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Abstract

Exclusive »~ and charged-particle production in co’lisions of
40, on KC1 are studied at incident energies from C.4 to 1.8 Gev!A.
The correlation between the »~ and the total charged particle multi-
plicity confines the reactior alono a marrow ridge with no exotic
islands of pion production., For high siitiplicities the system
reaches the total disentegration of target and project:le into sinaly
charged fragments and pions. Every 200 MeV/A data wa2s taken with a
central and inelastic trigger. For ccntral collisions the mean +~
multiplicity increases linearly with the bombarding erergy with no
marked discontinuities due to the a(3.3) resonance. At 1.2 Gev/r
evidence for nonthermal =~ production in central collistans 1<
found. The total c.m. energy in = shows linear depencence or tre
x multiplicity with a slope of ¢ = 300 Me¥/>". Strange partirle

production in the central collision of 1,82 GeV/R /w on ¥ i< ccer,




The nstural framework for the description of high enerqy nucleus-
nucleus interactions, above the pion production threshold is given by
the quark model. For example the production and decay of the af3.3)
1<nbas, the most important inerastic channel up to bombarding energiec
of several GeVfP, is described ty the quark exchange between two
nucleons with the coupling of the quarks in one of them to I = 3/2:
the decay occurs by the emission of one quark from the a and the guark
antiquar™ production from the vacuum to form a nucleon and a pion
(Fig. 1), The families of excited states of the nuclean H*. & and
stranae bayons are higher anqul r momentum states in the couplina of
three quarks; u's and d's coupled to | = 1/2 for the N', u's and d's
coupled to 1 = /2 for the o and y's and d's with one strange guark s
for the strange bayons A's and Z's. Correspondingly the mesons are
quark antiquark pairs. The energies at which these states can be
formed in an NN collision are given in Fig. 2. At these enerqies *'w
=N cross sections] vary by a factor of 10 resulting in a very energy
dependent pion mean free path in nuc lear matter.

? is to study the eneray dependence of the

The aim of this work
isnbar and meson pruductior in central collisions of an equal mjss
system {Ar 4 KC1) from below the al?,3) rescnance up te the highest
Bevatac ererqgies. Exclusive measurements of all the reaction praducts
are aecessary in order to measure the eneragy flux in pions, the encrqy
flux in certain paris of phase space, to obtain invariant masses tn

extract isobar decays and search for exotic states with baryon number

greater than 1, and to do tw and many particle correlations.



At the Bevalac the steamer chamber with it's 4z geametry and
170 percent afficiency for charged particles, is the mpst suitahle
detector for such experiments. Nevertbeless, all the neutral part-
icles remain undetected. We have measured the central 2nd inelastic
intergcrions of Ar on XC1 at 260, 5f6, 772, 977, 1180, '3R%, 1€0Q and
1308 McV/nucleon, For each event throe pictures are taken  in order
to reconstruct the momenta of the charged particles. The events have
been scenneu, classified according to the number of negative -vians,
total charged particles, and leading tracks. Scanning results and
preliminary results {rom Lhe negative pion momentum reconsiructinn
will be presented,

'n Figure 3 the total charged particle multinlicity dictributiong
and = multiplicity distribution for the central and inelastic trig-
gers are shown, together with the correlation of « ang tote® mylti-
plicity for the 1.8 GeV/A bombarding enerqv. far the irclactir t-ig-
ger the total multiplicity distribution falls of f exporentia'ly for
smu11 multiplicities, reaches a plateau for multiplicities betwoen 72
and 40 followed by a sharp cut off at hicher mu'tiplicities, Th--
plateau is also apparent in the distribution of the nymber nf pars -
pant protons, which can be extracted using the multipli<-ty r¥ ‘ra=ing
particles. The fireball and cascade models3 do not reproduce th o
extra yield which comes from a larger transverse momer® = co-pd -
near central collisions than assumed by these models.

The total cross sections for the inelastic and central trigger ars
1.8 barns and 180 mharns respectively, The =~ muyltiplicity rA-<tri.

hution has a mean of 2.5 for the inelastic trigger and £.9 f~r t.



central trigger. The firehall and firestreak models overpredict the
number of =~ by a factor of 2. This places in doubt the assumption
of chemical equilibrium of pions and a's as the preduction mechanism.

The correlation between negative pion and total charged-pirticle
myltiplicity is shown in Figure 3 as contour lines of constani cross
section, The reaction is confined to a narrow ridge with ao discern-
able exatic islands of pion production. For the higher multiplicities
the system reaches the total disintearation into sineiy charged
fragments and pions.

Surprisingly, the energy dependence of the 1+~ multiplicity
distributions is very smooth as one traverses the di‘ferent ' and a
resonances. For the central trigger the mean =~ multiplicity shows
a linear dependence on the hombarding energy (Fig. 8). At each bom-
harding energy and as a function of the number of participant protons
in the interaction (Q) and mean =~ multiplicity shows a linear
dependence on Q. It is interesting to see if this is compatible with
a short pion and a mean free path.

