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MULTIPLICITY AND CHARGED PARTICLE EMISSTON IN
RELATIVISTIC HEAVY TON COLLISTONS!)

H. H. Gutbrod, J. Gosset, W. G. Meyer, A. M. Poskanzer,
A. Samdoval, R. Stock, amd G. D. Westfall

Lawrence Berkeley Laboratory, Berkeley, CA 94720
Gesellschaft fiur Schwerionenforschung, Darmstadt, Cermany
Fachbereich Physik, Universitit Marburg, Marburg, Germamy

The 7 data were taken by S. Nagamiya ot al.’) and we
are grateful to the amthors to allow us to present
them here.

I. Iatroduction

After mearly three years of Bevalac research, the finter-
est has shifted fram the peripheral reactions--stmdied
intensively by the Heckman/Greimer group and described suc-
cessfnlly by the abrasion-ablation model’)--to mear central
collisions. Whereas peripheral reactions proceed with rela-
tively small tramsfer of momemtum and energy, the mear—central
collision is characterized at high incident emergies with am
almost complete dissociation of both target amd projectile,
as made visible im Some streamer chamber pictures®).

It has heen genmerally accepted that a high multiplicity
of fragments amd pions at large angles and intermediate ener—
gies may be used as a distimctive feature that allows one to
select mear central collisions of relativistic muclei. Simce
many motivations for the relativistic heavy ion physics have
and will be given by the theorists present at this conference
we can cut this introduction short amd focus immediately onto
experimental facts and observatioms!) available mow after about
two vears of central collision studies at the Bevalac., We
will have to leave the beautiful "star-observations"™ to the
mext two speakers and will concentrate onto single particle
limclusive cross sections of precisely identified fragrents
(as to their charge, mass, energy, amd emission angle) together
with associated multiplicities of fast charged particles.

We will see that all the observed fragment spectra are
structureless and more or less exponentially decayimg through-
out the range of studied fragment masses. We will give a
catalogue of experimentally found gmalitative features and
will look then imto the applicability of simple statistical
thermodynamic models by tracing down im the spectra kimemat-
ical effects im the framework of a source of a temperatumre T
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and a velocity B. This leads directly to 4the “muclear fireball-
mdgl‘"'")) we presented mearly a year ago.

The production of complex particles wull be discossed mext.
A simple mass dependence im the cross section of the fragments
is cbserved®) and leads us to the guestion if a stmck pro-
jectile amd the explosion of a "compound nucleus” wonid make
any Sense. )

The basic layount of the experimental setup consisted of
a particle telescope mounted on a movable arm inside a scat-
tering chanber, a monitor telescope fixed at 90°, used to
chtain the relative mormalization, and ah array of fifteen
plastic scintillator paddles (tag copnnters) placed outside
the scatterimg chamber, subtendimg the angles between 15° and
60° with respect to the beam direction, ard about cne-third
of the azimuth. This array was uwsed to determime the mmlti-
plicity of charged particles, with energies above 50 MeV/
mucleon, associated with each event measured im the telescope.

Several different telescopes have been used to measure
the large spectrom of masses and enmergies im this experiment.
Evaporation-like fragments were detected im thin AE-E sili-
con detector telescopes with thicknesses of 22 um, 205 pm,
and 177 ym and 1500 ym. The high energy components of helium
ani hydrogem isotopes were measured with a AE-E telescope con-
sisting of a 2 mm AE-silicon detector and a 10 com, conically
shapedl scintillator coupled to a 2.5 cm phototubs as an E

" detector.

The yitlds of the elements between lithium and oxygen
abov: an emergy of about 100 MeV were measured with a three
elenent telescope, Fig. 1, consisting of a large area of thin
Si AE detectors (180 pm) fol-.
lowed by the same area of 3 mm
thick intrimsic germaninm which
was followed by the 3rd element
2m 8 mm intrimsic germanium
detector. This AE;-AE,-E tele- Z5mition
scope was im the Si elements
bins so - that six angular
steps counld be - measored
simultaneously. Particle iden- -
tifier spectra of these tele- @s“w
scopes are shown im Fig. 2. €
As a result of the quality of
these detectors, we can give
the precise mass, charge, and Fig. 1 *BL 773543
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energy as well as the rezsctiom {
angle of the detected particles
up to *He. From Li on we have
isotope resolution only where
indicated im the figures.

