


I. INTRODUCTION

In the study of the particle production process’/1.2/,using
nuclear targets as detectors/3, results have been obtained
which prompted to conclude that the particle production in
hadron-nucleon collisions is mediated by intermediate objects
created first; we have called them generons/2/. The many-par-
ticle final states observed in hadron-nucleon collisions are
the outcome of the decays of the generons into commonly known
resonances and particles/2/. In other words, in the nucleon-
nucleon collision, for example, each of the colliding nucle-
ons turns during a collision or interaction time from its nor-
mal state into some state of "pregnancy” - each is turned into
generon, continues to move in its new state along a new course
during its 1lifetime /% 7 > 10~22s,decays in flight/2?/ into usu-
ally observed particles and resonances, and finally reaches
its initial state - nucleon.

It is reasonable to think that two identical generons
should be created in any collision of two identical nucleons,
because of identical conditions for both the colliding par-
ticles.

Some properties of the generons have been presented /?/, In
particular, it is peculiar to them, if of kinetic energy high
enough, to create such objects in collisions with downstream
nucleons, when passing through massive atomic nuclei; usually
generons decay in flight after having left the most massive
target—nuclei/2/,

The existence of generons should obviously manifest itself
in the collisions of hadrons with free nucleons as well. In
investigating of such collisions additional new and indepen-
dent information about the properties of generons shall be ob-
tained. The data on the generons provided both by the hadron-~
nucleus and by hadron-nucleon collision experiments may shed
light on the nature and on the production mechanism of these
objects ‘and, therefore, on the particle production process in
particle-particle collisions at all.

The subject matter in this work, being the third part in
the series /1.2/,is just to look for additional evidences for
the existence of generons, in analysing various data on par-
ticlewarticle high energy inelastic collisions, mainly on the
nucleon—-nucleon collisiogg_ggg_ggrggy;;gﬁgggéigyghis way some
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information about the nature and production mechanism of the
generons.

In describing our searches we start with a short presenta-
tion of the data analysis procedure, thereupon we collect
adequate essential experimental facts which an additional
conclusion that generons exist may be based on, later we dis-
cuss the nature and production mechanism of the generons. At
the end of this part, we consider shortly what follows from
the existence of the generons for our knowledge of the nucle-
on structure.

2. DATA ANALYSIS PROCEDURE

We intend to consider now how it could be possible to "ob~-
serve" generons in experiments in which high energy particle-
particle collisions leading to the particle production are
studied. In doing it, we hope to obtain a procedure in future
experiments to follow in attempts to study the generon produc-~
tion mechanism.

The mediation of an object in the production of particles
and resonances in high energy particle-particle collisions,
in the proton-proton collisions for example, should manifest
itself in many various characteristics of any particle-produc-—
ing collision event. But only some of the observable charac-
teristics may provide appropriate information. The problem
arises, therefore: where the manifestation of the generon
creation may be looked for?

In order to select proper characteristics, let us present,
in fig.l, the scheme of the particle production process pro-
vided by our experiment/1.2/.The production mechanism has been
studied, using nuclear targets as detectors/3/ only in the
hadron-nucleon collisions as yet,

One can see, from fig.l, that the particle-producing nuc-
leon-nucleon collision process can be treated in its early
stage - before the decay of the generons - as the two-particle
final state scattering of the type aj+a, - a3+ a4,0r 252
scattering/ 45/, where aj and ag are the colliding particles,
and a3 and agjdenote the reaction product particles - the gene-
rons in the case under consideration.

