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Introduction

 Definition of “multileptons” in CMS: 3 or more leptons
- Involves many flavor and charge combinations

* There's a lot of interesting physics in multileptons:

- SUSY
- Exotic quarks

» Recent results focus on

- Natural SUSY
- R-parity violation

- Electroweak SUSY

April 23, 2013
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Signatures and Selection

» Vast diversity in possible signal signatures
- ook In a large number of exclusive channels

- Are there OSSF pairs (e'e’, W'W)?

- |Is there a Z candidate (OSSF mass on Z peak)?
- Are there hadronic taus?

- Are there b-jets?

- What is the total MET, H_and S_ of the event?

» Using 8 TeV events from dilepton triggers
- Require leading lepton p_= 20 GeV, 10 GeV otherwise

 Also require dilepton mass = 12 GeV (to cut J/W¥, ...)
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Background Predictions

« Uniform background determination across all
search bins

« Use data-driven estimates as much as possible

- Leptons from Standard Model backgrounds are estimated
by calculating a fake rate in a control region which is
applied to the search region

« MC simulation for tt, WZ, ZZ and rare processes;
validation in control regions

* Apply data-driven corrections to simulation to
Improve MET resolution

 Next slides: more details on data-driven methods

April 23, 2013 Peter Thomassen, Rutgers University 9



Background Predictions:

Tau Fake Rates

- Parametrize tau fake rate f_by amount of jet

activity in the event, using jet-dependent
parameter f__

fsg = #SB/(#SB+#OTHER)
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Background Predictions:

Light Lepton Fake Rates

» Using CFO method, oS Pretiminay B Te Ly s 105 1
relating isolated g -
tracks to the number e E

of fake leptons

. Fake rate is a function <&  o° :
of Rdxy (ratio of tracks = :
with large impact :
parameter dxy to those oo™ o o em T os o
with small dxy)

 Method first used in 2010, has withstood the data
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Background Predictions:

Asymmetric Photon Conv.

 For internal conversions, di-lepton invariant mass is not in the Z
window, but tri-lepton mass might 5 o+

e Conversion factor

o Nt T a

- - SuH
N((+{—~)

CMS Preliminary ~ \s=8TeV L, =19.5fb"

 Prediction matches data %350_.W2_
Control region: 3 leptons 200 Bz 3
including one OSSF off Z, 0 250 W =
(here: 3 muons), low MET/H 200 [ nstake -

T 150 . ll+gamma =

« Found by previous incarnation o s
of Rutgers multilepton search 50 N -
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Background Predictions:

Compact Muon Solenoid

Simulation Validation
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Results — ST Tables

» Large amount of numbers due to large number of bins

« Below: Results binned In ST

[N, [N, | 0<GS8r <300 | 300<S7 <600 | 600<Sr <1000 | 1000 < ST < 1500 | St > 1500 |
obs exp obs exp obs exp obs exp obs exp
4 0| 0 0186+£0074 | 1 043+£022 | 0 0.19+£0.12 | 0 003720039 | 0  0.000 £ 0.021
41 1 0.89 + 0.42 0 131048 | 0 039+019 | 0 0019+0026 | 0  0.000 &£ 0.021
3 0 | 116 123 + 50 130 127+£54 | 13 189+67 | 1 143 £0.51 0  0.208 £ 0.096
3 | 1 | 710 698 £287 | 746 837 £ 423 | 83 97 + 48 3 6.9 3.9 0  0.73+049
N, [ N, [ 600 < Sz < 1000 | 1000 < Sp < 1500 St > 1500 with b-tag and
obs exp obs exp obs exp )
4105 82+26 | 2 096+037 | 0 0.113+0.056 off-Z OSSF pair
41 1] 2 38%+13 | 0 034=+016 | 0 0.040+0.033 requirement
310165 174+53 |16 214+84 | 5  218+0.99
3| 1 |276 249+80 | 17 199+t68 | 0 184+083 | < without this requirement

. I\/IET/HT-binned results with full 2012 dataset are In
the pipeline

April 23, 2013
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CMS Preliminary

Vs=8TeV,L =19.5fb"

Events

CMS Preliminary

0-300 300-600 600-1000

3-leptons incl. no taus + off-Z + at least 1 b-jet
—4— Observed

| Bkg Uncertainties

1000-1500

Ns=8TeV,L, =195f"

0-300 300-600 600-1000

April 23, 2013

4-leptons incl. no taus + off-Z + at least 1 b-jet
—4— Observed

Bkg Uncertainties

1000-1500
S; (GeV)

