
J.Bartke 

ОбЬВАМНВННЫI 
ИНСТИТУТ 

RABPHЫI ; 
ИCCIBAOB8HMI 

. АУбНа 

El-84-587 

INTERACTIONS OF RELATIVISTIC NUCLEI 

FROM ТНЕ DUBNA SYNCHROPHASOTRON. 

Fr88mentation and Particle Prod.uction 

SuЬmitted to IV International Conference 
on Ultra-Relativistic Nucleus-Nucleus Collisions 
"Qu~rk t1atter '84", June 17-21, 1984, Helsinki, 
Finland 

1984 



Interactions of relativistic nuclei have been studi ed at Dubna 
since the early seventies. During this period of time the choice of 
nuclei accelerated in the synchrophasotron wав being gradually enlar
ged and their intensity increased. Putting а new ion вource with а 
10 Joule со2 laвer into вervice led to an increaвe of the intensity 
of а beam of carbo~ ions Ьу а factor of about 102 and allowed one to 
add lithium and magnesium to the last . year•в liвt of accelerated nuc
lei [1]. ТаЬlе 1 shows nuclear Ьеаmв availaЬle at present (в~еr 
1984). All theвe are external beams of fully вtripped ionв. Fast or 
slow ejection with 400 ms "flat top" is at the user's •choice. 
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Cryogenic panels [2] are being inвialled inside the vacuum tank of 
the synchrophasotron in order to improve the vacuum, what is necesвa
ry for the acceleration of heavier nuclei. Wi th ·all panelв in place, 
what iв expected. Ьу the уеаr•в end, one вhould Ье аЬlе t o go to Z=18 
(a~gon). For Z/A=0.5 nuclei the maximum kinetic energy is 4.2 GeV 
per nucleon (momentum pmaxe 5 А GeV/c), what is substantiall y higher 
than at the Bevalac. 

In ' more distant future there are planв to build the NUCLOTRON, 
а new synchrotron ring wi th superconducting magnetв, which would Ье 
аЫе to accelerate all ions up t() a:?out б GeV per nucleon ( З] • А 
sodel superconducting synchrotron for а 1.5 GeV energy for protonв, 
called the SPIN, iв now near completion ( 4 J • 

Physics experiments at the synchrophasotron use various visual 
track detectorв. (bubЬle and вtreamer chambers, nuclear emulsionв) and 
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~Р + ••• at Р = 8.9 GeV/c) allowed one to reach higher momentum 
tranвferв and revea1ed а diвcrepancy with the вtandard nucleon-nu~ 
c1eon interaction form (the "Pariв" potential [30) ), вее Fig.1. 
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Fig.1. Nuc1eon momentum diв
tribution in tЬ:е deu
teron (29] • 

The "Dubna wave function" ext
racted from theвe data agreeв 
with that from e1ectroproducti
on experimentв at SLAC [ 31 ), 
Кharkov [ 32 ], and Saclay [ 33] • 
The obвerved ехсевв for k ~О .2 
GeV/c (k - relative nuc1eon mo
mentum in deuteron) iв inter-
preted ав а manifeвtation of 
the вix-quark component in the 
deutero~ wave function: 'o/(d) = 
= (1-rx) 1.jl(pn) + rx·1f'(6q), 
with а value of about 1~ for 
the "6q" admixture. The hybrid 
mode1 of ref. ( 34 J has been 

used for the deвcription of the data. An inveвtigation of the frag
mentation of polarized deuteronв cou1d give additional information on 
the quark вtructure of the deuteron wave function ( 35] • Such an in

veвtigation is p1anned at Dubna Ьу the ваmе group . 
For heavier nuc1ei, as p ointed out in ~fs. (36,37] , the longi

tudinal momentum diвtribution in the fragmentation procesв with the 
removal of one nucleon, вuch ав 4не ~ 3не, or 

16о ~1 5о, will di
rectly reflect the internal momentum distribution of а nucleon inside 
the nuc1eus. In such а reaction the longitudinal momentum distributi
on of the o~served c1uster of А-1 nucleons in the projecti1e rest 
frame must Ье equal to the momentum diвtribution of а sing1e nuc1eon 
inside the projectile because of momentum conserve,tion ( 24] • 

