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Two-pion correlation functions have been studied using the E814 apparatus in 14.6 A.GeV/c
2sSi + Pb central collisions. Results of the correlation functions for pions from the RQMD
event generator are compared to the data and show that a source with R/MS radius of 8.3
frn is compartable with the experimental data.

1. INTRODUCTION

Quantum mechanics requires that the wave function of a boson_c system is symmetric .
under particle exchange. This leads to a quantum interference in the two-pion correlation
function causing an enhancement at small relative momenta. The shape of the distribution
near zero relative momentum is related to the size and the life-time [1,2] of the interaction

region. In order to gain some insights into the collision dynamics, the correlation method
has been used extensively in studies of relativistic heavy-ion collisions (see e.g., reis.

[3,4]). In this paper, we report preliminary E814 pion intefferometry results from central
collisions (_/_m,_ < 10%) between 2sSi and Pb at a beam momentum of 14.6 A.GeV/c.

2. EXPERIMENTAL SETUP AND DATA

The E814 setup provides 4_r event characterization with a target calorimeter and a
charged particle multiplicity detector. The forward spectrometer acceptance was deter-
mined by a lead collimator to -115 < 0, < 14 mr (bending plane) and -21 < 0y < 21 mr
with respect to the beam direction. Particle identification is obtained by combination of
time-of-flight and momentum measurement [5,6]. The acceptance in transverse momen-
tum pt and rapidity y of identified Ir+ and _r- is shown in Fig. I. Note that pions of both
chargesare detected at 1_ >- 0 with a mean rapidity of about 3.

The two-particle correlation function C2 is defined as:

N ,2 dN, N,,Cq) CI)

where q = %/'(p, - p2)_ is the relative 4--momentum between the two identical particles.
As done frequently, the numerator Nt,(q) is obtained by taking particles from the same
event, while the denomenator/V_(q) is constructed using two pions from different events

(mixed event technique). This way one ensures that the statistical errors in the correlation
function are determined by the statistics of the true pion pairs only.
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The pion correlation functions corrected for Coulomb effects and two-particle accep-
tance are shown in Fig. 2 (open symbols). The total number of the selected Ir-(Ir +) pairs
is 23.4k(4.3k) and about 80% of the pairs are in the relative momentum range of 0 __ q

0.3 GeV/c. Error bars are statistical only. The background distribution is normalized to
the total number of the entries in the true distributions within the range of 0 __.q __ 1

GeV/c. It can be seen from this figure that, for q >_0.1 GeV/c, the distribution is consis-
'ttent with um y. The Bose-Einstein enhancement is clear in the low relative momentum

region for both like-sign pion pairs. Unlike-sign pion pairs (not shown here) show a ratio
that is consistent with unity over the whole relative momentum range.

The measured correlation functions have been fitted by two commenly used parame-

terizations, namely, a Gaussian and an exponential function:

C_(q)- 1 + _. ezp(-q2R2); C_(q) - 1 + _. ezp(-qR). (2)

where _ is the chaoticity parameter and R is the space-time extent of the pion source.
The extracted fit parameters are summarized in Table 1. In Fig. 2 (left), the solid and
dashed lines represent the Gaussian and exponential fits, respectively. While the reduced
X2 is slightly smaller for the exponential fit, both functional forms are consistent with
data. However, the source parameters are diferent by a large factor!

Table I. Source parameters extracted from the Gaussian and exponential fits.

/r+ _-

,x RCf) xl. ,x p,.(f.m)
Gauss 0.25(0.14) 3.4(1.2) 0.9 0.4C(0.09) 4.4(0.6) 1.6
Exp. 0.41(0.27)5.1(2.6) 0.7 0.81(0.19) 7.0(1.2) 1.4
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Non-Ganssian shapes of the pion correlation functions have been observed in heavy-ionB

collisions as well as in hadron-hadron collisions [4,7,8]. The shape of correlation function,

depends, besides the source distribution, on the experimental acceptance, resonance de-
cays, and other e_'ects. To overcome these ambiguities, rather than extracting the source
size from fitting a certain functional form to the data, we use dynamical models with a
known space-time characteristics of the source, impose the Bose-Einstein effect and e_ralu-
ate the two particle correlation functions. In the next section, the RQMD model analysis i
is discussed, i
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3. RQMD CALCULATIONS

The eventgeneratorRQMD [9]has been verysuccessfulindescribingpion,proton,
kaon,and othermeasuredsingle-particlespectra[5,7,10]atbothAGS and SPS energies.
Itisnaturaltousethemodel toalsocalculatethetwo-particlecorrelationfunctions.

Phase-spacedistributionsfrom RQMD fora dimensionz transversetothebeam di-
rectionareshown inFig.3 for14.6A.GeV/c 2sSi+ Pb collisionsatan impa_tparameter
b - 1.0f_n.These distributionsweregeneratedforpionsattheirfreeze-outstage.The

spatialdistributionofpionsintotheE814 spectrometeracceptanceisshown inhatched.

Fig. 3 (left)indicatesa clearcorrelationbetweenmomentum and spatialcoordinates.
An immediateconsequenceisthata spectrometerwithfinitep= acceptancewillnot be

ableto 'see'particlesemittedL,_m alllocationsz ofthesource.Hence the extracted
sourcesizewillbereduced.Indeed,withapt coveragenotincludingthelowestpt,ourf+

correlationfunctionshaveshown a smallersizeparameter[11](2.2vs.3.4fTn).Such a

pt-dependenceofthepionsourcesizewas alsoreportedby Rolandinthisconference[12].

The ori_dnofthisdynamicalcorrelationinRQMD ispresumablydue topionabsorption.
But floweffectswouldalsoprodu_;sucha behavior.Qualitativelysucha correlationis
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also seen[13] in the event generator ARC.
In order to generate a two particle correlation function, the Koonin-Pratt method was

used [14] to constructed a symmetrized pion wave function from the I_.QMD generated
single-particle distributions. The experimental conditions were imposed on the RQMD
data before being fed into the calculation. Finally the correlation function was corrected
by the Gamow factor as it has been done for experimental data. Results of the calculations,
for both _r+ and _r- within the E814 spectrometer, are shown in Fig. 2 (right). The
agreement between the experiment and theory is exceUent.
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The factthattheRQMD mode] ca= reproduceexperimentalsing|e-partic|espectra

and two-pion correlation functions suggests that its phase-space distributions correctly
represent the collision dynamics atthe AGS energies. Our results demonstrate that, for
uSi -4-Pb central coUisions, the spatial extend of the source (in the center of mass frame)

of R= = 4.71, P_ = 4.75, R, = 4.91 fm as produced by RQMD is consistent with our data.
The corresponding effective R._S pion source size is 8.3 fm, implying an expansion in
transverse radius by a factor of 2.3 between the early stage of the collision and freeze-out.
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