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Introduction
・Single Spin Asymmetry(SSA)

・𝑝𝑝 → Λ↑𝑋

In addition,

・Semi-inclusive deep inelastic scattering(SIDIS) e𝑝 → 𝑒Λ↑𝑋

・Drell-Yan process     𝑝↑𝑝 → 𝑙+𝑙−𝑋

・Direct photon production     𝑝↑𝑝 → 𝛾𝑋 , etc.  
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Introduction
・Single Spin Asymmetry(SSA)

・𝑝𝑝 → Λ↑𝑋

Multi parton correlation functions
(quark-gluon, purely gluonic)

The origin of SSA
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Leptonic 
tensor

Hadronic 
tensor

Introduction

・e𝑝 → 𝑒Λ↑𝑋(Semi−inclusive deep inelastic scattering(SIDIS))
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Introduction

Quark-gluon correlation function

𝑊𝜇𝜈 = DF
Hard cross
sectionFF

Hard partSoft part 

・e𝑝 → 𝑒Λ↑𝑋(Semi−inclusive deep inelastic scattering(SIDIS))
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Introduction

𝐞𝒑 → 𝒆𝜦↑𝑿 based on 

the collinear twist-3 factorization formalism.

Large-𝑝𝑇 (Λ𝑄𝐶𝐷 ≪ 𝑄 ~ 𝑃𝑇)
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Introduction

・𝒆𝒑 → 𝒆𝜦↑𝑿

Contribution of the

1. twist-3 quark distribution function [1]

2. twist-3 quark fragmentation function [2]

3. twist-3 gluon fragmentation function

𝐞𝒑 → 𝒆𝜦↑𝑿 based on 

the collinear twist-3 factorization formalism.

[1] H. Eguchi, Y. Koike, K. Tanaka, Nucl. Phys. B763 (2007) 198-227,
[2] K. Kanazawa, Y. Koike, Phys. Rev. D88 (2013) 074022,
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Introduction

[1] H. Eguchi, Y. Koike, K. Tanaka, Nucl. Phys. B763 (2007) 198-227,
[2] K. Kanazawa, Y. Koike, Phys. Rev. D88 (2013) 074022,

・𝒆𝒑 → 𝒆𝜦↑𝑿

Contribution of the

1. twist-3 quark distribution function [1]

2. twist-3 quark fragmentation function [2]

3. twist-3 gluon fragmentation function
Talk by R. Ikarash(TMD session)

𝐞𝒑 → 𝒆𝜦↑𝑿 based on 

the collinear twist-3 factorization formalism.
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“Hadron frame” and spin vector

Fig. 2. Hadron frame.

[4] R. b. Meng, F. I. Olness and D. E. Soper, Nucl. Phys. B 371, 79 (1992).

・Five Lorentz invariants.

θ
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“Hadron frame” and spin vector

Fig.3.  Hadron plane and spin vector.

[4] R. b. Meng, F. I. Olness and D. E. Soper, Nucl. Phys. B 371, 79 (1992).

“Spin vector of final state hadron”

・Five Lorentz invariants.

θ
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“Hadron frame” and spin vector

[4] R. b. Meng, F. I. Olness and D. E. Soper, Nucl. Phys. B 371, 79 (1992).
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“Hadron frame” and spin vector

[4] R. b. Meng, F. I. Olness and D. E. Soper, Nucl. Phys. B 371, 79 (1992).

Expansion coefficients

・Symmetric tensors



Fig.３ Hadron frame.
16

“Hadron frame” and spin vector

θ
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Contribution of the twist-3 distribution function

[1] H. Eguchi, Y. Koike, K. Tanaka, Nucl. Phys. B763 (2007) 198-227

・Hadronic tensor[1]

Twisi-3 quark DF for initial proton・Hard pole 

𝐸𝐹 𝑥𝑏𝑗 , 𝑥



・Hard pole 
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Contribution of the twist-3 distribution function

[4] Y. Koike, K. Tanaka, (2009) arXiv:0907.2797v1

𝐸𝐹 𝑥𝑏𝑗 , 𝑥𝑏𝑗 − 𝑥

・Hadronic tensor[1]

Twisi-3 quark DF for initial proton

https://arxiv.org/abs/0907.2797v1
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Contribution of the twist-3 distribution function

・Hard pole Twist-2 FF for transversely 
polarized hyperon

Twist-3 DF for initial proton



・Soft gluon pole 
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Contribution of the twist-3 distribution function

[1] H. Eguchi, Y. Koike, K. Tanaka, Nucl. Phys. B763 (2007) 198-227

𝐸𝐹 𝑥, 𝑥 ,
𝑑𝐸(𝑥, 𝑥)

𝑑𝑥

・Hadronic tensor[1]

Twisi-3 quark DF for initial proton
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Contribution of the twist-3 distribution function

・Soft-gluon pole
Twist-2 FF for transversely 
polarized hyperon

Twist-3 DF for initial proton
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Contribution from the twist-3 quark FFs

[2] K. Kanazawa, Y. Koike, Phys. Rev. D88 (2013) 074022
[5] K .Kanazawa, Y. Koike, A. Metz, D. Pitonyak and M. Schlegel, Phys. Rev. D93 (2016) 054024

Dynamical quark FF ,

Intrinsic quark FF 

Kinematical quark  FF

EOM

LIR

・Equation of motion relation, Lorentz invariance relation[5]

・Hadronic tensor[2]
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=

The twist-3 quark fragmentation functions

・Intrinsic quark fragmentation functions.

・Kinematical quark fragmentation functions.

・Dynamical quark fragmentation functions

…

…
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[2] K. Kanazawa, Y. Koike, Phys. Rev. D88 (2013) 074022
[5] K .Kanazawa, Y. Koike, A. Metz, D. Pitonyak and M. Schlegel, Phys. Rev. D93 (2016) 054024

Dynamical quark FF ,

Intrinsic quark FF 

Kinematical quark  FF

EOM

LIR

・Equation of motion relation, Lorentz invariance relation[5]

・Hadronic tensor[2]

Contribution from the twist-3 quark FFs
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・Quark channel

Contribution from the twist-3 quark FFs
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・Gluon channel

Contribution from the twist-3 quark FFs



Result
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・Quark channel



・Quark channel

Result
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Example. k=2



Result
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・Gluon channel



Result
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Example. k=2

・Gluon channel



Result
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・Gluon channel

Completed!!
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Summary

Next stage. NLO correction, …

･We have calculated the twist-3 distribution and the twist-3 
fragmentation contribution to polarized hyperon production
in SIDIS.

・𝒆𝒑 → 𝒆𝜦↑𝑿

Contribution of the

1. twist-3 quark distribution function

2. twist-3 quark fragmentation function

3. twist-3 gluon fragmentation function

Completed

Completed

Global analysis leads to 
understanding of 
nucleon spin structure.

･ The process may be observed in Electron-Ion-Collider(EIC)
experiment.

Talk by R. Ikarashi (TMD session)


