


'reglons as large as 1071321072 ¢cm and within time 1ntervals of about 10

vm ‘our mvestlgatlons durmg about ten' last years' [6 9,21}. "~

1. INTRODUCTION

:*A: physical meaning of the outcomes from hadronic collision processes is dis-

cussed during a long period; the nucleon-nucleon-collision reactions are of special
[interest ‘in- this' context. The theoretical :interpretations are centered mainly on the

candidate;theory for - strong -interactions, Quantum "Chromo Dynamics “— QCD,
applied at varying levels of mathematical rigour [1-5];'Large majority of the results

n;‘obtamed this way -are theoretically "and:hypothetically b1ased and based 'on-some
sorts of beliefs — commonly accepted, however. = .« ' :

‘In this work I-would like to present unbiased, cxperrmentally based results.of
investigations .'of the ‘outcomes ‘from " the, ;hadron-nucleon,- hadron-nucleus, ‘and

nucleus-nucleus : collisions. 'Experimental. - works [6—15], - which the :conclusions

presented here are based on,:were performed in a total experiment using:the 26 litre
and 180 litre’ xenon ‘bubble chambers exposed to pions. beams at 2.34—9,GeV/c

: .momentum, supplemented by results from experiments realized by means of other

detectors: nuclear emulsions, electronic arrangements streamer chambers exposed to
pion, kaon proton and nuclear beams; from accelerators" at various energ1es and

from cosm1c rays [16——19]

In my op1n10n the phys1cal meanlng of the coll151on reactlons outcomes may be

\ rellealed on the basis of the experimentally discovered plctures of the colhsron
; processes The mechanisms of the coll1s1ons may be found out experlmentally us1ng

the 1ntranuclear detector [6] — the target nucleus serves as the detector [9 19—21]

"wh1ch could provrde information about the processes locahzed within the space

-23 -1 0—22

seconds Such detector — we called it the 1ntranuclear detector [6] — has been used
" The mechan1sms ‘of -the hadronic and nuclear coll1s1on processes have been
studied using the xenon intranuclear detector. i o
The intranuclear detectors for example the Xxenon 1ntranuclear detector the lead

intranuclear detector, the uranium’intranuclear” detector and others may be tréated as

some subnucleardetectors. — like the’ macroscopic track’ detectors *— as bubble
chambers, streamer chambers or nuclear photoemulsions.’ DL :
Let us start.the considerations here- with the description-of the 1nvest1gat10n ‘
procedure. Firstly, I would like to state that many of the.processes which have been:
«observed» in the xenon intranuclear -detector are passing in strictly causal manner,

(ssnc Anmdiiaedl WEITRITY
OReyitR proneissaant
EHSRHOTE’HA _



e.g., the hadron passage through intranuclear matter accompanied by the nucleon
emission from the target nucleus — the number of the nucleons emitted corresponds
to the number of the nucleons met inside the nucleus along the projectile course,
within the strong interaction range [9,19].

2. THE INVESTIGATION PROCEDURE

In order to reveal the physical meaning of the outcomes from hadron-nucleon,
hadron-nucleus;.and nucleus-nucleus collisions observed in detectors, one should
discover at first the mechanisms of the collision processes and then the mechanisms
_of the energy transfer from.the hadronic and nuclear projectiles into the target nuclei.
It should be remembered that the-answers to. the: questions: how are the collision

processesgoing on?, how is the energy-transfer. from the projectiles to the. nuclearr

targets going on?, what is observed in the final states of the collisions? should be
“found experimentally. Any freely fabricated hypotheses or models are intolerable on
‘any level of the investigating procedure'~- as the fruits of human fantasy; all what
is stated ‘must be based experimentally and motivated in experiments. It could be a
“Wrong direction of the search singled out and accepted by others 'in other way, and
be in'use during relatively long period. : : :
“It'is  possible to realize the investigations in accordance with the: desiderata
formulated above; it will be when the experiments which the concluslons have to be
used from are the total experiments. Usually, it can be achieved in"some of track
< detectors — as the heavy liquid bubble chambers, when, as the supplemented data
from pther detectors are employed — as those from electronic _arrangements,
‘streamer chambers, nuclear emulswns Very effective, for the experlments in
question, are the mtranuclear detectors — s1ngle massive atomlc nuc1e1 employed as
fine detectors for md1cat1ons and analy51s of the processes w1th1n the space regions

wrth sxzes of about 10713_ 107 -12 cm in d1ameters and in t1me 1ntervals of about

10‘23 10722 seconds [6—9, 12,13, 18,19]. , :

Interestmg, original and conclus1vely based on exper1mental data plctures of the
processes under study . emerge when a complete series of appropriate data, total and
clearly motivated on experience is used.— as the basis. for the .conclusions
-formulations.

