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1. Introduction
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The exploration of underlying structures of hadrons has always been
one of the most important frontiers in particle and nuclear physics.

The TMD wave functions play an important role in theoretical
analyses of B meson weak decays[1-4].

In LaMET, one can construct the directly computable hadron matrix 
elements with non-local operators, named as quasi-distributions, on 
the lattice[5-8]. 
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The Wilson line structure in the TMDWF, where the
red line show the Wilson line in the “−” direction, and
the green line show the Wilson line in the “+” direction.
All the Wilson lines are in the n− ⊥ plane which show
in blue, and the two end points of Wilson line are given
by the position (+, ⊥).



1. Introduction

Light-front TMDWFs

quasi TMDWFs
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2. TMDWF and factorization

6

the quark pair is chosen to have the same 𝐽!"with the pion
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Diagram of wave function. Self-energies of 

external lines are not shown.



Rapidity divergence
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Light-front TMDWFs:
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X. Ji, et. al., Large-momentum effective theory, Rev. Mod. Phys. 93 (2021) 035005.

2. TMDWF and factorization
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One-loop diagrams for the soft funtion.
Diagram (a)(d) give the virtual diagram,
and diagram (b)(c) give the real
diagram.M.G. Echevarría, et. al., Phys. Lett. B 726 (2013) 795.

M.G. Echevarria , et. al., JHEP 07 (2012) 002.

2. TMDWF and factorization
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X. Ji and Y. Liu, Phys. Rev. D 105 (2022) 076014.

2. TMDWF and factorization
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One-loop diagrams for the quasi TMDWF.

One-loop diagrams for the Wilson loop. 
X. Ji and Y. Liu, Phys. Rev. D 105 (2022) 076014.

2. TMDWF and factorization
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One-loop Feynman diagrams to the form factor. The 
quark self-energy corrections are not shown. 

2. TMDWF and factorization
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The form factor is an infrared-safe quantity at one-loop order!

2. TMDWF and factorization
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The leading-power reduced diagram for the
large-momentum form factor of a meson. Two
H denote the two hard cores separated in the
transverse space by b⊥, C are collinear sub-
diagrams and S denotes the soft sub-diagram.

2. TMDWF and factorization
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2. TMDWF and factorization
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2. TMDWF and factorization



16

Matching
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Min-Huan Chu’s talk today (session I)

2. TMDWF and factorization



3. Expansion by regions

Expansion by regions:
ü Hard: 𝒒𝝁~(𝑸,𝑸,𝑸)

ü Collinear:𝒒𝝁~(𝑸, 𝚲𝟐/𝑸, 𝚲)

ü Soft:𝒒𝝁~(𝚲, 𝚲, 𝚲)

<latexit sha1_base64="jsye6LX6Od90PqBJ+mbGLNOYg/o="></latexit>

qµ = (q+, q�, q?)
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3. Expansion by regions

Expansion by regions:
ü Hard: 𝒒𝝁~ 𝑸,𝑸,𝑸

ü Collinear:𝒒𝝁~(𝑸, 𝚲𝟐/𝑸, 𝚲)

ü Soft:𝒒𝝁~ 𝚲, 𝚲, 𝚲

Highly Oscillation
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3. Expansion by regions

Expansion by regions:
ü Hard: 𝒒𝝁~ 𝑸,𝑸,𝑸

ü Collinear:𝒒𝝁~(𝑸, 𝚲𝟐/𝑸, 𝚲)

ü Soft:𝒒𝝁~ 𝚲, 𝚲, 𝚲

𝚲𝟒∗𝚲𝟐

𝚲∗𝚲∗𝚲𝟐
~ 𝚲𝟐，Power suppress!
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3. Expansion by regions

Expansion by regions:
ü Hard: 𝒒𝝁~ 𝑸,𝑸,𝑸

ü Collinear:𝒒𝝁~(𝑸, 𝚲𝟐/𝑸, 𝚲)

ü Soft:𝒒𝝁~ 𝚲, 𝚲, 𝚲

𝚲𝟒∗𝚲𝟐

𝚲𝟐∗𝚲𝟐∗𝚲𝟐~1
Leading power!

Light-front result !

Collinear mode in quasi TMDWFs = TMDWFs
20LaMET 2022
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Fierz
transformation

Hard Collinear Soft
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3. Expansion by regions
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𝑞 ∕∕ 𝑃!

𝑞 ∕∕ 𝑃"
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3. Expansion by regions
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J. Collins and T.C. Rogers, Phys. Rev. D 96 (2017) 054011.

3. Expansion by regions
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4. Lattice results
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4. Lattice results
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The lattice data on quasi-TMDWFs from LPC.
LPC collaboration, Phys. Rev. D 106 (2022) 034509.
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C.-D. Lu, et. al., Phys. Rev. D 75 (2007) 094020. a phenomenological model for quasi-TMDWFs 

4. Lattice results



5.Summary
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1. In LaMET, the TMDWFs and soft functions can be extracted from the
simulation of a four-quark form factor.

2. The one-loop TMD factorization of the form factor can be proofed in
expansion by regions approach.

3. The perturbative corrections of soft functions depend on the operator to
define the form factor, but are less sensitive to the transverse separation.

4. These results will be helpful to precisely extract the soft functions and TMD
wave functions from the first-principle in future.
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Thanks for your attention!
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