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Where is SUSY hiding?

• Natural SUSY (MSSM) is popular because:
1. Solves the Naturalness problem,
2. Provides dark matter (DM) candidate,
3. Predicts unification of SM forces at high scale.

• However, despite the extensive search programs in ATLAS
and CMS, there is no hint of any MSSM particle in our
current results.

• For instance, a summary of the CMS SUSY searches =⇒
Gluino/squark limits > 1.5− 2.0 TeV; stops limits > 1 TeV.

• Perhaps is time to reconsider the basis of MSSM?
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Overview of SUSY results: gluino pair production
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Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.
The quantities ∆M and x represent the absolute mass difference between the primary sparticle and the LSP, and the difference between the intermediate
sparticle and the LSP relative to ∆M , respectively, unless indicated otherwise.
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R-parity violation (RPV)

Original reason for R-parity (R = (−1)3(B−L)+2s) in MSSM is to avoid a rapid proton decay:

Leptonic: W∆L=1 = 1
2λijk LiLjEc

k + λ′ijk LiQjDc
k + µiHuLi

Baryonic: W∆B=1 = 1
2λ
′′
ijk Uc

i Dc
j Dc

k

L = lL/νL, E = lR , Q = qL, U,D = qR , i, j, k = generations
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To avoid proton decay:

in MSSM: leptonic AND baryonic couplings must be broken (λ = λ′ = λ′′ = 0).

in RPV SUSY: leptonic OR baryonic couplings must be broken (λ = λ′ = 0 or λ′′ = 0).

Search for RPV SUSY with CMS Alejandro Gomez Espinosa 3 / 13



R-parity violation (RPV)

Original reason for R-parity (R = (−1)3(B−L)+2s) in MSSM is to avoid a rapid proton decay:

Leptonic: W∆L=1 = 1
2λijk LiLjEc

k + λ′ijk LiQjDc
k + µiHuLi

Baryonic: W∆B=1 = 1
2λ
′′
ijk Uc

i Dc
j Dc

k

L = lL/νL, E = lR , Q = qL, U,D = qR , i, j, k = generations

To avoid proton decay:

in MSSM: leptonic AND baryonic couplings must be broken (λ = λ′ = λ′′ = 0).

in RPV SUSY: leptonic OR baryonic couplings must be broken (λ = λ′ = 0 or λ′′ = 0).

Search for RPV SUSY with CMS Alejandro Gomez Espinosa 3 / 13



R-parity violation (RPV)

To avoid proton decay:

in MSSM: leptonic AND baryonic couplings must be broken (λ = λ′ = λ′′ = 0).

in RPV SUSY: leptonic OR baryonic couplings must be broken (λ = λ′ = 0 or λ′′ = 0).

RPV SUSY allows the vertices shown on the right, but the
price to pay:

• No new exact symmetry,

• No DM candidate: lightest SUSY particle is allowed to
decay.
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RPV SUSY searches

Going from something bizarre...
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RPV SUSY searches

CMS has also an extensive search program for RPV signatures, here just an example:

RPV Coupling LLE LQD UDD

some
Multileptons
(SUS-14-003)

RPV sleptons→ qq
(SUS-17-008)

RPV stops→ qq
(EXO-17-021)

examples
RPV ν̃τ → eµ
(EXO-16-058)

RPV stops→ lq
(EXO-17-003)
(EXO-17-009)

squark→ qq
(EXO-17-022)
gluino→ tbs
(SUS-16-040)

Following slides show a summary of the most recent results.
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-17-021/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-058/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-17-003/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-17-009/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-022/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-16-040/index.html


RPV SUSY searches

But my task today is easier...

All the following highlighted analysis have been presented already!
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RPV ν̃τ to eµ (EXO-16-058)

Strategy: model independent bump-hunt, interpret with leptonic RPV SUSY.
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RPV ν̃τ to eµ (EXO-16-058)

Strategy: model independent bump-hunt, interpret with leptonic RPV SUSY.

Selection: Trigger: at least one µ with pt > 50 GeV
OR one γ with pt > 175 GeV.

