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Medium corrections in the formation of light charged particles in heavy ion reactions
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Within a microscopic statistical description of heavy ion collisions, we investigate the effect of the medium
on the formation of light clusters. The dominant medium effects are self-energy corrections and Pauli blocking
that produce the Mott effect for composite particles and enhanced reaction rates in the collision integrals.
Microscopic description of composites in the medium follows the Dyson equation approach combined with the
cluster mean-field expansion. The resulting effective few-body problem is solved within a properly modified
Alt-Grassberger-Sandhas formalism. The results are incorporated in a Boltzmann-Uehling-Uhlenbeck simula-
tion for heavy ion collisions. The number and spectra of light charged particles emerging from a heavy ion
collision change in a significant manner in effect of the medium modification of production and absorption

processes.
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I. INTRODUCTION mum of three elementary particleBlNN=Nd) and, corre-

spondingly, require the solution of a three-body problem in

The description of the dynamics of an interacting many-the medium in their description. Complication brought in by
body system is particularly difficult when the quasiparticlethe medium is evident even in the kinematics, as the medium
approach reaches its limits. That may be the case when th&ings in a preferred frame different from the center of mass
residual interaction is strong enough to build up correlationsef the three bodies.

An example of such a system with correlations is nuclear |n general, the collision rates are affected by the surround-
matter in heavy-ion collisions. In collisions, the nuclear mat-ing medium. The common procedure is to ignore the me-
ter is first compressed and excited and then decompressegiym dependence and to utilize free-spaeeperimental

At anothel’ extreme Of the macrOSCOpiC Scale, the nucleaéross SectionsThat procedure in many cases was Very suc-
matter is formed during a supernova collapse and becomesessful. To calculate the rates, including tef-energy shift
the material of which a neutron star is made. and the propePauli blocking and to study the influence of

Here, we address the simplest case of the formation ofhe medium on different observables, a generalized Alt-
correlations in a nonequilibrium situation: light-cluster pro- Grassberger-Sandh#8GS) equation[8] has been derived
duction in low density nuclear matter. The production can be{g_15]_ The effective few-body problem in matter arises
described microscopically following the set of generalizedyithin the Green function methodL6] when following the
semiclassical Boltzmann equations. In the past, the coupleglyster mean-field expansigf7] or the Dyson equation ap-
set was solved numerically for nucledfy, deuteronfy,  proach[18]. Besides the medium-dependent cross sections,
triton f;, and helium-3f, Wigner functions within the the Mott effect[19,20 plays an important role in nuclear
Boltzmann-Uehling-UhlenbeckBUU) approach[1,2]. The  matter. Both effects are studied in this paper in the context of
formation and disintegration of clusters generally takes placg realistic simulation of a heavy ion reaction. As an example
in reactions inVOlVing different partiCleS. The rates for re-we choose the reaction studied in a recent experiment by the
spective processes are utilized in the Boltzmann collisionNDRA Collaboration, namely'?%Xe+11%n at 50 MeV/
integrals. nucleon[21].

Rates for collisions, whether involving clusters or not, are  The BUU approach will be explained in the following
central ingredients of all modern microscopic approaches tgection. The needed three-body reaction input from the AGS-
heavy reactions such as the Boltzmann-Uehling-Uhlenbeck/pe equations will be discussed in Sec. lIl. Details of the
(BUU) approach{1-4] or the quantum molecular dynamics derivation of these equations within the Green function ap-
(QMD) [5,6]. For the status of those approaches see[R&f.  proach may be, e.g., found in R¢LE]. In Sec. IV we shall

The formation and disintegration of deuterons are the simpresent numerical results and in the last section we shall
plest types of processes involving clusters discussed aboveymmarize the paper and give conclusions.

Notably, with the exception of electromagnetic production
and breakup rfp=vyd), these processes involve the mini-

II. NUCLEAR REACTIONS
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approximation, these distributions follow the set of coupledin the above,ly is a mean-field potential and-,-}
semiclassical Boltzmann equatiofid, denotes the Poisson bracket. The upper sign on the
gain right-hand side(rhs) is for the Bose and the lower for
Ifx U, Fxy =K N fa feo o (1) the Fermi-type fragments. Conversion between different

S G L VIR R AU S species is accounted for in the collision integrals
X U ' K{fy.f4.fr,...}. For example, the deuteron gain rate
X=N,d,t,.... (1 KPPt is

