Global analysis of HERA and RHIC data with a
momentum space dipole model

E. A. F. Basso*, M. B. Gay Ducati* and E. G. de Oliveira’

*Instituto de Fisica, Universidade Federal do Rio Grande do Sul, Caixa Postal 15051, 91501-970,
Porto Alegre, RS, Brazil
T Instituto de Fisica, Universidade de Sdo Paulo, Caixa Postal 66318, 05314-970, Séo Paulo, SP,
Brazil

Abstract. Within the &;-factorization formalism we show the results on the charged hadron yield
for p+ p collisions at LHC using the AGBS momentum space dipole scattering amplitude. This
model is based on a correspondence between the LO Balitsky-Kovchegov evolution equation and
the reaction-diffusion physics and was globally fitted to the DIS HERA data and inclusive hadron
production on p + p and d + Au collisions at RHIC. Despite the fact it is a LO calculation, the
present LHC data is quite well described.
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THE DIPOLE AMPLITUDE IN MOMENTUM SPACE

Among the various studies with the dipole amplitudes, there are very few using a
momentum space parametrization. Here we will use the AGBS model proposed by de
Santana Amaral, Gay Ducati, Betemps, and Soyez (AGBS) [1]. This model analytically
interpolates between the behavior of the BK scattering amplitude in the dilute regime
and the saturation one, in which it behaves like
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The expression for the tail of the scattering amplitude reads
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Interpolation in the AGBS model is done through the following expression for the
scattering amplitude (p = In(k*/k3))
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FIGURE 1. Results from the fit of the AGBS model for the RHIC charged hadron yield for p + p (right)
and d + Au (left) collisions. Data taken from [5].
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Such model was originally fitted to the proton structure function £, with good results
even with the inclusion of heavy quarks. It was also used to investigate the possibility of
gluon number fluctuations on the high energy evolution at HERA energies [2]. Recently
it has been shown that the AGBS model describes equally well the DIS and inclusive
hadron production in p +4 and p + p collisions [3] within a Aybrid formulation for
the production cross section, where the projectile wave function is described with the
DGLAP evolved PDFs while the target is considered as a dense system of gluons. This
formulation is suited to describe the parton fragmentation region of the collision, that
for increasing energy happens for more forward rapidities.

This study employed a new simultaneous fit to the HERA data on the proton structure
function [4] and to the RHIC data on the p; distribution of the produced hadrons and
pions from BRAHMS and STAR collaborations [5], for which the results are shown in
the Figure 1. The model agrees with both data sets, where we used an educated ansatz
for the nuclear geometry, for which the nuclear saturation scale reads Q?. 4= Aééf Qf, s
where A = 18.5 for gold nucleus. We know that such prescription does not cover the
full density of partons over the transverse space of the colliding hadrons, but one can
make an analysis of the presence or not of the saturation physics at the LHC.

THE HADRON PRODUCTION WITH /;-FACTORIZATION

At very high energies and when the scattering is between a dilute projectile and a dense
target, the main contribution is the gluon fusion, and the cross section can be written in
a k;-factorized form [6]

340



dGAJrB%g 2 Dt dzkt |p; +kt| |pt — kt|
:K S 3 9 9 7
dvd2p, CFP;Z/ 4 o (Q)q)( 2 x1> ¢ ( 7 x2) (7)

where x|, = (p;/+/s)e™ are momentum fractions of the incoming gluons and Cr =
(N? —1)/2N, is the Casimir for the fundamental representation.

In the large N, limit, the unintegrated gluon distribution in either of the two colliding
hadrons can be related to the dipole scattering amplitude through

N,
¢ (k,x) = mkzvlizvc(k,x). (®)

The charged hadron yield, given in terms of (7), reads
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where Dj,(z = p;/k;, 1t) stands for the fragmentation function of the produced gluon
into hadrons, for which we used the LO KKP model [7] with the scale u = p; of the
hadron, 0,4, 1s the non-single-diffractive cross section taken from the KMR model [8],
and A[n] denotes the Jacobian for the transformation of the measured pseudorapidity
into the rapidity entering the scattering amplitude. The oy was allowed to vary within
the LO prescription for Ny = 3 light quark flavors
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with the maximum value of momentum of the UGDs as scale, i. e., we use Q =
max{|p; + ki /2, |pi — k| /2}, and set Agcp, = 0.05.

The model describes quite well the LHC data [9] on both the high and small p;,
regions, as seen in Figure 2. Within the k;-factorization formalism the K factors become
smaller than in the Hybrid one, as expected since in the former both colliding hadrons
are treated symmetrically. Thus, the central rapidity region present in the averaged data
for [n| < 2.4 of the CMS collaboration introduces less errors into the K. In the p — 4
case we note that the AGBS model works in the proton fragmentation region, where the
small x, of the dense nucleus is been probed. In the negative rapidity region, one sees
that the model still needs to take care of the large nuclear x, effects, such as the EMC
and Fermi motion. As mentioned before, a full description of the nuclear geometry, with
the inclusion of an impact parameter dependence in the model might help to cover all
the nuclear effects one could not access in this work.
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FIGURE 2. Predictions of the AGBS model for the LHC CMS charged hadron transverse momentum
(left) and pseudorapidity (right) distributions for p + p collisions at /s = 0.9, 2.36and 7 TeV [9].
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FIGURE 3. Predictions of the AGBS model to the RHIC pseudorapidity distribution for d + Au colli-
sions at /s = 200 GeV [10].
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