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Two-pion interferometry for partially coherent sources in relativistic
heavy-ion collisions in a multiphase transport model
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We perform two-pion Hanbury-Brown–Twiss (HBT) interferometry for the partially coherent pion-emitting
sources in relativistic heavy-ion collisions using a multiphase transport (AMPT) model. A longitudinal coherent
emission length, as well as a transverse coherent emission length, are introduced to the pion generation
coordinates in calculating the HBT correlation functions of the partially coherent sources. We compare the
model results with and without coherent emission conditions with experimental data in Au-Au collisions at
center-of-mass energy

√
sNN = 200 GeV and in Pb-Pb collisions at center-of-mass energy

√
sNN = 2.76 TeV,

and find that the HBT results of the partially coherent sources are closer to the experimental data than those of
chaotic sources.

DOI: 10.1103/PhysRevC.109.014912

I. INTRODUCTION

Two-pion Hanbury-Brown–Twiss (HBT) correlation is an
important observable to detect the space-time structure of
particle-emitting sources produced in relativistic heavy-ion
collisions [1–6]. Because the two pions emitted coher-
ently have no HBT correlation, this observable can also
be used to study the source coherence [1–6]. Recent mea-
surements of two-pion HBT correlations in Pb-Pb collisions
at the Large Hadron Collider (LHC) [7–9] and measure-
ments in Au-Au collisions at the Relativistic Heavy Ion
Collider (RHIC) [10–13] showed that the two-pion correla-
tion functions near zero relative momentum are substantially
less than 2, corresponding to the magnitude for completely
chaotic sources [1–6]. These observations and the sup-
pression of the multipion correlation functions observed
in Pb-Pb collisions at the LHC [7,14] indicate that the
pion-emitting sources are perhaps partially coherent. How-
ever, there is no widely accepted explanation for these
observations.

Because of the complexity of relativistic heavy-ion colli-
sion systems, the calculations for experimental observables
based on models play an important role in understand-
ing the system properties. A multiphase transport model
(AMPT) has been extensively used in relativistic heavy-
ion collisions [15–33]. In Ref. [34] the authors studied the
two-pion HBT correlation functions for the partially co-
herent pion-emitting sources constructed with the AMPT
model by introducing a coherent emission length LC to the
pion longitudinal freeze-out coordinates. It was assumed that
the emission of the two pions with a longitudinal differ-
ence of freeze-out coordinates smaller than LC is coherent,
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and otherwise it is completely chaotic [33]. They found
that the intercepts of the two-pion correlation functions of
the partially coherent sources with finite coherent emis-
sion lengths are less than those of the completely chaotic
sources in Au-Au collisions at center-of-mass energy

√
sNN =

200 GeV, and in Pb-Pb collisions at center-of-mass energy√
sNN = 2.76 TeV.
As a microscopic transport model, the AMPT model can

provide the coordinates and momenta of the freeze-out parti-
cles at each time step in the source after they are generated.
In this paper we introduce a transverse coherent emission
length and a longitudinal coherent emission length, which are
momentum dependent according to particle de Broglie wave-
length, to identical pion generation coordinates to construct
the partially coherent pion-emitting sources. We calculate
the two-pion correlation functions for the partially coherent
sources in the AMPT model and compare the model re-
sults with experimental data in Au-Au collisions at

√
sNN =

200 GeV [12] and in Pb-Pb collisions at
√

sNN = 2.76 TeV
[9]. We find that the HBT results of partially coherent sources
are closer to experimental data than those of chaotic sources.
The results of coherent fraction for the partially coherent
sources in Pb-Pb collisions are consistent with the values
extracted from the experimental measurements of multipion
HBT correlations [7,14].