.In applymg such 1nvest1gat1on procedure durmg over ten years the pictures,

prompted experlmentally, of the. hadron-nucleon,. hadron-nucleus, nucleus-nucleus
collision processes and of the energy transfer processes from the projectiles to the
target nuclei in them were revealed [6—9].-We do not repeat the description of the
.investigation procedure at that level, and I am:taking the liberty. to propose some of
our recent works-where ‘the investigation methods are described [3-—13].
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In the next section 3, a presentation of main results obtained in those works is
given; the results interesting and important for our further considerations in question
are given in section 4.

3. EXPERIMENTAL RESULTS
ON  COLLISION MECHANISMS

- In all the collision processes: 1) in hadron-nucleon (in nucleon-nucleon in
particular), 2) in hadron-nucleus (in nucleon-nucleus in particular), 3) in nucleus-
nucleus the particle production occurs in head-on 2 — 2 typé collision reactlons of
the incident hadrons with the nucleons. In the hadron-nucleus and nucleus-nucleus
collisions the emission of the nucleons from the nuclei involved predominates, how-
ever; the emitted nucleons are with the kinetic energies. of about:20—400 MeV, the
emission does not depend on the energy and identity of the impinging projectiles, and
whether the particle creaction occurs or not [6—8]. The particle production goes
through intermediate objects created first in the 2 — 2 type endoergic readtions and

decaying into observed particles and resonances after the lifetime of about 107%s.

In the hadron-nucleon collisions the projectile energy is transferred to the target
nucleon, in the hadron-nucleus and in the nucleus-nucleus’ collisions the projectile
energy is transferred partly to the target nucleus and partly to the nucleons mvolved
in the partlcle producmg collision reactions with the prO_]CCtlle within the target
nucleus. The energy transfer to the target nucleus is 11m1ted and it is no larger than
about a few ‘GeV per the incident nucleon; the energy transfer from the hadronic
pI‘O_]CCtllC to, the downstream nucleon in_ the particle creatmg COlllSlOIl reactlon is
practically unlimited. = ? N

Below, the phenomena, the colhs1on react1ons are accompamed by, w1ll be
considered from the point of view of, the phys1cal 1nterpretat10n of the observed
outcomes from the collision reactlons under studies.

31 l-ladron-szucleon Collisions p

v

‘From our former mvestlgatlons [69 13,20,211, the expenmentally based
conclusions may be stated: in hadron- nucleon (in nucleon-nucleon ‘in partlcular)

collisions at high energles the pamcles are produced through intermediate objects

created first in 2> 2 type endoerglc reactlon and decaymg mto fmally observed
resonances and pamcles after the lifetime ‘cg 1072 ; these objects were called

«generons» [9]. The appearance of the well-collimated spurts of hadrons, or jets,-in

the final state of the collision reaction, and of the large transverse. momenta are
therefore naturally a simple and indispensable consequence of-such. mechanism of

the perticle production process. Generons are formed in head-on collisions [9].

3



In formiilg the intermediate objects, ‘or ‘generons, in a hadronic head-on col-
lision, large energy is transferred from the projectile to the target, e.g., from a hadron
to a nucleon; at energies high enough, this energy transfer may-be practically
unlimited. As a measure of this energy transfer in the particle-producing collisions,
the intensity or multiplicity of the particles may be used.

The pions are the mostly intensive .component among the products at high
energies, kaons and baryon-antibaryon pairs appeare about ten times rarer.

The main properties of the nucleon-nucleon particle-producing collisions are:
The mean intensity or multiplicity of the produced particles increases logarithmically
. w1th the prOJectrle momentum — from about 5 at about 10 GeV/c up to about 18
partrcles at about 1000 GeV/c The mean transverse momentum of the particles is

