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• Improve current constraints on coupling constant of u and d quarks 
from arXiv:2103.12074 using AFB as a observable variable in DY NC 
production 

Why AFB?

Answer: Due to cancellations of 

various QCD and PDF uncertainties

Coupling constant for u and d

Project motivation



General plan of our work
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1. Setup and upgrade xFitter

2. Study non-SM constraints using ATLAS data following 
arXiv:2103.12074v1 (internal cross-check, not for the paper?)

3. Create different pseudodata sets including statistical and 
theoretical error

4. Exploring different number of bins for rapidity and invariant mass

5. Various cross-checks connected with PDFs

6. Study of derivatives of AFB
New results



Setup and upgrade xFitter

• Setup xFitter

• Added rapidity (y_min, y_max) as 
changing parameters

• Added variational values (deltas) with 
naming as it was in arXiv:2103.1207 (left, 
right u, and d quarks)

• Some additional code so that it works 
appropriately

• Variate them as parameters in 
parameters.yaml
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More details of changes https://gitlab.com/fitters/xfitter/-/merge_requests/7

https://gitlab.cern.ch/fitters/xfitter/-/merge_requests/317

ReactionAFB.cc

https://gitlab.com/fitters/xfitter/-/merge_requests/7
https://gitlab.cern.ch/fitters/xfitter/-/merge_requests/317
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AFB as function of 𝑴𝒊𝒏𝒗 and 𝒀
6 rapidity 

bins

𝑀𝑖𝑛𝑣 range:

45-145 GeV

Rapidity:

0-3.6
20 𝑀𝑖𝑛𝑣

bins
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Derivatives from AFB as function of 𝑴𝒊𝒏𝒗 𝑀𝑖𝑛𝑣 range:

45-145 GeV

Rapidity:

0-3.6

20 𝑀𝑖𝑛𝑣

bins
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Derivatives from AFB as function of 𝒀 𝑀𝑖𝑛𝑣 range:

45-145 GeV

Rapidity:

0-3.6

6 rapidity 

bins
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• Big correlation

• Very big values

Results for 4 bins from arXiv:2103.12074

With restrictions for deltas between -1 to 1 

Without restrictions
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• Big, but lower correlation 
than for 4 bins

• Reasonable 𝜒2

Extend for 10 bins from ATLAS-CONF-2018-037 
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Confidence ellipses for obtained data

Allowed regions (at 95% CL) for four corrections of the Z couplings.

Correction ellipses
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How we generate pseudodata

Range for rapidity: 0 – 3.6

9 bins with step 0.4

Range for invariant mass: 70 – 125 GeV

11 bins with step 5 GeV 

Used formula from arXiv:1907.07727

to find stat error

𝐴𝐹𝐵
∗ - value of forward-backward asymmetry, N – number of events, F 

and B –forward and backward cross-sections, respectively

Smaller 

correlation than 

in previous 

pseudodata

𝑁 = 𝐿𝜀(𝐹 + 𝐵)

Luminosity (𝐿) – 3000 𝑓𝑏−1

Detector acceptance (𝜀) – 0.2
In our case 𝑁𝑚𝑖𝑛 ≈ 12000



Derivatives from AFB divided by ∆𝒔𝒕𝒂𝒕 as function 
of 𝑴𝒊𝒏𝒗
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𝑀𝑖𝑛𝑣 range:

45-145 GeV

Rapidity:

0-3.6

20 𝑀𝑖𝑛𝑣

bins

Stat error 

from 

HERAPDF20



13

Derivatives from AFB divided by ∆𝒔𝒕𝒂𝒕 as function 
of 𝒀

𝑀𝑖𝑛𝑣 range:

45-145 GeV

Rapidity:

0-3.6

6 rapidity 

bins

Stat error 

from 

HERAPDF20
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Introduction of characteristic parameter

𝑉 =
𝜋2

2
∆𝛿𝐿𝑢∆𝛿𝑅𝑢∆𝛿𝐿𝑑∆𝛿𝑅𝑑4-Elipsoid Volume:

Average volume error: ∆𝛿 =
2𝑉

𝜋2

1/4

we chose 5GeV

Pseudodata for different binning

4 rapidity 

bins

𝑀𝑖𝑛𝑣 range:

45-145 GeV

Rapidity:

0-3.6
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Binning with respect to rapidity 𝒀

we chose 0.6

Pseudodata for different binning

11 𝑀𝑖𝑛𝑣

bins

𝑀𝑖𝑛𝑣 range:

70-125 GeV

Rapidity:

0-3.6
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Comparison of different PDFs 𝑀𝑖𝑛𝑣 range: 45-145 GeV 

Rapidity: 0-3.6

Error and correlation of the couplings weakly depend from PDF sets
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Comparison of different PDFs with Volumes

The ratio between average error radii of order 1 ÷ 1.5



Comparison of Hesse vs exact variation on 𝝌𝟐 = 𝟏
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Hesse method shows good results compared to the exact calculation by MNContour



PDF rotation (ABMP16)
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NLO scale variations
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NLO scale variations



Running pseudodata with different PDF set

22

HERAPDF20 pseudodata with ABMP16 (without changes) HERAPDF20 pseudodata with ABMP16 (with migrad)

HERAPDF20 pseudodata with CT18 (without changes) HERAPDF20 pseudodata with CT18 (with migrad)

HERAPDF20 pseudodata with MSHT20 (without changes) HERAPDF20 pseudodata with MSHT20 (with migrad)
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Running pseudodata with different PDF set

HERAPDF20 pseudodata with NNPDF40 (without changes) HERAPDF20 pseudodata with NNPDF40 (with migrad)

Recheck 

MSHT20 pseudodata with CT18 (without changes) MSHT20 pseudodata with CT18 (with migrad)

The central values don't match for different PDF sets and their pseudodata



Our pseudodata comparing to current constrains 
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• Upgrade of xFitter was done

• Constraints on Z couplings using experimental data from ATLAS-CONF-
2018-037 were studied

• Different types of pseudodata were generated and explored

• The dependence of constraints from the number of bins for rapidity and 
invariant mass was obtained

• Comparing different PDF sets using pseudodata was done

• AFB derivatives was studied

• The possibility of significantly constraining Z couplings using HL-LHC data

• The result is ready to be published
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Conclusion!
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Correction ellipses

Allowed regions (at 95% CL) for four corrections of the Z couplings.

Comparison of pseudodata
Appendix A
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Intermediate result!
Correction ellipses

Allowed regions (at 95% CL) for four corrections of the Z couplings.
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• Current constraints for couplings can be 
significantly improved with high luminosity 
data

• Also even current data for 10 bins can 
additionally constrain deltas

• Found interesting effect with rapidity bins

Intermediate conclusion


