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Heavy quarks iny — N interactions are produced mainly by photon-gluon fusion. Nevertheless a small contribution to the total cross
section comes from processes like those appearing in heavy quarks hadroproduction through the resolved component of the photon. Here we
concentrate on the resolved contributions of the photon to heavy meson photoproduction. We discuss the calculation of the cross section to
D’s andB’s, as well as its dependence on the fragmentation function and the center of mass energy available in the collisions.
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La produccbn de sabores pesados en interaccignesV son principalmente por fusin fotbn-glubn. No obstante, una pedisecontribuadn
a la secdn eficaz total viene de procesos similares a los que aparecen en hadropinodiica¥s de la componente resuelta debfatAqu
nos concentramos en la contribbiciresuelta del f@n y la fotoproduc@n de mesones pesados. Se discut@leldo de la secoin eficaz de
D’sy B's, ad como su dependencia con las funciones de fragménmtadia energa del centro de masa usado en las colisiones.

Descriptores:Producobn de sabores pesados; funciones de fragmémtaci

PACS: 13.60.Le

1. Introduction photoproduction asymmetries for these mesons. An alterna-
tive scheme for studying the charm anti-charm asymmetries
Heavy hadrons in photon-nucleon interactions at typical fixeds through the recombination mechanism of the heavy quark
target energies, are expected to be produced predominantyith a light anti-quark from the sea in photoproduction [9]
by photon-gluon fusion with the subsequent fragmentatiorand hadroproduction [10].
of the quarks into the final state. Furthermore, associated The goal of the present work is to investigate the pro-
production, together with leading particle effects have beermluction asymmetry ob and B mesons coming from the re-
observed to play an important role in the hadroproductiorsolved component of the photon, as well as the effects on this
asymmetries for charm and anti-charm particles [1, 2]. Asasymmetry of the fragmentation function used to produce the
Q andQ (Q, Q indicate a heavy quark and anti-quark, re- mesons. The remainder of this work is organized as follows:
spectively) quarks in theg — QQ process are produced in Sec. 2 we describe the heavy quark cross section and frag-
at the same rate, the total cross section for heavy hadraomentation function, Sec. 3 the resolved component of the
and anti-hadron production are approximately the same. Avhoton is discussed, as well as the cross section of meson
small  excess from Next to Leading Order (NLO) contri- production. Section 4 shows the calculation for the produc-
butions [3] produces a non- significant enhancement in antition asymmetry of mesons from the resolved component of
hadron production. This contribution was estimated to givethe photon and the effects when the fragmentation function is
a ratio (R) of ¢, ¢ cross section in the forward direction of changed. Finally, conclusions are drawn in Sec. 5.
aboutR = 1.006 [4].
Photoproduction results from the SLAC Hybrid Photon .
Facility Collaboration [5] have reported a noticeable produc-z' l,_'eavy q‘?ark cross section and fragmenta-
tion asymmetry in charm mesons. This result has been con-  tion function
firmed more recently by E691 [6] and E687 [7]. A qual- . . . .
itative model to account for the observed results has bee-rl;he myangnt cross section for the photoproduction of a heavy
presented [5]. Another interesting model is the Lund Orquark is given by [3]
string [8], where the color field petween the target cﬁquark Edo Ed%.; 5
and the charm quark produced in the photon-gluon interac- = Z de——>f; ()

3 3
tion builds a string. Similarly the bachelor quark builds a dp i dp
string with the anti-charm quark, producing mesons without 35
. 3 . Ed Oi,j oy H
any asymmetry. Similar processes could give the production +Y [ dayday = @) fi (x2), (1)
of B mesons; however, there are no experimental results on .J
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where the sum runs over light quarks and gluons. In Eq.(18. Heavy meson production from resolved
the dependence on the factorization sgajeis implicit in component of the photon

the elementary cross sectiofsand in the parton distribu-

tion functions (PDFs) in the hadroﬁf(x)] and the photon  The hadronic structure of the photon contributes to the total
[fi' (z)]. The short distance cross sectignare calculable as  ¢ross section of Eq.(1) and produces additional contributions
a perturbative series im(y.%). to the heavy meson production. Resolved contribution to the

The first term in the right hand side of Eq.(1) is known heayy quark production can come from three different pro-
as the point-like contribution, while the second term is theggges:

hadronic component of the photon. The separation of the two
terms is controlled by the scale- (see Ref. 3).

The convolution of the differential cross sectiéen/dz g i) when the anti-quark of the photon is annihilated with a
for heavy quark (Q=c,b) production with a fragmentation quark of the nucleonggn — Q + Q),
function gives the production of hadrons.

The hadronization of the perturbatively produc@dQ)
quark through the recombination with the debris of the pho-
ton is discussed in Ref. 11.

There are different fragmentation functions (FF) reported ~
in the literature [12]. The Peterson fragmentation func- iii) gluon-gluon fusiondg — Q + Q) with gluons from
tion [13] is the following: photon and nucleon, respectively.