CFP0= | %] i, dPhol(kPU Kok s (ke 0 ko Tl )
+ [ ok [ a, el (kPUTako st D Ttk T (D)

+ [ e 07k %o @kl KPIUlKakika) (K D D ks DK D+ @)

Here we use the abbreviatiorfs,=(1—fy) and fy=(1  intermediate states. This has been demonstrated for three-

+f4) and did not write overall energy-momentum conserv-hucleon processes in Ref$,11].

ing & functions. The ellipsis on the rhs of E(R) denotes

further possible contributions from four and more body col- lil. FINITE TEMPERATURE FEW-BODY EQUATIONS
lisions (e.g., tp=dd, hp=dd) or electromagnetic

(np=~d). The loss ratdC'C?SS(P,t) is given by The effective few-body problem in matter emerges within

the Green function methold 6] when following the cluster
K9P 1) expansion17] or related Dyson-equation approalct8]. In
d ' the cluster-mean field expansion, a self-consistent system of
5 3 3 a3 5 equations can be derived describing Anparticle cluster
:f d kf dky A%k, d%ks|(k1kaoks|UolKP)|Gn—pnn moving in a mean field produced by the equilibrium mixture
of clusters with different particle number. The self-consistent
X F(ky ) Fn(Ko ) Fn(ks ) fn(k ) +--- . (3)  determination of the composition of the medium is a very
challenging task that is not solved until now. We adhere to
The quantityU, appearing in Eqs(2) and(3) is the in-  an approximation where the correlations in the medium out-
medium breakup transition operator for tNel—NNNreac-  side the considered cluster are neglected so that the embed-
tion and it is calculated using the AGS equation, as discusseding nuclear matter is described by the equilibrium distribu-
in the next section. For three nucleons in isolatidg,deter-  tion of nucleon quasiparticles.

mines free-space breakup cross secﬁ(ﬁmvia the equation The formalism to describe three-body correlations in
[8,27] nuclear matter has been discussed in detail elsevjBerEs).
Here, we merely repeat some of the basic results for conve-
0 1 3 3. 43 ) nience.
op(E)= Tog—on| gf dky d°k, d°ks|(kP|Ug|kikoKs)| Let the Hamiltonian of the system be given by
X 27 8(E'—E)(2m)38®) (ky+ ko +ks), (4) ki . 1 o ey
H=; Spaiant 5 Z Vo(1212') ajalayay,

where|v4—vy| denotes the relative velocity of the incoming 1212 ®)

nucleon and deuteron. This equation along with detailed bal-

ance is used to replace the squared transition matrix elemenjherea, denotes the Heisenberg annihilation operator of the
by the breakup cross sectigh]. The cross sections can be particle with quantum numbers indexed by 1, including spin
extracted from data with theory aldlng n Interpolatlng andsl and momentunkll The free reso]verﬁ;o for anA partic]e

extrapolating. This type of procedure is widely used and hagjuster is given in the Matsubara-Fourier representation by
a good chance of being successful in the low density regime.

However, this procedure may not be sufficient for heavy ion Go(z2)=(z—Hg) ' N=Ry(z) N. (6)
collisions particularly in the lower energy regime. The el-

ementary cross section that enters into the Boltzmann equ#a the aboveG,, Hy, andN are all operators in the space of
tion depends on the medium, e.g., through blocking of interA particles. For simplicity, an indeX indicating that fact has
mediate states in scattering or through self-energy fobeen dropped, but may get instituted when needed. In Eq.
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(6), z denotes the Matsubara frequenciss= 7w\/(—ip) tions. For the sake of similarity with the isolated case, Ahe

+up with A\=0,£2,+4,... forbosons anch=*+1,£3,... particle channet matrix T, is defined by
for fermions; u is the chemical potential and=1/kgT the
inverse temperature. The effective in-medium Hamiltonian Ra(2)=Ro(2) + Ro(2) T 1(2)Ro(2). (15

H, for the quasiparticles in the mean field is given by Upon introducingT.(2)=NST%(2), Eq. (15) yields to the
[ - 212 3 .

