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Motivation. Signatures

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

Two possible scenarios. SUSY processes are 
dominated by: 

Strong interaction of squarks and gluinos.    

Electroweak production of charginos and neutralinos 
(squarks, gluinos are too heavy to play a role at LHC)
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Motivation.  Run I results

Searches for new physics at 8 TeV have probed extensively many new 
physics models 

Results in agreement with SM expectations .  

Same sign dilepton searches have probed gluino masses up to 1050 
GeV. 

This is not the end of the story. 

The increase in energy and luminosity for 13 TeV require a complete re-
design of the same-sign  analysis towards Run II to enhance sensitivity 
and reach. 

Lepton identiÞcation and isolation 

Fake lepton background : trigger strategy, ewk-subtraction, cone-pt 
correction 

Search strategy 

Background determination: WZ normalisation from data.  

Run II started with a short commissioning run  with 50ns bunch 
spacing. 40 /pb.  

Used for validation of background estimation methods and kinematic 
distributions. 

Adapted trigger prescales and threshold to new conditions. 

Analysis has been commissioned and ready for 2015 data-taking.
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Lepton identiÞcation and isolation

New identiÞcation working points 

Multi-isolation : 

Minisolation : relative isolation with a smaller variable cone size optimised for very busy 
environments. 

jet-pt ratio : ratio of the pT of the lepton and the jet. Acts as a relative isolation in large 
cone. Optimised for low-pt leptons. 

jet ptRel : pT of the lepton relative to the residual momentum of the jet 
after the lepton momentum subtraction. Leptons with accidental overlap.
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Figure 9.4: Isolation variables for leptons to be used in the analysis:I mini (left), pT
rel

(middle) and pT
ratio (right). The t øt process corresponds to leptons originating from W

decays. The fake process corresponds to leptons found in tøt events, not produced by
W bosons. Other distributions are for signal-like leptons

pT
rel =

(!p(jet) ! !p(")) á!p(")
||!p(jet) ! !p(")||

. (9.4)

This variable allows to recover leptons from accidental overlaps with jets.

The distributions of those three variables, for leptons produced by electroweak boson

decays and jets misidentiÞed as leptons in tøt events, are illustrated on Fig. 9.4.

Multi-isolation Using those three variables, a lepton is considered isolated if the

following condition is respected:

I mini < I 1 " (pT
ratio > I 2 # pT

rel > I 3) (9.5)

The I i , i = 1 , 2, 3 values depends of the ßavour of the lepton: as the probability to

misidentify a jet is higher for the electrons, tighter isolation values are used. The loose

lepton isolation is signiÞcantly relaxed, as well as an extra deÞnition (fakable) used for

the fake lepton background estimation. The di! erent values are summarised in the Table

9.8. The logic beyond that isolation is a relaxing of the local isolation, compensated by

the requirement that the lepton carries the major part of the energy of the corresponding

jet, or if not, if the lepton is considered as accidentally overlapping with a jet. The

performance of the di! erent working points of the multi-isolation variable for signal-like

leptons is shown in Figure9.5.

9.2.3 Commissioning with 50ns data

To validate the properties of the prompt-lepton isolation and identiÞcation variables,

two control regions in data with high purity of Z $ µ! µ+ and Z$ e! e+ are used. Figures
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To validate the properties of the prompt-lepton isolation and identiÞcation variables,
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Figure 9.5: Prompt lepton selection e! ciency versus misidentiÞed lepton e! ciency
for electrons (left) and muons (right) with p T > 25 GeV (top) and 10 < p T < 25 GeV
(bottom) in T1tttt (1.2/0.8) events. The tight working point corresponds to the orange
full circle, and the loose working point to the green full circle. The standard isolation

is indicated by the black point and the pure mini isolation by the violet line.
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Figure 9.6: Data to simulation comparisons for lepton identiÞcation performance
studies. From left to right the probe lepton I mini for Z! µ! µ+ (9.6a), Z! e! e+ (9.6b)

and tøt ( 9.6c) control region
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Figure 9.7: Data to simulation comparisons for lepton identiÞcation performance
studies. From left to right the probe lepton pT

ratio , pT
rel and I mini . Z+ ! control region

(Fig. 9.7a) is displayed on top and W+! (Fig. 9.7b) on the bottom row.

and LL are more sensitive to signal producing low energetic leptons. This division is

not only lead by potential signal, but also by the di! erent background composition on

these regions. High lepton pT threshold suppresses the contribution fron non-prompt

leptons and therefore HH region is mainly populated by irreducible SM background

(see Figure 9.9a). The non-prompt lepton background is largely collected in the HL

region (see Figure9.9b). Additional handles to control the reducible background are

applied like M T , or more strict ID requirements. The LL region beneÞts from both

main contributions being suppressed and therefore could proÞt from the reduced further

kinematical binning in it.