The reaction 4не-+3Не at Р = 8.6 GeV/c has been вtudi~d at 
Dubna uвing the l m _Ьydrogen bubЬle chamber ( 38) • The momentum dis
tribution of the "spectator" 3не fragments up to about 400 MeV/c can 
Ье satiвfactorily described uвing the /wave function of the 

4не nu
cleus given Ьу Вавееl and Wilkin ( 39] and the formaliвm developed Ьу 
Kopeliovich and Potaвhnikova ( 40 ]. Al ternatively, the charge denвi ty 
distribution ав given Ьу Sick [ 41] may Ье taken and the spectator mo
mentum distributions ~btained Ьу а Monte- Carlo procedure. Thi~ me
thod a1lows one to calculate momentum distributions not only .. for sin
gle nucleons ьut a1so for nucleon clusters as shown for the reaction 
4не- 2н in ref. [ 42 ] • Тhе same group is now studying the reaction 
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3не---? 2н at Р = 8.0 and 13.5 GeV/c. A1so the "A1pha" spectrometer 
group has begun to investigate 3не- р and 3не ~ d reactions at 
beam momentum from 6.0 to 13.5 GeV/c with the aim to extract the 
wave function, especial1y at higher va1ues of internal momentuщ. А 
similar experiment witЬ 4не is planned. In order to describe the ' 
3не data, in ref. [43] the hybrid mode1 was appropriate1y extended. 
Besides the "6q" admixture, а "9q" contribution wав a1so inc1uded 

-3 ... 16 15 1 . at а 1evel of ~10 • -.:he reaction О- О at Е А = 2.1 GeV wав 
studied at Вerke1ey ( 37] wi th the reвul t that а high-momentum part of 
the wave function should Ье mQdified. А similar reaction 16о -+15N 
at Е/А = ·3.5 GeV is being studied at Dubna using the 1 m hydrogen 
bubЬle chamber. 

An evidence for ;ье existence of multiquark configurationв in 
nuc1ei and for their increaвing ro1e with increaвing А comes a1so 
from the analysis of nuclear structure functionв. А first indication · 
wав provided Ьу experiments on cumulative particle production [44]. 
·we call "cumulative" those processes of particle emission which pro
ceed beyond kinematical limits of а sing1e nucleon-nucleon collision 
(for а target at rest such proceвses would require а target heavier 
than nucleon mass). The emission of pions, kaons and antiprotons at 
backward angles (i.e., with high values of longitudinal momentum 
transfer) has been studied at Dubna in proton-nucleus collisions at 
8.9 GeV. Тhе results of this experiment are shown in Fig. 2а. It has 
been found ( 45 J that inc1usive cross sections factorize and can Ье 
expreвsed ав а product of two univerвa1 functions: 

Е d2 б 2 'I 2 2 = С <p(Pl ) ехр(-Х/< Х > ) 
р dp dil 

where 4'СР12 > = 0.9 ехр(-2.7 Р12 > + 0.1 describes the transverse 
dependence, Х is а 1ongi tudinal scaling variaЬle, and < Х > • 

is а universa1 parameter. The variaЬle Х , closely related 
Bjorken variaЬle х .. Q2 /2JI:v , is defined ав follows 

momentum 
= 0.14 
to the 

(PI • Pi) 
.f 2' 
2mi 

х • • 1 -

(Pr· Рп> - Кrl!r- <Prr· Pi) 
where PI and PII are the four-momenta of col11ding nuclei, Кr and 
MII their masses, and the index ! correeponds to а вecondar~ parti
cle. Por deep inelastic lepton scattering, neglecting шasses, X/AII 
approaches х • The variaЬle Х is called th~ effective cumulative 
number, and in the rest frame ot the trapeata~ nucleus i t is appro
ximately equal to the_ шiniшUIII target шass ~tr' (Е - р 11 )/ ... 
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where Е and р 11 are the energy and longi tudinal momentum of the pr_o
duced particle, ШW iв the nucleon maвs. The "cumulative" region 
correвpondв to Х > 1. 

Similar reвul tв and the ваше value of the вlоре < Х > = О .14 have 
been obtained in the proton-nucleuв "cumu1ative" experiment at 400 GeV 
at Fermi1ab [ 46]. 

In quark-parton mode1в the function G(X) = ехр(-х/<Х>) iв in
terprete_d ав а quark-parton вtructure function of the nuc1euв, and 
the va1ue of < Х > а в an average 1ongi tudina1 momentum of quarkв in 
the nucleuв [ 47 ]. At 1еавt two argumentв can Ье given in favour of 
вuch interpretation of G(X). 

