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PHYSICAL REVIE%' C VOLUME 52, NUMBER 2 AUGUST 1995

Relationship between correlation function Bt parameters and source distributions

D. E. Fields, 3. P. Sullivan, 3. Sixnon-Gillo, H. van Hecke, B. V. Jacak, and N. Xu
Los Alamos National Laboratory, Los Alamos, New Mexico, 875/5

(Received 21 March 1995)

We review the method of two-particle intensity interferometry, define appropriate techniques to
make the comparison between RQMD source distributions and correlation function fit parameters,
and compare these to results from CERN experiments NA44 and NA35. The fit parameters are
investigated as a function of rapidity and transverse momentum and are found to depend on the
collision dynamics. Although position-momentum correlations invalidate the naive interpretation
of the correlation function 6t parameters as source sizes, we use a dynamical model to extract this
information and identify a region in rapidity and transverse momentum where the dynamical efFects
are minimized.

PACS number(s): 25.75.+r, 02.70.Ns

I. INTR, (3DU CTIC)N

From medium-energy heavy-ion facilities such as the
MSU-NSCL to the highest energy accelerators such as
the CERN SPS, two-particle correlation measurements
have become a major part of the experimental agenda.
These experiments are all driven by the desire to under-
stand the dynamical evolution of the collision process.
Since intensity interferometry was erst used in nuclear
physics [1], there has been much excitement about this
method of determining the space-time characteristics of
the interaction zone in nuclear collisions. Furthermore,
the source volume and lifetime may be sensitive to the
formation of a quark-gluon plasma would lead to a longer
lifetime and a larger source size than hadronic matter [2].
Ideally, both quantities should be measurable through in-
tensity inter ferometry.

In this work, pion correlation functions over a broad
range of rapidity and transverse momentum, p~, are de-
rived from events generated by the RQMD model and fit
with the static Gaussian formalism. The resulting Gt pa-
rameters are compared to the input source distributions
and to experimental results. If the formalism correctly
describes the physical processes involved, the Gt param-
eters relate directly to the source distributions. As this
may not be the case, the assumptions underlying the for-
malism are discussed. By relating the Bt parameters to
the input source distributions in the simulations, more
quantitative interpretations of the experimental fit pa-
rameters can be made. Although the RQMD model is
used as the basis for the comparison, emphasis will be
given. here to efFects which should not depend critically
on the model, such as transverse expansion and resonance
decay.

We compare our work to CERN experiments NA35 and
NA44 at E/A = 200 GeV, S+Au and S+Pb. The radius
parameters extracted in these experiments vary in a con-
sistent manner from system to system, e.g. , the radius
parameters for the p+Pb system are smaller than for the
S+Pb system [4]. The radius parameters are also much
larger than the projectile RMS radii [5,6]. However, a

more quantitative interpretation of these parameters is
diKcult. Lorentz efFects are significant and are highly
dependent on the collision dynamics. The dynamics of
the particle emission can also be complex. Thus, param-
eters derived &om 6tting experimental data to a static,
spherically symmetric, Gaussian model are not easy to
interpret. Most of the conclusions drawn from the behav-
ior of the radius parameters have been qualitative. More
quantitative information about the source size, amount
of transverse and longitudinal expansions, and the shape
of the freeze-out distribution can be extracted &om de-
tailed simulations of the collisions [6—8].

Section II of this paper reviews the standard method
of intensity interferometry, as well as the RQMD model
and experimental data. In Sec. III a relatively uncom-
plicated method for making direct comparisons between
simulated correlation functions and source properties is
given, with the results of this study presented in Sec.
IV. In Sec. V results of this comparison are discussed in
light of the experimental results from CERN experiments
NA35 and NA44. A discussion of these comparisons and
the global trends of the RQMD model is given in Sec.
VI. Conclusions are drawn in Sec. VII.

II. B.EVIEVV

We briefly review the intricacies of intensity interfer-
ometry in nuclear physics, although more complete de-
scriptions exist elsewhere [9,10]. Throughout this review,
we emphasize the assumptions usually made in the analy-
sis of two-particle correlation data. We will later analyze
the efFect of deviations from these assumptions on the
interpretation of the results.

