


1 "INTRODUCTIO:N' o

, Flrstly, when the problem in the t1tle appeared nobody knew for sure. what '
m1ght happen when two heavy ‘nucléi- smash together at energies of the order. of
hundreds of GeV per nucleon But the consensus conclus1on was, based on

theoret1ca1 speculat1ons that if enough energy is pumped 1nto a nucleus normally? !

consrdered as a 1oosely bound collect1on of nucleons it w111 eventually transform

into a new state: nucleons will lose the1r separate 1dent1ty and fuse together 1nto, .

the quark-gluon plasma or quark- gluon matter, or «quagma.
" ‘The-burning questions: arose, therefore: a) How' it is_possible:to pump energy ,
1nto a nucleus. and create the quagma state of 1ntranuclear matter, and whether. the

cond1t1on necessary for such creation can be reached or not in. hadron-nucleus or

nucleus: nucleus collls1ons'7 b) How can the state be detected and stud1ed f
generated” AL AR R EH et S : ’

" There is'an op1n1on ‘that the whole Unlverse could have been in such a state
a few m1croseconds after the 1n1t1a1 B1g Bang, and the quagma ‘may. still: ex1st in,.
the cores of neutron stars If synthet1c quagma 1s produced it w111 be short-llvmg,,

state explodmg 1n _some 1072 ¢ into part1cles — into’ several thousands of‘
part1c1es if uran1um nuc1e1 coll1ded As it is expected the explos1on should be _
accompan1ed by 1ntens1ve ﬂashes of gamma quanta and by an overabundance of -
strange part1c1es S i R
~In my op1n1on ‘the passage of a s1ngle hadron through 1ntranuclear matter
should be “first recogmzed accurately in order to obtain’ exper1mentally ‘based
answers to the questions above. The: subject matter in' this paper are,’ therefore,
mainly: a): A short review :of experimental ‘information’ about hadron passage
through intranuclear. matter; b):A short review .of -experimental data'on‘hadron- -
nucleus-and nucleus-nucleus collisions at various energ1es c) A d1scusswn about o
. the top1cs in quest1on above . : Lt e sl e

2 THE PICTURE OF THE HADRON NUCLEUS NUCLEAR '".' e
COLLISION PROCESSES — EXPERIMENTALLY BASED

It was not found necessary to repeat here a descrlptlon of many exper1mental
" facts underlymg the p1cture the facts were “described in. many works of my co-
- workers and myself [1 8] The p1cture may be treated as the expenmentally
prompted one. , s
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When a hlgh energy. hadron his 1nc1dent on an atomic nucleus A or, in other

words, on a intranuclear matter layer of a thickness ‘A i in nucleons’ per some area

S units, [nucl/S] ‘there may start various processes. as it traverses this layer. This

hadron. may traverse the intranuclear matter layer wrthout ‘causing ~ particle

productron or ‘it can come into particle-producing reaction -with one of the-
downstream nucleons met at any depth. In traversing 1ntranuclear matter layer, the -

hadron loses always almost fluently its kinetic energy and it is deflected slightly

from its initial course. The deflectlon is a result of the multiple scattering from |

‘ objects in. 1ntera.nuclear matter of the rest mass as large approx1mately as the pion

rest mass [9]. Such a passage is always accompan1ed by «fast» nucleon emission

" (kinetic energy from about 20 to. about 500 MeV) The- nucleon emission ‘is a
visible effect’ due: to “hadron: energy. loss in 1ntranuclear matter When  the
1ntranuclear matter layer is thick enough _the’ observed number of the em1tted
nucleons is as large as the number of nucleons met by the hadron w1thm the

cylmdncal volume nD, 2 centered on the hadron course ! in 1ntranuclear matter,

where D

i 1nteractlon ra.nge R 1s The" fast nucleon em1ssron 1s a phenomenon occurrmg

'mdependently of the partlcle produclng reactlons of the hadron in 1ntranuclear

matter. The nucleon multiplicity dlstnbutlon can be described quantrtatlvely and

‘ s1mply by the formula without free’ parameters in terms of the target nucleus size
and nucleon densrty dlstrlbutlon in it [4]..On the background of the fast nucleon
emission: process,
. productlon occur plent1fully in- 1ntranuclear matter. The partlcle productlon in

