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1. INTRODUCTION

Nucleus-nucleus interactions at relativistic energies, in
particular central collisions, offer a unique possibility of
observing and studying unusual states of the nuclear matter
/e.g., quark-gluon plasma/ expected to occur when its density
and temperature reach' sufficiently high values. A search for
useful, efficient signatures of such exotic states of nuclear
matter requires knowledge of general characteristics and fea~
tures of "ordinary" nucleus-nucleus interactions.

The aim of this paper is to present some basic data on piom
production in "average inelastic" and “central" nuclear colli-
sions. To study the dependence of pion production on collision
"centrality"” /impact parameter/, the samples of events with
various selection criteria were obtained.

The data have been obtained in a series of experiments
involving nuclear beams at a 4.5 A-GeV/c momentum colliding
with nuclear targets and a 47 detection of charged secondaries
registered in a streamer chamber, The data on secondary nega-
tive pions are presented in the form of tables containing
numerical values, characterizing multiplicity (n_), transverse
momentum (Pp) and rapidity (y) distributions, namely average
value - <x> , dispersion - Dy and skewness - y for each
distribution. The Pr and y data are hereafter referred to as
measurement data. For each pair of interacting nuclei and each
"trigger mode"” /see below section 2/ the corresponding cross
section (e) 1is also given.

Quantitative information on secondary negative pions presen—
ted in this form can be directly used for comparison with data
from other experiments or with results of model calculations.
Some data collected in this paper have been/publlshed and used
for the analysis carried out prevxously

2. EXPERIMENT

The data were obtained from pictures of a 2 m streamer cham
ber, SKM-200 8/ | placed in a magnetic field of ~0.8 T and ex-
posed to beams of nuclei accelerated in the synchrophasotron up
to a 4.5 GeV/c momentum per incident nucleon. The chamber, fil-
led with pure neon under atmospherie pressure, contained
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a solid target mounted within the fiducial volume of the cham—

ber (Figure). The targets had the form of thin discs

(0.2+0.5 g/em®’, only in the case of Li target the thickness

was 1.6 g/cm? ); the neon gas was also used as a nuclear tar—

get. The pictures were taken using an optical system with

3 objectives (in the case of %*He + (Li+% Cu) exposures 2 objec-

tives were used).

The quality of calibration (determination of optical con-—
stants, measurements of the magnetic field and its space dis-
tribution and error determination) was tested by K] and A°
mass measurements. ]

The selection of "inelastic" and "central" events was car-
ried out using two triggering systems (Figure):

- the minimum bias triggering system, consisting of two sets of
counters mounted upstream and downstream the chamber, selec— -
ted inelastic interactions /1-8/ of incident nuclei within
the chamber;



- the central triggering system consisting of the same
upstream part as in the minimum bias system and of scintil-
lation veto counters, registering a projectile and its
charged fragments, in the down-stream part.

In some runs a sandwich of five layers of 10 cm iron and
4 cm scintillators in each  layer was additionally included in
the veto system for registering stripping neutrons. Thus, the
trigger selected central collisions defined as those without
charged relativistic (p/Z> 3 GeV/c) secondaries emitted at
angles <@, =2.4°, 2.9° (the trigger efficiency was ~99%
for one charged particle)'and, in some runs, without relati-
vistic (p> 3 GeV/e) neutrons emitted at angles 6<6, =1.8°,
2.8° (the trigger efficiency was ~807 for one neutron). Since

'several combinations of @, and @, values were used, the trigger

mode for each exposure was defined as T(6, ,4,)(the 8 value

rounded to unity). The cross—sections were measured for each
trigger mode; a detailed discussion of the procedure is given
in ref.

The streamer chamber pictures were scanned twice, and a sub-
sequent third scan resolved ambiguities or discrepancies between
the first two scans.

From each sample of central events selected by the central
triggering system two subsamples were further selected during
the scanning, namely those comsisting of events in which no
relativistic positive secondary (p/z > 3 GeV/c) emitted at
a projected angle less than a) 4°, b) 14° and a dip angle less
than 14° was registered. Analysis of the cross section depen—
dence on 8., shows that the centrality criteriom a) is ap-
proximately equivalent to the trigger mode T(5,8;).

