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Abstract; The HBT radius parameters and the HBT A-parameters of single Gaussian source and
double Gaussian source are investigated by using two-pion correlation function in HBT intensity in-
terferometry. It is indicated that the radius parameter is insensitive to the spatial shape of the edge
zone of source and is mainly affected by the size of the central zone of pions emitted in high energy

heavy-ion collisions. The pions produced at the edge of source influence the A parameter. The non-

Gaussian form of spatial distribution of source can lead to the decrease of the A parameters.
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Identical particles, produced in the hot and
density interacting region formed in high energy
heavy ion collisions, are correlated in their momen-
This effect

is a dominant feature in heavy ion collisions and is

ta distribution due to interferencel' 21,

used to measure the size of the region from which
the particles were emitted® *J,

In experiments, one is customary to perform
log-likelihood fits to the two-pion correlation func-

tion with the form®*’

C(p,q)=

2
1+ Aexpl:— (p—q)? 1—?2— — (w, — wq)zg—:] )

(D

where p and q are the momentum of pions, @, is
the energy of a pion with momentum p, R and 7
are the size and lifetime of source of the Gaussian
emission function: g(p, x) o< exp[— (+/R)*— ¢/
)%2]. In general, A is less than one, namely, the

height of the peak to be less than one. There are

many researchers who try to interpret why the A
parameter was limited between 0 and 1. Someone
thought it was the result of partially coherent

sourcest®

In addition, the Coulomb interaction
which

change the form of the two-particle wave function,

between the two correlating particles,
will change AU), Also one has to consider space-
momentum correlationst®!

Because intensity interferometry have been
shown to be sensitive to the geometry of the pion-
emitting source in heavy ion collisionst** *, in
this paper, we mainly study the influence of the
shape of pions source on two-pion correlation func-
tion. One double Gaussian source and two single
Gaussian sources are constructed. We investigate
the behavior of the radius parameter and the A pa-
rameter of these three sources by using the two pi-
ons correlation function,

Fig. 1 shows the distribution of z coordinate

for pions obtained from the relativistic quantum

Recceived date: 20 Nov., 2003; Corrected date: 11 June 2004
Foundation item: National Natural Science Foundation of China (10275015) ; Multidisciline Scientific Research Foundation of Harbin
Institute of Technology(HIT, MD2002. 16)
Biography. Tang Guixin(1974— ), male(Han Nationality) , Guangxi Guilin, M. D, Working on the high energy heavy-ion collisions
physics.


http://www.cqvip.com

WIM

Tang Gui-xin et al: Sensitivity of HBT Parameters to Shape of x Source

- 189 -

molecular dynamics (RQMD) model(Version 2. 4)
for Au + Au collisions at+fs = 200 A GeV!9,

which is a kind of dynamical transport approach
model. Only pions from directly collision produc-
tion are used, according to the rapidity cutting |y|
< 6 and impact parameter 0<T & < 12. In the left
panel of Fig. 1, the single Gaussian function g(p,
x) is used to {it the histogram of z coordinate. The
fit radius parameter is (55.540. 2) fm. In the fig-
ure, there is pretty large difference betwe.en the
histogram and the curve fitted by Gaussian func-
tion. The shape of z distribution is more compli-
cated than single Gaussian function. With detail
comparison of the histogram to the Gaussian
curve, it is indicated that most of pions are located
in the center of pion-emitted zone, and a part of pi-
ons is produced in the zone (about |z| > 100 fm)
where the probability of pion produced is almost
equal to zero according to the single Gaussian func-
tion. These pions look like belonging to another
Gaussian source. The histogram may be the super-
position of several Gaussian functions. Here we
suggest a simply superposition of two Gaussian
functions. Without consideration of the influence
of the source’s life-time, arbitrary superposition of

two chaotic sources with Gaussian form is

g(p,x) o< Ajexpl— (+/R,)?]
+A23XP[— (r/Rz)zj ’ (2)

where A, and A; represent arbitrary weights of the
two chaotic sources; R, and R, are the radius of the
two Gaussian sources. The curve in the right panel
in Fig, 1 is the results by using this double Gaussi-
an function to fit the histogram of z coordinate. It
is obvious that the =z distribution for pions are
much closer to the superposition of two Gaussian
functions rather than single Gaussian function, if
we compare the fit accuracies of the left and right
panel in Fig. 1. The fit parameters are listed as

follows:

Ay = 80 710. +-168., R, = (20. 24-0.1) fm;

A, = 14748, +43., R, = (123.94+0.2) fm.
Normalizing this double Gaussian function, we can
get A, = 0. 846 and A,= 0. 154. The value of R, is
about six times of R,. Results show that the actual
source can be divided into two Gaussian sources;
the big source (R = 123.9 fm) has smaller weight
than the small source (R = 20. 2 fm) for Au + Au

collisions at 4/s= 200 A GeV. It is also indicated
that most of pions are produced in the center of the
interaction area. The pions produced at the edge of
the interaction area mostly belong to the big

Gaussian source.
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Fig. 1 The distribution of z coordinate for pions fitted by
single Gaussian function (left) and double Gaussian
function(right).

Although the data of the spatial coordinate can
be got from transport model RQMD, it cannot be
got directly from experimental data. In order to get
information about the space structure, one need re-
search identical particles’ interferometry. In the
past decades, there are extensive researches of the
pion interferometry map out the space-time geome-
tryli—12],

As mentioned above, one is always customary
to use the correlation function (1) to fit the mo-
menta distribution of experimental data. In fact,
there will be a wide gap between the fit parameters
and the true data of source if we use this correla-
tion function resulted from single Gaussian func-
tion to fit data from the double Gaussian source. In
order to research the gap, three sources are crea-

ted: two single Gaussian sources with R= 20, 2 fm
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and R= 123. 9 fm respectively, and one double
Gaussian source with A, = 0. 846, R, = 20.2 fm
and A, = 0. 154, R, = 123. 9 fm. Then radius pa-
rameters and A parameters can be obtained by fit-
ting the correlation function.

Fig. 2 shows the two pions correlation function
and the fit curves. The solid lines are the results
using the correlation function to fit. The fit param-
eters are listed as follow:

for Gaussian source{(R= 20. 2 fm),
AW = 1. 015 % 0. 008, R®Y = (20.140.1) fm;
for Gaussian source(R= 123.9 fm),

A® — 1,073+ 0.089, R® = (127.8+ 3.9) fm;

for double Gaussian source,

A — 0.728 + 0. 007, R(B) = (20, 2 + 0. 1) fm.

3

The radius parameter R‘ is equal to R’ in static

error ranges. It indicates that radius parameters
only reflect the information of the center of pions’
source rather than of the edge of pions’ source. In
other word, pions emitted at the edge of zone
don’t influent radius parameter. It mainly depends

on the size of central area of most of the pions

emitted in Au + Au collisions atys = 200 A GeV.
At the same time, the double Gaussian source re-
duces the value of A parameter. As mentioned
above, the decrease of A fit parameter may origi-
nate from the partially coherent sources, the Cou-
lomb interaction, etc. Moreover, our results show
clearly that the decrease of A may result from non-
ideal Gaussian source. While discussing any possi-
ble contribution to A <{ 1, one should consider not
only partially coherent sources, the Coulomb inter-
action, etc. » but also the influence of fitting data
of non-Gaussian source by the correlation function

resulted from Gaussian source.
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