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Abstract: The isospin effects of projectile fragmentation at intermediate energies are investigated using an isospin-
dependent Boltzmann-Langevin model. The collisions of mass-symmetric reactions including *Fe, *Ni + **Fe, and
**Ni at intermediate energies, in the 30 to 100 MeV/A range, are studied for different symmetry energies. Yield ra-
tios of the isotopic, isobaric, and isotonic pairs of fragments from the intermediate-mass region using three sym-
metry energies are extracted as functions of the N/Z ratio of the composite systems in the entrance channel and the
incident energies. It is found that the yield ratios are sensitive to symmetry energies, especially for neutron-rich sys-
tems, and the calculations using soft symmetry energy are closer to the experimental data. The isospin effect is
stronger for the soft symmetry energy, owing to the competition of the repulsive Coulomb force and the symmetry
energy attractive force on the proton. For the first time, the splits are presented, revealing a transition from the
isospin equilibrium at lower energies to translucency at intermediate energies. The results show a degree of transpar-
ency in that intermediate mass fragments undergo a transition from dependence on the composite systems in the en-
trance channel to reliance on the projectile and target nuclei.
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I. INTRODUCTION

In the past decades, isospin dynamics in nuclear reac-
tions at Fermi energies have been widely studied, both
experimentally and theoretically [1-18]. Moreover, nucle-
ar fragmentation is very important for studying the reac-
tion mechanisms of nuclear collisions [19, 20] and for
constraining the density dependence of the symmetry en-
ergy, which is essential for nuclear-astrophysics, nuclear
structure, and nuclear reactions [21-23]. Isospin observ-
ables, including the neutron/proton or triton/’He yield ra-
tio, the neutron-proton differential flow, the isoscaling of
fragments, and the isospin diffusion, have been widely
studied, for analyzing the density dependence of the sym-
metry energy [24-32]. In contrast, many puzzles remain
related to the isospin effects, especially in the projectile
fragmentation, a well-established technique for produ-
cing rare isotope beams.

In heavy-ion collisions at intermediate energies, ran-
ging from the Fermi energy to 100-200 MeV/nucleon, the
isospin equilibration is always related to the production

of fragments. The first attempt to study the isospin de-
gree of freedom at the Fermi energy was reported in Ref.
[33], where the reaction of E/A = 53 MeV and 4 = 40
projectiles with 4 = 58 targets was measured. It was con-
cluded that isotopic ratios must maintain some memory
of the entrance channel. Similar studies were also per-
formed on other reaction systems at other energies, all
showing that the isospin transport continues until equilib-
rating [34-37]. The isospin transport effects include the
isospin drift driven by the density gradient [38-41], and
the isospin diffusion related to the isospin transport
between the projectile and target nuclei [42-45]. These
two mechanisms are related to the symmetry energy in
the equation of state (EOS) of asymmetrical nuclear mat-
ter. The study of the symmetry energy has garnered signi-
ficant attention in recent years [46-53], because it can in-
fluence dissipative reactions, such as fragment emissions.

At intermediate energies, the fragmentation reaction
is the main reaction mechanism, where a composite sys-
tem splits into several fragments. Different theoretical
transport models have been developed for describing the
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dynamics of fragmentation under certain approximations.
One of these is the quantum molecular dynamics model
(QMD) [54], in which the nucleon is considered a Gaus-
sian wave packet with a finite width. Another is the semi-
classical Boltzmann-Uehling-Uhlenbeck (BUU) model
[55, 56], which has been extensively applied for describ-
ing one-body observables in nuclear collisions. However,
the BUU model cannot be used for describing a fermion
system's properties far from equilibrium, such as multi-
fragmentation and subthreshold particle production [57-
60]. The BUU model has been extended to consider the
correlation effects between nucleons, using the
Boltzmann-Langevin equation (BLE) [58-70]. It is well
known that the BLE has been successfully used for de-
scribing fragmentation reactions [61, 62]. It incorporates
a fluctuation into the collision term of the dynamical
evolution of the system. By introducing the isospin effect
into the BLE, we obtain the isospin-dependent
Boltzmann-Langevin equation (IBLE). Another method
that incorporates fluctuations into mean-field dynamics is
the stochastic mean-field approach (SMF) [71, 72], and
fragmentation characteristics have been analyzed using
that approach [10, 73, 74]. A comprehensive comparison
of these transport theories can facilitate future research,
and many studies have been published on this subject. Xu
and Zhang et al. compared different heavy-ion transport
simulations under controlled conditions, including nine
Boltzmann-Uehling-Uhlenbeck-type codes and nine
quantum-molecular-dynamics-type codes [75, 76].