The amplitude of detection of two identical bosons
Rom a source with emission (space-time) points and mo-
menta x:q, pi and w2, p2 is written as

[e&P1 ' (&1 ~1 ) e~P2
'(+2 ~2)

iP1 (r1 —X2) iP2. (r2 —~1)i+e '
e

0556-2813/95/52(2)/986(9)/$06. 00 1995 The American Physical Society



RELATIONSHIP BETWEEN CORRELATION FUNCTION FIT. . . 987

where ri, r2 are the points of detection for particles of
momenta p1, p2, respectively. It is assumed that the bo-
son wave functions can be described as plane waves, i.e. ,
the particles undergo no strong interactions.

The probability of detecting such a pair is given by the
amplitude squared integrated over the source distribution

B'"P = Qp2[B2+ U2~2]

.'[(1 —U.'A'. )&' + Pi2~'] (9)
+12 d ~1d Ã2 A12 P X1 P X2 (2)

where p(x) is the space-time distribution of bosons in the
source. If the space-time distributions are independent
of momentum, and if they are mutually independent of
each other (incoherent), then the integral separates and
reduces to

where q is the four-momentum (qo, F2 —J7q) and Cz ' is
what we will refer to as the correlation function. This is
the "traditional" interpretation of the correlation func-
tion, i.e., that it is one plus the Fourier transform of the
position distribution. Deviations &om the assumptions
would lead to a modification of this interpretation.

It has been shown that the correlation function is not
a true four-dimensional function of q [9]; that is, since

qo ——q Pg2, with

RL 2[A + U, 7. ], (10)

where p, = 1/gl —U2, U, is the source velocity in
the analysis kame, and w is the width of the source
lifetime distribution. In this work, we will use the
P, = p, q + p, 2 ——0 frame [the longitudinal center-of-
mass frame (LCMS)], such that U, = 0 and p, = 1 for
Lorentz invariant longitudinal expansion. The assump-
tion of Lorentz invariant longitudinal expansion has been
shown to be valid experimentally by the NA35 analysis
in the nucleon-nucleon center-of-mass frame [5]. Thus,
the assumption of spherical symmetry can be relaxed to
a cylindrical symmetry [13]. The radius parameters then
relate to Rl. and RT, the longitudinal and transverse
widths of the position distribution, by

Jl + J2
IE~+E2I ' .'[(1 —U.'A'2)&T + 4'2&'] . (12)

the width of the emission time distribution is measured
along with the component of q parallel to the pair mo-
mentum. Consequently, a wise choice of the coordinates
for three-dimensional analysis of an experimental corre-
lation function would include one component of the mo-
mentum difference in the direction of the pair momentum

(QT;). A second natural choice would put one compo-
nent (Ql, ) in the direction of the beam (z in this paper),
since one would expect symmetry around this axis. This
leaves the third component defined as orthogonal to these
(Q2..) [2,11].

With this coordinate system, the assumptions defined
above and the additional assumption of a spherically
symmetric Gaussian source distribution given by

where R and 7. are the widths of the spatial and tem-
poral distributions, respectively, the correlation function
becomes

&(Qr. , Qz. , QL, )

= &[1+&exp( —QT, &T, —QT. &y. —QI, &1,)]

where the phenomenological parameter A is the chaoticity
or strength parameter and has the value of one in the
ideal case [12]. By examining the relationship of this
correlation function to its inverse Fourier transform and
to Eqs. (1) and (2), the radius parameters relate to R
(the width of the position distribution) by [10]

Experimentally, the probability for detecting a corre-
lated pair (the correlation function) is determined by

~exp
( -) +(q=

@(

The "real distribution" A(qg is the measured two-particle
distribution as a function of the relative momentum, and
the "background distribution" R(qg is typically a two-
particle distribution constructed from tracks mixed ran-
domly from all events contained in A(qg.

Several corrections must be applied to Eq. (13) before
Eq. (6) may be used to extract dynamical quantities
from the correlation function. The background distribu-
tion B(q) ideally should consist of completely uncorre-
lated pairs. Experimentally, however, if the sample of
pairs from which the background distribution is created
contains correlations (e.g. , from the Bose-Einstein corre-
lation), a residual correlation will remain in the mixed-
pair events [10]. Additionally, effects of the detector ac-
ceptance must be eliminated from the pair sample. Fi-
nally, because of the assumption of noninteracting parti-
cles (plane waves), any final state and Coulomb interac-
tions must be taken into consideration.

