arXiv:2301.02050v1 [hep-ph] 5 Jan 2023

Open Charm Mesons and Charmonium states in Magnetized

Strange Hadronic Medium at Finite Temperature

Amal Jahan C.SF and Amruta Mishrall
Department of Physics, Indian Institute of Technology,
Delhi, Hauz Khas, New Delhit - 110016, India

Abstract

We investigate the masses of the pseudoscalar (D(D°, D), D(D°, D~) and vector open charm
mesons (D*(D*°, D*+), D*(D*°, D*~) as well as the pseudoscalar (1.(15), 1.(25)) and the vector
charmonium states (J/v, ¥(25), ¥(1D)) in the asymmetric hot strange hadronic medium in the
presence of strong magnetic fields. In the magnetized medium, the mass modification of open
charm mesons due to their interactions with baryons and the scalar fields (o, ¢, and ¢§) are investi-
gated in a chiral effective model. Moreover, the charged pseudoscalar meson (D¥), as well as the
longitudinal component of charged vector meson (D*i”), experience additional positive mass mod-
ifications in the magnetic field due to Landau quantization. The effect of the modification of gluon
condensates simulated by the medium change of dilaton field y on the masses of the charmonia is
also calculated in the chiral effective model. The contribution of masses of light quarks is also con-
sidered in the modification of gluon condensates. At high temperatures, the magnetically induced
modifications of scalar fields significantly reduce the in-medium masses of mesons. The effects of
magnetically induced spin mixing between the pseudoscalar and the corresponding vector mesons
are incorporated in our study. The spin-magnetic field interaction of these mesons is considered
through a phenomenological effective Lagrangian interaction. The spin mixing result in a positive
mass shift for the longitudinal component of the vector mesons and a negative mass shift for the
pseudoscalar mesons in the presence of the magnetic field. From the obtained in-medium mass
shifts of charmonia and open charm mesons, we have also calculated the partial decay widths of
¥(1D) to DD, using a light quark pair creation model, namely the 3Py model. Spin mixing and

strangeness fraction enhance the partial decay width at small magnetic fields.
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I. INTRODUCTION

The effect of strong magnetic fields on the properties of hadrons has recently received
significant interest due to the phenomenological consequences in the relativistic heavy-ion
collision experiments. The strength of the magnetic fields in such experiments could be as
enormous as eB ~ 2m,% ~ 6 x 10'® Gauss in the Relativistic Heavy Ion Collider(RHIC)
at Brookhaven National Laboratory (BNL) and eB ~ 15m,2? ~ 10* Gauss in the Large
Hadron Collider(LHC) at CERN [1H4]. These studies indicate that the magnitude of the
magnetic field depends on the energy of the collision, as well as the impact parameter, and
is produced at the early stages of collision. Since charm quarks, due to their large mass
are formed by initial hard scatterings at the early stages of heavy ion collision, the charm
quark systems are sensitive to magnetic fields [5], [6]. Hence the properties of charmonium
states and open charm mesons will undergo modifications in magnetic fields and must be
investigated.

Strong magnetic fields can modify the internal structure of mesons as well as the QCD
condensates [5, 6]. The chiral condensates in QCD, which is a measure of the spontaneous
chiral symmetry breaking of the system, is modified by the magnetic field through the
phenomena of magnetic catalysis at low temperature and inverse magnetic catalysis at very
high temperature [7]. The gluon condensates, results in the scale invariance breaking or
scale anomaly by which the trace of enery-momentum tensor becomes non-zero. The gluon
condensates are also modified in strong magnetic fields through gluon catalysis. [SHIT].
The condensates also modify with variation in medium conditions such as baryon density,
temperature, isospin asymmetry and the strangeness content of the medium. When the
hadrons interact with these condensates, their properties such as masses and decay widths
also modify in magnetic field at finite baryon density and temperature.

Open heavy flavor mesons and various heavy quarkonium states in magnetic fields have
been investigated in QCD sum rule approach [5, [6 T2HT9] as well as using potential models
[20-24]. The masses of heavy flavor mesons are investigated in the chiral effective model
in cold magnetized nuclear medium [25H28] and in magnetized strange hadronic medium
[29, 30]. The partial decay widths of charmonium states to DD in the cold magnetized
nuclear medium are studied in Refs. [31} [32]. Besides the modification of condensates, the

magnetic field also introduces the mixing of the spin eigenstates between the spin-singlet



states and spin-triplet states of heavy flavor mesons [0, [6l T3-16, 2024, 33H40]. Under
strong magnetic fields, a part of spatial rotation symmetry is broken, and only the azimuthal
component along the direction of the magnetic field remains [13]. Consequently, the spin
state, which can act as a good quantum number for the meson, is the one along the direction
of the magnetic field. Hence the pseudoscalar meson mix with the longitudinal component
of the corresponding vector meson. The transverse component of the vector charmonium
state does not take part in this mixing. In Ref.[24], along with the spin mixing effect, the
Zeeman splitting between the transverse components of the spin-triplet states of open charm
mesons are also investigated.

In Ref.[33], the vacuum masses of the pseudoscalar and vector charm mesons in the
presence of the magnetic field are studied with the spin mixing effect incorporated through
a phenomenological Lagrangian interaction. The masses of charmonia in the cold magnetized
nuclear medium have been calculated, accounting for their spin mixing effect in Ref.[34], and
the same investigation for open bottom mesons and bottomonium states is carried out in
Ref.[35]. In Ref.[34], the partial decay width of ¢)(1D) to DD in the cold magnetized nuclear
medium has been calculated using the field-theoretic model for composite hadrons as well
as using an effective hadronic model. In this study the effect of spin mixing effect on the in-
medium masses of open charm mesons was not considered . Recently the properties of heavy
flavor mesons in the cold magnetized nuclear medium have been investigated incorporating
the effect of magnetic catalysis and spin mixing effect [16] [36H40)].