In this study, we determine our model's feasibility and
then apply the IBLE model to investigate the isospin ef-
fects of projectile fragmentation in the mass-symmetric
reactions including 58Fe, *Ni + 58Fe, and 58Ni, at energies
in the 30 to 100 MeV/nucleon range. The remainder of
this paper is organized as follows. A brief introduction of
the IBLE and the model test is given in Sec. II. The res-
ults and discussion are presented in Sec. III. Finally, con-
clusions are presented in Sec. IV.

II. THEORETICAL FRAMEWORK

The BUU equation and other one-body transport
equations do not incorporate two-body correlation ef-
fects; thus, they fail to describe dynamical fluctuations
[61, 62]. By incorporating the fluctuating collision term
into the BUU equation, we obtain the isospin-dependent
Boltzmann-Langevin equation. The fluctuating single
particle density f(r,p,f) is determined by the so-called
isospin-dependent Boltzmann-Langevin equation [58, 59,
61, 62, 68-70]:

0 A N R
(E + % V=V U(f)-Vp | f(r.p.0) = K(f) + 6K(r, p.0). (1)

The left side of the above equation describes the Vlasov

propagation, determined by the nuclear mean field U(f).
On the right side, K( f) and 6K (r, p,1) denote the collision
term and the fluctuating collision term, respectively [62].
The collision term K(f) has the usual BUU form but is
described by the fluctuating density f(r,p,1), that is:

k() = f dpadpsdps W(12:34)
(AA0-A--Ak0-A-fL ()

where f; = f(r,p;,) denotes the diagonal elements of
single particle density; W(12;34) is the transition rate,
which can be expressed by the collision cross section

(p1,p2) = (p3,ps) a8

do
W(12;34) = Eé(m +p—-p3—pier+e—eg—«g), (3)

where ¢ are the single particle energies. The fluctuating
collision term can be characterized by the following cor-
relation function:

(0K(r1,p1,11)0K(r2, p2,12)) = C(p1, p2)o(r1 —r2)o(t; — 12).
“4)

The brackets in Eq. (4) denote local ensemble averaging,
generated during a short time interval Ar. When aver-
aging inside one of the subensembles, one is performing
the so-called local averaging [58, 59, 61, 62, 68-70]. We
simulate Eq. (1) using the projection method [57, 61, 66],
which projects fluctuations onto a series of multipole mo-
ments of the momentum distribution. We truncate the
multipole moments to the first two non-vanishing terms,
i.e., the quadrupole moment and the octupole moment
(20 + Q30), because we posit that a few low-order multi-
pole moments are sufficient for describing dynamical
fluctuations. The quadrupole and octupole moments of
the momentum distribution can be described as

O =fdrdPQ20f(r»P, 1))

- [ arapt-pi-srfrpn 5)

Q30 = f drdpQso f(r, p,t)

= f drdp(p.2p% - 3p; - 3p,) f(r.p.D). (6)

where the beam axis is along the z-axis.
In this model, the interaction nuclear potential, which
includes the isospin degree of freedom for nucleons, is
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given as

p o\
Urp.-op) =+ F (—) +Egn(0)5
Po Jeli

IES:(p) 2

+ Tp62 +Ei§f11(P)P(E;—i +Umpr,  (7)
where 6 = (p, —pp)/p is the isospin asymmetry; po is the
normal nuclear matter density; p, p, and p, are the total,
proton, and neutron densities, respectively. Here, we ad-
opt the parameters of soft EOS plus MDI as SM from
Table 1 [54].

Table 1. Two sets of parameters adopted in IBLE.
EOS o/MeV p/MeV y K/MeV
SM -390 320 1.14 200
HM —130 59 2.09 380

Elgfn is the local part of the symmetry energy, accord-
ing to Ref. [52]. It can be written as

loc 1 o Vs
Esym(p) = Ecsym P_o . (8)

The parameters vy, = 0.5, 1.0, and 2.0 are applied, cor-
responding to the soft, linear, and hard symmetry ener-
gies, respectively. The coefficient value of Cgy is 29.4
MeV. The density dependence of the symmetry energy
for different y;, is shown in Fig. 1. The symmetry energy
increases with increasing density for the three cases, and
the symmetry energy is approximately 30 MeV at normal
density. At subsaturation densities, higher symmetry en-
ergies are obtained for smaller y;,, while this trend is re-
versed at suprasaturation densities.

