631150-580 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1

1 e, µ 1 b Yes 20.7 m(χ̃
0
1)=0 GeV ATLAS-CONF-2013-037200-610 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1 0 2 b Yes 20.5 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-024320-660 GeVt̃1

t̃1 t̃1, t̃1→cχ̃
0
1 0 mono-jet/c-tag Yes 20.3 m(t̃1)-m(χ̃

0
1 )<85 GeV ATLAS-CONF-2013-06890-200 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z) 1 b Yes 20.3 m(χ̃
0
1)>150 GeV 1403.5222150-580 GeVt̃1

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z) 1 b Yes 20.3 m(χ̃
0
1)<200 GeV 1403.5222290-600 GeVt̃2

"̃L,R "̃L,R, "̃→"χ̃01 2 e, µ 0 Yes 20.3 m(χ̃
0
1)=0 GeV 1403.529490-325 GeV#̃

χ̃+
1
χ̃−
1 , χ̃

+

1→"̃ν("ν̃) 2 e, µ 0 Yes 20.3 m(χ̃
0
1)=0 GeV, m("̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1403.5294140-465 GeVχ̃±

1

χ̃+
1
χ̃−
1 , χ̃

+

1→τ̃ν(τν̃) 2 τ - Yes 20.7 m(χ̃
0
1)=0 GeV, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2013-028180-330 GeVχ̃±

1

χ̃±
1
χ̃0
2→"̃Lν"̃L"(ν̃ν), "ν̃"̃L"(ν̃ν) 3 e, µ 0 Yes 20.3 m(χ̃

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m("̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1402.7029700 GeVχ̃±

1 ,
χ̃0
2

χ̃±
1
χ̃0
2→Wχ̃

0
1Zχ̃

0
1

2-3 e, µ 0 Yes 20.3 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, sleptons decoupled 1403.5294, 1402.7029420 GeVχ̃±

1 ,
χ̃0
2

χ̃±
1
χ̃0
2→Wχ̃

0
1h χ̃

0
1

1 e, µ 2 b Yes 20.3 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, sleptons decoupled ATLAS-CONF-2013-093285 GeVχ̃±

1 ,
χ̃0
2

Direct χ̃
+

1
χ̃−
1 prod., long-lived χ̃

±
1 Disapp. trk 1 jet Yes 20.3 m(χ̃

±
1 )-m(χ̃

0
1)=160 MeV, τ(χ̃

±
1 )=0.2 ns ATLAS-CONF-2013-069270 GeVχ̃±

1

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 22.9 m(χ̃
0
1)=100 GeV, 10 µs<τ(g̃)<1000 s ATLAS-CONF-2013-057832 GeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ - - 15.9 10<tanβ<50 ATLAS-CONF-2013-058475 GeVχ̃0

1

GMSB, χ̃
0
1→γG̃, long-lived χ̃

0
1

2 γ - Yes 4.7 0.4<τ(χ̃
0
1)<2 ns 1304.6310230 GeVχ̃0

1

q̃q̃, χ̃
0
1→qqµ (RPV) 1 µ, displ. vtx - - 20.3 1.5 <cτ<156 mm, BR(µ)=1, m(χ̃

0
1)=108 GeV ATLAS-CONF-2013-0921.0 TeVq̃

LFV pp→ν̃τ + X, ν̃τ→e + µ 2 e, µ - - 4.6 λ′
311

=0.10, λ132=0.05 1212.12721.61 TeVν̃τ
LFV pp→ν̃τ + X, ν̃τ→e(µ) + τ 1 e, µ + τ - - 4.6 λ′

311
=0.10, λ1(2)33=0.05 1212.12721.1 TeVν̃τ

Bilinear RPV CMSSM 1 e, µ 7 jets Yes 4.7 m(q̃)=m(g̃), cτLS P<1 mm ATLAS-CONF-2012-1401.2 TeVq̃, g̃