Suppose at first that we are able to observe immediately
the generons produced before their decays and let us discuss
the relation between the variables expressing the state of
motion, of the colliding particles and the produced generons.
After that we will discuss the connections between the vari-
ables describing the state of motion of the generons and the

products of their decays - the finally observed particles and
resonances; some of these connections should reflect obser-
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s Fig.l. Scheme of the particle pro-
' 1 duction process in the proton-proton
______ e collision, prompted by the experi-
a, L NN ment/ 1.2/ in which target-nucleus is
‘$§§< used as a detector/3%: 1., In the la-
boratory system, LS; a) an event as
LA é‘ it is developed in the time; b) an
—~ event as it is seen in a detector.
T.CMS$ ; II. In the centre-of-momentum Sys-
4£ij tem, CMS; a) an event as it is de-
of _4"2///" : vel?peq in the-time; b) an event
ot 2 - as it is seen in a detector; c) the
* h‘,///a % | simplified scheme of the process.
;:>’ ) aj and ay the colliding particles,
\QL a,and a, the reaction product par-
b/ A ‘ticles, ® - proton, ® - generon,
4 n ~ - - =~ trajectory of the proton,
o ~*=*= - trajectory of the generon ,
«—— < trajectories of the produced particles, arrows - impul-
ses of the protons and generons, J; (i = 1,2,3,4)- jets.

vable connections between the variables describing the col-
liding particles and the finally observed reaction product
particles.

As is well known, the kinematics of the 2 +2 scattering
is completely determined by the two conservation relations
between energies and momenta of the particles taking part in
the reaction. It is widely discussed in any of existing mono-
graphs, for example in the written by A.M.Baldin, V.I.Goldan-
ski and I.L.Rosenthal/#,E.Byckling and K. KaJantle/S/pxcellent
review, containing kinematical relations just applicable in
the case under discussion here, has been written by K.G.Ded-
rick/%”. 1t was not found necessary to rewrite many expressions
that could be found in these works/4-6/ and in works of many
other authors referred to in them. We limit ourselves here to
a qualitative description of the kinematical properties of
the generons produced in the 2 » 2 type collisions.

As usually, we are interested in a laboratory frame, or
system, of references, LS, and the centre-of-momentum system,
CMS, in the latter the vector sum of momenta vanishes. The
dynamical variables of a particle expressed in the CMS will be
distinguished by attaching asterisks; they will be left with-
out asterisks when the LS is being considered.

Foljowing symbols will be used for variables expressing
the state of motion of the i-th particle and for a description
of the 2-+2°collision (i= 1,2 are used for the colliding par-
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Fig.2. The scattering angles g 1.LS
in the reaction ga +8g 2 A+ 3, , -
where a; and a, tgxe colliding R, fiz 0
particles, a, and a, the reaction S T
product particles: I. In the LS, E,
II. In the CMS; the CMS quantities I|.CMS$

are denoted by asterisks. The -
angles 81 and #5 are related in
a complicated manner; the angles

OT and §* are simply related.

01* 50;‘, 0; 504*. 65 and 6y are not

denoted here.

ticles, i= 3,4 are for the two final state particles; in the
LS i= 1 is used for the target particle): P,=(E;B,¢c)- the
four-momentum vector, E; - the total energy of i -th particle, g
31 - the space part of the P;, ¢ - the velocity of light, p; - 5

the magnitude of B; , V8 = V(P +P,)%a V(P;+B)2 the total ener-
gy of the reaction, t =(P; =P3)2= (P, -P, )2=M%+M32-2E1E3+-p1p30 zwﬁla‘
the invariant momentum transfer squared,Mi=mic2_the rest ener-

gy, m; - the rest mass, A('s.Mf,M'ﬁ)= fs~ (M l+Mz)2} l's—(Ml—Mz) 2} -

kinematical function/6/ , gi=(BE})/(cp})=B/B¥=v/ v}, v - the
magnitude of the velocity of the moving frame of reference,

v* - the magnitude of the velocity of the i -th particle,

Eik - the kinetic energy of the i -th particle, Q=(M+Mj)-(Mg+M,)
- the "Q-value",Ey=-QM,+M,+ M +M,)/2M, - the bombarding
particle energy threshold for the process as is seen on choos-
ing the energy available in the center of mass /'8 to be

