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Abstract: By means of the AKK08 fragmentation function, the net-proton transverse momentum (pr) spec-
tra in A4A collisions are studied with two phenomenological models based on the Color Glass Condensate
formalism. After a x? analysis of the experimental data from BRAHMS, the normalization constant C is ex-
tracted at RHIC energies of /snn =62.4 and 200 GeV, and the theoretical results of the net-proton pr spectra
at selected rapidities are also given. It is shown that the theoretical results are in good agreement with the
experimental data. Finally, assuming the constant C' should have an exponent dependence of /sxN, we also
predict the theoretical results of net-proton pr spectra at LHC energies of \/snn =2.76, 3.94, and 5.52 TeV.
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1 Introduction

The investigation of gluon saturation has been an
important and interesting subject of particle-physics
on both the experimental and theoretical sides for
many years. The observation of this phenomenon
will access a new regime of Quantum Chromody-
namics (QCD): the Color Glass Condensate (CGC)
[1]. In this regime, where gluon recombination starts
to counteract the effect of increasing gluon splitting,
the gluon distribution function is expected to satu-
rate and high-density gluons form a coherent state.
Some evidence for gluon saturation in protons has
been observed in e—p deep inelastic scattering (DIS)
at HERA [2].
sion of high pr hadron yields have also been per-
formed at the Relativistic Heavy-Ion Collider (RHIC)
in deuteron-gold (d+Au) collisions [3]. The observed
suppression shows that the modification factor is sup-
pressed at forward rapidities, which are in qualita-

Related observations of the suppres-

tive agreement with the parton saturation predictions
[4-6]. The gluon saturation can be further tested at
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the forthcoming Pb+Pb experiments at the Large
Hadron Collider (LHC). In the present investigation,
the transverse momentum spectra of net baryons will
be used as a testing ground for saturation physics.
As a probe of QCD-matter at high parton density,
net baryon production in relativistic heavy-ion colli-
sions is an ideal tool to study the saturation regime.
As the baryon number is conserved, we assume that
the net-baryon number is essentially transported by
valence quarks in one nucleus scatter in the other
nucleus by exchanging soft gluons. Since the valence
quark parton distribution is well known, this picture
provides a clean proof of the unintegrated gluon dis-
tribution (UDG), ¢(x,qr), in the saturation regime.
In this paper, the unintegrated gluon distribution in
the saturation regime will be studied with two dis-
tinct phenomenological models: the DHJ (Dumitru
Hayashigaki and Jalilian-Marian) model [7] and the
BUW (Boer Utermann and Wessels) model [8]. These
two models for the UDG of the gold nucleus are
inspired by approximate solutions of the Balitsky-
Kovchegov (BK) equation [9, 10], in which both linear
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gluon radiative processes and non-linear gluon recom-
bination effects are included.

For experimental information about neutrons is
unavailable, the net-baryon yield has to be estimated
from the net-proton yield.
the net-protons, N,, to the net-baryons, Ngp, can
be given as Ng = (2£0.1)N, at mid-rapidity and
Ng = (2.1£0.1)N, at forward rapidities [11]. The
experimental data for net proton production at the
nucleon-nucleon center of mass energy, /sny = 62.4,
200 GeV are given in Refs. [11] and [12], respectively.
By a x? analysis of the experiment data, the normal-
ization constant C, which is introduced for the lack
of knowledge on the hadronization process [13, 14],
can be extracted at different \/syn. If we assume
that the constant C' has an exponent dependence of
V/Snn [15], the normalization constant at LHC ener-
gies could be calculated and the predicted results for
the net-proton pr spectra could also be given at LHC
energies of /sy = 2.76, 3.94, and 5.52 TeV. In the
following, the saturation scale of the nucleus is given
by fixing to HERA data [16], and the valence frag-
mentation functions are given by the Albino-Kniehl-
Kramer (AKKO8) [17] parameterizations. Here, as
in Ref. [14], the medium-modified effect for the frag-
mentation functions is not considered for pr <3 GeV
[18, 19].

The conversion from

2 Method

By including the fragmentation function of a
quark into net protons, the cross section for the pro-
duction of a net-proton in nucleus-nucleus (A+A) col-
lisions can be given by [4, 7]

dN
d*prdy
C [ dz
= KWJ;F ;D(ZaQ2)$1Qv($17Q2)90($27QT)a (1)

where pr is the hadron transverse momentum, z is the
fraction of the quark energy carried by the baryon
fragment, K=1.6 is a next-to-leading (NLO) order
QCD correction [20]. gr = \/p3+m?/z is the quark
momentum with the nucleon mass m = 0.938 GeV,
xp = \/p2+m?/+/s exp(y) is the Feynman-x, and
x1=qr//5 exp(y), T2 =qr/\/s exp(—y). D(2,Q?) is
the fragmentation function of a quark into net protons
with Q? = p2 +m?. The valence quark distribution
of a nucleus ¢, = Npartqv N, Where g, y is the valence
quark distributions of individual nucleons, and the
estimated numbers of participants N,...= 315, 357,
and 359 for /syy=62.4, 200, and 5520 GeV [11, 21].

In Eq. (1), the nuclear unintegrated gluon dis-
tribution can be obtained from the forward dipole
scattering amplitude, N(x,rr), through the Fourier
transform [7]

o(z,qr) = J'dQFTei(TT'FTN(IaTT)

= 2ﬂrerTTN($,TT)Jo(TTQT)7 (2)
0

where rr is the quark dipole transverse size, and Jy
is the zeroth-order Bessel function of the first kind.
In order to describe the fact that the gluon density is
small at x — 1, a factor (1—z)* should also be multi-
plied in Eq. (2). The dipole scattering amplitude on
a nucleus should be determined from the nonlinear
evolution equation [10, 22]. However, since an exact
solution of the nonlinear evolution is very difficult, a
simple Glauber-like formula is used [4],

N =1-exp{ Q2L @)

where the saturation scale of the nucleus can be given
as [23]
Q2 (z) = QA (wo /).