We have recently improved
our setup by placing 80 photo~
meltipliers with scimtillators
around a thin spherical scattering chamber, Fig. 3, which
allows ws_to recognize much better the patterm the star—
event. The lower part of the figure shows the multiplicity-
ring pattern locking im beam @irection. Also im this mew
setup, we do exclude from the measured multiplicity all
particles below an energy of 25 MeV/n. Thus we are sure not
to measure low evaperatiom like fragments im the associated
multiplicity. PFParthermore we built a mew telescope capable
of detecting mt from 17 to 100 MeV and protoms frem 5 to 200
MeV etec. Some of the data I show are already from this vin-
tage. The =~ distributions are taken from ref. *) and were
measured in a magnetic spectrometer.




ITT. Experimemtal Results

Eetmshawefnrstalmkatthelw—energy@revamm
tion like fragments. E'Iqmtlshwsthegw"’emergg
of He to Be isaotopes in the low energy regiom f
bhardment of U at 2.1 GeV/macleomn. 'l!heseenergyspecmshm
a Maxwellian shape with the peak positiom shifting towards
Eugh&reuerqnesastheatmucmumberofthefragmmtmm—
creases. For a givenm element, the most neutrom deficiemt
isctope displays a more prominemt high energy mmgonemt
This trend is most obvious im Fig. 4 for ®°Li and "Be. It is
als@observeﬂfm:themensutapesasmuhemmhcatedbelw

The cross section faor the ewapm:atlom like u—pam«.:]le is
50 high that-——from an estimate of the integrated low energy
a-particle yield—on the average about 7 e-particles are
emil tted per interactiomn. These low energy particles are not
included in the later discussed associated mmltiplicities.

At high fragment emergies the double differentizl cruss
sections for 2%Ne am U at 400 MeV/nucleon as an example pre-—
sented in Fig. 5 are smooth and exponentially decayimg with
increasing energy. bheimg flattest for the protons and heom:mg;

: steeper as the mass of the fragmemt in—
creases. For a giver fragment: the slope
of the energy spectra rapidly increases

P\ 21awime Doy with imcreasing angle, and the yield of
0~ i each fragment decreases as the mass or
--"gf*\\- charge of the fragment incresses. a
TN ¥ deviation from this general trend is
e
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observed in t’he n'cmty of the evapmratlun reglon where the
yield is higher for “He tham for *He. Im turn, *He exhibits
a relatively more prumlment high energy cross sectio In
his respect, the He mtope cross sections follow the trend
of mentron deficient isotope cross sections, as described
earlier.

The  proton energy spectra from 2°Ne n U at forward
angles are extremely flat im the measured energy range. It
is surprising to find that the msual kinematical argument
that would predict more forward peaked angular distributions
the Mgher the combarding energy does mot apply. Im fact the
trend is opposite for all the fragmerts as shown in Fig. &
in the angular distributions labeled a, b, ¢, which are *He
fragments integrated im the indicated energy windows from Ne
on U at 2100, 400, 250 MeV/mucleon respectively. At the
highest hombarding energy the cross section changes by less
than an order of magnitude from 20 to 130 degrees, while for
the 250 MeV/nucleon bombarding energy it changes by more tham
two orders of magnitumde. Similar He angmlar distributions
are observed im the energy window from 50 to 100 MeV/mucleon.
'The overall features are the same but all slopes are steesper.