~ hadron- nucleus colllsrons starts "-in result of a s1ngle partlcle producmg head-on -

272 type COlllSlOn of the hadron with one of the nucleons met in 1ntranuclear
matter. - The  occurrence of -the. partlcle producing collisions ‘is determmed by
, hadron nucleon elementary collls1ons cross sectlon C;, [S/nucl], the mean free

\path for such colllslons in 1ntranuclear matter 1s ‘a measurable quantlty and
<k > = 3/6 nucl/S. The partlcle productlon in hadron- nucleon collrs1ons in™

nucleon-nucleon COlllSlOnS in - particular, is. mediated ‘by. intermediate objects

created. ﬁrst ina2—2 type endoerglc reaction in the early stage of the colllsron
[10l , e

left the parent nucleus; the lifetime’ of the generons is large enough, larger than

2
about 10~ 25, them to be possible to traverse the most massive atomic nuclei. In
traversmg 1ntranuclear matter generons can colllde w1th the downstream nucleons

and produce new. generons giving rise to development of quas1 lmear ‘cascade’ of .
generons in mtranuclear matter [11]. It has been shown [12, 13] that, in. average ‘ '
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1s the nucleon d1ameter —:as: large approxrmately as the nuclear-

The mtermedlate objects we called them «generons» move along the 1nc1dent '
hadron course in intranuclear matter and behave themselves in it as usual hadrons
do it, before the decay into finally observed resonances and particles after havrng ’

s1ngle hadron nucleon  collisions leadlng to. the partlcle. L

£

e e

<m> =¢ partlcle-producmg collls1ons happen when a hadron fell on the
mtranuclear matter. layer of the thlckness A, where t = k / < 7» > In the cascadmg :

process: the kinetic energy “of “the “incident hadron is d1str1buted between thev'
generons created. This way, various characterrstlcs of the outcome in a partlcle-

producing  hadron-nucleus collision ‘at an’ energy E are the composmon of .~
corresponding characteristics of the outcome (or yreld) in some number m. ofv ‘
hadron-nucleon colhsrons at the mean. energy E/m. e _ - B

In hadron-nucleus colllslons the target nuclei: are prerced and destroyed
locally in a definite manner by the projectile hadrons — an almost cylmdrlcal part
of a nucleus of the diameter as large as. ‘about 2D centered on hadron course in .

1ntranuclear matter is moved away —at frrst and then the resrdual part of the
target—nucleus decays into nuclear fragments (14].. < R

3 THE PICTURE OF THE NUCLEUS- NUCLEUS COLLISION o
’ PROCESS — EXPERIMENTALLY BASED MR

B In 1948 Freler et al commumcated about the presence of hellum and heav1er:,
nuclel among_ the partrcles of the prlmary COSl'l'llC radiation [15]. They made_::
expenments at altxtudes ‘of about 90000, ft by means of free ballons the primary .

particles’ bemg detected both by observation' with an expansmn chamber and by

photographic - ‘émulsions.’ Accurate conclusive 1nvest1gat10ns of heavy nuclei:
collisions at high energies started with photographlc emulsions exposed to cosmlc!
radiation [16]. Collisions'of nuclei Hl He Be N14 5128 Fe56 with different
constituents : of the emulsion H, CNO(S), AgBr(I) were studled by photographlc .
method, smgle events were ‘studied: accurately Collrslons of heavy nucle1 from .
accelerators : with nuclei’‘were ‘studied ' 1ntensrvely later by ma.ny groups off

. physicists, and now are under great interest as well [17—-28] But the old cosmlc‘_
" ray data are of large valuabllrty for the problem 'in question  in this artlcle The

data obtamed .at that initial mvestxgatlons -are .conclusive by much and are
nucleus-nucleus colhsrons, dlscovered at that tlme are actual by much up today -

Qualltatlve plcture of the heavy ion’ colllslon process has been traced [17 18]
from comparatively low energy to relativistic energles ‘this plcture is fragmentary ‘
and incomplete, however. Our knowledge about relat1v1st1c nucleus nucleus
reactions  is from ‘the experlments at the LBL Bevalac - [19 20], JINR
Synchrophasotron [21], and cosmic rays [22, 23] average secondary multlpllcmes
were studied at Berkeley and Dubna [24—26] o ; e

.