In Ref.[29], we have investigated the masses of pseudoscalar open charm mesons and
vector charmonia in the magnetized strange medium without considering the effects of spin
mixing and finite temperature. In the present work, we have investigated the masses of the
pseudoscalar and the vector open charm mesons, as well as the pseudoscalar and the vector
charmonium states in the hot magnetized strange hadronic medium. In the present study,
the magnetically induced mixing of the pseudoscalar and vector mesons is also taken into
account through the effective Lagrangian interaction [5, [6, (13, B3] 34]. In the magnetized
medium, the mass modifications of the pseudoscalar open charm mesons accounting for the
modification of light quark condensates and the mass modifications of charmonium states
accounting for the modification of gluon condensates are calculated within the chiral effective
model [25, 27, 29]. Within the chiral model, the modifications of light quark condensates are

calculated from the modification of the scalar fields (o, ¢, ), and that of gluon condensates



are calculated from the medium change of the dilaton field (), introduced through a scale
breaking term in the Lagrangian. The contribution of the mass term of light quarks to the
modification of gluon condensates is also incorporated in the present study [29]. The in-
medium masses of the vector D*,D* mesons are calculated by assuming that the magnitude
of their mass shifts due to the interaction with nucleons and scalar fields are similar to that of
pseudoscalar open charm mesons. The charged open charm mesons, D*(D**ll), experience
additional positive mass shift in magnetic fields due to Landau quantization. From the mass
modifications of both ¥(1D) and open charm mesons accounting for the spin mixing effect,
we compute the decay widths of 1/(1D) to DD pair in the magnetized medium using a light
quark pair creation model called the Py model [31], 41].

The outline of the paper is as follows. In section II, we describe the effect of magnetized
medium on the mass modifications of open charm mesons and charmonium states using a
chiral effective model. We also describe the incorporation of magnetically induced spin mix-
ing on the masses of pseudoscalar and vector mesons using a phenomenological interaction
Lagrangian in the same section. Section III describes the mathematical formalism of the
3 Py model and the expressions for the partial decay widths of 1)(1D) to DD pair. In Section
IV, we discuss and analyze the results obtained and later summarize our findings in section

V.

II. MASSES OF OPEN CHARM MESONS AND CHARMONIA IN HOT MAG-
NETIZED MEDIUM

In this section, we discuss the modifications of the masses of pseudoscalar (P) and vector
(V) open charm mesons and charmonium states in strange hadronic matter at finite tem-
peratures in strong magnetic fields. In magnetized medium, the open charm mesons will
have mass shifts due to the medium modification of light quark condensates, whereas char-
monium states experience mass modifications due to the modification of gluon condensates.
Such modifications are taken into consideration using a chiral effective model. The Hadronic

Lagrangian density in chiral effective model [25] 29, [34] is given as

ﬁeﬂf = »Ckin + Z LBW + »Cvec + £0 + Escale break 'CSB + 'Cg;g' (1)
W=XY,A,Vu

In this equation, Ly, refers to the kinetic energy terms of the mesons and baryons. Lgw
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is the baryon-meson interaction term, where the index W covers both spin-0 and spin-1
mesons. L. concerns the dynamical mass generation of the vector mesons through couplings
with scalar mesons, apart from bearing the quartic self-interaction terms of these mesons.
Ly contains the meson-meson interaction terms introducing the spontaneous breaking of
chiral symmetry, and Lqcae break iNCorporates the scale invariance breaking of QCD through
a logarithmic potential given in terms of scalar dilaton field x. Lgp corresponds to the
explicit chiral symmetry breaking term. Finally £ﬁgg is the contribution by the magnetic
field which describe the interactions of octet baryons with the magnetic field. We choose the
magnetic field to be uniform and along the z-axis. The field term of the magnetic part of
the Lagrangian has vectorial as well as tensorial interactions with the electromagnetic field
[25]. The tensorial interaction is related to the anomalous magnetic moment (AMM) of the
baryons [25] 29] .

We then invoke mean-field approximation, where fermions are treated as quantum fields
and mesons as classical fields. In this approximation, only the scalar and the vector fields
contribute as the expectation values vanish for all other terms. The magnetic field introduces
Landau quantization for the charged baryons. For neutral baryons, the magnetic field’s effect
is only through AMM effects. The effects of temperature can be introduced through Fermi
distribution functions in the expressions of scalar and number densities of baryons [30]. The
scalar fields depend on the scalar density of baryons and will be modified with changes in
baryon density, magnetic field, strangeness content of the medium, and temperature [29] [30].
The equations of motion for scalar fields (the non-strange field o, strange field ¢, isovector
field §, and the dilaton field x) are solved as functions of the magnetic field for isospin
asymmetric hadronic matter (n = 0.5) at nuclear matter saturation density for different
values of strangeness fraction (fs) and temperature (7'). The modifications of scalar fields
in the hot magnetized strange hadronic medium in the chiral effective model are already
investigated in Ref.[30].

The in-medium masses of open charm mesons are investigated using the chiral effective
Lagrangian approach. Here the chiral SU(3) model has been generalized to chiral SU(4)
to include the charm degrees of freedom [25, 29]. The mass modifications of pseudoscalar
(P) open charm mesons D(D°, D*) and D(D°, D~) arise due to their interactions with
baryons, and the scalar fields (o, ¢, and 9) in the presence of the magnetic field [25, 29]. The

interaction Lagrangian of these mesons gives rise to equations of motion of the open charm



mesons, and their Fourier transforms lead to the dispersion relations for the pseudoscalar D

and D mesons. In the rest frame, the dispersion relation is given as
—w? +mp(p)° — pp)(w,0) =0, (2)

where mpp) is their mass in the vacuum. The medium effects on these mesons are incor-
porated in their self-energy denoted by Ilppy(w,0). The expression of self energies for D
mesons in the magnetized strange hadronic matter is given as [29].

1
Af3
+ 2pno + pso) + ((p=o + p=-)  (p=o — p=-))|w

Ip(w,0) = 3(pp + pn) £ (pp — pn) +2((ps+ + ps-) £ (ps+ —ps-))

m% / / / ! d
+ D (o V2 ) + [——(a V2G84 (o +

2fp Ip 213
S S S S S S d S S S S 1 S
+ Pho + S+ pSo + 5 + pRo + pE-) + F((pp +pn) £ (P = o) + 3P
D
+ (PS5 +05-) £ (p%r —p3-) + p%o)]wz, (3)

where =+ refers to D° and D™, respectively. For D mesons, the self-energy is given as

1
4fp

+ 2(pao + pso) + ((p=o + p=-) £ (p=o — PE*))}W

3(pp + pn) £ (pp — pn) +2((ps+ + ps-) £ (ps+ — ps-))

mp / / / / d
+ 20+ V2 £ +[ o+ V2 )+ s (05
S S S S S S d S S S S 1 S
+ Pro + P35 + pSo + PS5 + po + pE- )+F<(pp+pn)i(pp—pn)+§mo
D
+ (p§++p§f)i(p§+—p‘éf)er%o)]wQ- (4)

In eq. and eq., o' = (0 —0p), . = (¢ — (), & = (6 — dp) denotes the fluctuation of
scalar fields from their vacuum values. The fluctuation ¢/ has been observed to be negligible
[42], and its contribution to the in-medium masses of open charm mesons will be neglected in
the present investigation. Here fp refers to the decay constant of D mesons. The parameters
d; and dy are determined by a fit of the empirical values of the Kaon-Nucleon scattering
lengths [43-45] for I = 0, and I = 1 channels [46, [47].