CMS Preliminary Vs=8TeV,L_=19.5fb"

=
2
k]
3
=
S
=
k<l
g
=
3

. 3-leptons incl. 1-tau + off-Z + at least 1 b-jet
‘ —4— Observed

- | Bkg Uncertainties

10° E
10 E
1 RO 030 _‘;
0-300 300-600 600-1000  1000-1500 >1500
S; (GeV)
CMS Preliminary Ns=8TeV,L, =195f"
% B ~ 4-leptonsincl. 1-tau + off-Z + at least 1 b-jet -
S ;
% Observed
g 1 hS E
o IS || Bkg Uncertainties 3
[ ] Data-driven i
10" ff =
x5 - [wz ]
- 77 .
2 _|
10 [ dw =
[z .
0-300 300-600 600-1000  1000-1500 >1500
S; (GeV)
16

Peter Thomassen, Rutgers University



Outline

* |ntroduction

e Detector

» Signatures and Selection
» Background Predictions
* Results

* Interpretations

* Conclusions

April 23, 2013 Peter Thomassen, Rutgers University 17



SUS-13-003:

Stop RPV — RPV Review

Wrpy = Aijell L2 E® + + NgpU' DI DE + ¢,L; H,
leptonic hadronic

* Three trilinear Yukawa couplings

* RPV couplings also violate lepton or baryon number

conservation t

* Focus on light stop pair . 14: gl
production where the stop 1 S( T e
decays through off-shell bino | \f

: 4-body deca 2-body deca
* Couplings chosen to have y fecay y decay

prompt decay, and to satisfy existing constraints
(model by J. A. Evans, Y. Kats, arXiv:1209.0764 [hep-ph])

April 23, 2013 Peter Thomassen, Rutgers University 18



SUS-13-003:

Stop RPV — LLE 122
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« Stop RPV model with LLE 122 coupling non-zero

e Excluding stop masses below 1050-1100 GeV, approximately
Independent of bino mass which decouples - little structure

April 23, 2013 Peter Thomassen, Rutgers University 19



SUS-13-003:

Stop RPV — LLE 233
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» Stop RPV model with LLE 233 coupling non-zero
» Excluding stop masses below 850-900 GeV,
feature around diagonal due to kinematic transition
April 23, 2013 Peter Thomassen, Rutgers University
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SUS-13-003:
Stop RPV — LQD 233

Compact Muon Solenoid
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SUS-12-026:

T 1ttt

CMS Preliminary \s=8TeV,L =9.2fb"
S C Tttt '
@ 700 observed 95% CLs Limits
(.2. - Theory uncertainty (NLO) :
33 600 ------ expected 95% CLs Limits «vvveeee b e e
e C [ expectedtic
500 :_ - expected +20 B A\ ............................ ............................ ......
400 :_ .....................................................................................................
0] 0]0] S R I —
o]0 SN TS TS ) (S —
100 v e S i =
0 __l ........... e l ........... e ||| ..... — i e T e o

(= 1 1 1 | 1 1 | 1
600 700 800 900 1000 1100
m [GeV]

* Third generation stop production
* One of the CMS standard Simplified Models (SMS)

April 23, 2013 Peter Thomassen, Rutgers University 22



SUS-12-026:

Slepton co-NLSP

CMS Prellmlnary \s=8TeV,L =9.2fb"
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e LSP: Gravitino; NLSPs: sleptons; Higgsinos decoupled

;. —OSmX Xl—OSm £, My, —08m mq—OSmg

» squarks/gluinos from strong productlon decay to
sleptons (through bino)
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SUS-12-022: Weak Prod.

TChiSlepSnu Democratic
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» Democratic with respect to sleptons; neutralino BR: 50%
e Exclusion in the LSP mass vs. chargino mass plane
» Sleptons midway between LSP and chargino
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SUS-12-022: Weak Prod.

TChiSlepSnu Tau-enriched

CMS Preliminary ¥s =8 TeV, L,=92 b 3
-y T T o T T T AR IS 10° =
4 % 600~ PP =X X, 95% C.L. CLs NLO Exclusions —_. &,
) 1 7 b
c
~0 / t A o
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| RN E
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P]_ )Eﬂ: ..... j
1 T o
LO‘\:
L’ (o))

m_.=m_o [GeV]
1 2

m; = 0.5m_.+ 0.5m_,
x1 X1

» Charginos decaying to staus (neutralino democratic)
e Exclusion in the LSP mass vs. chargino mass plane
» Sleptons midway between LSP and chargino
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CMS Preliminary
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« Charginos and neutralinos decaying to staus
e Exclusion in the LSP mass vs. chargino mass plane
» Sleptons midway between LSP and chargino

April 23, 2013
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SUS-12-022: Weak Prod.

