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Within the framework of an isospin-dependent quantum molecular dynamics model in which the initial
neutron and proton densities are sampled according to the densities calculated from the Skyrme-Hartree-Fock
method and the initial Fermi momenta of neutrons and protons are calculated from the Fermi gas model, we
study systematically the transverse collective flow of different fragment types at an energy of 55 MeV/nucleon
and the balance energy in the reacticfiSe+ 5®Fe and®®Ni+ *8Ni. The results from the present calculations
indicate that the neutron-rich system®fe+ %8Fe) displays stronger negative deflection and has a higher
balance energy, which are qualitatively in agreement with the experimental data. Furthermore, the effects of
the isospin-dependent symmetry energy and nucleon-nucleon cross sections on collective flow are studied.
[S0556-28188)07010-1

PACS numbegps): 25.70.Pq, 02.70.Ns, 24.10.Lx

I. INTRODUCTION ied by Li etal. [10] in terms of an isospin-dependent
Boltzmann-Uehling-UhlenbeckBUU) model in which the

In recent years, with the establishment of secondary beannitial proton and neutron densities were calculated from the
facilities at many laboratories around the world, radioactivenonlinear relativistic mean-fieldRMF) theory while the
beams of nuclei with large neutron or proton excess havésospin dependence enters the model by using the experi-
been used, and heavy-ion physics has opened up a new fieltientalN-N cross sections and the isospin dependent nuclear
radioactive nuclear beaRNB) physics. Consequently, one mean field. The neutron-rich system was found to show
can investigate the properties of nuclei very far from the stronger negative deflection at beam energies lower Ehgn
stability line and the isospin degree of freedom in nuclearand has a higher balance energy. Some predictions of the
reactions at wide energy ranges for different projectile-BUU model have been confirmed by experimefig,12.
target combinations. Extensive reviews can be found imAlthough in Ref.[10] the isospin dependence of collective
Refs.[1-4]. flow has been explained as competition among several

The isospin effects on preequilibrium nucleon emissionmechanisms, such &N cross sections, symmetry energy,
[5-7] and isospin equilibrium and non-equilibrium in heavy- Coulomb energy, the surface properties of the colliding nu-
ion collisions(HIC) at intermediate energi¢8,9] have been clei, and so on, the relative importance among these mecha-
studied experimentally and theoretically. In particular, thenisms is not yet clear. In particular, the BUU model cannot
isospin dependence of collective flow has become a vergescribe physically fragment flow since it is a one-body
interesting subject of theoretical and experimental studiesransport model and does not contain many-body correlation.
[10-12. One knows that nuclear collective flow is a kind of  In order to investigate the isospin effects on collective
collective phenomenon found in intermediate and high enflow and explain the recent experimental results, we have
ergy HIC, and the study of the dependence of collective flonimproved the original version of the QMD mod&6-39 to
on beam energy, mass number, and impact parameter, heslude explicitly isospin degrees of freedom and get an
revealed much interesting physics about the properties andospin-dependent QMDOcalled IQMD hereafter model,
origin of collective flow. Especially, from studying the beam which includes isospin-dependent Coulomb potential, sym-
energy dependence it has been found that the transverse catetry potential, N-N cross sections, and Pauli blocking.
lective flow in the reaction plane disappears at an incidenMoreover, in initialization of projectile and target nuclei, we
energy which is called the balance enekyy, [13-21. Fur-  sample separately neutrons and protons in phase space. Us-
thermore, detailed theoretical studies using microscopiing the IQMD model, we study the fragment flow and its
transport models have shown that both the strength of trangsospin effects in reactions®Fe+%Fe and *8Ni+ %N,
verse collective flow and the balance energy can be used twhich have the same mass number but different neutron/
extract information about the nuclear equation of stg®S proton ratios. The calculated results indicate that the neutron-
and in-medium nucleon-nucleoM¢{N) cross sectionf22—  rich system @8 e+5%Fe) displays stronger negative trans-
35]. Hence, studying collective flow in reactions induced byverse collective flow at energy of 55 MeV/nucleon and has a
radioactive nuclei is very meaningful to explore the isospin-higher balance energy, which could be qualitatively in agree-
dependent part of the nuclear EOS and isospin-dependentent with the experimental data. Meanwhile, the influence
N-N cross sections. of the symmetry energy and-N cross sections on the trans-

