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Motivation
Standard Model:

A higher branching ratio of the neutral decay channel in comparison to the 
charged lepton decays of Z boson and better background control in 
comparison with the hadronic channel.

Previous study of this channel — 36.1 fb-1 data. Full Run2 statistics (140 fb-1) 
→ increase of measurement accuracy (expect the experimental sensitivity
to increase by a factor of 2).

BSM 

Glance: ANA-STDM-2018-54

Goal:

To obtain integrated and differential cross-sections for 10 observables: 

ET
γ, pT

miss, Njets, ηγ, Δϕ(γ, pT
miss), Δϕ(j1, j2), ΔR(Z, γ), pT

j1, pT
j2, mT

Zγ

and compare the results with the theory predictions including NNLO 
QCD and NLO EWK corrections.  

Beyond SM:

To obtain the strongest up-to-date limits on anomalous neutral triple gauge-boson couplings (aTGCs) using 
vertex functions and EFT formalisms.

Possible combination of the EFT limits between Zγ and ZZ.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-18/
https://atlas-glance.cern.ch/atlas/analysis/analyses/details.php?ref_code=ANA-STDM-2018-54


Selection optimisation
Topology: high-energetic photon and MET.

Multivariate (MV) method of the selection optimization takes into account the signal significance S as a 
function of the threshold values of the variables:

The result of the MV optimization process is a set of threshold values for the variables that yield the 
maximum S.

The optimisation procedure is done for three different photon 
isolation working points FixedCutTight, FixedCutTightCaloOnly
and FixedCutLoose. 

Beam-induced background suppression: |∆z| < 250 mm
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all cuts presel. only
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The 
significance 
is increased 

by 3%
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Background composition

γ + jets – fit to data in additional CR based on MET significance (shape from MC);

W(→lν)γ and ttγ – fit to data in additional CR based on N leptons (shape from MC);

35%

15%

e → γ – fake-rate estimation using Z-peak (tag-n-probe) method;

jet → γ – ABCD method based on photon ID and isolation (shape from Slice Method);

Z(l+l-)γ – via MC;

11%

8%

0.9%

Background composition for Z(νν̄)γ:Percentage of 
the data
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e → γ misID background: Z-peak method 
Background estimation method:

1.  Estimating e → γ fake-rate as ,

where Neγ, Nee − number of ee and eγ events in Z-peak 
mass window (MZ−10 GeV, MZ+10 GeV), Nbkg − background 
in Z-peak mass window extrapolated from sideband with 
exponential pol1 or pol2 fit.

Additional Wγ background rejection: ET
miss < 40 GeV.

eγ pair selection:
signal region photon with pT>150 GeV (probe), selected Tight electron with pT>25 GeV (tag)

ee pair selection:
selected electron with pT>150 GeV (probe), selected opposite sign Tight electron with pT>25 GeV (tag)

Since fake rate depends on pT and η (see backup), three regions are considered:
|η|<1.37, pT<250 GeV and |η|<1.37, pT>250 GeV and 1.52<|η|<2.37 (flat distribution on pT)

2.  Building e-probe control region (CR): signal region with selected Tight electron with pT>150 GeV instead of 
photon.

3.  Scaling data distributions from e-probe CR by fake rate value.

Z-peak 
area

sidebands sidebands
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e → γ misID background: systematics
Systematics on fake-rate estimation (ascending contribution):

Z peak mass window variation (varies from 0.3% to 0.7%).

Background under Z peak evaluation (varies from 3% to 14%).

Difference between "real fake rate" in Z(ee) MC and tag-and-
probe method performed on Z(ee) MC (varies from from 3% 
to 15%).

First uncertainty is statistical, second is systematical. 

Total systematics on fake-rate does not exceed 20%

Background estimation result:

Signal region 2608 ± 11 ± 162

Total syst. on the background 
yield: 6%
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jet → γ misID background: ABCD-method
A pair of photons from the decay of neutral mesons (typically a 𝜋0

 ), contained in hadronic jets, can give a 
signature of EM shower similar to a single isolated photon signature of the electromagnetic (EM) shower.

