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Mysteries in the transverse polarization

Almost half a century mysteries in high-enegy QCD physics
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pQCD frameworks for the SSA

Transverse Momentum Dependent(TMD) factorization

- Applicable in small Pr(Q > Pr > Aqcp) region cf. Sivers function fi(z,k )

- Nonperturbative functions depend on the transverse momentum of partons

advantage: TMD functions have definite physical interpretation
disadvantage: limited applicable processes X pp — X

collinear factorization

- Applicable in large Pr(Pr > Agcp) region
- twist-3 multiparton correlation inside hadrons causes the large SSA

advantage: Applicable to many processes such as pp — X
disadvantage: Physical interpretation of the twist-3 functions is unclear

There is overlapping region Aqcep < Pr < Q)

There should not be a quantitative ambiguity in this region
if both are the first principle calculations




Relationship between TMD and twist-3

TMD and the collinear twist-3 gives equivalent results in intermediate Pr

region in the pion production x. Ji, J-W. Qiu, W.Vogelsang and F. Yuan, PRD73(2006) PLB638(2006)

F. Yuan and J. Zhou, PRL 103 (2009)
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How about the hyperon polarization 7

The distribution part has been done already. J. Zhou, F.Yuan and Z. -T. Liang, PRD78 (2008)
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We choose O as the TMD operator and calculate perturbative corrections to it
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Result in TMD sid
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Nonperturbative part is written only in terms of the collinear twist-3 functions
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- gluon mixing R. Tkarashi, Y. Koike, K. Yabe and SY, PRD106 (2022)
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o twist-3 gluon fragmentation effect
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Summary

. The twist-3 cross section for the SSA in AT production was completed very recent
at the lowest order

- We calculated the one-loop corrections to the TMD operator and found
the relation with the collinear twist-3 functions

- Using this relation, we confirmed that the TMD and the collinear twist-3
give the consistent results in Agep € Pr < Q

- The consistency will play a role in future phenomenological studies as
that in the pion production has done



Back up



pQCD frameworks for the SSA

Two possible ways are known as extensional pQCD frameworks
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