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1. INTRODUCTION

The subject matter in this paper are studies of the mechanisms and charac-
teristics of total disintegration of heavy nuclei caused by the impact of fast had-
rons and nuclei. The intrinsic interest in understanding the processes involved, and
importance of the expected results have a bearing on the interpretation of many
phenomena met in particle physics, in new generation of nuclear energetics, and
in ecology. The phenomena which may be revealed in investigating the disin-
tegration mechanism are important for working out the methods of an application
of a single massive target nucleus as subnuclear detector in high energy physics,
as well.

It is desirable to discover a manifestation of some laws which may govern
inside target nuclei within the extremely small volumes (10" m) acting during
time intervals of the order of 10" —10~22 s.

2. THE DISINTEGRATION OF ATOMIC NUCLEI
BY FAST HADRONS AND NUCLEI

The disintegration of complex nuclei, produced by the impact of fast hadrons
and nuclei — of fast protons and other particles, e.g., was studied widely during
many years [1—3]. The mechanism of this process is revealed experimentally
[3—6]. The disintegration started in the collision appears as a complicated nuclear
process developing in time and space in intranuclear matter consisting at least of
three stages which last together about 10" —10" s after the impact. At the first
stage, which lasts about 10" —10" s, the target-nucleus is locally damaged and
fast nucleons with kinetic energies = (20—500) MeV are densely emitted. At the
second stage, lasting about 10" —10" s, the damaged and unstable residual
target nucleus uses to evaporate light fragments — mainly nucleons, deuterons,
tritons, a-particles. At the final stage — at about 10" s and probably more, when
nucleons were emitted and light fragments were evaporated — the finally dama-
ged target nucleus uses to decay into heavier nuclear fragments, some of them
may be stable or they will decay into smaller parts.

In the light of the above presented mechanism of the disintegration process,
the two stages should be clearly distinguished — the first one, as the «fast stage»,
lasting about 10" —10" s and the second or the «slow stage», including in fact
the nuclear reaction in the damaged target nucleus — as the intranuclear process
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starting when the incoming hadronic or nuclear projectile and its successors are
having left the damaged target nucleus — at about 10" s after the impact and
lasting during about 10" up to 10" or more seconds.

Exactly, the destruction of the target nucleus by an energetic projectile lasts
within the first stage only — during about 10" —10" s. In this nuclear reaction
[4] initiated by hadronic or nuclear projectile, the struck nucleus is damaged lo-
cally — the cylindrical volume inside the target nucleus with the radius R around

the projectile course is involved in the collision; Rs ~ DQ is the strong interaction

range which is approximately as jarge as the nucleon diameter £L is. After this

time interval the projectile and/or its successors are passing through the target
nucleus and all the nucleons involved in the collision (contained within the local
volume) are emitted — as the so-called fast nucleons with energies of about 20
up to about 500 MeV [7,8].

2.1. Physical Basis for the Experimentally Revealed
Disintegration Mechanism

The physical phenomena, revealed experimentally in our early works are basi-
cal for understanding the observed picture and characteristics of the disintegration
of nuclei produced by the impact of the fast hadrons (protons and pions, e.g.) and
nuclei. These phenomena are: 1) The observed passage of hadrons through layers
of intranuclear matter — discovered in our experiments [8], studied in detail and
described in our earlier works [9—14]; 2) The observed hadron generation in
hadron-nucleon collisions goes through some intermediate objects which decay
after no less than about 10~ s; it is the case when the particle generation is in
hadron-nucleus collisions, as well [15—17]; 3) The outcome from a collision of
two massive nuclei is a composition of some number of statistically independent
outcomes in nucleon-nucleus collisions at the same energy of the incident nucleon
with the target nucleus, at all the possible impact parameters [1,18].

Let us sum up shortly our knowledge about the three above-mentioned
phenomena.

The Hadron Passage through Layers of Intranuclear Matter. Very simple re-
lation has been revealed experimentally [9—14], The number n^, or intensity «„,

of the nucleons emitted from a target nucleus, when a fast hadron collided with it,
depends simply on the thickness X of the intranuclear matter layer involved in the
collision.

Quantitative relation is:

^ / X \ (1)
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where X in nucleons/S, S = %DQ~ 10 fm , DQ = RS is the strong interaction range,

DQ is the diameter of the nucleon, X = 1 /c is the hadron mean free path in

intranuclear matter in nucleons/S, a is the hadron-nucleon total cross-section in
S/nucleon. This formula is valid for the sample of the pure incident hadron pas-
sages through the target nucleus — when secondary mesons, which could be
produced, do not appear; it is valid for the events with hadron production as well
— as further investigations showed [15,20].

Formula (1) was tested experimentally to be valid for momenta of hadronic
probes larger than about 2 GeV. The hadron passage through intranuclear matter
is a nuclear analogue of the electromagnetic process — of the passage of elect-
rically charged particle through layers of usual (atomic) matter. This phenomenon
has been revealed in our experiments and studied in detail qualitatively and quan-
titatively as well [10,12,13].

