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Introduction:
We search for new physics in events with two equally 
charged, isolated leptons, hadronic activity and 
missing transverse energy in the final state. 

The analysis is performed in the full 2011 dataset 
recorded by CMS, corresponding to an integrated 
luminosity of  4.98 fb-1 produced in proton-proton 
collisions at a center-of-mass energy of 7 TeV. The 
observations agree well with predictions from the 
standard model (SM) and thus no evidence for new 
physics is found.

Object and event selection:
• two same-sign leptons (e or µ)
 --> pT > 20/10 GeV
 --> well isolated
• varying requirements on hadronic activity
 --> HT := scalar sum of jet-pTs

• different cuts on missing transverse (MET)
 --> MET := negative vectorial sum of all pTs

• motivated by trigger thresholds and new physics 
models (SUSY)

Search regions and yields:
binned in HT and MET --> 228 events passing baseline selection

Backgrounds:

Interpretation:
• no excess observed
 --> upper limits are set
• common effort with other participating groups
• done in cMSSM model

• results are public, accepted by PRL
 -->more details: http://arxiv.org/abs/1205.6615

Fake leptons:
• e.g. b-quark decays, mis-reconstructed jets, etc.
• notoriously hard to model in simulation
 --> estimate by fully data-driven technique
• extrapolation in isolation
 --> from sidebands to signal selection
• estimate fractions of prompt/non-prompt events
 from tight/loose yields
•measure f/p-ratios in data
• employ algebraic equations:

) (GeV)µ(
T

p
10 15 20 25 30 35 40 45 50 55 60

Lo
os

e
/N

Ti
gh

t
N

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8
Data
Simulation

Non-prompt Muons

CMS -1 = 4.98 fbint. = 7 TeV, Ls

Charge mis-ID:
• negligible for muons
• probability about 10-3 and 10-4 for electrons
 --> depending on detector region
• measured in Z -> ee events
• fully data-driven

4 5 Search Regions

regions above the thresholds applied in the triggers.

Selection of leptons by the triggers is the most efficient for electrons and the least efficient for
hadronic taus, considering leptons passing identification and isolation requirements described
above. For electrons the efficiency is in a range of 98–99%, as measured in Z events using
the tag-and-probe method. The efficiency for muons changes from 90% at 5 GeV to 96% for
momenta higher than 10 GeV. The efficiency for hadronic taus is approximately 90% [21].
Selection of HT > 150 GeV by the trigger results in an efficiency of approximately 99% in the
range of reconstructed HT above 200 GeV. Triggers used for the selection of the t-dileptons
require a Emiss

T above 35 GeV for most of the data taking. The efficiency of this requirement for
events passing the baseline selections is above 95%.

5 Search Regions

The three dilepton baseline regions cover the widest possible phase space. The motivation
for covering the widest possible phase space in this search can be illustrated by an example
of a SUSY cascade, shown in Fig. 1, naturally giving rise to jets, Emiss

T , and same-sign leptons:
(gluinos/squarks) ! (charged gaugino) ! (lightest supersymmetric particle (LSP) neutralino).
The mass difference between the gluino/squarks and the charged gaugino, typically arbitrary,
defines the amount of hadronic activity one may expect in the event. The mass difference
between the gaugino and a neutralino influences the lepton pT spectrum. Depending on the
nature of the chargino and neutralino, their mass difference can be either arbitrary (e.g., wino
and bino) or typically small (e.g., higgsinos). Moreover, there is a range of scenarios where
a large production asymmetry exists between t and e/µ leptons. This motivates us to look
specifically for events with a t.

  

Figure 1: An example of a process involving the production and decays of SUSY particles,
which gives rise to two same-sign prompt leptons, jets, and missing transverse energy.

Events passing the baseline selections provide a sample still expected to be dominated by back-
grounds. Further selections are applied to restrict the baseline sample to the regions where the
analysis is sensitive to potential new physics. As a reference model, we use LM6, a point in the
constrained Minimal Supersymmetric Standard Model (CMSSM) [22] defined with the model
parameters m0 = 85 GeV, m1/2 = 400 GeV, tanb = 10, µ > 0, and A0 = 0 GeV.

The following inclusive search regions are defined, constraining the baseline selection cate-
gories, starting from the most restrictive one:

1. high-HT high-Emiss
T with HT > 400 GeV and Emiss

T > 120 GeV, providing a high expected
sensitivity to the CMSSM with low values of m0, as in LM6;

SUSY, Mar 27th 2012

‣ Classify Standard Model backgrounds in four categories
‣ Events with one prompt lepton and one non-prompt lepton

• ‘Single Fakes’, originating from ttbar, W+jets or any other source 
of single prompt leptons accompanied by hadronic activity

‣ Events with two non-prompt leptons
• ‘Double Fakes’, coming mainly from QCD

‣ Events with leptons with mis-reco’ed charge
• Mainly from ttbar and Z+jets
• Negligible for muons: ~10-5

• Electrons: ~10-4-10-3

‣ Direct Standard Model same-sign production:
• WZ/ZZ production that passes the Z veto
• Rare processes like ttbarW, W±W±, DPS W, ...
• V+gamma with electrons from conversions

Backgrounds
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SM processes:
• very rare, but no longer insignificant
• most common: WZ production
  --> W±W±

  --> ttW / ttZ
  --> ZZ, tri-boson production etc.
• taken from Monte Carlo simulation

Results:
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