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Study of J/y mass shift and bound states:
Impact of DD and DD* meson loops
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We investigate the modification of the J/y meson mass in asymmetric nuclear matter at zero and finite
temperatures employing an effective Lagrangian approach that considers the contributions of DD and DD*
meson loops. The medium dependence of D meson masses is determined using the hadronic chiral SU(3)
model, where scalar condensates are calculated and subsequently utilized in the QCD sum rules approach.
Our findings indicate that an increase in baryonic density results in a negative mass shift of the J/y meson.
This suggests that the J/y meson is attracted to nuclear mean fields indicating the possibility of the
formation of meson-nucleus bound states. Moreover, we have also determined the binding energy
and absorption decay width of the J/y meson for both the ground and excited states of 0'6, Ca*’, Zr*, and
Pb?® nuclei. These results are expected to contribute to the understanding of experimental data from
upcoming studies at Jefferson lab and the facility for antiproton and ion research, where low-momentum
charmed mesons can be produced and examined within nuclei.
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I. INTRODUCTION

A quantitative description of strongly interacting matter
is still an open challenge, especially for hadrons immersed
in hot and dense matter, where they serve as probes of
chiral symmetry. The study of heavy-light and heavy-heavy
meson interactions with nucleons is essential for gaining
insights into the confinement nature of quantum chromo-
dynamics (QCD), both in a vacuum and under conditions of
extreme temperature and density [1-6]. Unlike the decon-
fined quark-gluon plasma (QGP) where J/y suppression is
associated with color debye screening as per the Matsui-
Satz model [7-10], the present study entirely focused on
the dense hadronic phase where the deconfinement phase
transition has not yet taken place (quarks remain bound)
and D, D*, and J/y can be treated as hadronic quasipar-
ticles. Thus, the QGP physics serves only as a broader
motivation for charmonium studies as a contrast to the
confined medium mass-shift problem addressed here,
rather than as a dynamical framework for the present
calculation [11-13]. Modern phenomenology understands
that J/y suppression involves multiple stages influenced
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by both partonic and hadronic dynamics. As detailed in
quarkonium transport studies [13], the final charmonium
yields depend not only on color screening in the deconfined
QGP or on a static screened potential but also on statistical
recombination [14—16], cold nuclear matter effects [17],
late-stage hadronic dissociation through comover scattering
in the dense, confined phase [18,19], and thermal inelastic
dissociation [20,21]. Open heavy-flavor mesons, such as D
mesons, exhibit a greater sensitivity to the surrounding
medium than heavy quarkonia like J/w meson. This
increased sensitivity is due to their interaction with light-
quark condensates, which undergo significant changes with
variations in temperature and density. As a result, these
mesons are valuable tools for probing the dense hadronic
medium prior to deconfinement and the partial restoration
of chiral symmetry, which is crucial for understanding the
conditions of the early universe and the nature of compact
stars. At the facility for antiproton and ion research (FAIR),
the compressed baryonic matter (CBM) collaboration seeks
to explore the characteristics of hadrons within dense
nuclear matter [22-24]. Concurrently, the PANDA (anti-
proton Annihilation at Darmstadt) collaboration is set to
offer valuable insights into D meson and charmonium
spectroscopy, alongside advancing the understanding
of strangeness physics and electromagnetic processes
[24-26]. Moreover, the PANDA experiment is designed
to probe bound states extending to the charm sector, with
the potential to explore heavier quark states, subject to
the constraints of experimental capabilities [24,27]. The
experiments, such as the continuous electron beam
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accelerator facility (CEBAF) at Jefferson Lab delve into
low-momentum meson production within nuclei, offering
insight into the existence and behavior of charm quarks
[28]. The J-PARC-E29 collaboration intends to investigate
the modification of meson masses by examining meson-
nucleus bound states, which are produced through the
process of antiproton annihilation [29]. The experimental
determination of in-medium mass modifications remains a
difficult challenge. Consequently, more comprehensive and
detailed theoretical studies are essential to enhance our
understanding of these effects.

Significant progress has been made in the theoretical
study of heavy-flavor mesons and heavy-quarkonium
interactions in hadronic media over the past several
decades using numerous nonperturbative theoretical
frameworks [12,30-61]. Early research relied on phe-
nomenological potential models [12,30-32] to describe
the binding and interaction dynamics between heavy
mesons and nucleons. As the field progressed, more
systematic approaches, such as QCD sum rules, were
adopted to analyze the medium modifications of heavy-
flavor meson properties by relating them to changes
observed in quark and gluon condensates [33-42].
Coupled-channel approaches [43—46] and heavy meson
effective theories [47-49] provide a more dynamical
description by incorporating multichannel effects and
heavy quark symmetry, respectively. Models based on
quark-meson coupling (QMC) [50-56] have also been
utilized to examine the interactions of heavy mesons with
nucleons in dense matter. Moreover, other theoretical
approaches for quarkonium—nucleon interactions include
charmed meson loop contributions [53—-57], color polar-
izability effects [61-63], and long-range van der Waals-
type interactions [57-61]. Lattice QCD simulations have
recently offered significant insights into charmonium-
nucleon interactions and the potential for forming bound
systems with nuclei, although many investigations still
rely on heavier pion masses [64,65].

Previous theoretical studies have reported several esti-
mates for the behavior of the J/w meson in nuclear
medium. The QCD sum rules studies indicate a relatively
small mass reduction of 4 to 7 MeV in the J/y meson
[34,35,66]. On the other hand, analyses based on color
polarizability predict a larger decrease in J/y meson mass,
about 21 MeV [61]. Additionally, calculations carried out
within the QMC model show that medium modifications of
the DD, DD*, and D*D* meson loops at normal nuclear
matter density lead to a J/y mass shift ranging from —16 to
—24 MeV [53]. The unexpected impact of the heavier
D*D* meson loop on the J/y self-energy was observed,
the authors have revised their prediction of the J/y mass
shift by incorporating the contribution from the DD meson
loop only, as detailed in Refs. [54,67]. The unexpected
finding may be linked to two factors: the assumption of
identical coupling strengths for the DD, DD*, and D*D*

meson loops and uncertainties in the formulation of the
effective Lagrangian [54,56]. The chiral effective model
[68—71] has been widely used to explore the behavior of
heavy quark systems in a dense hadronic environment,
including the studies of the in-medium masses of char-
monium and bottomonium states [72,73] and open heavy-
flavor mesons [72-75]. In order to examine the decay
mechanisms of quarkonium into open heavy-flavor mes-
ons within hadronic matter, a combined approach of the
chiral SU(3) model and the 3P, pair-creation model was
utilized [76,77]. Investigating J/yw photoproduction in
the threshold kinematic region is crucial for providing
input to theoretical models that calculate the gluon
structure of the proton. This includes the generalized
parton distribution (GPD), the mass radii of proton, and
the contribution of the trace anomaly to the proton mass
[78-80]. In Ref. [81], the in-medium mass shift of the
J/w meson was analyzed in symmetric nuclear and
strange matter, taking into account only the pseudoscalar
DD meson loop contribution.