The rest of this paper is organized as follows. Section II
presents a brief introduction to the AMPT model and dis-
cusses the generation and freeze-out coordinates of identical
pions generated by quark coalescence and by particle scat-
tering and decay. Section III gives the two-pion correlation
function calculations for the partially coherent and completely
chaotic sources. Model HBT interferometry results in Au-Au
collisions at

√
sNN = 200 GeV, and in Pb-Pb collisions at√

sNN = 2.76 TeV, are presented and compared with experi-
mental data at the RHIC and LHC. We summarize and discuss
this work in Sec. IV.
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II. PION GENERATION AND FREEZE-OUT
IN AMPT MODEL

The AMPT model is a hybrid composed of initialization,
parton transport, hadronization, and hadron transport [17].
It has been successfully used to describe the observables
in high-energy heavy-ion collisions at the RHIC and LHC
[15–32]. The initialization of collisions in the AMPT model
is performed using the HIJING model [35]. The parton and
hadron transport are described by the ZPC (Zhangs parton
cascade) model [36] and ART model [37], respectively. In this
study we use the string melting version of the AMPT model in
which partons are hadronized by the quark coalescence mech-
anism [15,17]. We take the model parameter μ of the parton
screening mass to be 2.2814 fm−1 and the strong coupling
constant αs to be 0.47, corresponding to a parton-scattering
cross section of 6 mb [17].

After hadronization, the generated hadrons may interact
with other particles in the source and may be absorbed or
remain until freeze-out. Some hadrons may also be gener-
ated by particle interactions in the source and hadron decays.
With the AMPT model, we can trace back to the origin of
a freeze-out particle, its generation coordinates, momentum,
and parent. For instance, we can track back step-by-step for
a recorded pion with freeze-out coordinate r f to find its first
appeared position rg, called generation coordinates, according
to the recording files of the AMPT model. Figure 1 shows
the average transverse and longitudinal freeze-out coordinates
(dashed lines) and generation coordinates (solid lines) of iden-
tical pions versus the particle transverse momentum in Au-Au
collisions at

√
sNN = 200 GeV, where panels (a)–(c) are for

all identical (negative) pions, the pions generated by quark
coalescence, and the pions generated by particle scattering
and hadron decays, respectively. In our calculations the cutoff
time for a hadron cascade is taken to be 200 fm/c, as in
previous HBT studies [17]. The impact parameter is taken
to be 0–3 fm. For Au-Au collisions at

√
sNN = 200 GeV,

we take a rapidity cut, |y| < 0.5, as in experimental data
analyses [12]. It can be seen that the average freeze-out co-
ordinates are larger than the average generation coordinates.
The average values for quark coalescence generation are the
smallest, and the average values for the pions generated by
particle scattering and decay are the largest. This is because
pions generated by quark coalescence occur earlier on av-
erage than those generated by particle scattering and decay.
One can also see that the relative difference between the
average freeze-out coordinate and generation coordinate for
quark coalescence is larger than that for particle scattering
and decay.

Figure 2 shows the average transverse and longitudi-
nal freeze-out coordinates (dashed lines) and generation
coordinates (solid lines) of identical pions versus the par-
ticle transverse momentum in Pb-Pb collisions at

√
sNN =

2.76 TeV, where panel (a) is for all of the identical (negative)
pions, (b) is for the pions generated by quark coalescence,
and (c) is for the pions generated by particle scattering and
hadron decays. In the calculations for Pb-Pb collisions, we
take a pseudorapidity cut, |η| < 0.8, as in experimental data
analyses [9]. One can see that the average coordinates are

FIG. 1. Pion average transverse and longitudinal freeze-out co-
ordinates (dashed lines) and generation coordinates (solid lines) in
Au-Au collisions at

√
sNN = 200 GeV. (a) All identical (negative)

pions; (b) the pions generated by quark coalescence; and (c) the pions
generated by particle scattering and decay.

larger in Pb-Pb collisions at
√

sNN = 2.76 TeV than in Au-Au
collisions at

√
sNN = 200 GeV.

III. TWO-PION HBT ANALYSES

A. Calculation of two-pion correlation function in AMPT model

The two-pion HBT correlation function is defined as

C(p1, p2) = P(p1, p2)

P(p1)P(p2)
, (1)

where P(pi ) (i = 1, 2) is the distribution of single-pion mo-
mentum pi, and P(p1, p2) is the two identical pion momentum
distributions in an event.