Firвt1y, the ваше va1ue of < Х > hав been obtained in. deep ine1aв
t1c muon вcattering on nuc1e1. The correвponding prediction wав made 
Ьу Baldin [ 9, 48 ] and verified Ьу the NA-4 experiment at CERN [ 49]. 
Тhеве reвu1tв are вhown in .Fig. 2Ь, whi1e Fig. J compi1eв the va1ueв 
of < .Х > for proton-nuc1euв "cumu1ative" experimentв and for deep ine-
1ast1c вcattering of 280 GeV muonв on nuc1ei. Ав deep inelaвtic 1ep
ton вcattering iв believed to - repreвent interactionв~with quarks, the 
uni versa1 va1ue of the в1оре par.J!!!!eter < Х > for а11 diвcuввed expe
rimentв indicateв the quark nature аlво for cumu1at1 ve· рrосеввев. 
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sectiOnв for cumu1ative 
meвon production (а) and 
deep ine1aвt1c muon вcat
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Second17 , the va1ue of < Х > = 1/6, с1ове to the experimenta1 
. ·' 

va1ue of 0.14, fo11owв from quark counting ru1eв. According to 
refв.[50,51'] , the expected behaviour iв (1 - X/i)бi-3 which appro-~cheв 
ехр(-бХ) already f or not very 1arge 1. 
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Ratioв of quark-parton вtructure functionв for various nuc1ei, 
ав obtained from the data on cumu1ative partic1e production, are 

. . 
вhown in fig. 4. In the region Х > 1 three веtв of points are drawn: 
5рь/0D2, 0РЬ/ оНе and fiPb/ б Al. Тheir very d.l fferent behaviour 

can Ье interpreted ав а manifeвtation of multiquark configurations 
exiвting in nuc1ei. In the deuterium nuc1euв there are ·no configura
tions inc1uding quarkв from more than two nuc1eonв, whi1e the a1umi
nium nuc1eus differв а 1itt1e, in thiв вense, from the 1ead nuc1eus. 
Тhе comparison of вtructure functionв for variouв nuc1ei [ 47] indica
teв that for А~ 20 the amount of multiquark configurationв in nuc1ei 
iв вtaЬi1ized at а certain 1evel. 
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~ Ratioв of nuclear. вtruc
~unctionв ca1culated in 
the quark-parton mode1 with mu1-
tiquark Ьаgв t 56]. 

Тhеве concluвionв have been confirmed Ьу experime~tal reвultв on 
deep ine1aвtic вcattering of inuonв at CERN [52] and electronв at 
SLAC [53 1 on variouв nuc1ei. In theвe experimentв i t hав been found 
that вtructure functionв of Fe and D'nuc1ei differ вtrongly, and their 
ratio cannot Ье exp1aine_d Ьу the · known nuclear mechaniвm. Thiв iв of
ten ca11ed "ПIС effect" after ref. [ 52]. Reвu1 tв of theвe experimentв' 
are, however, reвtricted to х< 1. 

of' many theoretica1 рареrв aiming to exp1ain the ЕМС effect we 
вhall quo t'e on1y а few. Faiввner and Kim [54 ] and Kondratyuk and Shma
tikov [55] c1aim that in order to deвcri Ье the experimental data, the 
admixture of "12q" c1uвterв in heavy nuc1ei вhou1d Ье ав high ав 

. 15-25%. Тhе latter authorв -вtreвв that "12q" Ьаgв are not identica1 
to a1pha-partic1es, the quark distribution in а bag being different 
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from that in а nuc1eon. Garsevanishvi1i and Menteshashvi1i [56], on 
the other hand, c1aim to need on1y "6q" c1usters and а sma11 admix
ture of "9q" c1usters in order to describe the nuc1ear structure fun
ctions both in the Х < -1 and Х > 1 kinematica1 regions. In ca1cu1a-
tions they uee а fixed bag radiue of r • о.в fm. Fig.5 ehowe their q 
reeu1te for the ratioe of nuc1ear etructure functions (note the 1og-
-1og еса1е). 

