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Abstrect

Prelininary analyeis of pion productfon fn 1.2 chliucleou Re=Rbir

collisions {s pressnted. The negative piom multiplicity is consistent with

a convolution of Foisson distributions and a freeze-out density between 1/3

and 1/2 wormsl nuclear denrity is extrescted. Global negstive pion

kinematic varisbles are used to sesrch for possible structurs in the
multi-pica coiesion. HNo avidence for structured emission or conservation
constrainte is found. Pion intexferometry suslysis gives a source radius
of S.411.2 Fermi and a frasge=out density of .3:.2 times normal nuclear

density.

An unresolved problem for phenomenologicsl models is the lack of en

edequate descriptior of the observad pion production in ralativistic baavy

ion collisions. of the difference between date and

Becent fotecprecation
the lmlehz has led to some fnteresting and controversisl conclusione. In
sddicion, the differences betwean varicus models suggest more refinement is
required baiore physicel conclusions can be dravn from such compariaons.
The mrssuremant of pion production in heavier cuclear systeas will provide

the neceassary information to develop a more sdequate description of the
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pion production mechanism. We present preliminary data for multi-negative
pion production for the masa symmetric collisions of 1.2 GeV/nucleon Er on
BbBr. The preliminary nature of the dats and statistica (approx. 40X of
data saumple) precludes any detailed coumparisons with models at present.
Inatead, we will addreas tuo features of the multi-negative pion
preduction:

1) The negative pion multiplicity sand the extraction of a frecze-out
density,

2) the types of pion correlations present in the data.

The data vere obtained using the LBL streamer chamber at the Bevnhca.
The 1.2 GeV/uucleon Kr beam was focused on a 0.65 glcnz RbBr target located
in the fiducial volume of the streamer chamber. The chamber was triggered
to accept all tut the most peripheral {nteractions, selecting 85Z of the
reaction cross section. Geometrically, this would correspond to accepting
all {nteractions with an impact parameter of 9.8 Fermi or less. The
average obmerved charged particle multiplicity is 37. The charged particle
mltiplicity distribution is shown in Pig. 1. The extension of the distri-
bution beyond the total nuclear disintegration limit of 71 i{s due to the
charged plon production. The supprezesion of the low multiplicity events by
the trigger ie clearly evident.

The average obeerved negative pion multiplicity 1s 2.9, The negative
picn multiplicity distriLution is shown in Pig. 2. ThHe distribution
decreases monotonically with an approximately exponential bahavior at large
Nr' The flattening at small negative pion multiplicities 10 a result of
the trigger bias, The overall shape of the distribution i{s the result of

the sveraging over impact parameters.
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In thermal models the pion mult{plicity distribution {s sensitive to
the freeze-out density. To discuse this sensitivity, we will use the
effective one~pion fireball wodel of M. Gyulassy and S. K. uuffunnk,
which assumea both thermal and cheamical equilibrium. The plon production
¢esses when the system expands to 8 critical freeze-put denmsity. The
results derived from a critical freeze-out demsity of 1/3 0y (s0l14d curve)
and 1/2 Py (dashed curve) where Py is the normal nuclear density, are shovn
in Pig. 2. The trigger selection has been {mposed snd the estimated
vegative pion detection efficiency of 901 has been included in the
calculations. The observed pion multiplicity distribution cac be well
described by a freezeout density betveen 1/3 and 1/2 Pgs giving an optisua
value of p. " (+384,04) Py The veaults demonstrate that the alope of the
H‘_ distribution at large N'_ is sensitive to the freezeout demsity. The
freezeout density can be extracted by using the average of the N'_
distribution; hovever, the average is more seneitive to the details of the

trigger selection process than the slope of the “'r' distribution at large
N‘_.

The results demonstrate that the observed distridbution is connistent
vith being a convolution of Poisson distributions. This expectation is
based on very general principles and the assumption that eaission of
sequential pions ie independent and occurs under {deutical ¢:¢mdn:mm;.'5
Additional parametevs ouch as the percentage of center of wass energy
availiable for thermsliestivn can be introduced. The analysis of the N“_
distritution can then be augnented with fitting the observed temperature to

daterwing the additional pavsmecers. More detailed models allouving for

separate datermination of chemical snd thermal freezeout deneities can be
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applied as recently done by J. W. Harrie et al.5 The negative pilon
distribution providen a atatistically sensitive measure of the freezeout
densities within the framework of the various wodels.

We also teat whether there are aulti-pion correlations in the dats.
The negative piore have been measured in a sample of 2500 events with
N“_?l. In looking for multi-negative pion correlstions, we restrict
ourselvea to the subsample of 20G0 events with N“_iz. Por thie subsample,
the average negative pion multiplicity &8 4.4 and the average charged
particle multipiicity s 49. This subsample js8 weighted more to central
collisions than the overall data sample.

We will first investigate {f there are detectable correlations in
global pion variables. Possible correlations between the orientation of
the avent plane and structure in the pion emission could resul: from the
absorption of pions by spectator nucleon marter or collective flow. The
sensitivity to posaible correlarions will depend on the variables chosen.