K2 n well-known Feynman-Galitzki equatidri 6]
HOZE 2—+Ei52 g, (7)
=12m =1 TS(2)=V5+V5Ry(2)NSTS(2). (16)
where the energy shiff; is We remark that equations of a similar form were derived by
different authors in the pa$23,24].
21:2 V2(12,T3f2, (8) Note that the above equations are also valid for the two-
2 particle subsystem embedded in a larger clugteee, four,
or more particles As for the isolated equations, the effects
with the Fermi functionf of the remaining particles appear only in the Matsubara fre-
guenciesz (energie of the considered particles within the
_ 1 cluster. No additional statistical factors related to the larger
f1=f(e1)= eler—m/kgT 4 1 © cluster arise. One should note that the statistical effects gen-

erally arise in the resolver®, and not in the potentiaV/,.
The tilde inI2indicates antisymmetrization. The factgiin ~ HOWeVer, it is possible to rewrite the respective equations

Eq. (6) is associated with particle statistics and it is given byintroducing an effective potential, as shown in Et6), and
instead using unchanged resolvents. Following the more in-

N=f_1f_z' . 'f_Ai fifp - -fa, (10) t_uitive pictur_e of the blocking in the propagation o_f thg par-
ticles, described by the resolvents, we directly find in Eq.

Fo1_ i (16) the proper expression for thematrix which enters the
wheref=1—f. The upper sign ifN is for an odd number of Boltzmann collision integralsee, e.q., Re{25)).

constituent fermions and the lower sign is for an even num-

ber of fermions or bosons. Note that the commutation holds;. Denvatyon of the three-body 'T"meFj'”m equation is refa-
NRo=R,N tively straightforward and was given in Refd1-14. The

AGS operatorUg,(z) [8] for the three-particle system is

The full resolventG in the Matsubara-Fourier representa- ;. o .
defined within the equation

tion may be written as
G(2)=(z—Hy—V) IN=R(2)N, (11) R(2) = 63,Ru(2) + Ra(2)U 34(2)Ru(2), 17
and it satisfies the following AGS-type equation:

where the potentiaV is a sum over two-body interactions
within all possible pairsy in the cluster, i.e.,

U 5a(z)=§BaR0(z)‘l+Zy 35,NIT(2)Ry(2)U ,0(2).
V=2 V,=>, N§V%, (12) (18

here Ve d h bod ol in E N This equation includes consistently the medium effects, sta-
whereV; denotes the two-body potential in E(). Note  yigtica and self-energy shifts in the same way as the

that, in consequence of EqL2), the effective potential is  Feynman-Galitzki equation for the two-particle correlations.
non-Hermitian,V'#V, and alsoR(z)N#NR(z). This leads W bove the Notatios. .= 1— & The AGS-t
to the necessity of introducing the right and left eigenvectors ¢ _>c @DOVE e Notaliof,g= 1= 0ap. 1hE ype

as, e.g., done in the context of the four-body problem in Refequation yields the three-body transition operaibfor a

[15]. For a paire=(12) of anA particle cluster, the effective three—part!cle cluster as well th_e transition operator for a
poténtial of Eq.(12) is ' three-particle cluster embedded in a still larger cluster. In the

latter case, the effect of the other particles in the cluster
appears only in the Matsubara frequen@nergy z The
transition operator is defined in E¢L7) in such a manner
that no additional factorsl accompanyJ whenU is further
employed. This in turn guarantees that the cluster equations
are valid also if they are part of a larger cluster. The two-
body subsystem matrix entering in Eq(18) is the same as

(12NS2VEA| 1727y = (F1F,— F1,)V,(12,127). (13)

A useful operator is the channel resolv&hj(z) within anA
particle cluster, where only effective pair interaction in chan-
nel « is considered. This operator may be represented as

—(z—He—V )" IN=(z— Hi— N2V 1N the one given in Eq(16). In that way it is possible to use all
Ga(2)=(27Ho=Vo) (27 Ho=N3V2) results of the few-body algebra recurrently, in particular
=R,(z)N. (14  those based on the cluster decomposition property.