The dispersion relations are solved at various values of magnetic fields, strangeness frac-
tion, and temperature to obtain the masses of these mesons. Since the mass modification

of the mesons depends upon the modification of scalar density, number density, and scalar
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fields, the effects of baryon density, isospin asymmetry, strangeness fraction, temperature,
and magnetic field get reflected on their in-medium masses. For the neutral mesons (D°,

DY), the in-medium effective masses are the solutions of the dispersion relations given as

M0y = T po(0): ()

We assume the mass shift of the vector (V) open charm mesons D*(D*) from their
vacuum mass at nuclear matter saturation density, arising from the medium modification
of scalar fields and baryons is similar in magnitude to the mass shift of pseudoscalar open
charm mesons. Such identical mass shifts in hadronic matter are obtained for vector and
pseudoscalar open charm mesons in Quark Meson coupling model [48] 49]. Hence, we have
the relation Am p«(p+y = M* pe(pe)y —Mp=(p+) = M* ppy —Mp(py = Amppy where mp.(p«) is
the vacuum mass of vector open charm mesons. Moreover, the charged pseudoscalar mesons
(D*) and the longitudinal component of the charged vector open charm mesons (D**Il)
have additional positive mass modifications in magnetic fields through Landau quantization

retaining up to the lowest Landau level and given as [29, [35, [36] 38]

mgff =y\/mi3. + |eB], g”*fiu =y\/mis.. + |eB]. (6)

In the chiral effective model, the leading order mass shift formula of the charmonium

states is given as [29, 50]

1 (k) k a a;
A = — 2 - 2 —_2(Ja pra \ _ [ 5 Mva urva
mry = 15 [ a2 |>k2/mc+€><(<WGWG ) (Zeney ).

(2B L f200 0

In the above, m, denotes the mass of the charm quark, and € = 2m,—mpy represents the

where

binding energy of the charmonium state where mpy is the vacuum mass of the concerned
pseudoscalar or vector charmonium state. Here, (22Gf, GH?) and (2=GY, ,G**)q are the
expectation values of the scalar gluon condensates in the magnetized medium and in the
vacuum, respectively, and ¢ (k) is the harmonic oscillator wave functions [27, 29, 50, 51] of
charmonia in the momentum space normalized as [ 33’)“3 |¥(k)|* = 1 .For N;y=3, modification

of scalar gluon condensate in the chiral effective model is given by,

(o) (2o, )
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Here y and o are the values of the dilaton field in the magnetized medium and in the
vacuum, respectively. The terms proportional to ¢’ = (0 — 09) and (' = ({ — (p) originate
due to the finite quark mass term ) . m;g;q; in the expression of energy-momentum tensor
of QCD [29, [30]. Here, d is a a parmeter related to the QCD-Beta function [29], fx is the
kaon decay constant, f, is the pion decay constant, and m g, m, are their respective vacuum
masses. The effective mass of pseudoscalar and vector charmonium states in the medium is
then given as.

m;f{; =mpy + Amp,\/ (10)

Moreover, in the presence of the magnetic field, the coupling of the particle’s spin with the
magnetic field results in M1 transitions, which convert spin-1 states into spin-0 states by the
emission of a photon [I3]. Such an interaction can result in the mixing between pseudoscalar
mesons and longitudinal component of vector mesons [5] [6l, 13| 33, B4]. The effect of spin
mixing on the open charm mesons and charmonium states are taken into account through
a phenomenological effective Lagrangian interaction £py, [5} 6, 13, B3], 34] given as

EPVW fiv ~;w(a'up) (11)

av

Here gpy is the dimensionless spin-mixing coupling parameter, e is the unit electric charge,
Mgy 18 the average masses of the pseudoscalar and the vector mesons, and F,uu is the dual
electromagnetic field strength tensor. The coupling parameter gpy is calculated from the

observed value of the vacuum radiative decay width I'(V — P + «) through the expression

62 92 pcm3
D(V = Py) = 57200 (12)

Here, pem, = (M3 —m%)/(2my ) is the magnitude of the center of mass momentum in the final
state with my and mp are the vacuum masses of the corresponding vector and pseudoscalar
mesons, respectively. From the effective phenomenological Lagrangian [5], we obtain the
masses of the pseudoscalar and the longitudinal component of the vector mesons(V) after

incorporating the mixing effects and are given by [5, 6l 13}, 33 [34]

1 2 4
mg‘?:ﬁ( CPV \/M4 CPV +;f4v), (13)




where M? = m;ff +m eff . M? = m;fo — mf/fo and cpy = gpyeB. Here mfgff and
mf/ff are the effective masses of pure states of open charm mesons and charmonia in the
medium calculated in the chiral effective model. The + and — signs are for the vector and
pseudoscalar states, respectively, indicating that the mass of the longitudinal component of
the vector meson increases with the magnetic field, and that of the pseudoscalar meson drops
under the effect of spin mixing. Hence spin mixing introduces a level repulsion between the
mixing partners.

For the neutral open charm mesons and charmonia, in the absence of a medium, the
effect of the magnetic field is through the spin mixing effect only. However, for the charged
mesons, in the absence of a medium, the effect of the magnetic field is through Landau
quantization and spin mixing effect. In the hadronic medium, the modification of scalar
fields, number densities, and scalar densities of baryons with respect to the changes in
baryon density, isospin asymmetry, magnetic field, temperature, and strangeness fraction
will also contribute to the effective masses of mesons along with spin mixing effect and

Landau quantization effect.

