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Abstract: This study examines the impact of the squeezing effect caused by the in-medium mass modification of
particles on the three-dimensional Hanbury Brown-Twiss (HBT) radii. An analysis is conducted on how the squeez-
ing effect impacts the three-dimensional HBT radii of ¢¢, DY DO, and K+ K*. The squeezing effect suppresses the

impact of transverse flow on the transverse source distribution and broadens the space-time rapidity distribution of

the particle-emitting source, leading to an increase in the HBT radii, particularly in the out and longitudinal direc-

tions. This phenomenon becomes more significant for higher transverse pair momentum, resulting in a non-mono-

tonic decrease in the HBT radii with increasing transverse pair momentum. The impact of the squeezing effect on the
HBT radii is more pronounced for D% DO than for ¢¢. Furthermore, this effect is also more significant for ¢¢ than

for K* K*. The findings presented in this paper could offer fresh perspectives on investigating the squeezing effect.
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I. INTRODUCTION

The Hanbury Brown-Twiss (HBT) correlation, com-
monly referred to as the Bose-Einstein correlation, has
become an important observable for investigating the spa-
tial and temporal structure of particle-emitting sources
created in relativistic heavy-ion collisions [1-6]. HBT
radii are key parameters in HBT analyses that provide in-
sights into the spatial and temporal dimensions of
sources.

Because of their interactions with source media, the
mass of the particles in the medium may vary from their
vacuum mass. This variation can result in a squeezing ef-
fect, leading to an experimental observable known as
squeezed back-to-back correlation (SBBC) between bo-
sons and antibosons [7—16]. For sources that have a broad
temporal distribution, the SBBC may be completely sup-
pressed [10, 13]. Consequently, even with the squeezing
effect, SBBC cannot provide feedback for sources with a
broad temporal distribution. The squeezing effect influ-
ences the HBT correlation by reducing the impact of flow
[10, 16], leading to a non-flow behavior in the one-di-
mensional HBT radii. Even for sources with broad tem-
poral distributions, this non-flow behavior persists in the
HBT radii [16]. Thus, the non-flow behavior of the HBT
radii offers a new way to study squeezing effects beyond
SBBC. Previous research on the influences of the squeez-
ing effect on HBT was based on the spherically symmet-
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ric Gaussian expanding source [10, 16]. In fact, the
sources formed in relativistic heavy-ion collisions are not
spherically symmetric. In addition, one-dimensional HBT
radii can not provide detailed information for each di-
mension. Hence, the impact of the squeezing effect on
three-dimensional HBT radii must be studied further.

In this study, a locally thermalized cylinder expan-
sion source [17, 18] is used to study the influences of the
squeezing effect on three-dimensional HBT radii. The
squeezing effect on the three-dimensional HBT radii of
#¢ and D’ D is shown. The impact of the squeezing ef-
fect is more pronounced for the heavier bosons, which
significantly influences the HBT results [16]. In addition,
owing to their electrically neutral nature, ¢ and D° are not
influenced by the Coulomb effect, making them better
probes than charged bosons for investigating the squeez-
ing effect.

Currently, there are no HBT experimental measure-
ments for ¢¢ and D°DP. Most experiments are for HBT
measurements and analysis involving two pions and two
kaons [19-30]. Owing to their higher mass, kaons may
serve as a more effective probe for studying the squeez-
ing effect in HBT radii compared to pions. Thus, we also
investigate the impact of the squeezing effect on the
three-dimensional HBT radii of K*K*.In the calcula-
tions, the Coulomb effect is not considered.

The squeezing effect affects the HBT radii by sup-
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pressing the influence of transverse flow on the trans-
verse source distribution and increasing the width of the
space-time rapidity distribution of the particle-emitting
source, ultimately increasing the HBT radii, particularly
for large transverse pair momentum Kr. Consequently,
the HBT radii no longer decreases monotonically with
K7 . This phenomenon is referred to as the non-flow beha-
vior of the HBT radii [16]. This strange HBT radii beha-
vior may offer new insights into the study of squeezing
effects. The squeezing effect has a more significant im-
pact on R, and R; than R,. The impact of the squeezing
effect on HBT radii is enhanced for bosons with larger
masses and at lower freeze-out temperatures.