: 3



At some hundreds MeV: per: nucleon the proiectile as: well as the target
. nucleus in a central nucleus-nucleus- collis10n in.C + Ag:for example are totally
dis1ntegrated the heaVily ionizing collis10n reaction.. products - are distributed
almost isotropically. At higher energies at some tens of. GeV:per nucleon, .in
central collisions of nuclei, of Mg and Ag for, example one observes the heaVilly
ionizing tracks distributed in the same. manner.as in the. low: energy reaction
described above but, additionally the shower of particles in the forward direction
which may contain tracks of the pI'OJCCtllC protons and of the _produced piops is
eVidently seen many He perticles from the prOJCCtlle may be observed as well

The analys1s of experimental data on the nucleus nucleus collis10ns at about
2—15 GeV/nucleon, and "the comparison of them with the proton:-nucleus
‘collision data; indicate that the recoil- and temperature of the spectators in nucleus-

“nucleus collis10ns may be only weakly ‘dependent on the nature of the inc1dent'

+ particle, on the incident energy and on the number of participating nucleons [17];
it may indicate that only some parts of the nuclei are involved in_the nucleus-
nucleus collisions. The angular distribution of the projectile spectator protons (17]

is separated from the distribution of. partic1pant protons, [17]).and produced. pions.
The Berkeley data and the Dubna streamer chamber data [21,24] show the depend—

ence of the produced pion mean multiplic1ty on the number of partic1pant.

; nucleons which act almost as the surface of the partiCipant system

“From cosmic’ ray data [27] at mean energy of about 19° GeV per’ nucleon the-:

number of produced pions n; in colliSions w1th atomic nuclei in emuls10ns

' depends on the number n of the shower particle multiplicity and on the number

np on the. number of the protons into  which- ‘the 7 incoming ‘nucléus fragments )

n —np—nn, and. np—Z f’ where f lS the charge of the - fragments w1th'

Z =2, and Z is the charge of the inCident nucleus The studies of the multiplic1ties :

in central (Ca Fe) + Em nuclei as. a: function of the inCident energy [28] give, at:
about 19 GeV/nucleon in average, the. .mean number of the shower particles 2

< n > = 120 when the number of partic1pant nucleons is ~130...

In ‘general, the multipliCities of the produced particles in nucleus nucleus
reactions should depend mainly on the number of participants. 'So, on the bas1s of

ﬂt],e nucleon- nucleon - -collision: data incentral “nucleus-nucleus’ colliSions when k
about- 400 participants are involved, thousands of produced pions should bek

observed ~and hundreds of the target.and pI'OJCCtllc nucleons

And. 50, it ‘was stated in the first cosmic ray works and supponed by the
accelerator investigations that [2,3]): ;

h1) In collisions: of a’heavy highly energetic nucleus w1th a resting nucleus
wit relatively high: frequency a fast- secondary heavy nucleus or a number of
alhpa-particles emerge from the encounter. g {

e
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....2) The fast secondary. heavy- nuclei are .a. parts -of. the. incoming projectile :
nuclei — the fragments of them; they are produced in peripheral collisions be- .
tween two nuclei — only a few, of the nucleons of the primary fast nucleus or of
the target nucleus, being involved in’ the impact - ~

3) In the peripheral collisions,’ it may’ happen that the main groups “of
nucleons of  the colliding nuclei are: not sufficiently. disturbed to be disrupted;: a '
heavy nuclear fragment emerging from the encounter With a_velocity little
different from that of the incoming pamcle whilst a fragment of the struck,

4) ln the head on collisions between two Similar nuclei both of them are
totally dispersed into their component nucleons (as one can see on the photos
16—14 and 16—19 in the book of Powell et al) e

5) In ‘such collision events and when the primary nucleus is movmg w1th

_great veloc1ty, the number of secondary products of the impact — mesons. and

other particles — are observed

4. MECHANISMS OF ENERGY TRANSFER FROM HADRONIC
) AND NUCLEAR PROJECTILES INTO TARGET NUCLEI
b IN COLLISlONS AT HIGH ENERGlES P '

