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R-parity
Why consider R-parity violating SUSY?

Better question: Why assume R-parity?



R-Parity Violation

General MSSM RPV terms:

1 _
Eﬂf}'kaLjEk + A

!

ijk

- 1 N
LfQJ'Dk o El:ﬂ:k UijDk + k;L;H».




Distinctive Experimental Signatures

General MSSM RPV terms:
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ATLAS-CONF-2016-057
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High jet multiplicity

ATLAS-CONF-2016-084



Distinctive Experimental Signatures

General MSSM RPV terms:

High jet multiplicity

ATLAS-CONF-2015-018



Distinctive Experimental Signatures

General MSSM RPV terms:

Possible resonance?
- {A;jkaQJ'DI]+ %‘l:‘;’k ﬁfﬁjﬁk + k;Li H».

Phys. Rev. Lett. 115, 031801 (2015)


http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.115.031801
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Distinctive Experimental Signatures

General MSSM RPV terms:
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Don’t need a collider for this one...



Distinctive Experimental Signatures

General MSSM RPV terms:
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Focus of today’s talk
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Benchmark Model

4-6 final state leptons, no dilepton
resonance

Considered masses:
o 500GeV<m <1200 GeV

chargino

o 10GeV<m <m -10 GeV

neutralino ~—  ‘chargino

Cross-sections range from ~22 fb™
to 0.2 fb™”
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Four Lepton Selection

ATLAS

EXPERIMENT

=
o p>5 GeV [-T

o |n|<2.7

e |Loose selection N A N
' =




Resolving Nearby Leptons

p

Must consider low mass lepton pairs, which
introduces its own problems

Closeby muons: Closeby electrons: Closeby electron-muon:
25% of neutralino decays ~ 25% of neutralino decays  50% of neutralino decays




Low Mass Resonances
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Motivation for Further Selection

e Low cross-sections - must consider many rare Standard Model processes
e In rough order of importance: — o .

o ttZ " EAN
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http://www.sciencedirect.com/science/article/pii/S037026931500996X
http://www.sciencedirect.com/science/article/pii/S037026931500996X

Event Selection: Z-veto
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Phys. Rev. D 93, 112002 (2016)


http://dx.doi.org/10.1103/PhysRevD.93.112002
http://dx.doi.org/10.1103/PhysRevD.93.112002

Signal Regions

Sample N (e, ) signal N(e,u) loose Z boson  meg [GeV]

SRA >=4 >=0 veto > 600 ———pp More general 4L

CR-SRA = g >=2 veto > 600 region

SRB >=4 >=0 veto > 900 ———pp Optimized for

CR-SRB =2 >=2 veto > 900 benchmark
model

VR >=4 >=(0 veto < 600

CR-VR =3 >=2 veto < 600

mer = ), pr()+ )

f=e,u pr(j)>40 GeV

pr(j) + EF™®
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Signal Regions

Sample N (e, ) signal N(e,u) loose Z boson  meg [GeV]
SRA >=4 >=0 veto > 600
CR-SRA = >=2 veto > 600 —p Used in
background
SRB >=4 >=0 veto > 900/ estimation
CR-SRB =2 >=2 veto > 900 .4
VR >=4 >=0 veto < 600
CR-VR =2 >=2 velo < 600
meg= . pr(&)+ Y pr(j) + B
f=e,u pr(j)>40 GeV
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Reducible Background Estimation

X

Rate? of

AN

Signal
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Irreducible Background Estimation

e Many rare backgrounds - MC based estimation method

e High theoretical background uncertainties

Experimental (% of total SM)

Theoretical (% of each process)

e efficiency 3.9%
u efficiency 1.9-2.8%
Jet energy scale 3.0-3.4%
Luminosity 2.9%
MC statistics 2.7-2.5%
CR statistics 4.5-6.4%

o ttZ

o: ttW

& L4, W L

o: VVVIWZ
Ae: ZZ

Ae: ttZ

ogAe: VH/VNBF H
oAe: ggF H/ttH

12%
13%

6%

20%
56-80%
9-12%
20%
100%
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Validation Region
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Tight Signal Region

Sample SRB
[rreducible
2k 0.20+0.19
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1-fake ¢ reducible 0.069 + 0.014
2-fake ¢ reducible 0.11 £0.05
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Limits

e +~0 p ;0 0 e
pp > AX, > WYWY; X, — v
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ATLAS Preliminary
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....... susy
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Search very sensitive to
Vs - limits extended
with-respect-to previous
limits

=== Expected limit (+16,,,)

ATLAS 8 TeV, 20.3 fb™
All limits at 95% CL
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e +~0yp,;~0 0 -
pp > AX, > WYWY; X, — v

Limits

Optimized SR used to set
limits in all grid points
except lowest chargino
masses
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Future Plans: Taus

