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Understanding of the dissipation mechanism in ternary

fission for the system 197Au+197Au*
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Abstract The mass number distributions of three fragments from the ternary fission of the system 197Au+197Au

are reproduced rather well by using the improved quantum molecular dynamics (ImQMD) model without any

adjusting parameter. It is found that the probability of ternary fission evidently depends on the incident energy

and the impact parameter, and the two-body dissipation is the main mechanism responsible for the formation

of the third fragment with comparable mass.
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A dynamic origin of dissipative motion observed

in a finite many-body system is a fundamental prob-

lem in various fields of contemporary science[1]. The

nucleus provides us with a very nice benchmark field

to explore this subject, because it shows a coexistence

of “macroscopic” and “microscopic” effects in associ-

ation with various “phase transitions”, and a mutual

relation between “classical” and “quantum” effects

related to the macro-level and micro-level variables,

respectively. At certain energy region, the nucleus

exhibits some statistical aspects which are associated

with dissipation phenomena.

It is commonly believed that at low and interme-

diate energies there are two kinds of dissipation mech-

anisms: one-body[2, 3] and two-body dissipation[4, 5].

In one-body dissipation process, nucleons are consid-

ered to collide with the nuclear surface generated by

the common self-consistent mean field, and in two-

body dissipation process, nucleons interact with one

another. However, their interplay and mutual bal-

ance are still a question of debate and represent a

long-term controversy.

In Ref. [6], Carjan, Sierk and Nix indicated that

the observation of the mass distribution in the ternary

fission of heavy nuclear system might be a suitable

way to distinguish these two kinds of dissipation

mechanisms. In the case of the two-body dissipa-

tion, the formation of the third fragment with a com-

parable mass was predicted in the ternary fission of

very heavy fission system. On the contrary, in the

case of the one-body dissipation, the third fragment

should be expected to be much smaller. Recently, the

ternary fission of a very heavy system 197Au+197Au

at 15 AMeV were carried out by I. Skwira-Chalot

et al.[7] in 4π geometry using the multidetector ar-

ray CHIMERA at LNS Catania. The mass num-

ber distribution of fragments was shown as a func-

tion of the mass A1 (the heaviest fragment), A2

(the less heavy fragment) and A3 (the lightest frag-

ment), respectively. The peak of mass distribution for
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the third fragment A3 was found to locate at about

100. This result of the third fragment with a rel-

atively large mass is considered as an experimental

evidence for clarifying the competition between one-

and two-body dissipation processes and understand-

ing the microscopic dynamics for those two mecha-

nisms. In this paper, we will carry out a theoretical

study on the ternary fission for very heavy nuclear

systems based on the improved Quantum molecu-

lar dynamics(ImQMD) model and reproduce the ex-

perimental data. The quantum molecular dynamics

(QMD) model being successfully used in intermediate

energy heavy-ion collisions was successfully extended

to heavy ion collisions at energies near the barrier

by making a serious improvements[8, 9]. In the model

both the mean field and collision term are treated

properly. Thus, in principle, the dissipation, diffu-

sion and correlation effects are all included without

introducing any freely adjusting parameter. The pro-

cedure of making initial nuclei of projectile and target

is similar to that in Refs. [9, 10]. The binding energy

and root mean square radius for 197Au are required

to be 7.92±0.05 MeV/nucleon and 5.35±0.2 fm, re-

spectively. The prepared nuclei are also required to

evolve stably without spurious emission within 6000

fm/c. In our calculation the fragment recognition is

in terms of the conventional coalescence model[11]. In

the simulation, we select a class of ternary events sat-

isfying nearly complete balance of mass numbers:

AP +AT−70 6 A1+A2 +A3 6 AP +AT ,

where AP +AT is the total mass number. This cri-

terion is adopted in Ref. [7]. Through counting the

number of A1, A2 and A3 at each impact parameter

b, the production cross sections for A1, A2 or A3 are

obtained with the expression

σ(Ai) = 2π

∫ bmax

0

bP (Ai, b)db'

bmax∑

b=0

2πb∆b
N(Ai, b)

N0

,

where P (Ai, b) = N(Ai, b)/N0 is the production prob-

ability of fragment Ai with the impact parameter b,

N(Ai, b) denotes the number of Ai producing at each

impact parameter in ternary events, and N0 denotes

total ternary fission events.