Both NA35 and NA44 have large two-pion data sam-
ples for sulphur on heavy target reactions at E/A = 200
GeV, allowing three-dimensional analysis of the correla-
tion function. NA44 has particle identification capability
to separate pions and kaons. NA35 has a broad accep-
tance and one can study rapidity as well as pT depen-
dences of the correlation functions. The data analysis
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methods are similar but the functions used in fitting the
data differ slightly. Both experiments assume a Gaussian
position distribution, leading to a Gaussian-like correla-
tion function. NA35 has an additional factor of 2 in
the exponent of Eq. (6), resulting in quoted fit param-
eters that are larger by a factor of V2. Also, the NA44
analysis is in the LCMS kame, whereas NA35 uses the
%-N center-of-mass frame. Comparison of the resulting
fit parameters requires conversion to a common reference
kame.

Experiments have compared their data to the RQMD
model with good agreement [4,6—8,14,15]. The RQMD
model (version 1.08) is a transport-type event generator
based on string and resonance excitation and decay and
includes rescattering of the produced particles. It also in-
cludes string-string interactions (color ropes). A detailed
description can be found elsewhere [16]. Two-particle
correlation functions are calculated via the method de-
scribed in Ref. [15].

The simulated correlation function is determined by

rapidity. No azimuthal angle restriction was used in the
acceptance for each bin, i.e., only rapidity and transverse
momentum were used to select events for that bin. Parti-
cles were taken &om "minimum bias" events from a range
of impact parameters (0—7 fm).

For each bin, a correlation function was calculated as
in Ref. [15] with 15 MeV/c bin sizes in momentum differ-
ence projections. These correlation functions were then
used to fix the parameters of Eq. (6) via a simultane-
ous fit to the three dimensions with a single value of
A. Although this method is not a full three-dimensional
fit to the correlation function, the effect of projecting the
full three-dimensional function onto the axis is taken into
account in the fitting procedure. Examples of the corre-
lation functions and fits are shown in Figs. 1(a) and 1(b)
for two different pT bins.

m(q)
~calc( q ) &2i (8

N(q)
(14)

III. METHOD

where N(qg is the number of pairs in each q bin. The nu-
merator is analogous to the number of pairs measured in
an experiment and the denominator, N(g is analogous
to the number of pairs in the background sample. Aq2
uses the Coulomb plus strong interaction wave function
for charged pions, so, as for experimental data, the corre-
lation function is corrected for the Coulomb interaction
using the Gamow factor [12]. Since the Gamow factor
assumes a point source, a small error is introduced in the
Coulomb correction to the correlation function.

1.5
CV

1

0 5 - = .33+.O
R = 3.98+ .36
A =1.044+.008

0 100 200 300
q,. Me V

1.5

y'/N = 24.5/26
0.5 — X = .33k .02

R = 358k .26
A =1.044+.008

0 100( 2/0) 300

1.5

00 100 20 300q„Me

y'/N = 24.5/260.5 — X = .33+ .02
R = 6.51+ .61
A =1.044+.008

The relatively good agreement between calculated cor-
relation functions f'rom RQMD and experimental results,
in addition to good agreement with measured single-
particle spectra [17,18] indicate that RQMD can be used
as a tool to study the position, momentum, and time dis-
tributions of particles at freeze-out. A global study of the
relationship between the fit parameters and the source
distributions may identify areas of particular sensitivity
(or insensitivity) to collision dynamics. Also, systematic
differences in the fit parameters from different experi-
ments may be understood in this way.