Independently of the choice of lepton selection, three Òbaseline regionsÓ are deÞned to

reject a signiÞcant fraction of the background while allowing backgrounds to be measured

or controlled. Baseline regions split events into categories as a function of the number of

b jets reconstructed in the event. On top of the baseline selection, the Òsignal selectionÓ

is applied to categorize the events by topology. Categories are deÞned to discriminate

the background from the di! erent signal signatures.
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Figure 9.5: Prompt lepton selection e! ciency versus misidentiÞed lepton e! ciency
for electrons (left) and muons (right) with p T > 25 GeV (top) and 10 < p T < 25 GeV
(bottom) in T1tttt (1.2/0.8) events. The tight working point corresponds to the orange
full circle, and the loose working point to the green full circle. The standard isolation

is indicated by the black point and the pure mini isolation by the violet line.
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Figure 9.6: Data to simulation comparisons for lepton identiÞcation performance
studies. From left to right the probe lepton I mini for Z! µ! µ+ (9.6a), Z! e! e+ (9.6b)

and tøt ( 9.6c) control region
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Trigger strategy

A combination of pure dilepton triggers and dilepton+H T triggers  is used to select signal 
events. 

Ofßine HT efÞciencies are measured with the Þrst CMS data in events with leptons of pT > 40 GeV. 
The HT plateau is reached by 300 GeV for all three triggers, and efÞciency on the HT plateau is 
effectively 100%. 

Auxiliary triggers :  a new strategy has been designed for Run II, to better populate the QCD 
control regions for fake-ratio measurement.
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prompt leptons non-prompt leptons

5

 [GeV]TOffline H
400 600 800 1000 1200

Ef
fic

ie
nc

y 
 [E

le
15

_H
T6

00
]

0

0.2

0.4

0.6

0.8

1

1.2

1.4

Ev
en

ts
/(2

5 
G

eV
)

0

200

400

600

800

1000
Ele15_HT350_MET70Denom: 

 %-0.3
+0.1 > 820 GeV) = 99.8T(H!

98% of plateau at 763 GeV

Preliminary CMS  (13 TeV)-142 pb

 [GeV]TOffline H
200 300 400 500 600 700 800

E
ffi

ci
en

cy
  [

M
u1

5_
H

T
35

0_
M

E
T

70
]

0

0.2

0.4

0.6

0.8

1

1.2

1.4

E
ve

nt
s/

(2
5 

G
eV

)

0

50

100

150

200

250

300
 1! µMET120_Mu5, nDenom: 

 %
-1.6

+1.1 > 500 GeV) = 96.5
T

(H"
98% of plateau at 468 GeV

Preliminary CMS  (13 TeV)-142 pb

 [GeV]miss
TOffline E

0 100 200 300 400

E
ffi

ci
en

cy
  [

E
le

15
_H

T
35

0_
M

E
T

70
]

0

0.2

0.4

0.6

0.8

1

1.2

1.4

E
ve

nt
s/

(2
0 

G
eV

)

0

200

400

600

800

1000

1200
 4! 

j
Ele15_(HT400_Btag || HT600), nDenom: 

 %
-4.1

+1.5 > 240 GeV) = 98.2miss

T
(E"

98% of plateau at 197 GeV

Preliminary CMS  (13 TeV)-142 pb

Figure 3: Left: EfÞciency of the lepton plus HT > 600 GeV trigger measured as a function of
the HT calculated ofßine using jets with pT > 40 GeV and |! | < 3, as done in the High Level
Trigger. Middle: EfÞciency of the HT leg of the lepton plus HT350 MET70 trigger measured
as a function of the HT calculated ofßine using jets with pT > 40 GeV and |! | < 3, as done
in the High Level Trigger. Right: EfÞciency of the Emiss

T leg of the lepton plus HT350 MET70
trigger measured as a function of the ofßine Emiss

T . The shaded histogram corresponds to the
numerator in the efÞciency calculation, and the dashed line to the denominator.
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Figure 4: The HT efÞciencies of the dilepton with HT triggers with lepton pT > 40 GeV: (left)
di-electron, (center) di-muon and (right) muon-electron. The shaded histogram corresponds
to the numerator in the efÞciency calculation, and the empty histogram represents the corre-
sponding denominator. Evaluated turn-on values are smaller than the threshold used in the
trigger description due to the difference in the online and ofßine HT calculations. The online
HT includes leptons, while ofßine HT does not.