N
; (2) . . .
> {1 1 e r The first process is favored due to the partonic structure of

1=z nucleons which do not contain anti-quarks as valence quarks.
wherez is the fraction quark’s energy carried by the produced Consequently in the fluctuation of the photondtgy,,
hadron, N is a normalization constant ands the ratio be-  more., are liberated in the collision respectgo, and then,
tween light and heavy quark masses. This FF with 0.11  there should be an excess in the production of mesons (M)
gives a good description of the main featuresf photo- containing ag, () compared taz,Q. If the quark from the

i) when a quark of the photon is annihilated with an anti-
quark of the nucleond., gy — @ + @) and

Dg(z) =

production. _ photon released in the collision és = d, then we should

For the string fragmentation models, the well known gpserve more meson&{ ~ (Qd) thanM+(Qd), (see Fig. 1.)

Lund fragmentation model [8] has the function Wheng, = u, an excess oM °(Qu) over M°(Qiu) mesons
" o i should be measured. In this production scheme we use the

Dy (2) = ;(1 —z)tem (3) assumption thag, recombine easily with ) to form a me-

wherez = (E+ P )nadron/ (E+ Pr)guark, mr is the trans- son in the final state. This mechanism tends to produce more
- radron quareKy

verse mass of the hadroh,is a universal constant related N€avy anti-mesons than mesons. _
to the inverse of the string tension, is a constant which The case of heavy flava) = ¢, where ab meson is pro-

could be flavor dependent. This seems to give also a gooduced, has been widely investigated; for instance, there are
description ofD meson photoproduction, when= 1.0 and results obtained by the E691 and E687 Collaborations where

b=0.7[14]. the interactiomy-Beryllium is studied. Since the Beryllium
Another fragementation function of this kind is that of nucleus has more neutrons than protons, an exce#3 of
Nason and Colangelo [15], over D° appears. In the case ¢f = b, we have a B me-

" o8 son with similar behavior in the sense that those mesons have
Dg (2) = A(l = 2)%27, (4)  a similar constitution: a light and a heavy quark. Neverthe-

where A is the normalization constant, andand 3 are pa- less, we do not know of experimental results on production
rameters extracted from experimental data. Nevertheless th@pymmetries oB’s.

are not completely free, since they are related\t@CD The outlined production scheme described in the previous
scale, corresponding to the experimental energy range of thgaragraph is employed to estimate the cross section shown in
process. This function has been used to describe the pré-ig. 2. This shows two different contributions to the cross
duction of D mesons witha = 0.8 and5 = 0.32. An section for the charm (left) and bottom (right), illustrating
exhaustive data analysis and set of parameters were invethat contribution from interaction of the valence quadk ¢f
tigated [15], predicting3 meson production witkk = 0.025  the proton when the photon is larger than those coming from
and3 = 25.69. These functions with their set of parame- the interaction of sea quark)with the photon. One can see
ters could describe the data available within the errors; howthat those differences increase with the mass of the produced
ever, as will be shown in the following section, we need toquark: fromD to B mesons. From Fig. 2, adding the contri-
take care which function and set of parameters are used sintaitions of theu andd sea quarks and comparing them with
those functions could change results such as the productidhe valence contribution, clearly a production asymmetry is
of heavy mesons. expected.
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FIGURE 1. Production of charm (bottom) mesons and anti-mesons
in the model. The amplitude fav/ ™ production is smaller than for
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FIGURE 3. Total cross section using the best fragmentation func-
tion with a set of values for parameter, compared to experimental
data [6].

M~ just because the anti-quarks density in protons is smallerthary,  Production asymmetries from the resolved

the quarks densities.
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FIGURE 2. Different resolved contributions to the cross section for
charm (left) and bottom (right) quarks.

component of the photon

In order to make a quantitative estimate of the production
of mesons accordingly to the diagrams in Fig.1, we consider
that theQ flavor cross section from point-like contribution is
the same as fof) at leading order QCD processes. The re-
solved component has three contributions as described in the
previous section. Nevertheless, the two quark annihilation
processes can produce a difference in meson production ac-
cording to the production mechanism outlined in the previous
section. Then, an asymmetry can be defined as

N(J‘IVQP — O—q’vqp)

A = ) 5
(IF) 2[0’}’ p + NJQ 9] + N[O—’I'yqp + quqp] ( )
where

= dirdey @ (1) () B 0 (6

Ogyqp = Z z1dzs ¢ (21) 4q; (z2) dp? (6)

4,9
5 =D &6,
Oqq, = Z dzidrs g} (71) q5 (22) E e @)

2,]
where N should be obtained from normalization to the exper-
imental total cross section fdp’s (see Fig. 3). The figure is
done with Peterson FF, three values of thgarameter and
using a mix of96% of the point-like andi% of the resolved
component. This contribution of the resolved and point-like
are in agreement with QCD calculation [3, 16] where the re-
solved component of the photon is less thafy of the point-
like contribution.