In this study, events from the RQMD simulation of
200 GeV/A, S+Pb collisions were separated into 38 bins
in rapidity and transverse momentum of the pair cal-
culated in the LCMS frame. Bin sizes were chosen to
have sufEcient statistics in each bin, given the size of the
simulated event sample. At mid-rapidity and low trans-
verse momentum, bins were one-half unit of rapidity and
100 MeV/c in transverse momentum. At the extremes
of rapidity, the bins were one unit of rapidity and 200
MeV/c in transverse momentum. Bins of 200 MeV/c in
transverse momentum were also used at high pz at mid-

2

1.5 1.5

00

/N = 33.7/38
.75+ .04

R = 2.73+ .26
A =1.005+.019

100 200 300
q,. MeV

y'/N = 33.7/380.5 — X = .75*.04
R = 2 24+ .19
A =1.005+.019

00 100 20 300
q, Me

0.5

00

/N = 33.7/38
.75k .04

R = 232+ .17
A =1.005+.019

100( 2/0) 300

FIG. 1. Thoro-pion correlation functions and Gts from
E/A = 200 GeV, S+Pb RQMD events for rapidity between
2.75 and 3.25 and for (a) PT between 0 and 100 MeV/c and
(b) PT between 600 and 800 MeV/c events.
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In addition to the fj.t parameters, the &eeze-out distri-
bution of particles was examined for each bin in rapid-
ity and pz. As previously mentioned, the relationship
between the source distributions and the fit parameters
&om the simulations is straightforward when the assump-
tions of the formalism are valid. Lorentz efFects, corre-
lation between the position and momentum, resonance
decays, and time-dependent dynamics can alter this re-
lationship. It is shown in the next section that the effects
are indeed significant, and that they necessitate the use
of a model to determine source properties from experi-
mental data.

IV. RESULTS

Figure 2 shows the fit parameters A, B~„BI., and BT
as a function of rapidity versus transverse momentum,
pT, from correlation functions calculated from RQMD
events. The acceptance of each bin is given in Table I (BT2 —RT2 )/p (15)

as well as the value and error of the Gt parameters &om
that bin. The general trends of the fit parameters are as
follows. (1) The A parameter is independent of rapidity
and is a strong functions of transverse momentum, rising
&om near 0.3 at pT ——0 and approaching 0.8 at pT ——800
MeV/c. This is shown below to be caused by the rela-
tive &action of particles originating &om long distances
(R ) 20 fm/c) and is mainly due to resonance decay. (2)
The radius parameters exhibit a more complex shape,
peaking at mid-rapidity and low transverse momentum.
Bl. demonstrates the strongest pz dependence, falling
from nearly 7 fm at low pz to 2 fm at pT = 800 MeV/c.
The behavior of A~ is similar to that of RT, .

The difFerence between the two transverse radius pa-
rameters should ideally measure the emission time difI'er-
ence between the particles of the pair. From Eqs. (11)
and (12) in the P, = 0 reference frame,

TABLE I. Fit parameters for nor correlation functions created from E/A = 200 GeV, S+Pb RQMD events. Equation (6) is
used is the fitting function.

PT
0—0.1

0—0.2

g
A

RT,
RT.
Rl.

