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1 Introduction 

The search and study of nuclear matter under the extreme conditions of high tem
peratures and densities are one of the most important trends of investigations in 
relativistic nuclear physics. The strategical aim of these investigations is the pa. 
sibility to observe the phase transition : nuclear matter - quark - gluon plasma, 
predicted by theory. In particular it is predicted that this phase transition can hap
pen in nucleus - nucleus collisions at temperatures of 0.15 GeV and energy densities 

_ of several Ge V / f m3 densities or the density of baryons several units larger than their 
density in a normal state. 

The observation of the extreme conditions is made by detecting all kind of specific 
signals characterizing the given states of nuclear matter. To answer. exactly:'the 
question on the first source of these signals, it is necessary fo study in detail the 
properties of the main observed characteristics, describing the state of nuclear matter 
at different time intervals of nuclear collisions, over a wide range of collision energy 
and with a large set of colliding nuclei. The number of _nucleons of the colliding 
nuclei is one of such characteristics. In this case the number of these nucleons can 
serve as a quantitative boundary separating these states from the ordinary ones. 

The experimental data presented in our papers (1,2] have.shown that the be
haviour of the observed parameters, characterizing the interactions of relativistic 
nuclei with the carbon nucleus versus the number of secondary protons (Q) , is dif
ferent for the events with Q ~ Q* and Q ::; Q*. (where Q = N+ - N..-,N+
,N,,- are the numbers of positive particles and 7!'- - mesons, emitted in the event, 
respectively). Here Q* are some boundary values pf Q. They turned out to be close 
to the values obtained from the condition 

Q ~ 2Z/3 (1) 

This condition was used in (3] as a selection criterion for events with the total disin
tegration of the carbon nucleus (TDN) in interactions with 1r- - mesons. Therefore, · 
the authors of papers [1,2] suggested to use the condition 

Q~q• (2) 

~ a election criterion for events with TDN in interactions with relativistic nuclei. 
We also found that in the events with TDN there is a energy large dissipatioii for 
'secondary particle production. It is possible that increasing the mean kinetic energy 
of nuclear matter is due to this dissipation. It is also not neglected that part of this 
energy can be used to increase the internal energy of nuclear matter-~ the production 
of high energy states. · 

If the notion of system "temperature"-is introduced,the mean.kinetic energy< 
T > can be presented as the sum of energie.s which .CQirfflpond!! to th(_) " t(_)mp(_)rntY!(.) 
.,, of a system of these particles (To) and to the motion energy of this system itself 
(dT). The precise value of To can be determined only within specific theoretical 
models. The experimental determination of < T > can be carried out only under 
some assumptions following from the theoretical models. We are not going to use 



any models for a precise determination of T0 • We will be engaged in the search for 
a qualitative answer to the question on the possibility to increase this quantity due 
to the above dissipation of the energy of nuclear matter.' 

2 - Methods _of the experiment 

The experimental dat~ have been obtained from .the 2-m propane bubble chamber of 
LHE, JINR. 8791 r-O-:- interactions at P.,- = 40GeV/c { for ~he methodical details 
see [4]), and also 5284 - pO- ,6735 - dO-, 4852 - H eO- and 7327 - CO -interactions 
at a momentum of 4.2 A GeV /c{ for methodical details see [51) were used in this 
experiment. · -· 

The available statistical material was separated into the following groups by Q: 

Q ~ 1;2; 3; ... Q•; ... (3) 

For ·each group of events, the spectra of the invariant' inclusive cross sections 
f = (E/tr)c:Ptr/dp3 of secondary particles were obtained depending on the kinetic 
energy T = E - m (here E and mare the total energy in the laboratory system and 
the rest mass of particles, respectively). Then these spectra "'ere approximated by 
the expreeaions of the form 

f(T) = a11e:z:p(a12T), 

f(T) = a21e:rp(G:Z2T) + a23e:rp(a:uT), 

J(T) = a31e:z:p(a32T) + a33e:z:p(a31T) + a35e:z:p(a3sT), 

(4) 

(5) 

(6) 

and the best approximations were selected. The parameters a12 = 1/ < T >12, (½2 = 
1/ < T >n,il2i = 1/ < T >21, a32 = 1/ < T >32,a34 = 1/ < T >3i,a36 = 1/ < 
T > 36, and the quantities < T >r.2, < T >22, < T >21, < T >32, < T >3t < T >3s 
are assumed to characterize the mean value of T for different systems. The behaviour 
of the paremeters from (4-6),vs. Q were studied for the ,r- - mesons and protons 
emitted in the interactions of 1r- - mesons, protons and nuclei with carbon. 

