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ABSTRACT

Parton distribution function (PDF) is one of the most important phys-
ical quantities reflecting the internal structure of nucleon. It plays an im-
portant role in the accurate test of standard model and the probe for new
physics beyond the standard model. In the high-energy scattering process,
the scattering amplitude can be factorized into two parts by the factoriza-
tion method: the short-range hard scattering part which can be calculated
by perturbation theory and the long-range nonperturbative part. The non-
perturbative long-range part reflects the internal structure of hadrons. The
traditional way to get PDF is to adopt the parametric form of PDF, extract
it through a large number of experimental data and continuous parameter
fitting, and finally get the desired results.

In recent years, Large momentum effective theory (LaMET) has become
a new method to calculate PDF based on the first principle of QCD. The
main idea is to construct the quasi-PDF of equal-time correlation. Since
it does not depend on time, the quasi-PDF can be calculated directly by
lattice QCD simulation. When the momentum approaches infinity, the PDF
of light cone distribution can be obtained through a perturbative matching.
This process requires a matching kernel connecting the light cone distribution
and quasi distribution, so a key is to obtain the matching kernel, and it is
required that the matching kernel is independent of the infrared structure,
which is also the focus of this article.

The main focus of this thesis is to obtain the matching kernel of one-
loop level through perturbation calculation under the framework of LaMET,
and prove that the matching kernel is independent of infrared structure. The
first part will briefly introduce the standard model and quantum chromo-
dynamics, then we will review the traditional research methods of PDF and
the shortcomings of these methods which are overcome by large momentum
effective theory, and its main applications in PDF. In the second part, start-

ing from the definitions of light cone PDF and quasi-PDF in parton states,
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we calculate two kind PDFs of tree-level and one-loop levels respectively. for
the PDF in parton states, the infrared structure is perturbative. Therefore,
three different methods of deal with infrared divergence will be used here:
off-shell external legs; Dimensional Regularization; nonzero gluon mass. Fi-
nally, we will get the matching kernel through the matching formula, from
which we can see that the matching kernel is independent of the infrared
structure. Finally, integration by region to quasi-PDF and based on the

results, the internal relationship between the two PDFs will be discussed.

Key words: QCD,Parton distribution function, LaMET, Infrared divergence
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