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Single particle inclusive experiments, and experiments that additionally 

measure a few correlations like the associated multiplicity, have provided the 

main contribution to our present understanding of high energy heavy ion colli­

si ons. The results from those experiments are i'n overa'" a,greement 1 with 

calculations of the cascade2,3 an'd hydrodynamica1 4 models. In the cascade 

model the collision of two nuclei" is s,imulated a's a ca's'ca'de of nucleon-nucTeon 

collisions using measured N-N cross secti'ons. The hyd,rodynami'caT model" on 

the other hand, descrl'bes the nucle,ar coll ision a's that of two fluid:s a:nd 

makes use of a nuc 1 ear eq:uat ion of state re 1 at ing therma 1 and compres'sion'al 

energy densitie's to pressu.re. The pres.sure field dominates the expansion 

pha,se and leads to collective flow of the reaction products in a preferred 

direction. The observation of such effects in inclusive experiments is not 

well establishedS,6. Collective effects that m'anifest themselves in the 

shape of the event in phase space are expected to be seen best in the new 

complete event detectors that measure the final state as exclusively as 

presently possible by measuring most of the charged particles emitted tn the 

reaction. In addition, those detectors are well suited to test macroscopic 

concepts such as equilibrium and temperature. Global methods like the 
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sphericity or thrust analYSis 6 take into account all the correlations 

measured in the event and are specially designed to determine the shape of an 

event in phase space and thus to define a reaction plane. 

Recent data from the Plastic Ball and the streamer chamber experiments, 

the first complete event detectors in use at the Bevalac, are presented in 

this report. 

Experiments 

The Pl astic ,Ball and streamer chamber are two complementary detectors. 

As a visual detector the streamer chamber is ideally suited for the observation 

of overall features and to stu.dy processes that result in a clear p'attern, 

e.g., the character'isti'c decay in "Vee" form of strange particles. The cross 

sect ions that can be seen w,ith a rea,sonab 1 e amount of beam time a're 1 imi ted to 

abou.t 10 mb because experiments- h'ave te be performed' with low be'am intpnsiti eSt. 

only thr'ee ev.ent's per s:econd can be accep;ted', and the photographs of the events 

ha've to be sca,r:lned. Lig:ht c,lufster i<lfer:lti:fi'cation is pos's i'b 1 e w,Hhin Tim:its. 

The P'l ast'l'c Sa:11 ca'n identify comp'oS'i"te Jil'airti cles up to ==250 MeV /u with much 

better q.ua:l tty and' i's well suited fer ex'pe:ri;ments w,ith high stati,stics beca:use 

hig:h be:am i'ntensiti"es €'a'r:l be u,sed and a,Tl the measured information is immedi­

atte'T~, a!V!ati 1 alaTe iir:l <lf~i;gli;tall farm. 

The stre'amer chambe'r at the S'eva'l a'c ha's been in use for a long time and 

has been well d'escribed in ref. 7. Consid'e,r'able qualitative and quantitative 

progress i"n automatiz'ing the scanning h'as ma'de complete event analysis 

possible. 

The first experiments with the Plastic BallS were performed in 1981. 

The general layout of the experiment is shown in fig. 1. The Plastic Wall, 

placed 6 m downstream from the target, covers the angular range from 0 to 10 

degrees and measures time of flight, energy loss, and position of the reaction 
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products. In addition, the inner counters serve together with the beam 

counter as a trigger. 

The Plastic Ball covers the region between 10 and 160 degrees, 96% of the 

total solid angle. It consists of 815 detectors, where each module is a ~E:E 

,J telescope capable of identifying the hydrogen and helium isotopes and positive 

pions.. The ~E measurement is performed with a 4-rrm thick CaF2 crystal and 

the E counter is a 36-cm long plastic scintillator. Both signals are read out 

by a single photomultiplier tube. Due to the different decay times of the two 

scintillators,. ~E and E information can be separated by gating two different 

ADCs at different times. The positive pi?ns are additionally identified by 

. + + + 
measuring the delayed 1T .. lJ· .. e decay. The quality of the pa·rticle 

identification is shown in fig. 2. 

Fi'gure 3 shows the acceptance of the Pla'stic Ball experiment for' protons' 

in the plane of r'ap'idity versus tra,nsv!ers'e'm@mentum. In the d'i'fferent a're'as 

cha.rg.ed pa'rt:iC:le's c:an be id:enti'fi'ed: w;;-th d;ifferent qua,Hty. The stre:ame.r 

chamber me'asure:s th'e m0mentum' of the ch'a'rg'ed' p'a'rticl es above-,1"5 MeV /u w·tth the 

ex;ception of two blind s'pots at 90 0 where the particles travel p,a;r'a~llel t@ the 

ma,gr:retfc fie;ld: •. 

