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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): ET
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Baseline region for SS+b

Baseline region:	
  
2 same-sign leptons (e,μ) from same 
vertex.!
No third lepton within Z mass (looser)!
HT > 80 GeV, ETmiss > 30 GeV, Njets ≥ 2 

Nb-jets Emiss
T (GeV) Njets HT 2 [200, 400] (GeV) HT > 400 (GeV)

= 0
50-120

2-3 SR01 SR02
� 4 SR03 SR04

> 120
2-3 SR05 SR06
� 4 SR07 SR08

= 1
50-120

2-3 SR11 SR12
� 4 SR13 SR14

> 120
2-3 SR15 SR16
� 4 SR17 SR18

� 2
50-120

2-3 SR21 SR22
� 4 SR23 SR24

> 120
2-3 SR25 SR26
� 4 SR27 SR28

HT (GeV) Emiss
T (GeV) Njets Nb-jets SR

> 250 (80) > 30 if HT < 500 else > 0 � 2 = 0 BSR0
> 250 (80) > 30 if HT < 500 else > 0 � 2 = 1 BSR1
> 250 (80) > 30 if HT < 500 else > 0 � 2 � 2 BSR2

Njets Nb-jets Emiss
T (GeV) HT (GeV) charge SR

� 2 � 0 > 0 > 500 ++/– – RPV0

� 2 � 2 > 0 > 500 ++/– – RPV2

� 2 = 1 > 30 > 80 ++/– – SStop1

� 2 = 1 > 30 > 80 ++ only SStop1++

� 2 � 2 > 30 > 80 ++/– – SStop2

� 2 � 2 > 30 > 80 ++ only SStop2++

Search regions:	
  
Different cuts on ETmiss, HT, and 
number of (b)jets targeting different 
models



Baseline region for EWKino

�4
Results will be combined with the 3l analysis (a 3rd lepton veto is applied to be fully 
exclusive with their selection).  Only SR1 and SR2 will be used for interpretation.  

Baseline region:	
  
2 same-sign leptons (e,μ) from same 
vertex.!
No third lepton within Z mass (looser) !
ETmiss > 120 GeV"
!

We found 94 events on the baseline 
region.

Search regions:	
  
SR1: 120 < ETmiss < 200 GeV, Njets ≤ 2, 
Nb-jets = 0 !
SR2: ETmiss> 200 GeV!
SR3: ETmiss > 120 GeV, Njets = 0



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.
�5

SS
+b



Background estimation

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


Madgraph. MC estimated. 


Validate in WZ enriched region.


15% 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. 

�6

We prove the validity of these method in the baseline region (bkg dominated).  
Agreement is good so we proceed to the search regions.

EW
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 / 
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Results: SS+b
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Apply our background estimation 
methods to each search region.


No excess over SM predictions.  SR are 
exclusive so we use them together in 
interpretations.


Set exclusion limits on various models.

CMS-PAS-SUS-13-013  
to be submitted



Interpretations: SS+b
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Interpret our results in several different models using different regions. 


Gluino pair production (decaying to stops or decaying to light quarks), 
sbottom production, RPV ... 

Source %

Luminosity 4.4

Modeling of lepton selection (ID and isolation) 10

Jet energy scale 1–10

Jet energy resolution 0–3

b-jet identification 2–10

Trigger scaling 6

ISR modeling 3–15

Pileup modeling 5

Total 14–23

Systematics are assigned and 
calculated on a point-by-point basis: 


A total sys. uncertainty of ~20% is 
considered per point.