=04 GeVrc, mdependently of the incident partrcle energy value. The

longltudrnal component of the momentum, expressed “in the Feynman variables,
Xp=P{P is with almost constant exponential distribution, mdependently of the

colhs1on reactron energy

3.2. Hadron~Nucleus Collisions

“In hadron nuéleus collrsrons ‘the interaction of the 1nc1dent hadron (nucleon) is
localized in relatrvely small cylmdrlcal volume with the radius as large as the strong
mteractlon range is, centered on the hadron course within the target nucleus
~ Four main phenomena are usually observed when hadrons collide with atomic
nuclei: a) The passage of the incident  hadron ' through ‘intranuclear ‘matter,
accompamed by the emission of nucleons with kinetic energy from about 20 up to
about 400 MeV from the interaction region, we call them the «fast» nucleons later;
the em1ss1on of the nucleons is induced by the incident hadron in'its passage through
intranuclear matter. b) The production of hadrons. On the background of the
projectile passage through layers of intranuclear matter, the partrcle—producrng head-
on collisions of the projectile with one of the downstream nucleons occur; particles
are produced through intermediate- objects in 2 — 2 type endoergic reactions of the
hadron and its successors wrth downstream nucleons. The mtermedrate objects as the
hadron successors may use o collrde with the next of the downstream nucleons and

create new 1ntermed1ate objects; the linear 1ntranuclear cascade of the generons may

.develop along the incident ‘hadron course in 1ntranuclear matter, this way. c¢) The
evaporation of the target nuclear fragments, mcludmg the target nucleons of kinetic
energy smallér than about 10—20 MeV. d) The fission of the resrdual target nucleus
into nuclear fragments.

In any case, whether the partrcels are’ produced or not, any pro_;ectlle hadron
causes the emission-of nucleons in passing through  atomic: nucleus. This nucleon
emission should not be confused with the nucleon evaporation with clearly different
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energy and angular distributions. The number nN ‘of the emitted «fast» nucleons

equals the number of nucleons contamed within the volume :
v=nR_‘ xanO Ao )]

centered on the hadron path A in intranuclear matter, where D, is the diameter of the

nucleon, as large approximately as.the strong interaction range is. The particle
production process does not effect an influence on the nucleon emission [22]. In
particular, the mean multiplicity n, of the emitted protons is: .

EERRIEHE o
where (4, ) is the,‘mean thicl(ness of the target nucleus in protons/S units, and

S—nDz~10fm2* Lo <

The particle creation process goes on the background of the incident hadron
passage through intranuclear matter and it is localized along the projectile course in
mtranuclear matter wrthm the tube of the radius R as large as'the strong-interaction

ange R 1s centered on the hadron course Hadrons are created through some
1ntermed1ate objects formed msrde the tube in the target nucleus and they use - to
decay after having left the nucleus, after about lifetime T, = 1072 5 into commonly

known «produced» particles and resonances; the 1ntermed1ate objects are in fact the
hadrons in statu nascendi [13]. In collisions with nuclei massive enough at energies
high enough,, the intermediate objects may use to colllde in ones turn wrth the
downstream nucleons — the intranuclear cascade may develop of the mtermedrate
objects along the incident hadron course ‘through the volume (1). The mulrplrcrty n
dlstrlbutron fin, A, E) of the electrrcally charged hadrons produced 1n a colllsron of

a hadron with an atomrc nucleus A at the mcrdent hadron energy E 1s [21 23},
_SLA : (Ay Ry

ﬂnv Ay Eh) =¢ 0) z [ l - € ( 0 ] ,Pm(n), N » (3)

T m . B P ;

where P 1s the composition of the m stat1st1cally mdependent d1str1but10ns of the

charged partlcle mult1p11c1t1es n [21]. The felation 3) represents a composmon of
somé number m = 1; 2, 3,...- of statistically independent outcomes which could be
observed separately in elementary hadron-nucleon collrsrons at incident hadron
energy E./ m. : '

The evaporation process was studied experimentally in nuclear photoemulsions
mainly; the evaporation products leave characteristic black tracks in the emulsions
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— the tracks of nuclei with the charge number Z =1 to Z =2 predominantly
[24,25]. It was obtained that: 1. The black track leaving part1cles exhibit an almost
isotropic distribution [15,25]. 2. The mean number of the black track leaving
particles n, is not related to the number of generated pions [25], at energies of the

incident hadron over a few GeV; thls number { n, ) is weakly energy dependent at

smallér energies [25,26]. 3."Mean kinetic energy of the emitted black track leaving
particles isiabout 20 MeV and stays with incident hadron energy change; it is inde-
pendent-as well of ‘the- identity of the impinging particle [27]: 4. The ratio N/ Ng
betwen the number Ny of the black track leaving particles directed into forward
hemisphere and the number N of the particles directed into backward hemisphere

amounts about 1.1 £'0.1; it does notidepend on n, and it is the same for pion-

b
nucleus collisions at about 60 and 200 GeV [27], it is reasonable to accept that
N/ Ny is practrcally independent of the energy and 1dent1ty of . the impinging

