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Abstract

We obtain the evolution equation for the unintegrated gluon distribution inside gluon. Our framework
is based on the Bethe-Salpeter equation for the Green functions in the pure gluonic case.



1 Introduction

The aim of this paper is to construct the exact evolution 8qador the unintegrated gluon distribution inside
gluon (QUPDF). A lot of papers are devoted to the unintegrataton distribution functions in hadrons (hUPDF)
in different forms. Most of authors consider specific "folism” to obtain UPDF from integrated functions. One
of the methods is based on the separation of virtual and ogalfibutions in the usual DGLAP equation [1]-[5] and
on the angular ordering (see [6] and reference therein).mb& general result is the CCFM evolution equation,
which reduces to the leading order DGLAP formalism at moteraand to the BFKL one at smait. In the
above cases the additional "hard” scales introduced by hand. Finally authors obtain unintegrétedtion that
depends on two "hard” scaleg:andk , which are related in a complicated way.

In our method we use the exact Bethe-Salpeter equation éogthPDF. In our direct method we do not need to
introduce the hard scale by hand, since it arises naturalhy fnvariants. In this paper we present only the equation
and the application of gUPDFs to the semi-inclusive cemtratiuction process.

2 Calculations

2.1 Hédicity method and 3-gluon vertex
Now we introduce usual 3-gluon amplitude to calculate thraékof the equation for unintegrated distributions in
the leading approximation. Notations for all the momentadear from the Fig. 1.
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Figure 1: 3-gluon vertex with all the momenta and indices.

In the tensor form 3-gluon vertex can be written as usual:
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Hereg, = /4mas, s is the strong couplingf2be is the structure constant of the SU(3) gropp= (¢ —k)? =0
(real gluon) k2 < ¢2 < 0.

Let us introduce polarization vectors for every gluon. Ak gluons are considered in the light-like gauge with the
axial vectorn, n2 = 0. We have the following expressions for polarization vestor
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which satisfy conditions:
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wherer = ¢, k,p. For particles with nonzero virtualities we have additiopalarizations, but we can consider

only e* polarization vectors, since helicity amplitudes give thamcontribution to the kernel, which is simply
the amplitude squared.

The expression for the helicity amplitude is the following:
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Figure 2: Evolution equation for unintegrated gluon disition inside a gluon.
Now we can write the kernel of the evolution equation in treeliag order:
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Notations are clear from the Fig. 2.
We have for the evolution equation
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We can simplify the equation, if we tak€ = N’ and introduce new functions:
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and color operators:
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whereN, = 3, C; are weights for corresponding cross-sections/anate color projection operators for irreducible
tensor representations of the SU(3) group:
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d?P¢ is the symmetric structure constant of the SU(3) group. Nevean write the diagonalized evolution equation:
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and making the contraction of (32) with color projection lmerﬁ?b/’ 2 for each projection J we obtain the
leading order evolution equation:
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where i and J are the spin and the color projection indiceespondingly. In the new variables it looks as follows:
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For the radiation of real gluons we have additional condgi@ — ¢)2 > 0 and (v — k)2 > 0, which lead to
inequalities:
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We can rewrite the above equation in different forms. To iobtiae first one, which is convenient for numerical
solution, we should integrate (35) ¢ and change, to ¢/ :
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For the ordering in four-momentum squared and taking intmant the initial condition we should also add
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If we integrate in the azimuthal angle in (35), we will get &#dternative form of the evolution equation
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Itis possible to write the equation for the moments of cqroesling functions. Let
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For the kernel of the equation (59) we have
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Coefficients are the following:
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We can use representation of the equation inbtBpace, if we introduce Fourier transform £f; and make also
transform to the moment space:
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In this case equation looks more simple
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2.3 Semi-inclusive central production
For the semi-inclusive central production (see Fig. 3) wausth contract two SU(3) tensors of the type (33) and
sum in the spin and color indices. The cross-section is ptmmal to
1 N N
5 Z Z Cin,J (va k?v k? iR Xl)fiJ (Vga kga kg i) X2)' (94)
i=1,2 J

It is clear from the properties of SU(3) coefficients, thamsiaglet contributions cancels in the above sum.
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Figure 3: Semi-inclusive process (amplitude without réscig corrections).

3 Conclusion

In this paper we present the equation for gUPDFs in diffefemhs. The main difference from other approaches
is that in our case the main "hard” scale is equati?, and it is not introduced by hand. Solution of this equation
could be found numerically. Futher investigations will begented elsewhere.
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