The isospin dependence of collective flow has been studverse collective flow has been also studied.
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Il. DESCRIPTION OF THE IQMD MODEL TABLE I. The parameter sets of Eq®) and(3). The S and H

. . . . refer to the soft and hard equation of state, the M refers to the
The QMD model is classical in essence because the UMBclusion of momentum dependent interaction, andKheefers to

evolution of the system is determined by classical canonicahe incompressibility.
equation of motion, however, many important quantum fea-

tures are included in this prescription. A comprehensive re- K o B y 5 e
view can be found in Ref38]. In this paper, the main ideas (MeV) (MeV) (MeV) (MeV) (MeV) (c2/Ge\R)
in the IQMD model are introduced.

It is well known that the dynamics in HIC at intermediate S 200 —-3%6 303 117 - -
energies is mainly governed by three components, namely,SM 200 -390 320 114 157 500
the mean field, two-body collisions, and Pauli blocking. H 380 -124 71 200 - -
Therefore, for an isospin-dependent reaction dynamicsHM 380  —130 59 209 157 500

model it is essential that all three components should reasor
ably include isospin degrees of freedom. In addition, it is

also important that, in initialization of projectile and target vk 1 )

nuclei, the samples of neutrons and protons in phase space U™=5Vy ; Fexp(Lm )

should be treated separately since there exists a large differ- R

ence between neutron and proton density distributions for X[ exp(—mr;;)erfq \/Em—rij/\/ﬂ)

nuclei far from theg stability line. Particularly, for neutron-

rich nucleus one should sample a stable initialized nucleus —exp(mr)erfa(yLm+r; /AL], 4
with neutron-skin structure and therefore one can directly

explore the nuclear structure effects through a microscopic 2 1

transport model. The IQMD model has been improved based UCO”'ZZ 2 — (It (1+ g )erf(ry; I1JaL), (5
on the above ideas. The following describes briefly IQMD ]

model from four aspects, i.e., the mean field, two-body col-

lisions, Pauli blocking, and initialization. sym_ Cc . 1 B (ri—=rj)
U 0 |2:é] tIZtJZ (4’77"_) §72ex 4L 1 (6)
A. Mean field

) ) ) with Vy=—0.0024 GeV,m=0.83, and thé. is the so-called
In the IQMD maodel, the total interaction potential of the g5,ssian wave-packet widthereL = 2.0 fr?). The relative
system is given by distancer;;=|r;—r;|. Thet;, is the zh component of the
tot_ | ydd__yYuk_ | Coul | sym, [ |MDI isospin degree of freedom for tlith nucleon, which is equal
UP=UT+ U U U U @ to 1 and—1 for proton and neutron, respectively. T@eis
symmetry energy strength. From the above equations, one
with U9 the density-dependefBkyrme potential, Uk the ~ can see that the nuclear mean field is isospin dependent in
Yukawa(surface potential,U®°"'the Coulomb energyy»™  the IQMD model.
the symmetry energy term, attP' the momentum depen-
dent interaction. Th&J9¢ can be written as B. Two-body collisions

In the IQMD model, two different parametrizations of

p\” N-N cross sections may be used optionally. One is the pa-

) ' (2 rametrization of Cugno40] (o¢yg which is isospin inde-
pendent and the other is the experimental parametrization
[41] (oexp Which is isospin dependent. It is shown that the
with po=0.16 fm 3. neutron-proton cross section is about three times larger than

For the momentum dependent interactioM®', we make the neutron-neutron or proton-proton cross section for the
use of the real part of the optical potential parametrized irexperimental parametrization at energies lower than 300
Ref.[39] as follows: MeV/nucleon.