Such performance of the experiment allows us to study the Q-dependence of 
< T > for different projectiles and to separate possible events showing the extreme 
states of nuclear matter, to determine the values of q• from the dependence llik = 
g(Q) and to specify the selection criterion for events with TDN of the target . 

For methodical complexities connected with the identification of ,r+ - mesons, 
information about their spectra is not presented. 

A similar analysis of ,r- - mesons and protons was carried out in the groups of 
events charcM:terized by the number of identified protons Np(Np ~ l; 2; 3; ... ). As 
well ·as in [1,2], the results repeat those obtained for the groups of events from (3). 
Therefore, data on the Np-dependence are not presented. 
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3 Experimental results 

The f = f(T) distributions are shown in figs. 1 .; 6. The solid lines demonstrate 
the results of the bllf:lt approximations.' The best approximations ofthe f = f (T) 
distributions at different Q turn out to be reached byf~nctions (4-6) with a,dif..: 
ferent number of components: Table 1 • presents the number 'of components (' the 
values of X: /(deg.fr.) are 'given in braclcet'i!) The parameters for the approxima.tecl 
functions f(T) are respectively shown in fig. 7 (for 1r-O-interactions) and 8-ll (for 

. pC-, dC~; H eC-; CC-:- -interactions). h ' · · 
· In connection with this, we note that a' question on the interpretation of the origin 

of the remaining components in the function g(Q) arises in the case' chariging the 
number of summands. In principle there a.re two variants: 

a) the remaining component is the continuation of none of the previous ones (i.e:, 
at small values of Q);· · · ·· · 
· b) the remaining component is one of the previous components .. 

In t_his case, it is. necessary to make vali~ assumption. of belonging the remaining 
component to one of the previous components. We have used the hypothesis about 
the smoothness of the function g(Q). ' ' . ' · · 

The values of 'q• ,at which the regimes change in the invariant inclusive cross 
secti~ms of protons and 1r- - mesons a.re shown by arrows in figs.' 7-U. The values 
of Q• obtained in this paper and data from (2] are presented in Table l.' One can 
see that the obtained values of Q• in these papers overlep each other. However, the 
data of the present paper are more precise. . .. . ' . . ' 

Figure 7 shows the Q-dependence'of the pa.r~eters Cl)t and a36 fot 1r-o - inter
actions. On basis the foregoing we assume that both of these parameters belong to 
the same·high-u:npulse component of 1r- -·mesons. The revealed coiistancy of the 
above out parameters over in the range Q . ~ 1-5 indicates the absence of perceptible . 
energy losses of this component of 1r--mesons. . · 

Such a behaviour is cha.racteristi~ of the quark- spectators hadromzing into the so 
- called "leading" pions (6]: Decreasing 'the corresponding pr~exp~ne:iitial multipliers. 
speaks about shar,p lea.':'ing the indicafod pions from the leading class . A severe 
increase of the parameter a2t over the range Q 2:: 5 - 6 demonstrates a "softer" 
channel of knocking out the "leading" _'Ir- - m~ns by traii~ferring their energy to 
the low-pulse component. The 'decrease of the parameters a::2 , a32 in the same range 
Q ( see Fig. 7) is the argument in favour of this 

0

phenomerion. It is non excluded 
that the nonregula.rity. in the behaviour of the paia~eter a3~ (Fig. 7) and also in 
the behaviour of ~ 1 ( at Q -~ 3)' and 023 (at Q 2:: 3) can be connected with the 
production of meson resonances {see Fig. 7). . . . . . .. . . ' ' 

