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1. INTRODUCTION

The mechanism of ¢ particle emission in the interaction of
complex nuclei is at present one of the most intensively stu-
died aspects of heavy ion physics. There are some review artic-
les dealing with the experimental data in this field and various
theoretical models proposed ton explain them 715/, Here we shall
consider only one, but very interesting, from our point of
view, effect which for first time has been observed in our
studies of heavy-ion reactions at bombarding energies of
7-10 MeV/nucleon ’®/. At these heavy-ion energies a particles
with energies of 30 MeV/nucleon and even more’%® were obser-
ved in the exit channel at 0° with respect to the beam direc-
tion. It has been found that the experimentally measured maximum
a particle energy almost amounts to the maximum possible
value calculated from the reaction energy balance for a two-
body exit channel, i.e., that some kind of a cumulative process
is involved in the formation of high energy a particles. The
subsequent energy spectra measurements at 0° showed that in
all the reactions we have investigated, other light charged
particles—aad nuclel 2re 2lss emitted with ralativelv larce
cross sections (1:2:3y | 3.4,6,8Ye , 8,781 , 798 , etc.)
and with velocities several times exceeding that of the bom-
barding ions. As in the case of a particles, the end-point
energy of the spectra of these light charged particles (except
8He ) is only a few MeV lower than the maximum possible energy
available for a given particle according to the laws of con-
servation. Thus it is likely that these other particles are
produced as a result of some cumulative mechanism of fast
particle formation.

An important information on the mechanism of reaction pro-
ducts formation can be obtained on the basis of their angular
distributions, as well as from the dependence of their yield
on the bombarding energy (excitation functions). The aim of
this work is to investigate the angular distributions and
excitation functions of light charged particles in the reac-
tion 181y, 22 Ng,

2. EXPERIMENTAL SET-UP

Experiments were carried out on an external beam from the
300 cm heavy ion cyclotron of the JINR Laboratory of Nuclear




Reactions. The 2?2Ne -beam of a maximum energy of 178 MeV bom-
barded a metallic 181Ta target after passing a collimator sys-—
tem. The target thickness was chosen to be 2.8 mg/cm? so as

to ensure an energy resolution of the ions, after passing it,
not worse than that of the primary beam. The measurement of
the energy spectra of light charged particles was performed
with the help of a MSP-144-type magnetic spectrometer and a

special detecting system placed in its focal plane. The resolu-

tion of the spectrometer was Ap/p = 2.10~? and the magnetic
rigidity 1.0 <Bpg1.6 (ref.”® ).

better than 0.17%.

In the spectrometer focal plane, which is about 1500 mm long

a detector system was placed consisting of 8 pairs of silicon
detectors — a AE-detector 80 um thick, and an E-detector 2 mm
thick. The position of the telescopes in the focal plane
was chosen so as to ensure equal energy intervals between them,
determined by the square-law dependence of the particle
energy on the radius of its trajectory in the magnet. The gi-
ven detector system covered 600 mm of the focal plane. This
allowed one to measure only a part of the energy spectra at
a time, thus ensuring almost equal counting rates of the teles-
copes. The different parts of the energy spectra were measured
simply by varying the magnetic rigidity of the spectrometer.
The energy calibration was carried out by measuring the same
w TpATTiICTe enerygy ailernateiy by the diirerént teiescopés,
this energy being varied with the magnetic rigidity. The ab-
solute detection efficiency of the system was estimated as
the ratio of the intensity of all the charge states of the
ion beam detected by the telescopes to that registered by the
detector serving to monitor the beam and placed at 20° with
respect to it. The thus determined inlet solid angle of the
spectrometer amounted to 5:10 ~4 ar. The magnetic spectrometer
could be rotated to stand at different angles with respect
to the beam direction, and its position could be determined
with an accuracy of 1°. The energy resolution of each AE-E
telescope was determined by the relation AE = 2EAR/R. Here E
is the energy of the detected particle, AR is the projection
of the telescope diameter on the focal plane, and R is the
radius corresponding to the telescope position in the focal
plane. The energy resolution of the detection system evaluated
in this manner was AE/E ¢ 2%. The value of AE was calculated
for each telescope separately and was subsequently used to
determine the absolute differential cross sections.