Background is estimated from data using 2D-sideband method: photon isolation and identification 
variables are used to construct the sidebands. 

M
C

D
a
ta

Isolation should not 
correlate with non-

tight ID!
Correlation is measured in data and MC by

FixedCutLoose isolation working point is used with iso 
gap of 2 GeV

In ABCD

In B-E, E, D-F and F

Resulting R for MC and data
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jet → γ misID background: uncertainties
Statistical uncertainty:

The event yields of four regions in data and non jet → γ background are varied by ±1σ independently (9%).

The statistical uncertainty on the signal leakage parameters is negligible.

Total statistics: 9%.

Systematic uncertainty :

Anti-tight definition and isolation gap choice – variations of ABCD regions 
determination by ±1σ changes in data yield (14%). 

The deviations from the nominal value from varying R factor by ± 0.10 (10%).

Uncertainty coming from the signal leakage parameters is obtained via 
using different generators and parton shower models (0.7%).

The iso/ID uncertainty on reconstruction photon efficiency δeff 
iso/ID (1.3%).

Total systematics: 20%.

Total number of jet → γ events: 1770 ± 160 ± 350. Z(νν)+jets, multi-jet and W(τν) h.c. MC predicts 2000 ± 1300
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This source is chosen
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jet → γ misID background: slice method
The jet → γ background shape cannot be properly modeled with MC. For this reason, the shape of jet → γ
background is estimated via slice method. 

The proposed slice method splits the phase space into four 
orthogonal regions based on kinematic cuts and the photon 
isolation.

The non-isolated regions are split into a set of successive 
intervals (slices) based on the photon isolation.

Four isolation slices are chosen: [0.065, 0.090, 0.115, 0.140, 0.165].

The jet → γ shape in the SR:
The correction term
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Template fit

Katerina Kazakova 

Three free parameters are introduced in the combined fit: a signal 
strength parameter μ(Zg) and two normalization factors μ(Wg) and 
μ(γj) used to scale the yields of W(lν)γ and ttγ and γ+jets processes.

The binned likelihood function used in the analysis is:

Results of background only fit:

μ(Wg) = 0.93 ± 0.13
μ(γj) = 0.74 ± 0.12
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Template fit

Katerina Kazakova 

Using the Asimov data: μZγ = 1.00 ± 0.08 , μWγ = 0.93 ± 0.12 and μγj = 0.74 ± 0.10. Expected signal significance 69 σ.

Fit in the SR and CRs:

μZγ = 0.70 ± 0.06, μWγ = 0.92 ± 0.06 and μγj = 0.88 ± 0.08. Observed signal significance 50 σ.
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Template fit

Katerina Kazakova 

Background only + max. symm. Asimov Observed
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Unfolding and differential measurement 

Katerina Kazakova 

The goal of unfolding is to take the measured observable and translate it into the true observable. 

The response matrix R relates true vector x and observed vector y:

The response matrix is defined as:                             Migration matrix:

The unfolding procedure is performed according to the maximum 
likelihood method via TRExFitter.

The differential cross-section is defined by equation:
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Need update after fit finalization! 
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aTGC: introduction

Katerina Kazakova 

Z(vv)γ production is very sensitive to the neutral 
triple gauge couplings (aTGCs). aTGCs are zero in 
the SM at the tree level.

Two ways to describe aTGCs: effective field theory 
and vertex function approach.
Both formalisms were improved by theorists and 
new terms in both formalisms appear.

State-of-the-art UFO models are needed to generate the events. For both formalisms models with new 
terms were created.
EFT: model NTGC_all, JIRA ticket. VF: model NTGC_VF, JIRA ticket.

EFT: 6 Wilson coefficients (CG+/Λ
4, CG-/Λ

4, C~BW/Λ4, CBW/Λ4, CBB/Λ4, CWW/Λ4).

VF: 12 parameters (hi
V;i=1..6;V=Z,γ). Only i=3..5 are planned to be constrained.