The ¢, D, and kaon mesons serve as excellent probes
for investigating the quark-gluon plasma (QGP) gener-
ated during relativistic heavy-ion collisions because they
contain either a strange or a charm quark, which are
known to experience the complete QGP evolution result-
ing from these collisions. A great deal of attention has
been triggered by the latest investigations into experi-
mental data related to the ¢, D, and kaon mesons [31-65].
In addition, it was anticipated that the interactions with
the medium would induce modifications to the masses of
¢, D, and kaon mesons within the particle-emitting
sources produced during relativistic heavy-ion collisions
[66—75]. Consequently, the analysis presented in this pa-
per applies to relativistic heavy-ion collisions.

The rest of the paper is organized as follows: Section
II presents the equations of the HBT correlation function
with the squeezing effect for cylinder expansion sources.
Additionally, this section presents the formulas of the
three-dimensional HBT radii based on a Gaussian form.
Section III examines the impact of the squeezing effect
on the distributions of sources for the ¢, D°, and K*
mesons. It also analyzes how the squeezing effect influ-
ences the three-dimensional HBT radii of ¢4, D°D°, and
K* K*. Finally, Sec. IV concludes the paper with a sum-
mary and discussion.

Io. FORMULAS

The HBT correlation function of two identical bo-
sons was defined as [1—6]

2

‘/d“rS (r, K)eld"

C(q.K) =1+ (1)

/ d*rS (r,k))d*rS (r, ky)

S (r,k) denotes the emission function. The momenta of the
two bosons are denoted by k; and k,, respectively. Addi-
tionally, q =k; -k, and K= (k; +k;)/2 are the relative
and pair momentum of two identical bosons. For cylin-
der expansion sources, the emission function can be rep-
resented as [17, 18]

S (r,k) = My cosh(n—Y) f(r,k)

2

r2 n
X exp (-21% - 2(577)2) 8(t —10). )

Here, M; = \/m?+k3 is the transverse mass, where m

and kr = \/ki+k} are the mass and the transverse mo-
mentum of boson in a vacuum, respectively. Y is the
rapidity of the boson. r; = \/x2+y*> and n= %1n[(r+z)/
(t—z)] are the transverse coordinate and the space-time
rapidity, respectively. R, and 65 are the parameters that
govern the width of the transverse distribution and the
width of the space-time rapidity distribution, respectively.
7= V2 —7* isthe proper time. In this study, it is as-
sumed that the bosons freeze-out at a constant proper
time y. f(r,k) is the momentum distribution of the bo-
sons at the freeze-out point ». When the squeezing effect
is not taken into account, the boson f(r,k) is [17, 18]

1
explktu,(r)/T]1-1

frk) = )

k¥ = (Ex = VK2 +m?,k) is the four-momentum of the bo-
son. T is the freeze-out temperature of the boson. u,(r) is
the four-velocity, which was assumed as [17, 18]

u,(r) = (coshrcoshny,sinhnrér,sinhncoshnyr),  (4)

Here, é; = (x/rr,y/rr). The transverse flow rapidity, de-
noted as 7y, is defined as [18]

rr
NT = NTmax 35— rr < RG’
ks (5)

Nt = NTmax rr2 RG'

The value of nrma 1S

1

71n<1+ﬁ> here 8
5 -5 , where £ is a parameter.

When the squeezing effect is considered, f(r,k) be-
comes [1—10, 16]

calculated using nrmax =

f@r k) =law P + sl (noe + 1), (6)

¢ =cosh[ 7 ], s = sinh[ r ], (7
1

Nne = EIOg [Ex /& ], 3

Ew(r) = VK2(r)+m? = K'u,(r), 9
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ew(r) = VK2 +m2 = \/[Ex(MP-m2+m2,  (10)

1

" b (VT —1 (a
Here, k’ denotes the local-frame momentum correspond-
ing to k, while m, refers to the mass of the boson in the
source medium. When m, =m, it means there is no
change in mass in the medium, causing f(r,k) in Eq. (6)
to be equal to f(r,k) in Eq. (3). This condition, where
m, =m, also implies that the squeezing effect is not con-
sidered in the calculations.