The in-medium bound state equation for Anparticle
Using inverses to the operatoRsdefined in Eqs(6), (11),  cluster follows from the homogeneous Lippmann-
and(14), it is possible to derive formally the resolvent equa- Schwinger-type equation
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o) =Ro(Ea) VI W) =Ro(Ee) X N3V3lue), (19 | deuteron ]

where the sum is over all unique pairs in the cluster. As
shown in Ref.[13], it is convenient to introduce the form
factors for the three-body bound state:

3 “'; i
J— Q‘:‘_, 0 :
Fo)=2 5p,N3V3lus,). (20 gl
y=1 a” 5
With these, one derives the homogeneous in-medium AGS- 4r
type equation 3 t-matrix
oL 7 F_=0.10 ]
3 i -—— ch=0.15
IF.)= 2 5aBNngRO(B3)|Fﬁ>- (21) 1- i s F=020
B=1 i S SR ST S ST S S S SR !
% 0.05 0.10 0.15
Since the Green functions are evaluated in an independent plfm”]

particle basis, the one-, two-, and three-particle Green func- d o

tions are decoupled in hierarchy. To solve the in-medium FIG. 1. Deuteron and friton Mott momenty,; shown as a
problem up to t?lree-particle cll}/sters, the one-, two-, andunction of density at fixed temperature of=10 MeV. The solid
three-particle problems are solved consistently. The proce“—ne represents results of thenatrix approach. The dashed, dotted,
dure generates the single particle self-energy shift, given b?nd dashed-dotted lines represent the deuteron Mott momenta from
Eq. (8), the two-body input including statistical factors in Eq. he 'p:)arametnzatlon given in E4) for three different cutoff val-
(16), and, finally, the three-body scattering state. UesFeur-

When solving the equations, techmcal reasons force us t8f heavy ions. For the clusters, treated in the quasiparticle
a}dopt some reasonable approximations valld_at smaller eﬁe.%{pproximation it is essential to consider the Mott effect
tive densmes._ Thus, the nucleon seIf—e_nergy is calculated V'fl 19,24 Withbut considering this effect the description of
Eq. (8), but in the three-body equations we employ the'; '~~~ &

effective-mass approximation, i.e., we use data fails badly.
PP T The Mott effect occurs when a bound state wave function

K2 K2 requires too many momenta components in th.e regime al-
sl=—l+EHF(k1): —1+2HF( Pem/3). (22) ready occupied by momenta of other pa}mcle@auh .
2m 2m* blocked. In Ref.[1] a geometrical model was introduced in
order to account for the Mott effect in a numerical solution
For the sake of simplicity and the speed of the calculationof the transport equationd). Specifically, in the model the
we moreover utilize angle-averaged Fermi-function factorgormation of a quasiparticle cluster is allowed only if the
NZ, overlap of the respective isolated bound state wave function
¢ and the Fermi sphere given in E(P) is lower then a

_ 1 specific cutoff value=.;. For the deuteron, the formation is
’\|2(I3,q,|:’c.m):(47)2 J d cosf, dcost,d¢p,dg, then allowed if[1]
X Na(P,0,Pem), (23 f d3q f[q+ ;m) |(q)|2<F o, (24)
wherep andq are the standard Jacobi coordinaft2g] and
the angles are relative @, , . whereP, ,, denotes the net momentum of the bound state in

Rank-one Yamaguchi potentia]@6] were employed in the medium frame and denotes the relative momentum of
the calculations of the deuteron breakup cross section in th&e nucleons in the deuteron. The cutéff,; needs to be
coupled®S;—3D; and thelS, channels which should suffice specified and it enters as a parameter the collision simula-
at low energies. Through the dependence of the Fermi fundion. For the clusters in the Boltzmann equation set, we use
tions on the center of mass momentum, the integral equatiotfe calculated deuteron and triton Mott momeyta,27 to
for the three-body system exhibits a dependence on the nggstrict the choices for the parameteg,. Note, however,
momentum in the medium frame, in sharp contrast to théhat the procedure is not completely stringent since the meth-
free-space case. ods of calculating the Mott momenta, following the geo-

metrical picture and thematrix approach, are different. The
V. RESULTS differently calculated Mott momenta are shown in Fig. 1 for
the temperaturd =10 MeV. No bound states are possible

The coupled set of Boltzmann transport equatibh®],  for the region below a respective curves in Fig. 1. As seen in
for the Wigner distribution functions of nucleofg, deuter-  Fig. 1, the parametrization given in ER4) with a cutoff
onsfy, tritonsf,, and heliond},, is solved for the collisions value of F,=0.15 fits reasonably the microscopic calcula-
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FIG. 2. Neutron-deuteron breakup cross section for a three-body
system at rest in the nuclear medium. Solid line represents isolated FIG. 3. Integrated deuteron number as a function of elapsed
breakup cross section. Other lines are for different densities at the | .. 0 \vhen utilizing in-mediungupper curvé and isolated

temperaturel =10 MeV. (lower curve rates from BUU simulation with- ;= 0.15.

