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To the authors’ knowledge, this is the first study to

deduce the neutron distribution from electron scatter-

ing data in the history of nuclear physics.
The question how neutrons are distributed in nuclei

1)

has been a longstanding problem. Although it is one
of the most fundamental problems in nuclear physics,
the neutron distribution has not been well determined
yet, because there is no simple and reliable method to
explore it experimentally.?) In contrast to the neutron
distribution, the proton distribution has been widely
investigated through the nuclear charge density de-
duced from electron scattering.?) Electron scattering

is

an unambiguous and unique tool to examine the

charge distribution, because the electromagnetic inter-
action is well understood and allows reactions that do

not disturb the nuclear ground-state properties.
So far, electron scattering has been believed to be

1)

useful for the study of the only proton distribution and
has not been discussed in the context of the neutron
distribution in nuclei.*) The SCRIT in RIKEN® also
constructed with the primary objective of exploring
the proton distribution in unstable nuclei, although the
neutron distribution plays a crucial role in the stability

of neutron-rich nuclei.

Such dogma is based on the

fact that the neutron charge density is approximately
1% of the total nuclear charge density and oscillates
as a function of the nuclear coordinate, yielding zero
integrated charge.

Recently, the precise expressions for the moments of

the nuclear charge density were derived according to
relativistic quantum mechanics.%) It has been shown
that the second-order moment of the nuclear charge
density(R?) is dominated by the mean-square radius
(msr) of the point proton distribution (R?), while the
nth (> 4)-order moment depends on the (n-2)th-order

moment of the point neutron distribution also.

For

example, the fourth-order moment (Q?) of the charge
density depends on the msr of the point neutron dis-
tribution (R2). The contribution of R? to Q% is dom-
inated by the number of excess neutrons.

The present authors have analyzed experimental

data of R? and Q? deduced from the electron scatter-
ing off °°Ca, 48Ca, and 2°%Pb, which are available at
present.?) First, using relativistic and non-relativistic
mean field models accumulated over the last 50 years
in nuclear physics, the linear relationship between the
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various moments are explored with the use of the least-
squares method. Next, from the intersection of the
predicted least-square lines and the lines of the exper-
imental value for R? or Q% | the values of R2 together
with R% of those nuclei have been estimated. They are
obtained within 1% accuracy, including both experi-
mental error and the standard deviation of the least-
square lines.!)

This paper opens a new possibility of electron scat-
tering as a clean and practical probe to extract neutron
density information. As the contributions from the
neutron density to the charge density are expected to
increase in neutron-rich nuclei, the new electron scat-
tering facilities in the world® which are led by the
SCRIT? would make the forthcoming study of unsta-
ble nuclei more efficient and stimulating, both experi-
mentally and theoretically.
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