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Introduction

lN3LO QCD
Higgs/Higgs pair production, Drell-Yan, top quark decay, ...
 

lIdentified hadron production
p significance
Ø Confinement
Ø Non-perturbative fragmentation functions
Ø Proton’s spin structure
Ø Flavor-dependent new physics
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Introduction
p Rich experimental data
Abundant data available from �+�−,   ��,   �� collisions

p Future programs
Ø Electron-Ion Collider (EIC)
Ø �+�− factories
promise measurements of unprecedented precision

p Theoratical calculation
Ø To exploit datasets and match experimental precision, N3LO QCD 

corrections are required.
Ø Challenges: Complexity of handling final-state infrared singularities



2D �� subtraction
lOverview

ØApply �� subtraction to identified hadron production

ØUse two slicing variables: �ℎ� and ����

ØDivide full phase space into three regions



2D �� subtraction
lKinematics



2D �� subtraction

ØRegion A

lCalculation

[Gao, Li, Zhu, Zhu 2602.06364]

ØRegion B [LD, Fang, Gao, Li, Shao, Zhu 2602.22972] See Shen Fang(方申)’s poster !



2D �� subtraction
lCalculation

ØRegion C [Liu, Shen, Zhou, Gao JHEP 09 (2023) 108] FMNLO



Numerical results
lSlicing parameter ∆



Numerical results
lhadron momentum fraction � lBjorken variable �



Numerical results
lDifferential multiplicity

[COMPASS PRD 2025]



Summary and outlook
lPropose a novel method of two-dimensional transverse-momentum 

subtraction for calculations of identified hadron production.

lPresent the first calculation of unpolarized SIDIS at N3LO in perturbative 
QCD. Fully differential descriptions allow arbitrary selection cuts and are 
especially applicable for efficient and precise study of hadron tomography at 
the upcoming Electron-Ion collider.

lExpandable to polarized SIDIS.