TChiIWZ Resonant Search

CMS Prellminary \s=8TeV, I_lm =921’

— [ | T T I T T T T | T T T T | T T T T ]
| % -;m%xX' 95% C.L. GLs NLO Exclusions

()

—_

Z B @ee Observed 2/2j +3/ + 16" 7|
200 x o X = Expecteded 212/ +3/ + 16 _| |
=0 [ B === Observed 3/ only -
PE X2 Lot T T T - :,'F{:ﬂ ER L 5wy == Observed 2/2j only ]
e 1 o % 1 ]

00 150 200 250 300 350 400

m_.=m_, [Ge
=M [GeV]

1 2

« Resonant production of trileptons, or dilepton + jets
e Exclusion in the LSP mass vs. chargino mass plane
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SUS-12-022: Weak Prod.
Non-Resonant Dilepton

Chargino-Chargino Production Slepton-Slepton Production
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SUS-12-022: Weak Prod.

Higgsino GMSB

Setting limits on neutralino-
neutralino production in the
GMSB scenario

Exclusion in terms of parameter
W that controls the chargino and

LSP masses:

ot e
mi_]j; ot qula —~— ']'-J'I-F

Phys. Rev. D 62 (2000) 077702
JHEP 05 (2012) 105

April 23, 2013
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Conclusions

e Search for multilepton events in
2012 CMS data at 8 TeV

* Highlights:
- Multiple exclusive channels

- Uniform background predictions
(both data-driven and MC)

- Three types of binning (S_, MET/H_, MET/M.)
for different types of signal

* Good agreement between data and background
— EXxcluded regions of parameter space

April 23, 2013 Peter Thomassen, Rutgers University 31
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. S_provides

discrimination from
background and is
sensitive to the
stop mass

CMS Simulation 8 TeV
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Lepton Selection

 Muons: official POG  Electrons: official POG  Taus: official HPS tau
recommendation recommendation (loose) selection
— Muon is Global — cuts for barrel (endcap) - ByDecayModeFinding
- Muon is PF - jEtha:“ < 3-2270(01-809) ~ AgainstElectronMVA
. ; - N < 0. . - ' '
- normalizedChi2 < 10 _ (0.10) AgamStMuonT'_ght
- sigmalEtaleta < 0.01 (0.03) - ByLooseCombinedisola

- At least one muon chamber _ H/E < 0.12 (0.10) tionDBSumPtCorr

hit in global fit

At least t at - d0 < 0.02 (0.02) - pT>20

east two muon stations _47<02(0.2) _ eta< 23

- Dxy <2mm _ fabs(1/E - 1/p) < 0.05 (0.05)
-dZ<05 - PFiso < 0.15 (0.15) in 0.3 cone
- Number of pixel hits > 0 — conversion rejection

- Number of tracker layers > 5
- PFis0 <0.15in 0.3 cone

- Light lepton p_ must pass 20/10/10(/10) GeV threshold
(for the first, second, ... lepton)

April 23, 2013 Peter Thomassen, Rutgers University 34



Other Selections

 Jets: official POG * b-tag
recommendation (loose)

— Neutral Hadron Fraction < 0.99
- Neutral EM Fraction < 0.99
— Number Constituents > 1

- Combined Secondary Vertex Medium
working point

* Cleaning of Objects:

- Charged Hadron Fraction > 0 - Remove electrons within dR < 0.1 of muon
- Charged Multiplicity > 0 - Remove taus within dR < 0.1 of muons or
- Charged EM Fraction < 0.99 electrons

- pT>30 - Remove jets within dR < 0.4 of muons,

- eta<2.5 electrons, taus

 MET filters applied
e Using PFMET

April 23, 2013 Peter Thomassen, Rutgers University 35



Data Samples

April 23, 2013

Primary Dataset

Reco details

Luminosity (fb=1)

