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主要内容Introduction
 PDFs and FFs

Parton distribution functions (PDFs)

Hadron structure

Parton momentum distribution
inside a hadron

Lepton-nucleon deep inelastic scattering (DIS)

Fragmentation functions (FFs) 

Hadronization mechanism

Hadron momentum distribution
inside a parton jet

𝑒𝑒+𝑒𝑒− annihilation to hadrons
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主要内容Introduction
 Semi-inclusive DIS (SIDIS)

• Three dimensional imaging of the nucleon

• Accessing fragmentation functions

• Azimuthal and/or spin asymmetries

Inclusive DIS SIDIS 

More abundant physical contents!

• One dimensional imaging of the nucleon

• Without fragmentation functions

• Target spin asymmetries
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主要内容Introduction
 Semi-inclusive DIS (SIDIS)

A. Bacchetta et al., JHEP 02, 093 (2007) 
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主要内容Introduction
 Semi-inclusive DIS (SIDIS)

A. Bacchetta et al., JHEP 02, 093 (2007) 

𝑃𝑃ℎ⊥ ≪ 𝑄𝑄: TMD factorization applies.
Structure functions are expressed by 
the convolution of TMD PDFs and FFs.

𝐹𝐹𝑈𝑈𝑈𝑈,𝑇𝑇 ~ 𝑓𝑓1 ⊗ 𝐷𝐷1

𝐹𝐹𝑈𝑈𝑈𝑈
cos 2𝜙𝜙ℎ ~ ℎ1⊥ ⊗𝐻𝐻1⊥

𝐹𝐹𝑈𝑈𝑈𝑈
sin 2𝜙𝜙ℎ ~ ℎ1𝑈𝑈⊥ ⊗ 𝐻𝐻1⊥

𝐹𝐹𝑈𝑈𝑈𝑈 ~ 𝑔𝑔1𝑈𝑈 ⊗ 𝐷𝐷1

𝐹𝐹𝑈𝑈𝑇𝑇,𝑇𝑇
sin(𝜙𝜙ℎ−𝜙𝜙𝑆𝑆) ~ 𝑓𝑓1𝑇𝑇⊥ ⊗ 𝐷𝐷1

𝐹𝐹𝑈𝑈𝑇𝑇
sin(𝜙𝜙ℎ+𝜙𝜙𝑆𝑆) ~ ℎ1 ⊗𝐻𝐻1⊥

𝐹𝐹𝑈𝑈𝑇𝑇
sin(3𝜙𝜙ℎ−𝜙𝜙𝑆𝑆) ~ ℎ1𝑇𝑇⊥ ⊗𝐻𝐻1⊥

𝐹𝐹𝑈𝑈𝑇𝑇
cos(𝜙𝜙ℎ−𝜙𝜙𝑆𝑆) ~ 𝑔𝑔1𝑇𝑇 ⊗ 𝐷𝐷1

⋮

⊗ Unpolarized FF

Number density

Helicity

Sivers

Worm-gear

⊗ Collins FF

Transversity

Boer-Mulders

Pretzelosity

Worm-gear
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主要内容Introduction

• The polarization of the produced hadron

Vector meson production
⟹ New polarization dependent TMD FFs

• Electroweak contributions at high energy

Parity violating SIDIS
⟹ New structure functions

72 TMD FFs for polarized vector meson production
Chen, Yang, Wei and Liang, PRD94, 034003 (2016)

See e.g.,

Boer, Jakob and Mulders, 

NPB 564, 471 (2000)
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主要内容Kinematics and structure functions for 𝑒𝑒𝑒𝑒 → 𝑒𝑒𝑒𝑒𝑒𝑒
 The process

𝑒𝑒(𝑙𝑙) + 𝑒𝑒(𝑝𝑝𝑁𝑁) → 𝑒𝑒(𝑙𝑙′) + 𝑒𝑒(𝑝𝑝ℎ, 𝑆𝑆) + 𝑒𝑒

𝑒𝑒: Vector meson (spin 1)

d𝜎𝜎 =
2𝛼𝛼em2

𝑠𝑠𝑄𝑄4 𝐴𝐴𝑟𝑟𝐿𝐿𝑟𝑟
𝜇𝜇𝜇𝜇 𝑙𝑙, 𝑙𝑙′ 𝑊𝑊𝑟𝑟,𝜇𝜇𝜇𝜇 𝑞𝑞, 𝑝𝑝𝑁𝑁, 𝑝𝑝ℎ, 𝑆𝑆

d3𝑙𝑙′d3𝑝𝑝ℎ
2𝐸𝐸𝑙𝑙′2𝐸𝐸ℎ

, (𝑟𝑟 = 𝛾𝛾𝛾𝛾,𝑍𝑍𝑍𝑍, 𝛾𝛾𝑍𝑍)