For inelastic collisions of %He all charged secondarles were
measured and central subsamples, defined as those without char-
ged secondaries with p/z >3 GeV/c and with an emission angle
less than 2° , 5° and 14°, were selected.

Further analysis concerned therefore the following samples
of events: S

- T(0,0), - inelastic collisions

T(2,0), T(5,0); T(14,0)

T(2,2), T(5,2), T(14,2) } - central collisions

3, EXPERIMENTAL BIASES AND CORRECTIONS

The discussion of possible sources of experimental biases
and appropriate correction procedures is given below, and
their summary is presented in Table I,
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i) The triggering system selected required projectile nuclei
from a primary beam with an effeciency higher than 99Z. The
contamination due to interactions of other projectile nuclei
with charge less than required biased <n_> values only insigni-
ficantly ( 20.5%Z). The influence of this and other biases on
higher momenta of multiplicity distribution and on the kinema-
tic spectra is discussed below.

ii) A. A trigger bias for inelastic collisions arises whene-
ver a projectile fragment hits the minimum bias veto-counter
system and thus simulates a noninteracting beam particle. The
multiplicity distributions for inelastic interactions were cor-
rected for this effect as described in’l/, The largest correc-
tions concerned events with low multiplicity (e.g., without
negative pions).

B. A trigger bias for central collisions arises whenever
a secondary particle from a central collision hits the veto
counters and simulates a projectile-nucleus fragment. The ef-
fect was studied by simulating trajectories of secondary partic-
les generated within the framework of the cascade model’®, The
geometry of the experimental set-up and magnetic field dis—
tribution were taken into account. The biases thus estimated
turped out to be below statistical errors in n_, Pp and y dis-
tributions, whereas they were essential when cross section
values for central collisions were considered. Both ¢ values,
uncorrected and corrected for the above biases are presented
in Table II.

iii) The corrections for interactioms of projectile nuclei
with gaseous N filling the target container were imsignifi-
cant for central collisions (less than 0.5% in <n_>). For
inelastic collisions the corrections were much larger {see
Table I), and appropriate corrections were introduced into
multiplicity distributions.

iv) Biases due to an improper determination of the event ver-—
tex position in the case of highly collimated low multiplicity
inelastic events. The correction values for <n_> turned out to
be 0,5+ 2.5% depending on the mass number of the target nuc-—
leus.

v) The corrections due to secondary interactions within a
solid target turned out to be significant only for the Li
target. The data on the multiplicity for He-Li interactions
were correctaed for this bias’V, For the other targets the cor-
rections were negligible. :

vi) Pion detection was biased against low momenta. Pions
were registered with practically no bias when their momenta
were p 5 60 MeV/c for the Li target, p 3 40 MeV/c¢ for the other
solid targets and p 3 20 MeV/c for gaseous Ne.Pions with lower
momenta were also registered, however their detection efficien—
cy depends on the path length in the target. The corrections =
"5



could be derived property only for colliding nuclei with equal

masses under the requirement of the symmetry of y~Fgp plots in

the c.m. system { ~0.6% in average multiplicity). A very rough
estimation for asymmetric pairs of colliding nuclei showed that
the depletion of pions could be as high as 27 in the case of
the Pb target.

vii) The samples of negatlve secondaries include K~ and £~
tracks. The contamination was estimated from pp data 78/ and from
our results on strange partlcle productlon/7/

viii) The contamination due to electroms resulting from
gamma-quanta conversion and Dalitz pairs. Most of electrons
(~ 65%) could be identified and rejected by a visual inspec-—
tion of their track curvature, range and/or ionization. Corx-
rections for electrons not identified visually were obtained
from Monte-Carlo calculations using our experimental s —meson
spectra and assuming that #~ and r° characteristics are the
same. Various assumptions on the correlation between »° and =~
multiplicity distributions were tested. The results differ
insignificantly. The influence of the electron contamination on
the kinematic spectra was less or comparable to statistical
errors.

ix) Corrections for scanning losses originate from two sources:

- scanning inefficiency { ~ 27Z);