The fragmentation of а re1ativietic nuc1eue into severa~ frag
mente can а1ео provide intereeting information on nuc1ear etructure. 
Such investigatione are eti11 the domain of vieua1 track detectors 
what, unfortunate1y, meane 1imited etatistics. In an emu1eion experi
ment at Dubna it hae been found that а re1ativietic 12с nuc1eue with 
re1ative1y high probaЫ1ity ie broken into a1pha-partic1ee [57). А ~i
mi1ar evidence comee from the propane bubЬle chamber [58). Prelimina
ry data from the hydrogen bubЬle chamber а1во indicate а high fracti
on of a1pha-partic1ee among the fragmentation products of 16о nuc1ei. 
However, it shou1d Ье pointed out that theee 1ow-momentum-tranefer 
proceeees are probaЬly manifestation of "ueua1" a1pha-c1ustere known 
from standard nuc1ear phyeics rather than of "12q" bage which shou1d 
Ъе eearche~ for in high-momentum-transfer proceeeee. 

Speaking of the fragmentation of re1ativistic nuc1ei, one is tem
pted to еау а few worde about "anoma1one" (nuc1ear fragmente with ano
ma1ous1y high interaction croee sectione), which have attracted great 
attention during the 1авt yeare. Now it eeeme that the odds are 
againet the exietence or "anoma1one": one can quote here eevera1 re
cent experimente usi-ng emu1sione [59, 60], p1astic d·etec tors [ 61 ] and 
multi1ayer Cherenkov counters [ 62, 63.]. Ав an examp1e, I will ehow 
in Fig. 6 the resu1ts of the emu1eion work Ьу the A1ma-Ata,etc.,Co1-
1aboration [59], in which statisticв was high enough to a11ow frag
mente of а11 chargeв from Z = 3 to Z = 10 to Ье studied eeparate-
1~ No evidence for anoma1ons can Ье eeen. 
Conc1uding the first part of my ta1k, I wou1d 1ike to etate that frag
mentation proceseee of re1ativistic nuc1ei are perhape ."ordinary nu
c1ear phyeics in а faet-moving reference frame" on1y at very 1ow mo
mentum tranвfere, whi1e at higher moment6m tranefers they ref1ect the 
quark etructure of nuc1ei. Quark-parton mode1s aeeuming the existence 
of mu1tiquark configuratione in nuc1ei eeem to Ъе аЬlе to exp1ain the 
behaviour of nuc1ear formfactore, deep ine1aetic 1epton scattering 
and partic1e production in the cumu1ative region. Substantia1 diffe~ 
rencee exiet, however, between varioue formu1ations of euch mode1s. 

Coming now to the second topic, which is mu1tip1e partic1e pro-
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Fig. 6 1 Mean free path of 
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duction, I wou1d 1ike, to point out that Ш2!! of the re1evant experi
menta1 data obtained at Dubna, as we11. as at Бerke1ey, are inc1ueive 
data (cross eections, multiplici ties, sing1e-partic1e spectra, etc .) • 
Inc1ueive measuremente have recent1y become the subject of strong 
criticism as non-diecriminative between various theoretica1 mode1s 
and thue not uвefu1 for our understanding of the under1ying physics 
(see, e.g., [p4J ). Let us, however, reca11 what we have 1earnt from 
the 1arge-ang1e two-proton corre1ation experiment at Б~rke1ey. The 
main resu1t of thie experiment was a ,direct observation of quasi
-e1astic ' NN scattering procesees in co111eions of re1ativistic nu~ 
c1ei [65] (C1ean Кnock-On, or СКО proceeees in the term1no1ogy of ref. 
[66] ). For 11ght nuc1ei, the contribution of these proceeeee to the 
proton yie1d wou1d amount to about 40%. An evidence has been a1so ob
tained that moet of the protons euffer more th_an one NN coi1ision 
[67]. А subetantia1 ro1e of NN ecattering, both e1astic and inelastic, 
could, however, Ье expected on the basis of genera1 arguments given 
at the beginning of this ta1k. А euccessfu1 deecription of experimen
tal data Ьу the cascade mode1 eupports this point of view (вее Ьelow~ 
Resu1te of our earlier ana1ysie of the interre1ation between the num
ber of produced pione, dispereion of their mu1tiplicity distribution 
and number of interacting nuc1eons from the project11e nuc1eus also 
indicate the independent nuc1eon interaction mechanism [8). So, we 

have not 1earnt anything exciting. In this respect interference (вmall
-ang1e) correlationв look much more intereeting. 