A

RTO

RT;
BI,

0.75—1.75

0.33+0.02
3.02+0.29
2.84+0.20
4.90+0.60

1.75-2.25
0.33+0.02
3.98+0.34
3.76+0.29
5.83+0.64

2.25-2.75
0.37+0.02
4.29+0.31
3.61+0.27
6.78+0.55

2.75—3.25
0.33+0.02
3.98+0.36
3.58+0.26
6.51+0.61

3.25—3.75
0.30+0.02
3.74+0.43
2.96+0.28
5.95+0.83

3.75—4.25
0.34+0.03
3.73+0.43
2.94+0.34
6.68+1.02

4.25-5.25

0.38+0.02
2.83+0.20
2.66+0.21
4.16+0.35

0.1—0.2
RT;
RT;
Rl,

0.40+0.02
4.25+0.32
3.03+0.22
4.13+0.34

0.41+0.02
3.91+0.34
2.99+0.23
5.09+0.43

0.41+0.02
4.07+0.30
3.39+0.25
3.86+0.36

0.47+0.02
4.34+0.37
2.87+0.17
4.49+0.35

0.43+0.02
3.57+0.35
2.88+0.17
4.84+0.50

0.2—0.3
RT,
RT;
Rl,

0.48+0.02
3.92+0.31
2.77+0.18
3.87+0.32

0.43+0.02
3.40+0.34
2.60+0.21
3.79+0.32

0.51+0.02
3.21+0.29
2.80+0.16
3.72+0.27

0.48+0.02
3.76+0.35
2.88+0.20
3.58+0.30

0.50+0.03
3.38+0.30
2.56+0.18
3.53+0.30

0.2-0.4
Rz;
RT;
RL,

0.46+0.03
2.?8+0.29
2.46+0.23
2.90+0.29

0.53+0.03
3.08+0.28
2.57+0.17
3.47+0.35

0.3—0.4
RT,
RT;
RI,

0.58+0.03
3.58+0.30
2.93+0.17
3.76+0.28

0.55+0.02
3.72+0.30
2.52+0.14
3.07+0.23

0.59+0.03
3.50+0.27
3.00+0.16
2.94+0.18

0.57+0.03
3.91+0.29
2.67+0.15
2.80+0.20

0.60+0.12
3.19+1.27
2.45+0.65
3.07+0.92

0.4—0.6 A

B~,
RT.
BI,

0.66+0.04
2.83+0.25
2.23+0.16
2.54+0.20

0.62+0.03
2.82+0.24
2.64+0.17
2.46+0.18

0.57+0.03
3.34+0.27
2.68+0.22
2.78+0.21

0.61+0.03
2.97+0.21
2.35+0.17
2.15+0.16

0.60+0.03
3.22+0.26
2.52+0.16
2.49+0.18

0.70+0.03
2.93+0.22
2.33+0.14
2.44+0.19

0.64+0.04
2.90+0.29
2.28+0.17
2.03+0.19

0.6—0.8 A

BT
RT.
BL,

0.80+0.05
3.15+0.31
2.62+0.22
2.40+0.22

0.67+0.04
2.61+0.29
2.61+0.23
2.33+0.22

0.74+0.04
2.58+0.21
2.48+0.19
2.15+0.16

0.75+0.04
2.73+0.26
2.32+0.17
2.24+0.19

0.74+0.05
2.29+0.25
2.32+0.20
1.96+0.17

0.79+0.08
2.21+0.31
2.02+0.23
1.67+0.23

0.73+0.10
2.39+0.49
2.07+0.37
1.63+0.32
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FIG. 2. Fit parameters from pion correlation functions de-
rived from E/rt = 220 GeV, S+Pb RQMD events as a func-
tion of rapidity y, and transverse momentum p&. Acceptances
in rapidity and pT for the correlation functions are as listed
in Table I. (Note that at low and high rapidity and at high
pT the acceptance are more than one bin. )

Figure 3 shows this A~ in the rapidity versus pT plane.
The values decrease from 6 fm/c at mid-rapidity and low

pT to 1 fm/c at high pz .
For comparison to the Bt parameters, the source space-

time distributions at freeze-out from RQMD are plotted
for each bin in rapidity and pT in the LCMS frame. Fig-
ure 4 shows I/)r 2 RMS width of the distance between
particles at freeze-out. (The factor of I/~2 is needed for

FIG. 4. The widths of the space-time distributions for the
same events used to calculate the correlation functions of Fig.
2 (see text for details).

comparison to the fit parameters, since the difference of
two Gaussian distributions of equal width is wider than
the original distributions by this factor). The difference
distributions were used instead of the positions so that
they would always be centered on zero. This allows a
fixed range for the RMS of +20 fm. Shown in Fig. 4 are
the resulting x, y, z (beam direction) and time t widths
as a function of rapidity and pl .

The x and y distributions are the same because events
were rotated round the beam axis to increase statistics
for pairs in the rapidity and pT acceptance. The values
decrease from approximately 4 fm at low pT to near 3

20 I

LI (~ ('/ x
( )(

) Qq&x o
/

10

7
6
5

2

5 $
~ s

~ I I I / I%

I! I ~ Bl I

3.5

2
1.5

/

=:.&I Im,

, sl, ll&"

I

0.6
0.5

0.4 q C

os Ce
Oz

' qP

0.7
Q. B

/

0

—15
/

—20-800-600-400-200 0 200 400 600 800
P, (Mev/c)

FIG. 3. The width of the emission time distribution 7. as
calculated from RTo and Rr. from Table I and Eq. (15). The
value of the pair velocity, P, is determined from the mean
pT in the acceptance.