just equal to (Mg+M,), y-=1/\/'1--ﬁ‘72 is the Lorentz factor. i
In the case of 2.2 reaction the phase space defined for
the fixed v's is two-dimensional and is parametrized, for
example, by the scattering angle @y , fig.2, and one angular
variable ¢ describing rotation around the projectile course.
The latter is trivial leaving one essential final state va-
riable in the present case. The total number of essential
variables is two: one fixes the total energy; the other, the
scattering angle. As energy-type variables E; , P, and y'§ are
usually used; as the frame-dependent angle-type variables the
angle 6 3 between p; and B3 either in the CMS or in the LS
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are used, fig.2. The invariant momentum transfer squared is
the angle-type invariant variable.

The 2+ 2 scattering is kinematically extremely simple in
the CMS, since energy- and angle-dependences are completely
decoupled. The magnitudes of the space parts of the four mo-
menta are:

A% (s,M2M2)
ENEY

Pl =Py =

(M

A% ('s.Mg.M?f‘)
2VE

P =P; ’
while 6 gives all other angles, fig.2.

The relations in the LS are more involved. Let us assume
that Vs is fixed so that the initial state’P;+ P, is fixed,
fig.2. Then, any of the four final state variables pj;, 63 ,
P4 » 0 determines the remaining three. The most interesting
relations, those relating py and 6, , p, and 6, 03 and 6, ,
are discussed in any monograph/4,5/ and review /6/,

The kinematics of the final state particles is discussed
usually in terms of the quantities g;, where j= 3,4; the
methods involved are discussed, for example, by K.G.Dedrick/6/
and by R.M.Sternheimer/7/.

In -order to determine the general characteristics of the
kinematics of a reaction which yields two particles in the fi-
nal state, it is neseccary to make only a few brief computa-
tions and enter to the proper section of figs.6-9 in review of
K.G.Dedrick/6/. Given M; , My , M3 and My, the sums (M;+M,)and
(M3#M,) are first calculated and compared. In the case under
discussion, when generons are created of the rest energies Mj
and My, we have always Mg+M, > M; +M, and M3>M; and M;> M, ;
it is endoergic reaction, when Q <0.To this case correspond the
characteristics of the Lorentz transformations presented in
fig.8a in the work of K.G.Dedrick/6/. We present appropriate
characteristics, per analogy, for the case considered here,
in fig.3; one can see, fig.3a, that g3 and g4 both are larger
than 1. To these values of g; correspond the relation between
6; and @}, fig.3b, and the relation between 03 and 6, ,fig.3c;
the relation between #; and E,; is shown in fig.3d. The graph-
ical construction for adequate two-particle final state is
shown in fig.3e.

It can be concluded, from the kinematics of the two-par-
ticle final sf&te endoergic reaction, corresponding to the
generon creation, f$ig.3, that: The emission angles 63 and @4
of the generons produced are limited in the LS, @3 <90° and
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'Fig.3. Properties of the kinema-
tics of the two-particle final
state for endoergic relation

Q=M +M,;)-M+ M

M1+M;< 1&3+Mi , w4hen M1<M3 and

° Mg <M 4. All subscripts”i”arbitra-
rily refer to the 2 »2 reaction
product particles, i = 3,4 , M],M,,
M3 , M4 are respectively t:he
rest energies of the bombarding
particle, the target particle and
the two reaction product particles;
Ey; and §; are, respectively,the
laboratory kinetic energy and la-
boratory reaction product par-
ticle emission angle, 6 1is the
corresponding centre-of-momentum
BEi_ B .Y
Pre B Vi
angle transformation parameter, wherefB=v/c and 3* =v'= /e ,

angle; g, = is the

v and v* are, respectlvely, the magnltude of the ve10c1ty
of the i -th particle in the CMS, ¢ is the light velocity, EX
and P* are the total energy and the momentum of the i -th par—
t:1c1e in the CMS. a) The dependence of the quantity g; on the
bombarding particle energy Eg ; E,="(Ms+M ) 2—(M)+M, )2]/(2M2)
is the bombarding particle energy threshold for the reactlon.
b) The relations between 6; and 6 for g;> 1 and g;=1, i=3.4.
¢) Corresponding emission angles 63 and 64 of the two reac-
tion product particles when both are produced in the same
2+2 collision, if: g3>1 and g >1; g5 =1 andg,=1. d) The
kmet1c energy Eyx; in dependence on §; when g >1, for both

