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ON DETERMINATION OF NUCLEAR SIZES AND IN 1KAJXL CLEAR MATTER
DISTRIBUTION EN NUCLEI BY HADRONIC PROJECTILES

Elzbieta Strugalska-Gola
Institute of Atomic Energy

In studying the nuclear energy release and nuclei
transmutations processes in hadron-nucleus
collisions, the conclusive information about the
sizes of nuclei and intranuclear matter distribution
in them is of the mostly important one.

Many years ago a large amount of experimental
data has been accumulated [1-4], which contained
information with regard to the sizes of the atomic
nuclei and the density distribution of the
intranuclear matter. This was presented
systematically and interpreted in terms of such
parameters as nuclear radius, thickness of nuclear
surface layer, etc. [4].

At that time the evidences were based on
electron scattering, on electrostatic energy shifts
and on the total energy of nuclei. Main of the
experimental facts were obtained by Hofstadter and
his associate at Stanford; since he used beams of
electrons, his investigation gave information about
the intranuclear protons distributions only. It was
hoped that soon similar beams of pions and K
mesons will tell as much and more about the
intranuclear neutrons, as well.

At that time, physicists found right from the
start, that it is necessary to distinguish between the
distributions of protons and of neutrons, and they
came to the conclusions [4]:
1. The proton distribution has a core of constant

density surrounded by a surface region in which
the density decreases outwards to zero. The
evidence is clearest in the surface region and
establishes with considerable accuracy the
maximum density, the thickness of the surface
region and the radial distance at which the
density has fallen its maximum value. It is clear
in the interior, where the possibility of a slight
decrease of the density towards the centre of the
nucleus cannot be excluded. The thickness of
the surface region varies little for different
nuclides and the so-called half-way radius is
roughly proportional to A1/3.

2. There is inadequate direct evidence on the
neutron distribution, and what there is, is not
conclusive. However, the indications are quite
strong that the neutron distribution does not
differ by much from the proton distribution.

More experimental investigations are desired
which will tell as much and more about the neutrons
in the nuclei. Many techniques, which have been
used, will involve strongly interacting probes, but it
is extremely difficult to obtain model-independent
quantitative information [5]; it was not realised up
to now.

By such obstacles, we are inclined to employ
some specifically "nuclear" effects or facts, which
manifest themselves in various nuclear cases -
obviously, if deeply and conclusively
experimentally recognised. The natural correlations
of these effects with the nuclear matter properties
may tell much more about the intranuclear matter
and about the target nucleus as a whole. The
"effects" should manifest themselves in the hadron-
nucleus collisions first of all. Accurate analysis of
these collisions may provide information about
intranuclear matter distribution and other its
properties, about the topic in question: on nuclei
sizes and matter distribution in them, about the
neutron/proton ratios radial dependencies in atomic
nuclei.

In such procedure, the accurate picture of the
yields from the collision processes is of the first
importance.

The method is based on experimentally
discovered and deeply recognised intranuclear
process [6,7] - the passage of a hadron through the
atomic nuclei, and in general, through layers of
intranuclear matter.

It follows from the nature of this process that the
nucleon multiplicity nN (or intensity nN)
distribution N(nN) in the hadron-nucleus collision
events is in fact the distribution of intranuclear
matter layers thicknesses X expresses in [nucl/S]
units; S=7iD0

2=10fin2, Do - diameter of the
nucleon. This unit is the analogy of the units of
material thickness measured in [g/cm2].

The details of the experimental procedure and
of the analysis of the experimental data obtained
is described in our publication [8].
The final results are:
1. The target Xe nucleus diameter is estimated as

D=(6.05 ± 1)DO, where Do is the nucleon
diameter; it agrees with the former estimations.

2. Only one nucleon multiplicity nN distribution
N(nN) characterises the matter distribution in
nuclei; the neutron/proton ratio in this
distribution fluctuates according the newtonian
binomial distribution. The average value of
the np/nN ratio is constant and it equals to Z/A, at
any collision impact parameter.
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THE PHYSICAL BASIS FOR NUCLEAR ENERGY EXTRACTION

Zbigniew Strugalski
Institute of Atomic Energy

Two nuclear processes may be used now for the
nuclear energy extraction: fission and fusion.
During many years efforts were made to construct
the nuclear reactor based on the thermonuclear
fusion process but, any of such type reactors does
not work now. The nuclear reactions acting now
are based on the nuclear fission process - exactly on
the Hahn-Strassman nuclear fission process.

I would like to present shortly the status of the
developments on both the main directions in nuclear
energy extraction methods.

As the basis of my considerations, some
argumentation about the ,,need for nuclear energy"
as future main energy source will be used. It may be
concluded from the investigations by Ian Fells [1]
that: The current total world energy use is just under
10 Gtoe (giga-tonnes oil equivalent). The most
ecologically constrained scenarios give a figure of
14.2 Gtoe by 2050, of which 5 Gtoe would be
renovable, which is 35 per cent; fossil fuels will
continue to play a dominant role.

Energy supply with pose increasing problems
through the new century as world population and
life-style expectation rise. The replacements for
fossil fuels will become imperative and both
renewed energy (solar, wind, biomass e.g.) and
nuclear energy sources will play increasingly
important role past 2050. At that time, the
renovation will take over the role that fossil fuels
have played in the past, once these fuels are in short
supply in the second half of the next century. The
,,new renewals" provide still only 2 per cent of the
world's energy, although - despite over about 30
years of development; moreover, much of that
remains expensive and has to be subsided.

So, energy supply will pose increasing problems
through the next century as world population and
life-style expectations rise.

Many expected that nuclear fusion could play a
very important part in energy supply, provided that
fusion power stations really can be constructed as
based on the scientific demonstrations from ITER

EDA and JET. ITER EDA - International
Thermonuclear Experimental Reactor Engineering
Design Activities was established in 1992 by the
EU, Japan, Russia and USA; JET - the Joint
European Torus, located at Abingdon in the UK,
began operation in 1983 and has become the
flagship of the whole EU fusion programme [2].
The European programme involves the work of
about 2000 physicists and engineers, including
around 250 PhD students in the associated
laboratories of the JET and the JRC (Joint Research
Centre). All the members states have institutions
actively participating in the fusion programme. The
Community's own Joint Research Centre (JRC),
having institutes in various locations, also
undertakes work for the programme. Most of the
fusion devices have been built along the tokamak
principle, but there are also stellarators. There are as
well a number of facilities for technological
development such as large superconducting-
magnet-testing facilities.

Around at the same time the Next European
Torus (NET) team was established and given the
task of enhancing the programmes activities on
safety and the environment, concentrating on the
preparation, from the technological point of view,
of the next-step experiment beyond JET.

The NET team has become the cardinal point for
initiating and coordinating R&D in fusion
technology, as well for Europe's contribution to the
Engineering Design Activities of the International
Thermonuclear Reactor (ITER EDA) [2,3].

Now, it may be concluded: besides there has
been a high rate of progress and comprehensive
engineering design work has been carried out under
the ITER EDA programme, the further efforts may
be taken to develop fusion as a practical energy
source and it will be added to the several decades
[2]. During the past decade, there has been valuable
works carried out under the ITER EDA programme,
although.

In such situation with the longly and widely
expected energy plants based on the fusion process,