For a chaotic pion-emitting source, the denominator
and numerator in Eq. (1) can be expressed, respectively,
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FIG. 2. Pion average transverse and longitudinal freeze-out co-
ordinates (dashed lines) and generation coordinates (solid lines) in
Pb-Pb collisions at

√
sNN = 2.76 TeV. (a) All the identical (negative)

pions; (b) the pions generated by quark coalescence; and (c) the pions
generated by particle scattering and decay.

as [2]

P(p1)P(p2) =
∑
X1,X2

A2(p1, X1)A2(p2, X2), (2)

P(p1, p2) =
∑
X1,X2

|�(p1, p2; X1, X2)|2, (3)

where A(pi, Xi ) is the magnitude of the amplitude for emitting
a pion with momentum pi at four-coordinate Xi (freeze-out
coordinates), and

�(p1, p2; X1, X2) = 1√
2

[
A(p1, X1)A(p2, X2)eip1·X1 eip2·X2

+ A(p1, X2)A(p2, X1)eip1·X2 eip2·X1
]
, (4)

where pi is the four-momentum.
Because the HBT effect works on the identical pion pair

with small relative momentum q = p1−p2, we can substitute

A(p j, Xi ) for A(K, Xi ) (i, j = 1, 2) [smoothed approximation,
K = (p1 + p2)/2]. Then we have

P(p1, p2) =
∑
X1,X2

A2(K, X1)A2(K, X2){1 + cos[(p1 − p2)

·(X1 − X2)]}
=

∑
X1,X2

A2(p1, X1)A2(p2, X2){1 + cos[(p1 − p2)

·(X1 − X2)]}. (5)

In relativistic heavy-ion collisions at the RHIC and LHC,
the systems are initially compressed in the beam direction
(longitudinal or z direction) and then expand longitudinally
and transversely. A partially coherent pion-emitting source
was constructed in the AMPT model by introducing a co-
herent emission length LC to the longitudinal freeze-out
coordinates of identical pions [33]. It is assumed that the emis-
sions of the two pions are coherent if they have a longitudinal
distance of freeze-out coordinates less than LC. However, a
constant coherent emission length is too simple. Pions, as the
lightest hadron, have wide de Broglie wavelengths, (h/|p|).
Considering the systems produced in relativistic heavy-ion
collisions are anisotropic in longitudinal and transverse direc-
tions, we respectively introduce longitudinal and transverse
coherent emission lengths as

LCZ = aZ

[
h

k1Z
+ h

k2Z

]
(6)

and

LCT = aT

[
h

k1T
+ h

k2T

]
, (7)

where aZ and aT are two coherent-length parameters deter-
mined by comparing model HBT results with experimental
data, and kiZ and kiT (i = 1, 2) are pion longitudinal and
transverse generation momenta. We assume that the emissions
of two pions with differences of longitudinal and transverse
generation coordinates respectively smaller than LCZ and LCT

are coherent. For this partially coherent source, we have

P(p1, p2) =
∑
X1,X2

A2(p1, X1)A2(p2, X2)R(p1, p2; X1, X2), (8)

where

R(p1, p2; X1, X2) = 1, for �z < LCZ and �rT < LCT, (9)

and

R(p1, p2; X1, X2) = 1 + cos[(p1 − p2) · (X1 − X2)],

otherwise, (10)

where �z = |z1 − z2|, �rT =
√

(x1 − x2)2 + (y1 − y2)2, and
(xi, yi, zi ) (i = 1, 2) are the pion generation coordinates.

Figures 3(a)–3(c) show the two-pion correlation functions
C(q) calculated with all of the identical (negative) pions, the
pions generated by quark coalescence, and by particle scatter-
ing and decay, respectively, in Au-Au collisions at

√
sNN =

200 GeV and with impact parameter 0 < b < 3 fm in the
AMPT model. The correlation functions for the pions gen-
erated by quark coalescence are wider than those for the pions
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FIG. 3. Two-pion correlation functions C(q) for pion-emitting
sources with different coherent-length parameters, (aZ = 0, aT = 0),
(aZ = 0.3, aT = 1), (aZ = 0.3, aT = 3), and (aZ = 1, aT = 3), in Au-
Au collisions at

