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After fit there is still present a trend of data/pred. in the first 3 bins. Is this understood?

This is an issue since this m;; mismodelling could be present in the SR and affect the measured signal

process cross-section and its significance.



Rebinning
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x? tests, Zy QCD CR1
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x? tests, Zv QCD CR2
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x2 tests, W~ QCD CR

Old binning
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x? tests, W~ QCD CR, merged bins

Old binning New binning
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ldea — Z~ QCD reweighting

Z~v QCD CR2, before background-onl
Z~ QCD process accounts for almost half of events in the ol Q ‘ grounc-only

fit
Z~v QCD CR2 and is known for poor mj; shape modelling at I
high values. Sample % of pred. events

Idea: Zv, QCD 45.41
1. Fit the data/prediction discrepancy in the (Z~ inc. + Wo, QCD _ 30.74
~-cent. > 0.6) region the using some f(m;;) function. _Mis_ey)' top, tt 171?12
2. Scale the Zy QCD sample in both Zy QCD CR2 and JtiW 7 381
SR. Zi. i 2.76
_ ) Z~, EWK 2.12
Checks were done using Sherpa (nominal) and MadGraph W, EWK 1.04
(alternative) Zvy QCD samples. Z(Zé)v 0.89




Z7v QCD reweighting. Feasibility check

yeentrality
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To see if the proposed method is feasible Zv QCD CR1 was used. Though it only has mj; € [0; 300]
GeV, it has both prediction and unblinded data for full v-centrality range.

It was split into two sub-regions: y-cent. < 0.6 (SR-like) and y-cent. > 0.6 (Zy QCD CR2-like)
The following checks were performed:

1. Check data/prediction comparison for both sub-regions.

2. Distribution comparison between two sub-regions.

3. Correlation coefficients comparison.



Data/prediction comparison for Zy QCD CR1 sub-regions
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The data is in agreement
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with the prediction for all sub-regions and Zy QCD samples.



Distribution comparison between two Z~v QCD CR1 sub-regions

Blue histogram — ~-centrality < 0.6
Magenta histogram — ~-centrality > 0.6
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Same trends are observed for both Zy QCD samples and the data.



mj; and ~-centrality correlation in ZyQCD CR 1

~-centrality selection ‘ Sherpa Zv QCD MadGraph Zv QCD Data
< 0.6 —0.03 —0.02 —0.03
> 0.6 0.03 —0.01 —0.07

mj; and y-centrality appear not to be correlated.
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Z~ QCD fit setup

Since the checks have not shown any obstructions for the proposed method we've proceeded with the
fit.

Region
The fit was done in the Z+ inclusive region with the following cuts:
> mj; > 200 GeV (compare to mj; > 300 GeV for Zy QCD CR2);
> ~-centrality > 0.6 (same as Zv QCD CR2)
The mj; range was extended beyond the Zy QCD CR2 for modelling of low mj; values.

Distribution
Data — Non. Z~ QCD background
Z~QCD
Functions
> A+ Bx

> A+ Bx+ Cx?
> eA+BX

12



Fitting the Zv QCD mj; distribution in the Z QCD CR2

A+ B

o

x?/Ng¢ = 9.20/3

A+ Bx

{

i

x2/Ngs = 2.49/3

Highlighted results were

Sherpa Z+v QCD

A+ Bx + Cx?

x2/Ngs = 1.63/2
MadGraph Zv QCD
A+ Bx + Cx?

x2/Ngs = 14.24/

eA+B><

x?/Nas = 5.98/2

used for Zv QCD reweighting in Zv QCD CR 2 and SR.
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Applying the fitted function
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Highlighted results were later used for Zv QCD reweighting in Zy QCD CR 2 and SR and cross-section measurement.



Using the reweighted Zv QCD in the cross-section measurement fit

A + Bx and e**B* function had shown good results for the reweighting in the Zy QCD CR2.

Since the results were the same for both Sherpa and MadGraph Zv QCD samples only the Sherpa
one was used for the measurement.

The reweighting function were used to change the weights of the Zv QCD events in the SR based on
their mj; value.
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Background only fit, no reweighting

Before fit
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Background only fit, A+ Bx

Before fit

reweighting
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Background only fit, e

Before fit

A+Bx

reweighting
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Asimov data fit results

Initial Zy QCD A+ Bx Zv QCD reweighting eA*tBx Zy QCD reweighting
HZyEWK 1.00f%:2275(stat)t%"zl‘;(syst) 1ZyEWK 1.OOf%'_";%(stat)'*_'%"Qzﬁ(syst) HZVEWK 1.OOJj%'_";%(stat)*_'%"%(syst)
pzvqep  1.05 4 0.08(stat) 935 (syst) pzyqep  0.85 £ 0.06(stat) £ 0.12(syst)uzyqcp  0.83 + 0.06(stat) + 0.12(sys
By 1.08 £ 0.04(stat) [g 13 (syst) 1w~ 1.10 4 0.04(stat) 7919 (syst) puw 1.11 + 0.04(stat) *%19 (syst
Expected median cross-section Expected median cross-section Expected median cross-section
measurement significance measurement significance measurement significance
3.81c 3.33¢0 3.360

Result: reweighting allows for a better data/prediction agreement in the Zv QCD CR2 and
potentially improves mj; modelling in the SR, but lowers the expected significance.

In order to increase the expected significance we've tried to use the BDT classifier response
distributions in the control regions.
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Background only fit, no reweighting

efore fit
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Background only fit, e
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A+Bx

reweighting
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Asimov data fit results
BDT classifier response in the control regions
Initial Zy QCD
HZyEWK 1 00t%2275 (stat)f%"zlﬂ; (SySt)
pzyqcp  1.05 +0.08(stat) 1913 (syst)
Hwey 1.08 4 0.04(stat) 7913 (syst)

Expected median cross-section
measurement significance
3.8lc

mj; in the control regions
Initial Zv QCD

KUZyEWK 1.00f%"zzg(stat)f%‘f‘;‘;(syst)
pz4qcp  1.05+ 0.08(stat)t20;il;;(syst)
By 1.08 £+ 0.04(stat) %13 (syst)

Expected median cross-section
measurement significance
3.810

eAtBx 7y QCD reweighting

pzoEwk 100G (stat) TG 3G (syst)
pzyQcp  0.82 £ 0.06(stat) 4 0.11(syst)
Hiw~ 1.09 + 0.04(stat) 317 (syst)

Expected median cross-section
measurement significance
3.390

eAtBx 7y QCD reweighting

KZAEWK 1.0075:29 (stat) 1550 (syst)
nzyQcp  0.83 £ 0.06(stat) £ 0.12(syst)
B~ 1.11 + 0.04(stat) 7929 (syst)

Expected median cross-section
measurement significance
3.360

Change from mj; to BDT classifier response in the control regions yields no improvement.

22



Final results

Z~v QCD sample reweighting allows for a better data/prediction agreement in the Zv QCD CR2 and
potentially improves m;; modelling in the SR, but lowers the expected significance from 3.80 to 3.30.

Change from mj; distribution to BDT classifier response distribution in the control regions yields no
improvement for the expected significance.

We're planning to use this reweighing for the final measurement and proposing using the difference
between A + Bx and e**BX reweighting functions as the systematic uncertainty.
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