中国物理学会高能物理分会第十一届全国会员代表大会暨学术年会 2022年8月 大连



11

主要内容Kinematics and structure functions for 𝑒𝑒𝑒𝑒 → 𝑒𝑒𝑒𝑒𝑒𝑒
 General form of the hadronic tensor

𝑊𝑊𝑍𝑍𝑍𝑍
𝜇𝜇𝜇𝜇 𝑞𝑞,𝑝𝑝𝑁𝑁,𝑝𝑝ℎ, 𝑆𝑆 = 𝑊𝑊𝑍𝑍𝑍𝑍

𝑆𝑆𝜇𝜇𝜇𝜇(symmetric) + 𝑖𝑖𝑊𝑊𝑍𝑍𝑍𝑍
𝐴𝐴𝜇𝜇𝜇𝜇(antisymmetric)

= ∑𝜎𝜎,𝑖𝑖 𝑊𝑊𝜎𝜎𝑖𝑖
𝑆𝑆 ℎ𝜎𝜎𝑖𝑖

𝑆𝑆𝜇𝜇𝜇𝜇+ 𝑖𝑖 ∑𝜎𝜎,𝑗𝑗𝑊𝑊𝜎𝜎𝑗𝑗
𝐴𝐴 ℎ𝜎𝜎𝑗𝑗

𝐴𝐴𝜇𝜇𝜇𝜇

+∑𝜎𝜎,𝑘𝑘 �𝑊𝑊𝜎𝜎𝑘𝑘
𝑆𝑆 �ℎ𝜎𝜎𝑘𝑘

𝑆𝑆𝜇𝜇𝜇𝜇 + 𝑖𝑖 ∑𝜎𝜎,𝑙𝑙 �𝑊𝑊𝜎𝜎𝑙𝑙
𝐴𝐴 �ℎ𝜎𝜎𝑙𝑙

𝐴𝐴𝜇𝜇𝜇𝜇

Scalar coefficients Basic Lorentz tensors (BLTs)

ℎ: Parity even, �𝒫𝒫ℎ𝜇𝜇𝜇𝜇 = ℎ𝜇𝜇𝜇𝜇

�ℎ: Parity odd, �𝒫𝒫�ℎ𝜇𝜇𝜇𝜇 = −�ℎ𝜇𝜇𝜇𝜇

Hermiticity: 

𝑊𝑊𝑍𝑍𝑍𝑍
∗𝜇𝜇𝜇𝜇 = 𝑊𝑊𝑍𝑍𝑍𝑍

𝜇𝜇𝜇𝜇

Current conservation:

𝑞𝑞𝜇𝜇𝑊𝑊𝑍𝑍𝑍𝑍
𝜇𝜇𝜇𝜇 = 𝑞𝑞𝜇𝜇𝑊𝑊𝑍𝑍𝑍𝑍

𝜇𝜇𝜇𝜇 = 0

ℎ𝑈𝑈𝑖𝑖
𝑆𝑆𝜇𝜇𝜇𝜇 = {𝑔𝑔𝜇𝜇𝜇𝜇 −

𝑞𝑞𝜇𝜇𝑞𝑞𝜇𝜇

𝑞𝑞2
, 𝑝𝑝𝑁𝑁𝑁𝑁

𝜇𝜇 𝑝𝑝𝑁𝑁𝑁𝑁𝜇𝜇 , 𝑝𝑝𝑁𝑁𝑁𝑁
{𝜇𝜇 𝑝𝑝ℎ𝑁𝑁

𝜇𝜇} , 𝑝𝑝ℎ𝑁𝑁
𝜇𝜇 𝑝𝑝ℎ𝑁𝑁𝜇𝜇 }

�ℎ𝑈𝑈𝑖𝑖
𝑆𝑆𝜇𝜇𝜇𝜇 = {𝜀𝜀{𝜇𝜇𝑁𝑁𝑝𝑝𝑁𝑁𝑝𝑝ℎ𝑝𝑝𝑁𝑁𝑁𝑁

𝜇𝜇} , 𝜀𝜀{𝜇𝜇𝑁𝑁𝑝𝑝𝑁𝑁𝑝𝑝ℎ𝑝𝑝ℎ𝑁𝑁
𝜇𝜇} }

ℎ𝑈𝑈
𝐴𝐴𝜇𝜇𝜇𝜇 = 𝑝𝑝𝑁𝑁𝑁𝑁

[𝜇𝜇 𝑝𝑝ℎ𝑁𝑁
𝜇𝜇]

�ℎ𝑈𝑈𝑖𝑖
𝐴𝐴𝜇𝜇𝜇𝜇 = 𝜀𝜀𝜇𝜇𝜇𝜇𝑁𝑁𝑝𝑝𝑁𝑁 , 𝜀𝜀𝜇𝜇𝜇𝜇𝑁𝑁𝑝𝑝ℎ

• Unpolarized BLTs

𝑝𝑝𝑁𝑁
𝜇𝜇 ≡ 𝑝𝑝𝜇𝜇 −

𝑝𝑝 ⋅ 𝑞𝑞
𝑞𝑞2

𝑞𝑞𝜇𝜇

𝑞𝑞 ⋅ 𝑝𝑝𝑁𝑁 = 0

𝜎𝜎: polarizations, 𝑈𝑈,𝑒𝑒, 𝐿𝐿𝐿𝐿, 𝐿𝐿𝐿𝐿,𝐿𝐿𝐿𝐿

中国物理学会高能物理分会第十一届全国会员代表大会暨学术年会 2022年8月 大连



12

主要内容Kinematics and structure functions for 𝑒𝑒𝑒𝑒 → 𝑒𝑒𝑒𝑒𝑒𝑒
Spin dependence

Polarization vector: 𝑆𝑆𝜇𝜇 = (0, 𝑆𝑆𝑇𝑇 , 𝜆𝜆),    𝑆𝑆𝑇𝑇 = (𝑆𝑆𝑇𝑇𝑥𝑥 , 𝑆𝑆𝑇𝑇
𝑦𝑦 )

𝑆𝑆 = ⁄1 2 2 × 2 spin density matrix: 

𝐓𝐓 = 1
2

− 2
3
𝑆𝑆𝑈𝑈𝑈𝑈 + 𝑆𝑆𝑇𝑇𝑇𝑇𝑥𝑥𝑥𝑥 𝑆𝑆𝑇𝑇𝑇𝑇

𝑥𝑥𝑦𝑦 𝑆𝑆𝑈𝑈𝑇𝑇𝑥𝑥

𝑆𝑆𝑇𝑇𝑇𝑇
𝑥𝑥𝑦𝑦 − 2

3
𝑆𝑆𝑈𝑈𝑈𝑈 − 𝑆𝑆𝑇𝑇𝑇𝑇𝑥𝑥𝑥𝑥 𝑆𝑆𝑈𝑈𝑇𝑇

𝑦𝑦

𝑆𝑆𝑈𝑈𝑇𝑇𝑥𝑥 𝑆𝑆𝑈𝑈𝑇𝑇
𝑦𝑦 4

3
𝑆𝑆𝑈𝑈𝑈𝑈

.

𝜌𝜌 = 1
3

1 + 3
2
𝑆𝑆 ⋅ Σ + 3𝐿𝐿𝑖𝑖𝑗𝑗Σ𝑖𝑖𝑗𝑗 ,𝑆𝑆 = 1

𝑆𝑆𝑈𝑈𝑇𝑇
𝜇𝜇 = (0, 𝑆𝑆𝑈𝑈𝑇𝑇𝑥𝑥 , 𝑆𝑆𝑈𝑈𝑇𝑇

𝑦𝑦 , 0)

𝑆𝑆𝑇𝑇𝑇𝑇
𝑥𝑥𝜇𝜇 = (0, 𝑆𝑆𝑇𝑇𝑇𝑇𝑥𝑥𝑥𝑥 , 𝑆𝑆𝑇𝑇𝑇𝑇

𝑥𝑥𝑦𝑦 , 0)

3 × 3 spin density matrix: Σ𝑖𝑖𝑗𝑗 = 1
2
Σ𝑖𝑖Σ𝑗𝑗 + Σ𝑗𝑗Σ𝑖𝑖 − 2

3
𝛿𝛿𝑖𝑖𝑗𝑗𝑰𝑰.