Ku1tiple partic1e production has been studied at Dubna Ьу meanв 
of the 2а propane bubЬle cha8ber with internal tantalua target 
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plateв, ехровеd to р, d, 4не - and 12с Ьеаmв at Р/А • 4 . 2 GeV/c, and · 
the 2 m вtreamer chamber "SIOot-200" with variouв internal вolid tar
getв ехров~d to 4не, 12с arid 16о Ьеаmв at Р/А • 4.5 GeV/c. Small 
ехровurев of the bubЬle chamber to 22Ne and 24мg Ьеаmв have been 
аlво made for methodical рurровев. Main reвultв from the bubЬle cham
ber can Ье found in refв. [68-70], and thoвe from the вtreamer cham
ber in refв. [71-73]. 

Let uв look at воmе new reвultв on interactions of р, d, 4не 
and 12с with carbon [ 74 ] . Тhеве reactions were selected from inter
action eventв occurring in propane. Secondary tracks in about 2000 
events of each ~roup were meaвured, and вingle-particle incluвive diв
tributionв were obtained. ТаЬlе 2 вhоwв the average characteriвticв 
of вecondary 3Т- mевоnв together with the predictionв of the .Dubna 
verвion of the савсаdе model - DCM [ 75 ]. J.i' i g. 7 вhоwв 3Т- rapidi t y 
diвtributionв аlво compare~ to DCM. The agreement wi th _ the model i в 
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J.i'i g. 1.. Longitudinal rapidity 
of negative pionв produced in 
~nteractionв of р, d, Не and 
С with carbon at р/Ах.4.2 GeV/c(74J. 

о 

Data on 1Г production in d-Ta and 
С-Та colliвionв at 4.2 GeV/c per nucle-

. on [ 76J are. certainly worth mentioning. 
In the JINR propane bubЬle chamber gam
ma- quanta can Ье recorded with an ave
rage regiвtration probaЬili ty of ~-8%. 

On the Ьавiв of 248 е+е- pairв from 
d-Ta an~ 8?5 е+е- pairв from С-Та in
teractionв i t hав been found that the 

о 

average numberв of 1Г meвons and their 
multiplicity diвtributionв are the вате 
ав the correвponding diвtributionв for 
~-. In order to obtain the multiplici
ty вpectra, the Тikhonov'в regulariza.,. 
t i on method wав uвed in вolving the s~ 
tem of"equations. l'ig. 8 diвр1аув the 
dependence of the average number of 1Г 

о 

verвuв the number of ~-. Contrary to NR interactionв at the вате 
energy per nucleon where < n 0 > decreases wi th increaвing n_ , in 
nucleuв-nucleuв colliвionв < no> increaвes with n_ up to n_• 2<n_>. 
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Тhiв diffe.rence in behaviour веешв, however, only to reflect the me
chanism of multiple· NN collisionв in nucleuв-nucleuв interactionв. 

ТаЬlе g 

рС dC НеС се 

<n_> 0.33 :!: .02 0.62 ± , 03 1.07 ± .05 1 .52 ± .07 

< n_> expt. 1.14 ± .08 1.23 ± .08 1 .11 ± .08 0.85 ± .07 

~ 
_.. 

DCM 1 .23 1 .15 1.07 0 . 70 

<P.l.> expt. 0.26 :!: .01 0.26 ± .01 0.26 :!; .01 0.25 :!: .01 

GeV/c DCM 0.21 0.23 0 .;24 0.24 

<УLвь> expt. 0.85 :!: .04 1 .оо :!: .03 1.04 ± .03 1 .1 о z .03 

DCM 0.95 0.98 1 .05 1 .05 

An intereвting queвtion in nucleuв-nucleuв colliвionв iв how ma
ny nucleonв part i cipate in the i nteraction. Тhе number of the inter
acting nucleonв from the projectile nцcleuв, vp ' can Ье de termined 
experimentally Ьу counting non-i nterac t i ng (вpec tator) nucleonв. In 
our earlier рареrв it hав been вhown that for а given t arget nucleuв 
the multi plici ty of produced pionв iв propor tional. to vp : <n >= ао> >1 