Figure 1 shows the mass distributions for three

fragments of A1, A2 and A3 in selected ternary fis-

sion of 197Au+197Au at the energy of 15 AMeV. The

experimental data and the calculation results are nor-

malized with 6000 and 35 mb in terms of the ex-

perimental counts and the calculated cross section.

From Fig. 1, one can easily see that the calculated

results can reproduce the experimental data rather

well and the most ternary events involve the forma-

tion of three comparable fragments. This means that

the ImQMD model may provide us with a satisfied

description of the ternary fission events of very heavy

system 197Au+197Au.

Fig. 1. Mass number distributions of (a) A1,

(b) A2, and (c) A3 fragments in selected

ternary reactions of 197Au+197Au at energy of

15 A MeV. The histograms denote the experi-

mental data
[7]

, and the lines with open circles

are the results with the ImQMD model.

Fig. 2. Impact parameter dependence of pro-

duction probability of ternary fission for
197Au+197Au system at energy of 15 A MeV.

Here it is worthwhile to clarify the main ingre-

dients which affect the production of the three frag-

ments. In this study, we find that both impact pa-

rameter b and incident energy E play a crucial role.

Fig. 2 shows the impact parameter dependence of the

production probability of ternary events for the sys-

tem of 197Au+197Au. The production probability in-

creases with the impact parameter in the region of
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Fig. 3. (color online) Snapshots of a typical ternary event of 197Au+197Au with b = 6 fm at different time.

The open circles represent protons and solid ones for neutrons.

0—3 fm and appears a plateau between 3—7 fm. Af-

ter that, it will rapidly decrease to almost zero. It im-

plies that the semi-central collisions of 197Au+197Au

is responsible for producing ternary events.

The dynamic process of the ternary events is simu-

lated by the snapshots of a typical ternary event with

b = 6 fm shown in Fig. 3. Two approaching nuclei

collide each other at about t = 300 fm/c, and they

form an elongated composite system which evolves

some time and finally re-separates into three frag-

ments at t = 1000 fm/c. During this process mas-

sive nucleons collide with each other and a large part

of translational kinetic energy dissipates to single-

particle motions which accelerates the nucleon mo-

tion. The strong correlation and collision between

nucleons may result in the two-body dissipation and

the formation of the relatively large third fragment.

The impact parameter dependence also can be

seen from Fig. 4. Because the third fragment A3

mainly comes from the participants and the partic-

ipants become smaller and smaller with b increasing,

the mass of third fragment A3 decreases, while A1

and A2 increase, specially when b > 6 fm.

Now let us turn to discuss the effect of inci-

dent energy. Fig. 5 shows the numerical results for
197Au+197Au system with impact parameter b = 1 fm.

It is shown that the production probability of ternary

events monotonously increases with the energy in the

range of 5—24 AMeV, and it reaches the maximum

value at about E = 24 AMeV, then it rapidly de-

creases from 24 to 30 AMeV. When E < 8 AMeV,

ternary events can not be found due to the Coulomb

barrier(662 MeV of 197Au+197Au)[12]. At the energy

region E = 24—30 AMeV, ternary events decreases

rapidly since multifragmentation events (more than

3 fragments) starts to be produced. From this figure

we can see that the production probability of ternary

events are very sensitive to the incident energy for
197Au+197Au with b = 1 fm, the most suitable inci-

dent energy is about 24 AMeV.

Fig. 4. (color online) Impact parameter depen-

dence of average mass number of fragments

A1, A2, and A3 in selected ternary reactions

for 197Au+197Au system.
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Fig. 5. The incident energy dependence of the

production probability of ternary events for
197Au+197Au system with b =1 fm.

In summary, the ternary fission of the very heavy

system 197Au+197Au has been simulated by using the

ImQMD model. The mass number distributions of

promptly produced three fragments in ternary fission

of 197Au+197Au shown in[7] are reproduced rather well

with the parameter set IQ2 shown in[10] without any

change. It has been found that the probability of

ternary fission depends on the incident energy and

the impact parameter, and the two-body dissipation

is the main mechanism responsible for the formation

of the third fragment with a comparable mass.

It is worthwhile to mention that there still re-

mains some problems, such as, what is the underlying

microscopical dynamics of two-body dissipation and

whether there is a competition between one- and two-

body dissipation mechanism. Some aspects of those

problems are in progress.
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