A comparison at 2100 MeV/nucleon between (a) uranium and
)2l as target shows that for light targets the backward
Lhemn.sphure is deplletbeﬂ At 400 MeV/mucleon incident (e) “He
(b) *°Ne on uranium there is mo significant difference
in the shape of the angular distributions. Noté that curves
(d) and {e) are raised im absolute value by a factur of 10
for bettor graphlcal representation.

m’Fvﬁ—‘-.—,m',‘\. Py F e ‘ am In general for fixed

i e 3 target ojecti a
t o 3 s get, projectile, an
r 30-59Me/muc! 'mz &,%i 10OMeV/nuch incident em , the -

o

lar distributions of all
fragments become more for-
\L" -3 ward peaked the higher the

3 energy window considered.
Therefore, the value of
angular distributions of
inftegrated spectra in these
experiments is small and
the presentation of double
differential cross Sections
shonld be preferred.
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_ Looking mow at the
heavier fragments at inter-
mediate energies im Fig. 7,
the slopes of the spectra
also get stesper with:

Fig. \ imcrease im Teaction angle

[ ] ‘50 [ICN )
-Bh.m {deg)
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for a fixed fragment. The
changes of the slopes with
Tragment mass at a given
angle are less prononnced
than before, bunt mote that
here the sSpecitra ame
plotted in MeV instead of
MeV/nucleon as in the case
of hydrogen and helium isop- -
topes. previonsly shown. -

The associated mmlti-
plicities should give ws a
hint whether we are indeed
observing mnear central .col-
lisions. Figure 8 shows
from the 15 tag counter

- array m—-fold coincidence

cross sections assoviated
with three different fray-
ments detected im the
telescope at 90°. For all -
Fragments the average mui-
tiplicity is large reflec-
ting quite a large trans-
verse momentum transfer

, since the tag array is..
| sensitive to particles like
| protons above 50 MeV. In

the mew experimental set-up
the selection of varicuns
maltiplicity patterms is
possible. :

" In Fig. 9(a) the pad-
dle histogram is shown on
the top associated with
Si-Ge telescope events an
the bottom associated with
the monitor telescope.

- Monitor telescope amd

Si-Ge telescope are placed
opposite of each other at
90°. We chserve clearly
in ring A and B a large
angle--two particle--corre-
lation between fragmemts
in the telescope amd frag-
ments in the paddles
enhancing the yield im the
forward angles opposite to
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, the detected fragmemt. WNote

e I ; that we are looking here at
' Lt x.msl:?,mmn for star events with average total
LLF R multiplicities of at least 12
high emergy particles im the
9°-80° forward hemisphere. We
are presently studying this
correlation as a function of
angle ® of the telescops and
fragment energy. Figure 9(b)
shows the differemce in the
paddle histogram for “%nr on Ca
and U. For ‘"Ar on Ca the
prongs are mach more forward
peaked than for T.

events [padslle

]
N

I3
&

In order to ease the dis-
Mot~ : cussion the maim characteristic
evenis i features of the data may be
i sSummarized im the following
¢ ways

evewis/paddle

of the Data

1) all light fragment energy
spectra are smooth except for

T o m ! Summary of Qualitative Features
{

foidlemwmber | on "evaporation peak™ at very
low emergies. ’
Fi. 9 ((a)) 2) The most neutron deficient
9~ isotopes exhibit spectra with
I
~ HOO Me M/mwcllwumﬂwnvm '
N} o |
‘i o A, U amd o ™ G |
},“. telescope at 0 .
. 3 2 T '
L]

Fig. 9 (b)
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a relatively higher cross secticon im the high energy tail.

3) The slope of the fragment spectra in the intermediate

. energy range gets steeper with increasing detection amngle.
distributions are forward peaked.

4) -The double differential cross sections for Ne on U at

30° are approximately independent of the incident energy

for a given fragment. At larger angles the yield imcreases

and the slope decreases with mcmeasmg bonbarding energy.

5) The slope of the fraoment Spectra im energy/muclecn at

a given angle gets steeper with imcrease in fragment mass.

