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Background Estimation

Charged leptons
• Dominant source of high-pT , isolated tracks from SM

processes
• Number of events estimated using the probability of the

events to pass given selections

◦ N l
est = N l

ctrlPvetoPofflinePtrigger

• Determined using single lepton control regions

Fake tracks
• Missing associated calorimeter energy
• Missing hits in muon chamber
• Higher d0
• Estimated as:

◦ N fake
est = PfakeN

basic
ctrl

◦ Pfake = ζprawfake
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Background Estimation: Charged Leptons

Use fiducial maps to reduce non-reconstructed lepton
background

• T&P lepton/track (selection in slide 11) used to
identify regions in η/ϕ with higher number of
non-lepton tracks

• Ratio of tracks in T&P sample separated from veto
(veto in slide 11) electrons and w/ opposite sign

• Regions > 2σ are considered inefficient (circled in
green)

• Veto any tracks falling in these inefficient regions
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Background Estimation: Charged Leptons

N l
est = N l

ctrlPvetoPofflinePtrigger

• N l
est: estimated number of background events

• N l
ctrl: number of events in the single lepton control region (selection in slide 11)

• Pveto: probability for events to pass lepton veto; defined as

Pveto =
N veto

T&P −N veto
SS T&P

NT&P −NSS T&P
• Poffline: probability for event to pass offline missing pT requirement
• Ptrigger: probability for event to pass missing pT triggers; defined as

Ptrigger =

∫∞
120 GeV

n(x)ϵ(x)dx∫∞
120 GeV

n(x)
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2022 All MC Charged Leptons Background Estimation - 2022 Full Lumi

nlayers flavor N l
est N l

obs |N l
est - N

l
obs|

4

electron 0.10± 0.05 0.004+0.06
−0.04 0.77σ

muon 0.01+0.02
−0.01 0.04+0.06

−0.04 0.55σ

tau 0.040.05−0.04 0.68± 0.17 3.6σ

5

electron 0.0+0.05
−0.0 0.0+0.07

−0.0 0.0σ

muon 0.01+0.02
−0.01 0.0+0.07

−0.0 0.16σ

tau 0.080.12−0.08 0.44± 0.14 1.96σ

≥ 6

electron 0.0+0.10
−0.0 0.0+0.07

−0.0 0.0σ

muon 0.0+0.08
−0.0 0.08± 0.07 0.75σ

tau 0.05± 0.03 0.20± 0.10 1.44σ

02/DEC/2024 Breno Orzari - Update 5



2022EE MC Charged Leptons Background Estimation - 2022EFG Lumi

nlayers flavor N l
est N l

obs |N l
est - N

l
obs|

4

electron 0.06± 0.04 0.0+0.05
−0.0 0.95σ

muon 0.01± 0.01 0.04± 0.04 0.85σ

tau 0.00.002−0.0 0.0+0.05
−0.0 0.0σ

5

electron 0.0+0.04
−0.0 0.0+0.05

−0.0 0.0σ

muon 0.01+0.02
−0.01 0.0+0.05

−0.0 0.23σ

tau 0.00.002−0.0 0.0+0.05
−0.0 0.0σ

≥ 6

electron 0.0+0.08
−0.0 0.0+0.05

−0.0 0.0σ

muon 0.0+0.05
−0.0 0.08± 0.06 1.06σ

tau 0.05± 0.01 0.0+0.05
−0.0 1.01σ
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2022 MC Charged Leptons Background Estimation - 2022CD Lumi

nlayers flavor N l
est N l

obs |N l
est - N

l
obs|

4

electron 0.04± 0.03 0.04± 0.04 0.05σ

muon 0.0+0.01
−0.0 0.00.05−0.0 0.0σ

tau 0.040.05−0.04 0.69± 0.17 3.7σ

5

electron 0.0+0.03
−0.0 0.0+0.05

−0.0 0.0σ

muon 0.0+0.02
−0.0 0.0+0.05

−0.0 0.0σ

tau 0.080.12−0.08 0.44± 0.13 2.03σ

≥ 6

electron 0.0+0.06
−0.0 0.0+0.05

−0.0 0.0σ

muon 0.0+0.06
−0.0 0.0+0.05

−0.0 0.0σ

tau 0.0+0.03
−0.0 0.20± 0.09 2.11σ
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Background Estimation: Fake Tracks

N fake
est = Nbasic

ctrl P raw
fakeζ

• N fake
est : estimated number of background events

• Nbasic
ctrl : number of events in the basic selection

control region
• P raw

fake: probability for events to have a fake track
calculated with Z → ll CRs (selection in slide 12);
defined as

P raw
fake =

N(≥ 1 dis. trk. in sideband | control region)
N(control region)

• ζ: transfer factor for CRs with more than 4 layers,
due to low statistics, extracted from nlayers = 4;
defined as

ζ =

∫ 0.02 cm

0
fit d(|d0|)∫ 0.50 cm

0.05 cm
fit d(|d0|)
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2022EE MC Fake Tracks Background Estimation

nlayers N l
est N l

obs |N l
est - N

l
obs|

4 0.09± 0.02 0.28± 0.09 2.2σ

5 0.03± 0.01 0.02± 0.02 0.5σ

≥ 6 insufficient statistics
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Backup
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T&P, lepton veto and single lepton CR selections

T&P

Lepton veto

Single lepton CR
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Double lepton CR selection

Z → µµ
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