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TMD： 
3-D structure of nucleon

X. Ji, J. Ma, F. Yuan, PRD71 (2005) 034005
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From quasi-TMD to TMD
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• Renormalize the quasi-TMD operator properly;

• Remove the additional soft gluon contribution (TMD soft function).

X.Ji. et.al., PLB(2020)135946

T

z
b

Z

⊥ 1 +
αsCF

2π
(−

1
2

log2(b2μ2) +
3
2

log(b2μ2) + . . . )

TMD operator

/∫
1

0
dxdx′ H(x, x′ , P − z)ϕ†(x′ , b, − Pz)ϕ(x, b, Pz)



From quasi-TMD to TMD
• Renormalize the quasi-TMD operator properly;


K. Zhang. et.al., LPC, 
2205.13402, accepted 

by PRL

Oγt
(z) = q̄(0)γtUz(0,z)q(z)

z

quasi-PDF operator

RI/MOM 
renormalization

RI/MOM 
renormalization

K. Zhang, et.al, QCD, PRD104(2021)074501χ

The standard RI/
MOM scheme 
doesn’t work for 
either quasi-PDF 
or quasi-TMD, due 
to residual linear 
divergence 

; 

Continuum limit 
doesn’t exist with 
the RI/MOM 
renormalization!
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Solution for quasi-PDF
At 2018, we thought the RI/MOM works fine 
based on the result at a=0.121 fm; 

At 2020, we confirmed that RI/MOM doesn’t 
really work when the lattice spacing is small 
enough. 

At 2021, we proposed the “self 
renormalization” to extract and remove the 
divergence by fit the matrix elements at 
different lattice spacing.

300 MeV

mπ

0.10 fm0.05 fm0

150 MeV

a

a=0.121 fm

K. Zhang, et.tal, 𝜒QCD,  PRD104 (2021) 074501

J. Chen, et.tal, LP3,  PRD97 (2018) 014505
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Solution for quasi-PDF

a

300 MeV

mπ

0.10 fm0.05 fm0

150 MeV

Kaon DA

J. Hua, et.al., LPC, 2201.09173, under review F. Yao. et.al., LPC, under review

Transversity PDF

We applied the 
“self 
renormaliaztion” 
to the meson DA 
and nucleon 
transversity PDF. 

It works well in 
both the cases.



Solution for quasi-TMD

a

≡

300 MeV

mπ

0.10 fm0.05 fm0

150 MeV

K. Zhang. et.al., LPC, 
2205.13402, accepted 

by PRL



Solution for quasi-TMD

a

300 MeV

mπ

0.10 fm0.05 fm0

150 MeV

Renormalized quasi-TMD PDF matrix element

Renormalized quasi-TMD WF matrix element

This solution works well for both 
quasi-TMD PDF and WF, with 
different gamma matrices.

K. Zhang. et.al., LPC, 
2205.13402, accepted 

by PRL



From quasi-TMD to TMD
• Renormalize the quasi-TMD operator properly;

• Remove the additional soft gluon contribution (TMD soft function).

/∫
1

0
dxdx′ H(x, x′ , P − z)ϕ†(x′ , b, − Pz)ϕ(x, b, Pz)

• More precisely, what we need is the rapidity-independent 
part of pion form factor :




• where  is the TMD wave function which cancels 
the rapidity (momentum  ) dependence.
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SI(b) =

F(b, Pz)

∫ 1
0

dxdx′ H(x, x′ , P − z)ϕ†(x′ , b, − Pz)ϕ(x, b, Pz)
=

F(b, Pz)

|ϕ(0,b, − Pz) |2 + 𝒪(αs) + 𝒪(
1

P2
z

),

ϕ(x, b, Pz)
Pz

• The form factor looks like a back 
elastic scattering of pion, with two 
currents separated by a spacial 
distance .


• Our lattice calculation shows that 
it is doable and converges with 
reasonable momentum.

b⊥

Q.-A. Zhang. et.al., LPC, PRL125(2020)192001



Intrinsic soft function 
more systematic study

Y. Li. et.al., ETMC/PKU, PRL128(2022)062002

• The higher-twist effects can be very sensitive to 
the gamma matrices used in the currents, and 
proper combinations are helpful to suppress 
them.


• The combined results is independent to the pion 
mass within the statistical uncertainty.



Soft function 
rapidity-dependent part

• Both the pion form factor  and quasi-TMD wave 

function  are 

rapidity (momentum  ) dependent.


• Such a dependence should be universal and described by 
the Collins-Soper kernel :


                 .


•  can also extracted from the (quasi-)TMD-PDF.

F(b, Pz)
Φ(z, b, Pz) ≡ ∫ dxeixzPzϕ(x, b, Pz) = ⟨0 |Oγtγ5

(z, b) |π(Pz)⟩R

Pz

K(b)

ϕ(x, b, Pz) = e log P2z
(Pz)′ 2 K(b)ϕ(x, b, P′ z)

K(b)
Q.-A. Zhang. et.al., LPC, PRL125(2020)192001

M. Schlemmer. et.al., JHEP(2021)004

P. Shanahan. et.al., PRD102(2020)014511

P. Shanahan. et.al., arXiv:2107.11930



Collins-Soper kernel 
from TMD WF with 1-loop correction

• The lattice ensemble 
(MILC2+1+1,

) used here is the same as 
that in SWZ 21, which 
obtained the CS kernel 
from TMD PDF with 
systematic analysis;


• Our result shows a good 
cancellation on the x-
dependence


• More investigations  at 
smaller lattice spacing and 
larger momentum are 
essential and in progress.

483 × 64, a = 0.12 fm, mπ = 130 MeV

M. Chu. et.al., LPC, 2204.00200, accepted by PRD
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Preliminary TMD PDF result 

Pr
el
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y• The soft function is 

essential to make the 
TMD PDF at large  to 
be smaller than that at 

, and then ensure 
a proper definition in the 
momentum  space. 


• Further data analysis and 
systematic uncertainty 
treatment are in progress.


b⊥

b⊥ = 0

k⊥

Q.A. Zhang. et.al., LPC, in preparation



Summary
• TMD PDF describe the 3D quark spin distribution in the nucleon with 

different polarizations. 

• Short distance renormalization with Wilson loop works well for the 
renormalization of the quasi-TMD operators; 

• The soft function and CS-kernel extracted from both TMD-WF and 
TMD-PDF are keeping improved. 

• The final prediction of the TMD PDF is in progress.