6) The total yields of light fragments fall off with in-

crease in mass. At energies of 30-50 MeV/nuclecn cluster

enission comprises a, significamnt fraction (about 50%) of the

total baryonic cross section. Towards higher emergies pro-

tons become predominant.

7) - Increasing  the projectile mass at a fixed imcident

energy per nucleon leads to a small imcrease im the cross

section for low energy fragments but to a larger increase

at high fragment energies, especially for the heavier

clusters. -

8) In Ne and Ar bmnbarﬂment of U, Ca, and Al targets besides

the differemce in overall absclute cross section, one fimds

for Ca and Al a depletion of cross section at back angles.

9) For all particles detected at angles between 20° and 160%

the mean associated mmltiplicity is bigh and not changing

remarkably with ftagment mass or energy.

10) The mean associated multiplicity imcreases with the pro—

jectile mass and with the target mass.

© 11) Large angle emission of energetic fragmemts is enhanced

in high multiplicity events.

Iv. Discassion of the Data

In the peripheral reactions it is rather easy to deter-
mine where the particles criginatedl by just locking at around
0° and at a fragment velocity eguivalemt to that of the pro-
jectile. Here, however, we cover a large spectrum of longi-
tudinal velocities and meed therefore an appropriate repre-
sentation of the longitudinal and transverse momenta of the
fragments.

In E‘Jlgs- 10 and 11 etm!:onrs ‘of constant invariamt Cross
sections = 1 a* @m are given in a (y,pl) plane for different

fragments frum 2'Re on U at 400 MeV/nucleon and for He frag-
ments from 2%e on U at different bumbarding energies. y is
the I‘apiﬂlty of the fragment defiued as

Y = 3 tal (Bvpy)/ (21
This varmab]l.e is simply- shn.fteﬂ by a eonstant va]l.ue if
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expressed in a moving frame. y is approximately egual to 8
for small velocities. pl is the transverse momentum per
nucleon of a fragment. In the contours the spacimg between
the limes corresponds to a constant factor im cross section.
The thick lines are labelled by the common logarithm of the
invariant cross sections. Such contour plots are invariant
with respect to Lorentz transformations, except for a shift
of the rapidity axis.

In these contour: plots the maximum p; on a given contour
lime lies at a value of y which can be attributed to the
velocity of an apparent source. Im Fig. 10 it is clear that
at low p; values the apparent source velocities are close to
zero but that as we go up im p) the associated y goes up
too. (Note that we plot here pj/nucleon.) Thus it is clear
that these fragments are not emitted isotropically frem one
unigque moving source, which would give contour limes all cen-
tered around the rapidity of that source. In a peripheral
collision the fragments from target and projectile would be
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represented by two steep "mountains” symmetric about the tar-
get and projectile rapidities. It is obvious that the present
data do mot cover the region of projectile Ffragmentation.
Target fragmentation products may be part of the cross sec~
tion only for the lowest values of PL and y. MNost of our
data thus represent fragments from nen-peripheral collisions.

) The maximum of 'the imvariant cross ssction at a given
level of py occurs at increasing valumes of the rapidity for
increasing p) .. Due to the shift of the contour limes towards

_intermediate rapidities with wider spacing, there is clear
. indication for at least two qualitatively different sources
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participating in the fragment emission. ©One source is moving
slowly in the lab with a rapidity smaller than about 0.1. It
accounts for the emission both of protons and clusters at
small transverse momenta, pj|/nucleocn <250 MeV/c (explosion of
the total target and projectile system and/or target specta-
tor decay). The other source moves with a rapidity inter-
mediate between those of the target and projectile, and its
decay products extend towards higher transverse momenta,
corresponding to the highest energy and momentum transfer
between the target and the projectile.