The constancy of the parameter <l:lt for protons from pC, dC, HeC, CC interac
tions in the initial region of the argument Q is naturally explained ( by analogy with 
the constancy of the parameters ~• and a36 the 1r- - mesons in 1r-c interactions) 
by the presence of the "leading" protons which emerge due to hadronizing diqua.rks 
• spectators. The systematic· decrease of the· parameter a24· :or the increase of the 
corresponding mean kinetic energy of-protons in nucleus-nucleus interactions with 
increasing the atomic weight of the projectile at Q ;?:: 1 (see Table 3) attract our 
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attention. 
The value of mean kinetic energy of protons < T;, > in all the considered inter

actions decreases with increasing Q. In this case we have a large transfer of energy 
to an ever-growing number of nucleons of th~ nuclear. target in the region of large 
values of Q beginning with q• and as a consequen~e, a sharp d~crease of< Tp >. 

The Q-dependence ·of the mean kinetic .energy of 1t- - mesons ( < T,,- >) turned 
out to be different for hadron - nucleus and nucleus - nucleus collisions. The experi
ment shows that the quantity < T,,.- > decreases with increasing Q in rr-c and pC 
interactions. 

The values of < T,,.- > decrease in dC,4 H eC. and 12CC interactions at small 
values .of Q. The low-energy component a22 demonstrates a sharp increase of< T,,.- > 
with growing Q in 4H eC 12CC interactions at q• ~ 6. In this case there are the 
following differences for the He and C projectiles. Such values of< T.,,- >, as we 
have in events· with Q 2: I, are not reached for 4He, even at the largest value of 
the Q. In the case 12G at Q 2: 6 the values of< T,,.- >22 are equal to or greater 
than those at Q 2: I,. 'Besides, in contrast to a monotonous increase of< T.,,- >22 

in the case of 4He, a graded increase of its values is observed for 12G. At Q 2: 6, 
the high-energy component (a24 } demonstrates either the constancy of< T,,.-: >22 for 
4 H eC interactions or the increase of< T,,- >22 with increasing Q. In dC interactions 
the. behaviour of the low-energy component differs. from its behaviour in 4 H eC and 
12CC interactions. So, for example, the smallest value of< T > is 80 Me V in 4 H eC 
and 12CC interactions and 45 MeV for dC. A sharp increase of To occurs at Q 2: 3. 

Thus, from the afore-said it follows that: . . 
1. In all the studied interactions, the value of< T > decreases for all the groups of 

the observed protons with increasing Q. According to the data of paper (2], the mean 
multiplicities of protons increase. This fact can be explained by the dissipation of the 
energy of projectile nucleons between the increasing number of projectile nucleons 
from the nuclear target. · · · 

2. In 1t-O and pO interactions at all the values of Q and in dC, 4 H eC and 12CC 
interactions at Q ~ q•, the value of< T > for 1t- - mesons decreases with increasing 
Q. According to the data of the paper [2J, the mean multiplicities of 1t- - mesons 
increase under these conditions. This fact can be explained by increasing the number 
of interacting protons with growing Q. 

3. The values of< T > for 1t- - mesons increase in dC, 4 H eC and 12CC interac
tions at Q 2: q•. According to the data of paper [2J, the mean multiplicities of 1r- -
mesons remain constant under these conditions, i.e. the increase of values Q in this 
region does not lead to increasing the mean multiplicities of 1t- - mesons. Thus, the 
break of simple connexion between the number of collisions and Q is observed. 

4 Conclusion 

In conclusion, we have formulated the main results of the present paper: 
I.The boundary values of Q• ( the number of protons in an event whose excess 

leads to qualitative changes in the behaviour of the invariant inclusive spectra of 

4 

l ..... 

proton and 1t- - meson production) are obtained in 1t-C ( P,,- = 40GeV/c) and 
pC, dC, 4 HeC, 12CC (4.2 A GeV/c) collisions with carbon nuclei. 

2. The events with Q 2:'. q• correspond to the reactions with TDN. 
3. A sharp increase of the mean kinetic energy of 1r- - mesons and a sharp 

decrease of the mean kinetic energy of protons are observed in the region Q 2: q• 
for nucleus - nucleus interactions with increasing Q. 

