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Motivation:

Goal:

To measure the parameters of the Standard Model (SM) to very high precision;

The search of new physics predicted by the beyond SM (BSM) theories;
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Motivation And Goals

(a) SM

(b) Beyond SM

*(more in back-up)

Precise measurements of triple and quartic gauge couplings sensitive to BSM
physics. One of the sensitive processes is Z(νν)γ process.

To calculate integral and differential cross-sections for the main kinematic
observables and compare the results with the theory predictions;

To obtain the strongest up-to-date limits on anomalous neutral triple gauge-
boson couplings (aTGCs).

Purpose of the current study:

The background estimation procedure is extremely important. One of the backgrounds is the so-called
pile-up background. The data-driven method* for estimating the pile-up background has several
significant drawbacks, therefore an alternative overlay Monte-Carlo approach is considered.



Event selection criteria for Zγ
candidate events:

FixedCutLoose isolation working 
point is chosen:

Studied background:

Phase Space Definition

The background due to multiple pp 
interactions occurring within one intersection 
of bunches, the so-called pile-up background, 
is the source of events in which the Z boson 

can be associated with a photon from 
another pp collision.

Signal: Z(vv)γ
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Backgrounds: γ+jets, W(→lν)γ, e → γ, jet → γ, Z(ll)γ, ttγ

Signal region (SR): events pass selections and have a leading photon candidate that is isolated.



Strategy:

1. To estimate the number of pile-up events (referred to as A+B) 
in the diboson production (referred to as AB) the overlay Monte-
Carlo (OMC) method uses separate A and B samples at the 
particle-level. 

2. The overlay of B over A is performed by adding objects 
(photons, jets, etc.) from B into A;

3. The variables that define the АВ final state are calculated in order to form a valid combined A+B event 
(referred to as OMC event). These variables are used to be checked against analysis selections;

4. The weight of the combined A+B event is determined as: 

5. The number of A+B events at the particle-level is 
defined as the sum of OMC sample weights:

6. The predicted number of pile-up events at the detector-level in the SR is estimated as follows: 

Overlay Monte-Carlo (OMC) Method
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*Correction factor (C) is defined as the reconstructed MC signal AB events passing all selections divided by the 
number of MC signal AB events at the particle-level within the fiducial region. 



The Z boson (taken as A) and the photon (taken as B) components of 
Z+γ OMC events are taken from Zj and γ+j MC samples, respectively;

The particle-level photon from γ+j process is being overlayed 
over random particle-level Z boson from Zj process until it 
becomes a part of Z+γ OMC event, that passes the fiducial 
region requirements;

Definition of the fiducial 
region:

The procedure for such a combination of events is performed for 
every γ+j sample with a certain Zj sample in each of the MC 
simulation campaigns (MC16a, MC16d, MC16e);

Iterating through all γ+j events requires significant computing 
resources, therefore only 100k events of every statistically large 
γ+j sample are used to form OMC sample;

The weight and the cross section 
of the combined Z+γ event: 

The total number of pile-up events at the particle-level is obtained 
by combining each γ+j sample sequentially with each Zj sample.
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Method Application



The C-factor is parameterized by the transverse momentum of the photon, since the 
total number of pile-up events at the particle-level is summed from the number of 
pile-up events calculated for each γ+j sample.

The estimates of correction factor obtained with Z(vν)γ MC 
signal for 4 intervals of the transverse momentum of the photon 

[150; 280; 500; 1000; 2000] GeV:

The final estimate* of background events due to multiple pp collisions:             = 2.938 ± 0.018(stat.) events;

γ Z

*(more in back-up)

The uncertainty of the weights w  and w  of events used in the combination of γ+j samples with Zj samples; 
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Correction Factor 

The fraction of pile-up events in relation to the data obtained using the OMC 
method is (0.01257 ± 0.00011)%.

The statistical uncertainties come from:

The uncertainty of C-factor;  

The uncertainty of SF-factors;  



Thank you for your attention!

The fraction of pile-up events in relation to the data obtained using the OMC method is
(0.01257 ± 0.00011)%;

Thereby, the pile-up background looks negligible for Z(vν)γ production in the SR.

