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High Energy Heavy Ion Collisions--A Possible Testing 
Ground for High Energy Interaction Models* 

L. S. Schroeder 

Lawrence Berkeley Laboratory 
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ABSTRAcr 

A review of existing data on nucleus-nucleus collisions 

at Bevatron-Bevalac energies (few GeV /nucleon) is given to 

test to what extent such collisions can be carrpared to nucleon

nucleon studies perfonred at NAL and ISR energies. Data are 

examined for such phenanena as limiting fragmentation, scaling, 

and factorization of cross-sections. A brief discussion of experi

ments-ei ther in progress or about to start, which bear on the 

question of testing high energy interaction models-is included. 

iInvited talk given at Strang Interactions Session of the Division of 
particles and Fields meeting of the American Physical Society, held 
at Williamsburg, Virginia, Sept. 5 - 7, 1974 I 

*Vbrk done under the auspices of the U. S. Atanic Energy Camri.ssion 
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With the successful acceleration of deuterons and heavier nuclei 

in the Bevatron in late 1971, ,a substantial program of research with 

high-engery heavy ions began. This program has been multidisciplinary 

in nature, covering the areas of particle, muclear and astrophysics. 

We will be concerned with sane of the possible contributions to particle 

physics of the program. 

Chew(l) has suggested that studies of nucleus-nucleus collisions 

at energies of a few GeV /nucleon should yield infcnnation which would 

be useful for testing high energy m:Xlels. These m:xiels have previously 

been restricted to particles with baryon number 0 or 1. If this sug

gestion is correct, then high-energy heavy ions represents a new tool 

for studying such rrodels. ~ points should be kept in mind when 

considering Chew's suggestion-one concerning the energy scale in the 

interaction, and the other the "constituent" nature of the interacting 

systans. When testing high-energy m:xiels, one should be in the asyrrp

totic energy region. This region can be defined by the energy of the 

system crnpared to the average energy of its low-lying resonances. 

For nuclei at a few GeV/nucleCDll, one is well above the characteristic 

level spacings which are IV 10-100 MeV. HCMeVer, with hadrons, one 

IlUlst be at· nuch higher energies since the characteristic level spacings 

are of the order of a few GeV or so. SeCondly, data on hadron-hadron 

collisions at higher energies suggest a detailed constituent nature to 

hadrons. These are the so-called "quarks" or "partons" of various 

m:xiels. Nuclei clearly exhibit a "constituent',' nature, since they are 

CCT!p)sed of nucleons. By reviewing the existing data we attE!l1?t to 

see if there . are any similarities between nucleus-nucleus collisicns 

at a few GeV/nucleon and high-energy hadron-hadron collisions. (2) 
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NUCLEUS-NUCLEUS COLLISlOOS AT A FEM GEV /NUCEION 

Before turning to the data, it would be useful to list the present 

experimental pararreters which are available at the Bevatron/Bevalac 

facility. The Bevalac is a marriage of the SUperHILAC at Berkeley to 

the Bevatron. The SUperHII..AC operates as the injector of heavy ions, 

which are then accelerated in the Bevatron. Table I lists the ions 

which are or will be available along with expected beam intensities. 

Table I TYPes and Fluxes of Heavy Ions at BevalacFacility 

ION* 

IH 

2H 
3 . He 
4He 
6Li 

lOB 

12C 

14N 

160 
2 ONe 
4°

Ar 
. 

56Fe 
84Kr 

*All ions are fully stripperl. 

PARI'ICLES/pULSE 

5 x 1012 

2 x lOll 

lOll 

2 x 1010 

3 x 1010 

3 x 1010 

6 x 1010 

3 x 1010 

3 x 1010 

1010 

5 x 108 

5 x 105 

5 x 104 

The energies of the ions can be continuously varied fran 0.2-2.5 GeV/ 

nucleon (kinetic energy/nucleon). Operation of the BevatronA3evalac 

canbination was started in August, 1974. Previously, the Bevatron had 

used its CMl1 injector as the ion source, but with limited beam intensities 

of ions with A > 4. 
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We first examine to what extent such concepts as fragmentation, 

scaling, factorization, etc., hold for nucleus-nucleus collisions 

at energies of a few GeV/nucleon. First the question of fragmentation. 

Do well-defined fragmentation regions exist where the process can be 

separated into either projectile fragmentation, target fragmentation, 

or roth? At la.v energies (lO's of MeV) one could not expect well-

. defined fragmentation regions to exist. At higher energies, these 

regions could be separated by sane reasonably large rapidity interval, 

as illustrated in Figure 1. The first clear indication of a well

defined fragmentation region was dJserved by Heckman et a1. (3) in 

'1 '1' l' too' 0° 'th' 'd t 14 and 16 s1ng e part1C e 1nC US1ve s 1es at W1 1nC1 en N 0 

beams. Data fran their study of 160 + Be -+ 't: + X, where AC is a 

carbon isotope, is shcJ..m in Figure 2. The incident energy was 2.1 

GeV/n. Figure 2a shows the m::manturn dl.stribution in the lal::x>ratory 

of all observed carbon isotopes. When these distributions are trans:

