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Abstract 

The simulation of the collision integral in the Landau-Vlasov approach for heavy ion 

collisions is examined. It turns out that quantities like the nucléon mean free path can 

be compared with parallel ensemble models. Convergency of results with time step and 

sampling is clearly established. Quadratic quantities, lilce the internal pressure, are found to 

be strongly underestimated in parallel ensemble models. 

* On leave of absence : ISN, 53 Avenue des Martyrs, F-38026, Grenoble 



In a recent work devoted to the first implementation of the finite range Gogny interaction in 

Landau-Vlasov (LV) calculations [1], a study of Sow effects has been shown. We have found that 

Sow angles (in degrees) and Bow values (in MeV/c) are approximatively twice the values obtained 

in VUU. This observation has also been revealed for local schematic Skyrme forces widely used 

to date by various groups [2]. In view of such results, we have attributed the differences between 

LV and VUU to the different practical treatments of the collision terms, postponing a detailed 

comparaison to a further study. In the meantime, C. Hartnack, H. Stoecker and W. Greiner 

have thought that they could explain previous differences by an ill-defined algorithm in LV 

which makes the results dependent on the working time steps [3]. As an introduction to this 

note, we would like to say that, what these authors claim to be a Landau-Vlasov calculations is 

in no way related to our Landau-Vlasov approach. The aim of this letter is to specify explicitly 

the algorithm developed in our calculations, to show that results are time step independent 

and to compare them to results using the parallel ensemble technique. We will show that the 

difference in flow effects in these two simulations, is related to an underestimation of the UU 

collision integral in the VUU approach. 

In order to estimate the effect of the collision integral, I„a (eq. (4.3) of ref. [4]) on the 

one-body distribution function f[ft k), one considers how the test gaussians are redistributed in 

phase space after a time step At. The total number of test gaussians j(rj-,£,) is N x A where 

N is typically 30 and A is the system mass number. In order to reduce computationnal time, 

one performs scattering between these parts of the nuclear one-body distribution function inside 

cells in configuration space. The size of these cells is 4fm x 4fm x 4fm. For each couple of 

test gaussians, the relative momentum, k = kj — k\, the relative kinetic energy, T r e i , and the 

relative distance r = rj- — fj are determined with the isospin J (np, nn or pp) and the mean 

density p = l/2[/>(rj-) -+- /?(ry)]. Pseudo particles scatter with the nucleon-nucleon cross section 

<Tij(Trei, J,p) whose values arc deduced from ref. [5,6]. This is by no means a trick as stated in 
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réf. [3]. Indeed, estimating the UU collision integral by performing elementary pseudo-particle 

scatterings is a way of Monte-Carlo'mg this quantity, which does not induce any modification to 

the physical input. The fact that a gaussian is not a nucléon is consistently taken into account 

through its weight in the Wigner function which enters into the collision integral. 

A scattering between these two gaussians is performed as a contribution to the collision 

integral if the following conditions are fulfilled : 

9 

kr=\ïc\\f\ua0<O (1) 

• |A|At> 2rcos0 (2) 

which means that the test gaussians could suffer a collision travelling from one side to the other 

through their geometrical sphere of influence reaching the distance of minimum approach dmi„ : 

dmin = \r\sin$ 

ii) A value of ird£,;„ smaller than the effective nucleon-nucleon cross section, ie : 

n^mm < °ii 

iii) The final momenta (&j, ty) being obtained by a random isotropic selection from (it,-, kj) which 

conserves momentum and energy, one computes final state Pauli blocking factors : 

^=(1-7,0(1-7;) 

where 

7itf) = & JD

dF f^'&u))/ fD

df 

and D is the integration domain taken as a sphere with a 2fm radius around rïuy This is done 

in order to reduce the local numerical fluctuations of our calculated distribution. The effective 

cross section &ij becomes PijtXij and the condition (3.2) is checked again in order to take into 
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account final state Pauli blocking. 

iv) If two test gaussians actually suffer a collision during the time step At, one transforms (£,*, kj) 

into [i?t, k'j) and the members of the couple (»', j) are not allowed to suffer any-further collisions 

during the same time step At. This last condition allows one to insure the linearity versus the 

sampling, namely N. 

In order to test the consistency of the fordescribed algorithm for calculating the UU collision 

integral, let us consider the 93Nb(25QMeV/u) + 9 3 Nb system b=4 fm with the soft ( # „ = 

200MeV) Zamick force. The figures lb, lc show the time step At, sampling N convergency 

as far as the number of collisions per nucléon are concerned, that is the number of retained 

collisions between gaussians, according to conditions i) to iv), divided by the sampling N times 

the mass A. It turns out that for At < 0.5/m/c and N > 20, the number of collisions saturates 

after 50fm/c to a value independent of At and N. This behavior is quite different from the 

so-called LV calculation of reference [3]. One should stress that for this incident energy, a time 

step larger than lfm/c does not allow to reach the convergency limit, at variance with what is 

formed in the VUU code of ref. [3] performed at higher energy. 

