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INTRODUCTION
SUSY offers solutions to a lot of open questions in particle physics:

hierarchy problem, coupling unification, dark matter
remaining issue: list of sparticles found at LHC so far == ∅
main benchmark model in the past (CMSSM) strongly constrained
possible solutions

more extensive models (e.g. pMSSM)
models with R-parity violation

RPV models can be very relevant for LHC data:
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RESONANT SLEPTON PRODUCTION
R-parity: PR = (−1)3B+L+2s

R-parity-violation allows additional terms in superpotential
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baryon number violation

45 new parameters 𝜆𝑖𝑗𝑘, 𝜆′
𝑖𝑗𝑘, 𝜆′′

𝑖𝑗𝑘

here: assume single coupling dominance:
𝜆′

211 ≠ 0, 𝜆𝑖𝑗𝑘 = 𝜆′
𝑖𝑗𝑘 = 𝜆′′

𝑖𝑗𝑘 = 0

𝜆′
211 allows for:

resonant smuon production resonant sneutrino production LSP decay
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SIGNAL MODELS
simplified model 1

simplified model 2

produced 2 simplified models

covers dominant processes

simplified model 1 parameters

̃𝜇 mass

�̃�0
1 mass

simplified model 2 parameters

̃𝜈 mass

�̃�0
1 mass

scaling parameter x

(𝑚�̃�±
1

= 𝑚�̃�0
1

+ 𝑥(𝑚 ̃𝜈 − 𝑚�̃�0
1
))

models implemented in MadGraph [1,2]
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SIGNAL REGIONS
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EVENT SELECTION - TRIGGER
trigger

𝜇 selection

jet selection

b-tag veto

𝜇 charge

trigger: single-𝜇 triggers with pT > 50 GeV
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EVENT SELECTION - MUONS
trigger

𝜇 selection

jet selection

b-tag veto

𝜇 charge

trigger: single-𝜇 trigger with pT > 50 GeV
exactly 2 𝜇 fulfilling:

ID & isolation
|𝜂| < 2.4
𝑝𝑇(𝜇1) > 60 GeV, 𝑝𝑇(𝜇2) > 20 GeV
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EVENT SELECTION - JETS
trigger

𝜇 selection

jet selection

b-tag veto

𝜇 charge

trigger: single-𝜇 trigger with pT > 50 GeV
exactly 2 𝜇 (𝑝𝑇(𝜇) > 60(20) GeV, |𝜂| < 2.4)
≥ 2 jets fulfilling:

loose jet ID
|𝜂| < 2.4
𝑝𝑇 > 40 GeV

number of jets
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EVENT SELECTION - B-TAG VETO
trigger

𝜇 selection

jet selection

b-tag veto

𝜇 charge

trigger: single-𝜇 trigger with pT > 50 GeV
exactly 2 𝜇 (𝑝𝑇(𝜇) > 60(20) GeV, |𝜂| < 2.4)
≥ 2 jets (𝑝𝑇 > 40 GeV, |𝜂| < 2.4)
reject events with ≥ 1 b-tagged jets
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EVENT SELECTION - MUON CHARGE
trigger

𝜇 selection

jet selection

b-tag veto

𝜇 charge

trigger: single-𝜇 trigger with pT > 50 GeV
exactly 2 𝜇 (𝑝𝑇(𝜇) > 60(20) GeV, |𝜂| < 2.4)
≥ 2 jets (𝑝𝑇 > 40 GeV, |𝜂| < 2.4)
reject events with ≥ 1 b-tagged jets
reject events with opposite sign 𝜇-pairs
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BACKGROUND COMPOSITION

remaining sources of background:

non-prompt 𝜇 (tt, W/Z+jets)

diboson (WZ, same-sign WW)

t ̄tV production (V=W, Z, H):

asymmetrical internal 𝛾 conversions (W𝛾)

other rare processes (VVV, DPS, ..)
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BACKGROUND ESTIMATION FROM DATA
goal: estimate contribution of non-prompt muon background to signal region

tight to loose ratio method:

1 2
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BACKGROUND ESTIMATION FROM DATA
goal: estimate contribution of non-prompt muon background to signal region

tight to loose ratio method:

1. measure ratio 𝑟𝑇 𝐿 of tight to loose 𝜇

tight 𝜇
identical to analysis requirements

loose 𝜇
relaxed isolation w.r.t. analysis requirements

[tight 𝜇] ⊂ [loose 𝜇]
measurement region

orthogonal to signal region

enriched in QCD
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BACKGROUND ESTIMATION FROM DATA
goal: estimate contribution of non-prompt muon background to signal region

tight to loose ratio method:

2. extrapolate to signal region

use events in application regions

reweight based on 𝑟𝑡𝑙

𝑤 = 𝑟𝑡𝑙
1−𝑟𝑡𝑙

single fake region
events with 1 loose ∧ ¬tight and 1 tight 𝜇

double fake region
events with 2 loose ∧ ¬tight 𝜇
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TIGHT TO LOOSE RATIO - MEASUREMENT & CLOSURE
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SIGNAL REGION YIELDS
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INTERPRETATION
13 TeV couplings limits work in progress

set 𝜎 limits for simplified models

translate limits to 𝜆′
211 limits

𝜎CMSSM ∝ 𝜆′2
211

for m0 = 1500 GeV, m1/2 = 2000 GeV

8TeV limit 𝜆′
211 < 0.036

13TeV limit 𝜆′
211 <≈ 0.01 (expected)
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CONCLUSION

presented search for resonant slepton production

based on 2016 13 TeV CMS pp collision dataset
model:

signal production / decay via RPV coupling 𝜆′
211

simplified models for dominant contributions
signature:

2 same-sign 𝜇
≥ 2 jets

currently in the CMS approval process
for m0 = 1500 GeV, m1/2 = 2000 GeV

8TeV limit 𝜆′
211 < 0.036

13TeV limit 𝜆′
211 <≈ 0.01 (expected)
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Thank you for your attention



REFERENCES

[1] based on MSSM-RpVTriRpV model by F. Staub https://sarah.hepforge.org/trac/wiki/MSSM-RpV-TriRpV
[2] MG5_aMC_2_3_3 (see JHEP 07 (2014) 079, Eur.Phys.J.C53:473-500)



RPV (Sho Iwamoto)



RPV (Sho Iwamoto)



RPV (Sho Iwamoto)



INDIRECT LIMITS



PHYSICAL REVIEW D 91, 015011 (2015)



PHYSICAL REVIEW D 93, 115022 (2016)



SIGNAL SIGNATURE
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SYSTEMATIC UNCERTAINTIES



8 TEV LIMITS SUS-14-018
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I_3 ILLUSTRATION (G. Cerati)



I_3 ILLUSTRATION (G. Cerati)
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SIMPLIFIED MODEL COVERAGE



SIGNAL SCAN SM1
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SIGNAL SCAN SM2
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total number of points: 251

total number of events: 5.0M

SM2 x = 0.1
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total number of points: 435

total number of events: 8.8M

SM2 x = 0.5
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total number of points: 435

total number of events: 10.3M

SM2 x = 0.9