Before we go to the fireball model which tries to repro-
duce these findimngs, I show you again a (y.,pl) contour plot,
Fig. 12, this time for m emitted from 800 MeV/mucleon C on
C and U, measured by S. Nagamiya, et al. The picture here
is totally different from that just seen. There is no dif-
ference between C and C--which iz im a kinematical point of
view a mucleon-nucleon system-—and € on Pb. Therefora one is
led to cenclude that the source of pions at these transverse
momenta is purely of nucleon-nucleon nature ard does mnot
reflect any collective effects, in contrast to that of the
charged particle distrib: tions which cannot be described with
one single longitudimal source velocity.

V. Fireball and Coalescence

The chamge in slope of the spectra as a function of
angle gave a clear hint to try a thermodynmamic model based
on a moving source with velocity B and temperature . T.
Since the observed rapidities were much higher tham that of
the center of mass of projectile and target, subsystems had
‘to be found with higher apparent velocity. This led directly
to the muclear fireball model presented mnearly a year ago*),
which will be outlined shortly in the following:

When a relativistic heavy ion projectile collides with
a target mucleus there should be during a primary  fast stage
a localization of the interactiom to the overlapping domain
of target and projectile densities while the rest of the two
nuclei remain relatively undisturbed. ©On a secondary time
scale, dissipation of compressional and surface energy, as
well as reabsorption of pions amd nucleons emitted from the
primary interaction region will excite these remnants, re-
sulting in their subseguent decay that should be charac-~
terized by moderately low energies. This idea leads to the
separation of the mucleons in the system into participants
and spectators with respect to the time scale of the fast
interaction stage. The nuclear fireball model deals only
with the participant nucleons, i.e., it refers to a sub-set
of the emitted particles. The model assumes that the two
nuclei sweep out cylimdrical cuts through each other, Fig. 13.



. assumed to-tramsfer all of their:

The pr@j]ecmme patmcnpam:s are

momentum to the effective center of © o DR, Ry
mass system of all the participant ’ :
nucleons forming a fireball which ‘.
moves forward im the lab at a veloc-
ity imtermedidte between those of Fig., 14’
target avd projectile. Its average
mtemalknmetwanemgypermmnmnsmhm&erﬁhamthe
Mndxmg energy per nucleon. The participant nucleon fireball
is then treated as an eguilibrated mon-rotatimg ideal gas
characterized by a temperature, which expands isotropically
in the center of mass of the fireball with a Maxwellian dis-
trmmmemgy ‘the - number . of  participants is calcu-
lated  for each impact parameter. Formmsymetricsystems
the effective center of mass  of the participants is impact
'parzametter dependent as ius the fireball temperature. Only for
symmetn.c systens like “Ar on *°Ca exists a unigue Bfjretani
TEiy, . Figure 14 shows the geométrical gquaptities as
. afwm&imtmm mpmtmtherati@ofpr@—
jectile to target participant mxc]l.ems. Mproten is the munber
. of participant protons, and 2nbN¥oroton i€ the weight givem to
each jimpact parameter.’ The soli limrepxesentthecasecf
e onuﬂamdtﬂnedashed limeameqmmaﬂ.masspr@jectnﬂae-taxget
conbination. The arrow on the abscissa indicates the radiwus
of prapiun and the arrow. ]laheleﬂhmmimﬂﬁcatesthempact
'pammether muﬂh ﬂae maxﬁmmm meﬂgm:

anm:e 15 slhmvs knmamatmaﬂ. qmantatﬂes as a function of
impact parameter ‘calcmlated in the firaba]m model. The
velocity of the fireball fin the lab is B and € is the avail-
able kinctic energy per mucleon im the fireball. The com-
parison of the data with thau: munﬂel, im:egrateﬂ over all

’
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Fig. 16 -+

impact parameters, is shown in Fig. 16 for
295040 at 400 MeV/pucleon, 250 MeV/mucleon
and for “He#ll at 400 MeV/nucleon.

Going bark ﬂ:@ Pligs. 10 and 11 for
400 mev/mcleon *Me+ll, the Ffirehall
rapidity is 0.28 for the most probable
weight and fits well with simply extracted
values of y for high p| valuwes. For the 7~ data in Fig. 12
we see that the fireball rapidity for C+Pb is totally off from
the extracted wvalue of 0.6, eguivalent to that im C4#C.

