. ceRN -PRE 89 -033

Cn

HZPP-88-1
: j ﬁ{gf'?‘ gz‘§:1‘ Revised
Dec. 20, 1988
CHARGED PARTICLE SPECTRA IN OXYGEN-INDUCED
REACTIONS AT 14.6 AND 60 GeV/NUCLEON

EMUO1 - collaboration

M Adamovichlo, M M Aggarwal3, R Aroraa, Y A Alexandrovlo, S A Azimov14, S K Badyals,
Basovala, K B Bhallas, A BhasinG, vV s Bhatias, R A Bomdarenkola, T H Burnettl2, X Cails,
P Chernova14, MM Chernyavskilo, B Dresselg, EM Friedlanderz, S1I Gadzhieva14, ER Ganssaugeg,
Garpman7, S G Gerassimovlo, A Gills, J Grotem, K G Gulamov“, UG Gulyamovls, vV K Guptac,
Hackelg, H H He.ckmanz, B Jakobsson7, B Judekll, S KatrooG, F G Kadyrov14, H Kallieso,
Karlsson’, G L Kaul®, M Kaur®, S P Kharlamov'?, J Kohli®, g-P-Kirrtemovl, V Kumar®, P Lal®,
G Larionovalo, Pl Lindstromz, LS Liuls, S Lokanathans, J Lordlz, NS Lukicheval4, L K Mangotrac,

14

. 15
S Navotny ", G I Orlovalo, I Otterlund7, N G Peresadkolo, S Persson7, NV Petrovls, W Y Qian

Raniwalas, S Raniwalas, N K RaoG, J T Rheeg, N Shaidkhanovls, N A Salmanovalo, w Shultzg,

11 8
Schussler!, V S Shukla®, D Skelding'?, K Séderstrém’, E Stenlund’, R S Storey ', J F Sun®,
14

)

. 8 . 12
N Svechnikova™ ", M XTretyakovalO, T P Troﬁmovam, H Q Wangls, Z O Weng , R J Wilkes™ 7,

E
L
S
S
L
\'4
NV Maslennikovalo, Is Mittras, E Monnand‘, S Mookerjees, C Muellerg, S H Nasyrov13
v
R
F
L
G F Xu!, D H Zhang, P Y Zheng®, D C Zhou'® and J C Zhou'®

1) Beijing, Academica Sinica, People’s Republic of China
2) Berkeley, Lawrence Berkeley Lab, USA
8) Chandigarh, Panjab University, India

4) Grenoble, C. E. N, France CERN LIBRARIES, GENEVA

5) Jaipur, University of Rajasthan, India )
6) Jammu, University of Jammu, India .

7) Lund, University of Lund, Sweden CM-P00062857
8) Linfen, Shanxi Normal University, People’'s Republic of China

9) Marburg, Phillips University, West Germany

10) Moscow, Lebedev Institute, USSR

11) Ottawa, NRC, Canada

12) Seattle, Washington University, USA

13) Tashkent, Institute of Nuclear Physics, USSR

14) Tashkent, Physical-Technical Institute, USSR

15) Wuhan, Hua-Zhong Normal University, People’s Republic of China

ABSTRACT Multiplicity distributions and pseudo-rapidity distributions of charged
particles from oxygen- induced nuclear reactions at 14.6 and 60 GeV /nucleon are presented.

The data were taken from the EMU-01 emulsion stacks and compared to simulations from
the Lund Monte Carlo Model (FRITIOF).
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In the last few years the great interest in ultra-relativistic heavy-ion collision exper-
iments has heen growing. The main physical goal for the study of these programs is to
investigate the existence and properties of a new state of matter—a quark-gluon plasma
(QGP), which is predicted by the theory of Quantum Chromodynamics (QCD) I*. The
hope is that such a state, which must have occurred during the first few quivering moments
of the universe and perhaps exists in some dense stellar objects, can also be recreated for
a short time and in a volume of nuclear size by heavy-ion collisions at sufficiently high en-
ergy in the accelerator laboratory. Although it is widely believed that the normal nuclear
matter (NM), which are composed of well-separated colourless hadrons, will coalesce into
a plasma of quarks and gluons which are free to roam, the nature of the deconfinement
phase transition from the NM to the QGP is still uncertain as yet. Even more uncertain
is whether the conditions necessary for the phase transition, sufficiently high temperature
and/or density, can be reached in ultra-relativistic heavy-ion collisions and how to search
for the expected signals of deconfinement phenomena if it has occurred. For these reasons
we need a thorough understanding of the hadronization in high energy nucleus-nucleus
interactions.

The successful acceleration of beams of heavy-ions at energies up to 200 GeV/nucleon
allows these questions to be addressed experimentally. In the present paper, we report our
results on charged particle spectra in 14.6 and 60 GeV/nucleon oxygen-induced reactionsr
with emulsion nuclei (Em). As far as we know, nuclear emulsion has the highest spatial
resolution among all the particle detectors.

