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Motivation
Same sign dilepton events are very rare in SM but appear 
naturally in new physics. 

We consider, two possible scenarios. SUSY processes are 
dominated by:

Strong interaction of squarks and gluinos (third-generation).   

Electroweak production of charginos and neutralinos 
(squarks, gluinos are too heavy to play a role in SUSY)

The cascade ends with the LSP (neutral and stable): ETmiss
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We require the presence of 2 same-sign leptons with pT > 20 GeV.
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3 [GeV]TH
0 200 400 600 800 1000 1200 1400

 [G
eV

]
T

M
E

50

100

150

200

250

300

350

400

450

500

550
µµ

ee
µe

Signal Region
Control Region

CMS Preliminary  = 8 TeVs at -1L =  9.2 fb

4 6 Efficiencies and associated uncertainties

 (GeV)TH
0 100 200 300 400 500 600 700 800 900 1000

 (G
eV

)
m

is
s

T
 E

0

50

100

150

200

250
-1 = 10.5 fb

int
 = 8 TeV, LsCMS, 

 # jets < 4)≤ee (2 

 # jets < 4)≤ (2 µe

 # jets < 4)≤ (2 µµ

 4)≥ee (# jets 

 4)≥ (# jets µe

 4)≥ (# jets µµ

-1 = 10.5 fb
int

 = 8 TeV, LsCMS, 

 (GeV)TH
100 200 300 400 500 600 700 800

Ev
en

ts
/1

0 
G

eV

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

-1 = 10.5 fbint=8 TeV, LsCMS, 
Observed

Fakes

Charge-flip

Rare MC

Total Uncertainty

 > 0 GeVT
missE

 (GeV)T
missE

0 20 40 60 80 100 120 140 160 180 200

Ev
en

ts
/1

0 
G

eV

0.2

0.4

0.6

0.8

1

-1 = 10.5 fbint=8 TeV, LsCMS, 
Observed

Fakes

Charge-flip

Rare MC

Total Uncertainty

 > 80 GeVTH

Figure 1: Top plot: distribution of Emiss
T versus HT for the 43 events in the most inclusive signal

region (SR0). Note that the � 2 jets requirement in SR0 implies HT > 80 GeV. Bottom-left plot:
projection of the top plot on the HT axis. Bottom-right plot: projection of the top plot on the
Emiss

T axis. For the one-dimensional distributions, the number of events in each bin is scaled
appropriately to reflect units of events per 10 GeV and is compared with the background pre-
dictions, with their uncertainties. The binning of the one-dimensional distributions is chosen
to match the Emiss

T and HT boundaries of the different signal regions.

for the signal efficiency uncertainty. As can be seen from Table 2, the limits are only weakly
dependent on this uncertainty. The uncertainty on the signal efficiency is discussed in Section 6.

6 Efficiencies and associated uncertainties

The dilepton triggers require one lepton to have pT > 17 GeV and the other pT > 8 GeV. The
trigger efficiency, measured using events collected with hadronic triggers, is 96 ± 5% for ee,
93± 5% for eµ, and 88± 4% for µµ. All acceptances, which are calculated from MC simulation,
include a correction factor for the trigger efficiency.

The lepton selection efficiencies, determined using a sample of simulated events from a typical
signal scenario involving multiple top quarks in the final states arising from gluino decay [29,

EWK production (EWKino)

ETmiss > 120 GeV

Search regions: tightening ETmiss or 
upper cut on number of (b) jets.

Strong production (SS+b):

HT (Σ pTjets) > 80 GeV, 2 identified b-jets 

Search regions imposing tighter 
requirements on  ETmiss, HT and number of 
(b) jets.



Background estimation
Charge misID (5-10 % of total bkg): 

Electrons only. Data driven.

Probability measured in Z mass peak 
using SS and OS leptons in data (MC 
validated).

pCM ≃ 0.02% (BB) - 0.2% (EE)

Single and double ‘fakes’ (10-50% of tot. bkg):

Tight-to-loose method. Data driven.