- losses of the tracks with a small projection length (which
may be sereened by the target container or a flash around
the vertex) and/or a small track curvature (~1+4%). The
corrections were estimated under the requirement of azimuthal
symmetry for each emission angle interval for all groups of
the measured interactions separately.

x) Negative pions found during the scanning were measured
with an average error of momentum determination ~5%, and an
average emissions angle determination error of ~10 mr. How-
ever,the measurement precision essentially depends on the track
length and its dip angle. In _the samples of events considered
in this paper ~5% %+ 157 of # mesons turned out to be unmeasu-
rable or were rejected because of large errors. The measurement
losses of v~ mesons concerned practically only well determined
intervals of emission angles, and, consequently, appropriate
corrections, based on azimuthal symmetry, could be introduced
in the pion spectra. Inaccuracy of the corrections was calcula-
ted, and systematic uncertainties of these corrections were
found to be less than statistical ones. This procedure of cor-
recting data automatically removes the selective scanning los-
ses discussed above (IX).

The sources of systematic errors (i) ¥ (ix)}, the ranges of
the corresponding corrections to the average multiplicities and
the resulting systematic uncertainties are summarized in Table I
for inelastic and central collisions separately. The total
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uncertainty of the corrections ranges from 3% to 5%. The cor-
rections to the multiplicity distributions were introduced for
inelastic collisions only, because in this case the main cor-
rections were strongly correlated with n~ multiplicity (e.g.,
gsee ii) A in text and ii) in Table I). For central collisions
only the average multiplicities were corrected, because in
contrast to inelastic collisions, the main correctionms were
weakly correlated with the number of pions in an event.
The errors of the cross—sections and of the characteristics
of the n_distributions presented in Table II include:
- statistical and systematic uncertainties for ¢, <n_>, D,
and y! for inelastic collisions; -
~ gtatistical and systematic uncertainties of ¢ and <n_>
values for central collisions;
- statistical errors only for Dy and y&_ for central colli-
sions (see the above discussion).
The errors of the pion kinematic characteristics (<y> s Dy,

y; s P>, DpT , r;T ) presented in Table III are statisti-

cal only calculated assuming the uncorrelated emission of
pions produced in the same event. As is shown in ix) and x),
the systematic errors do not exceed the statistical ones.

4., PION CHARACTERISTICS AND THEIR PRESENTATION

We present here the data on negative.pion multiplicities
(&), transverse momenta (Py) and rapidities in the lab.sys-

tem (y= -21-111((51 +9 )/ (E~p,))).  An obvious argument for

choosing Py and ¥ is the Lorentz invariance of Br values and
of the shape of y~spectra.
Full information on the forms of the spectra considered
(n_,Pp,y distributions) is in our presentation replaced by
- values of three parameters: average distribution value (<x>),
its dispersion (Dy =<(z-<x>)8>1/ and its asymmetry coef-

ficient (y}é%-; Ky -((:-<k>}3>). Data on each of the

three characteristics,n_,Pq, y, can be presented separately
as well as a number of possible intercorrelations can be con~
sidered. It seems, however, reasonable ‘to limit our presen-
tation of data to a gemiinclusive one, namely for different
exposures (Ap, Aq, trigger mode); the parameters of Pgp and
y distributions are given for fixed n_ values (Table III); the
number of measured pions, N, is also shown. Parameters of mul-
tiplicity distributions are depicted in Table II. The table
contains the cross sections and the number of events,N,,.For
central collisions both directly measured (¢) and corrected
(¢°°® ){for the trigger bias) cross sections are presented.
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Some of the above data as well as other results of our
experiments on nucleus—nucleus collisions were in part used
in our previous papers, and results of a further analysis will
be ¢iven elsewhere. We think, however, that the basic experi-
mental data given in Tables II and IIT can be also useful
both for planning future experiments and for testing theoretical
model calculations. ) ,