Polarization tensor:

𝑆𝑆𝑈𝑈𝑈𝑈

Polarization vector: 𝑆𝑆𝜇𝜇 = (0, 𝑆𝑆𝑇𝑇 , 𝜆𝜆)

𝜌𝜌 =
1
2

1 + 𝑆𝑆 ⋅ �⃗�𝜎

A. Bacchetta and P.J. Mulders, PRD62, 114004 (2000)
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主要内容Kinematics and structure functions for 𝑒𝑒𝑒𝑒 → 𝑒𝑒𝑒𝑒𝑒𝑒
• Polarized BLTs

ℎ𝑉𝑉𝑖𝑖
𝑆𝑆𝜇𝜇𝜇𝜇 = 𝜆𝜆, (𝑝𝑝ℎ⊥ ⋅ 𝑆𝑆𝑇𝑇) �ℎ𝑈𝑈𝑖𝑖

𝑆𝑆𝜇𝜇𝜇𝜇, 𝜀𝜀⊥
𝑝𝑝ℎ𝑆𝑆𝑇𝑇ℎ𝑈𝑈𝑗𝑗

𝑆𝑆𝜇𝜇𝜇𝜇

�ℎ𝑉𝑉𝑖𝑖
𝑆𝑆𝜇𝜇𝜇𝜇 = 𝜆𝜆, (𝑝𝑝ℎ⊥ ⋅ 𝑆𝑆𝑇𝑇) ℎ𝑈𝑈𝑖𝑖

𝑆𝑆𝜇𝜇𝜇𝜇, 𝜀𝜀⊥
𝑝𝑝ℎ𝑆𝑆𝑇𝑇 �ℎ𝑈𝑈𝑗𝑗

𝑆𝑆𝜇𝜇𝜇𝜇

ℎ𝑉𝑉𝑖𝑖
𝐴𝐴𝜇𝜇𝜇𝜇 = 𝜆𝜆, (𝑝𝑝ℎ⊥ ⋅ 𝑆𝑆𝑇𝑇) �ℎ𝑈𝑈𝑖𝑖

𝐴𝐴𝜇𝜇𝜇𝜇, 𝜀𝜀⊥
𝑝𝑝ℎ𝑆𝑆𝑇𝑇ℎ𝑈𝑈

𝐴𝐴𝜇𝜇𝜇𝜇

�ℎ𝑉𝑉𝑖𝑖
𝐴𝐴𝜇𝜇𝜇𝜇 = 𝜆𝜆, (𝑝𝑝ℎ⊥ ⋅ 𝑆𝑆𝑇𝑇) ℎ𝑈𝑈

𝐴𝐴𝜇𝜇𝜇𝜇, 𝜀𝜀⊥
𝑝𝑝ℎ𝑆𝑆𝑇𝑇 �ℎ𝑈𝑈𝑗𝑗

𝐴𝐴𝜇𝜇𝜇𝜇

ℎ𝑈𝑈𝑈𝑈𝑖𝑖
𝑆𝑆𝜇𝜇𝜇𝜇

�ℎ𝑈𝑈𝑈𝑈𝑖𝑖
𝑆𝑆𝜇𝜇𝜇𝜇

ℎ𝑈𝑈𝑈𝑈
𝐴𝐴𝜇𝜇𝜇𝜇

�ℎ𝑈𝑈𝑈𝑈𝑖𝑖
𝐴𝐴𝜇𝜇𝜇𝜇

= 𝑆𝑆𝑈𝑈𝑈𝑈

ℎ𝑈𝑈𝑖𝑖
𝑆𝑆𝜇𝜇𝜇𝜇

�ℎ𝑈𝑈𝑖𝑖
𝑆𝑆𝜇𝜇𝜇𝜇

ℎ𝑈𝑈
𝐴𝐴𝜇𝜇𝜇𝜇

�ℎ𝑈𝑈𝑖𝑖
𝐴𝐴𝜇𝜇𝜇𝜇

ℎ𝑈𝑈𝑇𝑇𝑖𝑖