MuEG Run2012A-recover-06Aug2012-v1 0.082
MuEG Run2012A-13Jul2012-v1 0.809
MuEG Run2012B-13Jul2012-v1 4.403
MuEG Run2012C-24Aug2012-v1 0.495
MuEG Run2012C-PromptReco-v2 6.584
MuEG Run2012D-PromptReco-v1 7.718
DoubleMu Run2012A-recover-06Aug2012-v1 0.082
DoubleMu Run2012A-13Jul2012-v1 0.809
DoubleMu Run2012B-13Jul2012-v4 4.403
DoubleMu Run2012C-24Aug2012-v1 0.495
DoubleMu Run2012C-PromptReco-v2 6.557
DoubleMu Run2012D-PromptReco-v1 7.719
DoubleElectron | Run2012A-recover-06Aug2012-v1 0.082
DoubleElectron Run2012A-13Jul2012-v1 0.809
DoubleElectron Run2012B-13Jul2012-v1 4.403
DoubleElectron Run2012C-24Aug2012-v1 0.495
DoubleElectron Run2012C-PromptReco-v2 6.575
DoubleElectron Run2012D-PromptReco-vl 7.727

Peter Thomassen, Rutgers University
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Simulation Samples

Simulation sample N events cross section (pb)
/DY JetsToLL_M-10To50filter_8TeV-madgraph/Summer12_DR53X-PU_S10_START53_V7A-v1/AODSIM 7,131,530 11050.0
/DYJetsToLL_M-50_TuneZ2Star_8TeV-madgraph-tarball/Summer12_DR53X-PU_S10_START53_V7A-v1/AODSIM 30,459,503 3532.8
/TTlets_FullLeptMGDecays_8TeV-madgraph/Summer12_DR53X-PU_S10_START53_V7A-v2/AODSIM 12,119,013 23.08
/TTJets_SemiLeptMGDecays_8TeV-madgraph/Summer12_DR53X-PU_S10_START53_V7A _ext-v1/AODSIM 25,423,514 97.97
[TTGlets_8TeV-madgraph/Summer12_DR53X-PU_S10_START53_V7A-v1/AODSIM 71,598 2.166
[TTWlets_8TeV-madgraph/Summer12_DR53X-PU_S10_START53_V7A-v1/AODSIM 196,046 0.232
{TTZJets_8TeV-madgraph_v2/Summer12_DR53X-PU_S10_START53_V7A-v1/AODSIM 209,677 0.208
/TTWWlets_8TeV-madgraph/Summer12_DR53X-PU_S10_START53_V7A-v1/AODSIM 217,213 0.002
/TBZToLL_4F TuneZ2star_8TeV-madgraph-tauola/Summer12_DR53X-PU_S10_START53_V7C-v1/AODSIM 148504 0.0217
[7Z7ZNoGstarJets_8TeV-madgraph/Summer 12_DR53X-PU_S 10_START53_V7A-v1/AODSIM 224,902 0.0192
IWWW Jets_8TeV-madgraph/Summer12_DR53X-PU_S10_.START53_V7A-v1/AODSIM 220,170 0.08217
1ZZ)etsTod4L_TuneZ2star_8TeV-madgraph-tauola/Summer12_DR53X-PU_S10_START53_V7A-v1/AODSIM 4,804,781 0.1769
/WZJetsTo3LNu_TuneZ2_8TeV-madgraph-tauola/Summer12_DR53X-PU_S10_START53_V7A-v1/AODSIM 2,016,678 1.0575
WWletsTo2L2Nu_TuneZ2star_8 TeV-madgraph-tauola/Summer12_DR53X-PU_S10_START53_V7A-v1/AODSIM 1,932,249 5.8123
/WletsToLNu_TuneZ2Star_8TeV-madgraph-tarball/Summer12_DR53X-PU_S10_START53_V7A-v1/AODSIM 18,393,090 37509
/WWGlJets_8TeV-madgraph/Summer12_DR53X-PU_S10_START53_V7A-v1/AODSIM 215,121 1.44
/WWZNoGstarJets_8Te V-madgraph/Summer12_DR53X-PU_S10_START53_V7A-v1/AODSIM 222,234 0.0633
/GluGluToHToTauTau_M-125_8TeV-powheg-pythia®/Summer12_DR53X-PU_S10_START53_V7A-v1/AODSIM 967566 1.2466
/GluGluToHToWW To2LAndTau2Nu_M-125_8Te V-powheg-pythia6/Summer12_DR53X-PU_S10_START53_V7A-v1/AODSIM 299975 0.4437
/GluGluToHToZZTo4L _M-125_8TeV-powheg-pythia6/Summer12_DR53X-PU_S10_START53_V7A-v1/AODSIM 995117 0.0053
/VBF_HToTauTau_M-125_8TeV-powheg-pythia6/Summer12_DR53X-PU_S10_START53_V7A-vl/AODSIM 1000000 0.0992
/VBF_HToWWTo2LAndTau2Nu_M-125_8TeV-powheg-pythia6/Summer12_DR53X-PU_S10_START53_V7A-v1/AODSIM 299687 0.0282
/VBF_HToZZTo4L._M-125_8TeV-powheg-pythia6/Summer12_DR53X-PU_S10_START53_V7A-v1/AODSIM 49876 0.000423
/WH_ZH_TTH_HToTauTau_M-125_8 TeV-pythia6-tauola/Summer12_DR53X-PU_S10_START53_V7A-v1/AODSIM 200000 0.0778
/WH_ZH_TTH_HToWW _M-125_8TeV-pythia6/Summerl12_DR53X-PU_S10_START53_V7A-v1/AODSIM 200408 0.254
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Light Lepton Fake Rates