The Uwmpr is momentum-dependent potential, which
is given by [77, 78]

UMD1=;—40 f far,p)lin@s(p—p)*+ DIPdp’,  (9)

where 74 = 1.57 MeV, 15 = 0.0005 MeV .

We construct clusters using the so-called coalescence
model [62, 79-83], in which particles with relative mo-
menta smaller than Py and relative distances smaller than
Ry are considered to belong to one cluster [62, 84, 85].
Here, we set Ry and Py as 3.5 fm and 300 MeV/c, re-
spectively. Simulations are conducted for 5000 events
with impact parameter values ranging from 0 to 7 fm
[86], and the number of test particles is set as 20 for the
four reactions in the results.

We first test the IBLE model for describing the mass
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Fig. 1. (color online) Density dependence of the symmetry
energy. The cases y, = 2.0, 1.0, and 0.5 are presented as the
black solid line, red dashed line, and blue dotted line, respect-

ively.

distributions of B element in the reaction of *’Ca+ Be at
E;, = 140 MeV/nucleon, and compare the results with cal-
culations from EPAX and data from experiment [87].

As shown in Fig. 2, the black solid and blue dashed
lines represent the IBLE and EPAX parametrization res-
ults, respectively. The red circles present the experiment-
al data, which were taken from Ref. [87]. Clearly, the
measured mass distribution is reasonably reproduced by
the IBLE model. The most stable nuclides 'B and ''B
yield the largest cross sections. For the "B nuclide, we
underestimate the cross section using the IBLE model,
and the difference is within one order of magnitude.
However, these results are consistent with the EPAX cal-
culations, which also underestimate the cross section of
the ''B nuclide. It is worth mentioning that our results in-
dicate more neutron-deficient and neutron-rich nuclides,
compared with the experimental data and EPAX paramet-
rization results, because we simulate more events, which

10" F

102 F

Cross Section (mb)

10° 1 1 1 1 1 1

Mass number A
Fig. 2. (color online) Mass distributions of B elements in the
“Ca+’Be reaction at 140 MeV/nucleon. IBLE calculations are
shown as the black solid line. EPAX simulations are shown as
the blue dashed line. Experimental fragmentation data are
shown as red circles. The experimental data and EPAX calcu-
lations are taken from Ref. [87].
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results in lower nuclide cross sections. Therefore, the
IBLE model can be applied for calculating the cross sec-
tions and yields of fragments in projectile fragmentation
reactions.

1. RESULTS AND DISCUSSION

We focus on the isospin observable yield ratios of iso-
topic, isobaric, and isotonic pairs of fragments from dif-
ngerent aspects The mass- symmetric reactions including

Fe, **Ni + *°Fe, and “*Ni at incident energies in the 30 to
100 MeV/nucleon range are applied. We adopt the ratios
of the isotopic pairs of fragments differing by one neut-
ron, isobaric pairs of fragments differing by one proton,
and isotonic pairs of fragments differing by one proton,
as in Ref. [86]. The same total mass of the composite sys-
tem allows us to investigate the effects of the N/Z ratio on
the fragments' emission [73].

A. Symmetry energy dependence

To determine the effect of the symmetry energy on in-
termediate fragments, we begin our discussion by com-
paring the calculated yield ratios of the isobaric pairs of
fragments for different symmetry energies with available
experimental data. Figure 3 shows the mass dlstrlbutlons
of Li and Be elements in the reactions of **Ni+"*Ni (NZ =
1.07) and “*Fe+"'Fe (N/Z = 1.23), which have a larger dif-
ference in N/Z, at 30 MeV/nucleon. In the reaction of
*Ni+**Ni, the isotope cross sections of Li and Be for y, =
2 0 are wider than y; = 1.0 and 0.5. In the reaction of

*Fet’ Fe this phenomenon is the same in the neutron-
rich region, and is not obvious in the proton-rich region.

58Ni+58Ni (a)
2
10°F 1
1 1
100[ 5 T
! Z ]
4 s 1
102 —=20 3 b
- =—y=1.0 §
F.. 5 Y
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3
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4 6 8 10
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Fig. 3. (color online) Mass distributions for Li (black lines)

and Be (red lines) elements in the reactions of *Ni+*Ni
(N/Z = 1.07) and **Fe+"Fe (N/Z = 1.23) at 30 MeV/nucleon.
The two insets show the magnifications around 4 = 7.

