Vol.8 No.2

NUCLEAR SCIENCE AND TECHNIQUES

May 1997

Cold rotation in the reaction YF+431Vv*

Wang Qi, Lu Jun, Xu Hu-Shan, Li Song-Lin, Zhu Yong-Tai, Zhang Yu-Hu, Tian Wen-Dong
(Institute of Modern Physics, the Chinese Academy of Sciences, Lanzhou 730000)
and Li Zhi-Chang
(China Institute of Atomic Energy, Beijing 102413)

Abstract

Excitation functions of the dissipative products in the reaction '*F+3*'V have

been measured from 102.25 to 109.50 MeV in a step of 250keV at ¢;,=21.7°. Nuclear tempera-~
ture of the system is extracted and discussed by using a concept of cold rotation.
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1 Introduction

Heavy ion deep inelastic collision (DIC),
more generally termed as the dissipative reac-
tions, 1s a reaction mechanism between the di-
rect interaction and the compound nucleus for-
mation. The interpretation about DIC is based
on a picture of the formation and decay of an
intermediate dinuclear system (IDS). Within
the lifetime of IDS, the relative kinetic energy
and the orbital momentum are transformed into
the intrinsic excitation energy and the intrin-
sic angular momentum of the system, respec-
tively. The average properties of DIC, such as
the relaxation process of energy, mass, charge
and angular momentum, have been well stud-
ied for many years. In recent years some mea-
surements of excitation functions of dissipative
reactions have been performed and the cross
section fluctuation in them has been found.
The universality of the fluctuation in DIC has
been confirmed for systems with lighter masses
(A; 4 A, <100).0~3]

It is well known that the IDS formed in
DIC carrys high excitation energy and the cor-
responding excited levels are overlapped. The
Ericson theoryl¥, for the case of the strongly
overlapped compound nuclear states, has been
extensively applied to the analysis of the ex-
perimental fluctuation in DIC. In this way, the
energy coherence width I can be extracted from
the energy autocorrelation functions (EAF) of
the reaction products, and then the average life-
time 7 of the IDS can be obtained by using the
uncertainty principle 7 = h/T', which is essen-
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tial for understanding the time evolution pro-
cess of DIC. However, the IDS does not reach
statistical equilibrium within its lifetime. As
a consequence, by comparison between the ex-
perimental results and the prediction of the Er-
icson theory, it can be found that there exist
lots of different behaviours. For example, I’ ex-
tracted from the experimental data depends on
the emitting angle & and the charge number 2
of the reaction products while the T values keep
constant in the frame of Ericson theory; the
EAFs show a quasiperiodic oscillating feature
in DIC instead of the Lorentzian shape in the
overlapped compound nuclear states.

Several models(®®! taking into account the
angular momentum effect have been proposed
to understand and reproduce the fluctuation
phenomenon in DIC. Some average properties
and fluctuation features in DIC can be ex-
plained reasonably by these models, such as the
focusing angular distribution, the quasiperiodic
structure in the EAF and the rotation as macro-
scopic quasimolecular states in IDS. Especially,
it is quite noticeable that the rotation of the
IDS plays a very important role in DIC process.
This paper is devoted to study of the rotation
of IDS in the dissipative reaction?®F+%1V.

2 Experimental

The measurement of excitation functions
of the projectile-like fragments (PLF) in reac-
tion °F+43!V has been performed at the HI-13
Tandem Accelerator National Laboratory, Bei-
jing. The incident energies of the!?F8+ beam
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were selected from 102.25 to 109.50 MeV in a
step of 250 keV. A self-supporting !V foil of 70
pug/cm? was used as a target. The experimental
setup and some previously results have been de-
scribed in Refs.[7,8]. A detection system com-
bining time-of-flight measurement (TOF) with
AE — E technique was employed to identify the
charge number Z and the mass number A4 of the
PLF simultaneously.

3 Results and discussion

By the datum analysis, the mass resolution
A/AA = 50 and the charge resolution Z/AZ
=~ 30 for the system were obtained, respec-
tively. The excitation functions of the PLF,
corresponding to the elements C, N, O, F and
their several isotopes, were extracted from the
damped part of energy spectra. An obvious
fluctuation behaviour characterizing the DIC
process has been observed in all of the exci-
tation functions. The dependence of T on the
degrees of freedom A and neutron excess N/Z
were discussed for the products in the dissipa-
tive reaction.