𝑆𝑆𝜇𝜇𝜇𝜇 = (𝑝𝑝ℎ⊥ ⋅ 𝑆𝑆𝑈𝑈𝑇𝑇)ℎ𝑈𝑈𝑖𝑖

𝑆𝑆𝜇𝜇𝜇𝜇 , 𝜀𝜀⊥
𝑝𝑝ℎ𝑆𝑆𝐿𝐿𝑇𝑇 �ℎ𝑈𝑈𝑗𝑗

𝑆𝑆𝜇𝜇𝜇𝜇

�ℎ𝑈𝑈𝑇𝑇𝑖𝑖
𝑆𝑆𝜇𝜇𝜇𝜇 = (𝑝𝑝ℎ⊥ ⋅ 𝑆𝑆𝑈𝑈𝑇𝑇)�ℎ𝑈𝑈𝑖𝑖

𝑆𝑆𝜇𝜇𝜇𝜇 , 𝜀𝜀⊥
𝑝𝑝ℎ𝑆𝑆𝐿𝐿𝑇𝑇ℎ𝑈𝑈𝑗𝑗

𝑆𝑆𝜇𝜇𝜇𝜇

ℎ𝑈𝑈𝑇𝑇𝑖𝑖
𝐴𝐴𝜇𝜇𝜇𝜇 = (𝑝𝑝ℎ⊥ ⋅ 𝑆𝑆𝑈𝑈𝑇𝑇)ℎ𝑈𝑈

𝐴𝐴𝜇𝜇𝜇𝜇 , 𝜀𝜀⊥
𝑝𝑝ℎ𝑆𝑆𝐿𝐿𝑇𝑇 �ℎ𝑈𝑈𝑗𝑗

𝐴𝐴𝜇𝜇𝜇𝜇

�ℎ𝑈𝑈𝑇𝑇𝑖𝑖
𝐴𝐴𝜇𝜇𝜇𝜇 = (𝑝𝑝ℎ⊥ ⋅ 𝑆𝑆𝑈𝑈𝑇𝑇)�ℎ𝑈𝑈𝑖𝑖

𝐴𝐴𝜇𝜇𝜇𝜇 , 𝜀𝜀⊥
𝑝𝑝ℎ𝑆𝑆𝐿𝐿𝑇𝑇ℎ𝑈𝑈

𝐴𝐴𝜇𝜇𝜇𝜇

ℎ𝑇𝑇𝑇𝑇𝑖𝑖
𝑆𝑆𝜇𝜇𝜇𝜇 = 𝑆𝑆𝑇𝑇𝑇𝑇

𝑝𝑝ℎ𝑝𝑝ℎℎ𝑈𝑈𝑖𝑖
𝑆𝑆𝜇𝜇𝜇𝜇 , �̃�𝑆𝑇𝑇𝑇𝑇

𝑝𝑝ℎ𝑝𝑝ℎ �ℎ𝑈𝑈𝑗𝑗
𝑆𝑆𝜇𝜇𝜇𝜇

�ℎ𝑇𝑇𝑇𝑇𝑖𝑖
𝑆𝑆𝜇𝜇𝜇𝜇 = 𝑆𝑆𝑇𝑇𝑇𝑇

𝑝𝑝ℎ𝑝𝑝ℎ �ℎ𝑈𝑈𝑖𝑖
𝑆𝑆𝜇𝜇𝜇𝜇 , �̃�𝑆𝑇𝑇𝑇𝑇

𝑝𝑝ℎ𝑝𝑝ℎℎ𝑈𝑈𝑗𝑗
𝑆𝑆𝜇𝜇𝜇𝜇

ℎ𝑇𝑇𝑇𝑇𝑖𝑖
𝐴𝐴𝜇𝜇𝜇𝜇 = 𝑆𝑆𝑇𝑇𝑇𝑇

𝑝𝑝ℎ𝑝𝑝ℎℎ𝑈𝑈
𝐴𝐴𝜇𝜇𝜇𝜇 , �̃�𝑆𝑇𝑇𝑇𝑇

𝑝𝑝ℎ𝑝𝑝ℎ �ℎ𝑈𝑈𝑗𝑗
𝐴𝐴𝜇𝜇𝜇𝜇

�ℎ𝑇𝑇𝑇𝑇𝑖𝑖
𝐴𝐴𝜇𝜇𝜇𝜇 = 𝑆𝑆𝑇𝑇𝑇𝑇

𝑝𝑝ℎ𝑝𝑝ℎ �ℎ𝑈𝑈𝑖𝑖
𝐴𝐴𝜇𝜇𝜇𝜇 , �̃�𝑆𝑇𝑇𝑇𝑇

𝑝𝑝ℎ𝑝𝑝ℎℎ𝑈𝑈
𝐴𝐴𝜇𝜇𝜇𝜇

The polarized BLTs can be constructed from the unpolarized
ones by multiplying with the polarization dependent scalars.