χ̃+
1
χ̃−
1 , χ̃

+

1→Wχ̃
0
1, χ̃

0
1→eeν̃µ, eµν̃e 4 e, µ - Yes 20.7 m(χ̃

0
1)>300 GeV, λ121>0 ATLAS-CONF-2013-036760 GeVχ̃±

1

χ̃+
1
χ̃−
1 , χ̃

+

1→Wχ̃
0
1, χ̃

0
1→ττν̃e, eτν̃τ 3 e, µ + τ - Yes 20.7 m(χ̃

0
1)>80 GeV, λ133>0 ATLAS-CONF-2013-036350 GeVχ̃±

1

g̃→qqq 0 6-7 jets - 20.3 BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091916 GeVg̃

g̃→t̃1t, t̃1→bs 2 e, µ (SS) 0-3 b Yes 20.7 ATLAS-CONF-2013-007880 GeVg̃

Scalar gluon pair, sgluon→qq̄ 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826100-287 GeVsgluon

Scalar gluon pair, sgluon→tt̄ 2 e, µ (SS) 2 b Yes 14.3 ATLAS-CONF-2013-051350-800 GeVsgluon

WIMP interaction (D5, Dirac χ) 0 mono-jet Yes 10.5 m(χ)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147704 GeVM* scale

Mass scale [TeV]10−1 1
√
s = 7 TeV
full data

√
s = 8 TeV

partial data

√
s = 8 TeV
full data

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: Moriond 2014

ATLAS Preliminary∫
L dt = (4.6 - 22.9) fb−1

√
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1σ theoretical signal cross section uncertainty.
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MSUGRA/CMSSM 0 2-6 jets Yes 20.3 m(q̃)=m(g̃) ATLAS-CONF-2013-0471.7 TeVq̃, g̃

MSUGRA/CMSSM 1 e, µ 3-6 jets Yes 20.3 any m(q̃) ATLAS-CONF-2013-0621.2 TeVg̃

MSUGRA/CMSSM 0 7-10 jets Yes 20.3 any m(q̃) 1308.18411.1 TeVg̃

q̃q̃, q̃→qχ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-047740 GeVq̃

g̃g̃, g̃→qq̄χ̃
0
1 0 2-6 jets Yes 20.3 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-0471.3 TeVg̃

g̃g̃, g̃→qqχ̃
±
1→qqW±χ̃

0
1

1 e, µ 3-6 jets Yes 20.3 m(χ̃
0
1)<200 GeV, m(χ̃

±
)=0.5(m(χ̃

0
1)+m(g̃)) ATLAS-CONF-2013-0621.18 TeVg̃

g̃g̃, g̃→qq(""/"ν/νν)χ̃
0
1

2 e, µ 0-3 jets - 20.3 m(χ̃
0
1)=0 GeV ATLAS-CONF-2013-0891.12 TeVg̃

GMSB ("̃ NLSP) 2 e, µ 2-4 jets Yes 4.7 tanβ<15 1208.46881.24 TeVg̃

GMSB ("̃ NLSP) 1-2 τ 0-2 jets Yes 20.7 tanβ >18 ATLAS-CONF-2013-0261.4 TeVg̃

GGM (bino NLSP) 2 γ - Yes 20.3 m(χ̃
0
1)>50 GeV ATLAS-CONF-2014-0011.28 TeVg̃

GGM (wino NLSP) 1 e, µ + γ - Yes 4.8 m(χ̃
0
1)>50 GeV ATLAS-CONF-2012-144619 GeVg̃

GGM (higgsino-bino NLSP) γ 1 b Yes 4.8 m(χ̃
0
1)>220 GeV 1211.1167900 GeVg̃

GGM (higgsino NLSP) 2 e, µ (Z) 0-3 jets Yes 5.8 m(H̃)>200 GeV ATLAS-CONF-2012-152690 GeVg̃