The study of attractive meson-nucleus interaction would
provide evidence for the negative mass shift of mesons and
the role of gluon forces in nuclei [1-4,6,82,83]. Facilities
such as JLab and FAIR will be able to produce low-
momentum J/y-nucleus bound states [24,27,28]. The
second-order Stark effect [84], which results from
chromo-electric polarizability, plays a crucial role in
determining the mass shift of charmonium in nuclear
matter. Assuming a charm quark of infinite mass, predic-
tions indicated a binding energy of approximately 10 MeV
for the J/y in nuclear matter and 70 MeV for the excited
charmonium states [59,62]. According to Ref. [57], the
binding energy for J/y in nuclear matter was found to be
8 MeV. In contrast, when the same theoretical method was
applied with a finite charm quark mass and realistic
charmonium bound state wave functions, the binding
energy for the excited charmonium states exceeded
100 MeV. Coupled-channel approaches have been success-
ful in identifying D meson bound states, which hold
significant importance for the PANDA and CBM experi-
ments at FAIR [85,86]. Similar investigations have been
conducted for various mesons such as p, w, n, ¢, and J /y
mesons [6,67,87-91]. In Refs. [88,92], the energies of
heavy meson-nucleus bound states were determined by
solving the Klein-Gordon equations, using real potentials
that were calculated self-consistently within the quark
meson field model. Most recently, Ref. [67] presented
updated results on J/w-nucleus and 5.-nucleus bound
states, incorporating an intermediate DD* state in the
calculation of the 7, self-energy.

In this study, we explore the modification of the J/y
mass in isospin asymmetric nuclear matter at both zero and
finite temperatures, employing an effective Lagrangian
approach that includes DD and DD* meson loops.
Additionally, we examine the binding energy and

034022-2



STUDY OF J/yw MASS SHIFT AND BOUND STATES: ...

PHYS. REV. D 114, 034022 (2026)

absorption decay width of the J/y meson for the ground
and excited states of the O'°, Ca*®, Zr°, and Pb?*® nuclei
by solving the Klein-Gordon equation. The medium
dependence of D meson masses is determined using the
hadronic chiral SU(3) model, where scalar condensates are
calculated and subsequently utilized in the QCD sum rules.
Within the chiral SU(3) model, the dilaton field, y, is
introduced primarily to replicate the gluon dynamics of
QCD and to account for the effects of QCD scale symmetry
breaking at the hadronic level [68,93]. The finite isospin
asymmetry of the medium is explained by the vector-
isovector field p and the scalar isovector field 6.

This manuscript is structured as follows. In Sec. II, we
introduce the chiral SU(3) hadronic model and present
the relevant results. Section III describes the QCD sum
rules approach and the obtained results for the D meson
masses. Section IV focuses on the effective Lagrangian
framework and the corresponding results of medium
modifications of the J/y meson. We present an overview
of mesic-nucleus potentials, along with a discussion on
the binding energy and absorption decay width of mesons
in nuclei, in Sec. V. The main findings are summarized
in Sec. VL.

II. THE CHIRAL SU(3) HADRONIC MODEL

The chiral SU(3) hadronic mean-field model provides
an effective theoretical framework for analyzing the
nonperturbative dynamics of strong interactions, founded
on a nonlinear realization of chiral symmetry and the
effects of broken scale invariance [68-70]. The effective
Lagrangian density associated with this model is repre-
sented as [68,93,94]

Lehirat = Lxin + z Lgm + Lyec + Lo+ Lesg, (1)

M=PSV A

where Ly;, denotes the terms related to kinetic energy for
different particles and is written as

- 1
Lysy = iTrBy, DB + 5 TeD, XD'X
1
+ Tr(u, Xu'X + Xu,u"X) + ETrD”YD"Y
1 1 1
+ ED”)(D”;( - ZTr(VWV’”’) - ZTT(AWAW)- (2)

The initial term in the equation above represents the
kinetic energy for the baryon octet. Within this expres-
sion, the covariant derivative D, is expressed as D,B =

0,B +i[l',, B], where I', = — 4 [u"0,u — 0,u’u + ud,u’—

0,uu’]. Moreover, u = exp [6107[“/1“7/5] = exp [iP/V/26),
serves as the unitary transformation operator, which is
defined using the pseudoscalar meson matrix P [68].

The second and third terms of Eq. (2) are the kinetic

energy for the scalar and pseudoscalar mesons, respec-
tively, where X represents the scalar meson matrix and
u, = —4[u’(d,u) —u(d,u’)]. The fourth and fifth terms
represent the kinetic energy terms for the pseudoscalar
singlet Y and the dilaton field y, respectively. The term
having field tensors, V,,, represents the kinetic term of
spin-1 vector mesons whereas the last term with field
tensor, .AW, is for the axial vector mesons. The second
term, Lgy, of Eq. (1) characterizes interaction between
baryons and mesons, which can be described through the
exchange of scalar fields o, £, 9, as well as vector fields w,

and p, written as
Lem = —le_fi [m} + guivo® + gpivolziplwi,  (3)

here, the summation is taken over all nucleons, with y;
representing their respective fields. The baryon mass in
the medium is indicated by m; = —(g,,0 + g:;{ + gsil3:0)+
mjy with g,;, g, and gs; are couplings of scalar fields o, £,
and 0, respectively, with nucleons. The vacuum masses
of baryons are fitted by the additional mass term m,.
In Eq. (1), the third term, L, represents the nonlinear
interaction of scalar mesons with themselves and is
given as

1
ﬁo:_Eko)(2(62+52+é'2)+k1(62+52+g2)2

ot &
o 252 4 g4
+ 2<2+2+3G +C)
) s 1y x
+ k3yxl(0? = &%) — kuy — X In=;
X0

(6w

where the vacuum values of the o, {, and y fields are
denoted by oy, {y, and y, respectively. The parameters k),
k,, and k, serve to ensure the vacuum extrema for the
respective o, {, and y field equations. For remaining
coefficients, k5 are adjusted to match the vacuum masses
of the # and #' mesons, whereas k; is adjusted within a
mean-field framework featuring quartic vector meson
couplings to give an effective nucleon mass near
0.65my at saturation density and a o-meson mass on
the order of 500 MeV [68]. The fourth term in Eq. (1),
describes the vector mesons’ mass term and their
self-interactions are incorporated through the following
relation

1 )(2
Lyee = 5 (i + mip?) e ga(@* +607p* 4 p*). (5)
0

The chiral SU(3) model’s explicit chiral symmetry break-
ing, which removes the Goldstone bosons, is described by
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TABLE 1. The coupling constants and other parameters used in the current work.