A small sample of «~ from the 1.8 GeV/A central interactions
have been reconstructed. A scatter plot Py Vs B plane in the center
of mass is shown in Figure 5. The signature of a nonthermal pion
source is clearly visihle in vhich the s decay's forwards-backward is
still present.

It is of great interest to extract the total c.m. energy in
vegative pions (E _) as function of the »~ multiplicity.

Figure 6 shows th; correlation between M and £ _ fer the recon-

. "
structed sample. A distribution peaking at 1.2 GeV for 4 » is



observed with a linear dependence of E _ on M _ with a slope of

¢ = 300 MeV/x~, Further theoretical a;alysis'needs to be done to
see if this linear relationship and the dispersions are in acreement
with independent nucleon-nucleon isobar production or if Some
sianature of other coherent processes in highly compressed nuclear
matter is present.,

A clearer signature from the primary most compressed stage of the
interaction is expected from the strange particle production.d In
the streamer chamber the charged decay of nsutral strange hadrons can
be detected with good efficiency by identifying secondary vertices

+ _ -
0 > x v and A » pe decays can be reasured,

{Vees). 1In this way the K
identif ied by their invariant mass and their momenta can be extracted
from the decay kinematics. The identified vees in the 1.5 GeV/A
central trigger run have been measured and reconstructed. Since we do
not have particle discrimination between -+ and p each ayent ig
plotted in the plane of invariant masses assuming it is a «a” pair
or a pn pair (Figure 7). We see that most of them correspond to
decaying A's. A c.m. Py ¥s P scatter plot is shown for the iderty—
fied A's in in Figure B. The distribution in the c.m. is expacted
to show a forward hackward peaking due to phase space, while the k°
distribution is expected to be isotropic. More data is needed to
improve the statistics for the strange particle production,

In summary we have presented our first results of charged
particle-4r-experiments in high energy nucleus-nucleus collisisns,

Existing models describing relativistic heavy ion interactions must he



able to provide predictions for more exclusive measurements like the
ones reported here, So far, none of the models can ccherently explain
our data,

[ would like to acknowledge my collaborators in this work.
Rrinhard Stock, Herbet Stelzer, John Harris, Jim Banningan, Jorae
Geaga, teslie Rosenberg, Lee Schroeder, Kevin Wolf and Pein>r
Renfordt. 1n particular 1 would Tike to acknowledge the support of

Rudalf Buck for this project.



N

‘References
*This work was supported by the Bundesministerium fur Forschung and -
Technologie, West Germany‘and the Division of Physical Research of the

U. S. Department of Energy under contract No. W-7405-ENG-48.

1. Review of Par£1c1e Properties, Phys. Lett. 758 (1978).

2. A. Sandoval, R. Stock, H. E. Stelzer, J. W. Harris, J. P,
Brannigan, J. V. Geaga, L. J. Rosenberg, L. S. Schroeder, K. L.

- Wolf and R. E. Renfordt, to be published.

3. Y. Yariv and Z. Frankel, Phys. Rev. C 20, 2270 (1979).
J. Cugon, Proceedings of the Winter Workshop én Nuclear Dynamics,
Granlibakken 17-21 March 1980, LBL-10688 (1980).

4. Che-Ming Ko, Proceedings of the Winter Workshop on Nuclear

Dynamics, Granlibaken 17-21 March 1980, LBL-10A88 (1980).




Figq. 1.

Fiq, 2.

Fig, 3.

Fig. 5.
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Figure Captions

Quark diagram for the reaction p * p » a oea

Ynown paryon and meson states plntted as function of the
Tahoratory bombarding energy at which they can be exciteg in

nuc Yeon-nuc leon reactions. At left the arrows rive the energy
per nucleon at which we took data,

Top: Total multiplicity and »~ myltiplicity distributions for
the inelastic ard central trigger in Lhe interartice of Ar on Kf]
at 1.8 GeV/A. Bottom: Correlation between total mullipli-ity
and =~ multiplicity for the inelastic trigger s cnrtoyrs of
cunstant (ross section (mbarns).

tnergy dependence of the mean =  multiplicity :n the centey!?
interaction of Ar an KC).

Scatter plot of the »~ prnduced in 273 central interactinrg of
Ar + KC1 at 1.8 GeV/A, plotted in the center of mass pp s B,
plane.

Tetal center of mass energy in neaative pions of each rocon
structed event yrs the » multiplicity at 1.8 GeV/A. The
straight line corresponds to a slope of 300 MeV/=<".

Scatter plot of the reconstructed yees due to neutra! strange
particle decay in the streamer chamber for the 1.2 GeV/A eneray,
plotted in the plane of invariant masses aszuming a . or a
px  pair. Most events correspond to A decays.

Scatter plot of the reconstrurted As center of mass perpendicular

and transver<se momentum.
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