Gravitino LSP 0 mono-jet Yes 10.5 m(g̃)>10−4 eV ATLAS-CONF-2012-147645 GeVF1/2 scale

g̃→bb̄χ̃
0
1 0 3 b Yes 20.1 m(χ̃

0
1)<600 GeV ATLAS-CONF-2013-0611.2 TeVg̃

g̃→tt̄χ̃
0
1 0 7-10 jets Yes 20.3 m(χ̃

0
1) <350 GeV 1308.18411.1 TeVg̃

g̃→tt̄χ̃
0
1

0-1 e, µ 3 b Yes 20.1 m(χ̃
0
1)<400 GeV ATLAS-CONF-2013-0611.34 TeVg̃

g̃→bt̄χ̃
+

1 0-1 e, µ 3 b Yes 20.1 m(χ̃
0
1)<300 GeV ATLAS-CONF-2013-0611.3 TeVg̃

b̃1b̃1, b̃1→bχ̃
0
1 0 2 b Yes 20.1 m(χ̃

0
1)<90 GeV 1308.2631100-620 GeVb̃1

b̃1b̃1, b̃1→tχ̃
±
1 2 e, µ (SS) 0-3 b Yes 20.7 m(χ̃

±
1 )=2 m(χ̃

0
1) ATLAS-CONF-2013-007275-430 GeVb̃1

t̃1 t̃1(light), t̃1→bχ̃
±
1 1-2 e, µ 1-2 b Yes 4.7 m(χ̃

0
1)=55 GeV 1208.4305, 1209.2102110-167 GeVt̃1

t̃1 t̃1(light), t̃1→Wbχ̃
0
1

2 e, µ 0-2 jets Yes 20.3 m(χ̃
0
1) =m(t̃1)-m(W)-50 GeV, m(t̃1)<<m(χ̃

±
1 ) 1403.4853130-210 GeVt̃1

t̃1 t̃1(medium), t̃1→tχ̃
0
1

2 e, µ 2 jets Yes 20.3 m(χ̃
0
1)=1 GeV 1403.4853215-530 GeVt̃1

t̃1 t̃1(medium), t̃1→bχ̃
±
1 0 2 b Yes 20.1 m(χ̃

0
1)<200 GeV, m(χ̃

±
1 )-m(χ̃

0
1)=5 GeV 1308.2631150-580 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1

1 e, µ 1 b Yes 20.7 m(χ̃
0
1)=0 GeV ATLAS-CONF-2013-037200-610 GeVt̃1

t̃1 t̃1(heavy), t̃1→tχ̃
0
1 0 2 b Yes 20.5 m(χ̃

0
1)=0 GeV ATLAS-CONF-2013-024320-660 GeVt̃1

t̃1 t̃1, t̃1→cχ̃
0
1 0 mono-jet/c-tag Yes 20.3 m(t̃1)-m(χ̃

0
1 )<85 GeV ATLAS-CONF-2013-06890-200 GeVt̃1

t̃1 t̃1(natural GMSB) 2 e, µ (Z) 1 b Yes 20.3 m(χ̃
0
1)>150 GeV 1403.5222150-580 GeVt̃1

t̃2 t̃2, t̃2→t̃1 + Z 3 e, µ (Z) 1 b Yes 20.3 m(χ̃
0
1)<200 GeV 1403.5222290-600 GeVt̃2

"̃L,R "̃L,R, "̃→"χ̃01 2 e, µ 0 Yes 20.3 m(χ̃
0
1)=0 GeV 1403.529490-325 GeV#̃

χ̃+
1
χ̃−
1 , χ̃

+

1→"̃ν("ν̃) 2 e, µ 0 Yes 20.3 m(χ̃
0
1)=0 GeV, m("̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1403.5294140-465 GeVχ̃±

1

χ̃+
1
χ̃−
1 , χ̃

+

1→τ̃ν(τν̃) 2 τ - Yes 20.7 m(χ̃
0
1)=0 GeV, m(τ̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) ATLAS-CONF-2013-028180-330 GeVχ̃±