Contemplating over such a simple model one often gues~
tions first the assumption of clear cylindrical cuts. Shoot-
ing holes into muclei does mot sound reasomable im the face
of nucleon mean-free-path arguments. Yet, a single molecule
hitting a thick wooden plate with a velocity of 1 km/sec has
no chance to go through, but if this molecule travels as part
of a bullet it easily can make it to the other side. From
this viewpoint the muclear fireball model should be more suc-
cessful the heavier the projectile mass is. Surprisingly,
however, the mofel can even describe double differential
spectra of protons from p on Bi at 450 MeV.

. The presented fireball moﬂel has been extended to include
-complex particle production®s). This will raise the tempera-
ture im the fireball, simce in the chemical equnlnlbn.um fewer
degrees of freedom are available if clusters do exist. ©Our
data do indicate (see Figs. 10 and 11) that the low py  frag-
ments do come from slow moving sources with welocities fram
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that of the target-projectile
center-of-mass down to zero.
If one looks at boron (Fig. 17)
then a two parameter fit of a
moving sonrce with a welocity
B = 0.6 and A temperature
T = 27 MeV yields fair agree-
ment with the data. This
wvelocity and temperature com-
bination, however, is close to
that of a formed compound sSys-—
tem, i.e., the projectile gets
stuck in the target nuclens
and randomizes totally its
energy. If such a picture
would be true the tremendous
angunlar momenta in that system
(nearly 506h for Ne+ll at
400 MeV/nucleon) wonld change
the decay patterm of the frag-
ments and lower the temperature ] 4 1 i q ]
due to the rotational energy. wp 200 30 AW 300
EMeY)

KBl TTa-g3
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If one assnmes that protons
at a given monentum are produced
keavier fragmemts at the same
momentun/mucleon then one cam, Fig. 17
as we did®), try to express the
complex particles im terms of pucleon double differential
cross sections.

Our first attempt to explain the emission of high emergy
light muclei im relativistic heavy ion collisions was by
final state imteractions, or coalescence of enitted nucleons.
In this model,. if any mumber of protons and neutrons corre-
sponding to a bound muclens are emitted im a reaction with
mementa differing by less tham a coalescence radius pgy, these
mucleons are assumed to codlesce and form a mucleus. The
cross sections for the emission of light muclei are then
simply related to the cross: sections for the emission of
mucleons at the same momentum per nucleon, namely,

2 3 Bl 22 A
ﬁmm=l(nmp@w)b dlal) )
Al r -

plapae 2\ 3% (pzdp&ﬂ

‘. .Both cross sections oy, for emission of a light mucleus formed

with A mucleons, amd g, for emission of a single mucleom, are

: eva]]mateﬁ at the same momentum per mucleon p with Loremtz
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factor y, and Yo is the
total reactiow cross section.
Our proton data have been
used to calculate the light
fragment cross sections fram
this eugation; the results
have been compared with our
experimental data, the onily
adjustable parameter beimng
Po- Im Fig. 18 such a com-
parison is shown for &, &,
He, and “He from the reac-
tions of e on U at 250 and
400 MeV/mucleon. The agree—
ment between this simple cal-
culation and our.data is
rather impressive, the
largest discrepancy being for
3He fragments at the lowest
energies and at forwamd
angles. The values of the
parameter pp are remarkably
uniform and of reasonable
magnitude, betweem 126 and
147 MeV/c, since they are
smaller than the FPermi momen—
ta of the clusters. It
should be moticed that this
simple phase space calcula-—
tion does mot explicitly
include many factors, like
sSpin and isospin couplisgs,
integration over confiqura-
tion space (not only momentum
space)) and time. ALl these
factors are hiddenm im the p,
valve. 1Im Fig. 19 it is
shown that a similar calcula-
. tion leads to a similar .
agreement with our data for
heavier fragments, mamely the
lithium isotopes (our data
include all isotopes, but the
calculation has been done
 assuming mass 6) amd "Be,
with a pp of the same order
of magnitude as that found
from the light fragmemts.
For the heaviest fragmemts,
9210%pe to O, the overlap be-
tween the emergy per mucleon
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range ©of these data and the range of our ﬁarnton data is too
small to make useful comparisons.