4.The suppression of the "leading" effect is observed in the events with Q 2: Q*. 
Thus, we obtain that a large dissipation bf the energy of colliding nucleons occurs 

.in nucleus - nucleus interactions over the range Q 2: Q*. This energy is spent 
on increasing the kinetic energy of 1r- - mesons at their constant number, that 
is the bond between the number of collisions and the values of Q is broken. A 
contradiction arises: on the one hand a sharp increase of the number of protons and 
on the other hand, the constancy of the number of collisions. This contradiction 
can be overcome assuming that in the region Q 2: Q*: - ~ither there is a large 
contribution to Q of protons which are not involved in interactions. However, the 
suppression of the ''.leading" effect in this region with increasing Q and a strong 
dependence of the parameters of protons make this assumption invalid; - or the 
collective interactions of intranuclear nucleons take place. Here, one can proceed 
from the following physical picture. When the projectile nucleus interact with the 
target nucleus a.t a sufficiently large number of participants - nucleons of interaction, 
metastable state of nuclear matter can arised. It widens fast transferring its energy 
to a large number of nucleons of the colliding nuclei. Increasing the number of 
protons, decreasing their mean kinetic energy and the suppression of the "leading" 
effect are due to this phenomenon. In this case (at larger values ofQ) the remainders 
of colliding nuclei turn out to be minimum. Therefore, 1r- - mesons are emitted from 
this state with a minimum loss of energy. The smaller this remainder ( or the larger 
Q), the larger the kinetic energy of emitted 1r- - mesons. One can expect that 
at large masses (and, correspondingly, at low motion energies) the rest system of 
this formation can coincide with the laboratory system of coordinates. Then, the 
obtained values of< T.,,- > can characterize the mean "temperature" of this extreme 
state of nuclear matter. 

To verify these assumptions, it is necessary to study correllation phenomena 
within this experiment. 
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TAl!LE 1 

q r. C pC dC lleC cc 
r. p ,r - p 7r p 7r - p ,r p 

1 3(2.64) 2(1.70) 2(0.70 2(1.66) 2(0.38 2(2.62 2(1.17) 2 2.64 2(0.61 2 2.29 
2 3(2.69) 2(1.75) 2(0.88 2(1.33) 2(0.32 2(2.93 2 0.60) 2 2.45 2 0.56 2 2.18) 
3 2(2.45) 2(1.66) 2(0.38_ 2(0.55) 2(1.02 2(1.58) 2 1.33) 2 2.10 2(0.64) 2(1.94) 
4 3(0.91) 1(1.03) 2(0.40 2(0.70) 2(0.70 2(1.16 2(0.90) 2 2.33 2 0.64) 2(1.70) 
5 3(0.80) 1(0.87) 1(0.33 2(0.70) 2(0.63) 2(1.25 2 0.73) 2(2.01 2(0.73) 2(1.44) 
6 2(1.57) 2(0.73) 1(0.67 2(0.66) 1(0.78) 2(0.86 2 0.47) 2(0.93 2 0.58 2 1.22 
7 - - 1(0.39 2(0.39) 1(0.93 2(1.23 2 0.81) 2(1.02 2 0.54 2 0.92) 
8 - - - . - - 2 0.81) 2(1.46 2 0.56 2 1.72 
9 - . - . - . - - 2 0.39 2 1.35 
10 . - - - - . - - 2 0.61) 2 1.65) 
11 - . - . . . . - 2(0.66) 2( 1.54) 
12 . . - . - . . - 2 0.57) 2 1.25) 

TABLE2 

The type of interaction 1r-c pC dC HeC cc 
r21 3-4 5-6 6-7 5-6 9-10 

8-9 12-13 
The present 3-4 5 4-6 4-6 6 

pa.per 9-10 

TABLE 3. The values of the quantity< T >= l/a24 at Q ~ 1. 