=3 andi=4; larger values of Eg' are represented by hea-
vier solid lines. e) Graphical construction for one case of
the two-particle final state reaction, when g;>1. Py - lon-
gitudinal, P7 - transverse momentum.

6, <90° the values of these angles are expressed by the rela-
tions:

sin 0 F sin 0 F
e, tg O, = — (2)

tg 60, =
37 y(cosfi+g,) y (cos 6} +g,)

-)"1 (g _1)—% ’

imax

where 0°<0 <180° and 0°<0; <180° ;tgf,

for i=3.4, what means that at Eg»o, when g;+ 1 and y~1+0, ge-
nerons can be emitted at the angles 6; ;.x=90°
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Definite double-valued angle relationship exists between
03 and 04:it s useful in coincidence experiments, when it
is important to know 83 at a given value of the 64, or 64
at a given value of 93 , fig.3c.

Definite double-valued relationship exists between Eg; and
@; , i=3,4; it can be useful in coincidence experiments.

We have so far treated kinematical characteristics of the
generon-producing 2 +2 endoergic reaction. But, generons are
indetectable directly, they decay in flight/? into particles
and resonances observed usually in experiments. The behaviour
of the decay products depends on the kinetic energy E¥. of
the generon produced and of the mode of the decay. This ener-
gy Efc is in the CMS of the same order as that of the inci-
dent particle, if Ef is high enough. In fact, it is known,
from experiments, that at energies high enough - at more than
some of tens GeV - only a very small portion AE{ of the ki-
netic energy Ef of the bombarding particle is transferred
into the rest energy M= I M, = AE} of the produced particles
and resonances, i = 1,2,...

It is not excluded that some number of generons decay into
two decay-products: two particles, two resonances, or a par-
ticle and a resonance. The cases are kinematically determined
completely; each of the two generons produced, of the rest
energies Mg and Mgs, decays in flight obeying the two-particle
final state kinematics: Mg1+My1+Mjsand MgpM ¢ My, |, where
M{; and M{5 (i = 1,2) are the rest energies of the i -th ge-
neron decay products; decays take place in the LS - the gene-
rons fly in the CMS, where the collision is considered to be
taking place. The characteristics of the Lorentz transforma-
tion depend on the angle transformation parameter g; which de-
pends on the decaying particle kinetic energy Ey¢ , fig.4.
When B > E, where E =Ll (Mg~ M;)2-Mj2]/M; and Mi and M;
are the rest energies 3% the generon decay products, g;>1,(i=1,2).

In this case, g; >1, the decay angle 09 - the angle between
the decay product emission directions - is limited and always
015 <90°.

12

Now we can give the answer to the question formulated at
the beginning of this section. The existence of the generons
should manifest itself in the definite kinematical relations
for the secondary particles and for the groups of secondary
particles observed finally in the particle-particle collision
experiments. In general, special analysis of the existing ex-
perimental data on the particle-particle collisions, in par-
ticular on‘the nucleon-nucleon particle-producing colli-
sions, should be performed and new special experi-
ments must be done. Now some of the testable properties
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of the reactions, being the conse-
quence of the existence of gene- g%
rons and of the particle produc- v
tion mechanism presented in sec-—

tion 1, may be confronted to the I
existing experimental data.