Pulses from the AE-E telescopes were fed into an electro-
nic circuit consisting of analog and digital devices’19/.
After amplification, each pair of pulses from the different
telescopes arrived in a multiplexer, which was triggered by

The magnetic field was measu-
red by means of a Hall-effect detector. The field stability was

a coincidence system in turn triggered by the simultaneous ar-
rival of pulses from the AE and E detectors. From the multi-
plexer, the information having the form of three-digit words
(the energy channel numbers of the AE and E detectors, and the
number of the corresponding telescope) was fed, via a control-
ler, into a SM-3 computer. This registration system provided

a counting rate of 103 events per second.

In order to study the angular distributions of the most
intense parts of the energy spectra measurements were carried
out in a reaction chamber in the angular range of 15° to 165°.
The light particle energy spectra were measured with a AE-E
semiconductor telescope consisting of a 40 ym AE detector and
a 2 mm thick E-detector. The solid angle subtended by the
telescope was 10 3 sr. The beam was monitored by means of a
surface-barrier Si(Au) detector placed at 20° with respect to
the incident -beam.

The technique used to measure the energy spectra at forward
angles allowed one to determine the formation differential
cross sections with a sensitivity of up to 10 -® mb/MeV sr. This
permitted the accurate determination of the cross sections
in the region of the end-point energies.

At such cross section values it is rather important to
estimate the contribution of light element admixtures in the
target, especially the !2C contamination. The determination of
light element contaminants in our case was done by studying
the qrarrer{ng nf T MoV 31 nuclei af an gng'ln anf 125° An rhe
Van de Graaf generator EG-5 of the JINR Laboratory of Neutron
Physics. The contamination could be estimated up to 10”2 at/at.
Within the experimental error light element contaminants in the
181Ta ~target were not observed. Hence, taking into account the
previous data on the yield of ¢ particles from reactions on
a 12C-target’®/, a conclusion can be drawn that the contribu-
tion of light element contamination of the Ta target to the
high energy part of the a particle spectra E, > 100 MeV) does
not exceed 107 of the cross section.

3. EXPERIMENTAL RESULTS

Figures 1,2 show the laboratory energy spectra of light par-
ticles with Z = 1-4, measured with the help of the magnetic
spectrometer at different angles. These data show that the
intensity of the high energy tails of the spectra increases
as the angle of observation is decreased. Moreover, at small
angles relatively large cross sections are seen for the partic-
les whose velocities significantly exceed the beam velocity.
For example, for the a particles this velocity is twice while
for protons even 4 times greater than the velocity of the 22Ne
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isotopes measured at different angles in the reaction
181m, | 22 Ne (178 MeV). The curves are drawn to
guide the eye.

beam. The high sensitivity of the experiments described allowed
us to measure cross sections which are about seven orders of
magnitude lower than the cross section corresponding to the
most probable energy. Consequently, it was possible to inves-—
tigate some features of the spectra close to the respective
kinematic limits. In fig.3 one can see the angular dependence
of the a particle energy spectra, these spectra fairly sharply
deviating from the exponential fall at energies of about

80-90 MeV. In addition, in the energy spectra there is a gap
between the so-called kinematic limit calculated on the basis
of the laws of conservation by assuming a two—body exit
channel/8/ (in fig. 3 the kinematic limit is indicated by

an arrow on the E., axis ) and the experimentally measured end-
point energies. It is noteworthy that at forward angles (0°,
10°, 20° ) the measured end-point energy comes nearest to the
kinematic limit. However, as the observation angle is increased

4

1
T
e

] L 1
v 0 °
e e e
1SAN/qUN 3P zsp/azp

1
-~
i
(=]

20 40 60 80 100 120 2t 40 60 80 100 120 20 40 60 80 100 120 20 40 60 B0 100 120

©20 40 60 80 100 120

ELab( MeV)

Fig.2. Laboratory energy spectra of l.i and Be isotopes, measured at different
angles in the reaction 181Ta +22Ne ( 78 MeV). The curves are drawn to guide the

eye.