BSM 
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https://its.cern.ch/jira/browse/AGENE-2204
https://its.cern.ch/jira/browse/AGENE-2245


aTGC: current results

Katerina Kazakova 

Plan is to search for CP-conserving effects only. Search for CP-violating effects requires identification of 
the decay products.

EFT samples were prepared, VF samples request in progress.

Strategy: reco-level fit of the ET
γ distribution. Preliminary results:
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Summary

Katerina Kazakova 

All steps of inclusive Z(νν)̄γ Run2 analysis are already done: selection optimisation, data-
driven estimation of e → γ and jet → γ, fit procedure, control plots, unfolding, differential 
cross-sections.

Plans:

To solve problems systematics.

To update and to obtain other observables differential cross-section plots.

To continue work on limits on aTGCs.

EB request ASAP.

Thank you for your attention!

Almost all chapters of the internal note are ready, but need update.
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BACK-UP



Questions

Katerina Kazakova 

1) What is the signal significance for MC16a, d and e?

2) To show the estimates of fake rates from data (e→γ estimation) without third systematic

2015-2016: 36.64674 fb-1

2017: 44.6306 fb-1

2018: 58.7916 fb-1

24.1

MEPhI@Atlas meeting 14.06.2024



Questions

Katerina Kazakova 

3) To check if there is really small background “fake 
e+MET” in the e-probe CR?

Answer: e + MET mostly consists of Zj and multijet
processes due to misID of jet as electron. This background 
was estimated in VBS analysis and results from MC 
coincide with data within uncertainty. The estimate from 
MC is 26 ± 14, the estimate from data (using ABCD method) 
is 32 ± 26 ± 8 (VBS analysis).

3) Are you sure that in Mee production there are 
backgrounds? Check the possible background from jets.

Answer: Work on this issue is in progress. We sent 
samples to the grid to add the required branch to the 
tree. It took quite a long time
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Questions
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1) What is the signal significance for MC16a, d and e?

2) Should the third source of systematic (difference 
between "real fake rate" in Z(ee) MC and tag-and-probe 
method) be considered for the data-driven background 
estimation of e→γ?

Answer: This systematic can be disregarded because it is 
a deviation in MC, meaning this systematic is not 
mandatory. However, taking it into account makes the 
estimation more conservative.

3) To show the estimates of fake rates from MC and data (e→γ estimation)

4) To show the difference between "real fake rate" in Z(ee) MC and tag-and-probe method (3rd question)
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Questions
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5) Anomaly on the Mee plot in the region < 50 GeV 

Distribution on the invariant mass of the Drell–
Yan production ee production in the modelling.

Preliminary answer: This may be related to the distribution on the invariant mass of the Drell-Yan ee
production. This shape is caused by the combination of reconstruction and identification efficiencies 
overlapped with the kinematic distribution on electron pT.
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Control plots
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Control plots
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Control plots
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Control plots
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Control plots
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Template fit
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Three free parameters are introduced in the combined fit: a signal 
strength parameter μ(Zg) and two normalization factors μ(Wg) and 
μ(γj) used to scale the yields of W(lν)γ and ttγ and γ+jets processes.

The binned likelihood function used in the analysis is:

Results of background only fit:

μ(Wg) = 1.00 ± 0.06 
μ(γj) = 0.70 ± 0.07 
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Template fit

Katerina Kazakova 

Using the Asimov data: μZγ = 1.00 ± 0.07 , μWγ = 1.00 ± 0.18 and μγj = 0.70 ± 0.06. Expected signal significance 69 σ.

