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p Conventional PDF

p At leading-twist, three collinear PDF can be defined:

• The momentum of the partons and 

hadrons are collinear
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p Inclusive deep inelastic scattering (DIS) 

p Semi-inclusive deep inelastic scattering (SIDIS)

p Drell-Yan (DY)

p a variety of proton-proton (pp) scattering processes

...
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di-hadron production

p Inclusive deep inelastic scattering (DIS) 

p Semi-inclusive deep inelastic scattering (SIDIS)

p Drell-Yan (DY)

p a variety of proton-proton (pp) scattering processes

Transversity PDF

SIDIS
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• Experiment

• Scarce data

• Global fit

• Wider error band

Lin et al— Prog.Part.Nucl.Phys. 
121 (2021) 103908



p Global fit  

p Large error compared with unpolarized and helicity PDF

p The fitted antiquark transversity is zero within large uncertainties

p Lattice calculation can provide information complementary to 
experimental data
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JAM Collaboration — PRD.102 (2020) 5, 054002



p Transversity PDF from lattice QCD
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Alexandrou et al — PRD 98 (2018) 9, 091503

 LP3  Collaboration — arxiv:1810.05043

 HadStruc Collaboration — arxiv:2111.01808
mπ≈ 130 MeV, a = 0.094 fm, Pz ≈ 1.38GeV

mπ≈ 135 MeV, a = 0.09 fm, Pz ≈ 3GeV

mπ≈ 358 MeV, a = 0.094 fm, Pz ≈ {0,2.46}GeV

• Continuum limit extrapolation

• Update the renormalization 

scheme

• Compare with JAM20
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Lattice calculation 



p The light-cone transversity PDF v.s quasi transversity PDF

p They can be related by a factorization formula
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LF correlation in Minkowski space  

Quasi-LF correlation in Euclidean space 



Bare matrix element

Renormalized matrix element

Quasi-PDF

Light-cone PDF

Non-perturbative

Renormalization ( Hybrid etc. )

Extrapolation,  Fourier transformation 

Factorization (perturbative matching) 
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a(fm) L3×T ��(���)

H102 0.08636 323×96 354

N203 0.06426 483×128 345

N302 0.04981 483×128 340

H105 0.08636 323×96 284

• ����:    �� =  �, �, � ��/� ≈  �. ��,  �. ��,  �. �� ��� 

• ����:    �� =  �, �, � ��/� ≈  �. �,  �, �. � ��� 

• ����:    �� =  �, � ��/� ≈  �. ��, �. �� ���  (�� ��������)

Clover action, open boundary condition
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• The quasi-LF correlation operator is multiplicatively renormalized

• RI/MOM scheme: divide by the same operator matrix element in a 

single offshell quark state

• Ratio scheme: divide by the same operator matrix element at zero 

momentum

• VEV scheme

• Problem:  introduce undesired IR effects at large distances

• Hybrid renormalization scheme
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Ji, Zhang, Zhao, PRL 120, 112001 (2018),
Ishikawa et al, PRD 96 (2017) 9, 094019,
Green et al, PRL 121, 022004 (2018)

Radyushkin,  PRD 98 (2018) 1, 014019

Ji et al, NPB 964 (2021) 115311

Alexandrou et al, NPB 923 (2017) 394-415, 
Stewart and Zhao, PRD 98 (2018) 5, 056004

Braun et al,  PRD 99 (2019) 1, 014013,  Li, Ma, Qiu, PRL 122, 062002 (2019) 
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Ratio scheme

zero momentum matrix element

fmzS 3.0

)0,(~),(  PzzhazZ X



fmzS 3.0

17

Z��(�)� =exp  �(�) − �0� =
����(�, �)
�(�, �)�

 

The self renormalization factor is extracted by fitting bare nucleon matrix elements 
(unpolarized PDF)

Y.K.Huo, Y.Su et al. —NPB.969.115443(2020)
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• Missing large � information
• Unphysical oscillation after FT

Oscillation

• Renormalized matrix elements 
in hybrid scheme



• Extrapolation

•  Renormalized matrix element 

• Fourier transformation
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Ji et al —NPB 964 (2021) 115311
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Factorization formula

consistent with Braun, Ji, and Vladimirov
JHEP 10 (2021) 087 
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Summary
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Ø PDF plays an important role in the detailed understanding of the 

inner structure of nucleon

Ø We calculate the nucleon transversity PDF on lattice, in agreement 

with the global fit within the error band

Ø Follow-up

• Improving error analysis

• continumm extrapolation

• two loop matching kernel





• Unpolarized PDF

• Helicity PDF

• Transversity PDF
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• Asymptotic form

• the coordinate space matrix element 
can be defined as

• Algebraic decay behavior

• At finite momentum, the correlation is 
expected to have the exponential decay 
behavior.  At large λ

Ji et al —Nucl.Phys.B 964 (2021) 115311

• Extrapolation



p Accessing the PDF becomes possible on the lattice

 

p Research of Transversity PDF 
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