Parameter Value Parameter Value Parameter Value
ko 2.53 o9 MeV) -933 JoN 10.6
ky 1.35 o MeV) —106.76 9en —0.46
ko —4.77 2o MeV) 409.76 JsN 2.34
ks —2.77 d 0.064 JoN 13.42
ky —0.21 n 79.9 9N 5.48

m, (MeV) 139 myg (MeV) 498 fr MeV) 93.3

fx MeV) 122.14 po (fm™3) 0.15 my (MeV) 939

m,, (MeV) 783 m, (MeV) 770 my (MeV) 1020

the final term, Lqp, in Eq. (1). Its expression in terms of
SB q ( ) P kOX(Uz + CZ + 52) _ k3}((62 _ 52)4’

mesonic fields is provided by

£SB=—(X—O) [ ﬂfﬂa+<f mi fx = f ﬂfﬂ)c} (6)

The decay constants of pions and kaons in the equation
above are denoted by f, and f, respectively, while their
masses in free space are denoted by m, and mg. The key
parameters, including vacuum masses of mesons and
coupling constants of mesonic fields with baryons within
the nuclear medium used in this work, are listed in
Table I, and the fitting of parameters is detailed in
Refs. [68,93]. The mean-field approximation is utilized
to examine the characteristics of hadronic matter by
replacing the quantum field operators with their classical
expectation values for scalar and vector fields, as these
fields are anticipated to exhibit minimal fluctuations in
dense environments [68,93]. Applying the Euler-
Lagrange equation of motion, (‘)’Tﬁ 9,(5 0, ¢)) 0, for

given field ¢;, we obtain a set of coupled equations for

the scalar fields o, £, 0, the dilaton field y, and the vector

fields w and p [40,72,93]. These are
koy*c —4k (c* + %+ 8)o =2k, (0

d 20
—2k3)(0é“—§)(< 52>+ M2fr= ngp,, (7)

3 +366%)

kox25—4k1<02+¢2+62>c—4k2§3

d 2
e (1) [vamin-

—kyy(0® —6)
ﬂ.'fﬂ:| Zgﬁ,’zpl ’ (8)

+ &%+ 8%)6 — 2k, (8 + 3562)

0
52) = Zgailalﬂf, )

d 2
+ 2k3y 8 + —x* < 5
3 o° —

ko)(zé - 4k1 (02

4 4d 2_52 3
+[4k4 d+ 1+ ——ln<(62—)§ ’%))];(3
Zo 3 65¢0 0

2 1
+ Xi%‘ [m%fﬂo + (ﬁm%;fK -7 m,%f,r) r:]

—;‘2( 262 + m2p?) = 0, (10)
0
/},’2
7 (M) - dgae’ + 12g40p? = > guip?, (1)
0 i
){2
"2 (m3p) + 49’ 4 12g,0% = > guilzipl. (12)
0 i

For different values of baryon density (pp), temperature
(T), and isospin asymmetry (/,), the system of nonlinear
equations from Egs. (7)—(12) are solved. In the above
equations, p; and pj represent the vector and scalar
densities of the ith baryon, respectively, and are given as

. d3k 1
Pi =i / (27) (1 + exp [B(E; (k) — p})]

1
1 +exp [B(E; (k) -HJT)])’ "
and
Bk m; 1
pi =i / (27)3 EL (k) <1 +exp [B(E] (k) — u7)]
1
Mg B(E (k) +/4§~‘)}>' o

Here, the spin degeneracy factor for nucleons, denoted as
7i» 1s set at 2. The in-medium energy for nucleons is
calculated using the formula Ef (k) = \/k* + m?? and the
effective chemical potential, uf = u; — g,i0 — g,il3ip,
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(@q),, (1072 GeV?)

(@q),, (1072 GeV?)

——T=0 MeV, (au),,~ - - -T=100 MeV, (tu),,

mememen T=0 MeV, (dd) T=100 MeV, (dd),,

FIG. 1. The up (ui)

P
nuclear matter, considering isospin asymmetric parameter /, = 0 in (a) and 0.3 in (b), at temperatures 7 = 0 and 100 MeV.

where g,,, and g,; are the coupling constants of the vector
fields @, and p with the nucleons, respectively. In this
Lip!
S
where pp stands for the total baryonic density which
can be described as pj, + p;,, and I3; is the third compo-
nent of the nucleons’ isospin. To determine the in-
medium masses of D and D* mesons using QCD sum
rules [94,95], it is essential to evaluate the light quark
condensates (itu) and (dd), along with the scalar gluon
condensate (=G4,G4"). In the chiral SU(3) model, the
scalar light quark condensates are linked to explicit chiral
symmetry breaking through the following relation [96],

Zmi<51i615>p3 = —Lgsp-

study, isospin asymmetry parameter [, =—)_;

(15)

The scalar light quark condensates are given by

iy, = (L) [ymste o], a9
and
a),, = (L) [jmro-al. ()

here, m, and m, denote the masses of the up and down
quarks, i.e., m, =5 MeV and m,; =7 MeV.

In QCD, the breaking of scale invariance results in
the energy-momentum tensor having a nonzero trace,
which is directly linked to the scalar gluon condensate
and given as [68,97]

. and down (dd) ,, condensates are analyzed as function of the baryon density ratio pg/pj in isospin asymmetric

a
S a apv
(%616 >
8 2
Y- ()
9 0

< (m,%f,,a ; (ﬁm%(f,( - %mﬁfﬂ) g)] (18)

2

where d = {; serves as a parameter associated with the
QCD beta function [68]. In the present work, we examine
the chiral model’s predictions for determining the in-
medium values of the chiral condensates, particularly
emphasis on the light quark condensates (i), , (dd), .
and the gluon condensate (% G,‘;,,G“””>p3. In Figs. 1 and 2,

the results for these condensates are illustrated for isospin
asymmetry values I, =0 and 0.3, and at temperatures
T =0 and 100 MeV. The condensate outputs are sub-
sequently utilized as input in QCD sum rules to determine
the effective masses of the pseudoscalar D (D*, D°) and
vector D* (D**, D*Y) mesons within an isospin-asymmetric
nuclear medium, as elaborated in Sec III. In Fig. 1(a),
for 1, =0, the results indicate that the magnitude of
condensates (i), and (dd), (of the order of 107 GeV?)
decrease as the baryonic density increases at a given
temperature.

As the temperature rises from zero to 100 MeV, there is a
less pronounced drop in the magnitude of quark conden-
sates than the value observed at 7 =0 MeV at a given
pg/po as illustrated in Fig. 1(a). For instance, the value of
(au), ((dd), )is found to be —1.10(—0.74) x 1072 GeV?
at a temperature 7' = 0 MeV, However, when the temper-
ature reaches T = 100 MeV, these values change to
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S S
A A
S 05 S 05
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3 3 3 3
0ok - oF -
p a p
de @ Je (b)
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05 : . . 05 : . :
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3
PB/PO PB/,OO
——T =0MeV, GGy = = T =100 MeV, GGy=-==T = 0 MeV, GG

......... T = 100 MeV, GGy,

T = 0 MeV, GGy

- = .T = 100 MeV, GG

FIG. 2. The individual and total terms of gluon condensates (GG, GGy, and GG7) are examined as function of the baryon density
ratio pp/po within nuclear matter, considering 7, = 0 in (a) and 0.3 in (b), at temperatures 7 = 0 and 100 MeV.