The *Fe+"Fe system has a higher N/Z ratio, so it is more
likely to produce neutron-rich fragments. Therefore, the
effect in the proton-rich region is diminished in the

*Fet+"Fe system. The two insets show the magnlﬁca—
tions around A = 7, for the mirror nuclei 'Li and Be The
isospin effects in the neutron-rich system Fe+ *Fe are
more obvious, for which the cross sections of ‘Be with
different y, differ greatly.

Using the data in Table 2, we analyze the ratios as a
function of the N/Z ratio of the composite systems, from
more neutron-deficient 1.07 to more neutron-rich 1.23.
Three symmetry energies are adopted, i.e., y;=2.0
(hard), y, = 1.0 (linear), and y; = 0.5 (soft). Our calcula-
tions for the three sets of symmetry energy parameters us-
ing the IBLE model overestimate the measured data to
the first order. However, the calculated isobaric yield ra-
tios Yiispe with the soft symmetry energy are much
closer to the experimental values. So far, no theoretical
model has been able to replicate the experimental data,
including QMD, GEMINI, and BUU models [86, 88].
Therefore, a relatively well-developed theoretical model
for introducing isospin dependent nuclear collisions is ne-
cessary. Secondly, the ratios of the three symmetry ener-
gies in this table are functions of the N/Z ratios of the
composite systems ((N/Z).s). This shows the isospin de-
pendence exactly, i.e., the higher N/Z ratio of the compos-
ite system, the higher N/Z ratio of the reaction products,
and the higher the yield of the neutron-rich fragments.

The dependence of the yield ratio on the symmetry
energy is obvious for the isobaric pair of fragments. In
general, the distributions of the three symmetry energies
are approximately the same. Stiffer symmetry energy
leads to higher yield ratios for the isobaric pair of frag-
ments. This phenomenon becomes more apparent in more
neutron-rich systems, such as the *Fe+"Fe reaction. At
subnormal densities, as shown in Fig. 1, smaller y; yields
higher symmetry energies. Thus, there is a small sym-
metry energy of vy, =2.0, and the proportion of the Cou-
lomb energy dominates the interaction potential. The re-
pulsive Coulomb force can enhance the protons' emis-

Table 2.  Yield ratios of the isobaric pair of fragments
Y778 for the four reactions with different N/Z ratios of the
composite systems((N/Z).s), using the three sets of symmetry
energy parameters at 30 MeV/nucleon, compared with the ex-
perimental data.

Yc 1
system  (N/Z)es - Yeup [86]
ys=2.0 ys=1.0 ys=0.5

NN 1,07 3.814 3.632 3.535 2.992
*Ni+®Fe  1.15 6310 5271 5342 4016
PFe+™Ni 115 6330 5.583 5.169 4272
58 58

Fe+"Fe 123 9.997 9.461 8.488 5.744
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sion, increasing the neutron abundance of the fragments.
In contrast, the symmetry energy can attract protons in
neutron-rich systems, decreasing the neutron abundance
of the fragments [53]. Different yield ratios of the

*Fe+"*Ni and *Ni+"'Fe reactions indicate that the isospin
degree of freedom is not completely equilibrated. There
must be some memory of the entrance channel, and the
emission fragments are affected by both the projectile and
target nuclei [33, 86]. Overall, the strong dependence of
the calculated yield ratio on the symmetry energy illus-
trates the importance of the isospin degree of freedom in
projectile fragmentation, and the isospin effect is stronger
for soft symmetry energies [10, 53].

B. Incident energy dependence

We analyze the energy effect on the yield ratios of the
isotopic, isobaric, and isotonic pairs of fragments, for dif-
ferent symmetry energies. Previous studies have shown
that there is a transition from the isospin equilibrium at
low energies to translucency at intermediate energies.
This means that the isotopic, isobaric, and isotonic com-
positions of fragments will strongly depend on the N/Z ra-
tios of the projectile and target but not much on the
(N/Z),, ratio of the composite system in the entrance
channel [22, 33, 34, 50, 88-90]. We perform simulations
for the four reactions at 30, 50, 70, and 100 MeV/nucle-
on from b =0 to 7 fm. In addition, we compare two reac-
t10n systems w1th the largest isospin differences:

*Fet+"Fe and **Ni+'Ni, with (N/Z2).s = 1.23 and 1.07.
The results are shown in Fig. 4 to Fig. 6.

