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Isospin Effect on the Emission Mechanism of Hot
Nuclei in 35MeV/u “Ar + '’Sn / 'Sn Reactions *
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Abstrct As an extension of radioactive ion beam physics, the research on
isospin dependent properties of hot nuclei has increasingly attracted
considerable interest. The isospin effect on the decay of hot nuclei in
reactions 35MeV /u “Ar+ "*Sn/ '™Sn has been investigated. It is concluded
that due to Coulomb repulsion and instability, proton-rich hot nuclei probably
emit particles such as o with high energy to increase their neutron—proton
ratio. Moreover, the decay chain for those particles is seemingly long and
the emission probability is high. Thus, the conventional observations, for
instance, the ‘slope temperature’ extracted from energy spectrum, may vary
appreciably with the measured particles.
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Radioactive ion beam physics, as a new frontier developed in recent years, is
and will be one of the focuses of nuclear physics researches. It extends the region of
around 300 stable nuclides to a region of more than 4000 unstable nuclides, which
brings about plenty of opportunities to the researches in nuclear reaction, nuclear
structure and nuclear astrophysics, as well as synthesis of new nuclides and super
heavy elements. A degree of freedom of isospin should be introduced in hope of a
breakthrough in the investigation of the formation and decay properties of hot nuclei
in the nucleus—nucleus collision with proton—or neutron-rich beams!". The main
subjects of such studies are: to relate the nuclear size, temperature and isospin to the
critical fluctuation effect, which is found to be the causality of multifragmentation, to
explore the isospin effects on the nuclear properties such as temperature,
compressibility and nucleon free energy, to verify the transition mechanism from
sequential decay of hot nuclei with low excitation energy to the prompt decay at high
excited state, to probe the differences, as well as the transition behavior, such as the
excitation mechanism of between normal nuclear matter and extreme neutron—abundant
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nuclear matter, and to establish the transport process of isospin equilibrium™.

During the nucleus—nucleus collision, the isospin effects lie mainly on the mean
field effect, the cross section of nucleon—nucleon interaction and the isospin—induced
selectivity of outgoing channels. The ‘transparence’ and the duration of the
projectile—target system are mainly dependent on the mean field interaction. The
nucleon and energy exchanging process, which plays a key role in the energy
deposition into hot nuclei, is ruled by the isospin dependent nucleon—nucleon cross
section. The selectivity of outgoing channels, which reflects the isospin dependence on
decay mechanism, as shown in this article, can bring about deviation of the
observations of hot nuclei from traditional way. Up to now, the relative weightiness
of those three effects of isospin has not been discussed much.

At present, the low beam intensity makes it difficult to directly measure the
isospin dependent properties ‘of hot nuclei by using radioactive secondary beam, and
also, the available secondary beams are rather finite even if the 4m detector array is
used.

In this experiment, hot nuclei with proton or neutron excess were produced by
using a stable proton—rich target '’Sn and a stable neutron—rich one '**Sn, respectively.
Moreover, the probability of o« particle emission of hot nuclei was demonstrated, and
the isospin dependence of nuclear temperature, as well as excitation energy was
investigated.

The experiment was performed at the Radioactive Ion Beam Line, Lanzhou
(RIBLL) with stable beam * Ar of 35MeV / u provided by Heavy Ion Research
Facility, Lanzhou (HIRFL) bombarding on the '*Sn and '**Sn targets, respectively. The
target thickness is 1.78mg / cm® for '*Sn and 1.57mg/ cm’ for '**Sn with abundance
of 73% and 84%, respectively. In order to eliminate the disturbance of pre—equilibrium
emission in the measurement of emission probability and temperature of the
equilibrated hot nuclei, three telescopes with ¢ = 10mm sensitive area were placed at
backward angles 130°, 140° and 150°, 8cm from the target, each consisting of a
fully depleted silicon unit as AE detector and a piece of CsI(Tl) crystal of 20 X 20 X
70mm’ as residual energy detector. The thicknesses of these three silicon AE detectors
are 150pm, 50p and S0pum respectively. The residual energy signal was read out by
photo diode, which was adhered closely with the Csl crystal. The recoil residues were
selected by the 0° magnetic spectrometer at RIBLL and then stopped in a Si (Au)
surface barrier detector with ¢ = 50mm. To eliminate the influence brought by the
shifts of either the beam or the electronics, and to demonstrate authentically the
different decay behaviors between the neutron—rich (target '**Sn) and the proton-rich
(target '*Sn) hot nuclei, we exchanged the two targets frequently in experiment. For
statistical reason, only the inclusive o energy spectra obtained by the single detector
at 140° are shown in Fig 1. The parts below 20MeV in both spectra are ignored for
the unreliability caused by insufficient precision of calibration and unpredicted triggers
of noises.

Some interesting phenomena are shown in Fig 1. First, although the excitation
energy of the hot nuclei formed in the reaction * Ar+ '** Sn is lower than that in
“Ar+ 'Sn, the nuclear temperature of 5.1MeV in the former is observed higher than
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4,9MeV as in the latter. Second, the 10 E
probability of emission of « particles is
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about 4.8 times higher in proton—rich g

hot nuclei than that in neutron—rich 10

nuclei after normalization to the beam 102— P
integration. Third, the appreciably P . .00 N\ Ti
enhanced tail of high energy in the 103:‘? S 0y ey (D)

spectrum of the proton—rich hot nuclei
indicates that the yield of higher energy 102
o particles is more abundant than that 10
in neutron—rich hot nuclei.

The reaction mechanism in heavy
ion collision is rather complicated. The E/MeV
size and excitation energy of hot nuclei
formed in the collision vary largely with
the impact parameters. For a certain hot
nucleus, its mass, as well as excitation
energy, is quite different in different
stage along the long decay chain.
Usually, the nuclear temperature measured in experiment is a so—called ‘apparent
temperature’, which is averaged over the whole decay chain of a certain kind of hot
nuclei.

In this experiment, since the measurement is averaged over all impact parameters,
the difference of the results of the two systems comes presumably from their isospin
difference by the way of the selection of outgoing channels. In the case of center
collision in this energy region, the hot nuclei are formed up to very high temperature™
and close to the multifragmentation region®. Due to the Coulomb repulsion, the
protonrich system of *Ar+ '’Sn is transiently put to the Coulomb unstable region,
where its o decay chain starts at very highly excited state or even non—equilibrated
stage with affluent emission of high energy particles. Furthermore, selectivity of
outgoing particles governs the decay behavior in the long decay chain for a hot
nucleus far from stability line to de—excite to its destination™ i.e. emission of protons
and o particles is suppressed in neutron-—rich system but dominant in proton—rich case.
Thus, o emission mainly occurs at earlier stage on the de—excitation chain in
neutron—rich hot nuclei with higher excitation energy in “Ar+ 'Sn. As a result, the
measured ‘slope temperature’, as an average parameter along the de—excitation chain,
should be higher, although the average excitation energy is lower than that for *Ar+
"2Sn reaction. Moreover, in the spectrum of o particles for “Ar+ '?Sn, the obvious
deviation of the high energy tail from exponential law indicates that these o particles
may be mainly emitted before the system reaches equilibrium due to the increasing
Coulomb instability of hot nuclear system far from P instability line.

The author wishes to express his appreciation for the assistance given by the
staffs of HIRFL and the cooperation of the RIBLL group.

Ty

i
T

—

&
al

2

8

100

Fig.1 « energy spectra obtained by the single
telescope at 140° of the proton—rich (a) and the
neutron—rtich (b) hot nuclei, respectively
Solid curve is the fitting result, and dashed curve is

drawn to guide the eyes.
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