The Gaussian form of the HBT correlation function
can be expressed as [18]:

C(q.K) = 1+ 2expl-¢;Ro(K) - ¢, RX(K) - ¢/ RF(K)],  (12)
Here, A represents the coherence parameter. ¢; is the spa-
tial component of q in the beam direction ("longitudinal"
direction), while ¢, and g, are the spatial components of
q parallel to the transverse component K; of K ("out"
direction) and perpendicular to the transverse component
K; ("side" direction), respectively. R2, R?, and R} were
expressed as [17, 18]

R = ((ry=Bo0)) = (ro = Bot)’ (13)
R =(r), (14)
R} = (r,—B)*y — (1= Bit)?, (15)

Here, the average notation is defined as

/ d*reS (r,K)

(=" (17)
/d4rS(r,K)

1. RESULTS

In this section, the impact of the squeezing effect on
the three-dimensional HBT radii of ¢¢, D°D°, and K* K*
is shown. In the calculations, the parameters R and o7
are considered to be 6 fm and 3.0 [18], respectively, rep-
resenting the transverse width and the space-time rapid-
ity width of the source. The parameter 7, is taken to be

10 fm/c [18]. The transverse expansion velocity of the
source is determined by the parameter § and is set to 0,
0.3, and 0.5.

The masses of the particles ¢, D°, and K* in a vacu-
um, represented by m, are known to be 1.01946 GeV,
1.86484 GeV, and 0.49368 GeV [76], respectively. The
mass modification in a medium is represented by dm,
where 6m=m—-m,. If é6m=0, this indicates that the
squeezing effect is not considered in the calculations. In
the pionic medium, it is anticipated that the masses of the
particles ¢, D°, and K* will decrease [66, 70]. Thus, ém
is assumed to be greater than 0. The freeze-out temperat-
ure for the ¢ meson is considered to be 0.14 GeV [9, 16],
with a comparative analysis performed for 0.15 GeV. The
freeze-out temperature for the D° meson is set to 0.14
GeV and 0.15 GeV, and the freeze-out temperature for
the K* meson is similarly set to 0.14 GeV and 0.15 GeV.
The rapidity Y is considered to be within the range of
(-=1,1), except in the longitudinally co-moving system
(LCMS) shown in Figs. 3, 7, and 11. In the LCMS, Y=0
[3,17].

A. ¢¢

In Fig. 1, the normalized distributions of the trans-
verse coordinate of the ¢ emission sources are shown for
kr values of 0.5 GeV and 1.5 GeV. Here, T'= 0.14 GeV
in plots (a) and (b) and 7= 0.15 GeV in plots (c) and (d).
B =0 indicates that velocity expansion is absent in the
transverse plane and that the transverse source distribu-
tions for kr = 1.5 GeV are identical to those for ki = 0.5
GeV. When the squeezing effect is not considered
(6m = 0), the transverse flow leads to a shift in the trans-
verse source distributions for k& = 0.5 GeV toward a
smaller transverse coordinate r;. However, in the trans-
verse source distributions for kr = 1.5 GeV, it leads to a
shift toward a larger transverse coordinate ry. This oc-
curs because particles with low transverse momentum are
more likely to be produced in greater quantities at lower
transverse velocities, while locations with higher trans-
verse velocities tend to generate more high transverse
momentum particles. In the model discussed in this pa-
per, the transverse flow increases as the transverse co-
ordinate r; increases. With the increase in transverse ve-
locity, this phenomenon becomes more pronounced. This
phenomenon is slighlty more pronounced for 7 =0.14
GeV than for T =0.15 GeV. The mass of the ¢ meson is
expected to decrease around 0.01 GeV in the pionic me-
dium [70]. When considering the squeezing effect, the ém
for a ¢ meson is taken as 0.01 GeV, as in Figs. 1-3. For
B =0, the squeezing effect does not affect the transverse
source distribution. However, for 8> 0, the squeezing ef-
fect reduces the influence of transverse flow on the trans-
verse source distribution at k; = 1.5 GeV while having no
impact at k; = 0.5 GeV. This phenomenon is more pro-
nounced for 7= 0.14 GeV.
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Fig. 1. (color online) Normalized distributions of the trans-

verse coordinate of the ¢ emission sources for kr = 0.5 GeV
and 1.5 GeV. Here, T = 0.14 GeV in plots (a) and (b) and
T=0.15 GeV in plots (c) and (d).
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Fig. 2. (color online) Normalized distributions of || for the
¢ emission sources at k7 = 0.5 GeV and 1.5 GeV.