CMS-PAS-SUS-13-013  
to be submitted CMS-PAS-SUS-13-013  

to be submitted

Model Model parameter Analysis Signal Regions used

A1 high-pT 21–28

A2 m�0
1
= 50 GeV high-pT 21–28

B1 m�0
1
= 50 GeV high-pT 11–18, 21–28

B1 x = m�0
1
/m�±

1
= 0.5 high-pT 11–18, 21–28

B1 x = m�0
1
/m�±

1
= 0.8 low-pT 11–18, 21–28

B2 m�0
1
= 50 GeV, m�±

1
= 150 GeV high-pT 21–28

B2 m�0
1
= 50 GeV, m�±

1
= 300 GeV high-pT 21–28

C1 x = 0.5 high-pT 01–08

C1 x = 0.8 low-pT 01–08

RPV high-pT RPV2

pp! tt +

¯

t

¯

t high-pT SStop1, SStop2

pp!tt high-pT SStop1++, SStop2++

pp! tt

¯

t

¯

t high-pT 21–28

For each model / configuration we will 
use different signal regions to optimize 
sensitivity. 



Interpretations: SS+b
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Interpret our results in several different models using different regions. 


Three body decay with virtual stops (A1), two-body gluino decay to top-stop 
pair (A2). 

Model A1
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g̃
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t̄

t
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t

CMS-PAS-SUS-13-013  
to be submitted

SR2X

CMS-PAS-SUS-13-013  
to be submitted
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(a) Model A1 (T1tttt)
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(b) Model A2 (T5tttt)
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(c) Model B2 (T7btW): mec± = 150 GeV
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(d) Model B2 (T7btW): mec± = 300 GeV

Figure 35: Excluded points for the various scans: (a) model A1, (b) model A2 with 50 GeV LSP,
(c) model B2 with 50 GeV LSP and 150 GeV chargino, and (d) model B2 with 50 GeV LSP and
300 GeV chargino.

20 3 New physics models

3 New physics models185

The results are used to put constraints on several models representative of a topology with two186

like-sign leptons, missing energy and with or without b-jets. The detailed description of the187

approach used for each model and individual interpretations can be found further in Section 6.188

The search regions with low- and high-pT leptons and with 1 and 2 or more b-tags (SR11–SR28)189

are used to interpret the following models:190

• same-sign top-quark production (use the dedicated SR);191

• egeg production with eg ! ttec0
1 with in intermediate virtual or on-shellet (use high-pT192

leptons and 2 b-tags SR);193

• egeg production with with eg ! eb1b̄ (use high-pT leptons and 2 b-tags SR); and eb1 !194

tec�
1 , where ec�

1 ! W� ec0
1;195

• production of two sbottoms each decaying as eb1 ! tec�
1 , where ec�

1 ! W� ec0
1 and ec0

1196

is the lightest supersymmetric particle (LSP). Depending on the model parameteri-197

sation, use low- or high-pT leptons with 1 and 2 b-tag SR.198

The inclusive search regions with low-pT leptons are introduced to provide a sensitivity to199

scenarios which allow compressed spectra of sparticles. One of the examples is the “T5WW”200

model which assumes squarks and sleptons to be heavy and decoupled. In this case, produced201

gluinos decay to quarks and charginos via heavy virtual squarks (eg ! qq0 ec±
1 ), followed by202

charginos decaying to leptons and LSP via a virtual or an on-shell W (ec±
1 ! `nec0

1).203

3.1 Models of pp ! tt204

In Ref. [5] we used the results of SR2 (defined in terms of the referred analysis) to set limits on205

the cross-section for same-sign top quark production s(pp ! tt) and on the parameter space of206

two models that naturally give rise to this final state [6, 7]. (Note that SR2 requires two positive207

leptons, thus it is sensitive to pp ! tt but not pp ! t̄t; the latter process would be suppressed208

because of the proton parton distribution functions).209

The model of Ref. [6] was proposed to explain the forward-backward tt asymmetry observed210

at the Tevatron [8–10]. Our results from Ref. [5] have excluded this model by a considerable211

margin. Thus, here we simply set a limit on s(pp ! tt).212

3.2 Model with four top quarks and 2 LSPs from gluino pair production and213

decay via real or virtual stop quarks214
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Figure 9: Diagrams for models A1 (left) and A2 (right).

In this Section we consider two SUSY models of gluino pair production (pp ! egeg) with top215
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Interpretations: SS+b
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Interpret our results in several different models using different regions. 