' - р 
Тhiв relation confirmв the conjecture about independent i nteract ion 
in the target of nucleonв from the projectile [8 ] . А direc t determi 
nation of the correвponding number, v t• for t he target nucleuв iв 
difficult, as low-energy fragmentв of the target nucleuв are not de
tectea. One could, however, uве the aвymmetry in , tpe emiввion of вe
condary particleв in order to deterшine vt [ 77). The additive quark 
model with coloured вtringв of Bialaв et al. [ 78) provideв а роввiЬlе 
theoretical baвis .for вuch an approach. According to thiв mo~el, par
ticleв emitted. in the central region reвult fr~m the break-up of co
loured вtringв вpanned between interacting quarkв. Average velocity 
of particleв created Ьу thiв· mechaniвm iв determined Ьу numberв of 
quarkв (and thuв аlво: nucleonв) from the projectile, Np' and from 
the target, Nt' "wounded" Ьу the interaction~ Ав it iв natural to 
аввumе that the diвtribution of particleв reвulting from t he break
up of coloured вtringв should Ье в~etric, then the veloci ty of а 

*) r 
:Мultiplicity diвtributionв of negatively charged pionв were pub-
1ished earlier on the Ьавiв of вcanning alone. 
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symme'try syвtem can provide а measure of the r .atio of the numbers of 
interacting nucleons from target and projectile: · Nt/N . Chooeing the 

р ~ ei mpleet method of finding the eymmetry from the requirement of equa-
li ty of the numbers of partic.les (pionв) emi tted into the forward and 
backward hemisphereв*! one can find Nt/Np from the formula 

Nt/Np= ( fЗо - f3sc)/( f3o +. f3sc) . 

where (Зо iв ini tial nucleon veloci ty in the NN centre-of-maвв syвtem 
and ;.3 velocity of the "вymmetry syвtem" relative to the NN system. 
For col~fвions of ·varioue light nuclei (d, 4не, 12с) with tantalum 
one obtains the numbers displayed in ТаЬlе 3 and Fig.9 . The ratio 
Nt/NP decreaseв with increasing АР ав АР-(0 •73 . ± .О9). Takihg the 
values of NP determined in our experiment (see ТаЫе 3), one can 
determine •t• The obtained values of Nt are given in the lowest 
raw of ТаЬlе 3. They show а very weak dependence on Ар• 

It 1 x,t/ ~ f ~ 

л 1 i+ ;. 5 ; т 

б,/ 
3 t /4' 

2 ~ ? 
• СТа. 

" Ф 

о d'Го. 
А NN 
t. СТо. DКМ 

2 iO 1г n_ 

Fig . в. Average number of neutral 
pions as а function of negative 
pion multiplicity in аТа and СТа 
interactions at р/А•4.2 GeV/c[76]. 

ТаЬlе .;! 

d-Ta 
Nt/Np 10.5 ± 1.9 

< Np> (n_ ) 1) (1 • 7 )+ 
. 

20г---~----~~~~~~ 

10 

~~ 
z-

5 

ld,He,C)+Ta .. n- ot 1...2GrNk per nucleon 

181 0.52 /Аор" 

1 '-------" • 10 д 20 1 ' • 

Fig. f" Target-to-pro
jecti е ratio of the 
numbers of participant 
nucleons for interacti
ons of d, Не and С with 
tantalum [ 77]. 

Не-Та с-та 

5.0 :!: 0.6 2.5 ± 0 . 2 

3.3 ± 0.1 7.4±0.1 
<нt > <n_ ;> 1) (15.9)+ 16.5 :!: 2.1 18. 2 .t 1.1 

' 

+ extrapolated values 

*)Rapidity distributions for 
about the median value. pions show approximate symmetry 
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In С-С interactions at 4.2 GeV/c per nucleon interference corre
lations have been studied both for зт-л- and рр pairв [ 79]. For :л-я
pairs the formalism of Kopylov and Podgoretsky [ 80 J has been uвed, 
and for рр pairs - that of Koonin [ 81 ] and Lednicky end Lyuboвh:i, t z 
[82]. The obtained diвtributions are shown in Figs. 10 а, ь. They 
yield the following values of the rms radii of the emission volume: 
r( :~rJТ ) ., (2.8:!: 0.7)fm for an unЬiaseg. sample and r(я1Т ) • (3.8 t 
± 0.9)fm ·ror "central" collisions. The corresponding values of r(pp) 
are about 4.3 and ).5 fm with an estimated error of about 0.4 fm. 
Smaller vaiue of . r(pp) for "central" collisions (а tendency oppo
site to that of r( Я1Т) ) could Ье quali tati vely explained usin~ the 
thermodynamical model with two fireballs and taking the production of 
delta-isobars into account. More details are given in ref.[79 J. 

