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Background source
❖ Z-boson can combine with a photon from a different pp collision in the same bunch crossing.

❖ Estimation is based on Δz = zγ - zvtx distribution, which is broader for the pile-up background.
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zγ of the reconstructed photon
❖ zγ is calculated from the longitudinal segmentation using the 

direction from the electromagnetic cluster (the calorimeter 

pointing).

❖ Converted in the silicon detectors photons: information from 

the ID which is more precise can be used (the conversion 

pointing).
y_convPointing_z_erry_caloPointing_z_err

Reconstruction of the z vertex and direction of the photon

https://cds.cern.ch/record/1222687/files/ATL-COM-PHYS-2009-614.pdf


❖ Converted photons with hits in the silicon detectors have much better resolution. 

❖ Z(ll)γ analysis: ‘2-track Pixel’ with Rconv < 125 mm (σz < 1 mm, and typically < 0.2 mm).

❖ W(lν)γγ analysis: at least one silicon track and Rconv < 400 mm.

Selected γ 2-track Pixel
Rconv < 125 mm
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Requirement on photons: other analyses

https://cds.cern.ch/record/2644987
https://cds.cern.ch/record/2798380
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Requirement on photons: Z(νν)γ analysis

singleSi, doubleSi, doubleSiTRT — at least one silicon track
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Gaussian distributions
❖ Data consists of events produced in a single pp interaction [Z(νν)γ MC] and a pile-up 

component due to two separate pp interactions [the convolution with itself of the zvtx].

❖ zvtx and zγ distributions: Gaussians of width 35 mm. 

❖ Pile-up: the difference of two Gaussians (also Gaussian) with a width of ~50 mm (35 mm × √2).
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Pile-up fraction
❖ To be insensitive to any MC mismodelling of the ∆z distribution in simulation for the 

single pp events, the estimation of the pile-up background is performed in the tails of 

the ∆z distribution (Gaussian properties: 32% of events have |∆z| > 50 mm).

❖ The fraction of pile-up:

SF1 – the ratio of events in data to events in MC for ∆z around zero.

SF2 – correction due to the mismodelling of ∆z in the tails (FSR – Z(ll)γ analysis).

https://cds.cern.ch/record/2644987/?
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Results for Z(νν)γ QCD LO sample
SF1 = 4.30 ± 0.07

(calculated in |∆z| < 10 mm – peak area)

|∆z| > 50 mm results:

SF2 = 1.48 ± 0.26

fPU = (-28 ± 12)%

Increased area:

|∆z| > 15 mm results:

SF2 = 1.27 ± 0.07

fPU = (-11 ± 3)%Negligible effect!



Back-up slides
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Photon conversions
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Main parameters of the inner-detector system
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Main parameters of the Pixel detector system
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Results for Z(νν)γ QCD NLO sample
SF1 = 3.23 ± 0.05

(calculated in |∆z| < 10 mm – peak area)

|∆z| > 50 mm results:

SF2 = 1.48 ± 0.26

fPU = (-31 ± 13)%

Increased area:

|∆z| > 15 mm results:

SF2 = 1.27 ± 0.07

fPU = (-13 ± 4)%Negligible effect!
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Results for Z(νν)γ QCD NLO sample
SF1 = 3.23 ± 0.05

(calculated in |∆z| < 10 mm – peak area)

|∆z| > 50 mm results:

SF2 = 1

fPU = (6.0 ± 1.6)%

SF2 = 0.5

fPU = (23.7 ± 1.4)%

SF2 = 2

fPU = (-29 ± 2)%

Negligible effect!
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inclusive selection

Njets ≥ 0

without ET
miss cuts

Z(νν)γjj VBS pile-up study

For Z(νν)γ QCD LO sample, fPU = −5 ± 3% (SF1 = 4.2 ± 0.3, SF2 = 1.5 ± 0.3)