Measure fake/prompt rate in an control 
region.

Estimate the Npf, Nff from Ntt, Ntl, Nll in 
signal region.

50% syst. uncertainty assigned.
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Background estimation

WZ production (10-50% of tot. bkg): 

Madgraph. MC estimated. 

Validate in WZ enriched region.

20% syst. uncertainty to account 
for differences

Rare SM (20-40% of tot. bkg):

Mainly ttV and W±W±.MC estimated

Estimated from MC with 50% syst. 
uncertainty. 
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We prove the validity of these method in the baseline region (bkg dominated). 
Agreement is good so we proceed to the search regions.
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Results: SS+b
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3

• “charge flips”, i.e., events with opposite-sign isolated leptons where one of the lep-
tons is an electron and its charge is misreconstructed due to severe bremsstrahlung
in the tracker material (this effect is negligible for muons). Charge flips are esti-
mated by selecting opposite-sign ee or eµ events passing the full kinematic selection,
weighted by the pT- and h-dependent probability of electron charge misassignment.
This probability is obtained from MC simulation and is validated on a sample of
Z ! ee events.

• rare SM processes that yield same-sign high-pT leptons and b jets, mostly from ttW
and ttZ production. This background contribution is obtained from Monte Carlo
simulation.

More details on the background estimation can be found in Refs. [15, 22]. The systematic un-
certainties are 20% for charge flips, and 50% for both fake and rare SM backgrounds. The next-
to-leading order ttW and ttZ production cross sections used to normalize the MC predictions
are 232 fb [23] and 208 fb [24, 25], respectively.

5 Event yields

The search is based on comparing the event yields and background predictions in nine signal
regions (SRs) with different requirements on Emiss

T , HT, and the number of b-tagged jets. In
order to improve the sensitivity to pp ! tt production, we also define a SR with positive
leptons only. The requirements for the SRs are loosely motivated by possible new physics
scenarios. For example, signal regions with high Emiss

T are most sensitive to R-parity-conserving
SUSY models with relatively light neutralinos; requiring larger HT reduces the SM background
while generally maintaining good efficiency to detect new heavy particles that are produced
via the strong interaction; the signal region with three or more b-tagged jets is sensitive to final
states that include several b quarks.

Table 2: A summary of the results of this search. For each signal region (SR), we show its
distinguishing kinematic requirements, the prediction for the three background (BG) compo-
nents, as well as their total, and the observed number of events. We also show the 95% CL
upper limit on the number of new physics events (NUL) under different assumptions on the
signal efficiency uncertainty. Note that the number of jets on the first line of the table includes
both b-tagged and non b-tagged jets.

SR0 SR1 SR2 SR3 SR4 SR5 SR6 SR7 SR8
No. of jets � 2 � 2 � 2 � 4 � 4 � 4 � 4 � 3 � 4
No. of btags � 2 � 2 � 2 � 2 � 2 � 2 � 2 � 3 � 2
Lepton charges ++ / �� ++ / �� ++ ++ / �� ++ / �� ++ / �� ++ / �� ++ / �� ++ / ��
Emiss

T >0 GeV >30 GeV >30 GeV >120 GeV >50 GeV >50 GeV >120 GeV >50 GeV >0 GeV
HT >80 GeV >80 GeV >80 GeV >200 GeV >200 GeV >320 GeV >320 GeV >200 GeV >320 GeV
Fake BG 25 ± 13 19 ± 10 9.6 ± 5.0 0.99 ± 0.69 4.5 ± 2.9 2.9 ± 1.7 0.7 ± 0.5 0.71 ± 0.47 4.4 ± 2.6
Charge-flip BG 3.4 ± 0.7 2.7 ± 0.5 1.4 ± 0.3 0.04 ± 0.01 0.21 ± 0.05 0.14 ± 0.03 0.04 ± 0.01 0.03 ± 0.01 0.21 ± 0.05
Rare SM BG 11.8 ± 5.9 10.5 ± 5.3 6.7 ± 3.4 1.2 ± 0.7 3.4 ± 1.8 2.7 ± 1.5 1.0 ± 0.6 0.44 ± 0.39 3.5 ± 1.9
Total BG 40 ± 14 32 ± 11 17.7 ± 6.1 2.2 ± 1.0 8.1 ± 3.4 5.7 ± 2.4 1.7 ± 0.7 1.2 ± 0.6 8.1 ± 3.3
Event yield 43 38 14 1 10 7 1 1 9
NUL (13% unc.) 27.2 26.0 9.9 3.6 10.8 8.6 3.6 3.7 9.6
NUL (20% unc.) 28.2 27.2 10.2 3.6 11.2 8.9 3.7 3.8 9.9
NUL (30% unc.) 30.4 29.6 10.7 3.8 12.0 9.6 3.9 4.0 10.5