We are very grateful to the Dubna, Bucharest, Warsaw and
Alma-Ata scanning staff and to all remaining members of the
SKM-200 collaboration who have helped in obtaining data pre-
sented in this paper.
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AunkuHa M. w Ap. . E1-BL4-785.
IKCNEPHMEHTANILHHE [AMHNE MO T ~ME30HAM, POXAEHHHM B HEeYTIpYT“x
¥ UEHTPaNbHLX AQPOTAJEPHEX B3AMMOLEACTBMAX NPM MMAYNLCE 4,5 [3B/c/myknon

B suﬁe Tabnwy MPeACTaBNeHd IKCNEPUMEHTANbHHME AAHHRE MO PONOEHMD B —~MEe30~
HOB B YEMTDANbHBX M HEYNPYr#“X AAPO~AAEDHHX B3aVMOAERCTBUAX NpwW
P = 4,5 MaB/c/uyknon. [flanvue nonyuena sa yctanoske CKM-200, oSnyuendon
B nyuxax 3He, 2C, 150 w 20Ne, ¢ mumemamu Li, C, Ne , Ml , Cu, Zr
v Pb . XapakTepucTuku pacnpegeneHvit No MHOMECTBEHHOCTH ¥ ~Me3cH0B fCpenHRA
MHOMECTBEHHOCTS, AWCNEPCHA M acuMMeTpuA/ NPEACTaBNeHHE B 33BWMCMMOCTH OT WeCT-
xOCTH 0TEOPA UEHTPANEHEX CTONKHOBEMMA, XapanTepusymuedcn Tparrepom T(8,.6,)
rRe 8, M 6, - MaHUMENbHHE AONYCTHMME YMMW BUNET2 COOTRETCTREHHO SapAKen-
HBEX # HEMTDBNbNHX GparMeHTOR AGPA~CHAPAAA. XapaxTepucTvKKH pacnpeaeneHui
NO GHCTPOTE W MNOMEPEUHOMY MMAYNBCY T —MEIOHOB ANA [3HHONW Mapu B3auMoaen-
CTRYDLMX AQED OADTCA B BMAE 3ABKCHMMOCTH Kaxk OT Tpurrepa T(Bch .en) , Tak
M DT MHONKECTBEHHOCTWM. [nA scex ancamBnefn NpusOAATCA MIMEPEHHHE W CKOPPEeKTH-~
posakKHpe ceuenwA. Manaraetcs npouegypa obpaborTww maTepmana, a tawke nepeunc-
NeMy METOUHMKM BOIMONMHHK CHCTEMaTuuecKux owxbBoK, COOTBETCTBYOUME WHTEPBalfiW
aseqewﬂuxwxopoexuuu M MX HEONPEAeneHHOCTeR.

P350Ta sunonneua g flabopaTopuu BHCOKWMX IHeprwin OHAK.

Coobtenne OGbeIMMEHHOTO HHCTHTYT2 MALPHMX Mccienopaumii. Tybma 1984

Anikina M. et al. E1-84-785
Experimental Data on » Mesons Produced in lnelastlc and Central
Nucleus-Nucleus Interactions at a 4.5 GeV/c Mamentum Nucleon

Experimental data on » -meson production in central and inelastic
nucleus-nucleus interactions at 4.5 GeV/c/nuclon are presented in the form
of tables containing numerical values. The data were obtained in the strea-
mer chamber, SKM-200, wnth |nternai targets Li, C, Ne, &1 , €Cn, Zr and
Pb exposed to 'He. R 160 and 20Ne beams. The characteristics of o~
multiplicity dlstrnbutrons faverage multipticity, dispersion and skewness/
are presented for various criteria of the central events selection.

The degree of centrality is characterised by the trigger mode T( .
where 6, and @ are minimum values of acceptable emission angles g%r
charged and neutral projectite fragments, respectively. The characteristics
of rapidity and transverse momentum spectra of negative pions for each pair
of colliding nuclei are presented for various trigger modes T(Beh.a )

as well as for various multiplicity values. For each sample of events both
directly measured cross section values and corrected ones are given. Metho~
dical procedures and sources of possible systematical errors are discussed.
Ranges of correction values and their uncertainties are given.

* The investigation has been performed at the Laboratory of Wigh Energies,
JINR. '

Communication of the Joint Institute for Nuclear Research. Dubna 1984
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