The type of interaction 1r-c• pC dC HcC cc 
<T> 5.714 0.645 0.909 1.104 1.506 

< T >AC/< T > pC . 1 1.409 1.712 2.335 

*) The values of parameters a36 of the 7r- • mesons in 1r-c • interactions were 
brought for the comparison. 
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n-- mesons. pC-interactions. protons. pC-interactions. 
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'so BOJMO:!CHOC)'H 3KcnepHMeHT3.llbHOro HCCJ1e11oeai11ill, 3KCTpeMaJJLllbl~. COCTOllHHii 
ll/lepuoro eemecrna: HueapHaHTHLie HH_K.lllOJHBHLle cneKTpLI, BTOpil'IHLllli 'laCTHU, 
o6pa3~B~IILIX ~ 1C, p; d, 4He, 12c + C BJaHMOlleiiCTBH»X: '.'." :_'" . .· 

El-97-178, 

B pafore H~ll~JJLJOBaHbl 3KCUepii'i.teuTaJJ~H~I~ )laJIHLie nri 1t .:.C-BJaHMO.UeiiCTBHllM npH P,/ =·40 f38/c, . 

a ;iK:ic~pC~; dC•; ~HeC~ H 12Cc~~J_a:~011~iit~H~ ~p~ 4,2 A f38/~: 3KcnepHMeHTaJ!bH;.;ii ~arepH;u; 6blJJ 
-~ paJ11t;iieu .ua~ ipynnLI co6i,rt;Hii c·qµCJJoM npoTonoe Q (Q ~:I ;2;'.3;.:.). llJJll Ka:IC/IOij ipynm,i co6blrnii 

'CTp~H.IIHCL HHBapmui-r~Lie H~K.ll~JHBHLie' cneKTpLI /:;,"(EI <J) <fa/ dp3 ; lJ.J(ll 1t -=--MeJOHOB H ~pOTOHOB' 
e JaBHCHMOCTH. OT HX KHHeTH'leCKO~ :mepnm ,-:.'Ta .11a6oparnpuoii ·cHCTeMe KOOp)UIHaT. 3TH cneKTpLI 
m1e.111l.'3KCnoHeHUHaJJLHLiii BH/1 •H 6wm annpOKCHMHpOBaJ!bl BhlpaJKeHHllMH, COCTOlllUHMH

0 

HJ OJIHOii-
3KCUOHeHTLI, a TaKJKe HJ C)'MMi,I ~ JIB)'X H - Tpe,x ~KCllOHeHt. "Or6Hpamic1, .110wHe annpOKCHMauHH 
U 1-1jyqanocb UOBeJleHHe napaMe.TpOB 3THX annpOKCHMauHii B JaBHCH_MOCTH OT Q._B peJy.iiLTare UOJITBep- . 

• )KJleHo cy~eCTB~BaHHe rpallH~H~IX j~aqe1111ii
0 

Q,; Q'. np11 npeBLIWe~HH KOTOpLix npOHC~O/lllT Ka .. ec1< 
BeHHb~-HJMeHe~Hll ~-cioficTBax pa~CMa:rpHBaeM~IX B;aiiM~JleiiCTBHii:°no~aJaHO, 'ITO co6~rrllll c Q ~ Q' 

_COOTBeTCTBYIOT. peaKUHllM C 00.IIHLIM• pa3BaJIO~. llJipa MHU!eHH,' B 3TOii 06.11aCTH B CJJ}'.'lae llJipO-llJiepHblX , 
BJ~MO;eiiCTBHii C pOCTOM QHa6.1110J1aefd peJKCJe U()BLIWeHHe cpCJIHeii KHHt:iH'ICCKOH :iuepnrn 11:-:--Me- -