The definition of the signal regions and the observations of the search are summarized in Ta-
ble 2. The basic kinematic properties of the selected events are shown in Fig. 1. The results are
consistent with the background predictions.

Table 2 also shows the 95% confidence level (CL) observed upper limit (NUL) on the number
of non-SM events, calculated using the CLs method [26–28] under three different assumptions
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Figure 1: Top plot: distribution of Emiss
T versus HT for the 43 events in the most inclusive signal

region (SR0). Note that the � 2 jets requirement in SR0 implies HT > 80 GeV. Bottom-left plot:
projection of the top plot on the HT axis. Bottom-right plot: projection of the top plot on the
Emiss

T axis. For the one-dimensional distributions, the number of events in each bin is scaled
appropriately to reflect units of events per 10 GeV and is compared with the background pre-
dictions, with their uncertainties. The binning of the one-dimensional distributions is chosen
to match the Emiss

T and HT boundaries of the different signal regions.

for the signal efficiency uncertainty. As can be seen from Table 2, the limits are only weakly
dependent on this uncertainty. The uncertainty on the signal efficiency is discussed in Section 6.

6 Efficiencies and associated uncertainties

The dilepton triggers require one lepton to have pT > 17 GeV and the other pT > 8 GeV. The
trigger efficiency, measured using events collected with hadronic triggers, is 96 ± 5% for ee,
93± 5% for eµ, and 88± 4% for µµ. All acceptances, which are calculated from MC simulation,
include a correction factor for the trigger efficiency.

The lepton selection efficiencies, determined using a sample of simulated events from a typical
signal scenario involving multiple top quarks in the final states arising from gluino decay [29,
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T versus HT for the 43 events in the most inclusive signal

region (SR0). Note that the � 2 jets requirement in SR0 implies HT > 80 GeV. Bottom-left plot:
projection of the top plot on the HT axis. Bottom-right plot: projection of the top plot on the
Emiss

T axis. For the one-dimensional distributions, the number of events in each bin is scaled
appropriately to reflect units of events per 10 GeV and is compared with the background pre-
dictions, with their uncertainties. The binning of the one-dimensional distributions is chosen
to match the Emiss

T and HT boundaries of the different signal regions.

for the signal efficiency uncertainty. As can be seen from Table 2, the limits are only weakly
dependent on this uncertainty. The uncertainty on the signal efficiency is discussed in Section 6.

6 Efficiencies and associated uncertainties

The dilepton triggers require one lepton to have pT > 17 GeV and the other pT > 8 GeV. The
trigger efficiency, measured using events collected with hadronic triggers, is 96 ± 5% for ee,
93± 5% for eµ, and 88± 4% for µµ. All acceptances, which are calculated from MC simulation,
include a correction factor for the trigger efficiency.

The lepton selection efficiencies, determined using a sample of simulated events from a typical
signal scenario involving multiple top quarks in the final states arising from gluino decay [29,
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Thank you for your attention!



SS+b baseline
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SS+b Exclusion limits
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SS+b Exclusion limits
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EWKino baseline region
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Exclusion plots
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Exclusion plots

tau-enriched scenario
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