Gluino pair production decaying to sbottoms (B2) or light quarks (C1), direct 
sbottom pair production (B1).  

Model B1
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P2
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Check documentation for more interpretations. 
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CMS-PAS-SUS-13-013  
to be submitted
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Interpretations: SS+b

�11

Interpret our results in several different models using different regions. 


RPV model.

Check documentation for more interpretations. 

56 B More information on signal scans
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Figure 39: Mass reach in the RPV model where the gluino decays to tbs.

Table 21: Predicted and observed yields for the high-pT analysis, UFL.
NBjets MET NJets HT SR Predicted Observed

= 0

50-120
2-4 200-400 1 56.38 ± 17.52 48

> 400 2 9.17 ± 3.5 11

� 4 200-400 3 10.17 ± 3.0 5
> 400 4 6.97 ± 2.29 2

> 120
2-4 200-400 5 22.19 ± 7.63 12

> 400 6 9.29 ± 3.88 11

� 4 200-400 7 2.95 ± 1.07 1
> 400 8 4.02 ± 1.57 3

= 1

50-120
2-4 200-400 11 40.66 ± 12.6 29

> 400 12 3.7 ± 1.23 5

� 4 200-400 13 12.0 ± 3.57 6
> 400 14 6.51 ± 2.08 2

> 120
2-4 200-400 15 11.19 ± 3.31 11

> 400 16 3.9 ± 1.4 2

� 4 200-400 17 2.75 ± 0.95 3
> 400 18 4.65 ± 1.61 7

� 2

50-120
2-4 200-400 21 6.95 ± 2.27 12

> 400 22 0.95 ± 0.54 1

� 4 200-400 23 3.74 ± 1.3 3
> 400 24 2.77 ± 1.18 7

> 120
2-4 200-400 25 2.91 ± 1.1 4

> 400 26 0.82 ± 0.55 1

� 4 200-400 27 1.3 ± 0.61 0
> 400 28 2.1 ± 0.95 2

CMS-PAS-SUS-13-013  
to be submitted



Results: EWK production of        and 
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�̃± �̃0

Apply the same method to our SR. No 
excess over the SM prediction. 


!

Set limits on chargino-neutralino 
production.  SR exclusive. Used 
simultaneously on limit setting.

CMS-PAS-SUS-13-006

120< Emiss
T <200 GeV Emiss

T >200 GeV 120< Emiss
T <200 GeV 120< Emiss

T <200 GeV Emiss
T >200 GeV 120< Emiss

T <200 GeV

N jets  2, Nbjets = 0 N jets = 0 N jets  2, Nbjets = 0 N jets = 0

3

rd
lepton veto 3

rd
lepton veto 3

rd
lepton veto

Fakes 15.1 ± 7.7 3.4 ± 1.9 4.1 ± 2.2 12.3 ± 6.3 3.1 ± 1.7 3.2 ± 1.7

Charge MisID 0.36 ± 0.02 0.09 ± 0.01 0.08 ± 0.01 0.34 ± 0.02 0.09 ± 0.01 0.07 ± 0.01

Rare SM 15.0 ± 7.8 10.5 ± 5.7 2.4 ± 2.4 11.9 ± 6.3 8.6 ± 4.8 1.4 ± 2.1

WZ 19.4 ± 2.9 5.3 ± 0.8 5.0 ± 0.8 14.3 ± 2.2 3.9 ± 0.6 3.3 ± 0.5

Total Bkg 49.9 ± 11.4 19.4 ± 6.0 11.5 ± 3.3 38.8 ± 9.2 15.6 ± 5.1 7.9 ± 2.8

Data 36 22 8 28 18 4

Apply our background estimation method 
to our baseline selection.  Find good 
agreement between data / prediction.

currently not used for interpretations



Interpretation: EWK production of        and 
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�̃± �̃0

Combine results with 3l results to set 
limits.  SS lead the exclusion near the 
diagonal. 

