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CMS Work in Progress

‣ Search for new physics in events with same-sign isolated 
di-leptons, jets and missing transverse momentum

‣ Extremely low SM backgrounds expected
• Three broad categories:

• ‘Fake’ leptons from hadronic activity
• Charge misidentification (only

relevant for electrons)
• Direct SM same-sign production

(WZ, ttbarW, W±W±, ...)
‣ Naturally larger production in

many new physics scenarios
including but not limited to SUSY

‣ Focus here on fake lepton
background estimation

Introduction

2



CHIPP School, Jan 27th 2012

)µRel. Iso (
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 10

200

400

600

800

1000
310×

Data
TTbar fake
Top
Rare SM
Single Boson
Di-Boson
QCD

-1 = 4.7 fbint.L

  = 0.04Data
T/LR

   = 0.04MC
T/LR

 = 0.02TTbar
T/LR

‣ Dominant background in most regions
• Source is mainly heavy-flavor decays in ttbar and W+jets

‣ Don’t want to rely on simulation for delicate modeling or 
production processes:

• Use fully data-driven methods for estimation

‣ Method is based on a loose to
tight extrapolation

• Measure tight-loose ratio in
signal suppressed control region

• Apply to sidebands of signal
region

‣ Covers backgrounds from
non-isolated leptons

Non-Prompt Lepton Backgrounds
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‣ Cut efficiencies f and p for fake and prompt leptons describe 
probability of loose leptons to pass tight cuts

‣ Matrix equation describing the admixture of events with
fake/prompt and loose/tight leptons

‣ Can solve for unknown number of events with fake leptons as 
functions of measured tight/loose yields and f and p ratios:

‣ Crucial assumption is that signal suppression cuts in control regions 
don’t change the shape of the extrapolation variable(s)

Fake Ratios Method
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assumed that the same ”universal” fake ratios can be applied to the other backgrounds to extract the
signal.

The prompt ratio p can be measured in Z + jets events by using a tag-and-probe like method.
Using the loose object selection, we define sideband regions to the final event selection of two tight

leptons, from which we extrapolate to the signal window using the fake and prompt ratios. We therefore
define the following observable event yields:

• N is the total number of events with two loose leptons, with all other event selection cuts unchanged.

• Ntt is the number of events where both leptons, after having passed the loose selection, also pass
the tight selection.

• Ntl is the number of events where one of the leptons passes the tight selection and one fails. For
opposite flavor eµ events, we furthermore distinguish between tight-loose Ntl and loose-tight Nlt

events, where the µ is tight and the e is loose or vice-versa.

• Nll is then the number of events where both leptons fail the tight criteria (still, while having passed
the loose ones).

Throughout this note the first index is always identified with the muon in case of eµ events, or with the
harder of the two leptons in case of same-flavor pairs.

These measurable quantities can be related to the true number of events containing two prompt,
one prompt and one fake, or two fake leptons by use of the measured fake and prompt ratios, assuming
they can be interpreted as an e�ciency of passing tight cuts for fake and prompt leptons respectively.
Therefore, we define the (unknown) number of events with both prompt leptons passing the loose criteria
as Npp, the number of events with one lepton prompt and one fake as Npf and the number of events
where both leptons are fake within the loose criteria as Nff . We then can write

N = Npp +Npf +Nff = Ntt +Ntl +Nll

Nll = (1� p)2Npp + (1� p)(1� f)Npf + (1� f)2Nff

Ntl = 2p(1� p)Npp + [f(1� p) + p(1� f)]Npf + 2f(1� f)Nff

Ntt = p2Npp + pfNpf + f2Nff (3)

Note that an additional distinction is drawn between prompt-fake and fake-prompt yields in opposite-
flavor eµ events. These equations assume that the prompt and the fake ratios for di↵erent leptons are
independent of each other. The factors p and (1�p) are weighting (or are averaged over) the distribution
of prompt leptons and f and (1�f) are weighing (or are averaged over) the distributions of fake leptons.

After inverting this set of equations, one obtains for the number of events with two prompt leptons:

Npp =
1

(p� f)2
⇥
(1� f)2Ntt � f(1� f)Ntl + f2Nll

⇤
(4)

with the number of signal events (i.e. within the tight selection cuts) being given by Nsignal = p2Npp.
Similarly, one can derive for the number of events with one prompt and one fake lepton and the number
of events with two fake leptons:

Npf =
pf

(p� f)2
[�2fpNll + [f(1� p) + p(1� f)]Ntl � 2(1� p)(1� f)Ntt]

Nff =
f2

(p� f)2
⇥
p2Nll � p(1� p)Ntl + (1� p)2Ntt

⇤
(5)

Npf ⇡ pf

(1� f)2
[�2fNll + (1� f)Ntl]

Nff ⇡ f2Nll

(1� f)2
(6)

The corresponding backgrounds remaining in the tight selection cuts are then respectively pfNpf for
single-fake events and f2Nff for double fakes events. In same-sign di-lepton events the first expression
corresponds to the dominant tt̄ background, where the prompt lepton comes from one of the Ws from
a top quark decay and the fake lepton from the leptonic b decay of the other top quark. However it
also includes contributions from any process producing a single prompt lepton accompanied by hadronic
activity, like W + jets. The second expression gives a handle on the remaining QCD contribution.
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Study of Ratios
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‣ Study 
dependence of 
ratios on various 
event quantities 
to assess 
systematic 
uncertainties

‣ Ratios are 
applied 
differentially in 
lepton 
momentum

CMS Work in Progress CMS Work in Progress
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‣ Observations are consistent with predictions within uncertainties
‣ Extend exclusion limits on common models
‣ Provide information for theorists to calculate their own limits 

with our results

Results
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Figure 10: Exclusion region in the CMSSM corresponding to the observed and expected upper limit of 4.7 and
5.2 events respectively, using a flat signal uncertainty of 20% in the search region with HT > 450 GeV and MET
> 120 GeV of the high-pT dilepton selections. The result of the previous 2010 analysis is shown to illustrate the
improvement since.
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Figure 11: Exclusion region in the CMSSM corresponding to the observed and expected upper limit of 8.6 and
8.1 events respectively, using a flat signal uncertainty of 20% in the search region with HT > 450 GeV and MET
> 50 GeV of the high-pT dilepton selections. The result of the previous 2010 analysis is shown to illustrate the
improvement since.
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