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, 1 • INТRODUCTION 

Nucleus-nucleus interactions at relativistic energies, in 
particular central collisions, offer а 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. А 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 ba'sic data on pion 
production in "average inelastic" and "central" nuclear colli
sions. То study the . dependence of pion producti~n on collision 
"centrality" /impact parameter/, the samples of events with 
various selection criteria were obtained. 

The data have been obtained in а series of experiments 
involving nuclear beams at а 4.5 A·GeV/c momentum colliding 
with nuclear targets and а 4w detection of charged secondaries 
registered in а streamer chamber. The data on secondary nega
tive pions are presented in the form of taЬles containing 
numerical values, characterizing multiplicity (n_), transverse 
momentum (Рт) and rapidity (у) distributions, namely average 
value- <х> , dispersion- Dx and skewness- у 1 for each 
distribution. The Рт and у 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 (о) is also given. 

Quantitative information on secondary negative pions presen
ted in this form can Ье directly used for comparison with data 
from other experiments or with results of model calculations. 
Some data collected in this paper have been )PuЬlished and used 
for the analysis carried out •previously /t-4 • · -

2. :XPERIМENT 

The data .were obtained from pictures of а 2m streamer cham
ber, SКМ-200 101 ' placed in а magnetic field of .-0.8 т and ex
posed to beams of nuclei accelerated in the synchropha·sotron up 
to а 4.5 GeV/c momentum per incident nucleon. The chamber, fil-
led with pure neon unf_aimo~p~e~ic~~~fF~~ е, contained 

1 '- ~'- .. ". . .. .. ... l.td 

~ ::.::ЧА - .--·---



t, 1 

camera 
system 

magnet 
sкм- 200 

streamer 

chamber ,,_ 

dE 
dx 

"INELASTIC" .TRIGGER ,. s
1 
л S л S л S л S . ~~ 

2 з 1, sл"'б 

"CENTRAL" TRIGGER = с::.л с;_ S S S S 
. ..., -~л зл 1, л nл ch 

' 

5ch 

. ... "' 

а solid target mounted within the fiducilal volume of the cham
b~r (Figure). The targets had the form of thin discs 
(О. 2 +О. 5 g/ cm2 , only in the case of Li target the thickness ' 
was 1.6 g/cm2 ); the neon gas was also used as а nuclear tar
get. The pictures were taken using an optical system with 
3 objectives (in the case of 4не + (Li+ Cu) exposures 2 objec
tiveswere used). 

The quality of calibratioп (determination of optical con
stants, measurements of the magnetic field and its space dis
tribution and error determination) was tested Ьу К~ and А0 

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-З/ of incident nuclei within 
the chamber; 
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- the central triggering system consisting of the same 
upstream part as ' in the minimum bias system and of scintil
lation veto counters, registering а projectile and its 
charged fragments, in the down-stream part. 
In some runs а 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 wi thout 
charged relativistic (р/ z > 3 GeV/c) secondaries emitted at · 
angles 8 <Ось • 2. 4°, 2. ~ ( the trigger efficiency was -99% 
for one charged particle) and, in some runs, without relati
vistic ( р > 3 GeV/c) neutrons emitted at angles 8 < 8

0 
.. J.8°, 

2.8° (the trigger efficiency was -80% for one neutron). Since 
· several combinations of 8сь and 80 values were used, the trigger 
mode for each exposure was defined as T(8ch ,80 ); (the 8 value 
rounded to unity). The cross-sections were measured for each 
trigger mode; а detailed discussion of the procedure is given 
in ref / 21• 

The streamer chamЬer pictures were scanned twice, and а sub
~equent third scan resolved ambiguities or discrepancies between 
the .first two scans. ~ 

From each sample of central events selected Ьу the central 
triggering system two subsamples were further selected during 
the scanning, namely those consisting of events in whic'h no 
relativistic positive secondary (p/z > 3 GeV/c) emitted at 
а projected angle less than а) 4°, Ь) 14° and а dip angle less 
than 14° was registered. Analysis of the cross section depen
dence on Всь shows that the centrality criterion а) is ap
proximately equivalent to the trigger mode Т(5,80 ). 

