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The elastic scattering of electrons from FeS* and Ni%8> was
studied. An analysis in the high-energy approximation ylelded the changes in
the parameters of the Fermi distributions of the charges of these nuclei fol-
lowing addition of nucleons.

In an earlier study [1], we investigated the chan%e of the parameters of
the charge-density distribution in the isotopes Ni 8% and Sn'! 118
and noted the connection between the change of the mean- square radius and the
angular momenta of the added neutrons. It was therefore of considerable inter-
est to study the behavior of the changes of the mean-square radii of the nuclei
Ni®® and N1 2 which has not been investigated earlier, and also of the iso-
topes Fe® 565 58 which, unllke the nlckel and tin isotopes, have an unfilled
proton subshell. The nuclei Fe®® and Ni®? have not been investigated before
with the aid of elastic scattering.

We measured the cross sections for elastic scatterlng of electrons hav1ng
an initial energy 225.0 * 0.2 MeV from the isotopes Fe® 58 and Ni%%, 62
and determined the parameters ¢ and t of the Fermi dlstrlbutlon and their
changes Ag and At following addition of neutrons and protons. The measurements
on Ni®® were made in order to reconcile the measurement data with the results
of [1].

The experimental setup was described by us in [2].

The experimentally obtained cross sections were fitted by least squares
to the theoretical cross sections calculated in the high-energy approximation
with a Fermi charge-density distribution [3], and the parameters c¢ and t were
determined. For a more accurate determination of the changes of the param-
eters, Ac and At, the calculated curves were fitted to the experimental ratios.

Dexp =[o(4,) -olA]1/TalA)) +a(A)) ];

where 0(A;) and 0(A,) are the values of the experimental scattering cross sec-
tions as functions of the scattering angles for the two nuclei whose param-
eter differences are being determined.

Figures 1 - 3 show the values of D as functions of the electron-scatter-
ing angles for the pairs Fe’* - Ni%%, Fe®® - Ni®®, and Ni®°® - Ni®?%. Besides
the experimental points, the figures show the results of the best fitting of
the calculated D to the experimental values. 'The increments Ac and At, ob-
tained in this manner for the parameters of the Fermi distribution of the
charge density are listed in the table [1]. The table also lists the changes
of the mean squared radius of the nucleus A<r2?>!/? and the quantity
v = 3A<r2>1/2p/<p251/2pp [4], which characterizes the deviation of the radius

from the AY/? 1aw.
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Fig. 1. Cross section 4

ratio D = [o(Fe’")
o(Ni%8) 1/[o(Fe®" +

o(N15%%)] vs. the scat-
tering angle.

Solid

curve - best fit of
the calculated cross
section ratio to the
experimental points.

Ni®? 1s equal to 0.68 % 0.09.
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'Fig. 2. The same as in
Fig. 1, but for Fed% -
Ni®®.

Fig. 3. The same as in
Fig. 1, but for Nis® -
Ni®2,

Increment of the parameters of the Fermi distribution of the
charge density c¢ and t, of the mean-squared radius, and of

the value of Y.

and <r?>!/2 = 3,820 + 0.014 F.

The following charge-distribution parameters

were used for Ni%®% [1]: ¢ = L4.140 + 0.017 F, t = 2.46 = 0.02 F,

Ni’®— Fe3¢ | Ni’®—Fe’s | Ni*®~Fe’® | NiS2_Nj® Fe’¢ —Fe’* | Fe’® —Fe’¢
Ac, ¥ | 0.084:0,008 0,107 20,014 0,005 +0,014 | 0,081 40,000 | -0,052£0,017 | 0,092 +0,020
At, F 0.010 +0,013 -0.200 +0,019 -0,071+0,018 0,028 +0,014 0200 + 0,020 | - 0,114 +0,026
A<r3>Y2 T 0,080 0,008 ~0,022 40,013 0,026 +0,012| 0.081 +0,008 0.009 +0,014 0,004 + 0,018
¥ 0.54 10,09 ~048 +0.28 - 0,68 +0,00 150 + 030 | 0,08 & 039

It 1s seen from the table that the lsotopic shift vy for the nuclel Ni®® -

Such a change agrees with the hypothesis of the

angular momenta [1], for on going from the nucleus Ni°® to the nucleus Ni®?, in
which enter in the 2psa/»

accordance with the shell model,
state, should change charge in accordance with the A /3
other two, which enter in the 1fs
should have obtained Yy

by v =

The value Yy =
results of an experiment with u-mesic atoms (y =
of the radius on going from Fe®*
0.08 + 0.39 on going from Fe®® to Fe®?.

» state,

two of the nuetrons

give v =

0.5.

= 0.75 on going from Ni®® to Ni%2,

to Fe® is characterized by v =

law (y =

1), and the
In the mean, we

0.68 = 0.09 obtained by us is in good agreement with the
0.69 * 0.06) [5].
.5+ 0.3,
Starting from the hypothesis

The change
and

that the changes of the charge radii are connected with the angular momenta

270



[1], we should expect y = 1 for both Fe®" - Fe%® gnd Fe®® - me5%, We see that
this i1s in poor agreement with the experimentally obtained values. This may be
due to the fact that the 1f7/2 proton subshell of the iron isotopes, unlike
that of the nickel isotopes, is not filled. Experiments with u-mesic atoms [5]
yielded v = 0.94 # 0.05 for Fe®* - Fe®®., This value differs from that obtained
by us, but also indicates a strong change of the radius.

On going from the nuclei Fe®%: 58 to Ni®®, the increments of the mean-
square radil turn out to be negative. This decrease of the mean-square radius
is apparently due to the fact that the state 1f7/2 is completely filled in the
N1°® nucleus, which becomes more compact.

It is of interest to compare our data with the results of measurements of
the relative radii of the interaction of protons with the isotopes of Fe and Ni
[6], which turned out to be 13.Z * 0.7, 15.5 + 0.6, 15.8 + 0.6, 15.1 £ 0.6, and
17.6 + 0.9 F for Fe®"*, Fe®%, Fe>®, Ni°®, and Ni®?, respectively. We see that
the behavior of the changes of the charge radii and of the interaction radii is
qualitatively the same for these nuclei. It is interesting that the inter-
action radius for Ni®®, 1like the charge radius, is smaller than for Fe®% and
Fess, thus indicating that filling of the proton shell exerts an influence on
the mass radius of the nucleus.

The authors are grateful to A.P. Klyucharev, Professor E.V. Inopin, and
A.A. Kresnin for a discussion of the results.
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According to the present notions, the influence of an external electric
field on the diffusion of atoms in their own lattice reduces to a lowering of
the surface-diffusion energy as a result of the interactlion of the induced
dipoles with the external field. According to Drechsler, the decrease of the
energy is given by

aQ, =aF?/2 , (1)
where o is the polarizability of the atoms on the surface and F is the applied
field. The expected change in the energy of diffusion of tungsten over tung-

sten, in observable fields (-3 x 107 to 3 x 107 V/em), at a polarizability
a =7 x 10°%*% cm?® [1], amounts to AQy = 0.0L4L ev.
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