FIG. 5. Plot of p„versus y position for all pions from
RQMD simulation of E/A = 200 GeV, S+Pb collisions. A
correlation between freeze-out position and momentum can
be clearly seen.
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greater than zero was imposed. This requirement is un-
necessary if the position and momenta of the particles
are uncorrelated, as assumed in the derivation of the fit-
ting function. However, as shown in Figs. 5 and 6, pions
at freeze-out in the RQMD simulation are correlated in
position and. momentum. Particles with positive p„are
more likely to be found at positive y. The efFect of this
correlation can be seen in the widths of the y position
distribution as a slight decrease with increasing p~, rem-
iniscent of the same trend in the BT fit parameter of
Fig. 2.

—15

—20-800-600-

(& C'i )
'I I lo' 4 ~

~ d()
~l I ni'/, &

I
', &

400-200 0 200 400 600 800

V. COMPARISON TO DATA

P„(MeV/c)

FIG. 6. Plot of p versus z position for all pions from
RQMD simulation of E/A = 200 GeV, S+Pb collisions. The
correlation between freeze-out position and momentum in the
longitudinal direction is seen to be stronger than that for the
transverse direction, Fig. 5.

fm at pT = 0.8 GeV/c. There is also a slight rapidity
dependence. The pT dependence of the z distribution is
much more striking, falling from 6 fm at low pT to 3 fm
at pT = 0.8 GeV/c. The z distribution shows little ra-
pidity dependence. A slight pz dependence can be seen
in the width of the &eeze-out time distributions, decreas-
ing from 6 fm/c at low pz to 4.5 fm/c at pz = 0.8 GeV.
There is no rapidity dependence of the emission lifetime.

In order to examine the distribution of particles with
similar momenta, an additional requirement that p be

Although comparisons of data to RQMD are naturally
made by applying the detector acceptance to the RQMD
events, it is informative to compare the experimental re-
sults to the global RQMD trends. One would not expect
quantitative agreement since experimental acceptances
are, in general, more complicated than rectangular bins
in rapidity and p~. It is also important to have the same
collision dynamics bias in the simulations as the exper-
imental data. Furthermore, both the experimental and
simulated fit parameters must be determined in the same
rest frame and using the same fitting function.

Table II is a compilation of the available data from
the NA35 and NA44 experiments compared to the re-
sults Rom comparable rapidity and p~ of the calculation.
Also included in the table is the RQMD result using the
NA44 detector acceptance for the low and high pz data
sets. The agreement is generally good for both experi-
ments. The differences between the experiments can be
qualitatively understood as arising from the di8'ering ra-
pidity and pT coverage.

TABLE II. Comparison of fit parameters from NA35 and NA44 mar correlations to those of Table
I. NA44 data is for R/A = 200 GeV, S+Pb, NA35 data is for E/A = 200 GeV, S+Au. NA35 data
has been converted to the LCMS frame and reduced by the factor of ~2 to conform with the present
formalism. "This work" is the RQMD results of Table I using square acceptances in rapidity and
pT . "RQMD+NA44" is a RQMD calculation using the NA44 experimental acceptance and bias.
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0.10
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Ref.
[6]

This work
RQMD+NA44

This work
RQMD+NA44

(5]
This work

[5]
This work

[5]
This work

[5]
This work

A

0.59+0.02
0.61+0.03
0.76+0.27
0.56+0.02
0.41+0.02
0.71+0.03

0.38+0.03

0.46+0.03

0.55+0.08

0.65+0.08

RT,
3.0 + 0.2
3.16+0.27
4.21+0.24
4.0 + 0.1
4.34+0.37
4.25+0.23
3.5 + 0.3
3.65+0.39
3.4 + 0.2
3.47+0.32
2.9 + 0.3
3.28+0.78
2.5 + 0.4
3.06+0.74

R7,
3.0 + 0.2
2.52+0.22
3.23+0.27
4.2 + 0.3
2.87+0.17
4.55+0.27
3.1 + 0.3
2.91+0.26
3.2 + 0.2
2.72+0.18
3.1 + 0.3
2.50+0.42
2.8 + 0.4
2.39+0.40