√
sNN = 200 GeV, with impact parameter 0 < b < 3

fm in the AMPT model. Results calculated with (a) all of the identical
(negative) pions, (b) the pions generated by quark coalescence, and
(c) the pions generated by particle scattering and decay.

generated by particle scattering and decay, because the for-
mer have smaller average freeze-out coordinates (see Fig. 1).
In Figs. 3(a)–3(c), the circle, up-triangle, down-triangle, and
square symbols denote the coherent-length parameters (aZ

= 0, aT = 0), (aZ = 0.3, aT = 1), (aZ = 0.3, aT = 3), and
(aZ = 1, aT = 3), respectively. One can see that the corre-
lation function values for the partially coherent sources are
less than those for completely chaotic sources (aZ = aT = 0)
at small relative momenta. Also, one can see that the differ-
ence between the correlation functions of a partially coherent
source and chaotic source at small q is greater for the quark
coalescence generation than that for the generation of particle
scattering and decay. This is because that the smaller average
generation coordinates for quark coalescence generation lead
to a greater effect than that for the generation of particle scat-
tering and decay, with the same coherent-length parameters.

Figures 4(a)–4(c) respectively show the two-pion corre-
lation functions C(q) calculated with all of the identical
(negative) pions, the pions generated by quark coalescence,
and the pions generated by particle scattering and decay in

FIG. 4. Two-pion correlation functions C(q) for pion-emitting
sources with different coherent-length parameters, (aZ = 0, aT = 0),
(aZ = 0.3, aT = 1), (aZ = 0.3, aT = 3), and (aZ = 1, aT = 3), in Pb-
Pb collisions at

√
sNN = 2.76 TeV, with impact parameter 0 < b < 3

fm in the AMPT model. Results calculated with (a) all of the identical
(negative) pions, (b) the pions generated by quark coalescence, and
(c) the pions generated by particle scattering and decay.

Pb-Pb collisions at
√

sNN = 2.76 TeV and with impact pa-
rameter 0 < b < 3 fm in the AMPT model, where the circle,
up-triangle, down-triangle, and square symbols mean the
same as in Fig. 3. Compared to the correlation functions in
Au-Au collisions, the two-pion correlation functions in Pb-Pb
collisions are narrower because the average source sizes in
Pb-Pb collisions are larger.

B. Interferometry results

In two-pion HBT analyses, the fitting correlation function
is usually the Gaussian form,

C(qout, qside, qlong) = κ
(
1 + λ e−q2

outR
2
out−q2

sideR2
side−q2

longR2
long

)
,

(11)
where qout, qside, and qlong are the Bertsch-Pratt variables
[38,39], which respectively denote the components of the
relative momentum q in the transverse “out” (parallel to the
transverse momentum of the pion pair KT), transverse “side”
(in the transverse plane and perpendicular to KT), and lon-
gitudinal (“long”) directions in the longitudinally comoving
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FIG. 5. Two-pion correlation functions with respect to relative
momenta qi, j,k (i, j, k = out, side, long) for chaotic and partially co-
herent sources in Au-Au collisions at

√
sNN = 200 GeV with impact

parameter 0 < b < 3 fm in the AMPT model. (Top) All of the pions,
(middle) pions generated by quark coalescence, and (bottom) pions
generated by particle scattering and decay.

system (LCMS) frame [6]; κ is a normalization parameter; λ

is the chaoticity parameter for the partially coherent source;
and Rout, Rside, and Rlong are the HBT radii in the respective
out, side, and long directions.

Figure 5 shows projections of the two-pion correlation
functions C(qout, qside, qlong) in the out, side, and long di-
rections for chaotic and partially coherent sources in Au-Au
collisions at

√
sNN = 200 GeV, with impact parameter 0 <

b < 3 fm in the AMPT model, where the top panels are for
all of the identical pions, middle panels are for the pions
generated by quark coalescence, and bottom panels are for the
pions generated by particle scattering and decay. For each rel-
ative momentum direction, the projections of the correlation
functions are obtained from the three-dimensional correlation
functions by averaging the relative momenta in the other two
directions over 0–20 MeV/c. Dashed lines in the figure are the
fitting curves of Eq. (11). In the calculations the longitudinal
and transverse coherent-length parameters for the partially
coherent sources are taken as aZ = 0.5 and aT = 1.8, respec-
tively, according to the comparison of the fitted HBT results
in the AMPT model with experimental data [12] in different
intervals of transverse momentum of the pion pair. The total
number of events in the model calculations is 3 × 104.

