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: In the high energy scattering process which involves a transversely polarized hadron,

Single Spin Asymmetry (SSA)

Our aim is
to derive the complete cross section formula for the transversely 
polarized Λ production in the collision between 2 unpolarized
protons based on the twist-3 mechanism. 

Introduction

a large spin asymmetry is observed.
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Fig. : the factorized  cross  section 

Collinear expansion:  
Expansion of the parton’s momentum k around the hadron’s momentum

distribution function fragmentation function

The cross section can be decomposed into the “soft part” and the “hard part”.

Hard part
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Hadron mass

Collinear factorized

Energy scale
(in the high energy process

t3

Twist-3 parton distribution function

This function reflects the multi-parton correlation effect. 

Twist expansion

The cross section can be expanded in terms of  .

Ex. Contribution from the twist-3 distribution
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The cross section for hyperon polarization

The purpose of this study：

To calculate the cross section from the twist-3 
fragmentation function ; (A)term
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(a)

(b) (c)

(a)

(b) (c)

Formalism of twist-3 cross section (Feynman gauge)①

The cross section from the t-3 FF can be written as

(Koichi Kanazawa and Yuji Koike Phys. Rev. D 88, 074022 (2013)) 

.
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The matrix elements in the gauge invariant  form

☆Collinear expansion

☆Ward identity

The cross section is obtained in the gauge invariant form:

Hyperon’s 
momentum

Formalism of twist-3 cross section (Feynman gauge)②

.



The definition of the quark fragmentation functions 7

Quark fragmentation functions

F-type quark fragmentation functions

Twist-3 FF

Real

Pure imaginary

Complex
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By substituting the tensor expanded matrix elements, 

(a)(b)(c)

Formalism of twist-3 cross section (Feynman gauge)③

.
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QCD e.o.m.

The relation obtained from the QCD e.o.m

Lorentz invariance relation (LIR)

，

The relations for the twist-3 fragmentation functions

Based on the identities for the non-local operators for the twist-3 FFs,
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By the 2 relations between the twist-3 FFs,

(a)(b)(c)

In this formula, 
we used the following relations which can be obtained from the calculation of the hard parts.

Formalism of twist-3 cross section (Feynman gauge)④

.



Lowest order diagrams① 11



12Lowest order diagrams②
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We need to include the following 
channels as well.

The results of calculating the LO diagrams①
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We have completed the 
calculation for the 
contribution 
corresponding to the 
following figures.

The results of calculating the LO diagrams②



Summary

・We have calculated the cross section from the quark fragmenting part 

corresponding to the following figures.
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(a) (b) (c)

・We focused on the twist-3 cross-section coming from the twist3 

fragmentation function for the  hyperon polarization in unpolarized proton-
proton collisions based on the twist-3 mechanism.  

And we have written this cross section formula in a compact form by using 
the relations between the twist-3 quark fragmentation functions.



16Outlook

To complete the contribution from the twist-3 fragmentation functions,
the following diagrams need to be included. 

To do this, the following diagrams also need to be considered 
to satisfy the gauge invariance.

In addition, we need the calculation of the contribution 
from the gluon fragmenting parts.
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