Polarization
dependent BLTs = Polarization

dependent scalars × 𝑈𝑈𝑛𝑛𝑝𝑝𝑛𝑛𝑙𝑙𝑛𝑛𝑟𝑟𝑖𝑖𝑛𝑛𝑒𝑒𝑛𝑛
𝐵𝐵𝐿𝐿𝐿𝐿𝑠𝑠

81 independent BLTs in total
K.B. Chen, W.H. Yang, S.Y. Wei and Z.T. Liang, Phys. Rev. D94, 034003 (2016)

中国物理学会高能物理分会第十一届全国会员代表大会暨学术年会 2022年8月 大连
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主要内容Kinematics and structure functions for 𝑒𝑒𝑒𝑒 → 𝑒𝑒𝑒𝑒𝑒𝑒
 The cross section in terms of structure functions

中国物理学会高能物理分会第十一届全国会员代表大会暨学术年会 2022年8月 大连
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主要内容Kinematics and structure functions for 𝑒𝑒𝑒𝑒 → 𝑒𝑒𝑒𝑒𝑒𝑒

• 81 structure functions (SFs) in total

• 39 SFs are space reflection odd

• 45 tensor polarization dependent SFs

中国物理学会高能物理分会第十一届全国会员代表大会暨学术年会 2022年8月 大连
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主要内容Contents

Introduction

Kinematics and structure functions for 𝑒𝑒𝑒𝑒 → 𝑒𝑒𝑒𝑒𝑒𝑒

Parton model results and the spin alignment

Summary

中国物理学会高能物理分会第十一届全国会员代表大会暨学术年会 2022年8月 大连
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主要内容Parton model results and the spin alignment
 The hadronic tensor in terms of TMD PDFs and FFs

TMD factorization applies at 𝑃𝑃ℎ⊥ ≪ 𝑄𝑄:

The TMD parton correlators:

For unpolarized nucleon:

中国物理学会高能物理分会第十一届全国会员代表大会暨学术年会 2022年8月 大连
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主要内容Parton model results and the spin alignment
For polarized vector meson production:

Ten tensor polarization dependent TMD FFs at twist-2.

中国物理学会高能物理分会第十一届全国会员代表大会暨学术年会 2022年8月 大连
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主要内容Parton model results and the spin alignment
The hadronic tensor results:

𝐴𝐴𝑟𝑟 𝐿𝐿𝑟𝑟
𝜇𝜇𝜇𝜇 𝑊𝑊𝑟𝑟

𝜇𝜇𝜇𝜇

𝑍𝑍𝑍𝑍 𝜒𝜒 𝑐𝑐1𝑒𝑒 , 𝑐𝑐3𝑒𝑒 𝑐𝑐1
𝑁𝑁, 𝑐𝑐2

𝑁𝑁, 𝑐𝑐3
𝑁𝑁

𝛾𝛾𝑍𝑍 𝜒𝜒int 𝑐𝑐𝑉𝑉𝑒𝑒 , 𝑐𝑐𝐴𝐴𝑒𝑒 𝑐𝑐𝑉𝑉
𝑁𝑁, 𝑐𝑐𝑉𝑉

𝑁𝑁, 𝑐𝑐𝐴𝐴
𝑁𝑁

𝛾𝛾𝛾𝛾 𝑒𝑒𝑁𝑁2 1,  0 1,  1,  0

Parameters for weak, electromagnetic 
and interference contributions

中国物理学会高能物理分会第十一届全国会员代表大会暨学术年会 2022年8月 大连
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主要内容Parton model results and the spin alignment
 The structure functions

中国物理学会高能物理分会第十一届全国会员代表大会暨学术年会 2022年8月 大连
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主要内容Parton model results and the spin alignment
 The structure functions