. '~о 

э:о 

nopro,.o:til•ond lor9"'1fl'clg!ll8nto 

о- ut~b io sed •o..,pt• 

· - ~-lrol . .... 1. 

O-c..,trot e ..... to. ~>7CIO М.V/c 

15 ЭО l.S бО 75 90 105 120 135 150 165 180 195 

~ . MeV/C 

а 

o .-un bioaed aa"'pt• 

,; 

1.01 

O.DO 10 20 ЭО l.O 50 60 70 80 90 IOO• t:l1 

q2
, I М.V/c la 

ь 

Fig. 10. Interference correlations for 
рр (а) and :rr:rr (Ь) pairв for СС inter
actions at р/А = 4.2 GeV/c [ 79] . 

In connection with this topic I would like to make some comments 
on the use of two-part1cle interferometry [ 83 ] . The first point con
cerns the definition of the radius of the emission volume. In experi
mental рареrв various formulae are used for the description of the 
two-particle correlation function. In their derivation, various spa
tial distributions of the sources have been aвsumed (the surface of а 
.sphere, several forms of Gaussian-type distributions), and thus the 
puЬlished values of the parameter called the "radius" of the emission 
volume cannot Ье always compared directly wi.th resul ts of oth~r au
thors. In order to allow such а comparison, we propose to use the 
root-mean-sguare radius, ав generally accepted for the description 
of the density distribution inside the nucleon and also for the model 
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description of heavy-ion co11i вions at 1ower energieв. Thiв would 
mean the neceввity of correcting воmе of the puЬliвhed reвultв on the 
radiuв of the pion emiввion volume . Тhе conversion factor to the rmв 
radius iв VЗ/2 for the Gauввi~-type distribut i on in the f orm 

2 2 2 2 exp(-r / R ), 1[3 for the distribut ion exp(-r /2R ) and 1 .о when 
t he воurсев are вuрровеd t o Ье uniformly 'dis t ributed over t he surface 
of а вphere of radiuв R. The fact or VЗ/2 (or 13 ) should Ье also 

' -applied to the ~а1uев of the parameter r 0 -obtained from proton-pro-
ton interferomet:s:,y. Apart from the neceввity of uвing а conвiвtent 
definition of the radiuв, it вeems also eвsential to compare reвultв 
on the dimenвionв of the emiввion volume obtained in the ваше refe
renceframe , as resu1ts of two-particle interferometry are not invari
ant under Lorentz tranвformation . 

The вecond remark concerns the interpretation of the radiuв of 
the particle emiввion vo"lume. The valueв obtained from both pion and 
proton interferometry are relatively large ав compared to the rmв ra
dii of colliding hadronв ·(or of the smal1er of co1liding nuc1ei ) and 
on1y weak1y depend on the вize of co11iding objectв . Thiв iв due t o 
the fact that thiв method yie1ds the va1ueв of the radii correвpon
ding to the emiввion of partic1eв after they become free of any inter
actions (decay of reвonanceв, вcattering from othe r hadronв) . Тhis 
wou1d mean that the excited nuc1ear matter denвity e вtimateв using 
pi on and proton interferometry reвu1tв for the radi i are on1y 1ower 
limi tв and thuв not rea11y meaningfu1 for the inveвtigation of the t 
equation of sta te. 

се centra l 
.._______l____. Ot.юrk - qtuon 
- ~,1,; piCJsma 

р ,,,,,,,,,,.,, 

- Tr~r~Qi:~nat '' ........ _.Nef'PЬ 
,. 150 "'"--· _ r--~:;:-~- -
~ t-e +N~~"~ .. ~ .............. ~~ .. 
"' __ l р ''•· ·-•• 
~ ~------,.-- ...................... ~ 

200 

~ Hadron•c .................. \ 
Q:: 100 """"""""""/''" ................. matte r - ...... -;.. ~ ; " ~~:~:: 7 :::' .';;, 
d .] с ondensat .on '§ 

~ ~ ~ 
{) [ .. ~ 

1 ~ 5 

f'IP
0 

,NUCLE'AR OENS I ТY 

10 

14 

Fig. 11 . Nuc1ear -matter 
рhаве diagram with den
вi ty and temperature e_s
timateв from various ex
perimentв [ 84] · 

r 1 

' 