“hadron. - . ‘ g

In experrments performed by means of photonuclear emuls1ons the relations
between characteristics of the black track leaving and gray track leaving particles
emission charactenstrcs were rnvestrgated [16,24,25—27]; among the gray track
leavmg ‘particles are the fast protons predommantly — with energies of about 20 to
500 MeV. Experimental relations. in question allow one to conclude that [28]:"
Large difference between mean energies of the fast protons, { E Y, and of the black

track leavmg partlcles { E, ), is independent of the energy and mass of the projectile

and of ‘the target mass as well [26] 2 A large d1fference between angular
dlstrlbutlons of the b- and g- -track leaving partlcles is 1ndependent of the energy and
1dent1ty of the i 1mp1ng1ng hadron, and of the target nucleus mass_ number as well, 3.
The range and’ angular dlstrlbutrons of ‘the gray track produc1ng part1cles do not

change with incident hadron energy change, as it has been proved at energres larger ;

than-about 2 GeV. Still less correlated with the primary energy' are'the black tracks,
their number n, is proportronal ton,. 4. The dependence of the mean number of the

black tracks { n ) on the number n, of gray tracks has the same behavrour through

the energy range 6. 2 GeV to 400 GeV [15, 16] one linear function describes it well
[15]. This linear : function for proton-AgBr nuclei collisions passed near the
dirigin n, = 1. 21ng + 1.49; this correlatlon 1s completely 1ndependent of the number

-

of produced pions [16]. Even if the shower partlcle mult1plrc1ty increases from 2.8
to 16.8 no change is observed in the mean black and gray track multiplicities. 5. The
differential frequency distributions for the stars as function of n,= = ng +n, for

proton-emulsion nuclei collisions at 6.2—3500 GeV exhibit only small irregularities
and differences.[15]. 6. The multiplicities n, and n, obey:the relation 15:
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(ng/ n, ) ={ n, ¥ {n, ) = constans = 0.39. ‘(4)

It indicates proportionallty between ( ﬁg ) and n, ), and hence between n, and n

this relation is energy independent.

3.3. Phenomena Observed in Nucleus-Nucleus Collisions

Three main phenomena srmply observable, are seen when a nucleus collides
with a ‘nucleus: ‘a) The passage of nucleus or its fragments through the second
nucleus; b) The particle productlon process c) The fragmentatlon of the collldmg
nuclei and nucleon evaporation.

The passage should be accompamed by the emlss1on of «fast» nucleons from
the ‘overlapping parts ‘of the colliding nuclei. The fragmentation process of the
colliding nuclei can. be considered as a composition of the fragmentations: of the
target nuclei initiated by: hadronic projectiles: The colliding nuclei can be treated as
colliding beams of the nucleons'— any rapidly moving nucleus can.be treated-as a
collimated beam of monoenergetic nucleons. S e

The hadron production in such colliding beams proceeds as. in: hadron- nucleus
collisions, and the outcome.from such a collision is a composition'of the’ ‘outcomes
in the nucleon-nucleon collisions. In fact, generally,' the collision between two nuclei
is'a composition of binary nucleon-nucleon’ collisions. In other aspects, the beam
collision reaction”is depending on''the ‘sizes’ of the colliding nuclei ‘and on the
collision impact parameter. The basic characteristics of the fragmentatron processes
were established experimentally '[29—36], ‘the’ most important here ‘are: a)' The
momentum components of the fragments in the rest frame of the prO_]CCtlle nucleus
have a Gaussian shape with st: dev. (a width) from about 50 to 200 MeV/c,
depending only on the masses of the fragmentmg nucleus and the fragment ‘and not.
on the target nucleus and the beam energy The momentum spectra in this rest frame
indicate "very low effectrve temperature of 8—10 MeV, very Tow excrtatron in other
words. The isotope productron rates are approx1mately target- and energy -inde-
pendent. b) The angular distribution of the fragments in the prOJectrle rest frame is
close to the isotropy. c) As it is concermng the nucléar fragmentatlon the above
experimental facts suggest [37] that the fragmentation can be viewed as a decay of
an excrted nucleus, therefore as a delayed process it keeps llttle or no memory of
nuclear fragments 1ncludmg s1ngle evaporated nucleons d1ffer ev1dently from Athe
nucleons emitted from colliding nuclei with kinetic energy of about 20 up to 500
MeV in the rest frame of each of the colliding nuclei; the emission.of such fast
nucleons we observed in the hadron-nucleus collisions. ; -
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4. THE PHYSICAL MEANING
OF THE COLLISION REACTION OUTCOMES