[y R S

m
'

Fig.4. Properties of kinematics

of the two-particle final state

for decay-in-flight reactions. The Ea.
subscript i arbitrarily refer to ‘
the observed reaction product par-
ticle. The quantity g; is the

angle transformation parameter.

The quantity E.=[(M-Ms)% -M21/(2M ),
where M; for i=1,3,4, are the
rest energies of the decaying par- E:"‘""“t

ticle and of the decay product _’/, L
particles correspondingly. Eq is
the decaying particle energy, Ey;

is the kinetic energy of i ~th

decay product particle . 8; 1is 0
the angle of emission of the i -th ,0' ¢
particle in the LS, i= 3,4. . 90 '0: |80.

3. QUALITATIVE PREDICTIONS FOR AN EXPERIMENTAL
TESTING IN THE PROTON-PROTON COLLISIONS

This section is devoted to the description of expected pic-
tures which may be observed in the particle-producing proton-
proton collisions, if the generons mediate the particle pro-
duction. The expectations are based on the results of conside-
rations from foregoing section.

The picture is to be observed in an experiment depends on
the frame of reference in which observations will be carried
out. Two kinds of the frames will be used here: the CMS and
the LS.

3.1. The Picture Expected in the CMS

In the CMS the picture expected is extremely expressive
and clear in its simplicity. Suppose, we are able to detect



all the particles emerged in the final state - electrically
charged and neutrals. The existence of generons and, conse-
quently, the particle production scheme prompted by our ex-
periment /1.2/, fig.1, led to the following general experimen-
tally testable properties of the proton-proton collision
events in which many particles are observed in the final state:
1) Groups of 2,3,4,..., n hadrons, ejected from the area
within which the collision can be located, appear; usually
such groups of hadrons are called "jets'". More adequate ten-
tative definition, used in Jacob”s work/8/,in generalizing
from the basic properties of hadron production, will be appli-
ed in this paper: jet is defined as a set of hadrons with 1li-
mited transverse momenta, typically <p >=0.35 GeV/c, with res-
pect to the global momentum B; of the set, and with longitu-
dinal momenta Py wxp, distributed in a scaling way’/%/, the x
distribution being independent of P..This definition is ade-
quate just for the case under consideration. In fact, generons
decay into resonances and particles, but resonances decay with
observed @ values limiting the energy of the daughter partic-
les in the resonance rest frames to values of the order of
0.35 GeV. The line on which ﬁj lies we will call the jet axis.

2) Collision events consisting of 2,3,4,... jets can be met,
depending on the kinetic energy Ep of the colliding partic-
les: a) At the projectile energy E, of the value near the
threshold Ey ¢ for the generon production, the generons pro-
duced can decay into single particles or into resonances and
particles and correlated groups of particles cannot be obser-
" ved visually, without special analysis; the trajectories of
the particles observed in the final state are isotropically
distributed. b) At higher values of the kinetic energy Ey of
the incident particles, but much smaller than the extremely
high energies E.,sayE ~2000 GeV in the LS, at Ejc<<Ey «<Ee.,
jets start to be visible and simply detectable, because of
the kinematical transformations which undergo the decay pro-
ducts of the generon decays - the resonances and particles.
When all the particles finally produced are observed, the
vectors Bii characterizing the tq}al momenta of an i:;h jet
can be combined in such two sums pj and p;;; ,where p;; =

Ind -» - -2
= izl 6]1 and pj" - izn pji , that the vectors Pi1 » pj" N

Bal and?).2 are coplanar. c¢) At higher energies of the
bombarding particles, when E} -+, only two-jet events are
expected to occur; jets with the axes 3} at various angles
to the bombarding particle course, 0 ﬁongSJBOO can be met;

it is useful to emphasize that two-jet events with large to-
tal momenta P; perpendicular to the colliding particle course
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are e§pected. In a11 such two—Jet events, at Ey -+, the vec-
>
tors Pjr » Pji oo pﬂl and pa2 are coplanar.