In Fig. 2, the normalized distributions of || for the ¢
emission sources for kr = 0.5 GeV and 1.5 GeV are
shown. Here, 7 is the space-time rapidity. For ém = 0, the
transverse flow reduces both the width of the temporal
distribution and the width of the longitudinal distribution
of the sources. The squeezing effect leads to the widen-
ing of the source space-time rapidity distribution, which
is more obvious for kr = 1.5 GeV. This phenomenon is
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Fig. 3. (color online) HBT radii R,, Ry, and R; of ¢¢ with re-
spect to the transverse pair momentum Kr. The plots illus-
trate the results of R, in (a) and (b), R, in (¢) and (d), and R; in
(e) and (f). The lines represent the results for Y within the
range of (-1,1), while the symbols denote the results calcu-
lated in the LCMS.

more pronounced for lower transverse flow or smaller
freeze-out temperatures.

For the discussed model, ¢ =7coshn and z = rsinhz.
Therefore, by reducing the width of the source space-time
rapidity distribution, the transverse flow reduces the
width of the temporal distribution of the longitudinal dis-
tribution. However, the squeezing effect leads to the
widening of the source space-time rapidity distribution,
which results in an expansion of both the temporal distri-
bution and the longitudinal distribution of the source.

Figure 3 shows the HBT radii R,, R,, and R, of ¢¢
with respect to the transverse pair momentum K. The
plots illustrate the results of R, in (a) and (b), R, in (c)
and (d), and R, in (e) and (f). The lines represent the res-
ults for ¥ within the range (-1, 1), while the symbols de-
note the results calculated in the LCMS. In this para-
graph, the results for Y in the range (—1,1) are discussed
first, followed by a discussion of the differences between
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these results and those obtained in the LCMS. The value
of R, is related to the temporal and transverse spatial dis-
tribution of the source. When the squeezing effect is not
considered (6m = 0), the transverse flow causes a reduc-
tion in the transverse spatial distribution width, particu-
larly for large K (see Fig. 1). Furthermore, the trans-
verse flow slightly diminishes the width of the source
space-time rapidity distribution (see Fig. 2), leading to a
decrease in the width of the source temporal distribution.
Therefore, under the influence of the transverse flow, R,
decreases as Ky increases for 8> 0. The squeezing effect
reduces the influence of transverse flow on the transverse
source distribution for large kr (see Fig. 1 (b) and (d))
while having no impact for small k; (see Fig. 1 (a) and
(¢)). Moreover, the squeezing effect results in the widen-
ing of the source space-time rapidity distribution, con-
sequently expanding the temporal distribution of the
source, particularly for large k; (see Fig. 2). As a result,
the squeezing effect leads to an increase in R,, which is
more pronounced at high Kr values. The value of R, is
only related to the transverse spatial distribution of the
source. When 8 =0, the squeezing effect has no impact
on the transverse source distribution (see Fig. 1), thus not
influencing R, either. For 8> 0, the squeezing effect
leads to an increase in R, which is more pronounced at
high K7 values. This outcome is due to the impact of the
squeezing effect on the transverse source distribution.
The value of R, is related to the temporal and longitudin-
al spatial distribution of the source. The squeezing effect
leads to the widening of the source space-time rapidity
distribution, which results in an expansion of both the
temporal distribution and the longitudinal distribution of
the source. These effects are more pronounced for large
kr. Hence, the squeezing effect leads to an increase in R;,
which is more pronounced at high K; values. The
squeezing effect has a more significant impact on R, and
R; than R,. The squeezing effect has a slightly greater im-
pact on R,, R;, and R, at T =0.14 GeV compared to
T =0.15 GeV. R,, R,, and R, no longer monotonically
decreasing with increasing K; because the squeezing ef-
fect is more pronounced at high K is called the non-flow
behavior of the HBT radii [16]. The R, calculated in the
LCMS is slightly lower than that calculated for Y in the
range (—1,1). Conversely, the R, calculated in the LCMS
is the same as that calculated for Y in the range (-1,1).
However, the R; calculated in the LCMS is greater than
that calculated for Y in the range (—1,1). The impact of
the squeezing effect on the HBT radii in the LCMS is
similar to its impact on the HBT radii for Y in the range
(—=1,1). When accounting for the squeezing effect, the dif-
ference between the values of R, and R, calculated in the
LCMS and the values of R, and R, for Y within the range
(=1,1) is greater than the difference observed without the
squeezing effect.