CMS-PAS-SUS-13-006
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1 Internal Notes for Review1

• Sunil 7 July 2013: All ARC comments so far have been incorporated except for im-2

proving the y-axis label for SS Fig. 9 (right) ratio plot (to be done).3

2 Introduction4

Many searches for supersymmetry (SUSY) [1–7] carried out at the CERN Large Hadron Collider5

(LHC) have focused on models with cross sections dominated by the production of strongly in-6

teracting new particles. The corresponding final states exhibit a high level of hadronic activity.7

In contrast, in this note, we describe searches motivated by the direct electroweak production8

of SUSY particles. The corresponding final states do not necessarily contain much hadronic9

activity and thus may have eluded detection. This signature characterizes the pair production10

of charginos ec± and neutralinos ec0, mixtures of the SUSY partners of the gauge and Higgs11

bosons, and of sleptons è, the SUSY partners of leptons. Depending on the mass spectrum,12

the charginos and neutralinos can have significant decay branching fractions to leptons or on-13

shell vector bosons, yielding multilepton final states. Similarly, slepton pair production gives14

rise to final states with leptons. In all these cases, two stable, lightest-SUSY-particle (LSP) dark15

matter candidates are produced, which are presumed to escape without detection, leading to16

significant missing transverse energy Emiss
T . Neutrinos present in the final state yield additional17

Emiss
T .18

The studies presented in this note are based on a sample of proton-proton (pp) collision data19

collected at
p

s = 8 TeV with the CMS detector at the LHC in 2012, corresponding to an inte-20

grated luminosity of 19.5 fb�1. The study is an update of Refs. [8, 9], with improvements to the21

analysis techniques. Additional details can be found in Ref. [10]. The new physics scenarios we22

consider are shown in Figs. 1, 2 and 3. These figures are labeled using SUSY nomenclature, but23

the interpretation of our results can be extended to other new physics models. In SUSY nomen-24

clature, ec0
1 is the lightest neutralino, presumed to be the LSP, ec0

2 is a heavier neutralino, ec±
1 is25

the lightest chargino, and ˜̀ is a slepton. In Fig. 1, the slepton mass m ˜̀ is less than the masses26

mec0
2

and mec±
1

, while in Fig. 2 it is greater. Also, for Fig. 2, the mass difference between the LSP27

and next-lightest chargino or neutralino is large enough to allow the production of on-shell W28

and Z bosons. Figure 3 presents diagrams for chargino and slepton pair production.

p1

p2

�̃±
1

�̃0
2

⌫̃

˜̀

`

⌫

�̃0
1

�̃0
1

`

`

(a)

p1

p2

�̃±
1

�̃0
2

˜̀

˜̀

⌫

`

�̃0
1

�̃0
1

`

`

(b)

Figure 1: Chargino-neutralino pair production leading to a three-lepton final state with missing
transverse energy Emiss

T . The dotted and dashed lines indicate unstable particles and the LSP,
respectively.

29

The results are interpreted considering each diagram in Figs. 1-3 individually. The masses of
the new physics particles are treated as independent parameters. SUSY models with bino-like



Conclusions
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We have searched for new physics in events with two same-sign leptons in 
the final state using the full 2012 dataset.


Different SR to target different scenarios and models. 


Having found no excess over the SM predictions, we interpret our results in 
various models. 


No hints of new physics yet! 


Let’s keep our eyes in 2015. 
Very exciting new physics may 
show up at the higher energy 
run. 