tion of the Mott momenta for a temperature D10 MeV  experimental data of the INDRA Collaborati¢al].
and a wide density range. Note, that the cutoff values for To provide a first impression on how the use of in-
both triton/helion and deuteron can be chosen to be approxmedium rates in the Boltzmann collision integrals influences
mately the same. We find only a slight variationff,; on  the outcome of the reaction simulation, Fig. 3 shows the total
the temperature R,~=0.17 for T=5 MeV). To illustrate  deuteron numbefgain minus losgas a function of elapsed
sensitivity to differentF ., we have plotted the Mott lines time. The upper line is for the in-medium cross sections de-
for F,w=0.10 andF.,=0.20 in Fig. 1. Alarger value of  pending on the local density and the temperature. The lower
F ..t makes the space for bound stalegjer. We shall study line is for the isolated cross sections that reproduce the ex-
the influence of the Mott momentum on the results of reacperimental scattering data. Gain and loss rates are enhanced
tion simulations. The direct implementation of thenatrix by use of in-medium rates such that the net effect leads to a
calculation for the Mott momenta into the BUU simulation significant increase in the total number of deuterons because
requires the calculation of a local temperature that is veryequilibrium is maintained down to lower densities and tem-
time consuming. Therefore we will use the geometricalperatures. In both simulations, we have udeg,=0.15.
model, with a properly adjusted global valuefof,;, to ac-  Though the increase in the deuteron number may be signifi-
count for the Mott effect in the numerical solution of Edj). cant, the theoretical value of the total deuteron number may
In Eq. (4) we give the relation between the isolated three-be still too uncertain for a direct comparison to data. This is
particle transition operators and the total deuteron break upecause the effect of the heavide=4 clusters is not yet
cross section. The same equation is appropriate in definingcluded in our simulation.
the medium-dependent cross section now in terms of the The influence of the different medium effects on the spec-
medium-dependent transition operatdrgiven in Eqg.(18).  tral distribution of proton, deuteron, triton, and helion clus-
The total deuteron break-up cross section can be used in thers is shown in Fig. 4. Solid line shows the results of our
collision integrald2) and(3), as, e.g., has been demonstratedcalculation using thenedium-dependertoss sections in the
in Ref.[1]. For illustration, we show in Fig. 2 the in-medium collision integrals of the BUU simulation. Dashed line shows
break-up cross section at a temperaturelTefl0 MeV for  the spectra obtained using th&olated cross sections that
the three-body system at rest in the nuclear medium, whicheproduce the experimental data. In all cases we have in-
was explored to a larger extend in R€f8,11,14. The solid  cluded the Mott effect and for the solid and the dashed lines
line represents the isolated cross section that reproduces the useF .,=0.15. To demonstrate the sensitivity to differ-
experimental breakup data; other lines correspond to different Mott momenta, the dotted line shows results obtained
ent nuclear matter densities. The influence of the in-mediunusing F .= 0.20 for medium-dependent rates. As explained
cross sections on characteristic kinetic quantities such as the Refs. [9,11,14, the deuteron breakup cross section is
chemical relaxation time is significant as has been demonstrongly enhanced near the threshold. As a consequence, we
strated in Ref[14]. find an enhancement of about 30% in the deuteron number in
For a specific heavy ion reaction, we now investigaje the energy rang&. <50 MeV if we compare the dashed
to what extend the medium dependence of the deuteroline (for isolated deuteron breakup cross sectjotts the
breakup cross section affects the observables and, in particgelid line (for medium-dependent deuteron breakup cross
lar, the deuteron production ar(d) how sensitive are the sections. A larger absorption implies a larger production
observables to the parametrization of the Mott momenta. Teate and maintaining the possible chemical equilibrium down
this end, we consider the central collisidi®>Xe+°Sn at  to lower freeze-out densities. Inspecting the dotted line, we
E/A=50 MeV and compare our theoretical results with thefind, as expected, that the number of clusters increases with
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FIG. 4. Light charged particle spectra in the center of mass FIG. 5. Renormalized light charged light particle spectra in the
e 1 11 center of mass system for the reactitfixe+1%n at 50 MeV/
system for the reactioA®*Xe+1%Sn at 50 MeV/nucleon. Calcula- | he filled circl he d £ th |
tions with in-mediumNd reaction rates are represented by solid "Ucleon. The filled circles represent the data of the INDRA Col-
lines, while those with isolateNd breakup cross sections are rep- laboration[21]. The solid line shows the calculations with the in-
reseﬁted by dashed lines. In both caeg=0.15 is employed medium Nd reaction rates, while the dashed line shows a
Calculations withF .= 0.20 and in-medium reaction rates are rep- calculation using the isolateld breakup cross section; both with

resented by the dotted lines. Feu=0.15.

the rise inF ;. Hence, relaxing the limitation of the allowed

existence of a clusteiby using the same ratefeads to an T T T T r
enhanced production as the clusters become more stable.
Also, simultaneously, the spectra appear steeper.