p

Po

Udd= ¢ +B

C. Pauli blocking

UMP=51In’[e(py—po)?+ 1]p£- () The method of considering the Pauli blocking effect is as
0 follows. Whenever a collision has occurred, in the phase
space we assume that each nucleon occupies a six-
The parameters of Eq&2) and(3) are given in Table | from dimensional sphere with a volume bf/2 (considering the
which one can see two kinds of equations of state are conspin degree of freedomand then calculate the phase vol-
monly used. One is the so-called hard E®5 HM) with an  ume,V, of the scattered nucleons being occupied by the rest
incompressibility ofK=380MeV, and the other is the soft nucleons with the same isospin as that of the scattered ones.
EOS (S, SM with an incompressibility ofkK=200MeV  We then compare \2/h® with a random number and decide
[38]. The M refers to the inclusion of the momentum depen-whether the collision is blocked or not. Therefore, the Pauli
dent interaction. Th&JY'k, UCU andUSY™ have the follow-  blocking is isospin dependent, namely, the Pauli blocking of
ing forms[9]: neutrons and protons is treated separately.
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FIG. 1. Proton(dot), neutron(dash), and total(solid) density 3°:
distributions in°&Fe (a) and *®Ni (b) calculated from Eq(7).

D. Initialization

In the IQMD model, the neutron and proton are distin-
guished from each other in the initialization of projectile and °¢; _ ”
target nuclei. The neutron and proton density distributions b/b
for the initial projectile and target nuclei are determined from m
the Skyrme-Hartree-FodlSHF method[42] with parameter
set SKM' which can give reasonable _densny distribution for mental(data connected by dotted lineslues of flow parameter as
stable and peut.ron_—rlc_h nuclg43]. Using the neutron and a function of the reduced impact parameter for three different frag-
proton density distributions calculated from the SHF methodment types,z=3 (a), 2 (b), and 1(c), from 5éFe+58Fe (solid

one can get the radial positions of neutrons and protons igircles and %Ni+*Ni (open circlescollisions at 55 MeV/nucleon.
the initial nuclei in terms of the Monte-Carlo method. In the

FIG. 2. Calculateddata connected by solid lineand experi-

QMD model, the radial density then can be written as ll. RESULTS AND DISCUSSIONS
1 r2+ri2 L The important advantage of the QMD model is that it can
P(f)=2i mex 2L | 2rr. explicitly represent the many body state of the system and
1

thus contains correlation effects to all orders. Meanwhile, the

rr, rr, QMD maodel treats statics and dynamics on an equal footing.
ex;{ T) —exr{ - T” (7)  Therefore, the QMD model provides important information
about both the collision dynamics and the fragmentation pro-
cess. Even though the BUU model is quite successful to
describe one body observables, it fails in describing the for-
mation of clusters. In this paper, we construct clusters in
0Wrms of the so-called coalescence model, in which particles
with relative momenta smaller thd®, and relative distances
smaller tharR, are considered to belong to one cluster. We
adopted the parameter seg=2.4fm andP,=200 MeV/c
'{ollowing Refs.[44,45. In addition, only the clusters with
reasonable proton numbgrand neutron numbeM, such as
gzl, N=0,1 and 2;7=2, N=1~6; Z=3, N=2~8, are
selected in order to get rid of nonphysical clusters.

X

Figures 1a) and(b) show the neutron, proton, and total den-
sity distributions sampled in initial nucleP®Fe, and®Ni,
respectively. We can see in Fig. 1 that there is a clear neutr
skin in neutron-rich nucleus®e. While the total densities
(n+p) in %Fe and®®Ni are almost identical, the total den-
sity in %®Fe is more extended than that ¥Ni. These fea-
tures are in agreement with the results of the nonlinear RM
theory[10]. The momentum distribution of nucleons is gen-
erated by means of the local Fermi gas approximation. Th
local Fermi momentunp(r) is given by

A. Fragment flow

Pe(r)=i@mpi(N)"3  (i=n,p). (8 Using the IQMD model with parameter set SM, we cal-
culate the flow parameters of different fragment types in re-
actions *Fe+ %8Fe and *®Ni+%8Ni at energy of 55 MeV/