Thank you for your 
attention!Mass scales [GeV]

0 200 400 600 800 1000 1200 1400
0
χ∼ l → l

~

 0
χ∼ 0

χ∼ν τττ → ±χ∼ 
2

0
χ∼

 0
χ∼ 0

χ∼ν τ ll→ ±χ∼ 
2

0
χ∼

0
χ∼ 0

χ∼ H W → 
2

0
χ∼ ±χ∼

0
χ∼ 0

χ∼ W Z → 
2

0
χ∼ ±χ∼

0
χ∼

0
χ∼νν

-l+ l→ -χ∼+
χ∼

 0
χ∼ 0

χ∼ν lll → ±χ∼ 
2

0
χ∼

0
χ∼ bZ → b

~
0
χ∼ tW → b

~
0
χ∼ b → b

~

 H G)→ 0
χ∼(0

χ∼ t b → t~
)0

χ∼ W → ±χ∼ b (→ t~
)0

χ∼ W→ +
χ∼ b(→ t~

0
χ∼ t → t~

0
χ∼ t → t~

0
χ∼ q → q~

0
χ∼ q → q~

))0
χ∼ W→ ±χ∼ t(→ b

~
 b(→ g~

)0
χ∼γ →

2

0
χ∼ qq(→ g~

)0
χ∼ W→

±
χ∼|0

χ∼γ→
2

0
χ∼ qq(→ g~

)0
χ∼ W→±χ∼ qq(→ g~

)0
χ∼ Z →

2

0
χ∼ qq (→ g~

)0
χ∼ ν± l→ ±χ∼ qq(→ g~

)0
χ∼ t→ t~ t(→ g~

)0
χ∼ |0

χ∼ W→±χ∼ qq(→ g~
)0

χ∼ |0
χ∼ τ τ →

2

0
χ∼ qq(→ g~

)0
χ∼

-l+ l→
2

0
χ∼ qq (→ g~

0
χ∼ tt → g~

0
χ∼ bb → g~

0
χ∼ qq → g~

0
χ∼ qq → g~

 

SUS-13-006 L=19.5 /fb

SUS-13-008 SUS-13-013 L=19.5 /fb

SUS-13-011 L=19.5 /fb x = 0.25
x = 0.50

x = 0.75

SUS-13-008 L=19.5 /fb

SUS-12-001 L=4.93 /fb

SUS-11-010 L=4.98 /fb

SUS-13-006 L=19.5 /fb x = 0.05
x = 0.50

x = 0.95

SUS-13-006 L=19.5 /fb

SUS-13-012 SUS-12-028 L=19.5 11.7 /fb

SUS-12-005 SUS-11-024 L=4.7 /fb

SUS-12-028 L=11.7 /fb

SUS-13-008 SUS-13-013 L=19.5 /fb

SUS-13-014 L=19.5 /fb

SUS-13-004 SUS-13-007 SUS-13-008 SUS-13-013 L=19.4 19.5 /fb

SUS-13-013 L=19.5 /fb x = 0.20
x = 0.50

SUS-13-004 SUS-12-024 SUS-12-028 L=19.3 19.4 /fb

SUS-12-001 L=4.93 /fb

SUS-13-012 SUS-12-028 L=19.5 11.7 /fb

SUS-12-010 L=4.98 /fb x = 0.25x = 0.50
x = 0.75

SUS-12-005 SUS-11-024 L=4.7 /fb

SUS-13-008 SUS-13-013 L=19.5 /fb

SUS-13-017 L=19.5 /fb

SUS-12-004 L=4.98 /fb

SUS-13-006 L=19.5 /fb

SUS-11-011 L=4.98 /fb

SUS-13-011 SUS-13-004 L=19.5 19.3 /fb left-handed top
unpolarized top

right-handed top

SUS-11-024 SUS-12-005 L=4.7 /fb

SUS-11-021 SUS-12-002 L=4.98 4.73 /fb x = 0.25
x = 0.50

x = 0.75

SUS-13-006 L=19.5 /fb x = 0.05
x = 0.50

x = 0.95

SUS-13-006 L=19.5 /fb

SUS-11-030 L=4.98 /fb
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Summary of CMS SUSY Results* in SMS framework

CMS Preliminary

m(mother)-m(LSP)=200 GeV m(LSP)=0 GeV
SUSY 2013

 = 7 TeVs

 = 8 TeVs

lspm⋅-(1-x)motherm⋅ = xintermediatem
For decays with intermediate mass,

Only a selection of available mass limits
*Observed limits, theory uncertainties not included

Probe *up to* the quoted mass limit



Thank you!



