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Possible Dependence of Dissipation Strength

on Angular Momentum”
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Abstract A comparative analysis for dissipation behaviors of nucleus 11%*2In formed in 130MeV *He+"2*Ag
reactions and 'In populated via 84Kr on 27 Al collisions at 890 and 714MeV suggests that nuclear dissipation
strength may have an angular momentum dependence besides the known deformation and/or temperature

dependence.

Key words dissipation strength, angular momentum, light fissioning systems

Vol. 30, No. 8
Aug., 2006

1 Introduction

The nature and magnitude of nuclear dissipation
is the current subject of great experimental and the-
oretical interests!. An essential conclusion drawn
from these studies concerning heavy fissioning sys-

tems is that dissipation depends on the deformation'

51 In this paper we attempt to

and/or temperature
search for new property of dissipation by analyzing

data of delayed fission involving light systems.

2 Data analysis and discussions

Three analyzed reactions are listed in Table 1.
The mean angular momenta contributing to fission
reactions, L,,., are taken from experiments (denoted
as ) if available, otherwise they are estimated as
the largest fusion angular momenta predicted by Bass
model™. Nuclear temperatures are obtained accord-
ing to formula T = /(E* — E,.:(L))/a, where rota-

tional energies E,..(L) are calculated by a rotating

finite range model[s], and level density parameter is
chosen as a = A/9 with A being the mass number of
the fissioning systems. The last column in Table 1

denotes whether dissipation is introduced to explain
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experimental date.

Table 1.

T/  dissi-
MeV pation
130 3Het"atAgl® 1101121y 139 25 327  No
890 SKr+27Al7 11 200 72¢ 3.25  Yes
714 HKr427AI8 11 152 71* 261 Yes

Elap reaction CN E* Lave/R

As is seen from Table 1, a study for the exci-
tation function of complex fragment emission indi-
cated that for 11%2In nucleus, no fission delay ef-
fect was observed® in 130MeV *He on nat Ag colli-
sion, while in 3Kr+27Al — In reaction at 890 and
714MeV™ ® the enhanced pre-scission light charged
particles clearly showed the necessity of introducing
dissipation. How to understand these experimental
results? From the opinion of standard statistical
models (as embodied in GEMINI”, CASCADE™”,
PACE2!"") codes, etc.), the decay characteristics of a
compound nucleus are mainly determined by the nu-
clear size, temperature and angular momentum, etc.
However, statistical codes” ! fail to predict the pre-
scission particle multiplicity correctly after the excita-
tion energy of the compound system rises to a certain
value. To explain this failure, nuclear dissipation was

introduced. Paul et al.” reproduced emitted y-ray
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data in fission by assuming an increasing dissipation
with temperature. Frobrich et al.”! also successfully
reproduced a lot of data of pre-scission particle mul-
tiplicities and fission probabilities by assuming that
dissipation is rather weak inside the saddle point and
becomes stronger at larger deformations. We notice
that these results are based on an analysis for the
data of heavy fissioning systems (A~200). It is inter-
esting to investigate particle emission for some nuclei
with Z >90 near a long lifetime line™?.

We first use these viewpoints to analyze the
present data of light In systems. From Table 1 one
can see that the former two reactions produce In com-
pound nuclei with almost the same size (A~110) and
temperature (~3.3MeV), which means that the ob-
served difference of dissipated behavior for these two
In systems cannot be explained using the opinion of

temperature-dependent dissipation[3].

This conclu-
sion is further strengthened because dissipation in the
third reaction is still necessary in order to interpret
the particle multiplicity data, although this reaction
results in lower nuclear temperature (~2.6MeV) as
compared with that in the first reaction. Moreover,

the In nucleus is quite light, so its scission config-

3 .
] , which means

uration closes to the saddle point®
that the change of dissipation behavior of these In sys-
tems also cannot be account for using the viewpoint

Bl if a rather

of deformation-dependent dissipation
smaller dissipation inside saddle is considered.
However, we notice that a very larger average
fission angular momentum (over 70%) is involved in
the Kr+Al reaction than that in the He+Ag reac-
tion (less than 25h). This seems to imply that dissi-
pation strength depends on the angular momentum.
Although this interpretation is somewhat qualitative,
it is supported by the linear response theory, which
proposes that two-body dissipation could be much
larger in a high rotational frequency[M]. It should be
pointed out that we do not find an alternative expla-

nation for the present In data.

3  Summary

In conclusion, the analysis of In data suggests that
dissipation strength may have an angular momentum
dependence besides the known deformation and/or

temperature dependence.
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