3) Collision events with particles in the final state of
the transverse momentum values pp >>0.35 GeV/c will be obser-
ved; in some cases, the values can be of the order of the bom-
barding particle momentum p%, = p%, .

4) Resonances should be observed in jets, in predominant
portion of events at energies high enough to produce the re-
sonant states.

3.2, The Picture Expected in the LS

In the LS the picture is not so simple and expressive; its
simple correspondence to the particle production mechanism
is distorted due to the Lorentz transformation from the CMS
to the LS. But, some of effects observed in the CMS are obser-
vable in the LS as well:

1) At the kinetic energies Ej of the bombarding particles
of values near to the threshold for the generon production
the trajectories of particles appeared in the final state are
not isotropically distributed; particles emitted into backward
direction are met.

2) The portion of particles emitted into backward hemisphere
decreases with the bombarding particle kinetic energy Ej in-
crease; jet structures may be observed.

3) At the bombarding particle kinetic energy high enough,
E, >»E;q not any event can be met with particles emitted in-
to backward hemisphere; jet structures can be seen.

4) In both the cases, numbered above as 2 and 3, in some
events - when all of the produced particles are observed,such
two sums ‘iz'.l le-i’)jl and _2” Bji - 'b." can be completed that

the vectors B” , i1 » and Pa1 are coplanar, where p,; is
the momentum of the gombardlng particle. Two centers of the
particle emission can be, therefore, distinguished this way.

5) At extremely high energies, when E, »« one or two jet
events will be observed; in the two-jet events the axes of
jets are coplanar with the bombarding particle momentum vec-
tor.

6)° Particles appearing in the final state with the trans-
verse momentum Pt >> 0.35 GeV/c will be met at any energy
Ey > Epg -
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Ending this section, it should be indicated that simple
relations can be written for the total electric charge of the
jets observed.

4. EXPERIMENTAL TESTING OF THE QUALITATIVE PREDICTIONS

Some only of a large variety of experimental works, in
which particle production mechanism is studied, contain the
data adequate for a direct comparison with some of the predic-
tions presented in foregoing section.

Data from review papers, mainly of the written by M.Ja-
cob/8/, M.Miesowicz/10/,R.Sosnowski/11/,D.H.Perkins/ 12,13/, J,Gie~
rula/14/ will be used here. Some of earlier original papers/15/,
which the reviews have been based on, and corresponding works
recently made/16/will be taken into account here, as well.

The comparison presented here is fragmentary, qualitative,
and very rough only. We limit ourselves to a presentation of
adequate essential experimental facts; we do it dividing the
total material into two parts: a) the data from the colliding
beam experiments — the ISR data, b) the data from other expe-
riments.

4.1, ISR Data

The information from ISR is mainly at s =53 GeV; first
short information about the ISR operation at /s =540 GeV, and
first photograph of an event has been published just recent-
ly/ 16/ .

The general property of the proton-proton collision events
one can state, in analysing results fgom many experi-
ments /811,186,184 ¢ yhen two protons collide head on,the
emitted particles are almost always confined to two narrow
cones centered on the axis defined by the two colliding beams.
Occasionally,however,particles emerge from the point of im-
pact roughly perpendicular to the beam axis; the particles
are generally organized into well-collimated spurts of par-
ticles which have been named jets; four jet structures have
been found. v

The along-beams jets in the four-jet events are called
usually the spectator jets, one of the jets detected at
a large angle to the beam axis is called the trigger jet,
the opposite-side jet is called the away jet. ’

As concerns the four-jet events, it has been found that/ 11/
a) The &pectator jets are present in the collisions with
a large trangverse momentum object produced; the spectator
jets do not follow exactly the line of flight of incoming
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protons but deviate slightly in the away direction. b) Trig-

ger jets and away jets do exist; the away jet transverse mo-

mentum does not balance that of the trigger jet. c) A rather

high rate of the resonance production in jets is observed.

d) The average transverse momentum of jet fragments with res-
pect to the jet axis is <p,>=~0.5 GeV/c, this value does not

depend on the momentum of ghe jet.