—1.17(—0.80) x 1072 GeV?, at nuclear saturation density
(po = 0.15 fm~3) in symmetric nuclear matter. As we move
from symmetric (/, = 0) to an asymmetric medium with
I, = 0.3, the decrease in the magnitude of the quark
condensates as a function of density becomes slightly less
at higher baryon densities across all considered temper-
atures, as shown in Fig. 1(b). Next, the total contribution of
gluon condensate is evaluated using Eq. (18), which
consists of two terms. The first term depends solely on
the dilaton field y, while the second term, known as the
mass term, depends on o, ¢, and ¢ scalar fields. Figure 2
shows the variation of individual terms of (% G,‘f,,G“””)pB,

denoted as GG, (first term), GG,; (mass term), and GGy
(total term) with respect to baryonic density ratio, at a fixed
value of temperature. For both /, = 0 and 0.3, the gluon
condensate decreases in a manner similar to the quark
condensates as a function of pp, but with less change in their
magnitude compared to quark condensates, as depicted
in Figs. 2(a) and 2(b), respectively. We observed that the
impact of temperature on the trend of gluon condensate
contrasts with its effect on quark condensates. This variation
in temperature behavior can be traced to their underlying
field dependence. From Fig. 2, we noted that GG term
gives a dominant contribution compared to the GG, term
because the GG, term incorporates a y* contribution of the
dilaton field, as indicated in Eq. (18). Our study reveals that,
at nuclear saturation density, the value of (¢g) »p drops to
nearly 36% and (% GZ,,G"””)/)B experiences a reduction of

only 6% of their vacuum values. In literature, similar results
of condensates have been reported by utilizing the linear
density approximation, the Dirac-Brueckner approach,
and the quark meson coupling model-1I [96,98—100].

In Ref. [101], the authors apply the Hellmann-Feynman
theorem to derive quark condensates, leading to a
25%-50% reduction in their value, whereas, gluon con-
densates, estimated through the trace anomaly, show a
decrease to merely 3%—6%. As reported in Ref. [99], these
condensates are assessed using the QMC-II model, quark
condensates diminish linearly at low densities, but this
reduction becomes less pronounced at higher densities. For
gluon condensates, the values fall to 4%—6% from their
vacuum. The observed decreases in the quark and gluon
condensates are caused by the partial restoration of chiral
symmetry, which is crucial for examining the in-medium
properties of mesons using different theoretical models.

III. QCD SUM RULES (QCDSR)
FOR D AND D* MESONS

The present section outlines the formulation of the QCD
sum rules [95,96], which is integrated with the chiral SU(3)
model to determine the in-medium properties of D (D,
D%) and D* (D**, D*°) mesons. QCDSR offers a system-
atic framework for probing the nonperturbative QCD,
relying on the Borel transformation as an essential tool
to improve the convergence of the perturbative expansion.
We begin with the two-point correlation function, IT,,(g),
which can be separated into components corresponding
to the vacuum, a static one-nucleon, and a pion bath
[94,95,102]. Thus, we have

M (9) = T(q) + 5, TN () + T (). (19)

In Eq. (19), Tﬁ’v represents the forward scattering

amplitude, and the last term IT/;%(¢), known as the pion
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In medium masses of D*, D, D**, and D** mesons as function of the baryon density ratio pg/p, in (a), (b), (c), and (d),

respectively, within isospin asymmetric nuclear matter, /, = 0 and 0.3, and temperatures, 7 = 0 and 100 MeV.

bath term, has been utilized in previous studies to explore
how temperature influences meson properties [95,103]. In
this study, we omit the pion bath term and instead address
temperature dependence on meson properties through the
chiral model, which allows the grand thermodynamic
potential to explicitly incorporate temperature effects via
scalar and vector meson fields [72,74,104,105]. The
unknown parameters a, b, and ¢ involved in the para-
metrization of the phenomenological spectral densities are
computed through the Borel transformation [95,103],
leading to the evaluation of the mass shift of pseudoscalar
D and vector D* mesons, which can be defined as,

my + Mmp/p+
——— PB4p/D*-

AmD/D* = 27T
mymp,p-

(20)

The scattering length for D/D* mesons, symbolized by
ap,p+ is represented as follows [33]

2

am
ap = - , (21)
P fpmb|=8z(my + mp)]
and
ap- a (22)

- f3.ma. [—8n(my + mp)]

The in-medium masses can be

expressed as

of D/D* mesons

m*D/D* :mD/D* —|—AmD/D*. (23)
The vacuum masses and decay constants of D mesons
are specified as mp = 1.867 GeV, mp- = 2.008 GeV,
my = 0.939 GeV, fp =0.210 GeV, fp = 0.270 GeV,
with the charm quark mass m, = 1.3 GeV. The work
reported in Refs. [98,106] involves the study of mass
splitting of oppositely charged D mesons by dividing the
current correlation function into even and odd terms, while
this study adopts an approach based on the isospin-average
meson current for D and D* mesons [33,40,96,103].
Figure 3 illustrates how the masses of D mesons vary
with baryonic density for isospin asymmetry, /, = 0 and
0.3, and temperatures 7 = 0 and 100 MeV. The masses of
D mesons are evaluated using Eqs. (20)—(23), where the
parameter a depends on the quark and gluon condensates,
which are taken as inputs from the chiral SU(3) model as
discussed in detail in Refs. [96,107]. Initially, the Borel
window is chosen in a way that ensures the uncertainties in
the masses of D (D*) mesons are negligible with respect to
the Borel mass parameter M 2 In this work, Borel windows
are chosen to be approximately 4.2 —5.3 GeV? for D
mesons and 4.7 — 5.6 GeV? for D* mesons. We observed
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TABLE II. In-medium values of mj, are presented at specific constant values of pg, I,, and T (in MeV).
T =0 MeV T = 100 MeV

I,=0 1,=03 1,=0 1,=03
my, (MeV) Po 3po Po 3po Po 3po Po 3po
DT 1820 1813 1817 1810 1830 1822 1826 1818
D0 1792 1765 1797 1774 1805 1777 1809 1786
D** 1918 1862 1914 1858 1931 1875 1927 1870
D0 1878 1793 1885 1806 1896 1811 1902 1823