In order to mock up a VUU calculation in our own code, collisions have been restricted to 

be inside parallel ensembles of gaussians and the result is plotted in figure (1-a) (dashed line). 

Each gaussian is assumed (as in VUU) to represent a nucléon (and not only a nucléon with a 

1/N probability). Given this assumption, the number of collisions per nucléon are found to be 

identical to our numbers, the actual number of collisions between test gaussians being reduced 

by a factor of 1/N as compared to our approach (following the linearity property of the number 

of pseudo-particle collisions versus the sampling). 

As a matter of fact, the nucleonic mean free path Ao is quite close to the VUU result (ref. 

[7,8]) and we remark here that the test particle mean free path is not a relevant physical quantity. 

A procedure adopted in [7,8] is to perform calculations for a projectile at a given bombarding 
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energy [12C (84MeV/u) for instance) impinging on various targets (from 1 2 C to mZr). The 

target diameter is Dt = 2V< r2 > where < r2 > is the mean square radius calculated self 

consistently in its ground state. Figure 2 shows the number of projectile test particles which 

have not suffered any collision with target test particles as a function of Dt. The calculations 

have been performed up to 160 fm/c after contact. An exponential dependence is found and one 

finds Ao = 2.32/m, which could be compared to the Ao = 2.5/m value given in ref. [7,8]. This 

might seem astonishing in view of the fact that gaussians are not scattering in our approach 

with a reduced cross section. One should, however, remember that each gaussian carries a piece 

of probability and that, in order to make up for the final total nucleus-nucleus cross section, 

each piece of probability has to scatter with another with the full cross section. 

For quadratic quantities like the internal pressure and the flow angle and/or How, a diiference 

between parallel ensemble (VUU) methods and our simulation is found because in the contribu

tion to the collision integral Icca is restricted to test particles (j,-, j ; ) in VUU approaches where i 

and j are con-siî-ted because they are selected as members of the same ensemble. No cross terms 

between different members of the ensembles are present. That strongly reduces the efficiency of 

the collision term. Such a restriction of the collision integral is equivalent to linearizing it. It 

softens substantially its relevance for extending mean field theory. To illustrate this statement, 

the table 1 gives flow angle and flow values for the previous 9 3iV6 + 9 3 Nb reaction in VUU and 

LV. A factor of two for the flow and a factor of four for the flow angle is exhibited. This result 

expresses the consequence of the absence of cross terms in VUU. A systematic study of this effet 

in VUU and also in the QMD approach [9] gives similar results [10]. 

To conclude, the Landau-Vlasov approach is designed for solving the collision integral. It 

gives a large contribution to the flow which can not be present in parallel ensemble techniques 

which in fact amounts to linearizing the collision integral. The clear convergency of the algorithm 

proves that what the author of ref. [3] call Landau-Vlasov differs from our approach and their 
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references to our previous published papers are irrelevant. Nevertheless, we believe that the 

question of which algorithm should be used to determine the exact solution of the collision 

integral should be carefully considered before drawing any conclusion about the determination 

of the viscosity and/or the nuclear equation of state by analyzing heavy ion data. 
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• Table caption : Flow effects in LV and VUU calculations for the 9 3jV6 (250 MeV/u) + 

93Nb system with an impact paramater b = 4fm. 

• F igure capt ious 

Figure 1 : Time dependence of the number of collisions per nucléon in the simulations 

of the 93JV6 (250 MeV/u) + 93JV6 reaction (impact parameter b = 4fm, soft equation of 

state). 

Left : Landau-Vlasov versus VUU calculation 

Middle : Time step dependence of the numerical results A t = O.l, 0.5, 1.5 fm/c) in LV 

calculations 

Right : Sampling dependence (Ng = 16,30 gaussians per nucléon) in LV calculations. 

Figure 2 : Number of projectile test particles which have not suffered any collision with 

a target test particle in a LV calculation of UC (84 MeV/u) + l 2 C , i0Ca, mZr head on 

collisions. The deduced mean free path Ao = 2.32/m is deduced from the dependence of 

this number on the target diameter Dt. 



Table 1 

Flow angles 

(Degrees) 

Flow 

(MeV/c) 

Landau-VI asov 20.5" 130 

VUU 4.5° 70 
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