For inelastic collisions of 4Не all charged secondaries were 
measured and central subsamples, defined as those without char
ged secondaries wi th р/ z > 3 GeV 1 с and wi th an emiss ion angle 
less than 2° , 5° and 14°, were selected. 

Further analysis concerned therefore the ·following samples 
of events: 

- Т(О,О), - inelastic collisions 
- Т(2, 0), Т(Б ,0); Т( 14 ,0) } 
- - Т(2,2), 'Т(5,2), Т(14.,2) - central collisions 
- т ( 3 '3). т ( 5 '3). т ( 14 '3) 

З. EXPERIМENТAL BIASES AND CORRECTIONS 
~ 

The discussion of possiЬle sources of experimental biases 
and approгriate correction procedures is given · b~low, and 
their summary is presented in ТаЬlе 1. 
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i) The triggering system selected required projectile nuclei 
from а primary beam with an effeciency higher than 99%. The 
contamination due to interactions of other projectile nuclei 
with charge less than required biased <n_> values only insigni
ficantly (<О. 5%). The influence of this and other biases on 
higher momenta of multiplicity distrfbution and on the kinema
tic spectra is discussed below. 

ii) А. А trigger bias for inelastic collisions arises whene
ver а projectile fragment hits the minimum bias veto-counter 
system and thus simulates а noninteracting beam particle. The 
multiplicity distributions for inelastic interactions were cor
rected for this effect ·as described in 1 11.The. largest correc
tions concerned events with low multiplicity (e.g., without 
negative pions) • 

В. А trigger bias for central collisions arises whenev~r 
а secondary particle from а central collision hits the veto 
counters and simulates а projectile-nucleus fragment. The ef
fect was studied Ьу simulating trajectories of secondary partic
les generated within the framewor~ of the cascade model 181• The 
geometry of the experimental set-up and magnetic field dis
tribution were taken into account. The biases thus estimated 
turned out to Ье below statistical errors in n_. Рт and у dis
tributions, whereas they were essential when cross section 
values for c·entral collisions were considered. Both ~ values, 
uncorrected and corrected for the above bias·es are presented 
in ТаЬlе II. 

iii) The corrections for interactions of projectile nuclei 
with gaseous 14N filling the tar·get container were insignifi
cant for central collisions (less than 0.5% in <n >). For 
inelastic collisions the corrections were much la;ger (see 
ТаЬlе 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 

. Ье 0.5 + 2.5% depending oti the mass number of the target nuc
leus. 

v) The corrections due to secondary interactions within а 
solid target turned out to Ье significant only for the Li 
target.. The data on the multiplicity for He-Li interactions 
were corrected for this Ъias 11~ For the other targets the cor
rections were negligiЬle. 

vi) Pion detection was biased against low momenta. Pions 
were registered with practically no bias when their momenta 
were р > 60 MeV/c for the Li target, р > 40 MeV/c for the other 
solid targets and р > 20 MeV/c for gaseous Ne.Pions with lower 
momenta were also registered, how~ver their detection efficien
cy depends on the path length in the target. The corrections 
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could Ье derived property only for colliding nuclei with equal 
rnasses under the requirement of the symmetry of у-Рт plots in 
the c.rn. systern (- 0.6% in average multiplicity). А very rough 
estimation for asymmetric pairs of colliding nuclei showed that 
the depletion of pions could Ье .as high as 2% in the case of 
the РЬ target. 

vii) The sarnples of riegative secondaries include к- and 1:
tracks. The contamination was estimated from рр data 16/ and from 
our results on strange particle production171• · J 

viii) The contamination due to electrons resulting from 
gamma-quanta conversion and Dalitz. pairs , Most of electrons 
(- 65%) could Ье identified and rejected Ьу а visual inspec
tio~ of their track curvature, range and/or ionization. Cor
rections for electrons not identified visually were obtained 
from Monte-Carlo calculations using our experimental rr--rneson 
spectra and assuming that rr- and rr 0 characteristics are the 
sarne. Various assumptions on the correlation between rr 0 and тт
multiplicity distributiohs were tested. The results differ 
insignificantly. The influence of the electron contarnination on 

