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Abstract The isoscaling behavior in projectile fragmentation has been systematically investigated by a mod-

ified statistical abrasion-ablation (SAA) model. The reduced isoscaling parameters are found to decrease with

the excitation energy per nucleon and have no significant dependence on the size of reaction systems. Assum-

ing a Fermi-gas behavior, the excitation energy dependence of the symmetry energy coefficients are tentatively

extracted from α and β which looks consistent with the experimental data.
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1 Introduction

Recently, study of the nuclear symmetry energy

has become a very important topic in nuclear physics.

The isoscaling approach for light fragment composi-

tion produced in the multifragmentation of very hot

source has become an important observable in heavy

ion collisions since this method can isolate the nu-

clear symmetry energy in the fragment yields[1—3].

The scaling law relates ratios of isotope yields mea-

sured in two different nuclear reactions, 1 and 2,

R21(N,Z) = Y2(N,Z)/Y1(N,Z). In multifragmenta-

tion events, such ratios are shown to obey an expo-

nential dependence on the neutron number N or pro-

ton number Z of the isotopes or isotones character-

ized by three parameters α, β and C
[1]:

R21(N,Z)=
Y2(N,Z)
Y1(N,Z)

=C exp(αN +βZ), (1)

here C is an overall normalization constant. In the

grand-canonical limit, α and β will have the form,
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where Csym is symmetry energy coefficient (MeV),(
Z
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)2

i

or
(
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i

(i = 1,2) means the square of Z

or N over A for system 1 and 2. T is the tempera-

ture of the system in MeV. Since the symmetry en-

ergy determines nuclear structure of neutron-rich or

neutron-deficient rare isotopes, studies on the isoscal-

ing behavior can be used to probe the isospin depen-

dent nuclear equation of state[1—8].

So far, the isoscaling behavior has been studied

experimentally and theoretically for different reac-

tion mechanisms. However, most studies focus on the

isoscaling behaviors for light particles with Z=2—8.

A few studies on the heavy projectile-like residues
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in deep elastic collisions and fission fragments have

been reported[8—12]. In this paper, we will present

our studies on the systematic isoscaling behaviors for

projectile-like fragments in the framework of statisti-

cal abrasion-ablation model[13—15]. Extraction of the

symmetry energy coefficient from the isoscaling pa-

rameters will also be investigated.

Fig. 1. Yield ratios of fragments from the reac-

tions of 124/112Sn+112Sn at 60A MeV versus

N for the selected isotopes. Different symbols

are used for different isotopes as shown in the

legend. The lines represent the exponential

fits.

2 Calculations and discussion

To study systematic behaviors of the isoscaling

phenomena, reactions of 40/36Ar, 48/40Ca, 64/58Ni,
86/78Kr, 124/112Sn and 129/136Xe on 112Sn at 60A MeV

are simulated by the SAA model. The yield ratios

R21(N,Z) are made using the convention that index

2 refers to the more neutron-rich system and index 1

to the less neutron-rich one. As an example, Fig. 1

shows the yield ratios R21(N,Z) as a function of neu-

tron number N for selected isotopes and Z for se-

lected isotones from 124/112Sn + 112Sn reactions in

log-scale. From this figure, we observe that the ratio

for each isotope Z or isotone N exhibits a remark-

able exponential behavior. For each isotope (Z) or

isotone (N), an exponential function form C exp(αN)

or C ′ exp(βZ) is used to fit the calculated points and

the parameters α or β are obtained for all isotopes or

isotones.

The extracted α and |β| parameters show a de-

creasing trend with the increasing of E∗/A and their

values are different for different reaction systems..

According to Eqs. (2) and (3), α and β have a lin-

ear dependence on ∆
[(
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)2]
or ∆
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)2]
. Since

this parameter is dependent on the reaction sys-

tem, we divide α (β) by ∆
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)2] (
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to remove the system isospin and size dependences

and call them reduced isoscaling parameters. The

results are given in Fig. 2. After the reduction,

α/∆
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Z
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)2] (
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of different reaction

systems demonstrate almost same dependence with

E∗/A.

Fig. 2. The reduced isoscaling param-

eters α/∆

[(
Z

A

)2]
(upper panel) and

β/∆

[(
N

A

)2]
(lower panel) as a function of

E∗/A. Different symbols are used for projec-

tiles with different Z as shown in the legend.

If we use the Fermi-gas relationship E∗/A =
1
a
T 2

to calculate T , with a=8—13 (in our calculation a=10

is used), the symmetry energy coefficient (Csym) could

be extracted. Results extracted from α/∆
[(

Z

A

)2]

and β/∆
[(

N

A

)2]
are shown in Fig. 3. For E∗/A

around 1MeV, Csym from α or β is a little lower than

the standard value 25MeV in liquid drop model[3],

but it seems consistent with the experimental data

by Fevre et al.[7]. The obtained Csym is not a con-

stant and decreases with the increase of E∗/A. Simi-

lar dependence was also observed in the experimental

studies as shown in the figure[7, 8].



276 高 能 物 理 与 核 物 理 ( HEP & NP ) 第 30卷

Fig. 3. Same as in Fig. 2 but for the extracted

symmetry energy coefficient from α (Cα
sym, up-

per panel) and β (Cβ
sym, lower panel) as a func-

tion of E∗/A. The solid and open stars are the

experimental data taken from Ref. [28] with

temperature calculated by Fermi gas and ex-

panding mononucleus model respectively.

3 Summary

In summary, the isoscaling behavior of projectile-

like fragments from 40/36Ar, 48/40Ca, 64/58Ni, 86/78Kr,
124/112Sn and 129/136Xe on 112Sn at 60A MeV have

been studied by a modified statistical abrasion-

ablation model. The isoscaling parameters α and

β are extracted for the produced isotopes and iso-

tones, and they show different values for different

systems. However, the reduced isoscaling parameters

α/∆
[(

Z

A

)2]
and β/∆

[(
N

A

)2]
show almost same

dependence with E∗/A for different systems. Assum-

ing a Fermi-gas behavior, the symmetry energy coef-

ficients are tentatively extracted from α and β and it

seems that the results are consistent with the exper-

imental data.
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弹核碎裂反应的同位旋标度率及核的对称能系数研究*
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摘要 用统计擦碎模型对中能区弹核碎裂反应中的同位旋标度率现象进行了系统研究. 发现在弹核碎裂反应中

存在同位旋标度率现象, 但同位旋标度率参数随每核子的激发能的增加迅速下降. 而影响同位旋标度率参数变

化的最主要的因素是由于激发能不同及蒸发效应. 采用费米气体模型的激发能与核温度的关系, 从同位旋标度

率参数提取出核的对称能系数, 值的大小及其与激发能的变化趋势跟实验数据基本一致.
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