For the dilepton searches, we use a combination of pure dilepton triggers and dilepton+ HT

triggers. The measured trigger efÞciency as a function of HT is shown in Figure 4. This efÞ-
ciency is measured in events with leptons of pT > 40 GeV, which separates the effect of leptons
contributing to the online HT calculation in the HLT. The HT plateau is reached by 300 GeV for
all three triggers, and efÞciency on the HT plateau is effectively 100%.

The rates for these triggers are measured to be consistent with simulated predictions.

Triggers using analysis speciÞc kinematic requirements are described in the relevant sections
below.



Event selection and observables

Events with two same-sign leptons  are selected. 

Leptons are required to have pT > 20 GeV. 

Leptons must satisfy very stringent identiÞcation  and isolation  requirements to 
reduce events with one fake lepton.  

Vetos: The lepton pair must have mll > 8 GeV (low mass resonances) and there 
must be no other lepton in the event making an OSSF pair with the signal lepton 
with mll close to mZ. 

Observables: 

Number of jets (pT > 40 GeV) 

Number of b-jets (Medium - tagging eff 70%, 10%, 0.1% for b,c. light jets) 

HT 

ET
miss

6

Chapter 5. Same sign dileptons at
!

s = 8 TeV 46

Table 5.3: Loose Electron selection

pT > 20 GeV
|! | < 2.4, /" [1.444, 1.566]

|d0| < 0.01 cm (measured w.r.t. Þrst DA vertex)
|dz| < 0.20 cm (measured w.r.t. Þrst DA vertex)

" i! i! < 0.011 (barrel), < 0.031 (endcap)
|! #In| < 0.15 (barrel), < 0.10 (endcap)
|! ! In| < 0.01 (barrel), < 0.01 (endcap)

H/E < 0.10 (barrel), < 0.075 (endcap)

Charges of CTF, GSF and SuperCluster agree
RelPFIso < 1.0

(L2L3), as well as for contributions from pile-up events. (L1FastJet ). In addition, L2L3

residual corrections are applied on data.

The hadronic activity in the event is then characterised as the scalar sum of all selected

jet transverse momenta:

HT =
!

i

pT (Jeti)

The full Jet selection is detailed on Table5.4.

Table 5.4: Jet selection

ak5PFJets
pT > 40 GeV
|! | < 2.4
L1FastJet corrected
L2L3 corrected
L2L3 residual corrections in data
No selected lepton within cone of! R < 0.4
Jets should pass the loose PF jet ID

Eventually we will require such jets to be identiÞed as b-jets. For that we use the

recommended combined-secondary-vertex (CSV) tagging algorithm with the medium

working point for the discriminator of 0.679, which corresponding to an identiÞcation

e" ciency for b jets of about 70% and a misidentiÞcation probability of about 10% for

charm jets and 0.1% for light-ßavour jets (u,d,s and gluons).

For the Emiss
T Particle-Flow with L1 corrections will be used. These corrections for the

Emiss
T are applied to all jets with pT > 10 GeV.



Search strategy and event variables

Design the search to be as wide and model-independent  as 
possible. 

Three exclusive lepton categories  help background 
categorisation: HL is enriched in ttbar while HH enriched in ttV 

Further categorisation  is done using: 

Njets , Nbjets , HT, ET
miss

 and M T
min

 

These signal regions are 
being reconsidered for 
this iteration given the 
total recorded luminosity 
in 2015.

7
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Figure 9.8: Search regions design for low- and high-pt analyses which are used at9.8a
8 TeV and 9.8a 13 TeV analysis.
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Figure 9.9: The distribution of the SM t øt and tøt W processes in leading-trailing lepton
pT plane. Numbers indicate fraction of acceptance for each process in the LL, HL, HH

regions.

9.3.1 Baseline selection

The baseline region is deÞned to reject a signiÞcant fraction of the reducible background,

while allowing to extract a data-driven estimation of the SM background.

Events are selected if a pair of same-sign leptons with pT thresholds deÞned following the

lepton selection considered is present. Events showing a pair of leptons with an invariant

mass smaller than 8 GeV are rejected. Drell-Yan production is controlled by rejecting

events in case a loosely identiÞed muon (electron) with pT > 5(7) GeV is present. Also if
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Table 9.10: Signal region deÞnitions for the HH lepton selection.