. the kinematic spectra was less or comparaЬle to statistical 
errors. 

ix) Corrections for scanning losses originate frorn two sourcesi 
- scanning inefficiency (- 2%); 
- losses of the tracks with а srnall projection length (whjch 

rnay Ье screened Ьу the target container or а flash around 
the vertex) and/ or а srnall track curva ture ( - 1 + 4%) • The 
corrections were estirnated under the requirement of azirnuthal 
symmetry for each ernission angle interval for all groups of 
the rneasured interactions separately. 
х) Negative pions found duri~g the scanning were rneasured 

with an average error of mornentum determination -5%, and an 
average emissions angle determination error of -10 rnr. How
ever,the rneasureпient precision essentially depends on the track 
length and its dip angle. In the sarnples - of events considered 
in this paper -5% + 15% of rr- rnesons turned out to Ье unrneasu-
raЬle or were rejected because of large errors. The rneasurernent 
losses of rr- mesons concerned practically only well determined 
intervals of emission angles, and, consequently, appropriate 
corrections, based on azirnuthal symmetry, could Ье introduced 
in the pion spectra. Inaccuracy of the corrections was calcula
ted, and systematic uncertainties of these corrections were 
found to Ье 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 sys_tematic uncertainties are summarized in ТаЬlе I 
for inelastic and central collisions separately. The total 
6 

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 vere strongly correlated with тт-multiplicity (e.g., 
see ii) А in text and ii) in ТаЬlе 1). For central collisions 
only the average multiplicities were corrected, because in 
contrast to inelastic collisions, the main corrections 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 ТаЬlе II include: 
- statistical and systematic uncertainties for D , .<n_ > , D0 

and r-1 for inelastic collisions; -
- statistlcal and systematic uncertainties of t1 and <n_ > 

values for central collisions; 
statistical errors only for D0 and yJ for central colli-
sions (see the above discussio;), -
The errors of the pion kinematic characteristics (<у> , D1 , ·, Yi , <Рт>, DpT , r;T ) presented in ТаЬlе III are statisti-

cal only calculated assuming the uncorrelated emission of 
pion~ produced in the same event. As is shown in ix)· and х), 
the systematic errors do not exceed the statist i cal ones. 

4. PION CHARACТERISTICS AND ТНЕIR PRESENТATION 

we· present here the data on negative pion multiplicities 
(n_), transverse momenta (Рт) and rapidities in the lab.sys-

tem (у • ; ln((E + PL )/(Е - pL))). An obvious argument for 

choosing rт and '1 is the Lorentz invariance of ~т values and 
of the shape of '1-spectra. 

Full information on the forms of the spectra considered 
(n_, Рт, '1 distrihutions) is in o'ur presentation replaced Ьу 
values of three parameters: avera~e distribution value (<х>), ' 
its dispersion (011 •<(х-<х>) 2> 1'- and its asynmetry coef-

ficient (у:,. Ъ\-: lla • <(х- .<х> ) 8>). Data on each of the 

three characteristics, n_, Рт, у , can Ье presented separately 
as well as а nUDher of possiЬle intercorrelations can Ье con
sidered. lt seeaa, however, reasonaЬle to limit our presen
tation of data to а seJDiiil.clusive one, namely for different 
exposures (АР, А т , trigger mode); the parameters of Рт and 
'1 dist~ibutions are given for tixed о_ values (ТаЬlе III); tge 
numЬer of measured pions, N, is also shown. Parameters of mul~ 
tiplicity distributions are depicted in ТаЬlе II. Тhе taЬle 
contains the cross . llectioiн:i -alid - the number of events, N, •• For 
central collisions both directty measured (11) and corrected 
(о 00" )(for the trigger Ьias) cross sections are presented. 
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Some of the above data as well as other results of our 
experiments on ~ucleus-nucleus collisions were in part used 
i n our previous papers, and results of а further analysis will 
Ье 3i ven elsewhere. We think, however, that the basic experi
mental data given in TaЬles II and III can Ье also useful 
both for planning future experirilents and for testing theoretical 
model calculations. 

