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The collinear transversity PDF
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The extraction of transversity PDF via Di-hadron mechanism

• 𝑙𝑙 𝑘𝑘 + 𝑁𝑁 𝑃𝑃 → 𝑙𝑙 𝑘𝑘′ + ℎ1 𝑃𝑃1 + ℎ2 𝑃𝑃2 + 𝑋𝑋

𝑃𝑃ℎ = 𝑃𝑃1 + 𝑃𝑃2 𝑅𝑅 = (𝑃𝑃1 − 𝑃𝑃2)/2 𝑅𝑅𝑇𝑇 = 𝑅𝑅 sin𝜃𝜃

𝐷𝐷1: DiFF for unpolarized quarks 𝐻𝐻1≮: DiFF for transversely
polarized quarks

Alessandro Bacchetta et. al. 
10.1007/JHEP03(2013)119

𝐴𝐴𝑈𝑈𝑈𝑈𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑐𝑐 𝑦𝑦
∑𝑞𝑞 𝑒𝑒𝑞𝑞2 ℎ1

𝑞𝑞 𝑥𝑥 𝐻𝐻1
≮ ,𝑞𝑞(𝑧𝑧,𝑀𝑀ℎ)

∑𝑞𝑞 𝑒𝑒𝑞𝑞2 𝑓𝑓1
𝑞𝑞 𝑥𝑥 𝐷𝐷1

𝑞𝑞(𝑧𝑧,𝑀𝑀ℎ)
= 𝑐𝑐 𝑦𝑦

𝐻𝐻1
≮ ,𝑞𝑞 𝑧𝑧,𝑀𝑀ℎ

1
9 4 ℎ1𝑢𝑢 𝑥𝑥 − ℎ1�𝑢𝑢 𝑥𝑥 − ℎ1𝑑𝑑 𝑥𝑥 − ℎ1

�𝑑𝑑 𝑥𝑥

∑𝑞𝑞 𝑒𝑒𝑞𝑞2 𝑓𝑓1
𝑞𝑞 𝑥𝑥 𝐷𝐷1

𝑞𝑞 𝑧𝑧,𝑀𝑀ℎ

𝟏𝟏° Dihadron Production in SIDIS
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The extraction of transversity PDF via Di-hadron mechanism
𝟐𝟐° Dihadron Production in Electron-Positron Annihilation

• 𝑒𝑒+ + 𝑒𝑒− → 𝜋𝜋+𝜋𝜋− + 𝜋𝜋+𝜋𝜋− + 𝑋𝑋

Cross section：

𝑑𝑑𝑑𝑑
𝑑𝑑𝑑𝑑𝑑𝑑𝑀𝑀ℎ

= 4𝜋𝜋𝑁𝑁𝑐𝑐𝛼𝛼𝑒𝑒𝑒𝑒2 �
𝑞𝑞

𝑒𝑒𝑞𝑞2𝐷𝐷1
𝑞𝑞 𝑧𝑧,𝑀𝑀ℎ

3𝑠𝑠

Artru-Collins asymmetry：
PHYSICAL REVIEW D 96, 032005 (2017)

• 𝑒𝑒+ + 𝑒𝑒− → 𝜋𝜋+𝜋𝜋− + 𝑋𝑋
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The extraction of transversity PDF via Di-hadron mechanism
𝟑𝟑° Dihadron Production in Proton-Proton Collisions

• 𝑝𝑝 + 𝑝𝑝↑ → 𝜋𝜋+𝜋𝜋− + 𝑋𝑋

𝐴𝐴𝑈𝑈𝑈𝑈
𝑝𝑝𝑝𝑝 =

ℋ(𝑀𝑀ℎ,𝑃𝑃ℎ𝑇𝑇 , 𝜂𝜂)
𝒟𝒟(𝑀𝑀ℎ,𝑃𝑃ℎ𝑇𝑇 , 𝜂𝜂)