Rl.
3.1 + 0.2
2.46+0.21
3.37+0.15
4.7 + 0.3

4.49+0.35
6.52+0.48
6.2 + 0.4
5.76+0.76
5.0 + 0.3

4.18+0.40
5.1 + 0.4
3.30+0.61
4.0 + 0.5
2.76+0.56

Two pT bins are averaged.
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VI. DISCUSSION

This global study allows the following: (1) A global
picture of the trends of the fit parameters, with the abil-
ity to manipulate the input to the event sample and thus
gain a better understanding of the underlying physics;
(2) understanding the meaning of the fit parameters by
comparison between the fit parameters and the source
distributions; (3) comparison of results from experiments
to the model and interpret the results in terms of the
source distributions in the model; (4) comparison of re-
sults &om diferent experiments. We will discuss each of
these in turn.

How does one interpret the trends in the 6t parame-
ters'? It has been shown [15,19,20] that the presence of
long-lived resonance, predominant at low p~, can sup-
press the expected value of the A parameter by creat-
ing a very narrow component in the correlation function.
When the q resolution of the detector (real or simu-
lated) is larger than this narrow component, the spike
gets smeared into several bins of q and the correlation
function does not go to 2 as expected. The resulting A

is less than the ideal value of 1. This is not an efFect
of a coherent source as the name "chaoticity parameter"
implies. It has also been speculated that the presence
of long-lived resonances may lead to observed the pT de-
pendence of the radius parameters [6]. Resonance decays
populate low pT because of momentum sharing between
multiple decay products.

In order to better understand the eA'ect of resonance
decay on the fit parameters, we repeated the above pro-
cess with all pions originating from long-lived resonances
(w, g, g') excluded from the sample comprising the cor-
relation function. Figure 7 shows the relative fraction
of each of these resonances as well as the total fraction
of long-lived resonances as a function of rapidity and
transverse momentum. The long-lived resonance fraction
starts near 30% at low pT and falls to 5%%uo at pT = 0.8

GeV/c. (The apparent rapidity dependence at low pl is
from the larger range of pT at low and high rapidity. )

Figure 8 shows the fit parameters from correlation
functions derived from the same events as above, but ex-
cluding the long-lived resonance decay products. In order
to avoid errors in approximating the efFect of Coulomb
forces, the Coulomb part of the wave function was turned
off in the calculation and the Gamow correction was not
applied. The most notable change from Fig. 2 is in the
A parameter, where the value is now approximately 1 ex-
cept at mid-rapidity and very low pT. Even with these
resonances removed, at mid-rapidity and p~ ( 100, 20%
of the pions have a freeze-out radius greater than 40 fm.
This accounts for the remaining depression of the corre-
lation function intercept in this region.

Resonances do not appear to be the cause of the pT de-
pendence of the radius parameters as very little change
in the trends of the radius parameters is seen when the
resonance decay products are excluded. The only signif-
icant change is in BT, where the overall value increases
somewhat. This is a rather surprising result, since we are
excluding most of the large radius component. However,
examination of the width from a Gaussian fit to the po-
sition distribution (rather than the RMS) for events ex-
cluding these long-lived resonances show very little dif-
ference from the full event sample.

We can refer back to Eqs. (10)—(12) to relate the
RQMD fit parameters to the widths of the source dis-
tributions. From Eq. (11), RT is related directly to
the width of the position distribution. Comparing B~
from Fig. 2 to the y widths of Fig. 4, one sees that the
values of RT are consistently 20% smaller than the posi-
tion widths. Rz; from Eq. (12) should be a combination
of both the position width and the emission time width
times the pair velocity. From the position and time dis-
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FIG. 7. Relative fraction of pions from resonance decay for
three of the most important long-lived resonances. The total
fraction of pions from these resonances is also shown.

FIG. 8. Fit parameters from correlation functions derived
from the same events as Fig. 2, with the resonances of Fig.
7 excluded. The Coulomb part of the wave function was also
omitted and no Gamow correction applied.



S2 RELATIONSHIP BETWEEN CORRELATION FUNCTION FIT. . . 993

tributions, Rz; should have a value of around 8 fm. Yet,
as seen from Fig. 2, Bz; has a maximum value of around
4.5 fm at p7 ——0.3 GeV/c and then falls to smaller values
at high p~.