We are very grateful t q the Dubna, Bucharest, Warsaw and 
Alma-Ata scanning staff and to all remaining members of the 
SКМ-200 collaboration who have helped in obtaining data pre-
sented in this paper. 
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Аникина к ; · и др. EJ-84-785 
Эксnериментальнwе даннwе no r--меаонам, ~еннwм • неуnруrих 
и центральнwх ядро-ядер~х вааимадейстаиях nри имnульсе 4,5 ГэВ/с/нуклон 

8 аиде таблиц nредставлемм 3ксnериментальнwе даннwе no ро.дению r--мезо
нов 8 центральнwх и неуnругих ядро-ядернwх азаимодействиях nри · 

Р • 4,5 ГзВ/с/нуклон. Даннwе nолученw на установке СКН-200, облученной 
в nучках 4Не, 12с, 16 0 и 20 Ne, с мишенями Li, С , Ne , Al , Cu , Zr 
и РЬ • Характеристики расnределений по мно•ественности r--меаонов /средняя 
множественность, дисnерсия и асимметрия/ nредставЛены в зависимости от •ест
кости отбора центральнwх столкноаений, характеризуощейся триггером Т{Всь•Ва~ 

где Всь и в. - минимальные доnустимые угnы вwлета соотаетственно ааря•ен
ных и нейтральных фрагментов ядра-снаряда. Характеристики расnределений 

по быстроте и nоnеречному имnульсу а--мезонов для данной nары взаимодей
ствующих яде;> даются в виде зааисимости _как 'ОТ триггера Т{ в сь , в. ) , так 
и от множественности. Для всех ансамблем nриводятся измеренные и скорректи
рованные сечения . Излагается nроцедура обработки материала, а также nеречис

лены источники возможных систематических оwибок, соответствующие интервалы 

введенных коррекций и их неоnределенностей • 

Работа выnоЛнена в Лаборатории аысоких энергий ОИЯИ. 

Соо~аеиие Объедииеивоrо института кдервых исследований. ~~ва \984 

Anikiпa К. et а\. 
Experlmenta\ Data оп r- Неsопs Pгoduced ln lnelastlc апd Сепtга\ 
Nucleus-Nucleus lпteractlons at а 4.5 GeV/c НOmeпtum Nucleoп 

El-84-785 

Experlmeпtal data оп r--meson productlon lп сепtгаl апd lпelastlc 
пucleus-nucleus lпteract l ons at lt.·s GeV/c/пuclon are preseпted in the fonn 
of taЬies contalпlпg numerlcal values. The data were obtaiпed lп the stгea
mer сhамЬег, SКН-200, wlth lпteгnal taгgets Li, С, Ne, Al , Cu , Zr апd 
Рь exposed to 4ае, ll!c , 11 0 апd 20 Ne beams. The characteristlcs of r
multipliclty dlstгlbutions /average multlpllclty, dlspeгsioп апd skewness/ 
are presented fог varlous crlterla of the central eveпts selectlon. 
The degree of centrallty ls characterlsed Ьу the trlgger mode T{llell' в ), 
where llcь апd l/8 аге mlnim~n values of acceptaЬie emlsslon angles fог 
charged апd пeutral projectlle fragments, respectlvely. The characterlstlcs 
of rapldity_ ~пd transverse momentum spectгa of пegatlve plons for each palr 
of collldiпg пuclel are presente~ for vaгlous trlgger modes T(ll ь ,ll ) 
as well as for varlous multiplicity values. Fог each sample of ev:nts8Ьoth 
dlгectly measured . cross section values' and соггесtеd ones are given. Hetho
dlcal pгocedures aпd1 sources of possiЬie systematical erгors are discussed. 
R_anges of correctloп values and thelг unceгtaiпtles are glveл. 

The iпvest i gat i on has been performed at the Laboratoгy of Hlgh Eпeгgles, 
JINR. -

Comшunication of the Joint lnstitute for Nuclear Reaearch . Dubna 1984 


