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We update the calculation ef — ¢ production in the initial stage of nucleus - nucleus collisions and within
quark gluon plasma, using the most recent and most accepted values for the ingredients, such as nuclear parton
distributions, quark masses, couplings and fireball parameters. We find a large discrepancy in the charm yields,
depending on the input choices. A global analysis of all the different cases suggests that the “in-plasma”
production is a significant fraction of the total yield.

Open charm production in proton-proton collisions wherez; 5 = % (in + L% +4,,L2/5) and
seems to be well understood in terms of perturbative QCD

(PQCD)[1]. In nucleus-nucleus collisions, the presence of 5 A Ba
nuclear effects in the initial parton distributions introduces Hap(z1,29;m7) = ABQ fg By fg Ry G
some uncertainties[2]. In view of the forthcoming PHENIX

data on charm production iAu + Au collisions at RHIC, + [fq R} f:RE + f R} £, Rf] &qq} )
it is necessary to clarify all the aspects of charm production.

In this work we perform again some well known calcula- |n the above expressiah,, andé,; are the elementary L
tions and concentrate o productionwithin the plasma cross sections for the processgs — c¢ andqg — cc

;’his Ij ysuhally Ineg|eCFedbblecau§e thbe numt;leﬁghifs pro-  respectively, a sum over the flavor labglis understooc
uced in the plasma is believed to be small. However, asit, A o fA@m?) i A 2

will be discussed, a closer look into the existing estimates (¢ = u"i’ 5) ahdRi (f_”vm ) = Flemd) Wlt_h f% (x_,m _)

shows discrepancies of two orders of magnitude. In [3], for (fi(z,m _)) t_)elng thei parton momentum distribution in
example, it was estimated to be of the order&f of the nucleon inside the nucleus (free space). A factor was
total number of charm quark pairs. In [4], with the inclu- introduced in (1) to account for higher order correctio
sion of thermal parton masses this fraction was estimated to"Ve Write the above cross section in a differential form
reach20 — 30%. Finally, in [5] this number could, in some 2 function of the variable » in order to have a better col
cases, be equal to the number of directly produced pairs. Ndrol over the validity domain of our calculations. It is know

systematic effort was made to reconcile these different esti-that PQCD should not hold for large valuesuof [6].
mates. In a centralA + A collision the number of — ¢ pairs

initially produced is related to the cross section by [7]:

cc

the use of perturbative QCD for the diagrams of the elemen- QCD = @
tary processegg — c¢ andgg — c¢ convoluted with the
parton densities in the projectile and in the target. Calling Where R, is the radius of nucleusi, given by R4 =
2 the fractional momentum of the produced pair (with re- (1.18 A3 —0.45) fm.
spect to the momentum of a projectile nucleon in cm frame) ~ In Table | we present our results for the total num
and /s, the cm energy of a nucleon-nucleon collision, the of initially produced charm quark pairs for different cha
cross section for inclusive— ¢ production is given by: quark masses, with and without shadowing effects. The
clear parton distribution functions are taken from Esletl
al. [8] and from Hiraiet al. [9].
These numbers suggest that the commonly used \
N&op = 10 is probably too large.

3)

In leading order (LO) the cross section is computed with _ 1 /1 p doAA—ce
TR
dx
0 F

dog AP~ — K /OO dm2 The computation of the in-plasnaa pair production rate
drp 4m? goes back to the late eighties [10], was discussed in ¢
papers (for example [3]), included in comprehensive rev

1 Hap(zy, x0;m?) @) articles [11] during the nineties and experienced imprc

X S —
sy/x% +4m? /s ments due to advances in thermal field theory [4].
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Assuming that QGP is formed, we then have a gas
of quarks and gluons with momenta obeying respectively
Fermi-Dirac and Bose-Einstein distributions that can collide
producingee pairs.

The charm production rate in the reactign — c¢, at
temperaturd’ is given by [12]:

ngg—>cE

2
did3z 2(2m)S

% /d3p1d3p2 fo(Er) £y (Es) 6000

V12 4)
whereg, is the gluon statistical factor (number of colots
number polarization states)- is the relative velocity be-
tween colliding gluons with energies; and E; and three
momentap; and p3, & qu is the elementary gluon-gluon
cross section an}, (E;) the usual thermal distribution func-
tion:

1
folBi) = pm— (5)
A similar expression can be written for the procegs— cc.
In order to account for expansion effects we shall as-
sume that the system cools down following Bjorken hydro-
dynamics, in which the volume of the system evolves in time

according to:

whereV, = 7rR§1 70, 1o is the initial temperature ang is
the thermalization time, which marks the beginning of the
hydrodynamical expansiond = 0.7 fm).

