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SUSY Multilepton Production

Isolated leptons in SUSY mostly from Neutralino/Chargino decays
depending on mass scale: decay either via slepton or on/offshell boson 

Multileptons (Nℓ ≥ 3) mostly from pairs of Neutralino/Charginos

Neutralino/Chargino pairs either by direct elektroweak production or in 
SUSY decays

 MET and low hadronic activity 

Cascade decays of squarks and gluinos

High hadronic activity and MET

Direct electroweak production
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SM Backgrounds

Two type of SM Backgrounds:

Direct production of dibosons (irreducible)
ZZ → 4 leptons: no intrinsic MET, low hadronic activity

ZW → 3 leptons + neutrino: MET, low hadronic activity

Two leptons from bosons + fake leptons
DY → ℓℓ + fake lepton: no intrinsic MET, low hadronic activity

ttbar → WWbb → ℓℓ bb + fake lepton: MET, high hadronic activity

WW → ℓℓ + fake lepton: MET, low hadronic activity
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Search Strategy

Event Selection:

Include 3 and more leptons (up to 2  's)

Select single & dilepton triggers

Cut events with J/,Upsilon: M(ℓ+ℓ-) > 12GeV

Reject Z(ℓℓ + FSR): M(ℓℓℓ) ≠ M(Z) 

Signal Selection:

Use MET, HT ( jet ET), Z-Veto (M(ℓ+ℓ-) ≠ 75-105 GeV)  
for opposite sign opposite flavour leptons (OSSF)

Be sensitive to different SUSY scenarios

Split phase space in 52 different channels
Number/Charge of leptons

Number of Taus

MET >/< 50 GeV

HT >/< 200 GeV

OSSF Z/noZ 

HT

MET
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Lepton Selection
Electrons and Muons: (PT>8 GeV in || <2.1)

Reject fakes from long-lived mesons by transverse distance to beamspot
Require |dxy| < 0.02 cm

Reject fakes from jets by relative (<0.15) and total isolation (<10GeV)
Isolation for e() measured in tracker + calo in cone 0.4 (0.3)

Additional requirements from trigger tresholds:

Taus: ( || <2.1)

Use single prong decays
 h+ + :  isolated track, PT > 8 GeV

 h+ + 0's: isolated track, PT > 15 GeV

allow for electromagnetic energy in dR<0.1
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SM Background Prediction: Strategy

MC Prediction for diboson and ttbar:

Corrected with measured lepton selection efficiency 

MC prediction validated in control measurements
WZ: trilepton events with M(ℓ+ℓ-) = M(Z) and MET 

ttbar: Isolation sidebands of third non-isolated leptons in leptonic ttbar sample

ttbar: Isolation distribution of non-prompt leptons in semi-leptonic ttbar sample

Data Driven background prediction:

DY + Fake leptons from jets (counts also for WW+jets) 
Electrons, Muons: estimated from isolated tracks in dilepton data 

Taus: estimated from isolation sidebands in dilepton data

Estimation validated in control measurements

Dilepton + Fake leptons from asymmetric photon conversion 
ℓℓ +  → ℓℓ, one ℓ fails cut

Estimated from dilepton + isolated photon data
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Control Measurements for 
DY and ttbar (more methods 
shown in b'up)

Validate MC in isolation 
sidebands of third lepton

Selection:

2 isolated leptons

1 non-isolated lepton

Good agreement observed 
between data and MC 

MET HT

HTMET

ℓ+ℓ-e ℓ+ℓ-e

ℓ+ℓ-ℓ+ℓ-

SM Background Prediction: Example
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Multilepton Search Results: 52 channels 

Good agreement in channels with large SM background

Some interesting channels are highlighted

Observation is largely consistent with SM expectation

Results are used to calculate limits in CMSSM and GMSM scenarios

3 leptons (e,) 
+ MET>50GeV 
+ HT<200GeV 
+ Z-Veto 

3 leptons (e,) 
+ MET>50GeV 
+ HT>200GeV
+ Z-Veto 

4 leptons (e,)  
+ MET>50GeV 
+ HT<200GeV
+ Z-Veto 
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Limits in the GMSM scenario

Gauge Mediated Model:
Gravition G = LSP
slepton co-NLSP scenario

ℓ → ℓ +G

Lightest Neutralino decays via 
sleptons to 2 leptons + G

N → ℓ+ℓ- → ℓ+ℓ- +G

Pair production of lightest 
Neutralinos lead to 4 lepton 
final states + MET 

Multilepton search is most 
sensitive to such models
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Limits in the CMSSM scenario

 

CMSSM scenario with A=0 and mu > 0

Limits shown for tan = 3 (left) and tan= 10 (right)
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Conclusion & Outlook

Search for SUSY in multilepton final states using 2.1fb-1

A variety of multilepton channels investigated 

Good agreement in channels with large SM background 

Results of multilepton search largely consistent with SM

New parameter space in the CMSSM and GMSM excluded

Summarized in CMS PAS SUS-11-013

New data (~4.7fb-1 ) currently being analyzed

Results will be published soon
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Backup
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Validation of WZ MC Prediction 

Selection: 3ℓ, OSSF lepton pair with M(ℓ+ℓ-) = M(Z) and MET>50GeV

Number of jets in WZ control sample HT distribution of WZ control sample

Data well described by MC within systematic uncertainties (blue dotted lines)
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ℓ+

ℓ-

Leptons from Asymmetric Photon Conversion

External: real photon with conversion in detector material  (→ e+e-)
Selected by: ℓ+ℓ-e with M(ℓ+ℓ-) ≠ M(Z) and M(ℓ+ℓ-e) = M(Z)

Internal: virtual photon with conversion at matrix element  (→ ℓ+ℓ-)
Selected by:  ℓ+ℓ-with M(ℓ+ℓ-) ≠ M(Z) and M(ℓ+ℓ-) = M(Z)

Data driven estimation: measure conversion probability in data using  
M(ℓℓℓ)=M(Z) & M(ℓℓ)=M(Z) events and apply factor to ℓℓ data sample

Z

ℓ+

ℓ-

fails cut
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Semi-Leptonic ttbar control sample
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Results: MET for Trilepton (e,) + HT < 200GeV

Shown results correspond to 2 of 52 multilepton channels

MET distribution for events with Z's (right) serves as background test 

New physics could be seen in high MET region of events wo Z's (left)

Yellow histograms show data driven prediction

Dashed blue lines are background uncertainties

Events with 
Z in event

Events without 
Z in event

Missing Energy Missing Energy
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Results: HT for Trilepton (e,) + MET > 50 GeV
Shown results correspond to 2 of 52 multilepton channels

HT distribution for events with Z's (right) serves as background test 
New physics could be seen in region of events wo Z's (left)
Yellow histogramms show data driven prediction
Dashed Blue lines are background uncertainties

Events with 
Z in event

Events without 
Z in event
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Systematic Uncertainties
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Results for MET > 50 and Z-Veto
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