that masses of Dt, D°, D** and D*® mesons decrease as
the density of the medium increases at a given value of
isospin asymmetry parameter /, and temperature 7 as
depicted in Figs. 3(a)-3(d), respectively. The in-medium
values of mj, at different fixed values of pg, I,, and T are
tabulated in Table II. In Fig. 3(a), with a rise in temperature
from zero to 100 MeV, it is noticed that there is less drop in
the magnitude of mj,, as a function of density for both
symmetric and asymmetric nuclear medium. We noted that
the influence of the isospin asymmetric parameter /, on the
behavior of mj,, is opposite to its influence on temperature
as illustrated in Fig. 3(a). Moreover, within the same
environment, the rate of drop in mj, is more pronounced
compared to mj,, as one can see in Fig. 3(b). The different
masses of the u# and d quarks utilized in the calculations of
quark condensates [see Eqs. (16) and (17)] are responsible
for the observed mass difference between m),, and mgo in
symmetric nuclear matter, as one can see from Table II.
For example, the masses of the D*, D°, D**, and D*°
mesons experience downward shifts of nearly 47, 75, 90,
and 130 MeV, respectively, from their vacuum values
(1867.2 MeV for D and 2008.6 MeV for D*) at a
temperature of 7 =0 MeV within isospin symmetric
nuclear matter. As the temperature rises to 7=100MeV,
these shifts are modified to ~37, 62, 77, and 120 MeV at
nuclear saturation density, respectively. These temperature-
dependent changes in the mass shift of D mesons reflect the
medium-modified behavior of the quark and gluon con-
densates. The inclusion of isospin asymmetry into the
medium differentiates the behavior of mj,. and My,
specifically, for a given value of pp, the rate of drop in
my,, increases and while for mzo, it decreases as I, rises as
one can see in Figs. 3(a) and 3(b). The mass of vector D*
mesons decreases more significantly with an increase in
baryonic density ratio at a specific temperature than that of
pseudoscalar D mesons, which is attributed to the stronger
attractive interaction of the D* meson with the nuclear
medium, as illustrated in Figs. 3(c) and 3(d). In literature,
the QCD sum rules method has been utilized in various
studies to investigate the in-medium modifications of D
meson masses at nuclear saturation density p,. For instance,
in Ref. [95], the authors incorporated both leading-order
and next-to-leading-order corrections in symmetric nuclear

matter at zero temperature. The NLO analysis predicts a
mass shift of D mesons to be —72 MeV, while considering
only the LO terms results in a smaller shift of —47 MeV in
D meson mass at py. Also, the study presented in
Ref. [106], the Lehmann representation for the correlation
function was employed, and the QCDSR was divided into
odd and even components, leading to a splitting of
approximately 60 MeV between D™ and D~ mesons.
According to Ref. [50], the mass shifts of Dt and D~
mesons were determined to be around —62 MeV at nuclear
matter density within the quark-meson coupling model.
The in-medium characteristics of pseudoscalar D mesons
have been analyzed within a nuclear environment using an
effective chiral model, which explicitly includes D meson-
nucleon interactions via the dispersion relation. At p,, the
mass shift for D* and D° mesons is estimated to lie
between —72 and —62 MeV [72]. Moreover, Ref. [108]
forecasts opposite mass shift for the D mesons, with nearly
+32 for D~ and —27 MeV for D™, at p, = 0.17 fm~> using
a self-consistent coupled-channel approach.

IV. THE EFFECTIVE LAGRANGIAN APPROACH

In this section, we predict the results of the mass shift of
the J/w meson in isospin asymmetric nuclear matter,
utilizing an effective Lagrangian approach under the flavor
SU@4) symmetry, combined with QCD sum rules. We
account for DD and DD* meson loop contributions to
J/y self-energy. It is important to clarify the status of the
approximation applied in this section. The present calcu-
lation does not represents a complete real-time finite-
temperature calculation of the J/y spectral function in
the Schwinger-Keldysh formalism [109-111]. Instead, it
involves computing the self-energy of hadronic quasipar-
ticles, where the vacuum J/w mass initially set, and
obtaining the in-medium mass shift of the J/y from
the change in the open-charm meson-loop contribution.
The medium dependence enters through the masses of the
virtual D, and D* mesons, which are calculated independ-
ently from QCD sum rules [95,96] using the in-medium
light-quark and gluon condensates obtained in the chiral
SU(3) model [68]. In the hadronic regime, the primary
influence of the medium on the J/y loop correction is
attributed to changes in the D and D* intermediate states.
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This assumption is justified because the J/y is a compact
hidden-charm state with no light valence quark, whereas
the D and D mesons contain a light quark and are therefore
much more sensitive to the partial restoration of chiral
symmetry and to changes in the scalar condensates. In this
sense, the J/y does not acquire its temperature dependence
from a direct thermal bath contribution in the loop integral.
However, the temperature and density dependence are
transmitted through the medium-modified open-charm
thresholds. A full real-time finite-temperature treatment
including thermal scattering cuts, explicit thermal occupa-
tion factors, and finite in-medium widths of the intermedi-
ate D and D* mesons will be considered in the future work.
For the moderate hadronic temperatures considered here,
thermally populated open-charm mesons are strongly sup-
pressed, so the dominant medium effect retained in the
present approach is the shift of the virtual D and D*
thresholds rather than explicit thermal scattering from real
open-charm mesons. We utilize the effective Lagrangian
densities to describe the interaction of J/y with D and D*
mesons (the field corresponding to J/y will be denoted
as y) [53,112,113], and given as

‘CV/DD = igyppy¥" [D@uD) - (0ﬂD)D], (24)

9yDD*
EV/DD* =
my,

Eapu(0y?)[(0"D™)D + D(d"D*)].  (25)

Lypp = igyppw"((9,D™)Dy = D*(9,D}))
+ (aﬂWD)D:D*” - WD (aﬂD:)D*M

Dy (0,05) ~ (u)D)]. (26)

The following convention is employed for the isospin
doublets of the pseudoscalar and vector D-mesons:

D= (ID)D D= (D~ DY),

D** _ _

If SU(4) symmetry treated as exact, it would establish the
identical relationships among the coupling constants in
the Lagrangian, which are taken to be g,pp = g,pp- =
gypp+ = 71.64. These coupling constants are determined by
using the vector-meson dominance model [114,115]. The
mass shift of J/y meson is given as

Amy, = my, —m,,, (28)

w w

with in-medium masses of J/y meson derived from

mi? = (m))? + Z,(k* = m?). (29)

The term X,(k?) is the total J /y self-energy from different
loop contributions with £ represents DD, DD*, D*D*
meson loops and mS, stands for the bare mass. By taking
the average over the three J/y polarization, J/y self-
energy X,(k?), can be expressed as follows [53,56]:

2
gl//f
3n?

2 (m2) = - / dq PR (gD, (30)

where K,(q?) for each loop contribution are given by

2 q 1

K = , 31
o) = (o). o
Koo (@) = —% 2 (32)

oo (A7) = W5} a;*ZD - mf;,z/4’

KD*D*(‘IZ)
1 [A@=wp) A" =wp —my) (33)
4m,, @y | @ry —my, /2 ) +my /2|

here @} = (a2 + m)' 7%, @ = (¢ +miy )2, @ =

(0}, + w},.)/2, and m;, /p- represents the isospin-averaged
mass of the D/D* meson, calculated as the average of the
charged and neutral states my). o+t mp, D In above

expression, A(q) = >+ | A;(q), with

Ailg) = —4¢7 [4 BEASCISLTCR k)]z] ,
lg- (g =K (4°)?
A (q) = 8{612 ) } {2 T ]
As(q) = 8(2¢° — my) {qo - (24° —my) wralezh) Z*gq —
. _ 2
Ay(q) =8 [610 —(q"—my) %ﬂ?kq
< (a = mg) - LE,

In the above expressions, the four-vectors ¢ and k are
defined as ¢ = (¢°.q) and k = (m;,.0). To regulate the
self-energy loop integrals, we apply phenomenological
form factors F,(q?). The F,(q?) signifies the product of
the vertex form factors (u,(q?)), which is applied to both
vertices, given as [88,112,116,117].