Neverthel~;~sв, having no prompt 1eptonв or photons at our diвposa1, 
вuch attemptв are being repeated using hadronв. For С-С centra1 
co11iвionв at 4.2 GeV/c per nцc1eon, and with additiona1 вe1ection 

· rmв -
р_~_> 500 MeV/c, we have obtained r (рр) = (2.6 :!: 0.4)fm, wl1;ich, 
together with the tota1 number of participating nuc1eonв being about 
17, gi vев an estimate of s> • (1 .8 ± 0.5) 5'о for the denвity 'or 
hot nuc1ear matter. Thiв va1ue, comЬined with the "temperature" 
Т= (190 ± 10) MeV estimate.d from the в1оре of the вecondary proton 
вpectrum, gives а point on the nuc1ear matter phase diagram ав вhown 
in Fig. 11 [84]. Though the above va1ue of Т, obtained from the in
variant energy spectrum, might Ье вomewhat overe·вtimated, i t вееmв 

that at moderate energieв and for nct very heavy nuc1ei, we may a1-
ready Ье not far from а tranвition to the quark-g1uon р1авmа •••• 

And thiв iв what one 
in Scandinavian woodв and 
Swedish and р е i k о t 

of the 1itt1e реор1е who вuрровеd1у 1i ve 
rockв (they are cal1ed t r о 1 1 е n in 
in Finniвh) iв thinking about our р~оЬlеmв : 

Let 's try another way 

to make QGP ! 
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В Объединенном институте ядерных исследований . начал 
выходить сборник "Hpamкu e сообщения ОИЯИ". В нем 
будут помещаться статьи, содержащие оригинальные научные, 
научно-технические, методические и прикладные результаты, 

требующие срочной публикации. Будучи частью "Сообщений 
ОИЯИ", статьи, вошедшие в сборник, имеют, как и другие 
издания ОИЯИ, статус официальных публикаций. 

Сборник "Краткие сообщения ОИЯИ" будет выходить 
регулярно. 

The Joint Institute for Nuclear Research begins puЫi
shing а collection of papers entitled JINR Rapid Communi
cations which is а settion of the JINR Communications 
and is intended for the accelerated puЫication of impor
tant results on the following subjects: 

Physics of elementary particles алd atomic nuclei. 
Theoretical physics. 
Experimental techniques and methods. 
Accelerators. 
Cryogenics. 
Computing mathematics and methods. 
Solid state physics. Liquids. 
Theory of condenced matter. 
Applied researches. 

Being а part of the JINR Communications, the articles 
of new collecti~n fike all other puЫications of 
the Joint lnstitute for Nuclear Research have the stat.us 
of offi t ia l puБli cations. 

JINR Rapid Comrшnications wi 11 Ье i ssued regul arly. 

...... 

El-84-587 
ядер на синхрофазотроне 

частиц 

.,D8УПЪ1'аты экспер,нментов на пучках релятн

~ на синхРофазотроне ОИЯИ, в nервую 

.ir;~~~a+oobli npoRвnяeтcJI кварковаs структура ядер. 
nри бопъшнх nереданных импупъсах 

.~ ..... ~--~в кумупRтнвной области. Обс.уждаютс.JI также 
даухnионной и двухпротонной интерференции н их 

•~•о84НИе дпя определеннR плотности ropJiчeй JIДерной мате
р.; а таПе некоторые другие аспекты взаимодействий реляти
аистских JIДep. 

Работа выполнена в Лаборатории высоких энергий ОИЯИ. 

ПрепрЮiт Объедннеииоrо Юlстнтута церных исспедоааввй. Дубна 19ji4 

Bartke J. El-84-587 
Interac.tioпs of Relativistic Nuclei from the Dubпa 
Syпchrophasotroп. Fragmeпtatioп апd Particle Productioп 

Results of recent experiments with beams of relativistic 
nuclei from the Dubna synchrophasotron are revieved, vith em
phasis оп those vhich reveal the quark structure of пuclei. 

are · studi~s of fragmentation at high momentum transfers 
production in the cumulative region. Results оп 

interference correlations and their 
of the density of hot nuclear matter are 

аа vell as some other aspects of interactions 
nuclei. 

iave•ti&ation .has been performed at the Laboratory 


