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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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Light-front TMDWFs:

quasi TMDWFs:

rapidity regulator
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the quark pair is chosen to have the same 𝐽!"with the pion

Since the short-distance coeffifficient is insensitive to the hadrons, in the 
calculation of TMDWFs one can replace the hadron by the partonic state. 
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Rapidity divergence
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Light-front 
TMDWFs:



2. TMDWFs and Soft functions

第二届微扰量子场论研讨会杭州 8



2. TMDWFs and Soft functions

第二届微扰量子场论研讨会杭州 9

𝒒𝝁~(𝚲, 𝚲, 𝚲)

Collinear

Soft + Collinear

No hard mode!
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Fierz transformation

Hard Collinear Soft
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𝑞 ∕∕ 𝑃!

𝑞 ∕∕ 𝑃"



2. TMDWFs and Soft functions

第二届微扰量子场论研讨会杭州 13

arXiv:1705.07167
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Matching
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ü 1-loop diagrams

ü Self-energies of external 

lines are not shown

<latexit sha1_base64="10rSOhs/q/nVuV6r+c2adrMW76w="></latexit>

ū�z�5.... ⇠ ū(�+ � ��)�5 ⇠ ū�+�5

ū�t�5.... ⇠ ū(�+ + ��)�5 ⇠ ū�+�5
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quasi TMDWFs:
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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?)

16



3. Expansion by regions

第二届微扰量子场论研讨会杭州

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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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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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
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The lattice data on quasi-TMDWFs from LPC.

Phenomenological model for quasi-TMDWFs.
arXiv: hep-ph/0702085 

arXiv: hep-lat/2204.00200
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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.



22