4.2, Other Experimental Data

The particle production mechanism in proton-proton collisi-
ons has been studied in various energy regions with the help
of a variety of experimental techniques /10.12-14/

More than twenty years ago, following facts were well known
to physicists/10/:a) The independence of the average value of
the transverse momentum pt of secondary particles of the pri-
mary energy,<p1>=0 4 GeV/c. b) In the CMS of the collision,
the emission of secondary particles is anisotropic; particles
are collimated in the direction of the motion of the colliding
nucleons. c) At an energy of about | TeV, in the LS, produced
particles often form two groups which can be seen in the angu-
lar distribution in the CMS of the colliding nucleons; the
angular distribution can be represented by a superposition
of two Gaussian distributions; the dispersions of these dis-
tributions correspond to isotropic emission from two centers
mov1ng in opposite directions along the axis of the collision
in the CMs /10,177,

On examination of individual events, one sees the two-
maxima effect in a large portion of the angular distributi-
ons/18/. 1t was shown that, if the cases in which the cones of
particles are well separated are analysed, the particles be-
longing to these cones could be considered as being emitted
isotropically in their own rest system/10/0n the other hand,
events of relatively weak anisotropy are observed fairly often,

which none-the-less exhibit an absence of tracks around 90°
in the CMS; the dispersions of each maximum taken separately
are lower than for the isotropic distribution. As one of fac-
tors which could influence the isotropy T.Coghen adduces the
possibility of non-collinear ejection of the centres of par-
ticle emission/19/.This possibility was investigated by Z.Cza-
chowska et al./20/ in studying the azimuthal angular distribu-
tions, from the po1nt of view of non-collinear emission of
the centres of emission of the jet particles/19/.A deviation
from isotropic distribution of azimuthal angles was found

in a group of events in the energy region of several hundreds
GeV, but no deviation was found for events at higher energies.
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4.3. Comparison of the Experimental Facts
with the Qualitative Predictions

It should be stated that none of properties of the proton-
proton collisions, reviewed in foregoing section, contradict
the picture of the particle production process prompted by our
experiment/ 1%/ The well and long since, starting from the ob-
servations of S.J.Lindenbaum and R.M.Sternheimer’/2Y known the
two-centre particle emission mechanism can be treated just as
an experimental support for our picture. The existence of the
jet structures and possible emission of jets non-collinearly
with the collision axis supports this picture as well.

Four-jet events exist; they should exist in.fact at some
incident hadron energies. The lack of the balance of the trig-
ger- and away-jet momenta, and a slight deviation of a specta-
tor jet from the line of flight of incoming protons may be re-
garded as additional supports. Probably, the balance should
take place between total momenta of pairs of jets: the total
momentum of one of the spectator jets and the trigger jet,
and the total momentum of one of the spectator jet and the
away jet. .

The observation of the four-jet events at./s =53 GeV and
the observations of the two- or one-jet events only at higher
energies, of about 100 TeV in the LS, can be interpreted as
an indication that the jet structure may depend in fact on the
energy of the colliding protons.

5. THE NATURE OF THE INTERMEDIATE OBJECTS

In this section we consider briefly the nature of the gene-
rons. We look first for similar objects in works of many auth~
ors where the particle production process has been analysed.

Many of physicists working on the problem of particle pro-
duction were content to consider that the phenomenon observed
at higher energies, at about 1 TeV, could be described by sta-
tistical hydrodynamical theories/22-%/ A common feature of
these theories is that two high energy nucleons form after
collision a single volume of highly concentrated energy which
emits mesons. Such picture does not correspond to that obtained
in our experiment/1.2/; a single volume formed from two inter-
acting nucleons cannot behave itself as a generon does it in
traversing nuclear matter. Moreover, more and more facts,
presented in section 4, have been established which are incon-
sistent with the above-mentioned theories/10/.

