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Outline 2

- Object definitions

- Exclusive trilepton study

- Inclusive trilepton study

- Lepton efficiencies and fake rates

- Outlook on data driven background estimation

- Summary

Studies performed in context of CSC notes 5 & 7



  

Object Definitions 3

Object definitions and overlap removal used is in agreement with SUSY CSC 5 & 7 notes

Overlap removal

if ΔR < 0.2 between ele-jets, electron has priority

if 0.2 < ΔR < 0.4  between ele-jets, jet has priority
if ΔR < 0.4  between muon-jets, jet has priority

if SFOS pair found with MSFOS < 20 GeV, pair is removed from event
likely to be from conversions



  

Heavy scalars are too massive so no 
decays through intermediate sleptons

Exclusive Trilepton Study 4

m
0  

= 3550GeV, m
1/2

= 300GeV, A
0   

= 0, tanβ = 10, μ > 0

Total σ = 6.1 pb     
61,000 events for 10 fb-1

SU2

Direct chargino-neutralino production and 
decay to a trilepton final state

Introduction

Normalised to10 fb-1



  

Exclusive Trilepton Study 5Event Variables I

For 10 fb-1



  

Exclusive Trilepton Study 6Event Variables II

For 10 fb-1



  

Exclusive Trilepton Study 7Event Selection I

Lepton track isolation: 
               pT

max < 2 GeV for electrons                                       pT
max < 1 GeV for muons

Normalised to10 fb-1

Low mass pairs (MSFOS<20 GeV) 
 already removed from event



  

Exclusive Trilepton Study 8Event Selection II
|MSFOS-MZ| > 10 GeV ET

miss > 30 GeV

Jet Veto – no jet with pT > 20 GeV

Normalised to10 fb-1



  

Exclusive Trilepton Study 9Signal Significance

Case A : SUSY Bckgnd counted as SUSY Signal 
(hard to distinguish experimentally)
S/sqrt(S+B) = 1.74
5σ discovery after 90 fb-1 of data

Case B : SUSY Bckgnd = 0  
(only direct gaugino production)
S/sqrt(S+B) = 1.51
5σ discovery after 120 fb-1 of data

Normalised to10 fb-1

N-1 table



  

Exclusive Trilepton Study 10Kinematic endpoints

Normalised to10 fb-1

Signal only



  

m
0  

= 3550GeV, m
1/2

= 300GeV, A
0   

= 0, tanβ = 10, μ > 0

Total σ = 6.1 pb     
6,100 events for 1 fb-1

Inclusive Trilepton Study 11

Total σ = 23.2 pb     
23,200 events for 1 fb-1

Total σ = 327.5 pb     
327,500 events for 1 fb-1

m
0  

= 200GeV, m
1/2

= 160GeV, A
0   

=-40 0, tanβ = 10, μ > 0

m
0  

= 100GeV, m
1/2

= 300GeV, A
0   

=-30 0, tanβ = 6, μ > 0
SU2 SU3

SU4

Introduction

Normalised to1 fb-1



  

Inclusive Trilepton Study 12Event Variables I

For 1 fb-1



  

Inclusive Trilepton Study 13Event Variables II

For 1 fb-1For 1 fb-1



  

Inclusive Trilepton Study 14Event Selection

At least 1 jet with pT > 200 GeV 

Simple and powerful analysis

Possibly ET
miss > 150 GeV 

After jet pT cutAfter 3lep cut

Normalised to1 fb-1



  

Inclusive Trilepton Study 15Signal Significance

Possible combinations of  jet pT, Et
miss and track isolation cuts

SU2
S/sqrt(S+B) = 2.3
5σ discovery after 5 fb-1 of data

SU3
S/sqrt(S+B) = 8.3
5σ discovery after 400 pb-1 of data

SU4
S/sqrt(S+B) = 15.6
5σ discovery after 150 pb-1 of data

Normalised to1 fb-1



  

Inclusive Trilepton Study 16Kinematic endpoints

Normalised to1 fb-1



  

Performance

17



  

Efficiencies and Fake Rates 18

Eff  =  # truth e(μ) with ΔR<0.02 match to reco e(μ) 
# truth e(μ)

  =  # reco e(μ) with no ΔR<0.02 match to truth e(μ) 
# truth jets

Fake 
Rate

with pT > 12 GeV, |η| < 2.5, 
ET(0.2) < 10 GeV, from heavy 
decay (W,Z,τ,SUSY)

with pT > 8 GeV, |η| < 2.5, 
ET(0.2) < 10 GeV, from heavy 
decay (W,Z,τ,SUSY)

with pT > 10 GeV, |η| < 2.5



  

Efficiencies and Fake Rates 19Electrons

Efficiency                      vs pT                                                                     vs η

Fake Rate                       vs pT                                                                     vs η



  

Efficiencies and Fake Rates 20Muons

Efficiency                      vs pT                                                                     vs η

Fake Rate                       vs pT                                                                     vs η



  

Outlook on Data Driven Background Estimations 21Ideas

Most dangerous backgrounds are ttbar and ZW

ttbar 
use lepton flavour and sign combinations of trilepton events. 

e+e-μ+

e+e-μ-

μ+μ-e+

μ+μ-e-

e+e-e+

e+e-e-

μ+μ-μ+

μ+μ-μ-

e+e+μ+

e+e+μ-

e-e-μ+

e-e-μ-

μ+μ+e+

μ+μ+e-

μ-μ-e+

μ-μ-e-

e+e+e+

e-e-e-

μ+μ+μ+

μ-μ-μ-

SUSY incompatible 
no SFOS pair

SUSY compatible
SFOS pair

The number of non-compatible combinations can be  used 
to estimate the numbers of SUSY compatible combinations 
and thus the ttbar background to SUSY trilepton signal

measure ZZ cross-section 

ZW

W
υ

replace a lepton with a neutrino and 
correct for differences in cross-sections.



  

Summary 22

Exclusive trilepton signal
Stringent cuts on lepton track isolation and a harsh jet veto
S/sqrt(S+B)= 1.74 after 10 fb-1 of data Case A, direct gaugino production + SUSY bckgnd
                  =  1.51 after 10 fb-1 of data Case B, direct gaugino production only
5σ discovery after 90 fb-1 for Case A, 120 fb-1 for Case B.

Inclusive trilepton signal
Simple and powerful analysis, only require 3 leptons and one high pT jet.
SU2 : S/sqrt(S+B) =   2.3 for 1 fb-1 of data.  5σ discovery after 5 fb-1 of data
SU3 : S/sqrt(S+B) =   8.3 for 1 fb-1 of data.  5σ discovery after 400 pb-1 of data
SU4 : S/sqrt(S+B) = 15.6 for 1 fb-1  of data. 5σ discovery after 150 pb-1 of data

Invariant mass distribution of flavor subtracted MSFOS yields mass difference of lightest two 
neutralinos. The entire SUSY mass spectrum can be obtained from further 
measurements of jet-lepton invariant mass plots.

ZW and ttbar are the most dangerous backgrounds. Controlled by lepton track isolation and Z 
mass window removal but events still remain.
Background estimations not yet performed for trilepton analysis but ideas are already in place