» Estimate number of “fake” leptons

e Use CFO method:

- Define fake rate with respect to a proxy object

— Parametrize by other object to describe how
conversion factors change between data sets

» Here: Use isolated tracks (pions, kaons) as
proxies for electrons/muons from jets

« Parametrize by Rdxy, sensitive to jet
composition

April 23, 2013 Peter Thomassen, Rutgers University 38



 CFO: Use isolated tracks (pions, kaons) as proxies for
electrons/muons from jets

Parametrize by Rdxy, sensitive to jet composition

Measure the NIso e WY o Ratio of lepton to track isolation
. . - . efficiencies. Parameterize in di-jet
ff ncy ratio In fuc= IN#I 'EISO fficiencies. P ize in di-j
e |.C|e Cy allio In a B NISO - |ET ] data as a function of Ry,

Z+jets sample (low et M S L T VY
Rdxy) and a tt Non isolated leptons and tracks § G_ _
I measured in seed to reduce T E
Sample (hlgh Rdxy) dependence on control data. 4:_ OOOOOOOOOOOOOO _
|nterp0|ate between Heavy Flavor produces displaced vertices Lot e E
and non-isolated tracks with large dxy L Etfcioncy Ratio vs. Rexy ]
the two samples mone :
. : R 4y =N(]dxy|>0.02cm)/N(|dxy|<0.02 g .
USIng a Ilnear de (l XY| Cm) (l XY| Cm) 00_I - IO,E)S‘ - I0|.1I - I0.‘|15I - I0.I2I - b.éSl - I0!3I - I()._35

I I A sample of pure b-jets has Rdxy~30%
Comblnatlon to get A ::mgle zf Ezre udjsﬁsetsal'slas Rgxy~3%
Rdxy dependence
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Tau Fake Rates

 Parametrize tau fake rate by amount of jet activity
In the event (naturally accounts for pileup effects)

. Use f__ to characterize fse = #SBI(#SB+#OTHER)

jet spectra through oaf X1
isolation shape: f, =0 ompii

as jets become harder

Soft Jet f=25%
Spectra fz=48%

Hard Jet
Spectra
f+=9%

015; HHHH

. Use f__ as a parameter o i

for tau fake rate f N\
T o 1 2 3 4 5 6 7 8 9 10°

April 23, 2013 Peter Thomassen, Rutgers University 40



Asymmetric Photon

cConversions

» External conversions taken care of by electron
selection

 |[nternal conversions: Final state lepton from Z
decay radiates a photon, which produces another
OSSF lepton pair

. Often asymmetric in p_
— one lepton escapes detection

- |nvariant tri-lepton mass consistent with a Z
* Not properly simulated

April 23, 2013 Peter Thomassen, Rutgers University 41



MET Resolution

* Apply smearing to simulation depending on pileup and jet activity
» Goal:

- Match MET resolution in MC and data
- Get systematic due to smearing

 Model the MET shape with Rayleigh distributions for different
binsof N __and H_

* The width of the Rayleigh distribution changes as a function of
NVert and HT — fit In each of those bins and determine width