In analysing this phenomenon, two methodical facts were of great importance:
a) It is possible to estimate X in [nucleons/S] [21] of any of nuclei practically at
any distance from its center using data on the proton (and nucleons at all) dist-
ributions in them determined by R.Hofstadter [7,22,23]; in particular, the maxi-
mum thickness of any of the target nuclei may be determined well enough using
the Hofstadter data; b) It is possible in the bubble chamber to determine the fast
.proton (nucleon) (20—500 MeV) intensity or multiplicity distribution in any sam-
ple of hadron-nucleus collisions. The high, nearly to 100 %, registration efficiency
of neutral pions in the chamber allows one to select the events without secondary
pions — additionally.

In confronting the data on the thicknesses of the intranuclear matter layers at
any distance from the nuclei center of a nucleus with corresponding intensities of
the emitted fast nucleons in a collision, one is in a position to conclude about the
emission of the fast nucleons which the hadron passage through intranuclear mat-
ter is accompanied by. It is mostly obvious for the maximum and avarage thick-
nesses of the target nuclei.

The conclusions about the intensity of the nucleon emission described by
formula (1), and about the localized region of the hadron-nucleus collisions are
obtained this way, in particular.

The Particle Generation through Intermediate Objects or «Generons». The
only tool available up to now to realize experiments in which the mechanism of
the particle producing process would be revealed is to apply single massive target
nucleus as a fine detector [15,16,24,25,26]. The particle producing process has
been studied by means of the 131Xe54 intranuclear detector, using the sample of

events in which particles (hadrons) were produced and the sample in which the
hadrons were not produced.



From such experimental investigations, we were in the position to conclude
that:

1. In hadron-nucleus interactions, hadrons are produced via some interme-
diate objects (we called them GENERONS) which decay after having left the pa-
rent nucleus (after more than about 1O~22 s);

2. Indications were obtained that particle production in elementary hadron-
nucleon collisions, in nucleon-nucleon collisions in particular, goes through such
objects as well. The objects decay into commonly observed resonances and par-
ticles after liftime of about 10~ s; in passing through layers of intranuclear
matter, generons behave themselves as usual hadrons do it.

3. The intermediate objects can produce new objects in collisions with down-
stream nucleons in intranuclear matter in ones turn, and this way an intranuclear
cascade of the intermediate objects may develop inside the parent nucleus. In most
cases this cascade is colinear with the incident hadron course.

The above-described mechanism of the particle production process allows one
to derive formulas, for frequency distributions of various quantities describing
yields from hadron-nucleus collisions in terms of frequency distributions of cor-
responding quantities describing yields from elementary hadron-nucleon collisions
[16,17.27,28]. These formulas were tested experimentally [28].

The outcome from a collision of two massive nuclei is a composition from
some number of statistically independent outcomes in nucleon-nucleus collisions at
the same energy of the incident nucleon with the target nucleus, at all the possible
impact parameters [1,18], with appropriate statistical weights.

The picture of the nucleus-nucleus collision process and the mechanism of the
nucleus-nucleus collision processes were discussed in one of our former works
[18]; it has been concluded that:

In head-on collision of two identical massive enough nuclei, at energy high
enough — over a few GeV/nucleon in the center of their mass coordinate system,
the nucleons in one of the nuclei pass through the second nucleus. The passage is
the general phenomenon, but it occurs rarely in its pure form. On the background
of it, the particle production occurs often in the nuclei collisions. The production
goes through intermediate objects — the GENERONS — created first in 2 -» 2
nucleon-nucleon endoergic collision reaction. In the coordinate system accepted
here, many generons may become to be at rest, and use to decay into the usually
observed «produced» hadrons, after the lifetime of about 10" s. In such confi-
guration, simple picture appears: Two beams of the collimated monoenergetic
nucleons with energies practically as large as the energies of the nucleons in the
colliding nuclei, in GeV/nucleon, will escape from the collision region into oppo-
site sides. From the center of the collision region many generated hadrons will be
ejected through total 4TC solid angle; many of the ejected hadrons will be orga-
nized into collimated spurts of hadrons — jets. The fragments of the colliding
nuclei may not appear, both nuclei are totally disintegrated into nucleons. It hap-



pens due to the laws of fast nucleon emission induced by a hadron in its passage
through layers of the intranuclear matter — any of nucleons involved in the inter-
action with the incident hadron is emitted from the target nucleus.

In the collisions of identical massive nuclei, the head on events can be simply
distinguished — as the collisions without fragments of the colliding nuclei.

It is not excluded that collision events without the opposite beams of nucleons
appear; the ejection of the generated particles from the center of the collision
region will be observed only.

The total disintegration of the target nucleus by hadronic or nuclear pro-
jectiles should be treated, in the context of the results above written about, as
some special case of the nuclei disintegration process — occuring with predictable
probability.

2.2. The Total Disintegrations of Nuclei
by Fast Hadrons and Nuclei

Let us start this section with the model-independent, experimentally suggested
definition of the total disintegration of nuclei by fast hadrons and nuclei. Over-
view of various disintegration events observed long time ago in photographic
emulsions [1] and may be in other track detectors and arrangements prompts such
a definition.