In this paper, some experimental results,
the values I'exp and Neg of the products C, N,
O and F in dissipative reaction of 1°F + 51V at
6; = 21.7°, are presented in columns 2 and 3 of
Table 1. These values were obtained by using
the EAF method developed by D. M. Brink and
K. Dietricl®]:

< o(E)o(E +¢€) > 1 (1)
< o(F) >2

where € is the energy interval between two steps

and the brackets < > stand for the arithmetic

Ce) =

average over the measured energy range. By
the approximation of a Lorentzian form, it can
be got

1 T,

Neg ngp + &2

Cle) = (2)

where Neg = 1/C(0) is the effective number
of concerned energy levels of IDS leading to
the final channel. Tex, was extracted at the
half maximum of C(0) in C(e) function. The
errors stem from the finite size of the datum
sampling.[°)

Based on the values of 'exp and Neg, the
important effect of the rotation in IDS will be
discussed in the following by taking the concept
of nuclear temperature. The so-called nuclear
temperature is a scale to represent the various
intrinsic excitation level densities of a nuclear
system. In a simple form, the temperature T°
equals (E*/a)'/2, where E* is the excitation
energy of the system and the level density pa-
rameter @ = A/8 is taken as usual, in which 4
is the mass number of the system.

For our experiment, the level densities p of
the IDS can be estimated by the relation [19]

Neﬁ'
2mwp

Pexp = (3)
then values of the excitation energy E* and the
system’s nuclear temperature Texp can be ob-
tained according to the Fermi gas model formu-
lated by A. Bohr and B. Mottelson 21, The
values of Texp obtained for dissipative products
C, N, O and F in reaction 1°F+51V are listed
in column 4 of Table 1.

Table 1 Some experimental results and the nuclear temperature values for elements C,N,Oand Fin
dissipative reaction °F45!'V at 6,=21.7°

elements Cexp/keV Neg Texp/MeV Tine /MeV Th¢/MeV
C 311+62 193439 1.5540.16 2.21 1.54
N 302460 159432 1.40£0.14 2.34 1.40
0] 354+£70 178435 1.2940.13 2.16 1.27
F 394478 60+12 1.104£0.11 2.24 1.12

Assuming that the PLF coming from the
IDS were fully relaxed in our experiment, we
have the excitation energy of the IDS, E*
=FEem + Qgg - Ve, where E Qg and V. are
the incident energy in the center-of-mass sys-

tem, the @) value in the ground state and the
Coulomb barrier of the IDS, respectively. The
theoretical nuclear temperature values T}y, for
the present colliding system are also listed in
column 5 of Table 1. There is a remarkable dif-
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ference between the Texp, and the Tipe. How to
understand the difference? In fact, at the early
stage of the DIC, the IDS is formed as a rota-
tion system. The experimental analysis shows!]
that the rotation levels of the IDS as the macro-
scopic quasimolecular states will be preferably
excited. The rotation energy is defined by the
orbiting cluster model:[1?]

Eo=Eu+Vo+J(J+1)RE2/2I  (4)
where FE}, is the binding energy, V. the Coulomb
energy and I the moment-of-inertia of the IDS.
It is necessary to point out that the actual in-
trinsic excitation energies of the IDS should be
the difference between the ground state molecu-
lar band defined by equation (4) and the excited
one given byl13l:

Ecm -

I/C) 1/2
Er

Lg = ( (5)

where Er =h2/2uR?, p is the reduced mass and
R the interaction radius.

In fact, for the dissipative reaction
19F 451V, the actual intrinsic excitation energy
obtained from Eqs.(4) and (5) is not so high as
expected. A similar result is also observed in
the reaction 28Si+*8Til3l, In our case, the nu-
clear temperature values Tg¢ to which these E*
correspond are listed in column 6 of Table 1.
It is clear that the values of Texp can be repro-
duced very well by Tg, for all of elements C, N,
O and F.

4 Conclusion

In summary, the IDS is formed in the DIC.
The relative kinematic energy is transformed

into excitation energy of the IDS within its life-
time. IDS carries high excitation energy which
consists of two parts, the rotation energy and
the intrinsic one. In our case, the former is
considered to be much larger than the latter.
Therefore, the actual intrinsic excitation energy
of the IDS is low, that is to say, the IDS isin a
cold rotation state and its state density is not
high. This is the reason why the fluctuation
structure in DIC cross section is still visible.
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