AZD + ml’;,z 2
AZ 4 *2 2 : (34)
p t 405 (q°)

up p(q°) = (
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FIG. 4. Density dependence of the DD (a) and DD (b) loop contribution to the J /ys mass shift (Am,,) in asymmetric nuclear matter at

I =0.3and T = 100 MeV for different values of the cutoff Ap.

The dipole form factors are given by Fp,p(q?) = u3(q?),

Fpp-(q*) = up(q*)up-(q*), and Fp-p(q*) = uj) (q?),

where, Ap is the cutoff mass parameter. The choice of
Ap for the interaction of J/y meson with DD, DD*, D* D*
meson loops plays an important role, as they significantly
influence the calculated results. These form factors are
introduced to represent the finite spatial extent of the
mesons and their overlapping region at the vertices.
When the cutoff parameters are comparable to the meson
masses, their associated Compton wavelengths are of the
same order as the sizes of the mesons. This range of cutoff
parameter values reduces the physical significance of the
form factors [56]. Consequently, it is crucial to select cutoff
values with care to accurately represent the finite-size
effects of the interacting mesons. We choose Ap =1 to
3 GeV to calculate the in-medium mass of J/y using heavy
quark and meson symmetry in QCD, which is consistent
with the parameters used in the study reported in
Refs. [53,56].

Next, we proceed to present the results for the in-medium
mass shift of the J/y meson, Am; Iy which are calculated
from Eq. (28). To begin, we analyze the individual loop
contributions of wDD, wDD*, and wD*D* separately,
focusing on their impact on the mass shift of J/y in
relation to baryonic density. This analysis is conducted for
various cutoff mass values Ap and temperature conditions.
In Fig. 4(a), the findings of the in-medium mass shift of the
J/w meson for the DD loop are depicted as a function
of the pg/py ratio in nuclear matter, with /, = 0.3 and
T = 100 MeV, using a cutoff mass parameter ranging from
1 to 3 GeV. We observe that as the density of the medium
increases, the magnitude of Am;,, becomes more negative
for a given Ap. When moving to higher Ap values, a more
substantial downward shift in Am,, is observed. From the
DD* loop contribution, a more significant negative mass
shift of the J/y meson is noticed, as depicted in Fig. 4(b),
which is consistent with the findings reported in Ref. [56].
This negative mass shift of J/y indicates the strong
coupling of vector D* mesons with the scalar and vector

fields of the medium compared to the pseudoscalar D
meson. As a result, there is a greater drop for the DD*
meson loop contribution compared to the DD meson loop.
To explicitly examine the temperature dependence, the
mass shift of J/y meson has been evaluated at temperature
T =0 and 100 MeV while keeping Ap fixed at 2 GeV as
illustrated in Fig. 5. The drop in magnitude of Am;,, at
T = 100 MeV is less pronounced than that at 7 = 0 MeV
for both DD and DD* loops, as one can see from Figs. 5(a)
and 5(b). We listed the prediction of mass shift of J/y with
the dependence of DD and DD* meson-loop contribution
at po = 0.15 fm™3 within nuclear medium in Table III. Our
analysis indicates a negative mass shift of the J/y within an
isospin-asymmetric nuclear medium, varying from approx-
imately —1.5 to —14 MeV at nuclear saturation density.
This variation arises from the choice of cutoff mass
parameter in the range Ap = 1 to 3 GeV and shows good
consistency with the most recent theoretical analyses of the
J/w meson [6], where the mass shift of the J/y is
estimated to be between —4 and —12 MeV within same
environment by using QMC model, attributed solely to the
DD loop contribution [67]. In Ref. [81], the authors
examined the mass shift of J/y within a symmetric nuclear
medium and a strange medium, focusing only on the
contributions from the DD meson loop. The study deter-
mined that the mass shift of J/y is —3.5 MeV in cold
nuclear matter and —4.5 MeV in strange matter, respec-
tively. In Fig. 6, we present the results of the D*D* meson
loop contribution to J/y mass shift. An unexceptional
large downward mass shift of J/y within an isospin
symmetric nuclear medium is observed, ranging from
—70 to —158 MeV at nuclear saturation density and
depending on the value of the cutoff mass parameter.
Our results are in close agreement with those reported in
Ref. [56], where masses of J/y for D*D* meson loop were
found to lie between —61 to —164 MeV using the quark
meson coupling model. However, from a basic quantum
mechanical perspective, it is anticipated that heavier loops
would have a lesser impact. To ensure the accuracy of our
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minimum prediction and to avoid possible model-
dependent uncertainties, we concentrate on the DD and
DD* meson-loop contribution [56]. These findings may
offer significant insights into the mechanism responsible
for J/w production and suppression, as observed in various
experiments, such as the NA38, and NA60 collaborations at
CERN SPS [118-120], the PHENIX experiments at RHIC
[121,122], and the ALICE experiment at the LHC [123].

V. J/w-NUCLEI BOUND STATE

In this section, we predict the existence of bound states
of the J/y meson with nuclei O'®, Ca*®, Zr°, and Pb>*® by
calculating their binding energy and absorption decay
width. In a finite nucleus, the scalar quark and gluon
condensates are evaluated as a function of the radial
coordinate r, within the range 0 < r < R, where R denotes
the cutoff radius beyond which the baryonic density is
considered zero [124]. To determine their radial depend-
ence, we solve the coupled equations of motion for mesonic
fields, which are associated with baryonic densities within
the chiral SU(3) model. The total baryonic density pg(r) of
nuclei is pg(r) = > ,_, , pi(r) [104,125]. For nuclei with
atomic number A < 18, the harmonic potential type density
distribution is used and is represented as follows [124,125]

TABLE 1III. Dependence of the J/w mass shift on cutoff
parameter, Ap, through the contributions of DD and DD* meson
loops at p, = 0.15 fm™ within an isospin asymmetric nuclear
medium.