The snccess of the cvalescence moedel, however, has to
be looked at as a first glapce imto the mass depemdence of
the fragment distribntion. The correct itreatment of a fimal
state interaction medel has to start with a primary mnucleon
distribution which is differenmt from onr procedure. In
fact if one guesses such a primary proton distribaontion one
gets smaller values of pgp and destroys the simple dependence
of light nuclei cross sections on mmcleon cross sections.

It is very imterestimg “o mote that the cobserwved power-
law between proton- and cluster cross sections is valid im a
thermodynamical picture like that- of the fireball. There,
the double differential cross section im momentum space for
emitting amy cluster consistimg of A mucleons decreases
exponentially with the total kinetic energy E of  the cluster
like exp(-E/1) where t is the temperature. Hence with
respect to the kinetic emergy per mucleon E/A it behaves
like  {exp - ——E{A))A which is proportional to the Ath power
of the cross section for emitting a single nucleon at this
energy per mmcleom E/A, imn contrast to the coalescence model.
‘In the thermodymamical model we do not have to guess a
primary mucleon distribotion in momentum space. There is
interestimg physical information inm the thermodymaumic model,
since the yveilds of differemnt muclear species measured im
relativistic heawy ion collisions cam be msed to obtain the
freeze-out density®) of their emitting systems, mamely the
demsmty below which the hot matter expamds freely.

. Im smnary, fragme.nﬂs from mear centrall collisions of
relativistic heavy ions may origimate from several guwali-
tatively different sybsystems of the overall decaying muclear
system, such as the fireball, the target spectators, or
altermatively, an explesion of the fused target-projectile
system. There is strong support of the validity of thermo~
dynamical models in the productijon of all fragments observed
and the large amount of theorists im this field is promising
exciting jinsights im the mear future. The charged particles
seem to have clear fimgerprints of a collective reaction
mechanism whereas the 7~ data observed at high pion emergies
seems not to be different from muclenn-nucleon collisions.

References
1) J. Gosset, H. H. Gutbrod, W. G. Meyer, A. M. Poskanzer,

A. Samdoval, R. Stock, and G. D. Westfall, LBL-5B20,
1977, a2md submitted to Phys. Rev. C.



2)

3)

4)

5)

)

7)

S. Nagamiya, I. Tanihata, S. RB. Schnetzer, W. Briickmer,
L. Anderscm, G. Shapiro, H. Steimer, and O. Chamberlaim,
private communication.

R. Poe, S. Fung, B. Gorn, A. Kermam, G. Kiernan, J. Lee,
J. Ozawa, B. Shen, G. Van Dalim, L. Schroeder, amd
H. Steimer, to be published.

G. D. Westfall, J. Gosset, P. J. Johansen, A. M. Pos-
kanzer, W. G. Meyer, H. H. Gutkzrod, A. Sandoval, and
R. Stock, Phys. Rev. Letters 37 (1976) 1202.

H. H. Gutbrod, A. Sandoval, P. J. Johansen, A. M. Pos-
kanzer, J. Gosset, W. G. Meyer, G. D. Westfall, and

R. Stock, Phys. Rev. Letters 37 (1976) 667; and

H. H. Gutbred, Journal de Physigue Collogue C-3 (1976)
209.

A. Mekjian, Phys. Rev. Letters 38 (1977) 640; amnd
S. Garpman, J. Bond, and P. J. Johansen, to be published.

J. D. Bowman, W. J. Swiatecki, and C. F. Tsang, LBL-2Y08,
unpublished report (1973).

Work performed under the auspices of the U. S.
Energy Research and Development Administration.