The stability of the propagation of the initialized nuclei nucleon. The flow parameter is defined as the slope of the
has been checked in detail and can last at least 200 fm/transverse momentum distribution at the center of the re-
according to the evolution of the average binding energiesluced center-of-masgc.m,) rapidity (Y/Ypogcm.- Figures
and root mean square radii of the initialized nuclei. 2(a), (b), and(c) give the calculated flow parameters of frag-
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circles values of flow parameter as a function of the neutron/proton
FIG. 3. Difference between the values of flow parameter for theratio of the reaction system for different fragment types,3 (a), 2

data(open circles and IQMD model predictionssolid circles for  (b), and 1(c) from 8Fe+%%Fe and®®Ni+*®Ni at 55 MeV/nucleon.
58Ni+%8Ni and 58 e+%%Fe collisions at 55 MeV/nucleon versus The lines are included only to guide the eye.
reduced impact parameter for three different fragment tyfes3
(@), 2 (b), and 1(c). The lines are included only to guide the eye. peripheral collisions the number &f-N collisions is very

small and the Coulomb interaction is more important so that
ments withZ=3, 2, and 1, respectively, as a function of the the fragments withiz=3 have weaker Coulomb repulse in
reduced impact parametbrb,,, (hereb,,,,=8fm, the cal- neutron-rich system. In addition, the mass dependence of the
culated values are connected by solid lines in Fig.Fbr  flow parameters shown in Fig. 2 also demonstrates the well-
each impact parameter, we perform a calculation of 50known increase in magnitude for heavier fragmenits,46—
events. In the present calculations, it is found that the multi49]. This phenomenon may be because most nucleons are
plicity and transverse momenta for different fragment typesmitted by the hard stochastic collisions and hence the effect
have basically saturated by the end of 140dmtherefore  of the mean field is largely erased in the nucleon flow. This
the calculated results actually correspond to the statisticalrgument suggests that the flow of the composite fragment
average value of 3000 “events” which come from the sumcarries more direct information of the nuclear EOS than the
of six time points front=150 to 200 fm¢ in each event. All  nucleon flow.
the following calculations adopt this recipe. The errors From Fig. 2, it is seen that the predictions of the IQMD
shown are the statistical errors on the slopes of the linear fitsnodel systematically exhibit stronger values of flow param-
Meanwhile, the correspondent experimental values are alseter than the experimental data for all three fragment types at
shown in Fig. 2the data points are connected by dotted linesall reduced impact parameters. We shall give an explanation
in Fig. 2). The experimental values are extracted at the uppefor this phenomenon in the following subsection. More im-
limit of each impact parameter bji1]. It is shown in Fig. 2  portantly here, there is agreement between the data and the
that the calculated results are in agreement with the experlQMD model predictions for the magnitude of the isospin
mental data in trends. The difference in the magnitude offect, which is displayed in Fig. 3. The opésplid) circles
flow parameter between the two isotopic systems is maximadre the difference between the values of flow paraméfer
for semicentral collisions, which is qualitatively in agree- for the data(lQMD model predictionsin the isotopic sys-
ment with the previous workl6,17). In particular, the cal- tems *®Ni+®Ni and e+ °%Fe at each corresponding re-
culated results also show the isospin dependence of flow paluced impact parameter. The errors shown are statistical. It
rameter for different fragment types, namely, the neutronis shown that the isospin dependence predicted by the IQMD
rich system P8Fe+ %8Fe) shows stronger negative deflection, model is in agreement with the experimental data.
which is in agreement with the predictions of the BUU In order to see clearly the relation between flow parameter
model in Ref.[10] where the results are for all nucleons. and neutron/proton ratios of the reaction systeNiZ)gys,
Moreover, at large impact parameters for fragments &ith we show in Figs. &), (b), and (c) the impact-parameter-
=3, we can see that both the calculated results and experiaclusive values of flow parameter for fragments with
mental data have a cross which may be because in the most3, 2, and 1, respectively, as a function ®/¢) of the
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FIG. 5. Mean transverse momentum in the reaction plane versus 20 —
the normalized rapidity for all nucleons from reactiotise+ °Fe h
(@) and %®Ni+58Ni (b) at two different incident energies, 80 MeV/ o
nucleon(solid circles and 150 MeV/nucleor{open circles The [ (d) b=5 fm
curves are plotted to guide the eye. 0
-0 |-
systems *Fe+ %8Fe (1.23 and *Ni+5Ni (1.07. In the i
present calculations, we have simply assumed that the num ol
ber of events is proportional to impact parameter b. Mean- i
while, the experimental data are also shown in Figogen wl .
circles. It is indicated that the calculated results are in good ® & 1% w0 =
agreement with the experimental data in trends. From the Ebeam (MeV/nucleon)