1 x2

fMET(x) = ﬁxexp(—ﬁ); X Z 0
H
0 = 0'(2) + O'z%erthert + O'IZ{T TJ

30
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Selection

MET

N(7)=0, NbJet=0 N(7)=1, NbJet=0 N(7)=0, NbJet>1

N(t)=1, NbJet>1

expect

4 Lepton Results Hp > 200

OSSFO
OSSFO0
OSSFO0
OSSF1
OSSF1
OSSF1
OSSF1
OSSF1
OSSF1
OSSF2
OSSF2
OSSF2
OSSF2
OSSF2
OSSF2

(100, o0)
(50, 100)
(0, 50)
(100, o)
(100, oo)
(50, 100)
(50, 100)
(0, 50)
(0, 50)
(100, 0o)
(100, o)
(50, 100)
(50, 100)
(0, 50)
(0, 50)

o H
H_CJ

=)
o)
=
S
o]
53283x
=
cososo
NO R ORRO
CoCcCOoOO0QWE NI OH
HH-HH-H H HH H H HH o

o]

HOOOO0OO0OO0OO0OOOoOOOoOOOoOO
et

NOODOOCOCOoOOCOOOOCO
COCO0OCOC0COrRFEFOROCOO
00000 OoOROOQOOOO

cosos2o?
WorHOH
N =W
HH-H H e H g
coooosoc
OO 000,
© W W

.009

0.01

o
o
o

0.03

Table 1: Results for 4 leptons wiht Hp > 200 GeV. * denotes channels used as controls.

April 23, 2013
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Selection MET N(7)=0, NbJet=0 N(t)=1, NbJet=0 N(7)=0, NbJet>1 N(7)=1, NbJet>1
obs expect | obs expect | obs expect | obs expect |
4 Lepton Results Hp < 200
OSSFO NA (100, oo) 0 0.0005 + 0.009 0 0.5 £ 0.5 0 0 + 0.009 0 0.04 + 0.03
OSSFO0 NA (50, 100) 0 0.0005 + 0.009 1 0.17 + 0.1 0 0 + 0.009 0 0.11 4+ 0.07
OSSFO0 NA (0,50) 0 0.005 + 0.01 1 0.15 + 0.07 0 0.001 + 0.009 0 0.09 + 0.05
OSSF1 off-Z (100, oo) 0 0.02 + 0.01 2 0.18 4+ 0.06 0 0.007 £+ 0.01 0 0.07 £ 0.04
OSSF1 on-7Z (100, oco) 0 0.18 + 0.06 1 1+ 0.18 1 0.15 + 0.08 0 0.1 + 0.05
OSSF1 off-Z (50, 100) 0 0.05 4+ 0.02 1 0.9 £ 0.3 0 0.02 + 0.02 0 0.34 + 0.19
OSSF1 on-Z (50, 100) 1 0.47 + 0.13 5 3.7 + 0.6 1 0.15 + 0.09 0 0.23 + 0.08
OSSF1 off-Z (0,50) 1 0.16 + 0.05 7 3.6 + 1.1 0 0.04 + 0.03 0 0.22 4+ 0.1
OSSF1 on-7 (0,50) 1 1.3 £ 0.36 16 18 + 5.2 0 0.16 £+ 0.09 2 0.6 £ 0.22
OSSF2 off-Z (100, o) 0 0.01 + 0.01 0 0£0 0 0.01 + 0.02 0 00
OSSF2 on-7 (100, o) 0 0.14 + 0.07 0 0xo0 0 0.26 + 0.14 0 00
OSSF2 off-Z (50, 100) 2 0.05 £+ 0.04 0 0£0 0 0.01 + 0.02 0 00
OSSF2 on-Z (50, 100) 1 1.2 £ 0.8 0 0xo0 0 0.21 + 0.09 0 00
OSSF2 off-Z (0,50) 3 3.7 + 1 0 040 1 0.11 £ 0.04 0 0+0
OSSF2 on-Z (0, 50) 76+ 73 £ 16 0 0+0 3 1.3 £+ 0.31 0 0+0
Table 2: Results for 4 leptons wiht Hp < 200 GeV. * denotes channels used as controls.
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Results — I\/IET/HT Tables

