arXiv:nucl-th/0206062 v2 10 Dec 2002

HEAVY ION COLLISIONS AT INTERMEDIATE ENERGIES IN A QUARK-GLUON EXCHANGE FRAMEWORK

D. T. DA SILVA AND D. HADJIMICHEF Heavy ion collisions at intermediate energies can be studied in the context of the Vlasov-Uehling-Uhlenbeck (VUU) model. One of the main features in this model is the nucleon-nucleon (NN) cross section in the collisional term. Quark interchange plays a role in the NN interaction and its effect can be observed in the cross section. We explore the possibility that quark interchange effects can appear in observables at energies lower than RHIC.

1 Introduction

In the present one of the most important subjects in hadron and particle physics is the identification of the quark-gluon plasma. It is believed that this new phase could be observed in high energy heavy ion collisions. In this regime temperature and density are sufficiently high in order to produce the deconfinment of the quarks and gluons. At lower energies heavy ion collisions can be used to probe the conditions related to the nuclear equation of state. This has been effectively studied in the context of the Vlasov-Uehling- Uhlenbeck (VUU) model^1.

On the other hand it has been shown that quark interchange effects can play a role in the nucleon-nucleon interaction at medium energies^{2,3}. In this context one can speculate about the appearance of quark interchange effects in heavy ion collisions at intermediate energies.

In nuclear matter many nucleon quantities become effective ones such as the radius and/or the cross section. We pretend to parameterize the NN cross section in the VUU equation by the one obtained from the a quark interchange mechanism known as the Fock-Tani formalism and investigate the consequences on the transverse momentum distributions.

2 The Vlasov-Uehling-Uhlenbeck Model

The heavy ion collision is described by the classical distribution function for nuclei. This equation depends on the NN cross section and a potential U obtained from equation of state. The Vlasov-Uehling-Uhlenbeck (VUU)^1 equation is a differential equation for the classical one-body phase-space distribution function f(r, p, t) corresponding to the classical limit of the Wigner function. The VUU equation takes a familiar form ∂f ∂t + v · ▽_rf − ▽_r U · ▽_pf = − ∫ d^3p_2 d^3p^′_1 d^3p^′_2 (2π)^6 σ v_{12} δ^3(p + p_2 − p^′_1 − p^′_2)

× [f f_2(1 − f^′_1 )(1 − f^′_2 ) − f^′_1 f^′_2 (1 − f)(1 − f_2)]

where f^′_2 is a stands for f(r, p^′_2, t) and correspondingly for the other terms. Using the Skyrme ansatz (the potential is given by two- and three-body interactions), one finds a general form for U = αρ + βρ^γ The parameters α, β, γ are fixed^1. The integration of the VUU equation is done by propagating an ensemble of N events in parallel, with A nucleons simulating the f function. The solution of the transport equation is not done analytically but in the form of Monte Carlo simulations.

3 The Fock-Tani Formalism

The central idea in the Fock-Tani method is the change of representation concept. The operators of the composite particles are redescribed by ideal operators which obey canonical anticommutation relations. These ideal operators act on an enlarged Fock space which is a graded direct product of the original Fock space and an “ideal state space”. The ideal operators correspond to particles with the same quantum numbers as the composite ones of the system. A change of representation is implemented by means of a unitary transformation, which transforms the single-composite states into single-ideal states. When the unitary transformation is applied on the microscopic quark-quark Hamiltonian one obtains the effective interaction. A scattering amplitude can be obtained from this procedure and the NN OGEP (One-Gluon Exchange Potential) is described by an amplitude h_{fi} presented in ref^{2,3}. The Fock-Tani cross-section is given by^4 σ_{NN} = 4π^5 s s − 4m^2 ∫_0 −(s−4m^2) dt |h_{fi}|^2 where s and t are the Mandelstam variables, m is the nucleon mass.

4 Results and Discussion

The cross-section will depend on a parameter a which is the rms radius of the nucleon. In Fig. 1 this can be seen for three values of a in comparison with the original cross-section of the VUU model. The effect on the transverse momentum distribution (p_x) as a function of rapidity (y) is seen in Fig. 2 for a

Nb+Nb collision with an impact parameter b. Different from free NN scattering, with quark interchange, where one has to use a in a range from 0.45 to 0.6 fm in order to fit the lower partial waves^5, in heavy ion collisions the ranges from 0.3 to 0.4 fm approach the standard VUU simulations. Larger radius for the bag, such as 0.7 to 0.8 fm, are far off the original VUU calculation.

Acknowledgements The authors are supported by FAPERGS.

References

1. H. Stöcker,W. Greiner, Phys. Rep. 137, 278 (1986); C.Hartnack, H.

Kruse, H. Stöcker, Computational Nuclear Physics 2 K. Langanke, J. A.Maruhn, S. E. Koonin.

2. D. Hadjimichef, G. Krein, S. Szpigel, J. S. da Veiga, Phys. Ann. Phys.

(N.Y.) 268, 105 (1998).

3. T. Barnes, S. Capstick, M.D. Kovarik and E.S. Swanson, Phys. Rev.

C48, 539 (1993).

4. T. Barnes, E.S. Swanson, Phys. Rev. D46, 131 (1992). 5. D. Hadjimichef, G. Krein, S. Szpigel, J. S. da Veiga,Phys. Lett. B367, 317 (1996).

Figure 1. The pp cross-section used by the original VUU model and the modified model with the Fock-Tani cross-section

Figure 2. Nb+Nb collision: E_{lab} = 1050 MeV ; b = 3 fm.

th: submitted to World Scientific on December 10, 2002 4