Figure 6 shows projections of the two-pion correlation
functions C(qout, qside, qlong) in the out, side, and long di-
rections for chaotic and partially coherent sources in Pb-Pb
collisions at

√
sNN = 2.76 TeV, with impact parameter 0 <

b < 3 fm in the AMPT model. In calculations in Pb-Pb
collisions, the longitudinal and transverse coherent-length pa-
rameters for the partially coherent sources are taken to be
aZ = 0.8 fm and aT = 2.5, respectively, according to the
comparison of the fitted HBT results in the AMPT model
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FIG. 6. Two-pion correlation functions with respect to relative
momenta qi, j,k (i, j, k = out, side, long) for chaotic and partially co-
herent sources in Pb-Pb collisions at

√
sNN = 2.76 TeV, with impact

parameter 0 < b < 3 fm in the AMPT model. (Top) All of the pions,
(middle) pions generated by quark coalescence, and (bottom) pions
generated by particle scattering and decay.

with experimental data [9] in different intervals of transverse
momentum of the pion pair. The total number of events in the
mode calculations in Pb-Pb collisions is 6 × 103.

One can see that the intercepts of the correlation functions
of partially coherent sources at zero relative momentum are
lower than those of chaotic sources. This effect is most sig-
nificant for the pions generated by quark coalescence and the
least significant for the pions generated by particle scattering
and decay. This is because the average generation coordinate
of pions generated by quark coalescence is the smallest, and
that of pions generated by particle scattering and decay is the
largest.

Figure 7 shows the results of the fitted HBT radii Rout,
Rside, and Rlong, ratio Rout/Rside, and chaoticity parame-
ter λ for chaotic and partially coherent sources in AMPT
Au-Au collisions at

√
sNN = 200 GeV, with impact param-

eter 0 < b < 3 fm, in the transverse momentum intervals
of pion pair KT < 200 MeV/c, 200 � KT < 300 MeV/c,
300 � KT < 400 MeV/c, 400 � KT < 500 MeV/c, 500 �
KT < 600 MeV/c, and 600 � KT < 1000 MeV/c. The exper-
imental data in Au-Au collisions at

√
sNN = 200 GeV with

centralities 0%–5% and 10%–20% [12] are also shown in
Figs. 7(a)–7(e) for comparison. We found that increasing the
longitudinal coherent-length parameter aZ leads to a decrease
of λ and increase of Rlong, while increasing the transverse
coherent-length parameter aT decreases λ and increases Rside

and Rout. However, the increase of aT does not improve the
results of Rout/Rside. Finally, we took the longitudinal and
transverse coherent-length parameters aZ and aT to be 0.5
and 1.8, respectively, for the partially coherent source. One
can see that the model HBT radii and chaoticity parameter
of the partially coherent source are closer to the experimental
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FIG. 7. Two-pion HBT results (Rout, Rside, Rlong, Rout/Rside, λ) for
the chaotic and partially coherent source and the coherent fraction
(CF ) of partially coherent source, with respect to transverse momen-
tum of pion pair KT, in Au-Au collisions at

√
sNN = 200 GeV with

impact parameter 0 < b < 3 fm in the AMPT model. Experimental
data [12] in Au-Au collisions at

√
sNN = 200 GeV with centralities

0%–5% and 10%–20% are presented for comparison.

data compared to those of the chaotic source. The middle and
right panels in Fig. 7 show the results for chaotic and partially
coherent sources with the pions generated by quark coales-
cence and particle scattering and decay, respectively. One can
see that the results of λ for quark coalescence show great
differences between chaotic and partially coherent sources.
However, the corresponding differences of λ values are small
in the case of particle scattering and decay.