Prediction / observed in SR
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SR yields and predictions
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SR
low-pT high-pT

Expected Observed Expected Observed
1 44 ± 16 50 51 ± 18 48
2 12 ± 4 17 9.0 ± 3.5 11
3 12 ± 5 13 8.0 ± 3.1 5
4 9.1 ± 3.4 4 5.6 ± 2.1 2
5 21 ± 8 22 20 ± 7 12
6 13 ± 5 18 9 ± 4 11
7 3.5 ± 1.4 2 2.4 ± 1.0 1
8 5.8 ± 2.1 4 3.6 ± 1.5 3

11 32 ± 13 40 36 ± 14 29
12 6.0 ± 2.2 5 3.8 ± 1.4 5
13 17 ± 7 15 10 ± 4 6
14 10 ± 4 6 5.9 ± 2.2 2
15 13 ± 5 9 11 ± 4 11
16 5.5 ± 2.0 5 3.9 ± 1.5 2
17 4.2 ± 1.6 3 2.8 ± 1.1 3
18 6.8 ± 2.5 11 4.0 ± 1.5 7

21 7.6 ± 2.8 10 7.1 ± 2.5 12
22 1.5 ± 0.7 1 1.0 ± 0.5 1
23 7.1 ± 2.7 6 3.8 ± 1.4 3
24 4.4 ± 1.7 11 2.8 ± 1.2 7
25 2.8 ± 1.1 1 2.9 ± 1.1 4
26 1.3 ± 0.6 2 0.8 ± 0.5 1
27 1.8 ± 0.8 0 1.2 ± 0.6 0
28 3.4 ± 1.3 3 2.2 ± 1.0 2

SR Expected Observed
RPV0 38 ± 14 35
RPV2 5.3 ± 2.1 5
SStop1 160 ± 59 152
SStop1++ 90 ± 32 92
SStop2 40 ± 13 52
SStop2++ 22 ± 8 25



Signal systematics
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Source %

Luminosity 4.4

Modeling of lepton selection (ID and isolation) 10

Jet energy scale 1–10

Jet energy resolution 0–3

b-jet identification 2–10

Trigger scaling 6

ISR modeling 3–15

Pileup modeling 5

Total 14–23



Models used for interpretation
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SR used for which model.
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Model Model parameter Analysis Signal Regions used

A1 high-pT 21–28

A2 m�0
1
= 50 GeV high-pT 21–28

B1 m�0
1
= 50 GeV high-pT 11–18, 21–28

B1 x = m�0
1
/m�±

1
= 0.5 high-pT 11–18, 21–28

B1 x = m�0
1
/m�±

1
= 0.8 low-pT 11–18, 21–28

B2 m�0
1
= 50 GeV, m�±

1
= 150 GeV high-pT 21–28

B2 m�0
1
= 50 GeV, m�±

1
= 300 GeV high-pT 21–28

C1 x = 0.5 high-pT 01–08

C1 x = 0.8 low-pT 01–08

RPV high-pT RPV2

pp! tt +

¯

t

¯

t high-pT SStop1, SStop2

pp!tt high-pT SStop1++, SStop2++

pp! tt

¯

t

¯

t high-pT 21–28



Interpretation: model A1 and A2
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Gluino pair production. A1 gluino undergoes a three-body decay with the 
stop off-shell.  A2, gluino decays to top and stop.



Interpretation: model B1
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Sbottom pair production. sbottom decays to top, chargino. Fixed LSP 
mass (left), and LSP mass is half the chargino mass.



Interpretation: model B2
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Gluino pair production. Gluino decays to sbottom, bottom. These 
production mode would be dominated is sbottom is the lightest squark.



Interpretation: model C1
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gluino pair production, decaying to light quarks and a chargino via heavy 
squarks.



Interpretation EWKino
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