Nb jets M min
T E/ T Njets HT < 300 300< H T < 1600 HT > 1600

0 b jets

M min
T < 120

50 < E/ T < 200
2-4 jets SR1 SR2

SR32

5+ jets

SR3

SR4

200< E/ T < 500
2-4 jets SR5
5+ jets SR6

M min
T > 120

50 < E/ T < 200
2-4 jets SR7
5+ jets

SR8
200< E/ T < 500

2-4 jets
5+ jets

1 b jets

M min
T < 120

50 < E/ T < 200
2-4 jets SR9 SR10
5+ jets

SR11

SR12

200< E/ T < 500
2-4 jets SR13
5+ jets SR14

M min
T > 120

50 < E/ T < 200
2-4 jets SR15
5+ jets

SR16
200< E/ T < 500

2-4 jets
5+ jets

2 b jets

M min
T < 120

50 < E/ T < 200
2-4 jets SR17 SR18
5+ jets

SR19

SR20

200< E/ T < 500
2-4 jets SR21
5+ jets SR22

M min
T > 120

50 < E/ T < 200
2-4 jets SR23
5+ jets

SR24
200< E/ T < 500

2-4 jets
5+ jets

3+ b jets
M min

T < 120
50 < E/ T < 200 2+ jets SR25 SR26
200< E/ T < 500 2+ jets SR27 SR28

M min
T > 120

50 < E/ T < 200 2+ jets
SR29 SR30

200< E/ T < 500 2+ jets
inclusive inclusive E/ T > 500 2+ jets Ð SR31

Table 9.11: Signal region deÞnitions for the HL lepton selection.

Nb jets M min
T E/ T Njets HT < 300 300< H T < 1600 HT > 1600

0 b jets M min
T < 120

50 < E/ T < 200
2-4 jets SR1 SR2

SR26

5+ jets
SR3

SR4

200< E/ T < 500
2-4 jets SR5
5+ jets SR6

1 b jets M min
T < 120

50 < E/ T < 200
2-4 jets SR7 SR8
5+ jets

SR9
SR10

200< E/ T < 500
2-4 jets SR11
5+ jets SR12

2 b jets M min
T < 120

50 < E/ T < 200
2-4 jets SR13 SR14
5+ jets

SR15
SR16

200< E/ T < 500
2-4 jets SR17
5+ jets SR18

3+ b jets M min
T < 120

50 < E/ T < 200 2+ jets SR19 SR20
200< E/ T < 500 2+ jets SR21 SR22

inclusive M min
T > 120 50 < E/ T < 500 2+ jets SR23 SR24

inclusive inclusive E/ T > 500 2+ jets Ð SR25

Chapter 9. Run II preparation and commissioning 139

Uncalibrated Di-electron Mass [GeV]
70 80 90 100 110 120 130 140

E
nt

rie
s 

/ 2
 G

eV
  

1−10

1

10

210

310

410
Z+jets OS

Z+jets SS

data OS

data SS

 (13 TeV)-142 pbCMS Preliminary

 [GeV]llM
70 75 80 85 90 95 100 105 110 115

E
nt

rie
s 

/ 5
 G

eV
  

0

2

4

6

8

10

12

14

16

18

20 Predicted Same-Sign Events
Observed Same-Sign Events

 (13 TeV)-142 pbCMS Preliminary

Figure 9.12: Left: Opposite-sign and same-sign di-electron events that are used to
extract the charge mis-identiÞcation probability. Right: Closure test on the charge
misidentiÞcation probability. The measured charge misidentiÞcation probability is ap-
plied to a opposite-sign events in aZ +jets sample and comparing them to the observed

same-sign events in the same sample without truth-matching
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Figure 9.13: Data to simulation comparison in the tøt control region. From left to
right: the p T of the trailing lepton and the transverse mass of theW ! !" .

pT > 25 GeV satisfying the medium working point of the CSV b-tagging discriminator,

a sample dominated by dileptonic tøt will be selected, this sample will be kinematically

very similar to the baseline regions and allows to check MC modelling of some signiÞcant

kinematic distributions. A data/MC comparison is performed in such region, as shown

in Figure 9.13.



Background processes

Non-prompt lepton backgrounds "
tt !  l± + jets, W !  l± + jets, QCD + jets!
Leptons from heavy-ßavour decays, photon 
conversions or misidentiÞed jets."
Data driven. Tight to loose method  !