above analyses we could conclude that the consideration of

. . . : _ FIG. 6. Flow parameter for all nucleons as a function of incident
g1bele|sosp|n degree of freedom in the IQMD model is reasonerlergy at impact parametbr=2 (a), 3 (b), 4 (c), and 5(d) fm for

%8Fe+%8Fe (solid circles and %®Ni+Ni (open circles The

) straight lines are the results of linear fits.
B. Disappearance of flow

From studying the beam energy dependence it has been
found that the transverse collective flow changes from and(d) display the energy dependence of the flow parameter
negative one to a positive one at an incident energy, i.eat b=2, 3, 4, and 5 fm, respectively, for systeni¥re
Epa, due to the competition between the attractive nuclear+>%Fe (solid circles and *8Ni+*Ni (open circles with po-
mean field potential and the repulside N collisions[13—  tential parameter set SM. It is shown that at different impact
21]. The balance energy has been found to depend sengiarameters the neutron-rich systerfPRe+°%Fe) exhibits
tively on the mass number, impact parameter, and propertiesystematically smaller flow parameters, which implies a
of the colliding nuclei, such as the thickness of their surfacestronger attractive interaction in the reaction of the neutron-
[50]. Figures %a) and(b) show the distribution of transverse rich system. This feature is in agreement with the predictions
momentum versus the normalized rapidityy,,, for all  of the BUU mode[10]. From Fig. 4 in Ref[10], one can see
nucleons at two different energies, 80 and 150 MeV/nucleorthat the difference between flow parameters*fer+ 8Ni
with b=3 fm for the systems®Fe+%8Fe and *8Ni+%8Ni,  and “®Cr+°%Fe (neutron-rich systejndecreases as the beam
respectively. For both systems, at 80 MeV/nucleon the neganergy increases and finally disappears as the beam energy
tive slopes(corresponding to negative scattering angl®  becomes far above the balance energy. However, this phe-
visible whereas at 150 MeV/nucleon the opposite sign slopesomenon is not observed in the present IQMD calculation at
(positive scattering anglgsare found. The former corre- the small impact parameters, suchbes2, 3, and 4 fm. It is
sponds to negative flow parameter while the latter correfound in Figs. 6a) and(b) that the difference between flow
sponds to the positive flow parameter. parameters irr®Ni+*Ni and ®Fe+ *8Fe (neutron-rich sys-

The balance energl,, is obtained by a linear fit to the tem) increases with increment of the beam energy. This phe-
energy dependence of the flow parameter at the point whemomenon may be because with increment of the beam energy
the flow parameter passes through zero. Figu(as @), (c),  the N-N collisions become dominant and therefore the iso-
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FIG. 7. (Upper window Measured balance energies as a func-
tion of reduced impact parameter compared with the predictions of
the IQMD model with potential parameter sets SM and HM. The
solid (open squares are measured f§Fe+ 58Fe (%8Ni+ %8Ni). The
solid (open circles are the predictions of the IQMD model with SM
for S8Fe+5%Fe (8Ni+ 58Ni) while the solid(open triangles are the
predictions of the IQMD model with HM forr®Fe+5%Fe (8Ni
+%8Nii). (Lower window) The difference of the balance energies for
the data(solid squares predictions of the IQMD model with SM
(solid circleg, and predictions of the IQMD model with HNsolid FIG. 8. Mean transverse momentum in the reaction plane versus
triangles, in the isotopic system$®Ni+*Ni and *|Fe+%Fe as @  the normalized rapidity for all nucleons from reactioti&e+ *Fe
function of reduced impact parameter. The lines are included °”|3(solid circles and 58Ni+ i (open circlesat 55 MeV/nucleon and
to guide the eye. b=5 fm by using differentC and parametrizations dfi-N cross

sections:C=0 with Cugnon'sN-N cross sectiong g (a), C=0
with experimentalN-N cross sectionsre,, (b), and C=32 MeV

spin dependence of thN-N cross sections plays a more with (_experimentaN-N cross sections,,. The curves are plotted
important role. In fact, in the present calculations it is shownt® 9uide the eye.

