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The angular distributions of 6.8-Mev protons elastically scattered by Cr52•53 , Ni58,60,62, and 
Cu63•65 isotopes were investigated. Appreciable differences in the variation of the differen
tial cross sections were found in the various isotopes. The results indicate that in scattering 
studies the individual features of the nuclei should be taken into account. 

IN recent years, in connection with the develop
ment of the optical-model concept of the nucleus, a 
series of detailed investigations of the angular dis
tributions of nucleons elastically scattered by nu
clei was carried out within a wide energy range. 
Comparison of theory and experiment showed that 
the optical model of the nucleus is sufficiently ef
fectual for the description of scattering processes. 

However, almost all the studies of nucleon scat
tering were carried out with targets of natural iso
tope composition. The results obtained refer there
fore to the averaged result of scattering by the dif
ferent isotopes contained in the investigated target. 
It was difficult or simply impossible to observe in 
such measurements the peculiarities in the scatter
ing by any individual isotope. Nonetheless, the pe
culiarities of "isotopic" scattering had been 
pointed out in a number of papers. Thus, in the in
vestigation of elastically scattered protons by a 
group of nuclei with Z = 24 to 30, a substantial 
change in the angular distributions was noted from 
element to element. 1- 6 Inasmuch as the mass num
ber of the scattering nuclei changes little, similar 
results fit the optical-model concepts poorly, since 
to describe the above group of nuclei they require a 
considerable and irregular variation of the model 
parameters. This obviously raises the question of 
investigating separated isotopes. The first exper
iments in this direction showed that the angular 
distributions can change to a large extent from iso
tope to isotope. 7- 10 

At present, the theoretical interpretation of 
these effects in the scattering of nucleons by nuclei 
runs into many difficulties. It is therefore desir
able to investigate the scattering of nucleons by 
separated isotopes in a broad energy range. The 
accumulation and systematization of experimental 

data will add to our knowledge of the structure of 
the nucleus and of the interaction of nucleons with 
nuclei. 

The present work is devoted to a study of angu
lar distributions of elastically scattered 6.8-Mev 
protons by the Cr52•53, Ni58•60•62, and Cu63,65 

isotopes. 

EXPERIMENTAL METHOD 

Protons with an energy of ( 6.8 ± 0.1) Mev were 
obtained in the cyclotron of the Physics Institute of 
the Ukrainian S.S.R. Academy of Sciences. Mter 
extraction from the accelerating chamber, the beam 
was focused by magnetic quadrupole lenses, de
flected by 30°, and passed through collimating dia
phragms to the target. The target was placed at the 
center of a scattering chamber of 1.6 m diameter. 

The scattered protons were registered by a 
scintillation spectrometer consisting of a Csi( Tl) 
crystal, a FEU-20 photomultiplier, and of an 
AIMA-1 (reference 6) 50-channel pulse-height ana
lyzer. The spectrometer in a special jacket was 
fixed to a mobile bracket in the scattering chamber 
and could be rotated about the target. The large 
dimensions of the scattering chamber assured good 
geometry. 

The measurements were carried out every 5° 
from 20 to 160°. The precision in the setting of the 
scattering angle amounted to 0.3°. The energy res
olution of the scintillation spectrometer at its half
width was 4-6%, depending on the effective target 
thickness. The relative proton flux on the target 
was measured with the aid of a scintillation counter. 

The energy spectrum of the scattered protons 
was registered at each angle where measurements 
were carried out. The statistics of the elastically 
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scattered proton group were chosen such that the 
statistical error should not exceed 2%. The group 
of elastically scattered protons was segregated in 
the energy spectrum. The results obtained for 
each angle were reduced to one and the same value 
of the monitor reading; the relative angular distri
bution was thereby determined. 

After going over to the center-of-mass system 
(c.m.s. ), the value of the differential cross section 
(in arbitrary units) was multiplied by sin4 ( 0/2), 
and was normalized to unity in the 20° range. Under 
the natural assumption that in the region of angles 
on the order of 20° pure Rutherford scattering takes 
place, the above-mentioned quantity is the ratio of 
the experimental cross section to the Rutherford 
cross section. 

Targets in the form of thin 3- to 5-fL self-sup
porting foils, enriched to contain 93- 98% of the 
investigated isotope, were used in the experiment. 
The composition of the targets is listed in the table. 

MEASUREMENT RESULTS AND DISCUSSION 
OF THE DATA 

For most nuclei studied in this work, the energy 
resolution of the scintillation spectrometer was 
sufficient to separate the group of inelastically 
scattered protons from the group of those elastic-· 
ally scattered. One example of an energy spectrum 
is shown in Fig. 1 
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FIG. 1. The energy spectrum of protons scattered at 90° 
by the Cr52 nucleus. 