Charge mis-identiÞcation!
Z + jets !  l±l"  + jets, tt !  l±l"  + jets.!
Data driven"

Prompt same-sign dileptons :"
WZ, ZZ, W±W±, ttW, ttZ, ttH, VVV.!
Estimated from MC

8
prompt lepton : high-pT isolated leptons. i.e. coming from W,Z decays. 
fake lepton : leptons from heavy-ßavour decay and misidentiÞed light ßavour jets

"
20% - 50% contribution"
"
"
"
"
< 10% contribution, "
Only a#ects electrons. "

"
20% - 5 0% contribution



Tight-to-loose method for fake estimation

Loose/tight extrapolation  in isolation and identiÞcation variables to account for all 
the fake lepton sources.  

There must be some relationship with prompt/fake to make such extrapolation: 

Making use of the probability for either category of leptons to pass/fail the tight cuts 
after passing loose ones:  

fake and prompt ratios:   number of (fake / prompt) leptons passing tight id/iso 
criteria. 

9

what you have

what you get

tight - tight tight - loose loose - loose

prompt - prompt prompt - fake fake - fake



Fake ratio measurement

Fake ratio :  Measured in an enriched QCD  di-jet environment 

Events are selected if they have exactly one lepton and one away jet. an upper cut on MET 
and MT to reduce EWK contamination.  pT cut on the jet modiÞes the isolation distribution.  

Parametrised as a function of p T and " 

Prompt ratio :  Measured in enriched Z !  ll  sample.   

Events are selected if they have exactly one OSSF leptons with |mll - mZ| < 15 GeV. Two extra 
jets are required to mimic ttbar events. An upper cut on MET is also applied. 

Parametrised as a function of p T, "  and number of vertices

10
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GeV, two of the paths also require the presence of an extra jet with pT > 30 GeV. The

list of used paths during 8 TeV data-taking is summarised in Table5.12. All these paths

are heavily pre-scaled (i.e. only accepts one out of N selected events).

Table 5.12: HLT paths used to select the QCD-enriched measurement region.

Muon Electron
HLT_Mu8_v* HLT_Ele8_CaloIdT_CaloIsoVL_TrkIdVL_TrkIsoVL_v*
HLT_Mu17_v* HLT_Ele17_CaloIdT_CaloIsoVL_TrkIdVL_TrkIsoVL_v*

- HLT_Ele8_CaloIdT_CaloIsoVL_TrkIdVL_TrkIsoVL_Jet30_v*
- HLT_Ele17_CaloIdT_CaloIsoVL_TrkIdVL_TrkIsoVL_Jet30_v*

The fake ratios for muons as functions of pT and |! | are shown in Fig. 5.5, compared to

values obtained from a cocktail of Standard Model MC events. The upward slope present

in the fake ratio as a function of the lepton pT is attributed to prompt lepton contami-

nation from leptons stemming from W + jets events passing the inverted Emiss
T and mT

cuts. As there is no further electroweak suppression, the pT spectrum is cut o! at 40

GeV, i.e. every lepton which has a pT higher than 40 GeV will be weighted by the ratio

from the bin up to 40 GeV.

An electroweak subtraction method has been developed based on the normalisation of

the mT shape after inverting the mT cut. This method is not applied to the search

presented here but will be used for future iterations of this analysis.
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Figure 5.5: Fake ratios for muons as a function of pT (left) and |! | (right). The
red markers depict the values obtained from a cocktail of Standard-Model Monte-Carlo

samples including QCD, top and electro-weak processes.

Despite the dependence on lepton kinematics, no other signiÞcant dependence has been

noticed. Observables monitored are: the hadronic activity, the missing transverse energy,

the number of vertices in the event to check the dependency with pile-up and the pT of

the jet (see Figure5.7 for muons and Figure5.8 for electrons). As in previous plots, the

muons muons
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Figure 5.8: Fake ratios for electrons as a function of the number of vertices (top left),
away jet pT (top right), E miss

T (bottom left) and H T (bottom right). The red markers
depict the values obtained from a cocktail of Standard-Model Monte-Carlo samples

including QCD, top and electro-weak processes.
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Figure 5.9: Prompt ratios for muons (left) and electrons (right) as functions of their
pT . The red markers depict the values obtained from a cocktail of Standard-Model

Monte-Carlo samples including QCD, top and electro-weak processes.

electrons

A closure test is then performed in MC, achieving a 50% level of agreement at 8 TeV.



New ideas on the fake lepton background

Try to reduce the non-universality  of the method arising both from ßavour 
composition and modelling of mother parton pT.  

Fake rate is now parametrised  as a function of the cone-corrected p T. 