ℋ 𝑀𝑀ℎ,𝑃𝑃ℎ𝑇𝑇 , 𝜂𝜂 = 2𝑃𝑃ℎ𝑇𝑇�
𝑖𝑖

�
𝑎𝑎,𝑏𝑏,𝑐𝑐,𝑑𝑑

�
𝑥𝑥𝑎𝑎𝑚𝑚𝑚𝑚𝑚𝑚

1
𝑑𝑑𝑥𝑥𝑎𝑎 �

𝑥𝑥𝑏𝑏
𝑚𝑚𝑚𝑚𝑚𝑚

1 𝑑𝑑𝑥𝑥𝑏𝑏
𝑧𝑧 ℎ1𝑎𝑎 𝑥𝑥𝑎𝑎 𝑓𝑓1𝑏𝑏 𝑥𝑥𝑏𝑏

𝑑𝑑Δ �𝜎𝜎𝑎𝑎↑𝑏𝑏→𝑐𝑐↑𝑑𝑑
𝑑𝑑𝑡̂𝑡

𝐻𝐻1
≮,𝑐𝑐(𝑧𝑧,𝑀𝑀ℎ)

𝒟𝒟 𝑀𝑀ℎ,𝑃𝑃ℎ𝑇𝑇 , 𝜂𝜂 = 2𝑃𝑃ℎ𝑇𝑇�
𝑖𝑖

�
𝑎𝑎,𝑏𝑏,𝑐𝑐,𝑑𝑑

�
𝑥𝑥𝑎𝑎𝑚𝑚𝑚𝑚𝑚𝑚

1
𝑑𝑑𝑥𝑥𝑎𝑎 �

𝑥𝑥𝑏𝑏
𝑚𝑚𝑚𝑚𝑚𝑚

1 𝑑𝑑𝑥𝑥𝑏𝑏
𝑧𝑧 𝑓𝑓1𝑎𝑎 𝑥𝑥𝑎𝑎 𝑓𝑓1𝑏𝑏 𝑥𝑥𝑏𝑏

𝑑𝑑Δ �𝜎𝜎𝑎𝑎𝑎𝑎→𝑐𝑐𝑐𝑐
𝑑𝑑𝑡̂𝑡

𝐷𝐷1𝑐𝑐(𝑧𝑧,𝑀𝑀ℎ)

Phys.Rev.Lett. 115 (2015) 242501
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Transversity distribution from Lattice QCD
Lattice → 𝐏𝐏𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡𝐡

Mathching

Fourier transform

Extrapolation

𝟏𝟏°

𝟐𝟐°

𝟑𝟑°

The renormalized matrix elements 
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Transversity distribution from Lattice QCD
Lattice 𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭 𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝𝐝 𝐚𝐚𝐚𝐚𝐚𝐚 𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒 𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛

ℎ1𝑖𝑖 (𝑥𝑥) ≤
1
2
𝑓𝑓1𝑖𝑖 𝑥𝑥 + 𝑔𝑔1𝑖𝑖 𝑥𝑥 𝑖𝑖 = 𝑢𝑢,𝑑𝑑, �𝑢𝑢, 𝑑̅𝑑𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒𝐒 𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛𝐛 ：

ℎ1𝑢𝑢 −𝑥𝑥 = −ℎ1�𝑢𝑢(𝑥𝑥) ℎ1𝑑𝑑 −𝑥𝑥 = −ℎ1
�𝑑𝑑(𝑥𝑥)
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Transversity distribution from Lattice QCD

𝑁𝑁𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 120 𝑁𝑁𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 60 𝑁𝑁𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 20

𝑁𝑁𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 120 𝑁𝑁𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = 20
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Evolution equation for transversity PDFs & DiFFs

𝑑𝑑ℎ1𝑖𝑖 (𝑥𝑥, 𝜇𝜇)
𝑑𝑑 ln𝜇𝜇2 =

𝛼𝛼𝑠𝑠
2𝜋𝜋

�
𝑥𝑥

1 𝑑𝑑𝑑𝑑
𝑦𝑦

𝑃𝑃𝑖𝑖𝑖𝑖 𝑦𝑦,𝛼𝛼𝑠𝑠 ℎ1
𝑗𝑗 𝑥𝑥
𝑦𝑦

, 𝜇𝜇

𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃𝐃 𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞 ∶

𝑑𝑑𝐷𝐷𝑖𝑖
ℎ1ℎ2(𝑧𝑧, 𝜇𝜇)
𝑑𝑑 ln𝜇𝜇2 = �

𝑗𝑗

𝛼𝛼𝑠𝑠
2𝜋𝜋�𝑧𝑧

1 𝑑𝑑𝑑𝑑
𝑦𝑦 𝑃𝑃𝑖𝑖𝑖𝑖 𝑦𝑦,𝛼𝛼𝑠𝑠 𝐷𝐷𝑗𝑗

ℎ1ℎ2 𝑧𝑧
𝑦𝑦 , 𝜇𝜇

𝐷𝐷1 ∶ 𝑃𝑃𝑞𝑞𝑞𝑞𝑞
𝐷𝐷1 𝑦𝑦 = 𝐶𝐶𝐹𝐹

(1 + 𝑦𝑦2)
1 − 𝑦𝑦 +

+
3
2 𝛿𝛿 1 − 𝑦𝑦 𝛿𝛿𝛿𝛿𝛿𝛿𝛿

𝐻𝐻1≮ ∶ 𝑃𝑃𝑞𝑞𝑞𝑞𝑞
𝐻𝐻1≮ 𝑦𝑦 = 𝐶𝐶𝐹𝐹

2𝑦𝑦
1 − 𝑦𝑦 +

+
3
2 𝛿𝛿 1 − 𝑦𝑦 𝛿𝛿𝛿𝛿𝛿𝛿𝛿

ℎ1 ∶ 𝑃𝑃𝑞𝑞𝑞𝑞𝑞
ℎ1 𝑦𝑦 = 𝐶𝐶𝐹𝐹

2𝑦𝑦
1 − 𝑦𝑦 +

+
3
2 𝛿𝛿 1 − 𝑦𝑦 𝛿𝛿𝛿𝛿𝛿𝛿𝛿

Example diagrams of the (a) homogeneous and 
(b) inhomogeneous terms for the evolution of the DiFF

Phys.Rev.Lett. 132 (2024) 1, 011902
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World datasets for the global fit

Collaboration Observable Process Functions 𝑁𝑁𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑

Belle
PRD. 96 (2017) 3, 032005

𝑑𝑑𝑑𝑑/(𝑑𝑑𝑑𝑑 𝑑𝑑𝑀𝑀ℎ) 𝑒𝑒+𝑒𝑒− → 𝜋𝜋+𝜋𝜋− 𝑋𝑋 𝐷𝐷1 651

Belle
PRL. 107 (2011) 072004 𝐴𝐴𝑒𝑒+𝑒𝑒− 𝑒𝑒+𝑒𝑒− → 𝜋𝜋+𝜋𝜋− 𝜋𝜋+𝜋𝜋− 𝑋𝑋 𝐷𝐷1,𝐻𝐻1≮ 145

HERMES
JHEP. 06 (2008) 017 𝐴𝐴𝑈𝑈𝑈𝑈

(SIDIS) 𝑒𝑒𝑝𝑝↑ → 𝑒𝑒′ 𝜋𝜋+𝜋𝜋− 𝑋𝑋 𝐷𝐷1,𝐻𝐻1≮, ℎ1 12

COMPASS
PLB. 736 (2014) 124-131 𝐴𝐴𝑈𝑈𝑈𝑈

(SIDIS) 𝜇𝜇𝑝𝑝↑ → 𝜇𝜇′ 𝜋𝜋+𝜋𝜋− 𝑋𝑋 𝐷𝐷1,𝐻𝐻1≮, ℎ1 24

COMPASS
PLB. 845 (2023) 138155 𝐴𝐴𝑈𝑈𝑈𝑈

(SIDIS) 𝜇𝜇𝐷𝐷↑ → 𝜇𝜇′ 𝜋𝜋+𝜋𝜋− 𝑋𝑋 𝐷𝐷1,𝐻𝐻1≮, ℎ1 24

STAR
PRL. 115 (2015) 242501
PLB. 780 (2018) 332-339

𝐴𝐴𝑈𝑈𝑈𝑈
(𝑝𝑝𝑝𝑝) 𝑝𝑝𝑝𝑝↑ → 𝜋𝜋+𝜋𝜋− 𝑋𝑋 𝐷𝐷1,𝐻𝐻1≮, ℎ1 130

LPC
PRL. 131 (2023) 26, 261901 ℎ1𝑢𝑢

𝑣𝑣−𝑑𝑑𝑣𝑣 ℎ1 80

0.25 ≤ 𝑧𝑧
2𝑚𝑚𝜋𝜋 ≤ 𝑀𝑀ℎ ≤ 1.2 GeV
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𝑧𝑧