Figure 5 compares energy spectra of the liglst3 clus- L -
ters to INDRA data renormalized as in REZ1]. To compare - .
to our calculations we renormalize our results in the same 1
fashion as data, i.e., the areas below the respective curves are
normalized to the same fixed value. As before the results
obtained with themedium-dependermtoss sections are rep-
resented by a solid line; the dashed line shows the results of
the coupled BUU calculation using thisolated deuteron
breakup cross sections. In both calculations we Esg -8
=0.15. Overall, the renormalization seems to reduce the ef- - ® INDRA ]
fect of using different elementary rates in the collision inte- i Y Oneg®e, 02001 4
grals. For the deuteron, the-mediumrates lead to a mar- 20__ : Z’"edgw‘:g';:; 7]
ginally steeper shape. Differences at higher c.m. energies can L o Tew T
be attributed to statistical fluctuations. ' ' ' - '

Considering now the three-nucleon clusters, we find the p d t He a
helion/triton energy spectrum in a reasonable agreement with FIG. 6. Mean transverse energy of light charged fragments in
the experimental data. The only in-medium effect that wethe angular range of 0.5<cos6, ,<0.5.
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consider for the three-nucleon clusters is the Mott effect. Anedium effects on some typical observables. The dominant
possible modification of the three-particle cluster formationmedium effects are self-energy and statistical corrections,
and breakup rates is disregarded. The observed reduction, see, for clusters the Mott effect, and the change of reaction
Fig. 4, of the three-nucleon cluster production in the calcutates that lead to faster time scales. The magnitude of the
lation using the medium deuteron breakup cross section is im-medium effects depends on the density and the energy
response to the enhanced deuteron production. The appareatgposited in the system. The basis for microscopic calcula-
deviation from experiment in the lowest energy bin is likely tions of the in-medium effects is the cluster mean-field ex-
related to a long-lived residue appearing in the simulatiorpansion or Dyson equation approach. The effective few-body
that in turn leads to an enhanced Coulomb barrier. This afequations resulting from these approaches are numerically
fects the lowest energies only and might be cured by allowsolved using well established and controllable few-body
ing for fluctuations in the residue that would lead to thetechniques. The chosen example of a heavy-ion reaction is
intermediate fragment production and, consequently, to thé?*Xe+11°Sn at beam energy of 50 MeV/nucleon. Both ef-
suppression of the Coulomb barrier. This is presently nofects, Mott and rate modification, affect the considered ob-
accounted for in the model. servables in a comparable fashion. Presently, we have imple-
Finally, in Fig. 6 we show the measured valugdled  mented the modifications of rates for the three-body breakup
circles for the mean energies of the light clusters emitted inand formation only. However, through the coupling of the
transverse direction along with the result of the calculationBoltzmann equations, the number of three-nucleon clusters is
As the experimental spectrum is not perfectly reproducedalso affected. We argue that a complete treatment requires a
see Fig. 5, this integrated observable also shows some disimilar approach for the three- and four-nucleon clusters be-
crepancy with the experimental data. The same remarkfre a decisive comparison with experiments can be made.
given for Fig. 5 hold for Fig. 6 as well. The changes due toFirst calculations for the Mott effect of the particle solving
different Mott momenta and use of in-medium rates area proper four-body equation has been givenlig].
rather small in this observable. No theoretical results are
given for « particles which are not yet included in the simu-
lations. This work has been supported by the Deutsche For-
schungsgemeinschaft and by the National Science Founda-
V. CONCLUSION tion under Grant No. PHY-0070818. M.B. and C.K. thank
Within the microscopic transport description of heavy-ionthe NSCL at MSU for the warm hospitality extended to them
collision dynamics, we have demonstrated the influence ofluring their respective stays.
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