Quantitative estimation of the asymmetry defined by
Eq.(5) can be done using a factorization sgale=1 GeV, in
the parton distribution functions of the photon and of the pro-
ton. We would like to remark that this free parameter could
introduce effects into the QCD calculations at next leading
and higher order correction which are less than 5% in phopro-
duction with photon energy between 50 and 400 GeV [3,16].
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FIGURE 4. Production asymmetries of charm(left) and bottom (right) which arises from photon fluctuation tg@aifie asymmetry
depends on the fragmentation function.

TABLE I. Integrated asymmetries f@ and B mesons, using three

different fragmentation function.

(left) and B (right) mesons at photon energy 260 GeV.
Taking only the resolved component we can see a significant

production asymmetry in th® and B mesons for alk .

Table | presents the absolute values of the integrated re-

PDF Meson Peterson FF  Nason FF Lund FF . .
CTEQ AL DT 0.496 0.489 0.469 sults of Fig. 4. From the table we can seea dlf_ferences_ of the
: : : order of 2-5% among the fragmentation functions. This ob-
B* 0.830 0.829 0.809 servation is for theD and B mesons. Those results indicate
CTEQ6.6M D°(DY) 0.262 0.263 0.258 that one has to take care in choosing the fragmentation func-
B* 0.148 0.150 0.145 tion used to calculate quantities where the resolved compo-

nent of the photon is taken into account. Large differences are

However, our calculations are at leading order. Consequentlf2bserved onB* asymmetry calculated with the same frag-

effects of the factorization scale do not need to be taken int§€ntation function and two PDFs. Considering that CTEQ3L
account. The results of S. Frixione [16] indicate that the facis older than CTEQ6.6M, the main difference comes from
torization scale in the parton distribution functions of the pho-the data analyzed and the method of analysis, obtaining more
ton does not noticeably affect the results. Effects from othePrecision on the PDFs in the CTEQ6.6M. Large differences
parameters such as quark mass, renormalization scale, ha¥€ observed foB=, compared taD*. The same trend is
also been discussed [3,16]. The renormalization scale hgserved for3° and D°, as indicated by the asymmetry for
been taken agr=m With m.=1.5 GeV andm;=4.5 GeV. the DY (DY) for three fragmentation functions.

The results presented were obtained with the Quantification of the asymmetries also greatly depends
CTEQ6.6M [17] parton distribution functions for the pro- on the precision of the PDFs. The extraction of PDFs by the
tons, and for the photons we use the WHIT-G3 [18]. CTEQ group allows for uncertainties of about 10-20% [17],

The results of Eq.(5) without.,, o,, and under the con- which are obviously reflected in the quantification of the
sideration described previously, are shown in Fig. 4 for asymmetries, as indicated in the second and last line of Ta-
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x10~ try when the photon energy in the interaction increases. The
resolved part shows an inflexion point about 30 GeV, which

0.25 k could be due to the different dependences on the energy of
r the point-like and the resolved photon component of the cross
0225 - section [3, 16].

02 C Since the experiment E831 at FNAL [19] used a beam en-
£ s ergy of the same order as experiment E687, we do not expect
= 0.175 L a significant change in the predicted asymmetry shown here.
o v L
g :

@ 015 | 5. Conclusions
n [
8 0.125 | Heavy meson in photoproduction arising from the resolved

component of the photon has been calculated. The results of
the resolved component show important contributions to the
cross section giving a large production asymmetry of meson
anti-mesons. These asymmetries have a strong dependence
on the fragmentation function. Quantification of the asym-
0.05 |- metries for a set of PDFs and three different fragmentation
L ‘1‘5‘ — ‘2‘0‘ — ‘2‘5‘ — ls‘o‘ — ‘3‘5‘ — ‘4}0. — functions forD and B mesons, were presented. The numer-
Center of Mass Energy (GeV) ical values are larger foB than D mesons. _Ar_wother effect

on the asymmetry comes from the uncertainties of the PDFs

FIGURES. Integrated cross section for charm photoproduction as awhich are manifested in a large difference on the asymme-

function of the center of mass energy, for point like (solid line) and ¢rjes. Nevertheless, when the cross section is calculated tak-
resolved (dotted line) contributi(_)ns. The resolved contribution ha_sing into account that the resolved component contributes 4%
?heeego'}(ra]:[?lti:lflele(?oEz’izuf'gg:lor 9.6 in order to compare the shape WltP};\nd the point-like 96%, to the total cross section, the first one

' seems to vanish and consequently the production asymme-

ble | where a difference of 82% is observed for the Peter- tries from the total cross section are _small._The point-lil§e and
son fragmentation function. the.r(.asolved com.po_nen.t present slight differences with the
As an attempt to understand the behavior of those asynfOllision energy, indicating a weak asymmetry dependence

metries, we calculate the total charm cross section, the r&" the energy. We show a clear difference of the behavior
solved plus the point-like contributions. Figure 5 shows theof the point-like and resolved cross section components as a

cross section as a function of the center of mass energy whefdnction of the energy.

the resolved component to charm production has been re-

scaled to compare the shape with the point like contributionAcknowledgments

to charm production. We can see a different behavior with the
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