Ap Amjj, Amjly Ao
(GeV) MeV) (MeV) MeV)

1 —0.83 —0.66 —1.49

2 —3.40 -3.93 -7.32

3 —6.08 -8.20 —14.28

0
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Density dependence of the DD (a) and DD* (b) loop contributions to the J/y mass shift (Am,,) in asymmetric nuclear matter
at [ = 0.3 and Ap =2 GeV for different values of temperatures.

pi-aufivalg) ool )] o9

while the two-parameter Fermi distribution density is
utilized for heavy nuclei, given as

Pio
= 36
I+ eXp[r:fi] o)

The center density of nucleons in the above equations is
represented by p; o, while the associated radius and dif-
fuseness parameters are denoted by R; and «;, respectively
(for nucleon of type i), and expressed as

pi(r)

Ri —R. SrzgRi.e

SR, 1, G7)

50

50}
-100 |
-150 |
-200 |
-250 |
-3000

Amy (MeV)

pB/Po

FIG. 6. The D*D* loop contribution to the J/y mass shift as
function of the baryon density ratio pg/p, is examined in
symmetric nuclear matter at 7 = 0 MeV, with various cutoff
values Ap.
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TABLE IV. Nucleons density parameters R, ., R, ., a,, and

a,.. for different nuclei O'%, Ca*, Zr®°, and Pb**® (in fm).

Proton Neutron
Nucleus R, . (fm) ap,. (fm) R, . (fm) a, . (fm)
0'¢ 1.833 1.544 1.815 1.529
Ca* 3.51 0.563 3.43 0.563
710 4.484 0.55 4.94 0.55
Pb208 6.624 0.549 6.89 0.549
and

a; = (Rie*_ﬂlaiﬁRLE"Rie>l/2, (38)

ﬂzRi,e

here r? =0.69 fm?, represents mean-squared radius
of nucleons. Table IV presents the nucleon density param-
eter R;, and a;, for different nuclei [125]. Isospin
asymmetry is crucial in understanding the properties of
strongly interacting matter, particularly in neutron-rich
heavy nuclei. The global asymmetry parameter is expressed
as I, = (N — Z)/A, where N represents the neutron num-
ber, A is the mass number, and Z denotes the proton

number. While, the neutron-to-proton asymmetry is defined

asl, = ’%{’r’;m, which tends to reach unity at the nuclear

surface [126,127].

At relatively low momenta, the meson experiences an
effective potential within the nucleus, which serves as input
to the Klein-Gordon equation to investigate the bound
states of mesic-nuclei. The Klein-Gordon equation, incor-
porating a local complex potential V(r), can be expressed
as follows [128]

(=V2+ (u+ V()P (r) = ey(r), (39)

here, the parameter u denotes the reduced mass of
the mesic-nuclei system and e stands for the energy
eigenvalue of Eq. (39). For a local complex potential,
V(r), we write [83,129]

V(r) = U(r) =3 W (). (40)
The real part of the potential U(r) reflects the mass
modification of the meson, whereas the imaginary part
W(r) accounts for their absorption within the nucleus.
The J/y meson self-energy I1(r) can be used to describe
a meson-nucleus potential in the local-density approxima-

tion as II(r) =2V(r)y/p*+ m}, which enters in
dispersion relation, E* —p*—m? —II(r) =0 [83,130].
For a slow meson |p| < m,,, therefore, the optical potential

of the bound system can be written as V(r) = % By
W

incorporating in-medium meson masses, my, = n,—

Am,, (pg), the dispersion relation can be modified as follows
E2 - p2 - m;/z = E2 - p2 - mi + Zml//Aml//(pB)‘ (41)

In this case, terms quadratic in Am,, can be omitted as it is
assumed that the mass modification Am, is minimal in
relation to the meson mass. Therefore, for the real part of the
potential U(r), we have

U(r) = B (pu(0)) = B i) 222 (42)

A microscopic calculation of the absorptive part would
require the in-medium J/ywN scattering amplitude and the
corresponding open inelastic channels [131,132]. Since this
is not the main focus of the present work, we follow a
standard phenomenological optical-potential formalism and
parametrize the local absorption width as proportional to the
local baryon density

Wi = _%F(r) - _Im;(r) - _%F(PB = pi’o)p;;'(or)‘
(43)

In this study, we determine the value I'(pgp = p;o) by
employing the approach used in the QMC model. This
model connects to the mass shift through a parameter «,
using following relation [128]

In the above equation, Am,,(p;) is the mass shift of the
J/w meson at the central baryonic density of nuclei,
mimics the absorption effect, and I',,. is the vacuum decay
width, which is not taken in the calculation. The cases
k=0, 0.5, and 1 are used to estimate the sensitivity of the
bound-state widths to absorption. Following this, we cal-
culate the binding energy and absorption decay width of the
J/w meson by solving Eq. (39) in momentum space. This
calculation is performed using a Fourier transform, which
incorporates partial wave decomposition of the potential
[133,134]. This method enables us to derive complex
eigenvalues, where the real part signifies the binding energy
E, and the imaginary part indicates the decay width I, as
defined by the equations E =Re ¢ —py and I' = —2Ime,
respectively.

Now, we present the results of the J/y mass shift as a
function of radial distance r from the center of the nuclei
00, Ca*, 7r%, and Pb?*8, evaluated at various values of
the cutoff parameter Ap. These results include contribu-
tions from the DD and DD* loop interactions as depicted
in Figs. 7 and 8. As seen in Fig. 7(a), at Ap =2 GeV,
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FIG. 7. The result of J/y mass shift as a function of 7 in nuclei 0!, Ca*®, Zr%, and Pb%*® at different value of cut off parameter A,
from the DD loop contribution, illustrated in subfigures (a) and (c), and the DD* loop contribution, presented in subfigures (b) and (d).

a reduction in the magnitude of Am,, is observed as one
moves away from the center of the nucleus, from the
contribution of DD loop interactions across all nuclei. It is
noted that heavy nuclei exhibit a larger negative J/y mass
shift compared to lighter nuclei. This effect becomes
more pronounced for DD* loop interactions, as depicted
in Fig. 7(b). Furthermore, an increase in the cutoff
parameter Ap leads to a more substantial downward shift
in J/w mass within finite nuclei, as shown in Figs. 7(c)
and 7(d). This pattern becomes more evident in Fig. 8,
which illustrates the mass shift of the J/yw mesic-nuclei,

0 PR

FIG. 8.

resulting from the combined effects of DD and DD* loop
interactions. The results of J/y mass shift in nuclei O'°,
Ca*, 7?0, and Pb2® arises from the total contribution of
DD and DD* loops for various values of 7 and A, are listed
in Table V. For the J/w meson, we observed a negative
mass shift, indicating the potential formation of a meson-
nucleus bound state. The calculated binding energy and
absorption decay width for both the ground and excited
states of nuclei are detailed in Table VI. In the case of the
light nuclei 0!% nucleus, the bound states with negative
binding energy are restricted to the 1s and 1p orbitals for

The J/y mass shift as a function of 7 in nuclei 0'6, Ca**, Zr*, and Pb?® arises from the total contribution of DD and DD*

loops, depicted in subfigures (a) for Ap =2 GeV, and (b) for Ap = 3 GeV.
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TABLE V. The J/y mass shift in nuclei O'¢, Ca*®, Zr*°, and
Pb2% arises from the total contribution of DD and DD* loops for
various values of r and Ap.