Subtract EWK  contamination. 

New trigger strategy also developed. 

11

G. Cerati (UCSD) RA5 meeting - 2015/07/29

Fake Rates - 1D projections

¥ Systematic uncertainty band for EWK correction added

¥ Nice agreement for muons
¥ Data slightly lower than MC for electrons

8 G. Cerati (UCSD) RA5 meeting - 2015/07/29

Fake Rates - 1D projections

¥ Systematic uncertainty band for EWK correction added

¥ Nice agreement for muons
¥ Data slightly lower than MC for electrons

8
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MET and MT to suppress the contribution from W and Z. Main systematic e ! ect is the

non-universality of the Òtight-to-looseÓ ratio, particularly due to the dependency from

the mother parton pT and the ßavor composition of the sample. In the 8 TeV analysis

the corresponding uncertainty was estimated to be 50%.

The new ideas developed in the context of the SUSY Fake Lepton working group [112],

have been deployed in the present analysis. The main goal of these developments is

to reduce the dependency from the e! ects described above. The mother parton pT

dependence is accounted for by parametrizing the fake rate vs the lepton pT corrected

by the energy in the isolation cone according to the formula:

if p rel
T > I 3 : pT ! pT á(1 + max(0, I m " I 1))

else : pT ! max(pT , pT (jet ) áI 2) (9.6)

where variables are deÞned as in Section9.2.1. This deÞnition leaves unchanged the pT

of leptons passing the isolation cut and modiÞes the pT of those failing the cut so that

it is better proxy of mother parton p T and results in a ßatter fake rate as a function

of the mother parton pT . The cone correction signiÞcantly improves the closure of the

method (Fig. 9.10).

Figure 9.10: Muon fake rate closure for QCD measurement with 10/fb as a function
of HT with and without cone correction.

The ßavour dependence for electrons is reduced by extrapolating both on isolation and

on the MVA ID, variables mostly sensitive to heavy and light ßavour decays respectively.

The procedure starts from a fakable electron deÞnition with the same cut on the MVA

ID as the tight electrons; this cut is relaxed on the fakable lepton deÞnition until the

value of the fake rate from light ßavour matches the one from heavy ßavour. On data

new method provides a 
good description of the 
QCD MC. Much better 
closure (~20%) than 8 
TeV version  

An in-situ method has 
been also developed 
with similar results



Charge mis-identiÞcation

Electrons radiating a hard photon that then converts 
into an e+e- pair.  Muons negligible due to longer lever 
arm for the track measurement and less integration 
with material. 

Probability measured in Z mass peak using SS and 
OS leptons in data, separately for barrel and endcap. 

pCM !  0.016% (barrel) - 0.3% (endcap)  

An alternative method 
uses MC truth info. A 
closure test  is then 
performed by measuring p 
in MC, applying it to a Z
+jets sample in data and 
comparing to observed 
same-sign yields.

12

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 ÔfakesÕ (10-50% of tot. bkg ):

Tight-to-loose method. Data driven.

Measure fake/prompt rate in an control 
region.

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

50% syst. uncertainty assigned.

4

S
S

+
b

)
1

µ(!
0 0.5 1 1.5 2 2.5

Lo
os

e
/N

T
ig

ht
N

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

Data

Simulation

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

Non-prompt Muons

Uncalibrated Di-electron Mass [GeV]
70 80 90 100 110 120 130 140

E
nt

rie
s 

/ 2
 G

eV
  

1!10

1

10

210

310

410
Z+jets OS

Z+jets SS

data OS

data SS

 (13 TeV)-142 pbCMS Preliminary

 [GeV]llM
70 75 80 85 90 95 100 105 110 115

E
nt

rie
s 

/ 5
 G

eV
  

0

2

4

6

8

10

12

14

16

18

20 Predicted Same-Sign Events
Observed Same-Sign Events

 (13 TeV)-142 pbCMS Preliminary



Prompt same-sign dileptons 

13

WZ production  

Large contribution for regions with Nbjet =0, 
almost negligible otherwise.  

Take estimation (shape) from MC and 
normalisation from a WZ enriched 
constructed by inverting the Z veto. 

Uncertainties assigned both to the 
normalisation and to the extrapolation to the 
signal regions.  

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

Mainly ttV and W
±
W

±
. MC estimated 

Uncertainties estimated by evaluating the 
effect of PDF and QCD scale variations. 
Using NLO generators.