III. DECAY WIDTHS OF ¢(1D) TO DD WITHIN 3P, MODEL

In this section, we describe the partial decay widths of the vector charmonium state
¥(1D) to DD under strong magnetic fields using the *Py model. In this model, a light
quark-antiquark pair is created in the 2Py state, and this light quark (antiquark) combines
with the heavy charm antiquark (charm quark) of the decaying charmonium state at rest,
resulting in the production of the open charm (D, D) mesons. When spin mixing is taken
into account, the general expression for the partial width of the longitudinal component of
¥(1D) is given as [41]

Lyiap)y»pp = QWprf;ED Z |Mys|?, (14)

mw“(lD)

where Mg is the invariant matrix element representing the decay of the parent charmonia to
DD pairs. This matrix element will involve an overlap integral consisting of the momentum

space wave functions of the parent and the daughter mesons. Here pp is given as [31}, [50]

(PV) 2 1/2
_(Maian)”  mp™) + @) () — ()2 15
o= R 2 T P - 1)
( w\l 1D)



Here mfﬁx)])) is the in-medium mass of the longitudinal component of charmonium state

and mSDPV), mgv) are the medium masses of the outgoing D and D mesons in the magnetic

field after spin mixing. Here, Ep, Ep denotes the energy of outgoing D and D mesons and

given as
1/2 1/2
Ep=(pp+(m* )", Ep=(h+m§"))"” (16)

There are two possible decay channels for the charmonium states, through D°D° channel
and through D* D~ channel. The expression for partial decay widths for ¢/ (1D) is given
as [311, (41, 50]

7 2
v - 1/2EDED72 215 r 3[4 1+ 72 9
vlap)=pb =00 vy e \ T2 ) T\ T T B+ 2r)”

W(1D)
.TQ
S — 17
P TS0 2 (17)

Here  is the coupling strength related to the strength of the 3Py vertex and signifies the

probability of creating a light quark-antiquark pair. The ratio r = 5/fp is a constant for a
particular charmonium state, where [ is the strength of the harmonic potential of the parent
charmonium state and 3p is the strength of the harmonic potential of the daughter D(D)
mesons. The scaled momentum z is defined as © = pp/Bp. The dependence of the partial
decay width of charmonia on the magnetic field, baryon density, and isospin asymmetry is
encoded in the scaled momentum x and the masses of charmonia and open charm mesons.

When spin mixing is not considered, the masses of open charm mesons and charmonia in

eq.((15)), eq. and in eq. are taken to be their effective masses of pure states.

IV. RESULTS AND DISCUSSION

We have investigated the masses of the pseudoscalar (D(D°, D*), D(D°, D~) and the
vector (D*(D*°, D*+), D*(D*°, D*~) open charm mesons, as well as the pseudoscalar (1, =
ne(1S), nl. = 1.(25)) and the vector charmonium states (J/1, ¥(2S), ¥(1D) = 1(3770)), in
isospin asymmetric strange hadronic medium at finite temperature in the presence of strong
magnetic fields. The masses of open charm mesons due to the modification of scalar fields

and baryons in the hot magnetized medium are obtained by solving the dispersion relation
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FIG. 1: (Color online) The masses of pseudoscalar D? meson and the longitudinal component of the
vector D*? meson are plotted as functions of eB/m2 for pg = pg in asymmetric (n=0.5) magnetized
hadronic matter for fixed values of strangeness fraction f; = 0, 0.3, 0.5 and temperature T= 0,
100 and 150 MeV. The effects of spin mixing between D? and D*ll on their in-medium masses

calculated using eq. are shown and compared to the case where the mixing effects are ignored

(dotted lines).
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FIG. 2: (Color online) The masses of pseudoscalar D' meson and the longitudinal component
of the vector D** meson are plotted as functions of eB/m2 for pg = po in asymmetric (n=0.5)
magnetized hadronic matter for fixed values of strangeness fraction f; = 0, 0.5 and temperature
T= 0, 100 and 150 MeV. The effects of spin mixing between DT and D**ll, as well as Landau
quantization, on their in-medium masses are shown. These plots are compared to the case where

only the mixing effects are ignored (dotted lines), and both the mixing and Landau quantization

effects are ignored (dashed-dotted lines).
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FIG. 3: (Color online) The masses of pseudoscalar DO meson and the longitudinal component
of the vector D*0 meson are plotted as functions of eB/ m2 for pgp = pp in asymmetric (n=0.5)
magnetized hadronic matter for fixed values of strangeness fraction f; = 0, 0.5 and temperature
T= 0, 100 and 150 MeV. The effects of spin mixing between DO and D*%ll on their in-medium

masses are shown and compared to the case where the mixing effects are ignored (dotted lines).
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FIG. 4: (Color online) The masses of pseudoscalar D~ meson and the longitudinal component
of the vector D*~ meson are plotted as functions of eB/m2 for pg = po in asymmetric (n=0.5)
magnetized hadronic matter for fixed values of strangeness fraction f; = 0, 0.5 and temperature
T= 0, 100 and 150 MeV. The effects of spin mixing between D~ and D*~Il, as well as Landau
quantization on their in-medium masses, are shown. These plots are compared to the case where

only the mixing effects are ignored (dotted lines), and both the mixing and Landau quantization

effects are ignored (dashed-dotted lines).
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given in eq.. The mass modification of vector open charm mesons from medium mod-
ifications of scalar fields and baryons is assumed to be similar in magnitude as compared
to pseudoscalar mesons. The effect of Landau quantization on charged mesons in the pres-
ence of magnetic fields is incorporated using eq.@. The mass shift of charmonium states
due to the modification of gluon condensates in the medium are obtained using eq.@ and
eq.@. Finally, the effects of magnetically induced spin mixing of D*® — D% D*t — D+,
D*0 — DY and D*~ — D~ on the masses of these open charm mesons and the effects of
mixing of J/¢ — n.(15), ¥(25) — n.(25) and ¥ (1D) — 1.(2S) on the masses of charmonia
are incorporated using eq..

The values of the various parameters of the chiral model and their fitting procedure is
given in Ref. [29]. The vacuum masses (in MeV) of the open charm mesons are taken to be
mp«+ =mp«= 2010.26, mp« = m o= 2006.85, mp+ = mp- = 1869.65 MeV and mpo =
mpo = 1864.8 MeV. The values of the mixing coupling parameters gpy = gp+p++ is taken
to be 0.9089 using eq. from the observed vacuum values of the radiative decay width of
['(D*" — D*~)=1.33 keV [33]. The value of gp-p«— is also taken to 0.9089 since D~ and
D*~ being charge conjugate particles of DT and D**. For neutral open charm mesons, the
coupling parameter gpop-o can be determined from the partial decay width T'(D*® — D%)
which is 35.3 percent of the total decay width of D*°. However, the experimental value of
total decay width of D*° is not known with sufficient accuracy. Hence the value of gpop-o
is taken to be 3.426 by initially calculating the partial decay width of T'(D*® — D%x0)
appropriately and making use of the observed branching ratio of pionic and radiative decay
modes of D*Y to calculate the partial decay width T'(D*® — D%y) as 19.593 keV as given
in Ref.[33]. From this value of partial radiative decay width, the value of the coupling
parameter gpop-o is taken to be 3.426 in our investigation and may be compared to the
value of 3.6736 given Ref.[I3]. The value of the mixing coupling parameter ¢s0;5.0 for the
decay (D*0 — D%y) is taken to be the same as the value of gpop-o due to the charge
conjugation symmetry.