‘ In result of investigations of the proiectile energy transfer to target nuclei o
[30—-32], the followmg mostly important assertions may. be stated for the target .,
nuclei at rest in the laboratory system: . ... : sl A

1. In the hadron nucleus collisions the proiectile energy is transferred into the .
target nucleus, in its passage through, layers of the intranuclear matter, anyhow;
this energy transfer depcnds on the path length covered by the proiectile and/or its
successor; .in - the passage,- definite tube-shaped relatively small: volume of the
target nucleus. is involved only The energy transfer realized this ;way is limited
‘and. independent of the proiectile energy, at energies high enough and amounts no -
more ‘than about .8 GeV for the proton prOJectile — it is as tWice higher as, for the
pionic prOJectile ’ . . L :
o Often on the background of the proiectile passage, the energy is transferred, ;
to- the downstream nucleons in some particle-producing colliSions As a result of; '
these colliSions intermediate obJects or. generons,- are_ created. in 2 —.2 type.
endoergic reaction If the target nucleus is massive enough :the. generons: may,
collide w1th the downstream nucleons and produce new — secondary generons.in
ones turn. This way,\ the intermediate ObJCClS may fuse together .in ; somef )
intranuclear cascading process of the generons in intranuclear matter. The energy‘; .
transfer in this cascading is “practically not’ limited it depends on the proiectile
energy only, the intranuclear cascade of the generons is localized around thef

1
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incident hadron course within the tube of relat1vely small volume V in the terget '

nucleus '

V=R W

with the radius as long as the strong mteractmg range R centered on the hadron

path lin the nucleus [30]. The finally formed lntermedlate objects, which may be
~in fact treated as some large quark- gluon bags (1ns1de of the large bags, the quark-
gluon matter is in expected highly excited state and the quark—gluon phase
transition may be realized), decay into the so- called generated hadrons after

having left the parent nucleus, after about 10 22 :

.~ 2. In the nucleus-nucleus colhslons ie., 1n the collls1ons of weakly bound
nucleons beam with the target nucleus the energy transfer process is similar for
any of the beam nucleons treated as ‘the projectile in a hadron-nucleus collision.
“The outcome in the nucleus-nucleus collision is then a composition of appropriate

nucleon-nucleus collisions at various impact parameters the screening should be -

taken into account.

- And 'so, the experlmental]y revealed mechanlsm of the prOJectlle energy
'transfer to the target nucleus, 'suggests some ways for productlon of the expected

“highly excited states of mtranuclear matter, and for realization in experiments the

quark-gluon matter phase transitions, at least inside some limited regions inside of

the target nuclei. Some addltronal support of such picture of the mc1dent hadron

energy transfer to nucleons in' the partlcle—produclng hadron- nucleon collisions in

intranuclear matter has been obtained in the’ 1nvest1gat10ns of the partlcle -

'productlon process in hadron nucleus colhstons [33]

5 ~HOW - TO OBTAIN OBJECTS OF HIGHLY EXCITED ‘
QUARK GLUON MATTER IN LABORATORIES
"In one of the previously perfonned experlmental works [34], it has been
suggested that the results of analysis of data on the hadron- nucleus collisions
allow one to conclude that: 1) Probably it is impossible to pump the energy much
~enough to colliding nuclei in order them to fuse together and transform from the
collection of nucleons into quark-gluon matter — or quagma state, d1rectly, 2) The
“objects of quagma in an excited state might be produced only via generons, in the
generon cascade in massive nucleus [11,34,35] — when many generons produced
in “hadron-nucleus .or -in nucleus-nucleus colhsrons could fuse together into
quagma exclted state . :
. Wlthrn the frames of the pxctures presented above the most mtenstve
productron of such objects of the excited quagma should be expected at extremely

6
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h1gh energles in central hadron nucleus colhsrons with - massrve ta.rget nucle1

when produced generons: could fuse together ~—ina «generon cascading process» :