With the numbers of coherent-emission pion pairs nc =
Nc(Nc − 1)/2 and total pion pairs nt = Nt (Nt − 1)/2, where
Nc and Nt are the corresponding pion numbers, we can obtain

the source coherent fraction CF = Nc/Nt . In Figs. 7(e), 7(e′),
and 7(e′′), the square symbols give the results of coherent
fraction for the partially coherent source in Au-Au collisions
at

√
sNN = 200 GeV in the AMPT model. At small transverse

momenta of the pion pair, the values of coherent fraction are
mainly determined by pion longitudinal momentum. How-
ever, the decrease of coherent fraction with increasing KT at
large transverse momenta of a pion pair is mainly determined
by the increase of pion transverse momentum at large trans-
verse momenta of a pion pair, which leads to a decrease of LCT

[see Eq. (7)]. Table I presents the ratio of coherent pion-pair
number to total pion-pair number, nc/nt , and the correspond-
ing coherent fraction CF , where the superscripts (1), (2), and
(3) are for the “all,” “coales,” and “scatt + decay” cases in
Fig. 7, respectively. One can see that the results of n(2)

c /n(2)
t

are largest and the results of n(3)
c /n(3)

t are smallest, because the
average generation coordinate of the pions generated by quark
coalescence is smallest and the average generation coordinate
of the pions generated by particle scattering and decay is
largest. This leads to the largest results of CF (2) and smallest
results of CF (3). The result in the “(1)” case is between the
results in the “(2)” and “(3)” cases.

Figure 8 shows the results of the fitted HBT radii Rout,
Rside, and Rlong, ratio Rout/Rside, and chaoticity parame-
ter λ for chaotic and partially coherent sources in AMPT
Pb-Pb collisions at

√
sNN = 2.76 GeV, with impact param-

eter 0 < b < 3 fm, in the transverse momentum intervals
of pion pair KT < 250 MeV/c, 250 � KT < 350 MeV/c,
350 � KT < 450 MeV/c, 450 � KT < 550 MeV/c, 550 �
KT < 650 MeV/c, 650 � KT < 750 MeV/c, 750 � KT <

850 MeV/c, and 850 � KT < 1200 MeV/c. Figure 8 also
shows the coherent fraction CF of partially coherent source in
the AMPT model and the experimental data of HBT radii in
Pb-Pb collisions at

√
sNN = 2.76 GeV with centralities 0%–

5% and 10%–20% [9] for comparison. The numerical results
of CF are presented in Table II with the ratios nc/nt . The be-
haviors of the ratio nc/nt and coherent fraction CF in the cases
for all the pions, the pions generated by quark coalescence,
and the pions generated by particle scattering and decay are
similar to those in Au-Au collisions.

In comprehensively comparing the model HBT radii Rout,
Rside, and Rlong with the experimental data, and the CF results
with the values extracted from experimental measurements of
multipion HBT correlations [7,14], we took the longitudinal
and transverse coherent-length parameters aZ and aT to be

TABLE I. Ratio of coherent pion-pair number nc/nt and coherent fraction CF in Au-Au collisions at
√

sNN = 200 GeV in the AMPT
model. The superscripts (1), (2), and (3) are for all of the generated pions, the pions generated by quark coalescence, and the pions generated
by particle scattering and decay, respectively.

Au-Au@200 GeV n(1)
c /n(1)

t CF (1) n(2)
c /n(2)

t CF (2) n(3)
c /n(3)

t CF (3)

KT < 200 MeV/c 0.122 0.350 0.170 0.413 0.106 0.325
200 � KT < 300 MeV/c 0.140 0.374 0.207 0.455 0.117 0.343
300 � KT < 400 MeV/c 0.148 0.385 0.233 0.483 0.118 0.343
400 � KT < 500 MeV/c 0.153 0.391 0.244 0.494 0.117 0.342
500 � KT < 600 MeV/c 0.149 0.386 0.236 0.486 0.110 0.331
600 � KT < 1000 MeV/c 0.147 0.384 0.226 0.476 0.106 0.326
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TABLE II. Ratio of coherent pion-pair number nc/nt and coherent fraction CF in Pb-Pb collisions at
√

sNN = 2.76 TeV in the AMPT
model. The superscripts (1), (2), and (3) are for all of the generated pions, the pions generated by quark coalescence, and the pions generated
by particle scattering and decay, respectively.