Writh' both de'tector sy·stems different p:r0j:ectiTe-·t'alrge't e:@mli>i'n~a't;:@n·s have 

been me-a;sure'd w·ith a· miniml:lm t)';a~s t:r';gi~re'r' and w·ith a' trigger configuration th'at 

selects central reactions. Results from 400 MeV/u Ca on Ca, 800 Me·V/u Ne on 

Pb, 800 M'eV/u A·r on Pb,. and 1..8 GeV/u Ar on KCl measurements will he presented. 

Thermalization and Entropy. 

Thermaliz'ation in the reaction is characterized by the effect that the 

originally longitudinal energy is r~ndomized over longitudinal and transversal 

degrees of freedom. The degree of therma1ization reached can be expressed by 

the rati09 
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This ratio is shown in fig. 4 as a function of the charged particle 

multiplicity for the reaction 400 MeV/u Ca on Ca. The peripheral events show, 

" as expected, a high degree of transparency, whereas in central collisions 

thermalization or randomization is near.ly reached. In the mass 40 system the 

surface effects are too large to expect complete thermalization, as there are 

always enough nucleons that escape after one collision. It will be 

interesting to study the mass and energy dependence of that ratio for central 

collisions. 

Due to the ability of identifying the particles, the Plastic Ball is well 

suited for investigating the emission of protons and light clusters in high 

energy heavy ion reactions. Such studies should yield information about the 

reaction mechanism and answer the question whether composite particles come 

from a therma-lized source, or .whether a coalescence process that only requires 

closeness in phase space of' the constituents, is reponsible for cluster 

produ,ction •. The ratio of the production cross sections of deuterons to 

proto,ns has been rela~te<!l to the entropy in the reaction zone in ref. 10. This 

proposition to dete'rm:ine the entropy from directly accessible experimental 

results has stimulated a vivid d'iscussion ll ,12. Corrections to the Siemens 

and Kapusta formul a have been proposed 13 , where the deuteron-to-proton rat io 

is replaced by the ratio of deuteron-like to proton-like particles14 , thus 

tak i ng into account heav ier compos ites. 

The inclusive deuteron-to-proton ratio was measured for many reactions 15 ; 

now it can be plotted as a function of the charged particle multiplicity as 

shown in fig. Sa for the case 400 MeV/u Ca on Ca and in fig. Sb for 800 MeV/u 

Ne on Pb. Both curves rise with increasing multiplicity and show saturation 

at high multiplicity. A similar trend can be observed with cascade 
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calculations16 • In relation to the entropy discussion, that would indicate 

that the entropy per baryon decreas-es slightly with increasing violence of the 

collision. The event-by-event fluctuation of the ratio is smaller, when the 

deuteron-like to proton-like particle ratio is used, which might be more 

related to the entropy than the dlp ratio. 

Global analysis 

The global analysis methods (sphericity, thrust) were developed as a tool 

to detect and distinguish predicted two jet events at high energy e+-e­

storage rings from events with spherically symmetric emission patterns6• Both 

methods define a jet axis" the sphericity by minimizing Lp?l and the ; , 
thrust by maximizing Llpi"l relative to this axis. The' sphericity is 

calculated analytically by d'iagonaTi'zing the s'phericity tensor. One obtains 

the ori'entat'ion of the spherfcity axi's, e.g., relat,ive to the beam direction 

a,nd three e,i'genvalues wh-kh d~efine an e,lTipsQid that d-escribes the shape of 
, 

the e'vent. The thrus:t a:n:alysis yields in addition to the ori'enta'tion only the 

ma,gntt ud:e of the thru,st, a quan:tita'tiv,e meas ure d:istoingu i shi nq between 

;s:otrop-i"c and b:a,ck-to-t)'a:ck em'i;s:shm •. 

oVJerwe'i'ghts le'ad'ing, p'a;rti"cles and gtves two nucleons a d'i'ffe'rent weight from a' 

deuteron w-ith the same energy per nucleon. Corrections for these shortcom'ings 

have been prolDos',edT8, e.g., the flow analysis presented at this conference l9 • 

Since a global analysis has to be performed for each event, statist'i'cal fluc-

tuations due to finite number effects and to limited experimental acceptance 

and efficiency are expected. Experimental data have to be compared with 

results from an analysis of theoretically calculated events, which have been 

filtered for experimental acceptance and efficiency. Most theoretical models 
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have not yet reached the sophistication of the experimental equipment in the 

sense that they are not able to calculate all the measured Quantities. 

Cascade codes do not include composite particles and hydrodynamical codes do 
,.' 
\ 

not produce event-to-event fluctuations. This makes the comparison between 

experiment and theory difficult. Complete events generated with a statistical' 

model calculation by Randrup and Fai 20 wil; be extremely useful to study the 

effect of finite number fluctuations and experimental biases. 