In Figures[1] [2| B} and [ the masses of the pseudoscalar and the longitudinal component
of vector open charm mesons after spin mixing are plotted as a function of the magnetic
field (eB/m,?) in asymmetric (n = 0.5) magnetized hadronic matter at nuclear matter
saturation density (pp= po ). Each panel is plotted at a particular value of strangeness

fraction (fs) where fs=0 corresponds to pure nuclear matter and f;= 0.5 corresponding
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to strange hadronic matter and for fixed values of temperature T=0 MeV, 100 MeV, and
150 MeV. The plots are compared to the case where the spin-mixing effects are ignored,
shown as dotted lines in Figures [I] and [3] In Figures, 2] and [, dotted lines represent the
masses without mixing effects but with only Landau quantization, and dashed-dotted lines
represent when both spin mixing and Landau quantization are ignored.

At pp =po, the masses of all open charm mesons decrease in the medium as compared to
their vacuum values since the scalar densities of baryons and the fluctuations of scalar fields
(0! = (0—09), &' = (0—0p)) increase with baryon density resulting a net attractive interaction.
In the magnetized strange hadronic medium (f; = 0.5), the scalar fields undergo significant
modifications, and the scalar densities of hyperons also contribute to the self-energy of the
open charm mesons. Hence the open charm mesons have a larger mass drop in the f; = 0.5
case compared to the f;, = 0 case. In the medium, the mass degeneracy of pseudoscalar D+
and D~ as well as that of D° and DO are broken due to the Weinberg-Tomozawa term in the
interaction Lagrangian density [29] [46]. The effect of isospin asymmetry results in a further
drop in the mass of DT, whereas D° experiences a positive contribution to the mass from
the second term of the Weinberg-Tomozawa term. Similarly, the mass degeneracy between
the vector D*T and D*~ as well as that of D** and D** will also be broken in the medium
since their mass shifts due to the modification of nucleons and scalar fields are assumed to be
similar to that of their pseudoscalar counterparts. The mass degeneracy of charge conjugate
partners is also broken in the magnetized medium.

When the effect of spin mixing is ignored, the masses of neutral, open charm mesons
experience marginal modifications as a function of the magnetic field in isospin asymmetric
(n = 0.5) medium at T=0 MeV and T=100 MeV. This behavior is because the magnetic field
induced modifications of scalar fields (¢ and ¢) and cumulative scalar densities of baryons are
marginal when the temperature is not very high [30]. Due to the Landau quantization effect,
the charged open charm mesons are subjected to additional positive mass modifications in
the presence of the magnetic field. The dotted lines in Figures[2]and [ represent the combined
contribution of medium effects and Landau quantization. Hence at T=0 MeV and T=100
MeV, the masses of the pseudoscalar mesons and the longitudinal component of charged
vector open charm mesons increase almost linearly as a function of the magnetic field.

However, at T=150 MeV, the magnitude of scalar fields significantly drops with a change

in the magnetic field [30], making the scalar meson exchange term more attractive with the
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magnetic field. Consequently, there is a significant mass drop for the neutral open charm
mesons with an increase in the magnetic field at T=150 MeV. Even for charged mesons,
at T'=150 MeV, the positive mass modification due to Landau quantization is subdued by
the negative mass shift due to the modification of scalar fields induced by the magnetic
field. Hence at T=150 MeV, above eB= 6m?2, even the masses of charged mesons drop as
the magnetic field is further increased when spin mixing is ignored. In the strange hadronic
medium, the effects of the magnetic field and temperature on the masses are more significant
compared to the nuclear medium. The qualitative behavior of open charm mesons as a
function of the magnetic field at finite temperature without spin mixing effect is similar to
that of open bottom mesons investigated in Ref.[30]. In the medium, without spin mixing,
although the individual masses of the neutral open charm meson decreases as compared to
vacuum, the value of mass splitting between D*ll and D as well as D*0l and DO remains
the same. This constant mass splitting is due to the assumption of equal mass shifts for
these vector and pseudoscalar mesons from the medium modification of baryons and scalar
fields.

In addition to the medium effects, when the effect of spin mixing is incorporated, the
mass of the longitudinal component of neutral vector open charm mesons (V) increases, and
that of the neutral pseudoscalar mesons (P) drops as the magnitude of the magnetic field is
increased. Hence a level of repulsion between the mixing partners is observed for neutral,
open charm mesons. When spin mixing is included, at 7=150 MeV, D° and D° mesons
experience a more significant mass drop compared to T=0 case due to the additional mass
drop by the modification of scalar fields and scalar densities of baryons by the magnetic
field. In contrast, at T=150 MeV, the positive mass shift experienced by D*l and Dl
due to spin mixing is reduced due to the mass reduction by the modification of scalar fields
and scalar densities of baryons by the magnetic field. The in-medium masses of open charm
mesons are smaller in the magnetized strange hadronic medium than in the nuclear medium.
The mixing effect is more substantial for the neutral open charm mesons due to the large
value of the mixing coupling parameter compared to that of charged mesons.

For D*! mesons, mass shift due to spin mixing and mass shift due to Landau quantization
are both positive. Hence when the spin mixing effect is incorporated, the in-medium masses
of D**!l increases further compared to the case where these effects are ignored. However,

for pseudoscalar D mesons, although the dominant Landau quantization effect results in
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an overall positive mass modification, the spin mixing effect contributes negatively to the
mass shift and subdue the net positive mass shift above eB= 3m?2. Hence the in-medium
masses of D* decrease when spin mixing effects are incorporated compared to the case
where these effects are ignored. At T=150 MeV, the mass drop due to the modifications
of scalar fields and scalar density by the magnetic field reduces the cumulative positive
mass shift experienced by vector D*tl as well as pseudoscalar D*. At T=150 MeV, in the
case of D*, mass shift due to spin mixing and mass shift due to purely medium effects are
in the same direction and negative. Their combined negative mass contribution can even
nullify the positive mass shift due to Landau quantization at large magnetic fields. Hence
in strange hadronic medium, at 7=150 MeV, the in-medium masses of D¥ initially increase
marginally till eB= 6m? and subsequently decreases. In this case, the in-medium masses of
D* at eB = 0m2 and eB = 8m2 are similar in magnitude.