Although Rz; is somewhat larger when the resonances
are excluded (Fig. 8), it is still much smaller than the 8
fm expected in the ideal case [see Eq. (12) and Fig. 4].
This effect can be clearly demonstrated by comparing the
distribution of Fig. 9 with the time distribution of Fig.
4. At low pz and mid-rapidity, Eq. (15) gives a good
description of the emission lifetime, whereas at high p~,
it falls 5—6 fm/c short of the emission lifetime.

The p~ dependence of the radius parameters in the ex-
perimental data is shown by the model to be a result of
the correlation between position and momentum within
the source at &eeze-out. This correlation between posi-
tion and momentum may be caused by transverse expan-
sion driven by rescattering of the particles [21]. Because
of this expansion, a smaller &action of the total source
size is probed at higher p~. Without a model, one can-
not quantitatively determine the efFects of the transverse
and longitudinal expansion on the different radius pa-
rameters. Qualitatively, however, since Bz; is oriented
in the direction of the transverse expansion, it is affected
to a greater degree than B~, which probes the dimension
perpendicular to the transverse expansion. This leads to
a smaller value of ~ derived from these two parameters
at high p~.

Table II demonstrates the difficulties in making di-
rect comparisons between different experimental results.
There is one set of NA35 and NA44 measurements of
similar average rapidity and p~ with somewhat different
results. However, by comparing the RQMD results of
this work to that with the NA44 acceptance, it is clear

7=
6=5-
3=
2=
1

0.3
0.2

0. 1

p

FIG. 9. The width of the emission time distribution w as
calculated from R and Bz. from Fig. 8 and Eq. (15).

that the details of the shape of the acceptance as well
as any event sample biases are important. Since both
experimental results are reproduced by the RQMD sim-
ulations, one can say that the NA35 and NA44 results
are consistent.

As stated previously, the comparison of the experimen-
tal results to RQMD is best done by applying the exper-
imental acceptance and event sample bias to the stimu-
lated events, and then constructing the correlation func-
tions. However, the current study allows us to compare
the simulated fit parameters to the source distributions
at all rapidity and p~, and identify areas in rapidity and
p~ space where the fit parameters most closely represent
the "true" source distributions. The lifetime and trans-
verse size of the source are shown to be best measured at
mid-rapidity and low p~.

VII. CONCLUSIONS

The results &om experimental two-particle correlation
functions are difBcult to interpret without the aid of mi-
croscopic models. The assumptions which enter into the
derivation of fitting functions for the experimental corre-
lations are not all valid according to the RQMD model.
These difBculties can be overcome by comparing the re-
sults of a global study of correlation functions derived
from RQMD events, the source space-time distributions
of these events, and the experimental results. Another
approach may be to use a formulation which takes into
account the dynamics of the collision, and therefore yields
fit parameters which can be interpreted more directly
[22].

Due to significant differences in the fit parameters as a
function of rapidity and transverse momentum, it is dif-
ficult to compare results from experiments with difFerent
acceptances directly. This study shows the fit parameters
from CERN experiments NA35 and NA44 are consistent
within the framework of RQMD.

The decrease of the A parameter as a function of de-
creasing p~ is understood in terms of a large radius com-
ponent, mainly due to long-lived resonance decay. It has
been shown previously [15] that kaons are much less af-
fected by long-lived resonance decay and therefore study-
ing kaon correlation functions alleviates this problem.

The pz dependence of the radius parameters arises
from position-momentum correlations in the source. The
transverse expansion which causes this correlation is
driven in the RQMD model by rescattering. The ex-
clusion of long-lived resonances from the event sample
has little efFect on the resulting radius parameters and
no effect on their trends as a function of pz .

The comparison of the fit parameters derived from
RQMD events to the source space-time distributions indi-
cates that radius parameters give smaller values than the
widths of the source distributions. This has been shown
to be due to expansion leading to position-momentum
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correlations in the source at freeze-out. The relationship
between the two transverse radius parameters [Eq. (15)],
which should ideally reQect the source lifetime, only holds
at very low pz-, where the efFect of expansion is minimal.
Experiments should look carefully at this pT region at
mid-rapidity for indications of an extended source life-
time, a possible signature of a phase transition &om a
quark-gluon plasma to normal hadronic matter.
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