• 27 nonzero SFs at the leading twist

• 15 tensor polarization dependent SFs

• 13 new SFs exist only when considering 

weak interaction

中国物理学会高能物理分会第十一届全国会员代表大会暨学术年会 2022年8月 大连
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主要内容Parton model results and the spin alignment
 The spin alignment of the vector meson

• Independent of the polarization of the 
fragmenting quark

General features:

• Weak energy dependence

K.B. Chen, W.H. Yang, Y.J. Zhou and Z.T. Liang, Phys. Rev. D95, 034009 (2017)

• In 𝒆𝒆+𝒆𝒆− annihilation: 

𝜌𝜌00 gives the relative intensity of mesons in helicity 0 state

中国物理学会高能物理分会第十一届全国会员代表大会暨学术年会 2022年8月 大连
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主要内容Parton model results and the spin alignment
 The spin alignment of the vector meson

K.B. Chen, Z.T. Liang, Y.K. Song, S.Y. Wei, Phys. Rev. D102, 034001 (2020)

• In 𝒑𝒑𝒑𝒑 collision:

中国物理学会高能物理分会第十一届全国会员代表大会暨学术年会 2022年8月 大连
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主要内容Parton model results and the spin alignment
 The spin alignment of the vector meson

𝜙𝜙 integrated

• In SIDIS:

Take Gaussian form for TMDs:
𝑝𝑝ℎ⊥ integrated

Only depends on the collinear part of the TMDs

𝑓𝑓1𝑁𝑁(𝑥𝑥): CTEQ14 NLO

𝐷𝐷1𝑁𝑁𝐾𝐾
∗0(𝑛𝑛ℎ), 𝐷𝐷1𝑈𝑈𝑈𝑈𝑁𝑁𝐾𝐾∗0 (𝑛𝑛ℎ): K.B. Chen et al., PRD102, 034001 (2020)

中国物理学会高能物理分会第十一届全国会员代表大会暨学术年会 2022年8月 大连
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主要内容Parton model results and the spin alignment
 The spin alignment of the vector meson

• In SIDIS:

A rough numerical estimate of the 
spin alignment for 𝐾𝐾∗0 production

• ⟨�̅�𝜌00𝐾𝐾
∗0⟩ deviates from 1/3 at both low and high 𝑄𝑄

• ⟨�̅�𝜌00𝐾𝐾
∗0⟩ increases monotonically with 𝑛𝑛ℎ

𝜇𝜇𝑓𝑓 = 𝑄𝑄
3
4𝜋𝜋 �

�

1 − 𝜌𝜌00
2 +

3𝜌𝜌00 − 1
2 cos2 𝜃𝜃∗ − Re𝜌𝜌1−1 sin2 𝜃𝜃∗ cos 2𝜑𝜑∗

−
1
2

Re 𝜌𝜌10 − 𝜌𝜌0−1 sin 2𝜃𝜃∗ cos𝜑𝜑∗ + Im𝜌𝜌1−1 sin2 𝜃𝜃∗ sin 2𝜑𝜑∗

+
1
2

Im 𝜌𝜌10 − 𝜌𝜌0−1 sin 2𝜃𝜃∗ sin𝜑𝜑∗

𝑊𝑊(cos𝜃𝜃∗,𝜑𝜑∗) =

3
4 1 − 𝜌𝜌00 + (3𝜌𝜌00 − 1) cos2 𝜃𝜃∗𝑊𝑊(cos𝜃𝜃∗) =

K. Ackerstaff et al., Z. Phys. C 74, 437 (1997)

• Scale dependence is relatively small

中国物理学会高能物理分会第十一届全国会员代表大会暨学术年会 2022年8月 大连
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主要内容Summary

 We make a kinematic analysis for polarized vector meson production SIDIS. Considering the parity 

violating effects, the cross section is expressed by 81 structure functions.

 We give a parton model calculation in TMD factorization. There are 27 nonzero SFs at the leading 

twist; 15 tensor polarization dependent SFs; 13 new SFs generated by weak interaction.

 A rough numerical estimate of the spin alignment for 𝐾𝐾∗0 production is given.

Thank you for your attention!

中国物理学会高能物理分会第十一届全国会员代表大会暨学术年会 2022年8月 大连
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