Hence, the interplay of the various effects induced by the magnetic field is crucial for the
charged mesons at large temperatures. Consequently, to probe the effects of the magnetic
field at finite density and temperature, among the open charm mesons, D° and D° would be
ideal candidates since they have a large negative mass shift due to spin mixing (due to large
value of gpy) as well as due to scalar field modifications. From an experimental point of
view, it is also essential to quantitatively analyze the different contributions of the magnetic
field. The mass splitting of D**! and D° and that of D*! and DY mesons increases with
the magnetic field due to level repulsion when spin mixing is taken into account. Due to the
smaller value of gpy, the variation of mass splitting of D*tland D* as a function of the
magnetic field is smaller compared to that of neutral mesons.

Including the spin mixing effect, the masses of D*0ll, D*+Il Dl and D (in MeV) in
fs = 0.5 hadronic medium at pp = pp and 7' = 0 , are 1969.03 (2031.98), 1937.74 (1965.12),
1993.09 (2054.86) and 1995.81 (2022.20) respectively at eB= 4m?2 (8m2). At T = 150 MeV,
these masses in the exact order are 1965.61 (2004.57), 1938.75 (1944.24), 1989.78 (2027.51),
and 1996.77(2001.10). For f, = 0.5, the masses of pseudoscalar D°, D*, D® and D~ (in
MeV) at pp = po and T' = 0 are 1767.47 (1712.66), 1793.69 (1808.71), 1792.86 (1738.89)
and 1851.96 (1866.66) respectively at eB= 4m?2 (8m?2). At T = 150 MeV, these masses in
the same order (in MeV) become 1763.86 (1681.09), 1794.71 (1787.48), 1789.37 (1707.52),
and 1852.93 (1845.25).

In Figures [5] [0, and [7] the masses of the longitudinal component of vector and pseu-
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FIG. 5: (Color online) The masses of the pseudoscalar charmonium state 7. = 7.(1S) and the
longitudinal component of the vector charmonium state J/v are plotted as functions of eB/m2 for
pB = po in asymmetric (n=0.5) magnetized hadronic matter for fixed values of strangeness fraction
fs = 0, 0.5 and temperature T= 0, 100 and 150 MeV. The effects of spin mixing between 7. and
J/ ¥l on their in-medium masses are shown and compared to the case where the mixing effects are

ignored (dotted lines).
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FIG. 6: (Color online) The masses of the pseudoscalar charmonium state 1, = 7.(2S) and the
longitudinal component of the vector charmonium state 1(2S) = 1(3686) are plotted as functions
of eB/m2 for pgp = pp in asymmetric (n=0.5) magnetized hadronic matter for fixed values of
strangeness fraction f; = 0, 0.5 and temperature T= 0, 100 and 150 MeV. The effects of spin
mixing between 7/, and @Z)”(2S) on their in-medium masses are shown and compared to the case

where the mixing effects are ignored (dotted lines).
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FIG. 7: (Color online) The masses of the pseudoscalar charmonium state 1, = 7.(2S) and the
longitudinal component of the vector charmonium state ¥(1D) = 1(3770) are plotted as functions
of eB/m2 for pp = pp in asymmetric (n=0.5) magnetized hadronic matter for fixed values of
strangeness fraction f; = 0, 0.5 and temperature T= 0, 100 and 150 MeV. The effects of spin

mixing between 7, and !(1D) on their in-medium masses are shown and compared to the case

where the mixing effects are ignored (dotted lines).
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doscalar charmonium states are plotted as a function of the magnetic field (eB/m,?) for
different values of temperature and strangeness fraction. The medium mass modifications
of charmonia account for both the spin mixing effect as well as the modification of gluon
condensates calculated using a chiral effective Lagrangian model in accord with eq.@ and
eq.@. The value of the parameter 3, which characterizes the strength of the harmonic
potential, in MeV for J/v, 1(2S) and ¢ (1D) are taken to be 513, 384, and 368. They are
calculated using a fit of their rms radii which are 0.47% fm?2, 0.962 fm? and 1 fm? respectively
[52, 53]. For the 1. and 7.’ states, the values of 5 in MeV are taken to be 535 and 394.6 by
linear extrapolation of the vacuum mass versus 5 graph of the charmonium states .J/¢ and
¥(2S) [34]. The values of the spin mixing coupling parameters gpv = gy j/v: niw(25): Iniw(1D)
are taken to be 2.094, 3.184, 7.657 from the observed vacuum values of their radiative decay
width of I'(J/¢ — 1.7)=92.9 keV, I'(¢(25) — 1./7)=0.2058 keV, I'(¢(1D) — n.'v)=24.48
keV respectively [34].

Without the spin mixing effect, all the charmonium states experience a negative mass
shift at finite baryon density compared to their vacuum masses. This behavior is due to the
reduction in the value of x from its vacuum value of 409.77 MeV, making the contribution of
the dominant term proportional to x* —yo* in eq. to be negative. In this investigation, we
have also considered the effect of the quark mass term in the modification of gluon conden-
sates through the terms proportional to o’(= ¢ — 09) and ¢'(= ¢ — (o) in the eq.(9). These
terms, being positive, reduce the net magnitude of the negative mass shift of charmonium
states in the medium compared to the case where these terms are neglected. Since o and (
undergo significant modifications in strange hadronic medium, the quark mass term results
in smaller mass shift (larger mass) for charmonium states in f; = 0.5 case as compared to
fs = 0 case at pgp = po [29]. This tendency is in contrast to open charm mesons whose
in-medium masses are smaller in the strange hadronic medium than in the nuclear medium.
The excited charmonium states undergo more significant mass shifts compared to J/¢ and
n(1S) in the medium since the momentum space integral (eq.(7))) calculated for the excited
state amplifies the medium dependence of the mass shift [29] 30].

The dilaton field x increases marginally as a function of the magnetic field at T=0 MeV.
Hence at T=0, the masses of charmonium states also increase marginally with magnetic
field in f, = 0 case. Although the magnetic field induced mass shifts of .J/¢ and n(1S) are
marginal, this is more apparent in panel (a) of the plots given in fig |§| and fig |7} For f, =0
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case, at T'=0 MeV, without including the spin mixing effects, the mass of J/v, ¥(25) and
»(1D) (in MeV) are modified to 3094.02 (3094.23), 3645.68 (3648.48), 3723.31 (3726.75)
respectively at pp = py and eB= 4m?2 (8m?2) compared to their vacuum masses of 3097,
3686 and 3773 MeV. Under the same conditions, the mass of 7. and 7.’ (in MeV) drops to
2981.47 (2981.64) and 3605.00 (3607.25) respectively at eB= 4m?2 (8m?2) compared to their
vacuum masses of 2983.9 and 3637.5 MeV.