N oo ——— Fig.3. Centre—of-mass a particle ener-
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The angular differential distributions of a particles and
protons are shown in figs.4 and 5. As is seen from the
figures, the angular distributions for different energy bins
behave differently - they are strongly forward peaked for the
high-energy part of the spectra. e

Figure 6 shows the angular distribution of a particles Cisaom/aw: 30 BR/5 P
emitted in the reaction 181Ta (22Ne,q) at 178 MeV beam
energy. Using this distribution, the cross section of the
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Fig.6. The angular distribution of a particles.

a particles evaporated can be determined. This cross section
was estimated to be F,on~ 200 mb. The total cross section of
a particle formation obtained by integrating over the curve
of fig.6 amounts to 0; = 595+50 mb., Keeping in mind that the
geometrical cross section of the reaction is op = 2000 mb, it
can be concluded that the cross section for the formation of
a particles not connected with evapolation from the compound
nucleus is about 20%Z of the total reaction cross section. The
angular dependence of the energy spectra can be given in a
three-dimensional presentation (N,E,, ) using the so-called
Wilczynski diagrams 711/, In fig.7, where such a diagram is
presented, one can follow the evolution of the a particle
energy spectra measured in the reaction !81Ta + 228Ne as a func-
tion of the angle. It is seen that the yield of a particles
has a maximum value at 0° and, besides, at forward angles
their spectrum is the hardest one. The diagram significantly
differs from what one could expect for a transfer reaction’12/,
Figure 8 shows the energy spectra of a particles measured
at 20° with respect to the beam direction at incident energies
of 116, 14} and 178 MeV. As is seen from these data, the a
particle yield diminishes with lowering the energy of incident
ions. The slope of the high-energy part of the spectrum changes
significantly, too. The most probable a particle energy as the
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Fig.8. The @ particle energy
spectra for the reaction 181Ta +
+ 22Ne measured at 20° with res-
pect to the beam direction at
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bombarding energy decreases approaches the value of the exit
channel Coulomb barrier. It is also necessary to note that the
particle kinematic limit is approached at the same cross section
level irrespective of the bombarding energy.

4. DISCUSSION

A comparison of the experimental light particle energy spect-—
ra with the ones calculated in the framework of the evaporation
model shows that in all the spectra, measured at forward
angles, a significant contribution due to preequilibrium emis-
sion can be observed for the bombarding energies used. Even in
the case of a particles detected at 90° where the observed
spectrum is close to the calculated one (fig.3), the intensity
of the high-energy component exceeds the calcullated value. The
cross sections of the heavier particles (the isotopes of Li
and Be ) fall faster with increasing angle than in the case
of protons and a particles. Thus at angles greater than 40°
particles with Z >3 were not observed in the range of experi-
mental sensitivity of 10733 cm®/MeV.sr. This implies that
these particles are formed solely in a direct process.

As till now there is no unified theoretical description of
the light-charged-particle emission mechanism in heavy-ion
reactions, we shall try to interpret our data on the basis
of the existine mnadels. Tn onr oninian  the mner imnartant
aspects of the problem of light-charged-particle emission which
need a theoretical explanation are the following ones: the
determination of the number of the components contributing to
the energy spectra (i.e., the number of emission sources),
the relative intensity of the emitted particles, their most
probable energy, and the behaviour of the cross section in the
vicinity of the maximum energy of the ejectiles.

Several theoretical models exist, which are based on the
concept of a "particle source'" and are used to describe the
inclusive spectra’/13-17/, 1In all these models it is assumed
that the energy imparted to the composite nuclear system is
localized in some region consisting of nucleons belonging to
both the projectile and the target. Such a formalism was deve-
loped in ref. /15’ yhere the time dependence of the so-called
temperature and that of the "hot spot'" velocity was calculated.
It seems to us that averaging these quantities over time and
taking into account the Coulomb repulsion in the exit channel
lead to results which can be obtained in the framework of
a model describing particle emission from a single source’ 1617/,

In order to elucidate the existence of such a source we drew
the velocity diagram by transforming the experimentally mea-
sured cross sections (4%0/dEsw);,, into the Lorentz-invariant

10

form d%/pdEdQ. Here E =p22m. For simplicity these cross sections
are presented as a function of the velocity components parallel
and perpendicular to the beam direction, V, and v, respectively.
This kind of presentation of the experimental spectra is shown

in fig.9. The analysis of the data of fig.9 shows that the exis-
tence of two sources is possible. The velocity of one of them
coincides with the centre-of-mass velocity ( v, y=0-0143 c)

and refers to the emission of particles at backward angles. The
distribution of particles in the forward hemisphere allows one

to determine the velocity of the second source equal to V =

= 0.053 c. This value is close to half of the projectile velocity
after slowing down in the Coulomb field (v, ~ 0.089c). Thus
simple kinematical cousiderations show that in principle, in

the interaction of two complex nuclei, several particle emis-
sion sources can exist.