In this experiment, stacks of emulsion pellicles with dimensions 10 cm X 10 cm x 600
um were exposed horizontally at the Brookhaven National Laboratory (BNL) to 14.6 and
at CERN to 60 GeV/nucleon oxygen beam. At BNL (2! the link between the Tandem Van
de Graff and the AGS (Alternating Gradient Synchrotron) was emploied and at CERN [
the acceleration complex consists of ECR ( Electron Cyclotron Resonance source), RFQ
(Radio-Frequency Quadrupol), Linac I, PSB, PS and SPS (Super Proton Synchrotron).
The emulsions were developed and then scanned by along-the-track method with optical
microscopes. The following attentions have been paid in the process of scanning: Only
primary tracks with ionization corresponding to the usual ionization of oxygen nuclei in
a given stacks were selected visually for scanning. Any primary track with doubt was not
followed. '

So far, 417 events of 14.6 GeV/nucleon and 592 events of 60 GeV/nucleon have been
measured under a 100X oil objective. Secondary charged particles to each event are
identified as shower, heavy and forward particles respectively in following ways:

i) Shower particles (denoted by n, ) are defined as singly charged relativistic ones
with grain density g < 1.4g,, which are mainly pions with energies above 70 MeV and
protons with energies above 400 MeV. g, corresponds to the minimum ionization.

ii) Heavy prongs as target fragments are divided into two groups: grey tracks and
black tracks (expressed by N, = n, + n,). Grey particles are defined as heavily ionizing
ones ( 1.4 < g/go < 8 ) and most of them are recoiled protons from target nuclei. Black
particles are the evaporated fragments out of target nuclei difined as heavily ionizing ones
(9/9 >8). .

iii) Forward particles (denoted N, ) are projectile fragments, which are defined as
relativistic ones with emission angles § < 14 mrad at 14.6 GeV/nucleon and 0 < 3 mrad
at 60 GeV/nucleon. Ionization of these particles does not change considerably within the
range of L < 2 cm. They are also classified into several types according to their charge A
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alpha particles ( n, ) with 1.4 < g/go < 4 for Z = 2, lightly-ionizing fragments (n; ) and
medium-ionizing fragments ( n,, ) for Z > 3. :

Table 1 gives the mean value (n), the dispersion D = ({n?) — (n)?)*/?, and the
characteristic parameter D/(n) of multiplicity distributions for shower, grey and black
particles at each energy. The normalized multiplicity distributions of grey and black
particles at 14.6 and 60 GeV/nucleon are plotted in Fig. la and 1b. Also indicated in
Fig. la is the distribution for grey particle obtained from the Lund Monte Carlo Model
(FRITIOF) 4! for high energy nucleus-nucleus interactions. Fragmentation of target-
nucleus might be still independent of the energy in present experiment. In Fig. 2 is shown
the approximate scaling of the multiplicity distributions of shower particles in term of the
variable z = n, /(n,) for nucleus-nucleus collisions in the present energy region. Data are
in good agreement with the geometry of FRITIOF [*l, as shown in Fig. 2.

The normalized pseudo-rapidity ( # = —Intan6/2 ) distributions in the rest frame
of projectile-nucleon for shower paticles produced in **O - Em interaction at 14.6 and
60 GeV/nucleon are shown in Fig. 3. There is an obvious scaling property in projectile
fragmentation region. The limiting fragmentation behaviour (5] is also observed in heavy-
ion collisions in present energy range. :

During a high energy collision the target nucleus is left in a highly excited state, which
subsequently break up as heavy fragments N, . We selected events with the number of
the heavy prong N, > 8 , which are taken for induced interactions with AgBr, the heavy
elements of emulsion. The scaled multiplicity distributions for shower particles measured
from these events at 14.6 and 60 GeV/nucleon are shown in Fig. 4. We also observed
the property of approximate scaling. Pseudo-rapidity distributions in the rest frame of
projectile-nucleon at 14.6 and 60 GeV/nucleon display that the shape of curves in the
projectile fragmentation region are independent of beam energy, as seen in Fig. 5.

In conclusion, we feel that data on the multiplicity distributions and pseudo-rapidity
distributions of charged particles presented in this paper in oxygen-induced nuclear reac-
tion with emulsion at 14.6 and 60 GeV/nucleon ‘explored many features, so to say scaling
properties, on the high energy heavy-ion collisions. But, whether the conditions for the
formation of QGP at the present energy region is still an open question because of the
lack of reliable quantitative predications for the experimental observables.
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Table 1  Mean values (n), dispersions D and D/(n) values of multiplicity
distributions for shower, grey and black particles at 14.6 and 60

GeV /nucleon.
energy type of particles

(A GeV) shower grey black
(n) 20.89+£1.02 4.52+0.22 4.43+0.22
14.6 D 20.35%£1.47 5.541+0.29 4.32+0.31
D/(n) 0.97£0.09 1.23+£0.06 0.98+0.09
(n) 37.77+1.55 4.47+0.18 4.3240.18
60 D 39.60%£2.15 6.141+0.23 4.49+0.25
D/(n) 1.05£0.06 1.37+0.04 1.03+£0.07




Figure Captions

Fig.la Normalized multiplicity distributions of grey particles- at 14.6 and 60
GeV/nucleon. The cross points are calculated from the Lund Monte
Carlo Model (FRITIOF). :

Fig.1b Normalized multiplicity distributions of black particles at 14.6 and 60
GeV /nucleon.

Fig.2 Scaled multiplicity distributions of shower particles at 14.6 and 60
GeV/nucleon. The curve is calculated from the Lund Monte Carlo Mode
(FRITIOF).

Fig.3 Pseudo-rapidity distributions in the rest frame of the projectile-nucleon
for shower particles at 14.6 and 60 GeV/nucleon.

Fig.4 Scaled multiplicity distributions of shower particles for events with
N, > 8 at 14.6 and 60 GeV /nucleon. ‘

Fig.5 Pseudo-rapidity distributions of shower particles in the rest frame of the
projectile-nucleon for events with N,, > 8 at 14.6 and 60 GeV /nucleon.
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