The total disintegration of a fast nucleus, colliding with some other similar
nucleus resting in the lab.system, is proposed to be defined, as such in which the
incident nucleus is completely dispersed into its parent nucleons, and the struck
nucleus is also shattered.

Such total disintegration of the incident magnesium nucleus produced in
head-on collision with one of bromine nucleus is shown on «Plate 16—14» in the
book of Powell, Fowler and Perkins [1], e.g..

The total disintegration of the colliding nuclei may happen only in some
nucleus-nucleus head-on collisions; the hadron-nucleus collision does not produce
the total disintegration of any of heavy nuclei, light nuclei may be disintegrated
totally by a single fast hadron.

Independently of any of the reference systems, the total disintegration (or
destruction) of a nucleus in collision with a hadron or a nucleus is proposed to be
defined as such in which the nucleus in a hadron-nucleus collision or nuclei in a
nucleus-nucleus collision are totally disrupted into the parent nucleons.

3. CONCLUSION AND REMARKS

And so, heavy nuclei may be totally disintegrated in central impact with other
nucleus of similar mass number only, light nuclei, formed of a few nucleons, may
be totally disintegrated in central impact with a single hadron (pion or nucleon, or



other — e.g.). This conclusion is based on observations of appropriate collision
events [1] and on the properties of the fundamental phenomenon — the hadron
passage through layers of intranuclear matter [8—14]. It is worthwhile to take in
mind that any hadron in passing through layers of intranuclear matter interacts
locally with the nucleons at the distances no longer than :the strong interaction
range is and causes the emission of all the nucleons involved — as the so-called
«fast» nucleons, with kinetic energies from about 20 up to 500 MeV [19]. As the
consequences of such a scenario, one observes two collimated beams of nucleons
from the colliding nuclei in their mass center systems. In the head-on collision the
multiplicity of both of the observed opposite beams of nucleons is equal to cor-
responding mass numbers of the colliding nuclei. At any collision impact para-
meters (the distances between centers of the colliding nuclei) the multiplicities of
nucleons in the opposite beams are correspondingly smaller. Usually, this pure
picture may be covered by the accompaniment of the beams of produced hadrons,
as well; this camuflage should be less effective at lower energies (at no more than
about a few GeV/nucleon) of the colliding nuclei.

It is reasonable to expect, in the light of the above-mentioned phenomena that
the colliding nuclei will interact mostly peripherally, as well — only peripheral
groups of nucleons in them will be involved in the collision. The main parts of
the nuclei will be not sufficiently disturbed to be disrupted, and these nuclear
fragments emerging from the encounter will appear at the fast stage of the collison
— lasting about 10" —10" s — with the velocity as such as of the incoming
nuclei (in their center-of-mass system); the events of the total disintegration will
occur consequently with large regularity, with observable frequency, determined
by the nuclear sizes and collision impact parameters.
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Механизм полной дезинтеграции тяжелых ядер быстрыми адро-
нами и

Рассматривается механизм полной дезинтеграции атомных ядер быстрыми
[ и ядрами. Проникновение энергичных адронов через слои внутриядер-

ной материи, сопровождаемое испусканием быстрых нуклонов —-с кинети-
ческими энергиями от - 20 до ~ 500 МэВ, из определенных малых областей в
ядре около траектории адрона-снаряда позволяет просто объяснить появление
тотального развала ядер, вовлеченных в столкновение. Легкие ядра могут быть
тотально разрушены быстрыми адронами, бопее тяжелые ядра можно тотально
разрушить только в центральных столкновениях ядер с подобными массовыми
числами.

Работа выполнена в Лаборатории высоких энергий ОИЯИ; в
атомной энергии, Отвоцк—Сверк, Польша; в Институте физики Варшавского
технологического университета, Варшава, Польша.

Сообщение Объединенного института ядерных исследований. Дубна, 1997

Strugalska-Goîa Е., Strugalski Z. Е1-97-256
The Mechanism of Total Disintegration of Heavy Nuclei
by Fast Hadrons" and Nuclei

The mechanism of the total disintegration of atomic nuclei by fast hadrons and
nuclei is considered. The passage of energetic hadrons through layers of intranuclear
matter, accompanied by emission of fast nucléons with kinetic energies from about
20 up to about 500 MeV from definite local small regions in the nuclei around
projectile courses in them, allows one to explain simply the occurrence of the total
destruction of nuclei involved in the collisions. Light nuclei may be totally
disintegrated by fast hadrons and nuclei; heavier nuclei may be totally disintegrated
only in central collisions of nuclei with similar mass numbers.

The investigation has been performed at the Laboratory of High Energies, JINR,
Dubna; at the Institute of Atomic Energy, Otwock-Swierk, Poland; at the Institute
of Physics, Warsaw University of Technology-(Politechnika), Warsaw, Poland.

Communication of the Joint Institute for Nuclear Research Dubna, 1997
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