Figure 4 shows the HBT radii R,, R,, and R, of ¢¢
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Fig. 4. (color online) HBT radii R,, Ry, and R; of ¢¢ with re-
spect to the in-medium mass modification 6m for Kr = 0.5
GeV and 1.5 GeV. The plots illustrate the results of R, in (a)
and (b), R, in (¢) and (d), and R, in (e) and (f).

with respect to the in-medium mass modification §m for
K7y = 0.5 GeV and 1.5 GeV. When 8= 0, the squeezing
effect does not affect R,, which remains constant as om
increases. However, in other instances, as om increases,
the values of R,, Ry, and R, increase before they reach a
plateau, indicating a decreasing slope for the relationship
between R,, R;, and R, and ém. Ultimately, R,, R,, and
R, stabilize with minimal changes as ém increases. When
ém < 0.02 GeV, the slopes of the functions of R,, R, and
R, versus 6m are significantly larger at K = 1.5 GeV
than at K7 = 0.5 GeV, and they are slightly larger at 7 =
0.14 GeV than at T=0.15 GeV.

B. D'D°
Figure 5 shows the normalized distributions of the
transverse coordinate of the D° emission sources for k;=
0.5 GeV and 1.5 GeV. Here, T = 0.14 GeV in plots (a)
and (b) and 7= 0.15 GeV in plots (¢) and (d). For =0,
it indicates that velocity expansion is absent in the trans-
verse plane and that the transverse source distributions
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Fig. 5. (color online) Normalized distributions of the trans-
verse coordinate of the DY emission sources for k7 = 0.5 GeV
and 1.5 GeV. Here, 7= 0.14 GeV in plots (a) and (b) and T'=
0.15 GeV in plots (c) and (d).

for kr = 1.5 GeV are identical to those for k; = 0.5 GeV.
When the squeezing effect is not considered (6m = 0), the
transverse flow shifts the transverse source distributions
for kr= 0.5 GeV toward a smaller transverse coordinate
rr and shifts the transverse source distributions for k;y=
1.5 GeV toward a larger transverse coordinate ry. The
mass of the D° meson is expected to be reduced by ap-
proximately 0.005 GeV in the pionic medium [66]. When
considering the squeezing effect, the om for the D°
meson is taken as 0.005 GeV, as in Figs. 5—7. For =0,
the squeezing effect does not affect the transverse source
distribution. However, for 8> 0, the squeezing effect re-
duces the influence of the transverse flow on the trans-
verse source distribution, which is more pronounced for

r = 1.5 GeV. This phenomenon is slightly more pro-
nounced for 7 = 0.14 GeV. The squeezing effect affects
the transverse source distribution of the D° meson to a
greater extent than for the ¢ meson.

Figure 6 shows the normalized distributions of || of
the D° emission sources for k7= 0.5 GeV and 1.5 GeV.
The squeezing effect results in the widening of the distri-
bution of || of the D° emission sources, which is more
pronounced for kr = 1.5 GeV. This phenomenon is
slightly more pronounced for 7= 0.14 GeV.