Muons: pt > 53 GeV, |η| < 2.4, loose isolation.
Electrons: ET > 35GeV, |η| < 1.46 and 1.5 < |η| < 2.5, pass

high-energy electron pairs (HEEP) selection.
Isolation: ∆R(µ, e) < 0.1
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RPV ν̃τ to eµ (EXO-16-058)
Strategy: model independent bump-hunt, interpret with leptonic RPV SUSY.

Backgrounds

Real leptons from MC simulations.
Main components:

1. WW (high mass),

2. t t̄ (low mass).

Fake leptons:
γ faking e (Wγ) from MC simulations.
Jet faking e (W + jets, QCD) from data
driven in control region (CR).
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RPV ν̃τ to eµ (EXO-16-058)

Strategy: model independent bump-hunt, interpret with leptonic RPV SUSY.

No excess observed in eµ inv mass.

Main syst. unc.: shape of t t̄ dist. and
PDF unc. at m > 1 TeV.

RPV Signal acceptance and efficiency
from fits to MC simulations.

Set exclusion limits in production σν̃τ

for masses below 3.8 TeV.
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RPV sleptons to qq (SUS-17-008)

Strategy: resonance search in m(µ1, µ2, j1, ..., jn) and m(µ2, j1, j2) spectra.

simplified model 1 simplified model 2
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RPV sleptons to qq (SUS-17-008)

Strategy: resonance search in m(µ1, µ2, j1, ..., jn) and m(µ2, j1, j2) spectra.

Selection: Trigger: at least one µ with pt > 50 GeV.
Muons: exact two µ with pt > 60(20) GeV, same charge,

tight isolation, and mµµ > 15 GeV.
Jets: at least two jets with pt > 40 GeV.

Vetos: no e, τ or bjets.
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RPV sleptons to qq (SUS-17-008)
Strategy: resonance search in m(µ1, µ2, j1, ..., jn) and m(µ2, j1, j2) spectra.

Selection: Trigger: at least one µ with pt > 50 GeV.
Muons: exact two µ with pt > 60(20) GeV, same charge,

tight isolation, and mµµ > 15 GeV.
Jets: at least two jets with pt > 40 GeV.

Vetos: no e, τ or bjets.
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• Same-sign sel. rejects most of the SM bkg.

• Non-prompt µ (t t̄ , W/Z + jets) from data
driven method.

• Dibosons and t t̄Z from MC sim. validated in
CR.

• Internal photon conversion, validated in three
lepton CR.
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RPV sleptons to qq (SUS-17-008)

Strategy: resonance search in m(µ1, µ2, j1, ..., jn) and m(µ2, j1, j2) spectra.

• Main syst. unc. coming from the non-promt
µ estimate.

• No significant excess from SM in binned
SRs, upper limits in one of the models and
on the coupling limits of m0 as a function of
m1/2 on the right.
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RPV SUSY searches

CMS has also an extensive search program for RPV signatures, here just an example:

RPV Coupling LLE LQD UDD

some
Multileptons
(SUS-14-003)

RPV sleptons→ qq
(SUS-17-008)

RPV stops→ qq
(EXO-17-021)

examples
ν̃τ → eµ

(EXO-16-058)
RPV stops→ lq
(EXO-17-003)
(EXO-17-009)

squark→ qq
(EXO-17-022)
gluino→ tbs
(SUS-16-040)
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RPV Stop→ qq(bq) (EXO-17-021)

Strategy: resonance search in boosted AK8 dijet mass (low mass) and
paired AK4 dijet mass (high mass), in qq (inclusive) and bq
(b-tagged) final states.
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RPV Stop→ qq(bq) (EXO-17-021)

Strategy: resonance search in boosted AK8 dijet mass (low mass) and
paired AK4 dijet mass (high mass), in qq (inclusive) and bq
(b-tagged) final states.

Boosted search (80 ≤ mt̃ ≤ 400 GeV)

• Uses grooming and substructure techniques to access low mass dijet spectra with jets.