The first 1.44-Mev level11 of the Cr52 nucleus 
is well separated in the energy spectrum of the 
scattered protons. This group of protons is easily 
separated from the group of elastically scattered 
protons. At the same time, the groups of protons 
connected with the lower 0.54- and 1.01-Mev levels 
of the Cr53 nucleus may, in view of the insufficient 
energy resolution, contribute considerably to the 
elastic scattering, particularly at large scattering 
angles. The angular distributions of 6.8-Mev pro
tons elastically scattered by chromium isotopes 
are shown in Fig. 2. In spite of the small shift in 
the positions of the angular-distribution maxima 
and minima, our attention is drawn to the consider
ably larger value of the Cr52 cross section com
pared with that of Cr53 in the region of large scat
tering angles. This difference may really be much 
larger than appears from our experiments, if the 
possible contribution of inelastic groups to the elas
tic scattering by Cr53 is taken into consideration. 
It will be possible to form an opinion about the mag
nitude of this contribution after additional experi
ments. Measurement results for the chromium 
isotopes are in good qualitative agreement with 
data on the scattering of 5.4-Mev protons (refer
ence 9). 
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FIG. 2. The angular distribution of protons elastically 
scattered by chromium isotopes. 
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The first excited states of the Ni58, Ni60, and 
Ni62 isotopes are located above 1 Mev ( 1.44, 1.33, 
and 1.17 Mev, respectively). Proton groups cor
responding to the above levels are well separated 
from the elastically scattered proton groups. The 
angular distributions of Ni58 and Ni60 (Fig. 3) are 
similar to each other, and duplicate in the main the 
result obtained with a natural mixture of nickel iso
topes. This is not unexpected, since these two iso
topes constitute the main part of the natural isotope 
mixture. It should be noted that the cross section 
for Ni60 in the range of large angles is somewhat 
larger than for Ni58• This result is in good agree
ment with the observations made10 in the scattering 
of 40-Mev protons by these isotopes. 
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FIG. 3. The angular distribution of protons elastically 
scattered by nickel isotopes. 

The angular distribution for Ni62 differs 
sharply from the analogous curves for the two 
lighter nickel isotopes. In the range of angles 
above 120° the differential cross section decreases. 
If account is taken of the fact that in going over 
from one isotope to the other the number of neu
trons changes only by two, this result is somewhat 
unexpected. Nonetheless, this effect does not con
tradict the experimental results with 5.4-Mev pro
tons. 7 

The variation of the cross sections with angle 
for the Cu63 and Cu65 isotopes is completely 
identical (Fig. 4). However, the curve of the heav
ier copper isotope is shifted towards smaller an
gles by about 5° relative to the Cu63 curve. An 
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FIG. 4. The angular distribution of protons elastically 
scattered by copper isotopes. 
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analogous result is obtained in the scattering of 
19. 6-Mev protons by the same isotopes. 7 We note 
that the variation of the cross section with angle 
for Ni62 is in the main analogous to that observed 
for cobalt and copper isotopes. 

It is known that in calculations according to the 
optical model the change in the imaginary part of 
the potential W causes a change in the maxima 
and minima of the differential cross section. 12 On 
the other hand, the imaginary part of the potential 
is connected with the value of the absorption. With 
decreasing W the absorption decreases; at the 
same time the differential cross section in the re
gion of large angles increases. Thus, it is possible 
to speak of a possible change in the value of the ab
sorption on going over from one isotope to another. 
At the same time, one can expect a somewhat dif
ferent value of the elastic-scattering cross section 
connected with the formation of a compound nucleus. 
Taking account of interference effects, one can ex
pect different results for the scattering. A similar 
set of arguments could serve as an explanation of 
such a considerable difference in the scattering by 
neighboring isotopes. 

Obviously, the interpretation of the scattering 
results by separated isotopes, within the frame of 
the optical model, requires a considerable varia
tion of the model parameters. This refers not only 
to the value of the imaginary part of W, but also 
to the real part of the potential V and to the radius 
R. The two last parameters are connected with the 
shift of the angular-distribution curves, and, as we 
have seen, for neighboring isotopes this shift may be 
considerable. 

Apparently, to obtain fuller agreement between 
theory and experiment, account must be taken in 
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the optical model not only of the spin-orbit inter
action of the incident proton but also of the effect of 
the shell structure of the nucleus on the scattering 
process. 
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