Figure 7 shows the HBT radii R,, R,, and R, of D°D°
with respect to the transverse pair momentum Ky. The
lines represent the results for Y within the range (-1,1),
while the symbols denote the results calculated in the
LCMS. In this paragraph, the results for Y in the range
(=1,1) are discussed first, followed by a discussion of the
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Fig. 6. (color online) Normalized distributions of || of the

DY emission sources for k7 = 0.5 GeV and 1.5 GeV.
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range of (~1,1), while the symbols denote the results calcu-
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114102-6



Squeezing effect on three-dimensional Hanbury Brown-Twiss radii

Chin. Phys. C 49, 114102 (2025)

differences between these results and those obtained in
the LCMS. The squeezing effect leads to an increase in
R,, which is more pronounced at high K; values. This is
due to the impact of the squeezing effect on the source
distribution. For 8 =0, the squeezing effect does not af-
fect the transverse source distribution. The value of R,
solely depends on the transverse spatial distribution of the
source. Hence, at 8 =0, the squeezing effect has no bear-
ing on the value of R,. For 8> 0, the squeezing effect
leads to an increase in R, which is slightly more pro-
nounced at high K; values. The squeezing effect results
in a significant increase in R,. This is because the squeez-
ing effect causes a significant widening of the source
space-time rapidity distribution, leading to an expansion
of both the temporal and longitudinal distributions of the
source. The squeezing effect has a slightly greater impact
on the R,, R,, and R, of D°D° at T =0.14 GeV than at
T =0.15 GeV. The value of R, calculated in the LCMS is
slightly lower than that calculated for Y within the range
(-=1,1), while the value of R, calculated in the LCMS ex-
ceeds that calculated for Y in the range (-1,1). When
considering the squeezing effect, this difference becomes
more pronounced compared to when it is not considered.
In contrast, the value of R, calculated in the LCMS is
identical to that calculated for Y in the range (-1,1). The
influence of the squeezing effect on the HBT radii of
DD in the LCMS closely resembles its influence on the
HBT radii of D°D° for Y in the range (-1, 1).

Figure 8 presents the HBT radii R,, Ry, and R, of
D" D" with respect to 6m for Ky = 0.5 GeV and 1.5 GeV.
When g =0, the squeezing effect has no impact on R;,
which remains steady as dm increases. However, in other
instances, as ém increases, the values of R,, R,, and R,
initially increase before leveling off, presenting a de-
creasing slope in the relationship between R,, R;, and R,
and 6m. Eventually, R,, R,, and R, stabilize with no
changes as ém increases further.

The squeezing effect exerts a greater influence on the
values of R,, R,, and R, of D°D° compared to ¢¢ be-
cause the mass of D° is greater than that of §. The
squeezing effect significantly influences the three-dimen-
sional HBT radii, particularly R, and R,, for cylinder ex-
pansion sources compared to the one-dimensional HBT
radii for spherically symmetric sources. This is due to the
notable impact of this effect on the source space-time
rapidity distribution in cylinder expansion sources.

C. K*K*

Figure 9 shows the normalized distributions of the
transverse coordinate of the K* emission sources for k;=
0.5 GeV and 1.5 GeV. In the figure, 7= 0.14 GeV in (a)
and (b) and 7= 0.15 GeV in (¢) and (d). For =0, it in-
dicates the absence of any velocity expansion in the trans-

verse plane, with the transverse source distributions for
kr = 1.5 GeV being identical to those for k; = 0.5 GeV.
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(e) and (f).

[ (a) k= 0.5 GeV, T=0.14 GeV T (b) ky=1.5GeV, T=0.14 GeV B
L B=0,8m=0 1 i
——— B=03,3m=0 “\\
0 1 r B=0.5,8m=0 T ] \ N
A=~ —1 : \ —
< P YATE /NN -
N o \ v T N 1
o L/ \ vl [N i
“n / \ *«\ [N
- \ 1 ; N E
0.05 |~ \ +H— 1 v H
o \ - I \ |4
L) 1 i
L A § i
IIIIIIIIIIIIIIIII\IT—LLILJ/IIIIIIIIIIIIIIIIII Ll
0
F(c) k= 0.5 GeV, T=0.15 GeV T(d) kp= 1.5 GeV, T'=0.15 GeV b
| -—-— B=0,8m=001GeV 1 i
B=0.3,8m=0.01 GeV AN \
0.1 B ~ B=05,8m=0.01GeV T f X T
~ -/ ‘\\ . \ u
& L/ \ y s AN ]
el -/ \ ! - “' \\ .
0.05 [ N/ e FONH
-I 111 I 1111 I 1111 I 1 ;T I LxLI LJ_ "I’I 11 I 1111 I 1111 I 111 Ll I_
0
0 5 10 15 20 O 5 10 15 20 25