that the difference between the collision numbers per
nucleon in&Ni+ %8Ni and %8Fe+ *8Fe (neutron-rich systein L o _
increases as the beam energy increases. It should be men-It Is indicated in F|g. Aupper window that the calcu[ated
tioned that this phenomenon is complicated because it is rv_alues Of Epar With el_ther SM or HM are systematically
lated to many factors, such as the isospin-dependeht arger than the experimental data. However, from the lower

. . . : . set of points in Fig. 7 which display the difference of the
cross sections, the isospin-dependent Pauli blocking, beal Llance energiesE,, for the data(solid squares predic-

energy, and so on. From Fig. 6 one can extract the balanqgons of the IQMD model with SMsolid circles, and pre-

energy z_it different impact paramet_ers. The upper window Nictions of the IQMD model with HM(solid triangle$, re-

Fig. 7 displays the caIcuIathbm with poten_nal parameter spectively, between the isotopic syster®i-+%Ni and

sets SM and HM as a function of reduced impact par:?lmetelsa,:(_)Jr 58Fe as a function of the reduced impact parameter,
b/bpay; the experimental data from Reff12] are also in- e can see that in error tolerance there is agreement between
cluded. The points, except for the predictions of the IQMDthe data and the IQMD model predictions for the magnitude
model with SM for **Fe+*®Fe and the experimental data for of the isospin effect. In the lower window of Fig. 7, the
S®Fe+58Fe, have been offset in values lofo,,, for clarity.  values for the predictions of the IQMD model with HM have

It is indicated that the values &, predicted by the IQMD  been offset in the horizontal direction for clarity.

model with SM or HM are in agreement with the experimen-  In fact, the previous calculated values of flow parameter
tal data in trends. An approximate linear increase of the balfor different fragment types are also systematically larger
ance energy with impact parameter is visible in Figugper  than the experimental data. The reason for these phenomena
window), which is in agreement with the previous work may be the low saturation densities in initial nuctéire and
[15,17). It is also shown that the calculated valuesky, 8Ni. From Fig. 1 we can see both the saturation densities of
with SM are roughly equal to those with HM, which implies *®Fe and *®Ni are about 0.12fm® which is smaller than

that the balance energy is little dependent on incompressibikormal saturation density,, 0.16 fmi 3, while the isospin-

ity K and this is in agreement with the results of the BUUindependent part of the nuclear EOS is attractive at low den-
model calculation$21,51,53. sities. As a matter of fact, Eq7) indicates that in the QMD

Yem. / Yiab



PRC 58 ANALYSIS OF ISOSPIN DEPENDENCE OF NUCLRR. .. 2289

TABLE II. The flow parameters at different situatiotsee text for >Fe+ %%Fe and®®Ni+ >®Ni at beam
energy of 55 MeV/nucleon and impact paramdier5 fm.

Reaction systems C=0 with ¢y C=0 with gy C=32MeV with gy,
58re+ S8re —34.8+2.14 MeV —29.1+1.12 MeV —27.9+1.24 MeV
58N -+ 58Ni —33.8+1.96 MeV —24.5+0.68 MeV —24.1+1.49 MeV