Selection MET N(7)=0, NbJet=0 N(7)=1, NbJet=0 N(7)=0, NbJet>1 N(7)=1, NblJet>1
expect obs expect | obs expect
3 Lepton Results Hp > 200
OSSFO NA (100, o) 1 1.9 + 1.2 15 7.7 + 3.6 1 2.9 + 1.5 27 21 + 11
OSSFO NA (50, 100) 1 1.4 + 0.8 13 17 £ 7.4 1 4.2 + 1.7 41 37 &+ 19
OSSFO NA (0, 50) 2 14+ 0.8 13 10 + 3.4 0 1.9 + 0.8 32 21 + 11
OSSF1 above-Z (100, o) 2 2.2 + 0.9 2 4 4+ 2.4 3 2.8 + 1.3 11 6.8 + 3.7
OSSF1 below-Z (100, o) 2 3.5 £ 0.8 8 7.6 £ 3.4 3 3.4 £ 1.6 12 8.3 4 4.3
OSSF1 on-7 (100, o) 17 30 £ 5.3 4 7.9 £ 2.2 5 6.3 £ 1.9 8 54 4+ 2.8
OSSF1 above-Z (50, 100) 1 1.9 £ 0.49 10 3.7 £ 2.3 4 3.1 £ 1.2 17 12 + 6.6
OSSF1 below-Z (50, 100) 4 4.5 + 0.9 11 6.4 &+ 2.4 3 5+ 2.1 9 9.4 & 5.3
OSSF1 on-7Z (50, 100) 39 38 + 6.2 34 26 + 5.4 10 9.6 £ 2.7 12 9.5 + 3.9
OSSF1 above-Z (0, 50) 3 3.2 &+ 0.42 19 18 £ 4.5 0 2.7 £ 0.8 6 9.9 + 4.6
OSSF1 below-Z (0, 50) 9 11 + 1.2 57 43 + 10 2 4.7 £ 1.4 11 13 £+ 5.3
OSSF1 on-Z (0, 50) 58 63 4+ 8.7 256 271 + 66 12 14 4+ 2.6 39 34 £ 7.9

April 23, 2013

Peter Thomassen, Rutgers University

Table 3: Results for 3 leptons wiht Hy > 200 GeV. * denotes channels used as controls.

Compact Muon Solenoid
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Selection MET N(7)=0, NbJet=0 N(7)=1, NbJet=0 N(7)=0, NbJet>1 N(7)=1, NbJet>1
obs expect obs expect I obs expect obs expect |
3 Lepton Results HT < 200
OSSFO NA (100, o0) 3 4.5 + 2.3 45 44 + 22 8 5.1 + 2.7 41 44 + 23
OSSFO NA (50, 100) 16 17 £ 7.5 186 190 £+ 63 16 11 £+ 4.9 131 119 £+ 67
OSSFO NA (0,50) 23 27 + 6.7 429 457 £+ 100 17 8.9 £+ 3.6 109 115 £+ 52
OSSF1 above-Z (100, o0) 11 5.5 & 1.2 10 15 £ 8 4 3.1+ 1.6 10 18 + 8.2
OSSF1 below-Z (100, o0) 6 10 + 3.9 20 23 + 10 7 7.8 + 4.1 23 21 + 11
OSSF1 on-7Z (100, oo) 65 75 + 11 22 22 + 5.9 7 52 4+ 1.9 8 11 + 5.5
OSSF1 above-Z (50, 100) 21 20 + 4.2 78 53 + 17 5 10 £+ 4.8 35 39 + 20
OSSF1 below-Z (50, 100) 66 56 + 13 167 149 £+ 34 26 20 £+ 9.7 72 56 + 27
OSSF1 on-Z (50, 100) 351 368 4+ 57 533 457 + 100 29 18 + 4.6 40 37 + 15
OSSF1 above-Z (0, 50) 83 101 + 9.8 841 845 + 204 10 10 + 3.7 65 40 + 15
OSSF1 below-Z (0,50) 258 282 + 29 4820 4113 + 1018 16 21 + 6 111 107 £+ 27
OSSF1 on-Z (0,50) 1888 2104 + 196 24303 22663 + 5643 65* 69 + 8.8 426 414 4 99

Table 4: Results for 3 leptons wiht Hp < 200 GeV. % denotes channels used as controls.

April 23, 2013
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Limit Setting Procedure

» We compute LHC-style CL_limits using LandsS,
as recommended for CMS analyses

* To do so, we determine the most sensitive
channels for each grid points (based on the
expected limit of each single channel)

* We use as many channels as are required to
cover 90% of the signal, up to 42 channels

April 23, 2013 Peter Thomassen, Rutgers University 47



SUS-13-003:

Stop RPV

 Naturally, in a multilepton analysis, we look at RPV
couplings that produce leptons

° WRPV — AijkLiLjEk +

leptonic
Coupling LLE 122 LLE 233
decay products Povt £1vi
per stop TTVi
700-1250 GeV 700-1250 GeV
SR MEES stepsize: 50 GeV stepsize: 50 GeV
: 100-1300 GeV 100-1300 GeV
Sl e stepsize: 100 GeV stepsize: 100 GeV
Number of events 10k 20k