In 1958 tHe phenomenological "two-centre" model/10,17,27,28/
which now is called/?"/ the "fireball" model, was proposed on
a purely experimental basis for the description of these facts.

13



In this model: "After the collision of two nucleons of very
high energy in the CMS the nucleons carry away a large frac-
tion of the primary energy and are not deflected strongly

from their primary directions. Two fireballs are produced which
move behind the nucleons with lower velocities and also appro-
ximately along the collision axis..... Then the short-living
fireballs decay isotropically in their own rest frames emitt-
ing mesons with an average energy of about 0.5 GeV"/10/.1t is
not found necessary to ascribe such nature to the generons;

we do not have an experimental arguments to think that gene-
rons are consisting of the groups of mesons separated from
nucleons. Moreover, generons behave themselves in a different
way, in passing through nuclear matter - they can produce new
generons in collisions with the downstream nucleons/?%/.

The appearance of many particles in result of the nucleon-
nucleon collisions has been discussed, in a different and ori-
ginal way, by V.F.Weisskopf and expressed clearly in his re-
views/29-31/ The particles produced by the great accelerators
can be regarded as a spectrum of excited states that decay
to a few ground states. As concerns the particle-nucleon col-
lision: "When a nucleon is hit by a particle of very high
energy, it seems to behave somewhat as an atom or a nucleus
does at considerably lower energy. The nucleon can be excited
to a number of higher quantum states. After being excited it
sometimes falls back to its original state with the emission
of light quanta or lepton pairs, but in most cases, when the
excitation is high enough, the emission consists of energy
quanta of an unusual type: the mesons.... High energy physi-
cists often refer to these excited states as 'new elementary
particles”". I have felt for some time that it is more logical
to consider them as higher quantum states of the nucleon,since
they are very short-lived and revert to an ordinary proton or

neutron" /3% . ] o
Generons produced in nucleon-nucleon collisions can be re-

garded as such excited nucleons. In this particular case the
term "baryon" introduced for the nucleon excited state by
V.F.Weisskopf/ 3/ corresponds to our term "generon". But, we
shall use later the most wide term "generon" because we hope
our picture of the particle production process will be appli-
cable for the collisions of any other particles, not only of
nucleons.

In such a meaning, generons are excited states of the
matter which exists usually in a kind of a few ground states;
such excited states can behave themselves in many cases, in
passing through nuclear matter, as the ground states do it.

A deeper insight into the nature of generons may be achie-
ved in studying the inner structure of their ground states -
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of the nucleons in particular. The experimental information
about a complex internal structure of nucleons, consisting

of pointlike entities - partons/3% or quarks’/33.34/ obtained
in the SLAC experiments reviewed by H.W.Kendall and W.K.H.Pa-
nofsky’ 35/ should be analysed from this point of view.

6. CONCLUSION AND REMARKS

In result of our investigations of the particle production
mechanism, using nuclear targets as detectors and analysing
the properties of the nucleon-nucleon collision process, it
can be stated that the existence of the objects — generons -
mediating the particle production should be postulated. We
are inclined to think these objects, with the properties desc-
ribed in parts I and II of this work, exist in fact in the
nature and, therefore, the particle-producing hadron-nucleon
collisions may be treated in their early stage as 2 + 2 endo-
ergic reactions. _

The discovery of the generons can be regarded as an expe-
rimental support for the V.F.Weisskopf concept of the nature
of the baryons /30/,

In the light of the result obtained, new scheme of the
large transverse momentum processes in nucleon-nucleon colli-
sions, fig.l - right corner low, should be used in attempts
to apply the four-jet events for nucleon structure studies/8/
this scheme is testable experimentally,

It is a pleasure to thank Dr. J.Bogdanowicz for discussions.
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