From Fig. 4, it is obvious that as the energy increases,
the isotopic (upper row), isobaric (middle row), and iso-
tonic (lower row) yield ratios decrease, especially the iso-
topic and isobaric yield ratios. The descending trend is
more moderate for higher incident energies, resulting in
the closer yield ratios for the three symmetry energies at
higher incident energies. This phenomenon indicates the
weakening of the isospin effect with increasing energy, as
nucleon-nucleon collisions become dominant at high en-
ergies. The yield ratios are functions of the N/Z ratio of
the composite system in the entrance channel, but they do
not all fall on a single line, as in Ref. [86]. As for the
yield ratios of the isobaric pair of fragments, we report
linear fits to these ratios because the symbols are too
close to obtain the split. These results do not agree with
previous data [88], where a split at an incident energy of
45 MeV/nucleon was reported experimentally, but none
of the theoretical calculations reproduced the split. For
the yield ratios of the isotopic and isotonic pairs of frag-
ments, we observed some splits with three parameters of
symmetry energies. The ratios for the reactions of Ni as a
projectile do not overlap w1th that of Fe as a }grOJectlle
especially the ratios for the **Fe+""Ni and “*Ni+*'Fe reac-
tions, which have the same N/Z ratios of the composite
systems. These illustrate that intermediate mass fragment

emissions depend not only on composite systems but also
on the projectile and target nuclei. Moreover, the isospin
degree of freedom does not reach equilibrium even at
lower energies, which may be owing to the onset of nuc-
lear transparency [89]. It is worth mentioning that this
phenomenon of isospin nonequilibrium has also been dis-
cussed in Ref. [50].

Figures 5 and 6 present the yield ratios of the isotopic

gFlg 5) and 1sobarlc (Fig. 6) pairs of fragments for the

*Fe+"*Fe and *Ni+ "Ni reactions, plotted as a function of
the incident energies in the 30 to 100 MeV/nucleon
range. The yield ratios for the Ni+Ni reaction are lower
than that for the Fe+Fe reaction, as the N/Z ratio of the
composite system for the Fe+Fe reaction is relatively lar-
ger. This indicates that fragments are more neutron-rich
in neutron-rich reaction systems. As the incident energy
increases, the general trend of the yield ratio is to de-
crease but not sequentially. This phenomenon may be
owing to the fact that the energy effect weakens for incid-
ent energies above 100 MeV/nucleon. It is worth noting
that the yields of intermediate mass fragments in the pro-
jectile fragmentation change little for incident energies
above 100 MeV/nucleon [87].

In addition, in Fig. 5, the ratios of the isotopic pair of
fragments for the symmetry energy parameter y, = 2.0 are
higher than that for y, = 1.0, and they are both higher
than that for y, = 0.5. This phenomenon is the same as in
Table 2 and Fig. 4 and mainly arises owing to the com-
petition between the repulsive Coulomb force and the
symmetry energy attractlve force on the proton. In Fig. 6,
the isobaric yield ratios of ''B/''C for the Fe+Fe reaction
at 70 MeV/A with y,=0.5 are higher than that for
vs = 2.0, while the isobaric yield ratios of "'B/"'C for the

Ni+Ni reaction at 70 MeV/nucleon with y,=2.0 are
higher than that for y; = 1.0. Comparing the 1sobarlc yleld
ratio of ''B/''C with the isotopic yield ratio of ' B/
conclude that the yield of the unstable nuclide C in-
creases for y, = 2.0 and decreases for y, =0.5. It is clear
that the indicated value must not be considered as an ab-
solute estimate, but it shows only a trend toward differ-
ent behaviors of the symmetry energy.

IV. CONCLUSION

In this paper, the mass dlstrlbutlon of the intermedi-
ate mass fragment B in the *’Ca+’Be projectile fragment-
ation reaction at £;, = 140 MeV/nucleon was simulated
using the IBLE model. The results agreed fairly well with
the experimental data, demonstrating that the IBLE mod-
el is adequate for describing projectile fragmentation at
intermediate energies. The intermediate mass fragment
productlons from the mass- symmetric reactions includ-
ing **Fe, **Ni + *°Fe, and **Ni at energies in the 30 to 100
MeV/nucleon range were studied, and the dependence of
the isospin observable yield ratios on the symmetry ener-
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Ni projectile
—s— y_=2.0