For heavy A ~ 200 targets, we use Q3 = 0.3 GeV?
as Ref. [23]. Parameters x, = 0.0003, and A~ 0.3 are
fixed to HERA data [16]. vy(z,rr) denotes the anoma-
lous dimension of the gluon distribution. In the clas-
sical Golec-Biernat and Wusthoff (GBW) model [16],
the anomalous dimension v =1 and the Fourier trans-
form of N(z,rr) can be performed analytically,

o) = garsew (i), @

In what follows, two distinct phenomenological
models constructed to describe the RHIC data in
d+Au collisions are considered. One is the DHJ model
[7], in which

le[Q?/Q2(x)] 5
My +dy/y+1g[Q?/Q2 (x)]
with y =1g(1/z), d=1.2 and v, =0.628. Q*=1/r3
is the inverse transverse size of the dipole, and rr is

replaced by r¢ /2 1/¢r to make the Fourier transform
tractable. The other is the BUW model [§],

Yz, re) =7+ (1 _75)#1)21)’

Y(z,re) =7+ (1)

(6)

where w = 1/(rrQs(z)) and the two free parameters
a=2.82 and b= 168 are fitted to the RHIC data on
hadron production in d+Au collisions. In Fig. 1, we
plot the quark momentum dependence of v at x=0.1
(solid curves), 0.01 (dashed curves), and 0.001 (dot-
ted curves) for the DHJ and BUW models. It is shown
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that there is a stronger ¢t dependence with the BUW
model than that with the DHJ model at the same z.
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Fig. 1. The anomalous dimension vy versus gt

at ©=0.1 (solid), 0.01 (dashed) and 0.001 (dot-
ted) for the DHJ (left) and BUW (right) mod-
els.

In order to extract the normalization constant C'
from the experimental data, we recall the x? method
24],

( dN data dN thco> ’
2 :Z d2prdy "7 d2prdy Y

dN |err ’ ,
&prdy '

is the theoretical values calculated

(7)

theo
d2prdy Y.J
by Eq.(1) at selected rapidities.
AN  gaie dN
d2prdy Y3 d2prdy
indicate the corresponding experimental data and
systematic errors in the experiments at RHIC [11, 12].

where

|err_
Y,

3 Results and discussion

In this work, Egs. (1) and (2) are used to calculate
the theoretical results,

dN theo

dszdy YsJ "
As shown in Eq. (2), where the Bessel function os-
cillates rapidly, it is difficult to perform the Fourier
transform numerically. In our calculation, by means

of the Bessel function simulated by a polynomial for
rrqr <8 and a polynomial with the sine (cosine) func-
tion for rrqr >8, the oscillating integration is solved
by the Simpson method. In Eq. (1), employing isospin
symmetry of the proton and neutron, we use the
CTEQ6 distribution functions for the valence quark
distribution in the proton and neutron [25], and the
AKKOS fragmentation functions for the valence quark

to net-protons, where the baryon number conserva-
tion is reconsidered as Ref. [14]. By a x? analysis of
the experimental data given by BRHAMS [11, 12], it
is found that the value of the normalization constant
C=1.02 (0.89) and 0.46 (0.44) at \/syn = 62.4 and
200 GeV with the DHJ (BUW) model.

The theoretical results for the net-proton trans-
verse momentum spectra at 62.4 and 200 GeV are
shown in Figs. 2 and 3, respectively. The curves
are the theoretical results for the DHJ (solid), BUW
(dashed), and classical GBW (dotted) models. The
experimental data come from BRHAMS [11, 12].
Since the anomalous dimension v has a stronger gr
dependence for the BUW model than that for the
DHJ model, as shown in Figs. 2 and 3, a little steeper
trend can be seen for the results with the BUW model
than that with the DHJ model. It is also shown that
both results are in good agreement with the experi-
mental data.

In order to give a prediction of the results in
Pb+Pb collisions at LHC energies, we assume [15]

Cy Nyaria _ (\/SNN2>a (8)
CoNparto Vennt )

where a =0.57 (0.49) for DHJ (BUW) model through

using the parameters C' extracted from BRAHMS.

In Fig. 4, by means of the DHJ model, the net-

proton transverse momentum spectra are shown for
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Fig. 2. Net-proton transverse momentum spec-

tra for Au+Au collisions at /sny =62.4 GeV
for y ~0 (a), y ~0.65 (b) and y ~2.3
(c). The curves are the results for the DHJ
(solid), BUW (dashed), and GBW (dotted)
models. The experimental data are taken from
BRAHMS.
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Fig. 3. Net-proton transverse momentum spec-
tra for Au+Au collisions at /sny =200 GeV
for y ~0 (a), y ~0.9 (b) and y ~1.9 (c). The
figure captions are the same as Fig. 2.

VS~ = 2.76 (a), 3.94 (b) and 5.52 (c) TeV [26].
The curves are the results at selected rapidities, y=0
(solid), 1 (dashed) and 2 (dotted), and the theoretical
results will be examined by the forthcoming experi-
mental data.

In summary, by means of the DHJ and BUW
models, the net-proton transverse spectra are stud-
ied with the AKKO0S8 fragmentation parametrization,
where the medium-modified effect is not considered as
in Ref. [14]. It is shown that the theoretical results
are in good agreement with the experimental data
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