𝑀𝑀ℎ

• DiFF

Theoretical formalism Numerical Result SummaryIntroduction

Neural Network

Import

Tanh

Tanh

Tanh

…

Hidden (48)

Tanh

Tanh

Tanh

Hidden (64)

…

Tanh

Tanh

Tanh

…

Hidden (48)

𝐷𝐷1
𝑞𝑞

Outport

Optimizer : Adam
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𝑥𝑥, ln𝑥𝑥

• Transversity

Theoretical formalism Numerical Result SummaryIntroduction

Neural Network

Import

Tanh

Tanh

Tanh

…

Hidden (32)

Tanh

Tanh

Tanh

…

Hidden (32)

ℎ1
𝑞𝑞

Outport ∗ 𝑥𝑥𝛼𝛼 1 − 𝑥𝑥 𝛽𝛽

Optimizer : Adam
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Neural network results for transversity

𝜒𝜒2/𝑁𝑁 Belle
𝑑𝑑𝑑𝑑/(𝑑𝑑𝑑𝑑 𝑑𝑑𝑀𝑀ℎ)

Belle
𝐴𝐴𝑒𝑒+𝑒𝑒−

HERMES
𝐴𝐴𝑈𝑈𝑈𝑈SIDIS(𝑝𝑝)

COMPASS
𝐴𝐴𝑈𝑈𝑈𝑈SIDIS(𝑝𝑝)

COMPASS
𝐴𝐴𝑈𝑈𝑈𝑈SIDIS(𝐷𝐷)

STAR
𝐴𝐴𝑈𝑈𝑈𝑈
𝑝𝑝𝑝𝑝

Lattice
ℎ1𝑢𝑢

𝑣𝑣−𝑑𝑑𝑣𝑣 ALL

World data 0.143 0.444 0.939 0.780 0.810 1.188 0.327

World data
+ LQCD 0.131 0.400 0.894 1.012 0.787 1.209 0.909 0.316

𝛼𝛼 = 0.8, 1.2, 1.6
𝛽𝛽 = 4, 5, 6
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Neural network results for DiFFs 𝐷𝐷1
𝜋𝜋+𝜋𝜋−/𝑢𝑢 = 𝐷𝐷1

𝜋𝜋+𝜋𝜋−/𝑑𝑑 = 𝐷𝐷1
𝜋𝜋+𝜋𝜋−/�𝑢𝑢 = 𝐷𝐷1

𝜋𝜋+𝜋𝜋−/ �𝑑𝑑

𝐻𝐻1
≮𝜋𝜋+𝜋𝜋−/𝑢𝑢 = −𝐻𝐻1

≮𝜋𝜋+𝜋𝜋−/𝑑𝑑 = −𝐻𝐻1
≮𝜋𝜋+𝜋𝜋−/�𝑢𝑢 = 𝐻𝐻1

≮𝜋𝜋+𝜋𝜋−/ �𝑑𝑑
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Neural network results for tensor charges
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Compare with world datasets
Belle cross section
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Compare with world datasets
Belle asymmetry 𝒎𝒎𝟏𝟏𝒎𝒎𝟐𝟐 binning
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Compare with world datasets
Belle asymmetry 𝒛𝒛𝟏𝟏𝒛𝒛𝟐𝟐 binning
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Compare with world datasets
HERMES Proton target
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Compare with world datasets
COMPASS Deuteron target
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Compare with world datasets
STAR 𝒔𝒔 = 𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐𝟐
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木卫林

1. We have performed an NN analysis that simultaneously determines transversity and 

DiFFs from Belle, HERMES, COMPASS, STAR measurements, and lattice 

distributions.

2. The lattice input extends the distribution-level constraints to large 𝑥𝑥 while preserving 

the description of experimental observables. 

3. More precise measurements with flavor separation and broader kinematic coverage, 

together with improved lattice distributions, will further clarify the nucleon's transverse 

spin structure.

Theoretical formalism Numerical Result SummaryIntroduction

Summary
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