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Abstract

Spectra of light particles eTétteg at 0° vere
measured in react&ons in?uced ?gl o, Uygz 22Ne
and *“Ar ions on 197y Ta and Th tar-
gets. Incident energies were in the range 5-10 MeV/A.
Almost all the spectra extend in energy to the
vicinity of the two-body kinematic limit.

Heavy ion reactions involving light charged
particle emission have recently attracted the atten-
tion of both experimenters and theoreticians.

Among these reactions, the process involving the
emission of energetic light charged particles is of
special interest.

As shouwn earlierl’z), the interaction of two
complex nuclei can be accompanied by emission of a
large number of o -particles whose formation cross
section makes up a considerable part of the total
reaction cross section. It has been observed experi-
mentally that the yield of energetic & -particles
increases significantly compared with that expected
from calculations using the evaporation model of
compound nucleus decay ). In this case most of the
projectile energy is carried away by & -particles
whose angular distribution is observed to be strong-
ly forward peaked.

The oC -particle energy spectra measured at
an aaale of 0° in different reactions induced by
the 4“Ne ions are presented in fig. 1. From the
data obtained it follows that the oK -particles
having velocities above the projectile velocity
are formed with a noticeable cross section. The
estimate of "nuclear temperature" Tex made assum-
ing that the dependence of the cross Bection on the
emitted particle energy E  is describable by the
relation P(E) = (E-B) _ €E/T), where B is the
effective barrier and°YPis the temperature, shous
that T is a factor of about 3 higher than the
compouﬁépnucleus temperature. This difference
increases with increasing projectile energy. It
should be noted that almost in all cases the maximum
o -particle energy.is only by several MeV lower
than the maximum gossible energy which can be car-
ried avay by the “"He nucleus and which is determin-
ed by conservation laws under the assumption of the
two-body nature of the process. The emission of
the heavier particles ( ’aHe, »7+8Li, 7,9Be) with
relatively high probability has been observed in
all the reactions investigated. To study the process
involving the emission of light charged pazgicles
ve used_targetg.made of varioyg elements Ti,
197p4, 15?12 53th) and the Yg0, 20Ne, 2£Ne and
40Ar ion beams with an energy of 5-10 MeV/nucl.
Energy spectrum measurements were carried out at
0° by using a magnetic spectrometer. Light particl-
es were detected and identified by means of a semi-
conductor A E-E telescope placed in the focal plane
of a magnet. The energy speﬁgfa ogzlight charged
particles for the reaction Th+““Ne are shown in
fig. 2. These spectra have well pronounced maxima
in the exit channel. It is also seen that the cross
section for forming the isotopes of a given element
increases as their binding energy grows. Another
important peculiarity of these spectra is the fact
that almost all of them reach the maximum possible
energy calculated on the basis of the law of conser-
vation of energy and under the assumption of the
two-body nature of this process. Apparently an

exception is the spectrum of the 8He nuclei, which
has the form of a narrow distribution with a FWHM

of not more than 10 MeV. Thus, as shown earlier,

in the given case of emission of energetic particles,
the fast particle emitted at the initial stage of
the reaction carries away practically the entire
thermal energy while the residue, foremd at the fol-
loving stage, with mass (A_+A_ -A ), vhere A is
the mass of the particle eﬂitted, will possess mini-
mum excitation energy. We shall not consider the
mechanism of such a process, which needs a thorough
theoretical analysis and would only like to note
some aspects of using reactions of this type to pro-
duce nuclei with uncommon properties.

First, as noted above, we have shown}sarlier
for reactions involving fast oK -particles”™’ that
these reactions can lead to the production of nuclei
wvith almost zero excitation energy. The cross sec-
tions of such processes, as follows from the spect-
ra measureg for non-fissioning nuclei, can amount to
10-31 _1032 cm2. Therefore it is evident that the
reactions involving thE emissign of energetic charged
particles, especially "He and “Be, are a promising
method for synthesizing new heavy and superheavy
nuclei. In certain cases the energy spectra are cut
off 5-8 MeV before the kinematic limit. This diffe-
rence can be determined by the residue rotational
energy, which may produce a few dozens of the h
units in the grazing collision of nuclei. This
problem needs a detailed consideration too, and ex-
periments are currently underway to measure the
angular momentum of the residual nuclei after the
emission of fast charged particles. The availability
of rotational energy in residual nuclei can lead to
another important trend -- the production of rapidly
rotating "cold" nuclei. In this respect reactions
involving the emission of energetic protons may prove
to be the most advantageous ones. Finally, the rela-
tively high yield of different isotopes in these
reactions can lead to the fﬂrmation of various neut-
ron-rich nuclei, e.g. the ~~He nuclei, the problem
of synthesizing which has recently been raised in
nuclear physics again. Extrapolations of formation
cross sections for He isotopes according to the Q_ -
systematics which describe well the yield of all 9
isotopes of these reactioTﬁ, give values of 10-33cm
for the formation of the __He nuclei in the most

favorable reaction 48Ti +22Ne,

Thus reactions involving the emission of
energetic light particles in the interaction of two
complex nuclei with moderate energies constitute a
nev type of nuclear reactions, which, in all likeli-
hood, reflect the cumulative effect and should be
elucidated theoretically. The use of these reactions
may prove efficient in synthesizing nuclei in uncom-
mon states.
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Fig. 1. Spectra of
induced by 22Ne (178 MeV) on different
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oK -particles at 0° obtained from reactions

targets.
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Fig. 2. Spectra of different light isotopes emitted at 0° in the
reaction 22Ne(178 MeV)+232Th. The arrous indicate the
maximum energy allowed for these ions if the process is
a two-body one. For X -particles the Coulomb barrier is
also indicated by an arrou.
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