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Neutral Current Drell-Yan production
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𝑝𝑝 → (𝑍) → 𝑙+𝑙− Neutral current

We work with this

Distribution of 𝑞 and ത𝑞 via energy and 

probability

Parton Distribution function (PDF) [1]
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[1] https://doi.org/10.1140/epjc/s10052-010-1417-0 

https://doi.org/10.1140/epjc/s10052-010-1417-0
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proton
proton proton

proton

This phenomenon observed in SM due to 

parity-violating Z couplings to fermions

Definition of Forward-Backward Asymmetry

Asymmetry is defined with respect to the longitudinal momentum of the dilepton

system in LO because we don't know the position of quarks in the experiment
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Forward Backward Asymmetry (𝑨𝑭𝑩)

Why 𝐴𝐹𝐵?

Answer: Due to cancellations 

of various QCD and 

experimental uncertainties

(1)

𝜎𝐹 cross-section from these events 𝜎𝐵 cross-section from these events
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20 invariant mass bins (𝑀𝑖𝑛𝑣) and 6 rapidity intervals ( 𝑌 ) 6 rapidity bins ( 𝑌 ) and 5 invariant mass bins (𝑀𝑖𝑛𝑣)
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Forward Backward Asymmetry in LO (𝑨𝑭𝑩)



• In order to calculate 𝐴𝐹𝐵 in LO, xFitter framework was used for DY 
production in the NC channel

• Our study focused on Z boson couplings for u and d quarks. There are four 
couplings (2 vector and 2 axial) and in SM, they are defined as :
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• We changed the definition of couplings by including non-SM corrections in 
order to study their constraints

where sin2𝜃𝑊 is weak mixing angle

Introduction of SMEFT 𝑍 boson couplings

where for 𝛿𝑉𝑢 = 𝛿𝐴𝑢 = 𝛿𝑉𝑑 = 𝛿𝐴𝑑 = 0 we get values for couplings in SM

Motivation: these four couplings 

are weakly constrained using 

LEP data, unlike other couplings 

(2)

(3)

https://www.xfitter.org/xFitter/xFitter/results
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2. Pseudodata for HL-LHC were created with the help of the xFitter framework that can 

calculate double-differential cross sections as a function of the invariant mass and rapidity of 

the dilepton pair

Range for rapidity: 0 – 3.6

Range for invariant mass: 45 – 145 GeV

Luminosity (𝐿) – 3000 𝑓𝑏−1 (end of HL-LHC)

Detector efficiency (𝜀) – 0.2

Max absolute pseudorapidity ( 𝜂𝑚𝑎𝑥 ) – 5

Min transverse momentum (𝑝𝑇
𝑚𝑖𝑛) – 20 GeV

Statistical error was found using formula

𝐴𝐹𝐵 – value of forward-backward asymmetry, 

𝑁 – number of events

𝑁 = 𝐿𝜀(𝜎𝐹 + 𝜎𝐵)

Theoretical PDF error was calculated with 

the help of the PDF profiling technique 

implemented in the xFitter framework.

Fitting of current and future LHC data

(4)

(5)

1. Utilizing existing values of uncertainties obtained for 10 bins from ATLAS-CONF-2018-037, 

the constraints for couplings were calculated

We fit the four couplings using existing and future LHC data:

Our pseudodata generation technique was 

validated vs. ATLAS-CONF-2018-037 and 

consistent results were found

https://www.xfitter.org/xFitter/xFitter/results
https://www.xfitter.org/xFitter/xFitter/results
https://cds.cern.ch/record/2630340/files/ATLAS-CONF-2018-037.pdf
https://cds.cern.ch/record/2630340/files/ATLAS-CONF-2018-037.pdf


• The xFitter project (former HERAFitter) is a unique open-source QCD fit 
framework

• GitLab repository (open access)

• This code allows users to: 

 extract PDFs from a large variety of data

 assess the impact of new data on PDFs

 check the consistency of experimental data

 test different theoretical assumptions

• Several active developers between experimentalists and theorists

• More than 100 publications obtained using xFitter since the beginning of the 
project. Recent publications:
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xFitter project

1. QCD analysis of pion fragmentation functions in the xFitter framework, Phys.Rev.D 104 (2021) 5, 056019

2. Parton Distribution Functions of the Charged Pion Within The xFitter Framework, Phys.Rev.D 102 (2020) 1, 014040

See more detailed 

features in Appendix A!

https://doi.org/10.1007/JHEP10(2019)176

https://www.xfitter.org/xFitter/xFitter
https://gitlab.cern.ch/fitters/xfitter
https://www.xfitter.org/xFitter/xFitter/results
https://arxiv.org/abs/2105.11306
http://arxiv.org/abs/arXiv:2002.02902
https://doi.org/10.1007/JHEP10(2019)176
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divided by ∆𝒔𝒕𝒂𝒕
𝑀𝑖𝑛𝑣 range:

