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Outline

• Introduction to TMDs

• Previous knowledge on          : Model calculations, Lattice Calculations, Theoretical predictions             

• Main extraction: Fit through Monte-Carlo technique

• Main fit results

• Comparison with theoretical predictions

• Comparison with Lattice QCD results

• Summary/Outlook
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Model calculations
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Light-cone constituent quark model: Spectator-diquark model: MIT bag model:

(Pasquini, Cazzaniga, Boffi, arXiv:0806.2298) (Jakob, Mulders, Rodrigues, hep-ph/9704335,

Bacchetta, Conti, Radici, arXiv:0807.0323, ...)
Avakian, Efremov, Schweitzer, Yuan, arXiv: 1001.5467

(The d-quark distributions have opposite signs 

and are smaller.)
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Lattice QCD calculations
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Lattice QCD results (Musch et al., arXiv:0908.1283, arXiv:1011.1213 )

• Lattice results support that up and down

down quark distributions come in with 

different signs and different magnitudes

• Pioneering lattice QCD calculations done

more than 10 years ago



Theoretical predictions 

Extraction of         TMD from HERMES, COMPASS & JLab data 

SB, Kang, Metz, Penn, Pitonyak, arXiv: 2110. XXXXX (2021)
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Semi-inclusive Deep Inelastic Scattering: 

Fundamentals
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Semi-inclusive Deep Inelastic Scattering: 

Fundamentals

Model-independent decomposition of cross-section: (Bacchetta et. al. 2007, …)
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Semi-inclusive Deep Inelastic Scattering: 

Fundamentals

Connection between structure functions and TMDs: (Bacchetta et. al. 2007, …)
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Parameterization of 

Gaussian ansatz:

where,

• Fix TMD width: Hagler et. al., hep-lat/ 0908.1283

Cammaota et. al., arXiv 2002.08384
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where,

• Fix TMD width:

Cammarota et. al., arXiv 2002.08384
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Lattice QCD Hagler et. al., hep-lat/ 0908.1283 (See also Bastami et. al., 

1807.10606 that uses this idea to get     )
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DGLAP kernel



Experimental data

Dataset Target Identified hadron No. of points

HERMES 26

26

8

COMPASS 33

31

JLab 2

2

Cut:
Airapetian et. al.,

arXiv: 2007.07755

Parsamyan,

PoS: QCDEV2017

Huang,

arXiv: 1108.0489
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Total 128

Experimental data

Very less points!
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Theory

Fit to exp. data

Fitting procedure: Monte-Carlo technique
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Theory

Fitting procedure: Monte-Carlo technique

Fit to exp. data

Minimize:
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Theory

Fitting procedure: Monte-Carlo technique

Fit to exp. data

Minimize weighted chi-squared: 

(Echevarria, Kang, Terry, arXiv: 2009.10710)

Give JLab data weight similar to

HERMES & COMPASS data
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Fitting procedure: Monte-Carlo technique

Fit to exp. data

Generate pseudo-data

45

Extraction of         TMD from HERMES, COMPASS & JLab data 

SB, Kang, Metz, Penn, Pitonyak, arXiv: 2110. XXXXX (2021)



Theory

Fit to pseudo-data

Fitting procedure: Monte-Carlo technique

Fit to exp. data

Generate pseudo-data
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Theory versus data

Extraction of         TMD from HERMES, COMPASS & JLab data 

SB, Kang, Metz, Penn, Pitonyak, arXiv: 2110. XXXXX (2021)

• Performed a fit of HERMES + JLab
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Results for the x-dependence
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Test of theoretical predictions

• Qualitative agreement with large- fit • Slight preference to violate large- approx.
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• Hints of slight violation of WW-type approx. • Qualitative agreement with WW-type approx. 
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Violation of existing theoretical predictions?
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Violation of existing phenomenological predictions?
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Weighted versus unweighted methods
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• Larger up quark distribution needed to describe JLab        data
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Comparison with lattice QCD results

Calculation of worm-gear shift:

• Consistency between lattice results & our main fit 

result

• It is encouraging that lattice QCD & exp. data are 

in reasonable agreement

• Consistency between results from WW-type 

approx. & our main fit result
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SB, Kang, Metz, Penn, Pitonyak, arXiv: 2110. XXXXX (2021)
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• We have performed the first extraction of          from experimental data, obtaining a very good fit 

simultaneously of HERMES, COMPASS, JLab data on SIDIS

• Additional deuteron and/or neutron measurements are needed for a cleaner flavor separation

• Qualitative agreements with large- & WW-type approximation 

• Although there is an indication of a slight violation of both the theoretical predictions, the data is not precise 

enough to affirm the degree of violation (if any)

• Any clear signal of violation of WW-type approximation would be a probe of quark-gluon-quark correlations

• Encouraging agreement in the worm-gear shift with lattice QCD results

Summary
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• Impact of SoLID data on our current fit  (In Collaboration with Vlad Khachatryan …)

•

Outlook

Extend analysis to extract 

….       
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Extraction of         TMD from HERMES, COMPASS & JLab data 
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• One can also try parameterization in terms of integrals convolutions with helicity (“inspiration” from

from WW-type relations):

▪ Like above, we do not expect changes

• Different unpolarized PDF sets do not change our results

Tests with other PDF sets (not shown in paper)

• Parameterizing in terms of helicity PDF does not change our results