Am,, (MeV) for DD + DD* loops

A r (fm) Ap =2 GeV Ap =3 GeV
$°0 0 -7.53 -142
2 —6.74 -12.7
4 -0.63 -122
30Ca 0 -7.53 -142
2 -7.26 -13.7
4 —-2.42 —4.7
0Zr 0 -7.50 14.1
2 -7.48 -14.1
4 —6.46 -122
6 -0.70 -1.37
39%pb 0 —7.45 -14.0
2 —7.45 -14.0
4 -743 -14
6 —6.54 -124

phenomenological parameters x =0, 0.5, and 1. As «
approaches unity, the magnitude of binding energy of
meson is observed to decrease while its decay width
values increase. This implies that the absorption of
mesons in the nucleus is greater at higher « values, which
may lead to peak broadening and hinder the clear
identification of bound states. The Ca*® nucleus exhibits
stability for the 1s, 1p, 1d, and 2s bound states, whereas

Zr?°, and Pb?® support a broader range of bound states,
extending from 1s to 2d and 2 p, respectively, as illustrated
in Table VI. These findings indicate that the greater the
magnitude of the attractive potential in heavy nuclei, the
more significantly stable states are expected. The J/y-
nucleus system is notably stable, as its energy lies below
the nucleon knockout threshold. The exothermic
reaction J/wN — 5.N results in a minimal decay width,
allowing this bound state to remain sufficiently narrow
for experimental observation [132]. In contrast to the 7
and @ mesons within different nuclei [135], which
experience significant broadening due to strong inter-
actions, the J/y can be captured into discrete bound states
through recoilless kinematics. For example, as discussed
in Ref. [135], the 7 meson in O'¢ (Pb?*®) nuclei exhibits a
binding energy of —32.6(—56.3) MeV and a decay width
of 26.7 (33.2) MeV. Similarly, the @ meson binds at
—46(—118) MeV with a corresponding decay width of
31.7 (33.1) MeV. Earlier works, including the
Refs. [88,67] have calculated the binding energies of
J/w-nuclei using the QMC model, their corresponding
values are shown in Table VII and are compared with our
findings. Moreover, medium and heavy nuclei are
expected to show a rich range of bound state spectra.
However, experimental studies depend on producing J/y
mesons with minimal relative momentum to the nucleus.
By carefully choosing the beam and target nuclei, it
may be possible to achieve such kinematics, as current
findings suggest that numerous nuclei are likely to form
J/y-nuclear bound states [88].

TABLE VI. The binding energy E and absorption decay width I" of J/y meson for both the ground and excited
states of 0!, Ca*0, Zr*, and Pb®® nuclei (in units of MeV).
E (MeV) I' (in MeV)
A nl k=0 k=0.5 k=1 k=0 k=0.5 k=1
1%0 Is —-7.827 —7.745 —7.521 0.0 6.121 12.371
Ip —2.133 -1.925 —1.391 0.0 4.264 8.91
JoCa 1s —8.563 —8.513 —8.374 0.0 5.626 11.318
lp —5.054 —4.967 —4.726 0.0 4.56 9.244
1d —1.903 —1.763 -1.39 0.0 3.395 7.012
2s —2.335 -2.19 —1.801 0.0 3.322 6.873
WZr s -9.982 —9.946 —9.846 0.0 6.015 12.076
lp —7.306 —7.246 —7.078 0.0 5.265 10.611
1d —4.773 —4.685 —4.442 0.0 4.488 9.100
2s —4.963 —4.872 —4.624 0.0 4.459 9.046
2p —2.807 —2.68 —2.335 0.0 3.603 7.402
2d —0.958 —-0.77 —0.291 0.0 2.635 5.598
29%Pb s —11.146 —11.121 —11.05 0.0 6.309 12.649
lp -9.231 -9.19 -9.075 0.0 5.799 11.653
1d —7.367 —7.309 —7.148 0.0 5.282 10.641
2s —7.439 —7.38 —7.216 0.0 5.271 10.622
2p —4.08 -3.98 —3.705 0.0 4.172 8.49
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TABLE VII. J/w-nucleus bound state energies for different
references (in the units of MeV).

Bound state energies

Ref. [88] Ref. [67] Our results
A nl (Ap=2GeV) (Ap=3GeV) (Ap=3GeV)
79,Ca s -17.2 —5.44 —8.56
Ip -12.9 -2.32 —5.054
1d -8.21 -1.90
2s —7.48 -2.33
OZr s —18.69 —6.40 -9.98
Ip -16.07 —4.42 -7.30
1d -13.06 -2.13 —4.77
2s -12.22 -1.56 —4.96
uPb s -19.1 —7.08 -11.14
Ip -17.59 —5.86 —9.23
1d -15.81 —4.38 -7.36
2s -15.26 -3.81 —7.43

VI. SUMMARY

In this work, we have examined how the contribution of
D and D* meson loops in an effective Lagrangian frame-
work affects properties of J/y meson in asymmetric
nuclear matter at zero and finite temperatures. The hadronic
chiral SU(3) model is employed to calculate scalar con-
densates, which are then incorporated in the QCD sum
rules method to estimate the medium dependence of D
(Dt, DY, D**, and D*?) meson masses. The in-medium
reduction in masses of vector D* mesons is more signifi-
cant compared to pseudoscalar D mesons at finite temper-
ature and density of medium, which is attributed to the
stronger attractive interaction of the D* meson with the
nuclear medium. Our analysis reveals that the J/y meson
exhibits a negative mass shift correlated with an increase in
baryonic density. At a temperature of 100 MeV and isospin
asymmetry [, = 0.3, the results derived from sum rules
indicate that the mass shifts of the D and D* mesons
are observed to be —2.66 and —4.68 MeV, respectively.
This leads to an approximate reduction of —3.39 and
—7.32 MeV in the J/y mass for the DD and DD* meson
loop contributions within asymmetric nuclear matter at

nuclear saturation density, with cutoff parameter
Ap =2 GeV, respectively. In examining the impact of
the D*D* meson loop on the J/y self-energy, we noted a
much larger negative mass shift of the J/y meson.
However, the heavier loop is expected to contribute less.
The observed negative mass shift suggests that nuclear
mean fields exert an attractive influence on the J/y meson,
such a mass shift may be sufficient to facilitate the
formation of meson-nucleus bound states. Moreover, we
have computed the binding energy and absorption decay
width of J/y meson for both the ground and excited states
of 0'6, Ca*, Zr, and Pb>*® nuclei by solving the Klein-
Gordon equation. Our finding indicates that the J/y meson
forms bound states with all the nuclei we examined, and
heavier mesons exhibit a greater probability of forming a
mesic-nuclei bound state. Mainly, the theoretical predic-
tions of J/y-Pb?*® bound state strongly encourage exper-
imental studies of nuclei after the upgraded 12 GeV
CEBAF at JLab facility [28]. This study may serve as a
useful reference for experimental studies of quarkonium
suppression in heavy-ion collisions and medium effects
through the formation of bound states of mesons, asso-
ciated with the FAIR project, such as CBM and PANDA
[22-24], and J-PARC collaboration [29], and CEBAF
experiment at JLab [28].
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