Fit in the SR and CRs:

μZγ = 0.90 ± 0.13, μWγ = 0.97 ± 0.06 and μγj = 0.84 ± 0.05. Observed signal significance 64 σ.
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There are some problems with jet systematics!
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Problems with template fit

Katerina Kazakova 

Fit in all CRs w/o gj sample (syst): Fit in all CRs with cut on MET 
signif < 9 in gj CR:

Fit in all CRs with gj
sample with cut on 
pT soft term:
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Katerina Kazakova 

Problems with template fit: categorisation
There was an attempt to categorise the events based on Njets in the gj CR (background only fit)

μWγ = 1.06 ± 0.04, μγj(0) = 0.78 ± 0.09, μγj(1) = 0.72 ± 0.09 and μγj(2) = 0.73 ± 0.14. 

more information in back-up 
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Katerina Kazakova 

Wγ QCD scale: decorrelation

Wγ CR causes the shift
The central value is ~0.5 with all systematics adding → no 

problem?
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Katerina Kazakova 

Zγ QCD scale: decorrelation

γj CR causes the problem:
flat systematics,
smooth LH curve, 
asymmetric behaviour:
-0.313866 +1.3354 -1.00375

Still problematic
All variations:

Not clear what’s going wrong
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Fit procedure

Fit in all CRs w/o gj sampleFit in all CRs with gj sample
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Fit procedure

Fit in all CRs with gj sample 
with cut on pT soft term

Fit in all CRs with gj sample with 
cut on MET signif < 9 in gj CR
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Fit procedure
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Fit procedure
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Fit procedure
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Problems with template fit: categorisation
There was an attempt to categorise the events based on Njets in the gj CR (background only fit)

μWγ = 1.06 ± 0.04, μγj(0) = 0.78 ± 0.09, μγj(1) = 0.72 ± 0.09 and μγj(2) = 0.73 ± 0.14. 
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Beam-induced background (BIB)
Muons from pion and kaon decays in hadronic showers, induced by beam losses in non-elastic collisions 
with gas and detector material, deposit large amount of energy in calorimeters through radiative 
processes (= fake jets).

The characteristic peaks of the fake jets due to BIB concentrate at ± π and 0 (mainly due to the bending in 
the horizontal plane that occurs in the D1 and D2 dipoles and the LHC arc). 

Cuts: |φ| < 0.2, |φ| ∈ [2.8; 3.2] and |η| > 1.6 

|∆z| < 250 mm

Rejection efficiency: (100 ± 2)%
Acceptance efficiency: (99.6 ± 0.9)% 
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Selection optimisation
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Selection optimisation
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e → γ misID background: Z-peak method 
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e → γ misID background: Z-peak method 
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e → γ misID background: Z-peak method 
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e → γ misID background: Z-peak method 
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e → γ misID background: Z-peak method 
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jet → γ misID background: ABCD method 
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jet → γ misID background: slice method
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jet → γ misID background: slice method
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jet → γ misID background: slice method
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Unfolding procedure
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Unfolding procedure

Extended fiducial region:

Fiducial region:
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Unfolding procedure
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Unfolding procedure
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OMC method

Katerina Kazakova MEPhI@Atlas meeting 14.06.2024



OMC method
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OMC method

Katerina Kazakova MEPhI@Atlas meeting 14.06.2024


	Слайд 1
	Слайд 2
	Слайд 3
	Слайд 4
	Слайд 5
	Слайд 6
	Слайд 7
	Слайд 8
	Слайд 9
	Слайд 10
	Слайд 11
	Слайд 12
	Слайд 13
	Слайд 14
	Слайд 15
	Слайд 16
	Слайд 17
	Слайд 18
	Слайд 19
	Слайд 20
	Слайд 21
	Слайд 22
	Слайд 23
	Слайд 24
	Слайд 25
	Слайд 26
	Слайд 27
	Слайд 28
	Слайд 29
	Слайд 30
	Слайд 31
	Слайд 32
	Слайд 33
	Слайд 34
	Слайд 35
	Слайд 36
	Слайд 37
	Слайд 38
	Слайд 39
	Слайд 40
	Слайд 41
	Слайд 42
	Слайд 43
	Слайд 44
	Слайд 45
	Слайд 46
	Слайд 47
	Слайд 48
	Слайд 49
	Слайд 50
	Слайд 51
	Слайд 52
	Слайд 53
	Слайд 54
	Слайд 55
	Слайд 56
	Слайд 57

