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Parton Distribution Functions

Parton distribution functions (PDFs) are encoding fundamental properties of hadrons.

Factorization theorems: short range interactions (perturbatively calculable) are
separated from long range effects, allowing us to make predictions for
collider observables.

Consider the production of a vector boson in hadron-hadron collisions (invariant
mass Q, transverse momentum qr). In the region where Q~qr the hadronic cross
section has the following convolution structure:

Hard scattering kernel
Collinear PDFs (partonic part)
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From PDF to TPDF

In the region where Q > qr,Aqcp, the use of the collinear factorization will lead to
problems and the correct tactorization reads:
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While the individual functions depend on unphysical parameters, in physical cross
sections these parameters are combined in a way that only the physical scale Q
remains.

The TPDF, for the quark-quark case, is defined by the following relation:
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Where X is a generic intermediate collinear partonic state.



The NLO quark-quark parton distribution function

For the case of NLO, there are 4 diagrams which are involved, following
hep ph/1410 1892 (T. Becher A. Broggio A. Ferroglia).
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The contributions are divergent and regulated using analytical regularization:
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By calculating the product of the quark and the antiquark TPDFs, one sees that the
poles in a in the NLO terms cancel out:
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The NNLO quark-quark parton distribution function

There are 5 dominant contributions at large Nc:

(A) (B) fg%%
(©) (D) (F)

The same diagrams, under the assumption of eikonal vertex, were already been
computed for NLO JIMWLK kernel KJsJ (hep-ph/1610.03453).

2 additional contributions are large Nc suppressed:
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The NNLO quark-quark parton distribution function

The full result for the quark-quark case was computed in
hep-ph/1 209.0682 (T. Gehrmann, T. Libbert, L. L. Yang).

Generalization to all channels in hep-ph/1403.6451.

Advantages of the LCPT approach:

1) Result including scale-dependent terms.

2) The result is expressed without using hypergeometric
functions.

3) The cancelation of divergences between different
contributions is more visible.
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Introduction to Light Cone Perturbation

The QCD Lagrangian:
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Following Legendre transformation, the QCD Hamiltonian in light-cone gauge
(A+=0) is written as a sum two parts, Hocp = Ho + Hie , With:
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The Quark Light-Cone Wave Function

At NLO the quark light-cone WF consists of the following diagrams:
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The NLO quark state in LC formalism:
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From perturbation theory:
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NLO TPDF via LCPT

After implementing analytic regularization and inserting the WF to the definition
of the TPDF, we imply the following identities:
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Full match between the two approaches!



The real NNLO Quark Light-Cone WF

There are 3 contributions which are involving the production of two partons:
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The quark, quark, anti-quark contribution:
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The Virtual Contributions

There are several contributions which are involving the production of two partons:
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The time ordering is important. Example, gluon loop (before regulating k):
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The result:
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Two types of IR logs are generated.
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The Virtual Contributions

The coefficients of the IR logs in the virtual diagrams:
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After adding together all the contributions, the IR logs are canceled:
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Conclusions

There is a good motivation to adopt light-cone perturbation theory techniques
for the study of higher order corrections of SCET observables.

Applying LCPT to the computation of the NNLO PDF will allow us to realize
the cancellations between various diagrams using a different approach, and
express the result without the use of hypergeometric functions.

For the NNLO virtual contributions, the IR logs cancels and the structure that
emerges is the beta*log(kr) + cusp times the NLO structure.



