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✓ One photon exchange approximation

✓ 𝑄 → ∞ and small 𝑃ℎ𝑇

✓ Factorization assumed to be working (not too crazy)

✓ Expansion of hadronic tensor in orders of (M/Q) up to tree level
P. J. Mulders and R. D. Tangerman, Nucl. Phys. B461 (1996) [hep-ph/9510301]
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SIDIS cross section involves 18 structure functions and 
as a result of factorization, they are such convolutions:  
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DIS

SLT SIDIS? Limited data are available; (M/Q) Suppression + too 
many terms which also make trouble in model calculations.

𝐹𝑈𝑈
cos(2𝜙ℎ) =

2𝑀

𝑄
𝐶

෡𝒉 ∙ 𝑃⊥
𝑧𝑚ℎ

𝑥ℎ 𝐻1
⊥ +

𝑚ℎ

𝑧𝑀
𝑓1 ෩𝐷

⊥ −
෡𝒉 ∙ 𝑘⊥
𝑀

𝑥𝑓⊥ 𝐷1+
𝑚ℎ

𝑧𝑀
ℎ1
⊥ ෩𝐻

and 6 more SFs with same or more number of unknowns TMDs  

All SIDIS SFs up to subleading twist in terms of 6 twist-2 TMD PDFs and 2 twist-2 FFs!

𝑓1 , 𝑔1 , 𝑓1𝑇
⊥ , ℎ1 , ℎ1

⊥ , ℎ1𝑇
⊥ , 𝐷1 ,  𝐻1

⊥ Isn’t it amazing!?  OK!

𝒒𝒒
Twist-3 
TMDs

WW-App. WW-type App. 
through EOM

Wandzura-Wilczek Approximation

Imagine…

5
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Asymmetries in WW-type-Approximation

SIDIS differential cross section in terms of all single/double spin asymmetries :    

𝐴𝑋𝑌
𝑤 (𝑥, 𝑧, 𝑃ℎ𝑇) =

𝐹𝑋𝑌
𝑤 (𝑥, 𝑧, 𝑃ℎ𝑇)

𝐹𝑈𝑈,𝑇(𝑥, 𝑧, 𝑃ℎ𝑇)

Azimuthal angle dependent 
weight

Target polarization

Beam polarization

With  
𝑑6𝜎0

𝑑𝑥 𝑑𝑦 𝑑𝑧 𝑑𝜙ℎ 𝑑𝜓𝑙 𝑑𝑃ℎ𝑇
2 =

2𝛼2

𝑥𝑦𝑄2 1 − 𝑦 +
𝑦2

2
𝐹𝑈𝑈,𝑇(𝑥, 𝑧, 𝑃ℎ𝑇)

𝑝𝑖 𝑦 ’s are known kinematic prefactors

6
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Asymmetries in WW-type-Approximation

SIDIS differential cross section in terms of all single/double spin asymmetries :    

𝐴𝑋𝑌
𝑤 (𝑥, 𝑧, 𝑃ℎ𝑇) =

𝐹𝑋𝑌
𝑤 (𝑥, 𝑧, 𝑃ℎ𝑇)

𝐹𝑈𝑈,𝑇(𝑥, 𝑧, 𝑃ℎ𝑇)

Azimuthal angle dependent 
weight

Target polarization

Beam polarization

With  
𝑑6𝜎0

𝑑𝑥 𝑑𝑦 𝑑𝑧 𝑑𝜙ℎ 𝑑𝜓𝑙 𝑑𝑃ℎ𝑇
2 =

2𝛼2

𝑥𝑦𝑄2 1 − 𝑦 +
𝑦2

2
𝐹𝑈𝑈,𝑇(𝑥, 𝑧, 𝑃ℎ𝑇)

𝐹𝑈𝑈,𝐿 𝑥, 𝑧, 𝑃ℎ𝑇 and  𝐹𝑈𝑇,𝐿
sin(𝜙ℎ−𝜙𝑆) are 

dropped systematically from our 
calculations since we agreed to stop

at 𝒪(
1

𝑄2
).

𝑝𝑖 𝑦 ’s are known kinematic prefactors

6



Asymmetries in WW-type-Approximation 7

Every survived
TMD or FF will go
with a Gaussian 
Ansatz of its own 
width along with a 
longitudinal part.



WW-approximation results on leading twist: 

Asymmetries in WW-type-Approximation 8



WW-approximation results on subleading twist: 

Asymmetries in WW-type-Approximation 9



WW-approximation results on subleading twist: 

Asymmetries in WW-type-Approximation 10



1. There are two classes of WW-type relations:               

twist-3               twist-2

twist-3               transverse moment of a twist-2

Do the convolutions without WW then use the integrated WW-type relations.

𝑥 𝑔𝑇
𝑎 𝑥, 𝑘⊥

2 ≈
𝑘⊥
2

𝑀2
𝑔1𝑇
⊥𝑎 𝑥, 𝑘⊥

2

𝑥 𝑓⊥𝑎 𝑥, 𝑘⊥
2 ≈ 𝑓1

𝑎 𝑥, 𝑘⊥
2

Remarks 11

Both Gaussians? 
Not beautiful!



1. There are two classes of WW-type relations:               

twist-3               twist-2

twist-3               transverse moment of a twist-2

Do the convolutions without WW then use the integrated WW-type relations.

𝑥 𝑔𝑇
𝑎 𝑥, 𝑘⊥

2 ≈
𝑘⊥
2

𝑀2
𝑔1𝑇
⊥𝑎 𝑥, 𝑘⊥

2

𝑥 𝑓⊥𝑎 𝑥, 𝑘⊥
2 ≈ 𝑓1

𝑎 𝑥, 𝑘⊥
2

Remarks 11

Both Gaussians? 
Not beautiful!

2.    The alternative treatment is bulkier but OK most of the times except when it comes 

to respect sum rules of T-odd TMDs. This happens e.g. in case of                   where the 

T-odd Sievers function imposes sum rule to vanish. 

𝐹𝑈𝑇
sin(𝜙𝑆)



• Presented a full treatment of SIDIS asymmetries based on 6 TMDs and 
2 FFs basis ready for phenomenology and event generators.

• Tested the applicability of WW-approximation type with available 
data.  

• Made prediction for upcoming data from JLab, COMPASS, HERMES & 
the future EIC.

• Opened some how a window to investigate the ഥ𝒒𝒈𝒒 TMDs. 

Conclusion 12



• Presented a full treatment of SIDIS asymmetries based on 6 TMDs and 
2 FFs basis ready for phenomenology and event generators.

• Tested the applicability of WW-approximation type with available 
data.  

• Made prediction for upcoming data from JLab, COMPASS, HERMES & 
the future EIC.

• Opened some how a window to investigate the ഥ𝒒𝒈𝒒 TMDs. 

Thank You

Conclusion 12
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Spin Asymmetries in WW-type-Approximation



Introduction :    SIDIS SF’s & spin asymmetries



TMDs physical interpretations



EOMs





Further considerations

2𝑀𝑊𝜇𝜈 =
1

(2𝜋)3
෍

𝑋

න
𝑑3𝑃𝑋

2𝑃𝑋
0 𝛿4 𝑞 + 𝑃 − 𝑃𝑋 − 𝑃ℎ 𝑃 𝐽𝜇(0) ℎ, 𝑋 ℎ, 𝑋 𝐽𝜈(0) 𝑃

𝑦𝑚𝑎𝑥

𝑦𝑚𝑖𝑛