Expression (4) can thus be rewritten as:

/mzdm / de/Zﬁdﬂ

Vo=l = vo=w(B) @

dN99—ce _ 37-‘-\[9(7

dl‘F
X /Tjo TOT(?T_4V(T)dT /OOO dE1fg(E1)fg(E —Ey)
L 1
) [WH(E% = hi) + |H (hs))| 0(E; — hg)}
2
X gy (m? )EG(E1)9(E7E1)

whereFE =
massm and:

m? + p2. + p? is the energy of thec pair of

2pr cos(f)

H(h =2p, —
( 1,2) p (E% — hi2)1/2

hi2

and also )

hig= o
M7 2p2 + phcos?(B)

N =

X {pz(2EE1 —m?) F {p% cos? ()

201

x [4E3 (p% cos?(8) + p?) — (m? — 2EE1)2]}1/2}

Including the differential rate due to the procegs— cc
and integrating over:z, we arrive at the total number of
thermalcé pairs:

o1

There are some known papers on the subject [3, 4, &
11, 13]. From the reading of these papers, we conclude th:
there are large discrepancies in the numbers and in the we
to obtain them. The sources of these discrepanciesajre:
initial temperature of the plasm@, (ranging from300 MeV
to 550 MeV); b) degree of parton equilibration (described by
the fugacity factors)) initial volume and/or thermalization
time, V5 and ry; d) total energy contained in the fireball;
e) use or not of as factor (=2) in computing thermal rates;
f) use or not of temperature dependent g) mass of the
charm quarkm,. (going from 1.2 to 1.5 GeV); h) use or
not of thermal masses for gluons and quarks in the reactior
g+g—c+candg+q— c+zC.

Depending on the choices that one has to make in dea
ing with a) — h) the final value of in-plasma produced
pairs can change by orders of magnitude, going roughl
from Ng’GP = 0.02in [3] to up 15 in [11]. In a compre-
hensive analysis this same variation was found in [5]. In [4],
the authors arrive to the conclusion that in-plasma produc
tion was only a factor two smaller than the initial production.
However in that paper the facter= 2 was not included in
calculation. If it were, theiN g p ~ N&op-

We have explicitly investigated the effect of changing
the mass of the quarkand the differences which arise when
we use the coupling constant running witi? or with 7" [4]:

ngg—»cE
d.Z'F

quq—wE
dJ?F

@)

ay(m?) = el ®)
(33 —2Np)In 17—
67
J(T) = 9
1) = 53 2Ny 12T ©)

whereNp = 3, Agcp = 230 MeV and A5 = 80 MeV.

In Table 1l we present our results for the number of “i
plasma born’ce pairs for different values of couplings and
charm quark masses. All the calculations were done with al
initial plasma temperature @, = 550 MeV, a,(M?) and
as(T) given by (8) and (9) respectively. The numbers inside
parenthesis correspond to the chaice- 1. Otherwise the
numbers were obtained with= 2.

The fourth line of Table Il shows that our results may
change by a factd0 depending on the inputs used. In some
cases a direct comparison with other works is possible. Fo
example, in the second column of Table Il, comparing the
numbers in parenthesis, we notice that we obtain nearly fivi
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TABLE 1. Number ofce pairs produced itdu — Awu collisions at RHIC from QCD calculations for different values of couplings and cf
quark masses. The nuclear parton distribution functions are taken from EsldI4EKS) [8] and from Hiraiet al. (HKM) [9].

me. =12 GeV m.=1.5 GeV

EKS HKM EKS HKM

N&op (without shadowing)  6.52 4.65 2.65 2.07
(with shadowing) 6.32 4.36  2.61 1.97

TABLE 2. Number of “in-plasma” producedc pairs in RHIC collisions. Numbers inside parenthesis are obtainedavith 1 and the
others withx = 2. The initial temperature i850 MeV in all cases.

QGP me = 1.2 GeV me = 1.5 GeV

as(M?) as(T) as(M?) as(T)

Levaiel al. [4] - - - (3.7) - - — (1.1)
N&op  Rafelskiel al. [11] - - - - - (15) - -
Mdller el al. [5] - - - - 17 — - -

Thiswork 120 (60) 39(19.5)  22(11) 7.6(3.8)
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