In case of Z(vν)γ study the OMC method provides the estimate of the number of pile-
up background events with more statistical accuracy than the data-driven approach;
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Summary 

As a result the overlay Monte-Carlo method for the estimation of pile-up background 
in Z(vν)γ production was developed. The resulting estimate of the number of pile-up 
background events was derived using MC-simulated Zj and γ+j samples;



BACK-UP



The estimation of the background is based on the distribution of the longitudinal spacing Δz = z − z between the 
identified primary vertex position z and the position z   of the photon candidate;

γ vtx

vtx γ

The z    and z  distributions are described by a Gaussian distribution 
with σ=35 mm. Thus Δz = z − z also has a Gaussian distribution, with 
σ⁓50 mm;

vtx γ

γ vtx

The estimation of the pile-up background is performed in the tails
of the Δz distribution (32% of pile-up events have |Δz |>50 mm);

The fraction of pile-up:                                                  

SF – the ratio of events in data to events in Sherpa 
MC sample in the region of |Δz|<10 mm;

1

SF = 1.27 ± 0.07 in the region of |Δz|>15 mm.
2

2
SF = 1.48 ± 0.26 in the region of |Δz|>50 mm;Increased area:

Data-Driven Method Considered Scale-Factors 

The shape for the pile-up component is obtained by assuming that the distributions of z     and z   are identical 
and uncorrelated;

vtx γ
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The longitudinal point of origin of the reconstructed photon z  is not well measured in the most events. The 
uncertainty on z  in this case is much greater than the average longitudinal spacing between the primary 
vertices of independent processes

γ

γ

To increase the accuracy of the recovered z , converted photons associated with at least one track in a 
silicon detector are used : singleSi, doubleSi, doubleSiTRT. 

γ

Requirement On Photons In Data-Driven Method
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Δz distribution in data compared to Z(vv)γ QCD LO sample:

|Δz|>15 mm: 

|Δz|>50 mm:

f   =(-15±3)%PU

f   =(-34±13)%PU

SFUnnormalized 1 SF *1 SF2

N ≥ 0jetsResults For
SF1= 4.46 ± 0.08
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|Δz|>15 mm: 

|Δz|>50 mm:

f   =(13.0±1.7)%PU

f   =(12±3)%PU

SF1= 4.24 ± 0.12

SF1 SF *1 SF2Unnormalized

Δz distribution in data compared to Z(vv)γ QCD LO sample:

N > 0jetsResults For
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|Δz|>15 mm: 

|Δz|>50 mm:

f   =(17±3)%PU

f   =(12±4)%PU

SF1= 5.7 ± 0.3

SF1 SF *1 SF2Unnormalized

Δz distribution in data compared to Z(vv)γ QCD LO sample:

N > 1jetsResults For
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|Δz|>15 mm: 

|Δz|>50 mm:

f   =(-29±5)%PU

f   =(-56±19)%PU

SF1= 4.593 ± 0.010

SF1 SF *1 SF2Unnormalized

Δz distribution in data compared to Z(vv)γ QCD LO sample:

N = 0jetsResults For
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Δ𝑧 distribution in data excluding expected 
background events for events containing silicon 

conversions compared to Z(vv)γ QCD NLO sample:

Event yields for data, signal and expected background events without 
any requirements on |Δ𝑧| used in pile-up background estimation.

The fraction of pile-up 
photons in data using the 
data-driven approach is 
found to be:

Its contribution looks 
negligible for Z(vv)γ SR

events

Nevertheless, the result is statistically poor! 

Data-Driven Method

The fraction of pile-up:                                                  

and           are the numbers of data excluding expected 
background events with |Δ𝑧| > 50 mm and without any requirements 
on |Δ𝑧| respectively.

Similarly for Increased area:
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The generator cross sections 
and the number of events pass 

the FR selections for the 
objects of the γ+jets and Zj

processes in each of the 
campaigns 

γ+jets

Zj

γ+j And Z+j Samples In The OMC Method

γ+jets: 

Zj: 

The required cuts:
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The Representativeness Of The γ+jets Samples

Distribution of the number of events pass the required cuts for the 361045 γ+jets sample within MC16a/d/e

Distribution of the 100k events pass the required cuts for the 361045 γ+jets sample within MC16a/d/e
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γ+jets

ZjTo obtain cross sections within the certain 
phase space region, the scale factors SF and
SF are applied to σ and σ  respectively;

Zγ

Z

γ

Scale factor is defined as the number of the γ+j 
(Zj) events passing the required cuts divided by 
the number of events in the sample.

Scale Factors 
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The C-factor is parameterized by the transverse momentum of the photon.

Correction Factor 

The estimates of correction factor obtained with Z(vν)γ MC signal for 4 intervals of 
the transverse momentum of the photon [150; 280; 500; 1000; 2000] GeV for 

MC16a/d/e.
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The estimates of the number of pile-up 
events at the particle-level for each γ+jets
sample, obtained by sequential combination 

with each Zj sample.

The values of the integrated luminosity L and <µ> the 
average number of pp inelastic collisions per bunch 

crossing for each campaign:

The inelastic cross 
section σ = 80 mbinel

The bottom line corresponds to the total values of the number of pile-up events at the 
particle-level and at the reconstruction level within the MC16a/d/e campaigns

The reconstruction level:

T

γResults for each slice of p 
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