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R-Parity Violating (RPV) SUSY
~ With R-Parity Violation (RPV), SUSY models are no longer

constrained by the effects of the conserved global symmetry.
® SUSY particles can decay into purely SM particles
® |SPis no longer stable, meaning a Stau LSP is possible

~ RPV Couplings:
o Aijk — violate Lepton Number  (LLE type coupling)*
o A'ijk — violate Lepton Number  (LQD type coupling)*

o A"iik — violate Baryon Number (UDD type coupling)*

e | have focused onthe A’ coupling in my studies

~ Combinations of the above couplings are limited by proton decay limits

*L and Q are lepton and quark components of SU(2) doublet superfields, and
E,D and U are SU(2) singlet superfields
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R-Parity Violating (RPV) SUSY
Point “AP2” - Neutralino LSP

Sample: AP2

Mean = 0.762

RMS = 0.892 Figure showing
Tau Multiplicity
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R-Parity Violating (RPV) SUSY
Point “AP1” - Stau LSP

Figure showing

@ Sample: AP1 Tau Muiltiplicity
3 Mean = 2.24 for AP2 Events
E RMS =1.08
f (Neutralino LSP)
High Tau
Multiplicity:
* ~4 taus/event
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A Stau LSP is allowed with
RPV SUSY




RPV SUSY Samples

Define RPV SUSY points using SoftSUSY, fora A’ ). coupling
e AP1-Stau LSP (m0=80 GeV, m1/2=400 GeV, tan =20, u=+, AO=O, 2\'221=0.O1)
e AP2 — Neutralino LSP (m0=110 GeV, m1/2=390 GeV, tan =20, u=+, A0=O, 2\'221=0.O1)

Generation: Herwig (modified for 4-Body Stau Decays) + Jimmy
Full Sim:  Athena v12.0.6.5 (using Ganga AthenaMC)
Recon: Athena v12.0.6.5 (using Ganga AthenaMC)

Ntuples made using EventView: ~ 24k events each for AP1 and AP2

Particle Definitions:

Muons: Staco, pT > 10 GeV.
Isolation: etcone20 < 10 GeV + 0.3XET, AR > 0.4 nearest Jet
Electrons: pT > 10 GeV
|solation: etcone20 < 10 GeV, AR > 0.4 nearest Jet
Jets: Cone4 Jets
Taus: Require Ntrack = 1 or 3; and |charge| =1

taurec  Likelihood > 4
tau1p3p discNN > 0.5 (0.85) 1-prong (3-prong)
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Tau Reconstruction Performance in
Stau LSP Events (AP1)

e All Hadronic Taus
B Stau-1 Parent
I Neutralino-1 Parent
I Chargino-1 Parent
B Neutralino-2 Parent

Stau-1 Parent
Mean = 32.7 GeV
RMS =34.7 GeV

Arbitrary Units
Arbitrary Units

Neutralino-1 Parent
Mean = 16.8 GeV
RMS = 15.6 GeV

(For |1]‘”5| < 2.5)

150 200

100 150 200 10 |
True Tau pf (GeV) True Tau pf (GeV)

As mentioned, a high tau multiplicity is expected for RPV
SUSY points with a Stau LSP — unfortunately, taus are often
v.soft (particularly for small NLSP-LSP AM).

Also, the high multiplicity environment makes reconstruction
difficult (overlap with jets etc...)
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Tau Reco Performance... continued
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' Higher pT taus from Stau decays are boosted with other decay
4 - BUS products — merge in with jets, lowering efficiency
% Low Tau identification efficiency — inclusive tau signature v.difficult
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Mass Reconstruction in Neutralino LSP Events (AP2)

| I VN T
Event Selection Cuts
SumET: SumET > 1000 GeV 19813 20055

SumET Selection

(82.1%) | (83.6%)
15720

Jets: N_jet=6 (with pT> 20 GeV, |eta|<2.5);
Jet[0] pT > 200 GeV;
Jet[1] pT > 100 GeV

Muons: N_mu=>1 (isolated with pT>20 GeV)
Z-Veto: Exclude if 86 GeV < Muu < 96 GeV
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Lepton Selection

e W fb-1. Top Right: RPV SUSY Points. Bottom: Selected BG Samples.
% ttbar (and possibly QCD dijets) probably largest background.
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Mass Reconstruction in Neutralino LSP Events (AP2)

The aim of this analysis is to reconstruct 5 BERYZ77 g

the mass of the neutralino LSP by 7 =
making invariant mass combinations of "
muons & 2Xjets. | Iso-Mu

El

ujj mass Combination Cuts: o
Muon Seed:  pT > 20 GeV & isolated ' ' ' -
Reco Cone: AR < 2.0 around seed muon
Jet-1: 20 GeV < pT <250 GeV
Jet-2: 20 GeV < pT < 150 GeV
(ignoring 2 hardest jets in event)

Event 004165
u

M
(92
o

Leading Combinations

Bl APZ
O Zspp+5

fj:.ep_ Above: eta-phi map showing position of objects in a
B Wospv+5] given event. The green circle shows a reconstruction
cone around a seed muon.
Left: Invariant mass plot for muon-jet-jet combinations
satisfying the above list of cuts for all events passmg
event selection criteria. The RPV SUSY contr/but/on /s
100 200 MelVar Rl shown in purple. Dominant BG is SUSY comb/nator/c
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Mass Reconstruction in Neutralino LSP Events (AP2)

[0
Sample: AP2 (after ES) 0 Sample: AP2 (after ES)
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Left: Estimation of combinatoric background (SUSY sample only — no SM
included here yet). BG estimate made by looking at combinations of muons
from one event and jets from a different event (that also passes Event
Selection). Right: After subtraction of BG estimate.

True Neutralino mass shown in pink.
Numbers weighted for a luminosity of 5 fb-1.
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