It may be concluded, from the experimental data presented above, that what is.

observed in our investigations in the lab. system, and described in our publications,
and in the works cited in them is: The hadron-nucleus collision processes at high
energies (at above the pion creation energy threshold) proceed in two clearly

different stages; the fast stage, during about 102310722 seconds, is the passage of

the incident hadron through the layers of the intranuclear” matter, inside the target .

nucleus At thls stage, the incident hadron uses to start the «fast» nucleon emission
process from the target and the particle creation process in head-on collisions with

some of down-stream nucleons, in passing through the intranuclear matter layer:
involved. The relatively small part of the nucleus is taking part in the collision only

— the tube of the volume nD A, where D = Rh’ is the strong. interaction range as

large approximatelly as the nucleon d1ameter is, A -is the intranuclear matter layer
thickness. Depending on the hadron energy and on the collision . impact-parameter,
the target nucleus may be pierced; at’ energies hlgher than a few GeV ithe target
nucleus is prerced anyhow. 2 :

From this stage, the fast nucleon emission is d1st1ngu1shable — it differs by
much from the nucleon evaporation, the emitted fast nucleons are recognized as not
knocked out ones, as well. The observed, so-called «produced» particles are in fact
decay products of produced 1ntermed1ate objects or generons. — created first and
decayed into observed «created» hadrons after having left the parent target nucleus;

the lifetime of the generons is about 107" 22 seconds. :

The target nucleus at this stage is pierced and becomes to be 1nstable and
should undergo some transmutation into some stable parts — nuclear fragments,
smaller nuclei.. The second stage of the colllsron process starts. This stage can be
named slow one. ‘

At the second stage, the duration of wh1ch may be determmed arbitrarily only‘
—e.g., from the end of the projectlle passage through the.target nucleus up to the
decay of the plerced nucleus into stable fragments and nucleons.

In'the particle- producmg hadron- nucleon collisions, the secondary hadrons are

created via mtermedrate objects or generons srmrlarly as in the hadron nucleus

collisions. :

‘In the nucleus- nucleus collisions, in the lab. system the prOJectrle nucleus may
be imagined as collimated beam of monoenergetic nucleons. The nucleus-nucleus
collision "of two ' moving nuclei*is in fact ‘the’ collision of two collimated
monoenergetlc ‘nucleons beams: the outcome in this case.is expected to be a com-
position of the nucleon-nucleus collisions.

In conclusion, what can be stated is: From the facts presented above, that what
is observed in our works, and in ‘the works of other ‘authors in'which similar
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processes are investigated, is that the hadron creation' goes through intermediate
objects called generons. The hadronic jets are created through the intermediate
objects — as their decay products. The intermediate objects behave themselves as
usual hadrons do it in passing through intranuclear matter; and convert into hadromc
jets or hadrons after about 10722 seconds — after havmg left the parent nucleus

Now many beheve however that quarks do not appear as such but they
materialize or convert into observed well collimated spurts of particles, which have
been named jets. And so, accordmg to this belief, the mtermedrate objects or
generons may be regarded to be partons or quarks, systems of quarks or partons
quark or parton bags, It can be stated therefore that in the experrments drscussed
here these objects are observed by ‘means of atomic nuclei employed as mtranuclear
detectors; the behaviour of these objects 1n their passage’ through layers of
intranuclear matter is observed, as well
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‘ fStrugalskl zZo i
Physrcal Meamng of the Yrelds : b

“from Hadron-Nucleon, Hadron- Nucleus, R R e

, ;and Nucleus Nucleus Colhsrons Observed in Experrments S

R

e A physrcal meamng of the outcomes from hadromc and nuclear collrsronf
‘processes at hlgh energies’is presented as prompted experrmentally ‘The fast and
: :slow stages in hadron-nucleus collisions are distinguished. Hadrons are produced'
via intermediate objects observed in hadron nucleus collisions. The mtermedrate
objects may be treated as the groups of quarks or the quark bags Sl ‘

The mvestrgatron has been performed at the Laboratory of ngh Energres b INR