Conclusions

Kinematic variables and background estimation methods  have been commissioned using the 
Þrst data  at 13 TeV. [CMS DP-2015/035 ] 

Showed a glimpse of the several improvements in the same-sign search : 

Lepton identiÞcation and isolation . 

Better estimation of the fake-lepton background .  A cross-check method is being used to 
determine uncertainty (30%) 

Better understanding of the theoretical uncertainties  on the irreducible SM background (ttV) 

WZ normalisation  is extracted from data and theoretical and experimental uncertainties are also 
assign to this process. 

Search strategy  also allow to better control background processes with better sensitivity. 

The 13 TeV analysis is being reviewed  by the collaboration and public document will be released by 
mid December using full dataset collected in 2015. 

The LHC entering a new era in particle physics , increase in energy and luminosity will allow 
to produce heavier particles (if they exist). Same-sign dilepton Þnal state , one of the most 
interesting  channels for searching new physics.

14Thank you! 



Thank you!
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Baseline region for SS+b

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

Nb-jets E miss
T (GeV) Njets HT ! [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 E miss
T (GeV) HT (GeV) charge SR

! 2 ! 0 > 0 > 500 ++/Ð Ð RPV0
! 2 ! 2 > 0 > 500 ++/Ð Ð RPV2
! 2 = 1 > 30 > 80 ++/Ð Ð SStop1
! 2 = 1 > 30 > 80 ++ only SStop1++
! 2 ! 2 > 30 > 80 ++/Ð Ð 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

17
Results will be combined with the 3l analysis (a 3rd lepton veto is applied to be fully 
exclusive with their selection).  

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

We found 94 events on the baseline 
region.

Search regions :!
SR1: ET

miss> 200 GeV

SR2: 120 < ET
miss < 200 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 ÔfakesÕ (10-50% of tot. bkg ):!

Tight-to-loose method. Data driven.!

Measure fake/prompt rate in an control 
region.!

Estimate the Npf, N# from Ntt, Ntl, Nll in 
signal region.!

50% syst. uncertainty assigned.

18
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Background estimation

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

Madgraph. MC estimated. !

Validate in WZ enriched region.!

15% syst. uncertainty to account 
for di#erences!

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

Mainly ttV and W±W±. MC estimated!

Estimated from MC with 50% syst. 
uncertainty. 

19

We prove the validity of these methods in the baseline region (bkg dominated). #
Agreement is good so we proceed to the search regions.
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Results: SS+b

20

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.

JHEP 1401 (2014) 163



Interpretations: SS+b

21

Interpret our results in several di#erent models using di#erent 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 1Ð10
Jet energy resolution 0Ð3
b-jet identiÞcation 2Ð10
Trigger scaling 6
ISR modeling 3Ð15
Pileup modeling 5
Total 14Ð23

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

Model Model parameter Analysis Signal Regions used

A1 high-pT 21Ð28
A2 m! 0

1
= 50 GeV high-pT 21Ð28

B1 m! 0
1

= 50 GeV high-pT 11Ð18, 21Ð28
B1 x = m ! 0

1
/ m! ±

1
= 0 .5 high-pT 11Ð18, 21Ð28

B1 x = m ! 0
1
/ m! ±

1
= 0 .8 low-pT 11Ð18, 21Ð28

B2 m! 0
1

= 50 GeV, m! ±
1

= 150 GeV high-pT 21Ð28
B2 m! 0

1
= 50 GeV, m! ±

1
= 300 GeV high-pT 21Ð28

C1 x = 0.5 high-pT 01Ð08
C1 x = 0.8 low-pT 01Ð08

RPV high-pT RPV2
pp! tt + øtøt high-pT SStop1, SStop2

pp! tt high-pT SStop1++, SStop2++
pp! tt øtøt high-pT 21Ð28

For each model / conÞguration we will 
use di#erent signal regions to optimize 
sensitivity. 

JHEP 1401 (2014) 163



Interpretations: SS+b

22

Interpret our results in several di#erent models using di#erent regions. !