> [ [ | I I —
30— ATLAS =
e Tau decays? s TF L vez  ARaaEMS T
To) — \s=8TeV JL dt=20.3fb Reducible _T
P 25 - s 7
. §2] - G -
e Extra difficulty of fake taus S 20F =§Nz =
& F , W]
15— L -
- =
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=
w
B
8 5 :
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ETSS [GeV]
SUSY-2013-13
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Same model, different couplings



Future Plans: Signal Models

(a) R-slepton RPC (b) Stau RPC

2g$%a;ge?23|mp“ﬂed Summary of simplified
wooe P g RPC models K

Summary of
GGM models

q q L
(a) Weak production GGM (b) Strong production G&

(c) Sneutrino NLSP (d) Gluino NLSP



Future Plans: Signal Models

e Beyond RPV models, e —
the 4-lepton final state is  Summary of simplified
useful in detecting many RPC models
types of models

o ETmiSS based
identification

Summary of
GGM models

(a) Weak production GGM (b) Strong production G&?A



Conclusion

e ICHEP 2016 four lepton SUSY search did not find SUSY

e Moriond 2017 search currently underway with 2016 data

e Future searches will allow for probing models with lower
cross-sections but will require more innovative
techniques for removing and understanding rare
background processes.

30



Backup
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Four Lepton Selection Summary

Electron | Muon \ Jet | Pile-up jet
Preselected
pt > 7 GeV pt > 5 GeV pt > 20 GeV pT < 60 GeV
Metuster| < 2.47 Inl <2.7 Inl <4.9 Inl < 2.4
VeryLooselLH Medium IVT < 0.59
. . Overlap R al see Table 4
specifically for this search S
Signal
MediumLH In] <2.8
do/o(dy) <5 | dofo(dy) <3 | not pile-up jet
zpsinf < 0.5mm
GradientLoose isolation
modified for close-by leptons
overlap discard comment
1. e, calo-u sharing track u
2 e, i sharing track e
3. AR(e, jet) < 0.2 jet We do not give priority to b-jets.
AR(e, jet) < 0.4 e
4. ujet* jet* AR(u, jet) < 0.2 or the jet is ghost-matched to a muon
*jet must have either fewer than two associated tracks from the PV
jet jet track
or ph/py >0.5andpf/ 3 P ™ > 0.7.
We do not give priority to b-jets. 2
AR(u,jet) < 0.4 7]




Standard Model Background Simulation

Process Generator(s) Full/fast sim Cross-section UE tune PDF set
calculation
ttZ, titW, ttWwW MapGrapu 5_aMC@NLO [39] Fullsim NLO Al4 NNPDE23LO
+ PyTHia 8 [40]

VA Sherea [41] AF-11 NLO Default CT10

tWZ ‘ aMC@NLO [42] + PyTHiA 8 Fullsim NLO Al4 NNPDE23LO

ZZ.WZ WW PowneG [43] + PyTHia 8 Fullsim NLO AZNLO CTEQo6L]1

A SHERPA AF-II NLO Default CT10

tf ‘ POWHEG + PyTHia 6 [44] Fullsim NNLO+NNLL  Perugia2012 CT10

Z+jets, W +jets MapGraru 5_aMC@NLO Fullsim NNLO Al4 NNPDE23LO
+ PyTHIA 8

Higes (¢gF,VH,VBF H) PowHEG + PyTHiA 8 Fullsim NNLO+NNLL  Perugia2012 CT10

tTH aMC@NLO + PyrtHia 8 Fullsim NLO UE EE5 CTEQ6LI (CTIOME)

VVV ‘ SHERPA Fullsim NLO Default CT10

tLt, tttd MapGraru 5_aMC@NLO Fullsim NLO Al4 NNPDE23LO
+ PyrHIA 8

bb, c¢ ‘ PyrtHia 8 Fullsim NLO Al4 NNPDE23LO

SUSY signal MapGrapu 5 [45] AF-I1 NLO Al4 NNPDE23LO

+ PyrHia 8




Reducible Background Estimation

-l | Measured in MC, validated in data

Full background Calculation:

SM _ arSM.irreducible data _ aySM.irreducible B data _ a7SM.,irreducible
Ngg' = Ngr + (Ncri — Neri ) F _(Ncr> = Ners ) F1F)

Rate at which events lie in the

Control region events signal region vs. control region

Simplified background Calculation:

NSR o NCR _ N_CR X F..1 %X @——— Assuming ttbar/Z+jets
red [ data jrr,l-fake] w, 1 Fw’z‘ dominate over WZ/ttW
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Calculating Fake Factors

e Fake factor expressed as

e = (e 57'FY)
L, J

Fake factor, calculated from MC for each

truth source (HF, conversion, or LF)

Fraction of leptons originating from
each truth source in MC Scale factor accounting for
data/MC differences in fake factor
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