- ys=1.0
- A -y =05

Fe projectile
—o— v, =2.0

—o= vy, =1.0

-y =05

30 MeV/A 50 MeV/A

0.9

09 70 MeV/A 09 100 MeV/A

0.8 | 40.8 | E

1.0 L 1 1140 1 1
1.07 1.15 1.23 1.07 1.15 1.23

1
1.07 1.15 1.23 1.07 1.15 1.23

(N/Z)

Fig. 4. Yield ratios of isotopic (upper row), isobaric (middle row),

and isotonic (lower row) pairs of fragments from the four reac-

tions at 30, 50, 70, and 100 MeV/nucleon, plotted as a function of the N/Z ratio of the composite system in the entrance channel. The

four reactions are the same as in Table 2.

gies and incident energies was analyzed. It was found that
the yield ratios of the isobaric pair of fragments Yo/ ge
with the soft symmetry energy of y, = 0.5 were closer to
the experimental data. The yield ratios were extremely
sensitive to the symmetry energy, caused by the competi-
tion of the Coulomb force and the symmetry energy
force. The repulsive Coulomb force and the symmetry en-
ergy attractive force on the proton reduced the ratios for
the symmetry energy parameter vy, = 0.5. The isospin ef-
fect was more evident for the soft symmetry energy. The

yield ratios for the three symmetry energies decreased
with increasing incident energies. The splits were firstly
presented for isotopic and isotonic pairs of fragments us-
ing the IBLE model framework, which denote the trans-
ition from isospin equilibrium at low energy to translu-
cency at intermediate energies. As the incident energy in-
creased, the isospin degree of freedom reached equilibri-
um posterior to the timescale of intermediate mass frag-
ment productions. Therefore, intermediate mass frag-
ments depend on not only the composite system in the en-
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Fig. 5. Yield ratios for the isotopic pair of fragments, for the *Fe+*Fe and “Ni+**Ni reactions, plotted as a function of the incident

5801 4 58p1:
Fe+®Fe Ni+>Ni
) ) ) v ) v ) v ) ) ) ) v ) v ) v ) v ) v ) v ) v )
a
\ 1.0
oo i i
LA \\ \/n ]
R < o 09}
T g- - - - - o J
...... A
——t—— } —— } } 0.8}
n\ 1 o020}
.ﬁ~\ D\D\D
TS - - -7 015}
'A-..‘ ~0 — - .
A oo A
L L L L " L L L " L
) ) ) v ) ) ) v )
N —0— y=2.0 0.7
NN - —o— y=1.0J
.. \O .A.y=05
AL S
.S o
R - - -1 os}
A ]
1 1 1 1 " 1 1 1 1 1 " 1 " 1 " 1 " 1 " 1 " 1 " 1

30 40 50 60 70 80 90 100

E, (MeV/A)

energy in the 30 to 100 MeV/nucleon range.

40

30 40 50 60 70 80 90 100

E, (MeV/A)

*Fe+"Fe *Ni+*Ni
) v ) v ) v ) v ) v ) v ) v ) ) v ) v ) v ) v ) v ) v ) v )
i —0— y=2.0 | 9F —m— y=2.0
D\ A, —0— y=1.0 sk o N —0— y= 1~0_.
.t CLoe A y=0.5- ~ - & y=05
A, O, - . ¥ - AL Y .
\o__“.-ﬂ' 6 .'-A.,i\‘\o'
—— —— } : : : : : ——i—
; ) ) ) ) ) ) ) ] 0.25 B i
\D\
o _ —_— 1 o20f .
AT = —o. ]
R S °©1 015} .
[ [ [ [ " [ [ ' .I e .é
) ) ) ) v ) ) ) )
o 7 38} E
o\\n
~ 1 36} -
L A, S \D o A
0 — —
. =0 o . 34} -
A . ~ o
AL e R 32} i
1 " 1 " 1 " 1 " 1 " 1 " 1 " 1 " " " " " " "
30 40 50 60 70 80 90 100 30 40 50 60 70 80 90 100
Ein (MeV/A) Ein (MeV/A)

Fig. 6. The same as Fig. 5 but for the isobaric pair of fragments.
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trance channel but also the projectile and target nuclei.
The isospin effect was more pronounced in the neutron-
rich system *Fe+"Fe, in which the results obtained for
the three symmetry energies were relatively different.

These results may be helpful for studying nuclear interac-
tions in the dynamics of projectile fragmentation. The
isospin effects in projectile fragmentation and effective
isospin observables need to be studied more extensively.
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