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1. Introduction

Recently the PHENIX collaboration has measured transveim®mentum distribution of so-
called nonphotonic electrons [1, 2]. The dominant contidisuto the nonphotonic electrons/positrons
comes from the semileptonic decays of charm and beauty ree3tis processes have three sub-
sequent stages. First or bb quarks are obtained assuming gluon-gluon fusion[3] andkgua
antiquark annihilation. Next the heavy quarks/antiquaaks turned to heavy charmed mesons
D,D* or B,B*. The excitedD* andB* mesons decay producifigjzandB mesons. Finally the heavy
mesons decay semileptonically producing electronsimost The hadronization of heavy quarks
is usually done with the help of fragmentation functions. ofitain the single particle spectra of
mesons from those of quarks/antiquarks we used Petersgmédratation functions [4] and BCFY
[5]. The last ingredient are semileptonic decays of heavgang. We find the semileptonic decay
functions by fitting to recent data of the CLEO [6] and BABAR Ebllaborations. More details
about the procedure and more complete presentation otsesr be found in our original article

[8].

2. Formalism

We consider the reactiom +h, — Q-+ Q+ X, whereQ andQ are heavy quark and heavy
antiquark, respectively.

In thek;-factorization approach the cross section in rapidit@d¥.), in rapidity of@ (y2) and
transverse momentum Qf (p1t), transverse momentum Qf_ (p2t) can be written as

_ /delt 2Ky 1 7T
dyldy2d2p1td2p2t Z T 167X %05)2
52 (Rug + Rog — Pre — Poy) filxa, kZy) (%o, K3,) (2.1)

wheref;(xi, k7,) and fj(Xz,Kit) are so-called unintegrated parton distributions.
The production of electrons/positrons is a multi-step pssc The whole procedure of elec-
tron/positron production can be written in the followindnematic way:

_do® daQ

where the symbok denotes a generic convolution. The partonic cross sectiaralculated in
the k.-factorization approach. Next step is the process of faonatf heavy mesons. We follow
a phenomenological approach and take Peterson and Brdaénfagmentation functions with
parameters from the literature (see e.g. [9]). The eledlieray function should account for the
proper branching fractions. The latter are known expertalgn(see e.g. [6, 7, 9]). These functions
can in principle be calculated [10, 11]. This introducesyéeer, some model uncertainties and
requires inclusion of all final state channels explicitlya Alternative is to use experimental input.
The decay functions have been measured only recently [6, 7].
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3. Discussion of the results

We have calculated inclusive spectra of heavy quarks/aatics for RHIC energy in the frame-
work of thek;-factorization. We have concentrated on the dominant glylaon fusion mechanism
and used two recent unintegrated gluon distribution famstifrom the literature. In Fig.1 we show
for example inclusive cross section for charm/anticharmh leottom production for RHIC energy
for the Kwiecinski [13] and Ivanov, Nikolaev [14] unintegea gluon distributions.
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Figure1: Inclusive cross section for charm/anticharm producti@ngd a) and bottom production (panel b)
for W = 200 GeV for Kwiechski (solid) and Ivanov-Nikolaev (dashed) UGDF.

In principle, the semileptonic decays can be modeled (spe[£0, 12, 11]). Since there are
many decay channels with different number of particles ithisot an easy task. In our approach
we take less ambitious but more pragmatic approach. In kig.8how our purely mathematical
fit to not absolutely normalized data of the CLEO [6] and BABMRcollaborations.
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Figure 2: Our fit to the CLEO [6] and BABAR [7] data.

For illustration of the whole procedure in Fig.3 we show agsample two-dimensional dis-
tributions in rapidity and transverse momentum for charmrks,D mesons and electrons from the
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decay ofD mesons. Both fragmentation and semileptonic decays caggadhtion of transverse
momentum. On average < ptp < Prc. The spectra of electrons are much softer than initial
spectra of charm quarks. On the other hand the distributidredectrons in rapidity are much
broader than the corresponding distributions of quarkisfaarks.

da/dy dpt (nb/GeV?)
da/dy dpt (nb/GeV?)

da/dy dpt (nb/GeV?)

Figure 3: Two-dimensional distributions in rapidity and transvemsementum for charm quark/antiquark,
D mesons and electrons/positrons.

We concentrate on invariant cross section as a functiorecfr@n/positron transverse momen-
tum. Such distributions have been measured recently by HteNPX collaboration at RHIC [1].
In Fig.4 we show results obtained with Kwiéski UGDF [13] and different combinations of fac-
torization and renormalization scales as well as for diffiefragmentation functions (Peterson and
BCFY). The differences between results obtained with tkffié combinations quantify theoretical
uncertainties. Similarly as for the standard collinearrapph [15] one gets uncertainties of the
order of a factor 2. We show individual contributions of éfens/positrons initiated by/c or b/b.
The contribution of the/c (dashed) dominates at low transverse momenta of elegbasigbns.
At transverse momenta of the order of 4 - 5 GeV the both canttohs become comparable. We
obtain rough agreement for large transverse momenta. &lynis for the higher-order collinear
approach [15] there is a missing strenght at lower transverementa. A better agreement is
obtained with renormalization scale taken as transversmentum of the initial gluon(s). There
are two strong coupling constant in the considered ordeprautice we takers(kZ,)as(k%), i.e.
different argument for each running coupling constant.

In Fig.5 we show results obtained with Ivanov-Nikolaev UGBEhough there is some im-
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Figure 4: Transverse momentum distribution of electrons/positmitls the Kwiechski UGDF. Different
combinations of factorization and renormalization scalesused. On the left side we show results with
Peterson fragmentation functions and on the right side B&RY fragmentation functions.

provement at low transverse momenta, the cross sectioarfgerl transverse momenta exceeds the
experimental data.

It is not clear for the moment what is the missing strength.tdJpow we have included only
gluon-gluon fusion which is known to be dominant contribatiat large center-of-mass energies.
The RHIC energy is, however, not too high. Therefore we ghatb include also quark-antiquark
annihilation process. Those processes can be includednnilarsvay in the formalism of uninte-

grated parton distributions.

The Kwiecihski formalism [13] allows to calculate unintegrated quankiquark distribution
in the same framework as unintegrated gluon distributitm&:ig.6 we present the contribution of
guark-antiquark annihilatiogq — cc (dash-dotted line). This contribution is similar in sizethe
gg — bb contribution. The contribution afd — bb is negligible and is not shown here.
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Figure 5: Transverse momentum distribution of electrons/positabtained with lvanov-Nikolaev UGDF
and Peterson (left panel) and BCFY (right panel) fragménidtinctions.
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Figure 6: Transverse momentum distribution of electrons/positwitis Kwiecinski UPDFs. The dash-
dotted line corresponds to tlyg — bb contribution.
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