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It is shown that the seemingly apparent smaller size of the neutron, compared with that of the
free proton, observed in the experiments of Hofstadter on the Be® nucleus can be partially
explained by the binding of the neutron in the given nucleus. The mean square radius of the
neutron magnetic-moment distribution thus appears to be larger if the neutron motion is taken

into account.

].. It has been shown in several recent papers that
the curve for the cross section of scattering of fast
electrons by a point-like proton does not agree with
the experimental data. The situation can be recti-
fied by assuming that the charge and the magnetic
moment of the proton are distributed in space. The
best agreement with experiment is attained in this
case when these distributions are approximated by
an exponential or near-exponential model with a
mean-square radius rp = 0.8 f. To study the struc-
ture of the neutrons, we used H? and Be® nucleil’»Z,
which contain a weakly-bound neutron. We started
from the fact that at large momentum transfers
and at large scattering angles 6, one observes
only incoherent scattering 3 (the momentum trans-
ferred k is much greater than the reciprocal of
the mean distance between nucleons), which can be
represented as the sum of the cross sections of
the scattering by individual nucleons of the nu-
cleus. Under these conditions the main contribu-
tion to the incoherent spectrum is made by scat-
tering on the magnetic moment of the nucleon,
while the scattering on the specific charge of the
nucleon can be neglected.

Starting with the foregoing, we used the ‘‘area
method”’ I:% to determine the magnetic form fac-
tor, assuming the nucleons of the nucleus to be
free and independent. Measurements made on H?
and Be® yielded values rp = 0.8 f and 0.53 f for
the mean-square radius of the distribution of the
neutron magnetic moment (in the exponential
model). It was suggested that the apparent reduc-
tion in the neutron dimensions in measurements
on the Be® nucleus is due to the greater role of
the meson-exchange effects in this nucleus and
also to the interaction between the emitted neutron
and the nuclear remnant.[? Since the neutron is

assumed free in the interpretation of the experi-
mental data, it is of interest to ascertain whether
an account of the neutron binding in the Be® nu-
cleus leads to an increase in rp. The present ar-
ticle is devoted to this question.

2. Since the electric form factor of the neutron
is Fip ~ 0% the energy of interaction between the
electron and the neutron is determined by the in-
teraction between the magnetic moment of the
neutron with the magnetic field of the electron;
therefore

H = ——SM[VA]dT. (1)

where

M=2€%fw(lr—'r;z ) %,0,, (2)

fan is a structural function characterizing the dis-
tribution of the magnetic moment, x, is the ano-
malous magnetic moment of the neutron, and A is
the Mgller potential.']

To take into account the motion of the center of
mass we can use the model of two bodies (core
+ neutron), the interaction between which we de-
scribe by a spherical symmetrical potential well
of depth V, and width R, = ryAl” £,

The ground state, in accordance with the shell
theory for light nuclei, is described by known
spin-angle funct;ions,["’:| and the final state can be
determined with the aid of the Born approximation,
if the energy of the free neutron is sufficiently
large. Then, after several mathematical manipu-
lations, we obtain for the cross section of electro-
disintegration of a nucleus with mass number A,
wherein an electron of energy qj is scattered
within a solid angle d© and has an energy in the
interval dqs, the following expression
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s, (0, q) = d*a/dQdq; = 3, F3n (kra) ¥ (x, o) g7%  (3)

where oy, is the Rosenbluth cross section for the
scattering of an electron by a point-like free neu-
tron, ') and F,, is the form factor of the neutron,
the Fourier transform of the structural function;
the remaining quantities, which take into account
the binding of the neutron, are

. o 2
A 2 5 ’ ( 2q;
V(% r0) = A M ey g R (4 20 i)
2
x 1)o@ r)d, (4)

where
f(x) =(1 4+ x® — 2x cos 0)

—iay {l + %[l—x(l + 2aosin“—g—)]} ,.

ir(@)2j,_y(2) —aj;_,(a) j;(2)]?
? (2 =l: . (blzizz)(az_!,_;z) : J ;

A—1
a, = q:/po, W=—7—M,

Y= qf/ql'r
a =Ry, ==,
, (5)

N = ljt1 (@) jia (@),

b=SVten  ma = |25 AR + AR

M and py are the masses of the neutron and of the
target nucleus, &, and kp are the binding energy
and the wave vector of the neutron, while j; is a
spherical Bessel function.