However, in f, = 0.5 case, the positive mass contribution of terms proportional ¢’ and {’
increases as a function of the magnetic field and opposes the negative mass contribution term
proportional to x* — xo*. Hence at T=0, due to the interplay of these terms, the effect of the
magnetic field on the mass shifts of charmonium states is smaller in the strange hadronic
medium than in the nuclear medium. Also, at T=100 MeV, the magnetic field’s effect is
insignificant without the spin mixing effect. However, at T=150 MeV, the magnitude of
X, as well as o and (, drops significantly with an increase in the magnetic field. As a
consequence, the contribution of the dominant term proportional to x* — yo* enhances with
the magnetic field at T=150 MeV resulting in a larger negative mass shift for charmonium
states. The behavior of charmonium states in hot magnetized strange hadronic medium
without incorporating spin mixing effect is similar to that of upsilon states investigated in
Ref.[30]

When the spin mixing effects are taken into account, similar to the neutral, open charm
mesons, the mass of the longitudinal component of vector charmonium states (V) increases,
and that of the pseudoscalar charmonium states (P) drops as the magnitude of the magnetic
field is increased. The magnitude of mass shift of charmonium states purely due to spin
mixing is observed to be more at finite density compared to zero density case [34]. This
behavior is because my /7 — mp®/ is smaller at finite density compared to vacuum values,
and the mass shift due to spin mixing is inversely proportional to the mass difference of the
unmixed vector and pseudoscalar states at leading order [34]. The mixing between 1(25)
with 7. and between ¢ (1D) with 7. are neglected in our calculation due to the larger mass
difference between these states.

Moreover, the contribution of the mass shift from spin mixing is observed to be larger at
larger magnetic fields, as evident from the plots. The mass splitting (in MeV) between J/ !
and 7, mesons, ¥(25 )” and 7,” mesons as well as 1/}(1D)H and 7.” mesons increases with the

magnetic field when spin mixing is taken into account. The large mass splitting for @/J(ID)”
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and 7, from the mixing effect is mainly due to the large value of mixing coupling parameter
gnppy compared to the value of g,1y25) and gy.5/¢. For fo = 0.5 and T' = 0 , including
the spin mixing effect, the masses of J/i!, (29)! and ¥(1D)! at ps = po, are (in MeV)
3101.14 (3116.94), 3677.27 (3709.22) and 3779.95 (3854.58) respectively at eB= 4m?2 (8m?2).
At T'= 150 MeV, these masses in the exact order are (in MeV) 3100.96 (3114.70), 3674.91
(3680.47), and 3777.13 (3821.67). Hence at T=150 MeV, the drop in the magnitude of y due
to the magnetic field reduces the net positive mass shift experienced by .J/ w”, »(2S )” and
¢(1D)" due to spin mixing. In this case, the spin mixing effect for 1/(25)! becomes dominant
above eB= 1.5m?2. This behavior of x as a function of the magnetic field at T=150 MeV
also enhances the negative mass shift of pseudoscalar 7, and 7.’ mesons.

In the present work, we have also investigated the partial decay widths of ¢/(1D) to DD
pairs under strong magnetic fields using the 3P, model. In this study, the value of 3p to
calculate 7 in the expression for decay width (eq.(17)) is taken as 0.31 GeV [31]. The value
of 7 is chosen to be 0.33 to reproduce the observed decay widths of 1)(1D) to D° DO as well
to DT D~ in vacuum [31, 50]. In Figure |8} the partial decay widths of vector charmonium
state ¢(1D) to D* D~ (indicated as I';) as well as to D° DO (indicated as I'y) and the sum
of these decay widths (indicated as 'y ) are plotted as a function of magnetic fields in
isospin asymmetric (7 = 0.5) hadronic matter for various values of f; and 7. In these plots,
the decay widths are shown with the effect of spin mixing on the masses of both ¢(1D)
and open charm mesons incorporated. The plots are compared to the case where the spin
mixing effects are ignored, shown as dotted lines. In the vacuum, the partial decay width
of ¥(1D) to DTD~ (T;) takes the value of 12.44 MeV and (1D) to D°DO (T;) takes the
value of 16.28 MeV.

Without considering the spin mixing effect, the masses of ¢/(1D) and open charm mesons
drop in the medium compared to their vacuum values. At T' = 0, the masses of the D° and
DO mesons and 1(1D) modify negligibly with an increase in the magnetic field. Hence the
value of pp and consequently I'y also modify marginally in the medium with an increase in
the magnetic field. Since the masses of D* mesons increases with the magnetic field due to
Landau quantization, the value of I'y reduces linearly as a function of the magnetic field.
Hence at T' = 0, the value of I'y is larger than I'; at large magnetic fields. In the magnetized
strange hadronic medium, the mass of parent meson ¢(1D) is larger, and the mass of open

charm mesons is smaller than their respective values in the nuclear medium. Hence the
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FIG. 8: (Color online) Decay widths of ¥/ (1D) to (1) D¥D~,(2) D°DO, and the total of these
two channels (1+2), are plotted as functions of of eB/m2 for pgp = pp in asymmetric (7=0.5)
magnetized hadronic matter for fixed values of strangeness fraction f; = 0, 0.5 and temperature
T= 0, 100 and 150 MeV. The effects of spin mixing of both parent and daughter mesons are

incorporated on the decay widths shown and compared to the case where only the mixing effects

are ignored (dotted lines).
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value of I'y in the strange hadronic medium is observed to be larger, especially at smaller
magnetic fields.

The spin mixing effect of /(1D) enhances the value of its partial decay width compared to
the case where these effects are not included. The effect of spin mixing on the enhancement
of partial decay width is more evident in the nuclear medium than in the strange hadronic
medium. When spin mixing is incorporated, the mass of w(lD)H increases substantially
with the magnetic field, leading to a larger value of pp for the decay. In Ref.[34], the partial
decay width of 1/(1D) to DD was investigated in magnetized cold nuclear medium without
considering the spin mixing effect of daughter mesons. In the present investigation, when the
spin mixing effect of both ¢(1D) and open charm mesons are taken into account, the partial
decay width modifies significantly, especially in the D° DO channel due to the significant
spin mixing of neutral D mesons. The in-medium mass of the daughter D° and D° drops
significantly due to spin mixing, and hence the value of corresponding scaled momentum pp
is larger at a fixed magnetic field, compared to the case when the spin mixing effect of open
charm mesons are not taken into account.