fonned to the projectile rest-frame, a majority of the distributi~ 

are observed to peak near zero rocmenturn. An exanple of this is shcJ..m 

in Figure 2b for l3c fragments. 'Ibis suggests that in the fragmen

tation process, fragments of the projectile are emitted with the same 

velocity as the projectile, and are well separated fran other proc

esses. A study (4) of the fragmentation of 4He into p, d, 3H, and 3He at 

a fixed lal::x>ratory angle of 2.5° also StIpIX>rts such a conclusion. In 

Figure 3a is shCMn the la1x>ratory m::m:mtum distribution of these frag

mentation products. When these data are plotted versus the fragment 

rapidi ty, fragmentation peaks are seen centered on the rapidity of the 

incident projectile as shc:Mn in Figure 3b. The rapidity of the target 

is zeroJ,so there is a clear separation between target and projectile 

fragmentation regions, at these energies. 

If limiting fragmentation is a valid concept for heavy-ion frag

mentation processes it is expected that the fragmentation will. be 

indeperrlent of the energy anj of the target arployed. The fact that the 

shapes of the rocmenturn spectra observed in the fragmentation of l4N and 

l6b beams are independent of the target material supports this conclusion. (3) 
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In Figure 4a and 4b are shONn data fran Reference 4 on the processes, 

d + C -+ P + x and ex + C -+ P + x, at two different incident energies. 

The data are plotted in the projectile rest-frame. Fragmmtaticn 

peaks are clearly evident and are consistent with being energy We

pendent over the range 1-2 GeV In. This same conclusion holds when 

other targets are used, so that limiting fragrrentaticn appears to apply 

in these high energy projectile fragmmtation processes. Additional 

insight into. the fragmentation process can be obtained fran a kno.vledge 

of the dependence on target material. Data of Reference 4 for the frag

mentation of incident deuterons and alphas into protons has been fit to the 

fonn, (1 a: An, where A is the mass (in amu) of the target used (Be, C, 

Cu, Pb). The value of the coefficient n obtained fran the fit as a 

function of the observed proton momentum is shONn in Figure 5 for 2.1 

GeV In deuteron and alpha beams. For nanenta in the fragmmtation 

region (Plab ~ 2 GeV/c) the cross-section varies like Al/3 , suggesting 

that the fragmentation process is peripheral. (5) As the proton nanentum 

is reduced the A-dependence gro.vs sharp 1 y, irrlicating that other processes 

besides simple projectile fragmentation are contributing to the pro

duction of protons. 

We noN consider the results on pion production. (4) In Figure 6a 

the invariant cross section for negative pion production by protons 

with energies between 1.05 and 4.2 GeV is plotted versus the scaling 
* parameter, x' = k 11 All of the data points are seen to lie on a 

. . 1 (k\l)~ . . 1" cal-
un1versa curve, suggestmg that negat1ve 10C US1ve p10n spectra s . e even 

at 1 GeVi a sanewhat unexpected result. The production of negative pions 

by 1.05 and 2.1 GeV/n deuteron and alpha beams shONn in Figures6b and 6c 

also exhibit this premature scaling feature. As in the case of projectile 

. fragmentation, the shapes of the pion spectra are found to be independent 

of the target and consistent with an A 1/3 dependence for pion narenta 

> 1 GeV/c. (4), as shown in Figure 7 for 2.1 GeV/nucleon alphas. 

An added similarity between high-energy nucleon-nucleon collisions 

and heavy-ion collisions involving leading particle effects is worth noting. 

It has been kncMn for a long tirre that the process pp -+ p + x at high 

energies is characterized by a large quasi -elastic peak which is relatErl 

to the diffractive production of high mass states. (6) This process has 
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its analog in nucleus-nucleus collisions as shown in Figure 8 for 

deuteron or alpha beams. In this exarrple, the analog of the high mass 

states of the proton are the highly excited levels of the nuclear target. 

In the case shown in Figure 8, A* represents either the particle stable 

or particle unstable states of the nuclear target. Both the alpha 

particle distribution shown in Figure 3a and the deuteron distribution 

seen in Figure 9 bears a strong resanblance to the high energy in

clusive proton spectra. (6) It is interesting to speculate whether one 

can apply triple-Regge theory to such inclusive distributions in 

nucleus-nucleus collisions at Bevalac energies, since the data of 

Reference 4 indicates that the leading particle spectra are similar in 

shape to those observed in high energy pp collisions. An experiment (7) 

to test whether Regge phencm:mology is applicable to nucleus-nucleus 

collisions at Bevalac energies is presently being undertaken. 