In thiz analysia we use the transverse pion souice velocity

N _+ N
B, = XK Py 2“ E
Pom Y t

and the longitudinsl pion source velocity

N__ N
g, " " g .
T LY T S
The two velocity distributions are shown in Pig. Ja, b To determins if
this distribution is the result of structured pion emiseion, {t ia

neceagary to compa~e with background events which have no inherant correla=

tions present.
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The background events sre generated by randonly choosing m negative
pions from a different events to create a "statistical" event of ncgative
plon multiplicity m. Background events have been genersted to product the
seze multiplicity distribution as the dete. Cenevation of the background
{o this manner has the advantages of producing the correct inclusive
distributions convoluted with the detection efficiency, end is model
independent. In addition to removing possible correlations, any effecte of
momantur and energy constrainte on these global distributions ie aleo
removed. The solid curve in Pig. 3a,b is the distribution of the source
velocity obtained from the background events. The dats and the
“stat{stical® events are in good agreeaent. We conclude that the aomentum
and energy conservation constraints do not effect the N'- phase ipnce.

Ve also conclude that there are no strong correlations, or structure, in
the pion emfecion. We have subdivided the data sample into multiplicity
subgroups 2<N‘_G5 and 6<N‘_<10 and find the conclusions unchsnged.

The syuzetrization of the like-boson wavefunction causes an enhance-~
nent {n the multipion croes section. For two radiated negetive pione, this
enhancement can be measured and the pion source dimensione, lifetime and
degres of cocherence cen be extracted ueing the technique of pion inter-
ferometry. For a Gsussian apace-time scurce, this enhancement can be

reprecented 106

C(2:q,) = KIL + A exp(-32R%/2 - 259/,

where R {s ths sourco yvadius, t the lifetime, q and q, are the velative
wowentum qud energy o the center of waes, M\ i{s 2 meseure of the degrec of

eoherence {or iatercept persmetsr) and K v a normalization paramster. The
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function C(q.qo) 18 the ratio of correlated two % cross section to the two
% cross section containing all phaue apace constraints and corralations
except those caused by the Bose-Einstein symmetrization. As already
discussed, there 18 no evidence of any strang dynamical correlations or
phase space constraints and therefore C(q.qo) 18 the ratio of the two ¥
ecross section to the square of the single % cross section.

The analysis iB performed on the 2000 events with N“_>2. A momentum
cut of PLAB>75 MeV/c 18 {mposed to reduce electron contamination and
wultiple scattering. There are a total of 15000 correlated pion pairs using
sll possible pairs within an event. The combinatorics of generating these
pairs cauges the i{nterferometry analysis to be heavily weighted towards
high multiplicity events , i.e,, central colligions. The average pegative
pion multipifcity {8 7.4 and the average charged particle multiplicity is
66 when weighted by the number of pion pairs.

The sensitivity of the s2nalysis is controlled by the pair dansity
dzn/(dqdqo) and s diacussed in the 11terature.7'8 Our data analysis ia
most sensitive to the radius and less sensitive to the lifetiame. The
correlatfon function C(q.qoi end the fit have been integrated over the

relative energy and displayed im Pig. 4. The fitted source parametars are

R = (5.4%1.2)fm,
t = (3.A47-3)n/c,

and A= .8%.3.

The intercept parameter {s consistent vith the value A=l expected for a
totally chaotic source, The intercept parameter is the ouly parameter

which £s sensitive to the correction for the = =x Coulomb repuleion by a

=177 -

Gamov factor, A value of A = .6 is obtaincd without the Gamow correction.

The pion source radius can be uged to extract a measure of the pion
freeze—out density. The Gaussian radfus of 5.4 Ferm{ can be converted to a
sphere of uniform density with a radius of 8.4 Fermi, We estimate the mean
number of participant nucleons weighted by the pion pairs to be 110. A
pion freezeout density of (.32.2)po is obtained. Figure 5 shows the
freeze—out densities for four data samples as a fuaction of the mean number
of participant nucleons. The data are consistent vith & constant value of
the freeze-out density of (.3)p° and therefore & ecaiing of the source
radius with the cube root of the nusber of nuclconl-a This value of the
freeze~out density is also consistent with the value 4. A. Gustafeson et
al. have repor:ed9 for proton—- proton correlaiions. We note that the
sensitivity to freezeout densities is approximstely five times better when
extracted from the negative pion multiplicity distribution then when
inferred through ® interferometry. It might be expected that the negative
pion distribution 18 determnined by the density when chemical equillbriums
occurs, while the pion interferometry measures the density when both
{nelastic and elastic scattering processes cesse., It does appear that the
data s consistent with this hypothesis but any conclusive interpretation
wust avait wmove statistice and a wore complete snalysis.

We thank the entire Bevalac staff and, in particular, James P.
Brannigan and Dr. Pred Lothrop, Ve thank Professor R. Bock and the GSI
staff for a most enjoyable snd {nformative conference. This work is

supported by the U. S. Department of Buergy.
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Figure Captions
The nusber of evecis/bin as a function of the charged particle
mltiplieity.
The number of events/bin ac a function of the negative pion
mulzipliciey.
The evente/bin as 8 function of the s) transverse picn source velocity
and b) the longitudinal pfon mource velocity., The data pointe (error
bars) and the resultec of the background eventc (s0lid curve) are
shown,

The corzelation function c(q.qo) aud tha £4ir ara summed over the

relative energy and displayed as 8 function of the relacive wmomentum,
q .
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The freeze-out density fros the fnterferometry amalyais for 1.2
(circle) and 1.5 (square) CeV/nucleon Ar~KCR (ref. 7), 1.8 (triangle)
GaV/nucleon Ar-Pb (ref. 10), and 1.2 (dismond) CeV/nucleon Kr-RbBr.
The deneitiee are shown as & function of the mean nuader of
participant nucleons, where the wultiplicities have been weighted {n

proportion to the nuaber of pion pairs in the interferometry analysis.
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