Pb-Pb@2.76 TeV n(1)
c /n(1)

t CF (1) n(2)
c /n(2)

t CF (2) n(3)
c /n(3)

t CF (3)

KT < 250 MeV/c 0.100 0.316 0.133 0.364 0.086 0.293
250 � KT < 350 MeV/c 0.106 0.326 0.146 0.382 0.089 0.298
350 � KT < 450 MeV/c 0.103 0.321 0.145 0.381 0.082 0.287
450 � KT < 550 MeV/c 0.099 0.314 0.140 0.374 0.077 0.277
550 � KT < 650 MeV/c 0.093 0.305 0.130 0.360 0.072 0.268
650 � KT < 750 MeV/c 0.088 0.297 0.121 0.347 0.068 0.260
750 � KT < 850 MeV/c 0.083 0.289 0.111 0.334 0.064 0.252
850 � KT < 1200 MeV/c 0.077 0.277 0.096 0.310 0.060 0.245

0.8 and 2.5, respectively, for the partially coherent source.
One can see from Figs. 8(a)–8(e) that the model HBT radii
of the partially coherent source are closer to the experimental
data than those of the chaotic source. Also, the results of co-
herent fraction of the partially coherent source are consistent
with the values 0.23 ± 0.08 extracted from the experimen-
tal measurement of three-pion HBT correlation functions [7]
and 0.32 ± 0.03(stat) ± 0.09(syst) extracted from the experi-
mental measurement of four-pion HBT correlation functions

FIG. 8. Two-pion HBT results (Rout, Rside, Rlong, Rout/Rside, λ) for
the chaotic and partially coherent source and the coherent fraction
(CF ) of partially coherent source, with respect to transverse momen-
tum of pion pair KT, in Pb-Pb collisions at

√
sNN = 2.76 TeV with

impact parameter 0 < b < 3 fm in the AMPT model. Experimental
data [9] in Pb-Pb collisions at

√
sNN = 2.76 TeV with centralities

0%–5% and 10%–20% are presented for comparison.

[14]. The middle and right panels in Fig. 8 show the results
for the chaotic and partially coherent sources with the pions
generated by quark coalescence and particle scattering and de-
cay, respectively. One can see that the differences between the
λ values for chaotic and partially coherent sources are great in
the case of quark coalescence. However, the differences of λ

values between the chaotic and partially coherent sources are
slight in the case of particle scattering and decay.

IV. SUMMARY AND DISCUSSION

We performed two-pion interferometry for pion-emitting
sources in relativistic heavy-ion collisions in the AMPT
model. A partially coherent source was constructed by in-
troducing momentum-dependent longitudinal and transverse
coherent emission lengths LCZ and LCT, based on pion de
Broglie wavelength, in the calculations of two-pion HBT cor-
relation functions. The two pions generated with longitudinal
distance smaller than LCZ and with transverse distance smaller
than LCT were assumed to be emitted coherently and without
HBT correlation. We compared the HBT results in the AMPT
model with experimental data in Au-Au collisions at

√
sNN =

200 GeV and in Pb-Pb collisions at
√

sNN = 2.76 TeV. We
found that the HBT chaoticity parameter λ decreases with
increasing LCZ and LCT. The results of HBT radii Rout, Rside,
Rlong, and chaoticity parameter λ of partially coherent sources
in the AMPT model are closer to the experimental data in
Au-Au collisions at

√
sNN = 200 GeV at the RHIC compared

to those of chaotic sources. Also, the results of Rout, Rside, and
Rlong of the partially coherent sources in the AMPT model are
closer to the experimental data in Pb-Pb collisions at

√
sNN =

2.76 TeV at the LHC compared to those of the chaotic sources.
The results of a coherent fraction of partially coherent source
in Pb-Pb collisions in the AMPT model are consistent with the
values extracted by experimental measurements of multipion
HBT correlations. We investigated the two-pion HBT results
for chaotic and partially coherent sources constructed with
the pions generated by quark coalescence and by particle
scattering and decay, and found that the chaoticity parameter
values of partially coherent sources are significantly less than
those of chaotic sources for quark coalescence pions.

