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Pion source parameters in Ar on KCl collisions
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The space-time structure of the pion-emitting source for central collisions of Ar on KCl at 1.5
GeV/nucleon is studied. The fireball is found to be nearly spherical with a radius R =4.9 £0.5
fm. No significant dependence on pion multiplicity is present. A dependence on pion energy is

observed.

NUCLEAR REACTIONS “0Ar(KCl) E,,,=1.5 GeV/nucleon. Measured
two-7~ correlations. Interferometry analysis deduced, size, shape, coher-
ence of 7~ emission source.

Pion production is a topic of major interest in the
study of relativistic heavy ion collisions (RHI).

There has been a considerable range of theoretical
speculation on the nature of the pion emission
processes, from a straightforward superposition of
nucleon-nucleon reactions,! to a chaotic pion source
emanating from a thermalized pion fireball,? to exotic
pion production through a coherent state of the pion
field® that may exist under high temperature, high
pressure, and high density conditions during the col-
lision process. Measurement of the space-time evo-
lution of the pion source would provide important in-
formation into the pion emission process and the to-
tal reaction mechanism. Studying pion pair correla-
tions through interferometry has been suggested* as a
method to investigate the space-time structure and
the degree of coherence of the pion source. Its prac-
tical feasibility for nucleus-nucleus collisions was
demonstrated in a previous streamer chamber experi-
ment.’

In this paper, we report the results of an experi-
ment on the pion emission source for the reaction 1.5
GeV/nucleon Ar +KCl—2#~+ X. The experiment
was performed at the Bevalac using the 1.25 m
streamer chamber. Details of the streamer chamber
have been previously discussed. The target was a
0.46 g/cm? KCl disk with a diameter of two inches.
The chamber was triggered on central collision
events, selecting 35% of the total inelastic reaction
cross section. In a geometric interpretation, this cor-
responds to impact parameters of less then 5 fm.

The negative pion multiplicity distribution is shown
in Fig. 1. The average negative pion multiplicity is
3.3 per event. The solid curve in Fig. 1 is the predic-
tion of an effective one pion fireball model®’ with a
maximum impact parameter of 5 fm, a critical
freeze-out density p. equal to % the nuclear density

po, and convoluted with a 90% detection efficiency.
A complete discussion of multiplicity, momentum,
and angular distributions will be given in a future re-

1l

port. For the pion interferometry analysis, a subsam-
ple of 4500 events with n_- =2 was selected. To en-

sure the quality of the data sample after scanning and
measurement, events are selectively reexamined by a
physicist.

The interferometry analysis is performed by com-
paring the correlated two-#~ cross section to the
product of a function C and the uncorrelated two-7~
cross section. The uncorrelated two-#~ cross section
is obtained by combining pions from two different
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FIG. 1. Number of events as a function of negative pion
multiplicity, n - for 1.5 GeV/nucleon Ar +KCl. The solid

curve is the prediction of an effective one pion fireball
model with a maximum impact parameter of § fm.
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events with the same negative pion multiplicity. The
function C contains the effects of Bose-Einstein sta-
tistics, dynamic correlations, space-time structure of
the source, etc., and is usually expressed as a func-
tion of the pions’ energy difference go=|E; — E,|
and their relative momentum = |9, —p2l. The
analysis and kinematic variables throughout this pa-
per refer to the nucleon-nucleon center of mass
frame. Our experimental resolution for ¢ is 10
MeV/c.

Assuming a Gaussian space-time structure, Yano
and Koonin® have derived the expression for the
correlation function,

C(q,q90) =KI[1 +xexp(—q*R%2 —q?7%/2)1 , ()

where R is the source radius parameter, 7 is the life-
time parameter, A is a measure of the degree of
coherence (and other dynamic effects), and K is a
normalization factor. The essential results of our
study are summarized in Table I.

Our analysis gives an overall result of R =4.9 £0.5
fm and A=1.1 £0.3. The data sample is not sensi-
tive to the lifetime parameter; therefore, we conduct
the analysis with = fixed at 5 x 1072 sec =1.5 fm/c.

The data and the fit have been integrated over gy and
displayed in Fig. 2(a). The value of X\ is consistent
with a totally chaotic pion source.’> A value of

R =49 fm is consistent with the expectations of a
pion fireball model,? with p. =1/3po. The negative
pion multiplicity is sensitive to the value of p. and is
in agreement (see Fig. 1) with p, =1/3p,. We con-
clude that the values of R and A are consistent with a
thermalized pion fireball.

A nonspherical pion source could have implications
for the reaction mechanism in RHI collisions. There-
fore, we have investigated the spatial shape of the
pion source. Since Eq. (1) is related to the Fourier
transform of the pion source density, the factor
exp(—¢2R?/2) can be expanded into components
parallel and perpendicular to the beam direction. The
correlation function C(g,go) then becomes

C(q,q0) =KI[1+rexp(—gqiR?/2—-q}R2/2
—qo?7¥/2)1 , Q)

where R, and R, are the longitudinal and transverse
pion source dimensions. Using Eq. (2), we have ob-
tained the values R;=5.0 £1.5 fm and R;=5.0 £0.5
fm. Another method to investigate the shape of the

TABLE L. Result of the fits to the correlation function C(g,g¢) given by Egs. (1) and (2).
Results for the data uncorrected and corrected by a Gamov factor are given. The radii are in fm.
All kinematic variables are in the nucleon-nucleon center of mass frame.