On the other hand, within the framework of the moving source
model’17/ the energy spectra at all observation angles can be
described by means of an equation including the velocity of
the particle source, its temperature, the mass of the particle
and the emission angle. Using this formalism we tried to descri-
be our experimental @ particle energy spectra. However, in con-
trast to the results of ref.”!?/, we have not succeeded in ob-
taining a satisfactory agreement with the experiment merely
assuming a single source. Bearing in mind that at bombarding
energies below 10 MeV/nucleon the process of particle evapora-
tion from the composite system plays a significant role, in
oraer to aescribe the energy spectra we used two emlssion sour-
ces.

The parameters of the first source, describing evaporation
from the composite system, were determined in our case by
fitting the calculated spectra at backward angles to the ex-
perimental ones. The velocity of this source ( vV =0.0143c)
was taken from the velocity diagram (fig.9). For the same
source a temperature was obtained equal to 3 MeV which exceeds
by | MeV the one expected for the compound nucleus. Taking
into account the contribution to the cross section from the
second source, whose velocity determined from the Lorentz-
invariant cross-section diagram is 0.053c, while the tempera-
ture is 4.53 MeV, 1t can be shown that this contribution
decreases with increasing emission angle. This fact is in
contradiction to the initial assumptions of the given model
about the isotropical emission of particles in the rest frame
of the source. The observed decrease of the contribution to
the cross section when increasing the angle may indicate the
comparatively short lifetime of this source in comparison with
the rotational time of the system formed.

An attempt was also made to analyse our data within the
framework of the rotating hot spot model /17/. The latter dif-

11
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v, and v, are the velocity components parallel
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to the emission of a particles at forward angles are
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fers from the moving source model in that it assumes the tem—
perature to increase as the angle decreases while the source

is moving with the velocity of the composite system (0.0143c).
However, in order to describe, in this model, the light partic-
le energy spectra quantitatively at different angles it was
necessary to assume the "source'" velocity to be 0.039c. This
high value may imply a summation of the rotationmal velocity of
the system with the recoil velocity. From the angular dependen-—
ce of the temperature (fig.10) for the emission of a particles
the time interval necessary to achieve the equilibrium tempera-
ture can be estimated. As is seen from fig.10, the decrease

of the "spot" temperature as a function of angle can be fit-
ted by an exponent. In this case, the average value of the
rotation angle of the system can be evaluated equal to 40°, On
the assumption of a grazing collision the velocity of the
heated spot was estimated to be 10 ~2! rad/s. Hence, the
lifetime of the heated spot was calculated equal to 7-10 722 g,

12

The estimate of the interaction time, or the lifetime of the
"source', carried out on the basis of the rotating hot spot
model gives quite an approximate, but nevertheless, a suffi-
cient value which allows one to interpret the process of emis—
sion of high-energy particles as a fast one. The strong forward
peaking of the angular distribution of fast charged particles
(figs.4,5) and also the information about the independence
of the fast particle emission channels from the subsequent
decay of the residual nucleus, obtained in our earlier paper/18/
dealing with correlation experiments, also confirm this in-
terpretation of the process taking place in the early stage of
the reaction (t;,, ~ 10722 5). In this case, the process of
the formation and emission of high—energy light particles
seems to be a direct process which can be interpreted making
use of the basic concepts of direct reaction models.

Unfortunately up to now, a strictly quantitative theory
of direct reactions, within the framework of distorted waves,
has been developed only for the simplest projectiles. However,
the existing, mainly qualitative models of direct reactions
with heavy ions allow one to make some basic predictions about
the characteristics of these nuclear reactions. Models of di-
rect reactions with heavy ions, for the explanation of the
formation mechanism of fast charged particles, are presentlz

being developed /4:19.20/,  The concept of "massive transfer" 21/

has formed the basis for one of these models. In accordance
with this model a nortion of the proiectile is transferred to
the target while the rest of it flies on. The development of
this approach in ref.’22/ was called the "sum-rule" model and
showed that the fraction of the projectile is captured by the
target nucleus on the condition that the imparted angular mo-
mentum does not exceed the critical value of angular momentum
for the combination target + the fragment transferred.