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

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

B.3 Model B1 - T6ttWW 53
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(b) Model A2 (T5tttt)
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(c) Model B2 (T7btW): m !! ± = 150 GeV
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(d) Model B2 (T7btW): m !! ± = 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 (SR11ÐSR28)189

are used to interpret the following models:190

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

• !g!g production with !g ! tt !c0
1 with in intermediate virtual or on-shell !t (use high-pT192

leptons and 2 b-tags SR);193

• !g!g production with with !g ! !b1
øb (use high-pT leptons and 2 b-tags SR); and!b1 !194

t !c"
1 , where !c"

1 ! W" !c0
1;195

• production of two sbottoms each decaying as !b1 ! t !c"
1 , where !c"

1 ! W" !c0
1 and !c0

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 ÒT5WWÓ200

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 ( !g ! qq#!c±
1 ), followed by202

charginos decaying to leptons and LSP via a virtual or an on-shell W ( !c±
1 ! ! n !c0

1).203

3.1 Models of pp ! tt204

In Ref. [5] we used the results of SR2 (deÞned 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 Þnal state [6, 7]. (Note that SR2 requires two positive207

leptons, thus it is sensitive to pp ! tt but not pp ! øtt; 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 t t asymmetry observed210

at the Tevatron [8Ð10]. 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 ! !g!g) with top215
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Interpretations: SS+b

23

Interpret our results in several di#erent models using di#erent regions. !

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

Model B1
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Check documentation for more interpretations. 
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Interpretations: SS+b

24

Interpret our results in several di#erent models using di#erent 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
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÷! ± ÷! 0
EPJ C74 (2014) 3036

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

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.

Sample
E miss

T > 200 E miss
T 120Ð200 E miss

T > 200 E miss
T 120Ð200

Njets = 0 Njets = 0
3rd lepton veto 3rd lepton veto

Non-prompt leptons 3.4 ± 1.9 4.1 ± 2.2 3.1 ± 1.7 3.2 ± 1.7
Charge misidentiÞcation 0.09 ± 0.01 0.08 ± 0.01 0.09 ± 0.01 0.07 ± 0.01
Rare SM 10.5 ± 5.7 2.4 ± 2.4 8.6 ± 4.8 1.4 ± 2.1
WZ 5.3 ± 0.8 5.0 ± 0.8 3.9 ± 0.6 3.3 ± 0.5
Total background 19.4 ± 6.0 11.5 ± 3.3 15.6 ± 5.1 7.9 ± 2.8
Data 22 8 18 4
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÷! ± ÷! 0

Combine results with 3l results to set 
limits.  SS lead the exclusion near the 
diagonal. 
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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) [1Ð7] 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 Þnal 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 Þnal states do not necessarily contain much hadronic9

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

of charginos !! ± and neutralinos !! 0, mixtures of the SUSY partners of the gauge and Higgs11

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

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

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

rise to Þnal 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

signiÞcant missing transverse energy Emiss
T . Neutrinos present in the Þnal 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
!

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 Þgures are labeled using SUSY nomenclature, but23

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

clature, !! 0
1 is the lightest neutralino, presumed to be the LSP, !! 0

2 is a heavier neutralino, !! ±
1 is25

the lightest chargino, and ÷! is a slepton. In Fig. 1, the slepton massm÷! is less than the masses26

m!! 0
2

and m!! ±
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.
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Figure 1: Chargino-neutralino pair production leading to a three-lepton Þnal 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

EPJ C74 (2014) 3036
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Prediction / observed in SR

27



SR yields and predictions

28

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

29

Source %

Luminosity 4.4
Modeling of lepton selection (ID and isolation) 10
Jet energy scale 1Ð10
Jet energy resolution 0Ð3
b-jet identiÞcation 2Ð10
Trigger scaling 6
ISR modeling 3Ð15
Pileup modeling 5
Total 14Ð23



Models used for interpretation
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SR used for which model.

31

Model Model parameter Analysis Signal Regions used

A1 high-pT 21Ð28
A2 m! 0

1
= 50 GeV high-pT 21Ð28

B1 m! 0
1

= 50 GeV high-pT 11Ð18, 21Ð28
B1 x = m ! 0

1
/ m! ±

1
= 0 .5 high-pT 11Ð18, 21Ð28

B1 x = m ! 0
1
/ m! ±

1
= 0 .8 low-pT 11Ð18, 21Ð28

B2 m! 0
1

= 50 GeV, m! ±
1

= 150 GeV high-pT 21Ð28
B2 m! 0

1
= 50 GeV, m! ±

1
= 300 GeV high-pT 21Ð28

C1 x = 0.5 high-pT 01Ð08
C1 x = 0.8 low-pT 01Ð08

RPV high-pT RPV2
pp! tt + øtøt high-pT SStop1, SStop2

pp! tt high-pT SStop1++, SStop2++
pp! tt øtøt high-pT 21Ð28



Interpretation: model A1 and A2

32

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

33

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



Interpretation: model B2

34

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



Interpretation: model C1

35

gluino pair production, decaying to light quarks and a chargino via heavy 
squarks.