• Dedicated triggers with substructure techniques developed (HT > 900 GeV).
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RPV Stop→ qq(bq) (EXO-17-021)

Strategy: resonance search in boosted AK8 dijet mass (low mass) and
paired AK4 dijet mass (high mass), in qq (inclusive) and bq
(b-tagged) final states.
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Background estimation

Main bkg: QCD multijets, estimated with a data-driven ABCD
method.
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RPV Stop→ qq(bq) (EXO-17-021)

Strategy: resonance search in boosted AK8 dijet mass (low mass) and
paired AK4 dijet mass (high mass), in qq (inclusive) and bq
(b-tagged) final states.

Resolved search (mt̃ ≥ 400 GeV)

• Bump-hunt in paired dijet mass spectra with AK4 jets.

• Hadronic triggers (HT > 900 GeV).
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RPV Stop→ qq(bq) (EXO-17-021)

Strategy: resonance search in boosted AK8 dijet mass (low mass) and
paired AK4 dijet mass (high mass), in qq (inclusive) and bq
(b-tagged) final states.
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Background estimation

Main bkg: QCD multijets, estimated with functional form.
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RPV Stop→ qq(bq) (EXO-17-021)
Strategy: resonance search in boosted AK8 dijet mass (low mass) and

paired AK4 dijet mass (high mass), in qq (inclusive) and bq
(b-tagged) final states.

• No excess found in dijet pruned mass (boosted search) and paired dijet mass
(resolved search).

• Results interpreted in the context of pair production hadronic RPV stops. Limits
set from 80 ≥ mt̃ ≥ 520 GeV for inclusive search, and ≥ mt̃ ≥ 525 (except for
270 ≥ mt̃ ≥ 340 and 340 ≥ mt̃ ≥ 400) for b-tagged search.
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Squark to qq (EXO-17-022)

Strategy: resonance search in boosted CA12 dijet mass.
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Squark to qq (EXO-17-022)

Strategy: resonance search in boosted CA12 dijet mass.

Selection: Trigger: hadronic and substructure triggers
(HT > 900 GeV).

CA12 Jets: at least two jets with pt > 400 GeV and |η| < 2,
n-subjetiness (τ21 < 0.75, τ42 < 0.50, τ43 < 0.80).

Analysis: ∆η(j1, j2) < 1 and masym < 0.1.
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Squark to qq (EXO-17-022)

Strategy: resonance search in boosted CA12 dijet mass. H̃±/0
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Background estimation

Main bkg QCD multijet, estimated with novel
data-driven method:

• The leading jet mass spectra is treated
as a probability distribution from which
two tagged jets are sampled.

t t̄ contribution is modelled with MC sim.
Both components are validated in CR.
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Squark to qq (EXO-17-022)

Strategy: resonance search in boosted CA12 dijet mass.

• Main syst. unc. is due to t t̄ modelling.

• No excess found in mass spectra. Results interpret in the context of squark (left)
and gluino (right) pair production:
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Conclusions

• Theoretically, RPV SUSY is an alternative to MSSM. It opens an unexplored phase
space in regular SUSY searches.

• Experimentally, it offers challenging topologies which allow us to develop new
techniques.

• CMS has a strong search program for RPV scenarios. Here only a couple of results
were shown.

• But there is plenty of phase space to cover!

Claudia Seitz
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Thank you for the attention...

... questions?



RPV ν̃τ to eµ (EXO-16-058)

Event yields

Mass range (GeV) meµ < 500 500 < meµ < 1000 1000 < meµ < 1500 meµ > 1500
Jet→e misidentification 3601 82.8 2.92 0.849
Wγ 2462 56.2 2.76 0.562
Drell–Yan 2638 5.31 0.343 0.0145
Single t 9930 141 2.81 0.178
WW, WZ, ZZ 11126 239 13.0 2.03
tt 96754 971 18.5 1.01

Total background 126513 1495 40.3 4.64
Systematic uncertainty 23495 420 13.5 1.28

Data 123150 1426 41 4
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RPV sleptons to qq (SUS-17-008)
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RPV sleptons to qq (SUS-17-008)

https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS-17-008/index.html


Grooming techniques



RPV Stop→ qq(bq) (EXO-17-021)
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Squark to qq (EXO-17-022)

Bkg estimation control regions

https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-022/index.html
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