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INTRODUCTION

REMINDER: R-PARITY AND R-PARITY VIOLATION

R-Parity: R = (—1)3(B-0)+2s

MSSM with R-Parity conservation (RPV):

A

WassM =  €ap [(Yu)ijQia YU+ (Ya)y QFHYD;

+(Ye)y LAY E; — Aﬂ

additional R-Parity-violating (RPV) terms:
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INTRODUCTION

Wrpy = sALLE + X LQD + 3

CONSEQUENCES OF R-PARITY VIOLATION

NEW INTERACTIONS WITH RESPECT TO RPC SUSY:

1, L o
L= —5)\1']'16( Uppvily + 0ilily + Urilv; — (5 < z)) +he.
Lrop = _)‘;jk(;i]*%kyidj + Dididy + 8[,]‘ dpv;
- El;%keiuj — lr; (_ikgi - ZLiuj Elk) + h.c.

1 * x
EUDD = _5)‘2]‘1961)(17“( dqdk + dq pdk + deuqu) + h C.

2 MANUEL E. KrAauss ‘WARSAW, PLANCK 2017, MAY 24, 2017



INTRODUCTION

Wrpv = sALLE + ) LQD + s)\' UDD

CONSEQUENCES OF R-PARITY VIOLATION

sfermions couple to two fermions
violates baryon and lepton number

» Proton decay = tight u e’
constraints on combinations of RPV H
operators

m- 2
e.g Ny M S2-107°7 (ﬁ) d u

Does R-Parity have to be imposed?
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INTRODUCTION

Wrpv = sALLE + ) LQD + s)\' UDD

CONSEQUENCES OF R-PARITY VIOLATION

sfermions couple to two fermions
violates baryon and lepton number

» Proton decay = tight u e’
constraints on combinations of RPV H
operators

m- 2
e.g Ny M S2-107°7 (ﬁ) d u

Does R-Parity have to be imposed?

No.
Other discrete symmetries as good as R-Parity: baryon triality,
lepton parity [Dreiner,Luhn, Thormeier ’05; Smirnov,Vissani 96|

= If SUSY is taken seriously, then so should RPV-SUSY J
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RPV @ LHC

Wgpyv = 1) LLE + N LOQD F TGN,
LHC PHENOMENOLOGY

SUSY WITH CONSERVED R-PARITY

» pair-production of SUSY particles

» SUSY particles cascade-decay down to LSP, LSP escapes
= High-energetic objects from decays, no resonances

= Large amount of missing transverse momentum (MET)

SUSY WITH BROKEN R-PARITY
» resonant sfermion production possible

» LSP is unstable, many different decay possibilities depending on
RPV operator

» (Possibly displaced vertices)

4

MET reduced or absent; resonances or double-resonances

4

LHC pheno different for almost every coupling combination

y
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RPV @ LHC

Wapv = A LLE + N LQD TN S
OTHER LSPs. WHAT’S THE DEAL?

RPC-MSSM: forbid every param. space with non-neutralino LSP
RPV: Even with CMSSM boundaries, almost any LSP is possible

SOAQ’R = 0.5, My = 600 GeV, M, /5 = 1200 GeV 1500 Npgy = 0.08, tan 8 = 10, Ay = —2800 GeV
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LHC pheno for instance: Produce pp — ##*

1.  LSP: #* — bs; double-dijet resonance including b-jets

2. ¥ LSP: #* — %) — #tbs; many jets, possibly leptons & MET
3. 7 LSP: 1* — 1} — #7#%; ¥ — vbbs; many jets, (7) leptons, MET
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RPV @ LHC

Wrpv = sALLE + X LQD + s X UDE
OTHER LSPs. WHAT’S THE DEAI.?

RPC-MSSM: forbid every param. space with n~ \ LSP
RPV: Even with CMSSM boundaries, alr ‘0\@&36

30)\{;23 = 0.5, My = 600 GeV, M, /5 = 1200 GeV

200 300
My [GeV]
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RPV @ LHC

» consider small RPV couplings
= same spectrum as RPC but with prompt LSP decay
= directly compare RPC and RPV models
» take CMSSM boundary conditions, usual setup:
tan,@ = 30, Ao = —2M0
» use CheckMATE and all implemented searches  [Drees et al. '13]
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RPC-CMSSM:
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RECASTING: RPV-CMSSM vs CMSSM
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RECASTING: RPV-CMSSM vs CMSSM
LLE-RPV
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Electroweakino-pair-production dominates the discovery channels!

0 . 20

R LSP-~>O<1 aid > %0 LSP: {0 > frv

» 7 LSP: X} = 77, 7 — ev/1v » 7 LSP: {0 77 F > v
(via RGE-generated Ai33) Al '
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RECASTING: RPV-CMSSM vs CMSSM
LQD-RPV vs RPC
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» more constrained than RPC

» bounds comparable to RPC for large My: b-tags

> X9 LSP: X9 — wij/vij
» 7 LSP: §) — 77 F — wv/Tv
(via RGE-generated Aa33)

» ¥ LSP: {9 — ebj/vbj
» 7 LSP: )“((1) — TT;
T — Tebj/Tvbj
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RECASTING: RPV-CMSSM vs CMSSM

UDD-RPV vs RPC 5
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Higas to WW spin measurement
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CONCLUSIONS

» Searches for RPV at the LHC need to consider much larger
variety of final states than searches for RPC SUSY

» Good interaction between theory and experimental community:
many different RPV-motivated scenarios considered

» RPV models are well-covered at the LHC
Contrary to the common lore, bounds are comparable to RPC
SUSY
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Thank you.
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CRITICISM

» In gluino LSP scenarios with UDD: exp. analyses often consider
all \” couplings on at the same time = necessarily signal
regions sensitive to tops dominate the exclusion bounds. It’s not
clear how the bounds change for, e.g., \[y;.

» Little effort put into stau LSP scenarios
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LARGE RPV COUPLINGS

For non-coloured and non-stau
LSPs, the LHC phenomenology is
usually similar compared to the
neutralino LSP:

Mz [GeV]

0 100 200 300
My [GeV]

coloured prod.— decay to neutralino — decay to on-shell LSP—...
coloured prod.— decay to neutralino — decay via off-shell LSP—...
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