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What is R-parity?

Discrete quantum number in Supersymmetric theories

PR = (−1)B−L+2s =

{
1 for SM particles

−1 for their Superpartners

Conserved in many cases to avoid rapid proton decay & to obtain χ̃
0
1 Dark Matter candidate

It can also be violated (RPV):

1. The most general superpotential of the MSSM contains terms explictly violating R-parity

WRPV = κiHuL̃i + λijkL̃iL̃jẽ
∗
k + λ′

ijkL̃iQ̃jd̃
∗
k + λ′′

ijkũ
∗
i d̃

∗
j d̃

∗
k

∆L = 1 ∆B = 1

But: Proton can be protected by less stringent symmetries allowing for L or B violating terms

2. Spontaneously violated if MSSM is extended by νR and gauged U(1)B−L where the ν̃ aquire

VEV (arxiv:1810.11035)

W ∝ ⟨ṽR⟩ eiH+
u − ⟨ṽL⟩H−

d e
C
i
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Phenomenological consequences at colliders

Emiss
T generated by escaping χ̃

0
1 essential part of signature

In RPV models all SUSY particles decay into SM particles

– (Displaced) decays of produced χ̃
0
1

– Direct decay of the primary produced particle
– Single SUSY particle production

t̃
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p
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0

This talk covers prompt RPV decays – For displaced scenarios please c.f.Tova Holmes’s talk
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Search for RPV SUSY in multi b-jet final states

Light t̃ and H̃ motivated by hierarchy problem

B-violating ũ∗3d̃
∗
2d̃

∗
3 term gives final state with large (b)-jet multiplicities, no leptons and low Emiss

T

Multi-jet and top-quark production as backgrounds

Signal extracted from simultaneous fit in 8 SRs binned in jet (Nj)

and (Nb) b-jet multiplicities
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Search for RPV SUSY in multi b-jet final states – II
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t̃ with masses up to 950 GeV excluded
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Search for gluinos with B violation

Assuming light g̃ and t̃ and relatively large λ′′ ⇒ Direct RPV decays of t̃
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Search for such models in di-lepton events

covered by the SS/3L analysis

Signal selection

2 e/µ with same-sign

At least 6 jets

meff = Emiss
T +

∑
jets,e,µ

pT ≥ 2.6 TeV

g̃ with mg̃ ∼ 1.6 TeV excluded
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Search for gluinos with B violation – II

Same model also targeted by analysis using final states with large Njet and some Emiss
T

Real Emiss
T generated from t → τ or non-identified

t → e/µ decays

Signal selection:

Lepton veto with pT > 10 GeV

Emiss
T >45–70 GeV & SEmiss

T
>5 (CONF-2018-038)

Categorization according to Njet ≥9–12 & Nb−jets

Multi-bin fit in the summed masses of reclustered

large radius jets MΣ
J = Σjm
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t̄t, W+jets estimated from MC & normalized to data

Multi-jet events estimated from data using ABCD method (SEmiss
T

vs. Njet)

Gluinos with masses up to 1.5 TeV excluded comparable to the limit of the SS/3L search
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Searches for SUSY with spontaneous RPV
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Searches for SUSY with spontaneous RPV – II

Dominant irreducible background sources:
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Searches for SUSY with spontaneous RPV – III

Limits set on mχ̃±
1 /χ̃

0
1
and BR (χ̃ → Z) assuming lepton universal RPV-couplings
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Search for RPV-SUSY with L violation

χ̃0
1 → νi/jℓj/iℓk decays caused by λijk ̸= 0 RPV-coupling

Prompt χ̃
0
1 → ee/µe/µµ(λ12k ̸= 0) and

χ̃0
1 → eτ/µτ/ττ(λi33 ̸= 0) investigated

Models with χ
±/0
1/2 , ℓ̃Lν̃ and g̃ as NLSP considered
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Common characteristic for all NLSP 4ℓ from χ̃0
1

Signal selection
Nℓ ≥ 4 with up to 2τs
Veto leptonic Z boson candidate

Discriminating variable meff = Emiss
T +

∑
e,µ,τ

pT +
∑
jets

pT>40 GeV

pT

Threholds optimized≥1–1.3 TeV separately for each Nτ bin and for events with(out) b-jets

1st time: Dedicated signal selection with Ne/µ ≥ 5
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Search for RPV-SUSY with L violation

χ̃0
1 → νi/jℓj/iℓk decays caused by λijk ̸= 0 RPV-coupling

Prompt χ̃
0
1 → ee/µe/µµ(λ12k ̸= 0) and

χ̃0
1 → eτ/µτ/ττ(λi33 ̸= 0) investigated

Models with χ
±/0
1/2 , ℓ̃Lν̃ and g̃ as NLSP considered
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∑
e,µ,τ

pT +
∑
jets
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pT

Threholds optimized≥1–1.3 TeV separately for each Nτ bin and for events with(out) b-jets

1st time: Dedicated signal selection with Ne/µ ≥ 5
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Search for RPV-SUSY with L violation

χ̃0
1 → νi/jℓj/iℓk decays caused by λijk ̸= 0 RPV-coupling

Prompt χ̃
0
1 → ee/µe/µµ(λ12k ̸= 0) and

χ̃0
1 → eτ/µτ/ττ(λi33 ̸= 0) investigated

Models with χ
±/0
1/2 , ℓ̃Lν̃ and g̃ as NLSP considered
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Threholds optimized≥1–1.3 TeV separately for each Nτ bin and for events with(out) b-jets

1st time: Dedicated signal selection with Ne/µ ≥ 5
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Search for RPV-SUSY with L violation

χ̃0
1 → νi/jℓj/iℓk decays caused by λijk ̸= 0 RPV-coupling

Prompt χ̃
0
1 → ee/µe/µµ(λ12k ̸= 0) and

χ̃0
1 → eτ/µτ/ττ(λi33 ̸= 0) investigated

Models with χ
±/0
1/2 , ℓ̃Lν̃ and g̃ as NLSP considered
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∑
e,µ,τ

pT +
∑
jets

pT>40 GeV

pT

Threholds optimized≥1–1.3 TeV separately for each Nτ bin and for events with(out) b-jets

1st time: Dedicated signal selection with Ne/µ ≥ 5
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Search for RPV-SUSY with L violation – II

Dominant background sources: ZZ, t̄tZ

→ Estimated from MC & normalized to data

Fake-lepton background extrapolated from data enriched in ℓ from secondary decays

(Dominant in SR with τ )
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Search for RPV-SUSY with L violation – III
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Summary

Supersymmetry popular framework to extend the SM

Conservation/violation of R-parity crucial aspect

for collider searches

Presented SUSY searches in ATLAS for models with

R-parity violation based on the Run 2 dataset

Each data agrees well with the SM prediction

B-violating RPV:

t̃ mass exclusion of up to 1 TeV (Comparable to RPC models mt̃ ∼ 1.2 TeV)

L-violating RPV:

W̃ mass exclusion of 1–1.6 TeV

g̃ mass exclusion of up to 2.6 TeV

→ Most stringent limits available

Further reinterpretation efforts of existing R-parity conservation analyses in pipeline

Thanks for your attention!
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