With the AMPT model, one can trace back a freeze-out par-
ticle to its generation coordinates, momentum, and parent. It
is useful for studying the underlying physics of experimental

014912-7



WANG, YE, AND ZHANG PHYSICAL REVIEW C 109, 014912 (2024)

observables. The work presented in this paper provides a
possible relationship between pion generation and the HBT
observable, the two-pion correlation function. However, it
does not affect the explanations that the AMPT model pro-
vides to other observables, such as single-particle spectra and
collective flows. In this study the coherent-length parameters
aZ and aT are determined by comparing the model HBT
results with experimental data. They are model dependent.
Physically, the parameters are related to the thermodynamical
environment of particle production. Investigating the depen-
dence of the coherent parameters on source thermodynamical
properties and obtaining more general coherent parameters
will be of interest. Pions, as the lightest hadron, may involve
quantum effects in their production and propagation in the

sources. It is possible that some of these effects remain and
affect two- and multipion HBT correlations, the observables
from quantum statistics. In relativistic heavy-ion collisions,
the suppressions of two- and multipion HBT correlation func-
tions at small relative momenta may indicate the pion-emitting
sources are partially coherent. More detailed studies of the
suppressions of pion HBT correlations in relativistic heavy-
ion collisions will be of interest.
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[39] S. Pratt, T. Csörgő, and J. Zimányi, Phys. Rev. C 42, 2646

(1990).

014912-8

https://doi.org/10.1103/PhysRevC.20.2267
https://doi.org/10.1016/S0370-1573(99)00032-0
https://doi.org/10.1016/S0370-1573(99)00114-3
https://doi.org/10.1146/annurev.nucl.55.090704.151533
https://doi.org/10.1103/PhysRevC.89.024911
https://doi.org/10.1103/PhysRevC.92.054908
https://doi.org/10.1103/PhysRevC.93.024905
https://doi.org/10.1103/PhysRevLett.87.082301
https://doi.org/10.1103/PhysRevLett.93.152302
https://doi.org/10.1103/PhysRevC.71.044906
https://doi.org/10.1103/PhysRevC.81.024911
https://doi.org/10.1103/PhysRevC.93.054908
https://doi.org/10.1103/PhysRevC.65.034904
https://doi.org/10.1088/0954-3899/30/1/031
https://doi.org/10.1103/PhysRevC.72.064901
https://doi.org/10.1103/PhysRevC.82.054908
https://doi.org/10.1103/PhysRevC.83.021903
https://doi.org/10.1016/j.physletb.2013.02.028
https://doi.org/10.1016/j.nuclphysa.2013.10.008
https://doi.org/10.1103/PhysRevLett.113.252301
https://doi.org/10.1103/PhysRevC.93.054911
https://doi.org/10.1103/PhysRevC.96.014901
https://doi.org/10.1088/1361-6471/ab2ba4
https://doi.org/10.1103/PhysRevC.101.014908
https://doi.org/10.1103/PhysRevC.102.014906
https://doi.org/10.1103/PhysRevC.103.064909
https://doi.org/10.1103/PhysRevC.104.014907
https://doi.org/10.1103/PhysRevC.104.064902
https://doi.org/10.1088/1361-6471/abcb59
https://doi.org/10.1140/epja/s10050-022-00897-2
https://doi.org/10.1088/1674-1137/abcd8d
https://doi.org/10.3389/fphy.2022.835592
https://doi.org/10.1103/PhysRevD.44.3501
https://doi.org/10.1016/S0010-4655(98)00010-1
https://doi.org/10.1103/PhysRevC.52.2037
https://doi.org/10.1103/PhysRevC.37.1896
https://doi.org/10.1016/0375-9474(89)90597-6
https://doi.org/10.1103/PhysRevC.42.2646