model the radial density is related to the Gaussian waveeross section is about a factor of three smaller than the
packet widthL. Even though the radial positions of the neutron-proton cross section at energy of 55 MeV/nucleon.
nucleons are reasonable, the radial density from(Bqwill In addition, it is also shown that symmetry energy has stron-
result in some deviations from the real radial density. Moreger influence in systent®Fe+8Fe than in system®Ni
over, the larger th& is, the larger the deviations are. Fortu- + %8Ni, which results from the fact that iffFe the difference
nately, this problem does not affect us to study the isospifbetween neutron and proton densities is larger and thus
effects on collective flow. Nevertheless, the previous calcucauses stronger symmetry energy. In the cas€s0 and
lated results are still in qualitative agreement with the experivCug, the difference of the flow parameters of the two reac-
mental data. Particularly, the isospin dependence of the fragions may mainly come from the influence of the Coulomb
ment flow and the balance energy is quantitatively inpotential and the surface properties®8#Fe and®Ni. Unfor-
agreement with the experimental data. tunately, we cannot study the influence of Coulomb potential
on collective flow in this paper because we cannot get stable
initial nuclei without Coulomb interaction.
C. Influence of symmetry energy andN-N cross sections
on collective flow

Indeed, the isospin dependence of collective flow has
been found in BUU model calculations and experiments and IV. CONCLUSIONS

it has been exp!aineq as a resuIF of the competition among pased on an isospin-dependent QMD model in which the
several mechanisms in the reaction dynamics, SUN-8 nitial neutron and proton densities are sampled according to
cross sections, symmetry energy, Coulomb energy, the Sufne gensities calculated from the Skyrme-Hartree-Fock
face properties of the colliding nuclei, and so on. However,eihod and the initial Fermi momenta of neutron and proton
the relative importance of these mechanisms is still not cleag,e cajculated from the Fermi gas model, we have sampled
sofar. stable initial nuclei,*®Fe and®®Ni. The transverse collective
Using different symmetry energy streng@ and para- oy of different fragment types and the balance energy in
metrizations oiN—N cross sectlor_ls v.wth.potennal parameter (o actions 58Fe+ 58Fe and 58Ni+ 58Ni are studied systemati-
set SM, we show in Fig. 8 the distribution of average trans|\y 4t different impact parameters. The results indicate that
verse momentum per nucleon for all nucleons versus the Nofxe neutron-rich systenPfFe+ 58Fe) displays stronger nega-
malized raggdqy 5)ls.m!YIab for systems **Fe+°%e (solid  tiye deflection and has a higher balance energy, which could
circles and >*Ni+>*Ni (open circles at energy of 55 MeV/ e i qualitative agreement with the experimental data. In
nucleon and impact paramete~5 fm. In Fig. 8a) we use  pariicular, the magnitude of the isospin effect could be quan-
C=0 (no symmetry energyand Cugnon’sN-N cross sec- tjtatively in agreement with the experimental data. Mean-
tions ocyg. The case of usin€=0 and experimentaN-N  \yhjle, we also studied the influence of the isospin-dependent
Cross sectionsre,, is shown in Fig. ). For the results symmetry energy and-N cross sections on collective flow.
shown in Fig. &) we useC=32MeV and experimental ~ From the analyses in this paper, we can conclude that the
N-N cross sectiong,,. Figure 8 indicates that the neutron- jsospin dependence of collective flow is mainly determined
rich system (°Fe+°%e) exhibits stronger negative deflec- py the isospin-dependent nuclear mean field BN cross
tion for all of the above three cases. In order to give quantisections. Moreover, it is also related to the surface properties
tative results, Table Il shows the calculated values of flowgf the colliding nuclei, beam energy, impact parameter, and

parameter for the above three cases. The errors shown agg on. These results indicate that studying the isospin effects
statistical errors of the linear fits. From Table Il one can segn collective flow is beneficial to exploring the isospin-

that both ther,,, and symmetry energy make the strength ofgependent reaction dynamics.
the flow parameter decrease, which implies that bgth
collisions and symmetry energy are repulsive as one expects
[10]. Meanwhile, it is indicated that,, has stronger influ-
ence in systent®Fe+ 8Fe than in system®Ni-+ >®Ni, which

is easy to understand sinbeN collisions result in repulsive
flow and this effect is proportional to the number of colli-  This work was supported by the National Natural Science
sions in the interaction volume. While the number of nucle-Foundation of China under Grant No. 19600933, the Foun-
ons in this volume for the two reaction systems is roughlydation of the Chinese Academy of Sciences, and the Foun-
the same and the number of collisions in the reaction of theation of National Educational Commission of the People’s
neutron-rich system is smaller since the neutron-neutrofRepublic of China.
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