1

χ̃±
1
χ̃0
2→"̃Lν"̃L"(ν̃ν), "ν̃"̃L"(ν̃ν) 3 e, µ 0 Yes 20.3 m(χ̃

±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, m("̃, ν̃)=0.5(m(χ̃

±
1 )+m(χ̃

0
1)) 1402.7029700 GeVχ̃±

1 ,
χ̃0
2

χ̃±
1
χ̃0
2→Wχ̃

0
1Zχ̃

0
1

2-3 e, µ 0 Yes 20.3 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, sleptons decoupled 1403.5294, 1402.7029420 GeVχ̃±

1 ,
χ̃0
2

χ̃±
1
χ̃0
2→Wχ̃

0
1h χ̃

0
1

1 e, µ 2 b Yes 20.3 m(χ̃
±
1 )=m(χ̃

0
2), m(χ̃

0
1)=0, sleptons decoupled ATLAS-CONF-2013-093285 GeVχ̃±

1 ,
χ̃0
2

Direct χ̃
+

1
χ̃−
1 prod., long-lived χ̃

±
1 Disapp. trk 1 jet Yes 20.3 m(χ̃

±
1 )-m(χ̃

0
1)=160 MeV, τ(χ̃

±
1 )=0.2 ns ATLAS-CONF-2013-069270 GeVχ̃±

1

Stable, stopped g̃ R-hadron 0 1-5 jets Yes 22.9 m(χ̃
0
1)=100 GeV, 10 µs<τ(g̃)<1000 s ATLAS-CONF-2013-057832 GeVg̃

GMSB, stable τ̃, χ̃
0
1→τ̃(ẽ, µ̃)+τ(e, µ) 1-2 µ - - 15.9 10<tanβ<50 ATLAS-CONF-2013-058475 GeVχ̃0

1

GMSB, χ̃
0
1→γG̃, long-lived χ̃

0
1

2 γ - Yes 4.7 0.4<τ(χ̃
0
1)<2 ns 1304.6310230 GeVχ̃0

1

q̃q̃, χ̃
0
1→qqµ (RPV) 1 µ, displ. vtx - - 20.3 1.5 <cτ<156 mm, BR(µ)=1, m(χ̃

0
1)=108 GeV ATLAS-CONF-2013-0921.0 TeVq̃

LFV pp→ν̃τ + X, ν̃τ→e + µ 2 e, µ - - 4.6 λ′
311

=0.10, λ132=0.05 1212.12721.61 TeVν̃τ
LFV pp→ν̃τ + X, ν̃τ→e(µ) + τ 1 e, µ + τ - - 4.6 λ′

311
=0.10, λ1(2)33=0.05 1212.12721.1 TeVν̃τ

Bilinear RPV CMSSM 1 e, µ 7 jets Yes 4.7 m(q̃)=m(g̃), cτLS P<1 mm ATLAS-CONF-2012-1401.2 TeVq̃, g̃

χ̃+
1
χ̃−
1 , χ̃

+

1→Wχ̃
0
1, χ̃

0
1→eeν̃µ, eµν̃e 4 e, µ - Yes 20.7 m(χ̃

0
1)>300 GeV, λ121>0 ATLAS-CONF-2013-036760 GeVχ̃±

1

χ̃+
1
χ̃−
1 , χ̃

+

1→Wχ̃
0
1, χ̃

0
1→ττν̃e, eτν̃τ 3 e, µ + τ - Yes 20.7 m(χ̃

0
1)>80 GeV, λ133>0 ATLAS-CONF-2013-036350 GeVχ̃±

1

g̃→qqq 0 6-7 jets - 20.3 BR(t)=BR(b)=BR(c)=0% ATLAS-CONF-2013-091916 GeVg̃

g̃→t̃1t, t̃1→bs 2 e, µ (SS) 0-3 b Yes 20.7 ATLAS-CONF-2013-007880 GeVg̃

Scalar gluon pair, sgluon→qq̄ 0 4 jets - 4.6 incl. limit from 1110.2693 1210.4826100-287 GeVsgluon