1JOHOII H pe3Kl)e no1111:ice1111e cpeJIHeii KI-IHCTH'leCKOii 3Hepnrn npOTOHOB;B co6LITHllX. C Q ~ 'Q\ ua6JJ10J1a- • 
. eTCll- noJiaMCHHe 3cjJ<peKTa .IIHJIHp0B3Hllll. DLIJIO BLillBJJCHO iiapyweuue. CBll3H MelKJly 'IHC.IIOM . CTOJiKHo:-
. eeimii l!. 'lllCJJOM npoTOHOB; T.e·. ·yee.1111'1e1me ICO.IIH'leCTB_a npoTOHOB npoHCXOJIHT npH IIOCTOHHHO!i 'IHC.lle 
cio.11KHOBe1mii. 3To nponieope'IHe ~fuiicn~eTCll m1, 'ITO B 06.11acrn Q ~ il HMeeT Meci-o•e~J~HK~~eeu11e 
H 6LicTpoe pacwHpeH1Je neKoiopqro Me'racTa6ii.11LHOro :CocTOllHHll ..:..:. 3KCTpeMaJJLHoe COCTOllHH_e llJlepuoro 

-BelUeCTBa. ·. ·. : · .. ·. ;~-- .- ,. '._,_, -. ,, -', . ' ·_-; .:_. ·. _ · ... ', ·\~·-. . . . 

Pa60TaeL111o~u~ua e Jla6opa~o·p11H ~Hco~~ ~ii~p111fi OIDIH: . . .. i ~- _ , \_ :., , 
. Cooomeirne· 06-i.e11Hueiiuoro HHCTll'lyra llJ1ep11L1x-ucCJJeJ1oerumii. '!ly6ua,, 199T ·, 
'. _.-' ✓ -- ." 1· ·- : •. - >. · ... · ·-: .' -,_ ..... ·~ ~:., / ~-_:_ 

AtidfoovO.B.etai:.':'. -; .. , . , -•-\• .. 1 • •• _ .· :•/ .El-9?cl78 
: On the Possibility of Experimental Investigation ·of Extreme States of Nuclear Matter. - , 

., TheJnvariant lnclusive:Spectr;i of,Secondary Particles Production·. : <. ·· ... v- ·: 
in '/C-,j., dl 4He, 12C-fC lnteractj~ni-: ; . . . · I ~-- -; ' _: , -, 

The exp~rime~tai" data on 1t -c-interaciions , at ·j, ,.~ =,..,40; GeV le, :aiso: pC,- dC, _ fHeCarid 12CC
iqteiactions at a mome11:tum of 4.2 it Gev/c"are used_ in this paper. Thestatisilcal _maierial was ~eparated. 

· into the following groups with.the number _of protons Q: Q ~ 1 ;2;3; ... Q; .. .':The_ invariant inclusive spectra 
of"it-0m~sons ;nd protons f = (E/a) tf<J1 d/:versus their kiii'etic energy Tin the labo'~atory system of' , 
coordina\es were' obtained for each group of event< , . _. -_:, : . .. ·._ .: · ·· . .· .. - ,·: . . · _ ·. ' < 

.· These spectra aieof the exponent_ial form1'.and they-were approximated by the expressiqns consisting 
of. one exponent; the sum of two exponents -and the surri of three exponents .. The best approximations· 
were se)ected,'and the b'ehaviours of the parameters from these'approximations.were studied depending. 
on .(.2- As: a . result, the boundary ;-values oL ·Q\ under the excess of .w'hich ·qualitative , changes . 
in'. ihe properties· of the considered· in!eractioqs. take place,· are '.verified. It is' shown· that ".the events
with Q ~ Q' correspond to .the.events with the: total' disinteg(ation ~f the nticl~ targ~t. lnthis'region 
a sharp increas~ ~f the lcin~tic ~nergy of lt--ines~ns and a sharp. decre~·e of 'the ki~etic ener'gy _of proton; 
are observed for nucleus-nucleus interaciions w'ith•increasing Q. The suppression· of the ''leading" effect_ 

; . . -- ,_, - . .; . ; .· , . • • '. - -- j - . ', ' .. · . . • ,_ - ,._ . ,, 

.is observed in the events with Q ~ Q .We have discovered a connection between the number of collisions 
and the number of protons~ ie. increasing the number of protons. at a constant number of:' collisions., '· . 
7'his contradiction is explained lly t_hat there is fast widening of some metastabkstatc, ,the, extreme state 
of nuclear matter, in the region :Q ~ 'Q'. . . . - . . ' ! 
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