Fitted parameters

Data
Sample Data corrected with
selection Parameters uncorrected Gamov factor
Full R 491 £0.50 493 £0.44
sample A 0.99 £0.20 1.21 £0.22
X2/NDF 101/116 104/116
Full Ry 5.05£1.46 5.11+£1.17
sample R 5.02 £0.52 5.03 £0.47
A 1.03 £0.24 1.26 £0.25
X*/NDF 194/206 198/206
lcos(8,)| <0.5, i=1,2 R=R 5.04 £0.88 5.16 £0.78
A 1.50 £0.47 1.81 £0.51
X*/NDF 97/115 100/115
0.5 <cos(9,) <1, i=1,2 R =R, 4.76 £0.60 4.80 £0.54
or A 0.90 £0.24 1.11 £0.26
-1.0 <cos(8;)) <05, i=1,2 X*/NDF 110/116 112/116
P,,P, <150 MeV/c R 599 £1.08 6.20 £1.05
A 1.56 £0.50 1.96 £0.59
X*/NDF 30/39 32/39
Py,P, > 150 MeV/c R 4.11 £0.51 4.14 £0.46
A 0.88 +0.23 1.06 £0.24

X2/NDF 129/116 131/116
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FIG. 2. Correlation function C(q,qq), for 1.5 GeV/ nu-
cleon Ar +KClI collisions, integrated over g as a function of
g. The solid curves are the fits to the data. (a) Uncorrect-
ed; (b) corrected by a Gamov factor. :

source is to restrict the pion pairs to particular angu-
lar regions. With the restriction that both =~ satisfy
|cos@e.m.| < 0.5, we obtain R =R, =4.8 +0.6 fm.
With both pions satisfying either cosé., > 0.5 or
cosf;m. < —0.5, we obtain R = R;;=5.0 £0.9 fm.
We thus find no significant deviation from a spherical
pion source.

We subdivided the data sample in pion multiplicity
bins. The resulting values of R do not show any n__

dependence. For impact parameters less than 5 fm,
the pion multiplicity distribution is dominated by sta-
tistical fluctuations rather than by the change in the
impact parameter. In addition, the combinatorics for
the interferometry analysis compete against the im-
pact parameter averaging to further dilute the depen-
dence of n_-on the impact parameter.

To investigate the dependence of pion source
parameters on the emitted pion energies, we per-
formed pion interferometry analysis on two selected
subsamples. For the subsample where both of the
pions have P.,, <150 MeV/c, we obtained
R =6.0+1.1 fm and A=1.6 £0.5. ‘For the subsam-

ple where both of the pions have P, > 150 MeV/c,
we obtain R =4.1 £0.5 fm and A=0.9 £0.2. While
the present statistics preclude any definitive state-
ment, these results are highly suggestive. The values
of R are consistent with the picture of a pion fireball
source whose temperature diminishes as its size ex-
pands. The trend is also consistent with the picture
that the high energy pions are predominantly associ-
ated with directly produced pions, while the lower en-
ergy pions are emitted from a subsequent thermalized
““fireball.” The implications are further complicated
by the suggestion that for P < m__ the pion inter-

ferometry analysis may have substantial distortions
caused by one-body optical potentials.® Further ex-
perimental and theoretical investigation into the pos-
sible dependence of the source parameters on energy
seems warranted.

The effects of final state #~-7~ Coulomb interac-
tions can be accounted for by the incorporation of a
Gamov factor?

G(n) =2my/lexp(2mn) —11] , 3)

where n=m__a/q. Figure 2(b) shows the effect of

such a correction on the data. The corresponding
parameter values are included in Table I. Only the
value of A is significantly affected. We note that the
X2/NDF increases slightly when the Gamov factor is
incorporated (NDF means ‘“‘number of degrees of
freedom’’). Finally, we remark that this correction
for #~-w~ Coulomb interactions is a nonrelativistic
approximation and also does not include the effects
of the finite space-time structure of the pion source.
The #~-proton Coulomb interaction is important only
in a very small region of phase space, and it has a
negligible effect on the #~ -~ momentum difference.
Therefore, the 7~ -7~ interferometry analysis is unaf-
fected by the «~-proton Coulomb interactions.

Recently, preliminary results from a fixed-angle
counter experiment on the spatial structure of a
pion-emitting source were reported.’ Their value of
R is considerably less than ours. This may be due to
the difference in event selection, kinematic accep-
tance, and incident energy. More detailed compar-
isons should prove of interest when their final
analysis becomes available.
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