45-145 GeV

Rapidity:

0-3.6

20 𝑀𝑖𝑛𝑣 bins

6 𝑌 intervals

Normalization on 

∆𝒔𝒕𝒂𝒕 includes 

information 

dependence from 

statistical error

You can find 

derivatives as a 

function of |𝒀| and 

other derivatives in 

Appendix B



• We have to choose optimal bins width to optimize statistical and systematic errors
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Bins optimization problem

Average geometrical error on the extracted couplings:

we chose 5 GeV

[GeV]

we chose 0.6

Error slowly changes for 

different 𝑀𝑖𝑛𝑣 bin intervals

Error significantly changes 

for different 𝑌 bin intervals

∆𝛿 𝑔𝑒𝑜 =
4 ∆𝛿𝑉𝑢∆𝛿𝐴𝑢∆𝛿𝑉𝑑∆𝛿𝐴𝑑
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Confidence ellipses for different PDFs

Constraints for different PDFs are similar
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Confidence ellipses for different PDFs
Average geometrical error

Impact of PDF errors on constraints

PDF error contributes the largest to 

the total uncertainty 

(approximately three times more 

than statistical error)

https://doi.org/10.1007/JHEP10(2019)176

More details about PDF uncertainty in 

previous xFitter group paper

https://doi.org/10.1007/JHEP10(2019)176
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As we can see, indeed, the HL-LHC have significant potential for 

improving current constraints!

Comparison of our results with existing data

At the same time ellipses obtained from ATLAS(10) (ATLAS-CONF-2018-037) shows slight 

improvement of current constraints.

https://cds.cern.ch/record/2630340/files/ATLAS-CONF-2018-037.pdf
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Comparison for different future experiments

Different future experiments show comparable results



Conclusion

• Using 𝐴𝐹𝐵 in NC DY production and implementing non-SM correction for 𝑍
boson of 𝑢 and 𝑑 quarks couplings (𝛿𝑉𝑢, 𝛿𝐴𝑢, 𝛿𝑉𝑑 , 𝛿𝐴𝑑) in xFitter, pseudodata

with theoretical PDF and statistical error was created for HL-LHC data analysis

• The behavior of derivatives of 𝐴𝐹𝐵 concerning non-SM corrections was studied

• Different bin interval configurations and their constraining impact were 

analyzed. With the decrease of bin interval observed saturation, and area of 

constraints almost don't change

• Predicted constraints for different PDF sets are almost the same, and the impact 

of PDF error is much higher than from a statistical error

• Improvement of current constraints using HL-LHC data was obtained

• Constraints calculated for HL-LHC are comparable with other different future 

experiments
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Thank you for your attention!
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• Parametrize PDFs at the initial scale:

 several functional forms available

 define PDF parameters to be minimised

• Evolve PDFs to the scales of the fitted data points:

• DGLAP evolution up to NNLO in QCD and NLO QED

• non-DGLAP evolutions (dipole, CCFM)

• Compute predictions for the data points:

 several mass schemes available in DIS

 predictions for hadron-collider data through fast interfaces

• Comparison data-predictions via 𝜒2:

 multiple definitions available

 consistent treatment of the systematic uncertainties

• Minimize the 𝜒2 w.r.t. the fitted parameters:

 using MINUIT, CERES or by Bayesian reweighting

xFitter in a nutshell

https://doi.org/10.1007/JHEP10(2019)176

Appendix A

https://doi.org/10.1007/JHEP10(2019)176
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Derivatives from 𝑨𝑭𝑩 as function of 𝑴𝒊𝒏𝒗
𝑀𝑖𝑛𝑣 range:

45-145 GeV

Rapidity:

0-3.6

20 𝑀𝑖𝑛𝑣 bins

6 𝑌 intervals

Derivatives show 

how much 

information we can 

get from different 

intervals

Appendix B
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Derivatives from 𝑨𝑭𝑩 as function of 𝒀
𝑀𝑖𝑛𝑣 range:

45-145 GeV

Rapidity:

0-3.6

6 𝑌 bins

5 𝑀𝑖𝑛𝑣 intervals

Appendix B
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𝑀𝑖𝑛𝑣 range:

45-145 GeV

Rapidity:

0-3.6

6 𝑌 bins

5 𝑀𝑖𝑛𝑣 intervals

These normalized 

derivatives show 

almost graduate 

increasing with the 

growth of rapidity

Appendix B

The same derivatives divided by ∆𝒔𝒕𝒂𝒕
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