Within the framework of this model we calculated the absolute
values of the emission cross section of different particles
and nuclei. The calculated ratios of these cross sections are
equal to the experimental ones. An exception are the values for
protons and a particles. The cross section for a particle for-
mation in the reaction !81Ta +22Ne at 178 MeV bombarding ener—
gy was calculated to be 245 mb, taking into account the contri-
bution from the B8Be-breakup. This result is ~150 mb less than
the experimental cross section. It seems to us that the obser-—
ved difference can be explained in the following way. From
energy balance considerations it follows that after an a par-
ticle is emitted with the most probable energy the residual
nucleus has an excitation energy equal to 95 MeV. At this
excitation energy the evaporation of a particles from the resi-
dual nucleus takes place with high probability. If these a

13



particles évaporated are taken into account it is possible to
obtain a better agreement between the calculated and experimen-
tal cross section values.

From the calculations done in terms of the "sum-rule" model
it also follows that the formation of ¢ particles takes place
in a narrow angular momentum window from 65h to 85h with the
highest probability at 75h. This means that the given reaction
is localized on the surface of the nucleus. Using the estimated
values of the angular momentum, and assuming the rigid-body
moment of inertia of the composite system, its velocity can
be obtained. It is equal to 0.050c, and is in good agreement
with the source velocity determined by the diagram of Lorentz-
invariant cross sections in fig.9.
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Fig.10. The angular dependence of the
temperature (upper part). The broken
line corresponds to the temperature
calculated for evaporation from the
compound nucleus. The lower part shows
the difference between the experimental
and calculated ( Tgy= 2.24 MeV) tem—
peratures on a log scale.

In(T(8) - Ten!

200 40 60 80 100 120 140 160 Oiap

In the given approach of the "massive transfer' model it
is supposed that the imparted angular momentum is divided bet-
ween the ejectile and the fragment transferred proportionally
to their masses. The same assumption was made by us with res—
pect to the kinetic energy of the bombarding ion. Under this
assumption one can define the most probable energy of the
ejectile as follows:

A
S—ED]';-ECOSge, (])

P
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Table
A comparison between the ex—
perimental most probable ener- tile X at a distance
gies of the particles emltted R=-15(A13 , Al/3 )
in the reaction !81Ta+?2Ne and % - the dentre-of-mass
the calculated ones at a labo- P energy of the pro-

where E;(R) is the Coulomb
repulsive energy of the ejec-

ratory angle of 20° jectile,
E, - the separation ener-
Particle Ep, (MeV) Epp (MeV) gy of the ejectile
Experiment Calculation X,
V., (R)~ the energy corres-
P 1142 12.71 ponding to the
d 16+2 14.65 Coulomb decelera-
t 17+2 16.7 tion of the projec-
3He 32+4 26.0 tile at a distance
“He 29+2 30.5 R,
2He 35+4 32.8 Ay~ the mass of the
6H§ 33 32 ejectile
Li 40+4 40.7 A, - the mass of projec-
"Li 45%2 43.8 tile,
8Li 44+2 42.5 Ep~ the dissipation
Li 47 41.2 energy,
9Be 5442 56.8 ¢ - the ejectile centre-
of-mass emission
angle.

The values of the most probable energies of the particles
emitted in the reaction 81Ta?2Neare presented in the Table,.

It seems to us that in the framework of the model under consi-
deration it is possible to understand the increase in E,, with
the isotope mass (see fig.2) and also the decrease in E P in
going from SHe to ®He as being due to increasing separation
energy Eg .