But, it is observed that the collimated beams of nucleons going out from' the
encounter in collider experiments are lightly dispersed and the short range strong
interaction cannot collect them together additionally, the electrical forces of each

electncally charged nucleons are -acting for engrowmg “this . d1spers1on So, the -

generons cannot fuse together. "So, the generons -cannot fuse together mto the

quagma. It might happen, eventually, at energies by much larger than the energres .

of today partrcles from colliders, and even from COSmlC rays. e o

" One'real way in which’ objects of highly exc1ted quark—gluon matter mlght be
produced is the natural one — when firstly produced generon collldes with
downstream nucleon in mtranuclear matter and. the mtranuclear cascade of

generons develops in wh1ch the generons fuse naturally together in collldmg w1th\‘

downstream nucleons ‘and “form many-generons-objects or- large quark—gluon
matter bags' [36] The generons: produced in hadron-nucleus (1n nucleon-nucleus)
collisions’ with- nucleons inside the target. nucleus f1rst of all — on mostly massive
nuclei w1th hadrons of . extremely hlgh energles S—care- ‘massive - Ob_]CClS of

extremely excited 1ntranucleon matter; 1n fact they con51st of extremely exc1ted '

quark gluon matter or- quagma gy

In conclus1on the object of extremely exc1ted quarkogluon matter may be -

produced l) m extremely hrgh energy nucleon nucleon (hadron-nucleon)

heav1est nucle1 f . B V,\,,‘

- In'the light of th1s conclus1on ——»szgnals of the exlstence of the exczted quark-

gluon matter created in all centraI particle-producing hadron nucleon and hadron-

nucleus collzszons are  often observed; the most lntenswe slgnals are..in. the' '

collzszons of the hadrons with the heaviest target nuclez

A\

The observable appearance. of the «produced» hadrons — many pions, kaons,

Jets, and others.— characterizes the quagma phase transztzons

6. HOW TO STUDY THE PHASE TRANSITION
IN THE EXCITED' QUARK-GLUON MATTER?

The studles of the quagma phase transmons may be, therefore, reallzed by .
_ many.ways: all of them are consisting in the many-s1ded versatlle exper1mental E

analysis of the yields from nucleon-nucleon (hadron-nucleon) COlllSlOHS at various"

projectule energres — from the hadron generatron threshold up to the extremely : '

high met in experlments




. The . collected . many-sided - experimental data about the excited .quagma

: changes w1ll prov1de conclusive 'information about the quark gluon matter phase
’transmon ! e . S R ‘ .

7 CONCLUSIONS AND REMARKS

In ) analysmg experlmental data experrmental facts, and.--results .-
experlmentally discovered mechanisms of -hadron-nucleus -and ‘nucleus- nucleus
collisions, and on energy transfers from hadronic and-nuclear pro_lectrle to_target-
nuclei, found myself in a pos1t1on to state that ‘‘‘‘‘ -

" 1. Proceed from the standard model of fundamental partlcles and mteractrons
the ‘objects of exc1ted quark—gluon matter or plasma should be searched for there
(at such conditions) where they exist in their normal state of bemg — 1n hadrons
in nucleons in particular first of all. =" 0TS

"-2. The atomic nuclei as objects normally exrstmg as losely bound’ collectlon
of nucleons - cannot be transformed directly into'a new. state’of bemg —‘when
nucleons will lose their separate identity and fuse together 1nto a:new state — into

* the.quark-gluon .matter or- quagma. . - : . Lo S S

3. The quark- gluon matter or quark- gluon plasma can.be transrted 1nto hlghly

- excited “state only in hadron-hadron particle- produc1ng collisions, .in nucleon-
nucleon part1cle producmg collls1ons first ‘of all, and in hadron nucleus central

part1cle produc1ng CO"ISIOn on heavy nuclei, and may be mostly effectlve and'

- impressible’ — in generon “nucleon cascadlng process in massive target- nucle1
4. The characteristics of the" transition in the quark-gluon- -matter may be
obtamed from the yields of the particle-producing hadronic and nuclear collisions.
— slmplest, of all. — from the nucleon-nucleon and nucleon-nucleus collls1ons at
~various energies —, from the hadron production threshold-up-to extremely high.
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