Figure 6a shows the comparison between a flow analysis of 170 streamer 

chamber events from the reaction 1.8 GeV/u Ar on KCl and the results from a 

calculation with the Cugnon cascade code3 filtered with the experimental 

acceptance and selected according to impact parameters. M~an values and vari-

ances of the ratio of the largest to the smallest axes of the flow ellipssi'd 

a,re plotted against the a·ngle of the main a,xis w,ith respect to the beam 

direction. The experimental pei'nt falls betwepn cascade an'd hydrodynam·ical 

preGl'i'ct tens1 a:nd is cemp!a1t tb fe- w,iith bmth., Figiu!re' 6t:> s,h'ow;s the, same 

cmmpa~d s:o;n for the a,slYfllTletri'c system 800 Mev/u Ar' SA Ph., The GI:a:ta a:g:a,i'n are 

compa't ibl e w.i,th ca~scaGl'e ca~leu·l:a\t:i'srn's. F'or aiA' aiSymme'tr'i.~ co'lHsior:r the c.,m. 

system d:ep:eAc:ls SA the i'mp:act p!alr'ame1ter and is A:S't k-:rilow·n experimentally.' The 

flow, a'rila~lysi s i's tt.le'r'efs're' p~e,rf'srme:GI ifr:r ttil'e' Gen,t.e'r sf m'a's's s'ys tem of all 

me'a,sur'e:a: p;a,rt i:e 1 es ( not i'GI:en<t iC,a·l wi.;:th the part i c i pant c .,m. system). 

introduces additional fluctuatiens. For a'symmetric systems a cluste,r 

an'alysis2'1 that can be perf'ormed in the laboratory system may be more 

appropriate and is presently being tested. 

Conclusions 

This 

Data from complete event analyses with 41T detectors h'ave just become 

available. The use of more complex observables taking more of the correlations 

measured in one event into account can shed new light on problems first studied 

t<' 
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with inclusive experiments. From observables such as the ratio of transverse 

to longitudinal momentum, the degree of thermalization can be measured. If 

equilibrium is found, the concept of temperature can be applied and compared 

~ to predictions of various models. That and the prospect to measure the 

entropy from the ratio of proton to composite particle production promise a 

big step forward towards the establishment'of the equation of state. 

Global analysis methods can be used to test possible hydrodynami·cal 

behaviour of nuclear matter. It is not yet clear which specific exclusive 

variable is best suited to differentiate between existing dynamical models. A 

variable that limits the influence of fast particles like the velocity B 

should be tried since calculations and experimenta~l evidence for a forward 

. . 5 . t 1 f ,. t d . t supp res s 1 on ex 1 s on yor ,ow· ene rgy pro ons an comp.os le·s • The 

ex.p.e:rime:n;ts, aire eClfufJi)'f1Ied' w,i;t'!;r 'f;(i),rw1a:rlif i Q:e~t'eGt:0'rs~ n'(i)w i:n' d!eve,ro'll>me'nt thia·t c:a,n 

id'entJfy he:avy p·ro~fect.iTe resi'cfuJ'es,; the' bo:u17I'1'i:e'-of'f' e,ffect22 c:a,A be· ;:Iil'ves;ti­

g;ated by bomha'r(:ti:n~ ri:~ht ta!r'~;ets wltth h'e'a'vy p,rojectfTes·., Fi'r:li;te p'a'rt;-cle 

effects and the la:r'ge surface-to-volume' r'altio make one tre:a,t wi'th c.a'r·e: cone-Tu,­

sian! from the syrmretric m'a,s,s: 40 system' aT0Re'. W!ith the ull>g'raGl'e'd R'ev'a,lac 

heavie"r systems become av;a:i'la,bTe and m'as·s d:ep:en'den,t effects can be studi'ed. 

The Pl astic BaTl grol!J,p ha\s Jl!JiSt fi:n1i:sheGl ain e')(if1leri'ment w·ith niobi'um be'am on a 

Nb ta:rget. 

Thanks are due ta H.H •. G:ut.li>roQ·, J'.,W· •. H·arri·s,. A.M. P'aska!nze'r, H:. Ri'e'deseT" 

'J and R. Stock far m'a,ny helll>ful dfscu.ss;:a,ns. This wark was sUIllPorted i'n part by 

the Director, Office of Ene,rgy Research, Division of Nuclear Physics of the 

. Office of High Energy and Nuclear Physics of the U.S. Department of Ener~ 

under Contract DE-AC03-76SF00098. 
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Figure Captions 

1) General layout of the Plastic Ball experiment. 

2) Particle identification spectrum for 655 modules after gain-matching with 

(dashed line) and without (solid line) scattering out reconstruction. 

3) Plastic Ball acceptance in the plane rapidity versus transverse momentum. 

4) Ratio of transverse to longitudinal temperature as a function of charged 

particle multiplicity. 

5) Ratio of number of deuteron-like to proton-like particles as a function 

of multiplicity (deuteron like = d + 3/2 t + 3/2 3He + 3 4He ; proton 

1 i ke = Z = P + d + t + 2 3He + 2 4He ). 

6) Comp,ari son between a flow ana lysi s of streamer chamber data and impact 

pa:rameter selected c.ascade ca.]culat;-ons. 
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