7 (fm) ry (fm)
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and 1.5 GeV. Here, T = 0.14 GeV in (a) and (b) and
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When the squeezing effect is not considered (ém = 0), the
transverse flow has a slight influence on the transverse
source distributions at k& = 0.5 GeV. For 8=0.3, the
transverse flow induces a slight shift in these distribu-
tions toward larger transverse coordinates rr at kr = 0.5
GeV. Conversely, at 8=0.5, the transverse flow causes a
slight shift in the transverse source distributions toward a
smaller transverse coordinate r for k; = 0.5 GeV. This
occurs because, at 8= 0.3, the transverse flow within re-
gions of small transverse coordinates r; is low, resulting
in less K* particle production with k= 0.5 GeV. The
transverse flow induces a shift in the transverse source
distributions toward larger transverse coordinates r; at
kr = 1.5 GeV. As the transverse flow increases, this phe-
nomenon becomes more pronounced. At 7' = 0.14 GeV,
this phenomenon is slightly more significant than at 7' =
0.15 GeV. The mass of Kaon is expected to be reduced
by approximately 0.01 GeV in the pionic medium [70].
When considering the squeezing effect, the ém for K* is
taken as 0.01 GeV, as in Figs. 9—11. For =0, the
squeezing effect does not impact the transverse source
distribution. However, for B>0, the squeezing effect
slightly decreases the influence of transverse flow on the
transverse source distribution at k; = 1.5 GeV while hav-
ing no impact at k; = 0.5 GeV. This phenomenon is more
pronounced for 7= 0.14 GeV.

Figure 10 shows the normalized distributions of |r|
for the K* emission sources for k& = 0.5 GeV and 1.5
GeV. For 6m =0, the transverse flow slightly reduces the
effect on the space-time rapidity distribution of the
sources. At kr= 0.5 GeV, the squeezing effect does not
influence the source's space-time rapidity distribution.

(a) k;=0.5GeV, T=0.14 GeV (b) k= 1.5 GeV, T=0.14 GeV
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Fig. 10. (color online) Normalized distributions of |5| of the
K* emission sources for k7 = 0.5 GeV and 1.5 GeV.

However, at k;r = 1.5 GeV, the squeezing effect causes a
slight expansion of the source's space-time rapidity distri-
bution. This phenomenon is more pronounced with lower
transverse flow and smaller freeze-out temperatures.
Figure 11 shows the HBT radii R,, R,, and R, of
K* K* with respect to the transverse pair momentum Kr.
Here, the lines represent the results for Y within the range
(-1,1), while the symbols denote the results calculated in
the LCMS. At high values of Kr, the squeezing effect
results in an increase in both R, and R;. The increase in
R, is more significant than that in R,. This phenomenon is
more obvious for larger Ky, as well as for lower trans-
verse flow and freeze-out temperatures. This is due to the
influences of the squeezing effect on the source distribu-
tion. For =0, the squeezing effect does not affect the
transverse source distribution; hence, it also has no im-
pact on R,. For 8> 0, the squeezing effect leads to a
slight increase in R at high Kr. The R, calculated in the
LCMS is identical to that calculated for Y in the range
(=1,1). The R, calculated in the LCMS is slightly lower
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Fig. 11.  (color online) HBT radii R,, R, and R, of K*K*

with respect to the transverse pair momentum Kr. The plots
illustrate the results of R, in (a) and (b), Ry in (c) and (d), and
R; in (e) and (f). The lines represent the results for ¥ within
the range of (-1,1), while the symbols denote the results cal-
culated in the LCMS.
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than that calculated for Y in the range (-1,1), while the R,
calculated in the LCMS is greater than that calculated for
Y in the range (—1,1). The squeezing effect's impact on
the HBT radii of K* K* in the LCMS is similar to the ef-
fect observed by Y in the range (-1, 1). For a small in-me-
dium mass modification, the squeezing effect exerts a
weaker influence on the HBT radii of K* K* compared to
@¢ and D°D°, which can be attributed to the lower mass
of K* relative to ¢ and D°.