Scalar gluon pair, sgluon→tt̄ 2 e, µ (SS) 2 b Yes 14.3 ATLAS-CONF-2013-051350-800 GeVsgluon

WIMP interaction (D5, Dirac χ) 0 mono-jet Yes 10.5 m(χ)<80 GeV, limit of<687 GeV for D8 ATLAS-CONF-2012-147704 GeVM* scale

Mass scale [TeV]10−1 1
√
s = 7 TeV
full data

√
s = 8 TeV

partial data

√
s = 8 TeV
full data

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: Moriond 2014

ATLAS Preliminary∫
L dt = (4.6 - 22.9) fb−1

√
s = 7, 8 TeV

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1σ theoretical signal cross section uncertainty.

Where do we stand
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........ ........ ........ ........ ........

RPV sector still less constrained than “other SUSY”

• LHC experiments probes a wide range of RPV and Long Lived Particles signatures

• Require non standard analysis techniques and push detectors to their limits

• No excess over SM has been observed yet

• Available space shrinks rapidly ... and LHC Run II is right behind the corner



Thank you
Questions?
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The ATLAS detector
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The CMS detector
• 4T solenoid magnet

• Silicon detectors 
(strips/pixels)

• Muon chambers 
σ(P)/P=10%  at 1TeV

29

• Crystal ECAL σ(E)/E=3%/√E + 0.003

• Brass/scint HCAL σ(E)/E=100%/√E + 0.05



Multi-jet searches
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BOOSTED ANALYSIS:

• Gluinos produced with large boost: 
pT>>2mg ̃

• highly collimated jets each containing 
3 sub-jets

• Search for large jets with substructure

ATLAS:
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Multi-leptons searches
CMS: 
• Measure lepton isolation efficiency for 

different pMSSM models
• Calculate upper limit on σ×L×ε 
• set limit on generic “RPV susy”
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Non-pointing photons

• long lived       decays to γ+ gravitino

• Signature: ETmiss + pairs of photons (ET >75GeV) 
not pointing to primary vertex 

•  Pointing distribution templates generated from 
MC (signal) and Data (background)

• Limits obtained by fitting templates to SR 
pointing distribution
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ATLAS:
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http://prd.aps.org/abstract/PRD/v88/i1/e012001
http://prd.aps.org/abstract/PRD/v88/i1/e012001


Multi-leptons

Same-sign leptons events are rare in SM

→ low background scenario

• RPV scenario:

• gluino pair production,
• gluino decays to tt̃ pair
• assume only one RPV and baryon number  violating 
term, λ′′323 = 1 therefore t̃ → b s

• Same-sign lepton combinations come from the 
leptonic decay of the top quark

•Signal region: 

• 2 same sign light leptons (e/μ), 

• ≥ 3 b-jets, ≥ 5 jets 
•ET miss < 150 GeV or mT < 100 GeV 

• mg̃ ≲ 860 GeV excluded for stop mass up to 1 TeV

2 Same Sign leptons
ATLAS-CONF-2013-007
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Displaced vertices- dijets
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CMS

Mass scales [GeV]
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Summary of CMS SUSY Results* in SMS framework

CMS Preliminary

m(mother)-m(LSP)=200 GeV m(LSP)=0 GeV
SUSY 2013

 = 7 TeVs

 = 8 TeVs

lspm⋅-(1-x)motherm⋅ = xintermediatem
For decays with intermediate mass,

Only a selection of available mass limits
*Observed limits, theory uncertainties not included

Probe *up to* the quoted mass limit 35



CMS

CMS Exotica Physics Group Summary – March, 2014
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