EXPERJMENI'S IN PRCX;RESS AND FUmRE POSSIBILITIES 

An experiment (8) to rreasure nucleus-nucleus total cross sections 

at Bevalac energies has been carpleted and the data are presently being 

analyzed. The experiment has rreasured total cross,-sections for the 

following sy?tems: 

pp pd pa ~ 

dd da da 

eta aC 

cc 

Data fran this experiment can be used to test various rrul tiple scat

tering theories for the scattering of a composite system by a composite 

systan. Prior to this experiment only the d-d systan had been studied 

to test such rrodels. Data fran this experirrent can· also be used to test 

if nucleus-nucleus collisions o~y the factorization relation, 

OM 0BB = (crAB) 2. Using a variety of roodels, several theorists (9) have 

recently been concerned with this problan. Although no experiments 

on wide angle elastic scattering of composite systems are presently pro

posed I such experiments would provide a vigorous testing ground for high 

energy rrultiple scattering theories. 
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Nuclei with I = 0 will play an important role in exper~ts to 

investigate the I = 0 meson spectrum and the I = ~ baryon spectrum. 
Experiments (10) like: 

dd -+- 4He +~} 
(1) 

dd -+- dd + r-t1 

guarantee that the ~ spectrum is in an I = 0 state. For example, 

one could look for w-production and extract the w-+- 2n branching ratio 

without p-interference. Studies of the I =~; N* spectrum could be made 

by investigating reactions like: 

where ~ is guaranteed to be in the I = ~ state. If . high statistics 

are obtained, then branching ratios of N*' s to N1T, N1T'TT , I\K and other 

final states could be extracted. Although one could use carbon beams 

for such studies, deuterons and a4:phas are preferable since they have 

no particle stable excited states and are relatively easy to detect 

in the final state. 

Because nuclei are stable, high energy nuclei might provide a 

valuable tool for testing high-energy high-spin theories. (11) 

Studying the scattering of systans with high spin is difficult if one 

tries to use N*' s due to their short lifetimes. Heavy nuclei can also 

be used to test Q.E.D. for systans with very large z. (ll) 

A majority of the exper~ts that have been discussed have been 

of an inclusive nature. An experimental program utilizing heavy ions 

and the LBL streamer chamber is getting underway. (12) The streanEr 

chamber will offer the advantages of rv 4n acceptance canbined with 

trigger capability. Both inclusiVe and exclusive studies can be per

fomm. Such things as pion multiplicities, projectile fragrrentation, and 

correlations of particles in the projectile fragrrentation process can be 

studied. A prelimi~ run with a 0.87 GeV/n carbon beam was successful 

in dat'Onstrating that the streamer chamber techniques will be a powerful 

tool. for investigating nucleus-nucleus collisions. 
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CONCIlJSICNS 

Existing data on nucleus-nucleus collisions at 1-2 GeV/nucleon are 

found to exhibit many features in camon with high-~ nucleon-nucleon 

collisions. Further experlinental studies are under way to see if the simi

larities have a camon foundation. If they do, then high-energy heavy ions 

offer an additional way to study high-energy rrodels, and serve as a bridge 

that can connect ideas which have been used in nuclear physics and particle 

physics. 

lt should be emphasized that the use of high-energy heavy ions to 

study high-energy interaction rrodels represents a small part of the 

research program with heavy ions at the Bevalac. This program covers the 

areas of nuclear, particle, and astra-physics as well as biology and 

medicine. 
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FIGURE CAPTIONS 

Examples of projectile and target fragmentation at low and higher 

energies. A refers to projectile and B to target. 

16 A Data from Ref. 3 for the reaction 0 + Be + C + X. (a) 
o Momentum spectrum for carbon isotopes produced at 0 by fragmen-

tation of·2.l GeVln 160 beams; (b) Parallel and transverse momentum 

d . . b' f l3e f ... 1 f 1strl utlons or ragments 1n proJect1 e rest rame. 

4 0 Fragmentat ion of 1. 05 GeV In He at a laboratory angle of 2. S 

for data of Ref. 4. (a) Laboratory momentum distribution of 

fragments. (b) Lorentz invariant cross-section versus rapidity 

of fragments. Rapidity of beam projectile ~1.4. 

Fig. 4. Data from Ref. 4 Lorentz invariant cross-section for fragmentation 

into a proton for a) deuteron beams, and b) alpha~beams versus 

the momentum in projectile rest frame. Beam energies are 1.05 

and 2.1 GeV/n. 

Fig. 5. Dependence on the deuteron and alpha beam fragmentation to protons lilt 
2.1 GeV/n. The da~a for the various targets was fit:(least squares) 
to the form; a cr A , A is mass;of,target. 

Fig. 6. Invariant cross section for negative pion production from Be 

target versus scaling variable x , (a) incident protons, 1.05-

4.2 GeV; (b) incident deuterons, and (c) incident alphas at 1-..05 

and 2.1 GeV/n. All measurements at a fixed lab angle of 2.50
• 

Fig. 7. Dependence of the pion production cross section on target material 

for 2.1 GeVln incident alphas. The data for the various targets 
n was fit (least squares) to the fom; a ex: A " A is a masS of target. 

The coefficient n is plotted versus momentum of the produced pion. 

Fig. 8. Diffractive exciation of the nuclear target by incident d or a beams. 

Fig. 9. Data of Ref. 4 showing the quasi-elastic region for the reaction 

d + Be + d + x at 1. 05 Ge V In. 
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