In the derivation of (3), account must be taken
of the energy and the momentum conservation
laws, the use of which yields
9:—q =W + E,, W =gq;:— g [1 4+ ay (1 — cos 8)],

(6)
where E; is the kinetic energy of the scattering

nucleus and W the excitation energy transferred
to the emitted neutron.
Integrating (3) with respect to dqr we obtain

ou (0) = Guok (ro, 1), (7)

where the value of £, which is equal to

X

E (ro, 1) = Faalbra) ¥ (x, ro) dx = Fn O C (r)),  (8)
can be connected with the experimentally-meas-
ured value of R = on/op £ by the relation

R =48, qE& (ro, rs) Fp?, (9)

with A (6, q)—ratio of the Rosenbluth cross sec-
tions for the scattering of an electron by a point-
like free neutron and proton.

3. Let us apply these formulas to scattering on
Be®, the incoherent electron spectrum of which
was observed by Ehrenberg and Hofstadter,'? who
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obtained R =1.17 at q; = 500 Mev and 6 = 135°.

Using these data, we obtain for F%, =0.154
0.865

§ (ro, Ta) = B Fa (krp) ¢ (x, 1) dx = 0,39,

0.4

where the integration limits were chosen in ac-

cordance with the energy region for which R had

been determined.

It is known that the neutron in Be’ is in a p; /2
state and its binding energy is €, = 1.67 Mev. Ob-
viously, we can use in this case the Born approxi-
mation, since the emitted neutron acquires an en-
ergy not less 150 Mev. Calculations have shown
that C(ry) = 1.12 when ry, =1 and increases to
1.43 at rj = 2.4.. Thus, an account of the neutron
binding can lead to an increase in r,. We assume
ro = 2.4 because a value Ry =5f (V, =12.17 Mev)
yielded good agreement with experiment at low
energies.?

The figure shows the cross section op (6, qgf)
for a point-like neutron with r; having values 1
and 2.4 (curves 1 and 2), and also for a neutron
with exponential distribution of the magnetic mo-
ment at ry = 2.4 and ry = 0.6 £ (curve 3). All the
curves have a maximum at qf ~ 250 Mev, which
agrees with the variation of the experimental
cross section.[¥ It is possible to integrate in (10)

(10)

fon (r) | Tn | rae=D

2" 0.85 0.68
rle" 0.65 0.56
e’ 0.6 0.53
re=" 0.58 0.51
r2e=" 0.57 0.50
e 0,56 0.49
ree=" 0.54 0.47
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from zero to infinity because the function oy (6, qf)
assumes very small values when x < 0.4 and
x > 0.65.

Using formula (103 and also the table from
Hofstadter’s paper,[3 we can find the mean-square
radius for different neutron magnetic-moment
distributions. The results of the calculations are
listed in the table, which also contains the values
of the mean-square radius obtained from (9) under
the assumption that £ =1 (free neutron).

On the other hand, research on H? yields
values ry =rp = 0.8 f, which does not agree with
the value of r, listed in the table. The reason for
this discrepancy may be, first, the inaccuracy of
the experiment and second the fact that in the in-
terpretation of the experimental data we neglected
certain effects, an account of which can change rp.
It has been assumed, in particular, that 1) the
electrons are scattered by stationary free nucleons,
2) the emitted nucleon does not interact with the
remaining nucleons, and 3) the dimensions of the
nucleon remain unchanged under the influence of
the nuclear forces.

One can think that the equality of the neutron and
free-proton radii, obtained in the experiments on
H? (assuming the charge independence hypothesis
to be valid), corroborates the foregoing assump-
tions made for the deuteron, in which the nucleons
stay the greater part of the time outside the range
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of the nuclear forces. This conclusion may not
prove to be completely true for Be’. Indeed, as
can be seen from the table, an account of the neu-
tron bond leads to an increase in the mean-square
radius. Regardless of how reliable the experi-
mental data are, we can conclude therefore that in
the interpretation of the experimental results ob-
tained by the ‘‘area method’’ for nuclei such as
Be®, C'3, or O!7 the effect of the binding of the
nucleons in the nucleus must be taken into account.
In conclusion, the author is grateful to Prof.
V. L. Mamasakhlisov for interest and attention to
the work.
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