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Gluon-gluon fusion is the dominant process of heavy quadkipetion in high-energy proton-
proton collisions. The corresponding calculations wendgumed in the standard collinear ap-
proach as well kfactorization approach based on unintegrated partonmilmisions functions
(UGDFs). We have tested several models of UGDFs. Here weeorate on subdominant con-
tributions initiated by photons ignored so far in the litera. Both elastic and inelastic processes
have been considered. We discuss processes initiatggd JeyQQ, gy — Q(S, yy — Q(Ssubpro-
cesses. In this context we use MRST-QED (Martin, Roberidirst, Thorne) parton distribution
set which includes also photon as a parton of the proton. Thkading processes considered
here are shown in Fig.1
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Figure 1: Diagrams representing the subleading mechanisms for ptiodiof heavy quarks discussed here.

1. Production of heavy quarks

The inclusive heavy quark/antiquark production can beutated in the framework of thig-
factorization. In this approach transverse momenta afingartons are included and emission of
gluons is encoded in so-called unintegrated gluon dididha (UGDFs) [1].

In the leading-order (LO) approximation within ttkefactorization approach the quadruply
differential cross section in the rapidity @ (y1), in the rapidity of@ (y2) and the transverse
momentum ofQ (p1,t) andQ (p2,t) can be written as
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where.%; (Xl,Klt) and.%; (XZ,KZt) are the so-called unintegrated gluon (parton) distrilmstiorhe
unintegrated parton distributions are evaluatecat: ™ exp(yl) St exp(yz), X2 = % exp(—y1)+

% = exp(—Y2), wherem; = , /pi.t + sz Some appllcatlons can be found also in Ref.[2].

2. MRST-QED parton distributions

The factorization of the QED-induced collinear divergentmads to QED-corrected evolution
equations for the parton distributions of the proton [3].
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Such a parton set, including photon as a parton in the proasbeen found in Ref.[3]. These
parton distributions can be used to calculate several ofrtbehanism shown in Fig.1. The elas-
tic contribuions shown in Fig.1 are calculated using phatstributions which can be calculated
exclusively from QED including extended nature of the pnotia electromagnetic form factors.

3. Results

As an example in Fig.3 we show contribution of the subleadimghanisms for the nominal,
hopefully future, LHC energyV = 14 TeV. We show distribution in transverse momentum and

rapidity.
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The mechanisms with photons give rather small contributiothe open charm production.
For open bottom poroduction their contribution would beresmaller due to the smaller charge of

the b quark.
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