April 23, 2013 Peter Thomassen, Rutgers University 48



SUS-13-003:
Stop RPV — LLE 122

>

8 1200 Stop RPV 1,5,
N observed 95% CLs Limits 0.34
Theory uncertainty (NLO+NLL)

1= 1000 =====-" expected 95% CLs Limits 0.32
E expected i10experimemal
W 0.3
t 800
0.28
v 600 0.26

~ H
£ R
R 6* T I 400
X1 g
\ 200

« Stop RPV model with LLE 122 coupling non-zero

PRI (N SN T TN SN TR W (N S N
1000 1100 1200
m- (GeV)

R B
700 800 900

e Excluding stop masses below 1050-1100 GeV, approximately
Independent of bino mass which decouples - little structure
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SUS-13-003:

Stop RPV — LLE 233

* Four-body decay above o /o SRR

T | T T T T
Stop RPV A,

[O)
. 0] 1200 observed 95% CLs Limits |
diagonal, two-body below < R
1000— m expected oy, o ]

* In transition region, top is soog—
off-shell - low p_leptons

reduce sensitivity

« Additionally, a fluctuation m- (GeV)

CMS Preliminary Is=8TeV,L,=19.51b"

In observation becomes 3 1200 e oo MLy £

Theory uncertainty (NLO+NLL,

. Z «====x expected 95% CLs Limits 22 g |
relevant el
: £ %5

3 leptons (no tau),
OSSF pair above Z,
1000 < S_ < 1500 GeV

700 800 900 1000 1100 1200
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SUS-13-003:
Stop RPV — LQD 233

 The model produces one bino per stop

* Bino decays to vbb or ptb
— expect more structure
due to presence of

massive particles

April 23, 2013 Peter Thomassen, Rutgers University 51



SUS-13-003:
Stop RPV — LQD 233

600

500}

4001

300F—

I. """"""""" I....I....I....l....[....[....l.
300 400 500 600 700 800 900 1000
m- (GeV)

200

* In each kinematic region,
the BR to leptons and the A M < - < 2nig, m

region label kinematic region stop decay mode(s)

0 t — tvbb

cross-section change as B 2my < my < mg F— tuth + tvbb
the stop mass increases C My <y <my g | F = (vbX) + jjbX)
~ acceptance varies D gy <mp<mptmg | F— WOE

E my + T’I’IX{]) < my t— t)?fl)
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SUS-13-003:
Stop RPV — LQD 233

Compact Muon Solenoid

CMS Preliminary Is=8TeV,L =19.5fb"
b ’>'\ 1 r 1 rr [ rrr 1117 T T T T T
(O]
0] 800
W L A
t 7= 700

£
) b 600
- fi
th o _,,< 500
Xl t
400

1 300

III|IIII|IIII|IIII|IIII|III

Stop RPV '

233
observed 95% CLs Limits]
observedto, o0 ]

------ expected 95% CLs Limits]

|-|IIII|IIII|IIII|IIII|IIII|IIII|II

2000, T, ROt Cagmena |
300 400 500 600 700 800 900
. m- (GeV)
¢ StOp RPV mOdel Wlth region label kinematic region stop decay mode(s)
: A my < my < 2my, Mg t — tubb
LQD 233 coupling non-zero h o B
. . . Moo < My < My + Mo t— by + jjbx?
» Several kinematic regions b mwfn;; QZ;JA‘;% Hz';)iv;é]bx
with different acceptance E my + gy < my o i
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SUS-13-003:
Stop RPV — LQD 233

b

« Stop RPV model with
LQD 233 coupling non-zero

» Several kinematic regions
with different acceptance

800

(GeV)

%5 700
e
600
500
400
300

200

Compact Muon Solenoid

\s=8TeV, L =195 b1

)
10* 8
Obm
10°
102

Stop RPV '

obsehied 95% CLs Limits
observed*c 10

expected 955)506'& Limit

expectedto, .o

L PRI IR SO T T T R Y A
400 500 600 700 800 900

300
m- (GeV)

region label kinematic region stop decay mode(s)

A my < my < 2my, Mg t — tvbb

B 2my < my < mzp t— tutb + tvbb

C m)a) <my < mw—l—m)a) t—>~€1/b5({1) +]]b)A({1)

D M + Mgy <y < g+ Mgy t— Wbx?

E my + m)a) < my ?—> t)??
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