The approach being developed at present/4£3/, on the basis
of the breakup-fusion model, allows one to explain the behaviour
of the energy spectra in the vicinity of the kinematic limit.
On our part, using the energy and angular momentum balance for
a given reaction, we tried to find some qualitative presenta-
tions capable of explaining the shape of the spectrum high-
energy tail. In fig.ll we present the relation between the ener-
gy of the a particles emitted and the angular momentum of the
residual nucleus for the reaction 181Ta 4 22Ne at the two values
of the 2°Ne-energy 178 MeV and 116 MeV, on the assumption of
a two-body process occurring in a peripheral collision. The
region of the emitted a particles is limited, on the one
hand, by the yrast band of the residual nucleus (199T1) and
by the curve showing the energy dependence of the maximum angu-
lar momentum carried away by the g parcicle (the so-called in-

15
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Fig.11. The residual nucleus angular momentum as a func-

tion of the energy of the emitted @ particle in the re-
action 81Tas 22Ne at two energies of the incident beam,
116 and 178 MeV. The calculations are performed for a
binary process on the assumption of a peripheral col-
lision. E* is the excitation energy of the residual
nucleus 199T1, 1, is the angular momentum carried

away by the a particle, and Qg,=-31 MeV. The maximum
value of 1 as a function of the a partlcle energy

E_ 1is presented by the full curve. Shown in the figure

a
is also the yrast line of the nucleus 199T1,

verse grazing curve), on the other. This dependence is de-
termined by the relation usually used for calculating

As is seen from fig.11, at the 22Ne energy of 178 MeV the
curve of inverse grazing crosses the yrast-band one at 115 MeV
a particle energy. For this value of the 4 particle energy,
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as was mentioned earlier, a change in the slope of the energy
spectrum (see fig.3) has been observed, even though, according
to conservation laws, the em1531on of an a particle having an
energy of 125 MeV is p0351b1e 7/, A similar analysis for

116 MeV bombarding energy shows that in this case the emission
of particle takes place at energies up to the kinematic limit.
It is noteworthy that the authors of ref./4/ obtain the same
result when using the mathematical recipe of the direct reac-—
tion model.

The m1crosc0p1cal approach to the description of a particle
spectra, which is presently developed /%:19:20/ is based on the
application of the distorted-wave method to the inclusive pro-
cesses of the projectile break-up and stripping of the heavy
fragment, which are studied as direct processes. The quantita-
tive estimates’23/ supported the qualltatlve explanation of
the particle energy spectra given in ref /%, including the
behaviour of these spectra near the kinematic limit.

Using a quasiclassical appr0x1mat10n and simplifying the
initial formulae, the authors of ref. 4/ obtained, for the
cross section of the heavy fragment transfer, a relation contai-
ning an additional exponent: exp(CA(OLG/R), where Cy = L; -

— L cos6-A, A being the angular momentum of the re51dua1 nuc-
1eus, L, is the angular momentum brought in by the projectile,
and L; is the angular momentum carried away by the ejectile
emitted at an angle 6.This factor reflects, in principle, the
angular momentum conservation law. As the total cross section
inciudes Lhe sum over A, tor high excltation energies of the
residual nucleus (small E. s ) one can always find such values
of A for which C) =0 and the corresponding exponent becomes
equal to 1. The residual nucleus is formed with greater pro-
bability exactly at these values of A. When E, increases,
however, the residual nucleus excitation energy falls resulting
in a decrease in the maximum possible, for this nucleus,
angular momentum, which corresponds to the given excitation
energy (L yrag; ). When the values of A for which C) becomes
equal to O exceed 14wast .exp«}A/yR)becomes less than 1 (for
all p0851b1e values of A ) and abruptly decreases with the
further increase in E,. This leads to a change in the slope
near the kinematic limit.

It is not difficult to calculate the value of E, at which
this change takes place. This value corresponds to the rotatio-
nal excitation energy of the residual nucleus

2
- h(L; — Ly cosf) (2)
=B = 5]
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where J is the moment of inertia of this nucleus. The experi-
mental data confirm this behaviour of the calculated spectra
(see fig.3). It should be noted that as the observation angle
increases, the residual rotational energy, as it follows from
eq.2, increases, thus leading to a decrease in the end-point
energy of the emitted particle. This also is confirmed by

the experiment.

CONCLUSIONS

On the basis of the experimental data obtained and their ana-
lysis the following conclusions can be drawn:

1. The interaction between two complex nuclei at bombarding
energies of 6-8 MeV/nucleon involves the emission of light
charged particles (isotopes of H,He,Li, Be ), whose spectrum
end~point energies correlate with the kinematic limits calcu-
lated for a two-body reaction mechanism.

2. The angular distribution of the light charged particles
strongly depends on their energy. The angular distribution of
the high~energy particles is strongly forward peaked.