Figure 12 shows the HBT radii R,, R,, and R, of
K* K* with respect to §m for Ky = 0.5 GeV and 1.5 GeV.
For g =0, the squeezing effect does not influence R;,
which remains constant as ém increases. For 8> 0, as dm
increases, R, undergoes minimal changes when Ky = 0.5
GeV. However, in other instances, as ém increases, R,,
R,, and R, first increase monotonically before saturating,
showing a decay in the slope of their correlation with 6m.
Ultimately, further increases in ém result in no signific-
ant changes to R,, R,, and R;.

IV. SUMMARY AND DISCUSSION

Boson interactions with source media result in a shift
in the masses of the bosons, inducing a squeezing effect.
In this study, the impact of the squeezing effect on the
three-dimensional HBT radii is analyzed based on cylin-
der expansion sources.

The impact of the squeezing effect on the three-di-
mensional HBT radii of ¢¢, D°D°, and K*K* is ana-
lyzed. The squeezing effect suppresses the impact of
transverse flow on the transverse source distribution and
broadens the space-time rapidity distribution of the
source, increasing the HBT radii, particularly in the out
and longitudinal directions. This phenomenon is more
pronounced for a larger transverse pair momentum Ky.
Consequently, the HBT radii do not monotonically de-
crease with increasing Kr. This phenomenon is referred
to as the non-flow behavior of the HBT radii. The squeez-
ing effect has a slightly greater impact on R,, R;, and R,
at T=0.14 GeV than at T =0.15 GeV, and it exerts a
greater influence on the values of R,, R,, and R; of D°D°
than those of ¢¢. Additionally, the squeezing effect is
more significant for ¢¢ than for K* K*. The squeezing ef-
fect has a greater impact on the three-dimensional radii of
the HBT, particularly R, and R;, for cylinder expansion
sources than for one-dimensional radii for spherically
symmetric sources.

The non-flow behavior of R, and R; for D°D° and ¢¢
can be better manifested in the small transverse mo-
mentum region than that of K* K*. The non-flow behavi-
or of R, and R, for D° D° and ¢¢ may be more likely to be
measured experimentally than that of K*K*. For small
transverse flow, the squeezing effect has a more pro-
nounced influence on the R, and R; of K* K* than it does
for large transverse flow. The non-flow behavior of R,
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Fig. 12.  (color online) HBT radii R,, R, and R; of K*K*

with respect to 6m for Ky = 0.5 GeV and 1.5 GeV. The plots
illustrate the results of R, in (a) and (b), R, in (c) and (d), and
R; in (e) and ().

and R, for K* K* may be observed in the large transverse
momentum region for small transverse flow. However,
the current transverse momentum range used for measur-
ing the HBT radii of K*K* has not yet reached the re-
gion where this non-flow behavior occurs [25-30]. It
should be emphasized that the effects demonstrated in
this study manifest only when particles undergo in-medi-
um mass modifications. In the absence of such mass
modifications, the non-flow behavior signals of the HBT
radii will be entirely absent.

In this study, the Gaussian form is used in the analys-
is of the three-dimensional HBT radii. Due to the squeez-
ing effect, the distribution of the source may deviate from
a Gaussian form. Studying the effects of the squeezing ef-
fect on the source's shape is valuable. For instance, this
can be achieved by employing a Lévy-type form [77-80]
to study how the squeezing effect influences both the
three-dimensional HBT radii and the source's shape.

The cylinder expansion source used in this study is
more reasonable compared to the previously utilized
spherically symmetric source [16]. The independent
transverse spatial distribution and temporal distribution of
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the cylinder expansion source differs from phyisical con-
ditions. Investigating the influence of the squeezing ef-
fect on three-dimensional HBT radii through the utiliza-

tion of more realistic sources, such as hydrodynamical
sources, presents an interesting direction for further ex-
ploration.
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