For D™ and D~ mesons, since the positive mass contribution due to Landau quantization
overshoots their mass drop due to spin mixing, the values of I'y modify marginally with the
magnetic field and get enhanced only at large magnetic fields. This enhancement at large
magnetic fields is due to the positive mass shift of the parent (1D) due to spin mixing
effects. However, the enhancement of I'; as a function of the magnetic field is suppressed
in the strange hadronic medium. For f, = 0, due to the increasing value of pp with the
magnetic field, I'y increases initially as a function of the magnetic field up to eB=3.5m,? to

2 and the decay width for this channel encounters a maximum at a particular value of

dm,
pp. Thereafter I's begins to decrease in value due to the exponential nature of the partial
decay width. Hence I's encounters a maximum at intermediate values of magnetic fields in
this case. For f; = 0.5 case, when spin mixing is incorporated, pp is larger and approaches
the value of maximal point even at relatively small magnetic fields eB=1.5m,2 to 2m.,>.
Hence I'; encounters a maximum at small magnetic fields, and subsequently, the value of 'y
decreases. Hence at large magnetic fields, due to the internal structure of wave functions of
psi(1D), the value of I'y with spin mixing incorporated is small compared to the case where

these effects are ignored. Hence the dominant decay of ¢(1D) is through DT D~ channel

at large magnetic fields above eB=5m,? in nuclear medium and above eB=3m,? in strange
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hadronic medium. The qualitative behavior total decay width (I';,) is largely determined
by I'; compared to I'y.

The effect of the magnetic field on the individual masses of mesons is drastically different
due to significant modifications of scalar fields at T = 150 MeV, compared to the T" = 0
case. However, the effects of the magnetic field on the qualitative and quantitative nature
of the decay widths at 7" = 150 MeV is quite similar to that at T' = 0 case. The magnitude
of decay width depends on the momentum pp (eq.(15)), which encodes a measure of the
mass difference between (1D) and the combined mass of daughter mesons. Since the
modification of scalar fields by the magnetic field at 7" = 150 MeV contributes negatively
to the mass of both parent and daughter mesons, the value of pp is similar in magnitude at
T =0 as well as T'= 150 MeV. This results in a similar magnitude of decay widths at large
temperatures. The effect of f, is more prominent than the effects of temperature since an
increase in f, results in a larger mass of parent charmonium and a smaller mass of daughter
mesons, thereby increasing the value of pp.

The effects of magnetic field, baryon density, and temperature on the masses of open
charm mesons and charmonia will have experimental consequences in ultra-relativistic heavy
ion collision experiments. At LHC and RHIC, strong magnetic fields are produced. The
baryon density of the produced medium in these experiments is small, but the temperature
of the medium would be extremely high. To the best of our knowledge, in most previous
studies investigating the effects of magnetically induced spin mixing on the properties of
heavy flavor mesons, the effects of such high temperatures were not taken into account. A
more baryon-dense medium with moderate temperature can be produced by reducing the
collision energy. However, this would result in a decrease in the magnitude of the magnetic
field produced. Strange baryons will also be present in the medium; hence, the strangeness
fraction’s effects are also significant.

The magnetically induced spin mixing of open charm mesons can modify their production
ratios in heavy ion collision experiments. Since the masses of pseudoscalar D° and DO are
smaller than the masses of D*, the former mesons will be more copiously produced at large
magnetic fields and high temperatures. The spin mixing of charmonia will have observational
consequences on their dilepton spectra and the production of the charmonium states as well
as open charm mesons in ultra-relativistic heavy ion collision experiments, e.g., at RHIC

and LHC. Due to the mixing of spin-eigen states, the dileptons that should have originally
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arisen from vector charmonia will instead manifest from pseudoscalar charmonia resulting in
anomalous decay modes 7,7, — 71~ [34]. The larger masses of J/¢!, (29! and ¢(1D)!
in the magnetic field due to spin mixing suppress their production whereas the smaller mass
of n.(15) and 7.(2S5) due to spin mixing enhance their production. Moreover, due to the
enhancement of partial decay width, the spin mixing will have observable consequences on
the suppression of ¢(1D) (and hence of J/v due to feed-down effect) at small to intermediate
magnetic fields. This suppression would be more significant in the strange hadronic medium

than in the nuclear medium when magnetic fields are not very large.

V. SUMMARY

The masses of pseudoscalar and vector open charm mesons and charmonium states in
the magnetized hot hadronic medium are investigated, including the effect of magnetically
induced spin mixing of these mesons. The effect of medium modifications of chiral conden-
sates on the masses of open charm mesons and that of gluon condensates on the masses of
charmonia are computed using a chiral effective model. The charged open charm mesons,
D*(D**ll) experience additional positive mass modifications in magnetic fields through
Landau quantization. At T=150 MeV, the scalar fields o, {, d, which mimics the chiral con-
densates, and y, which mimics the gluon condensates modify significantly with the magnetic
field, resulting in a more significant mass drop of all mesons when spin mixing is not incor-
porated. The masses of open charm mesons are smaller in the magnetized strange hadronic
medium than in the nuclear medium. However, due to the presence of quark mass term, the
masses of charmonium states are larger in the magnetized strange hadronic medium than in
the nuclear medium.

When the spin mixing effect is incorporated, the mass of the longitudinal component
of the neutral vector meson increases, and the mass of the pseudoscalar neutral mesons
decreases with the magnetic field. For charged mesons, the effect of Landau quantization is
observed to be dominant compared to the effect of spin mixing. At T=150 MeV, there is a
strong interplay between the effects of scalar field modifications, Landau quantization, and
spin mixing at large magnetic fields for charged mesons. The magnitude of spin mixing in
the medium is observed to be more significant for charmonium states compared to that in

the vacuum, whereas, for open charm mesons, such a medium dependence is weak. From
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the mass modifications of charmonium states and open charm mesons, the decay width of
¥(1D) state to DD are evaluated in the *Py model. In general, the positive mass shift of
the longitudinal component of ¥)(1D) due to the spin mixing effect, enhances the value of its
partial decay width when the magnetic field is not very large. However, the enhancement of
I'; is suppressed due to the positive mass shift of pseudoscalar D* mesons through Landau
quantization and due to the smaller value of spin mixing coupling parameter for charged D
mesons. At large magnetic fields, the reduction of the mass of charged D mesons due to spin
mixing enhances the value of I'y marginally. When the effect of spin mixing is considered,
especially in the nuclear medium, I'y increases initially as a function of the magnetic field,
and thereafter I's decreases due to the exponential nature of the decay width. The effects
of the strangeness fraction and the magnetic field are observed to be more significant than

the effects of temperature on the decay width.
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