3. In the case of the heavier ejectiles the kinematic limit
is reached for higher values of the cross section. A decrease
in the bombarding energy does not lead to a decrease in the
particle fOrmatlon CTOSS SELLIVI al cucigevcwe <1030 52 the
kinematic limit.

4. The most probable energies of the particles at forward
angles have values close to the energies corresponding to the
recoil velocity, and approach the values of the exit Coulomb
barriers as the emission angle is increased.

5. The experimental data on the relative formation cross
section of the different isotopes and also the values of the
most probable energies are described by the massive transfer
model 728/,

6. The experimental data on the emission of particles with
energies close to the maximum possible ones can be qualitatively
explained within the framework of the break-ug model with the
sequential capture of the massive fragment/4£ ‘.
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mulating interest in the present investigations. We are also
indebted to V.E.Bunakov, V.I.Zagrebaev, V.V.Kartavenko,
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the experimental data and their analysis. Thanks are also
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Bopua K. w pp. E7-83-440
Yrnosue v aHepreTUUECKHE 3JaRMCHMOCTH BEPOATHOCTH MCNYCKAHUA Nerkux
Afep 8 peakuMAx ¢ woHamu CENe npu 3Heprum < 8 MaB/Hyxnow

HaMepanuch 3HepreTuuecKue M yrnoBwe pacnpegencHus nerkux 3apAKEHHBIX
yact™Mu ¢ 2 = 1-4 npu Bs3aumogercTBMM MOHOB 22Ne ¢ mppom 181Ta, NpogyxTh
PEAKUHH aHANNIUPOBANNUCE MATHWUTHLIM CMEKTPOMETPOM U PErUCTPUPOBANUCH CHCTEMON
na AE-E teneckonos. JHepreTuyeckme CNeKTPpH Nerkux YacTuy AOCTUranT Ku-
HEeMaTUUYeCKUX NPEAEeNoB ANA ABYXTENbHHIX PEAKUMil € YUETOM POTAUMOHHON IHEprwM
OCTaTOuHOro AApa. Yriosoe PacrpepeneHHe BHCOKOIHEPreTHUECKUX YacTHY MMeeT
Pe3kyn HanpaaneHHoCcTb Bneped. MonyueHHue AaHHWE aHANMIUPYIOTCA C MCNONbL=
30BaHWEM DA3NMUHLIX MOAENER: ABMMYWErOCA MCTOUHMKA, BPAWALWErOCA HarpeToro
NATHA, MacCMBHOW nepepauyv, Pa3Bana ¢ MOCNEAYOWMM 3aXBATOM MaCCUBHONO
dparmenta. OTHOCMTENbHHE BLIXOAW Pa3HWX M3OTOMOB, a Takke HauGonee BEPOAT=
HHE 3HepriW ONUCHBANTCA MOAENL MACCMBHONM Nepepaud. KauecTaemHoe nosegeHue
CNeKTPos 86/M3N MAKCHMANLHO BO3MOKHLIX IHEPrUil HAXOAMT OGBACHEHWE 8 paMKax
MOAenu pa3pana C 3axBaTOM MacCHMBHOrO QparMeHTa.

Pabota sunonHeHa B MlaGopaTopun AREpHNX peakuwii OMAM.
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Borcea C. et al. E7-83-440
Angular and Energy Dependences of Emission Probability for Light
Particles in 22Ne-Induced Reactions at 8 MeV/Nucleon

Inclusive energy spectra and angular distributions have been measured
for 1ight charged particles with Z = 1-4 emitted in the interaction of
£2Ne jons with a !®1Ta target. The reaction products were analysed and de-
tected by means of a system of AE-E telescopes placed in the focal
plane of a magnetic spectrometer. The end-point energies of the light
particles correspond to the calculated kinematic limits taking into ac-
count the rotational energy of the residual nucleus. The angular distribu-
tions of the high-energy particles are strongly forward peaked. The data
obtained are analysed on the basis of the moving source, rotating hot spot,
massive transfer and breakup-fusion models. The relative yields of the
different isotopes and their most probable energies are described by the
massive transfer model. The qualitative behaviour of the spectra in the
vicinity, of the kinematic 1imits can be explained in terms of the breakup-
fusion model. -

The investigation has been performed at the Laboratory of Nuclear
Reactions, JINR.
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