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We investigate the in-medium masses and magnetic moments of decuplet baryons ðΔ;Σ�;Ξ�;Ω−Þ in
isospin asymmetric magnetized strange matter at finite temperature within a unified chiral effective
framework. Medium modifications of baryons are implemented using the chiral SU(3) quark mean-field
(CQMF) model, where constituent quarks interact via scalar (σ; ζ; δ) and vector (ω; ρ;ϕ) meson fields
considering the Dirac sea effects. The external magnetic field is incorporated through Landau quantization
of charged particles together with anomalous magnetic moments of baryons. The resulting in-medium mass
of constituent quarks and decuplet baryons obtained from the CQMF model are subsequently employed as
inputs to the chiral constituent quark model (χCQM) to evaluate magnetic moments of baryons. Our results
provide a systematic understanding of how dense, hot, and magnetized environments influence the
magnetic properties of decuplet baryons.
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I. INTRODUCTION

The study of hadronic matter under extreme conditions of
temperature, density, and magnetic field has become an
essential direction in modern nuclear and particle physics.
These studies offer a more profound insight into the
nonperturbative elements of quantum chromodynamics
(QCD), which governs the behavior of quarks and gluons.
It has been estimated that strong magnetic fields of the order
of eB ∼ 2m2

π can be generated at the Relativistic Heavy Ion
Collider (RHIC), Brookhaven National Laboratory, and a
magnetic field as large as eB ∼ 15m2

π is produced at the
Large Hadron Collider (LHC) at CERN in noncentral
heavy-ion collisions [1–9]. These fields can significantly
alter the internal structure and effective properties of
hadrons by inducing anisotropy and modifying the QCD
vacuum [1,2,10,11].
An intense magnetic field induces many physical phe-

nomena such as chiral magnetic effect [12–14], the chiral
magnetic wave [13,15], magnetic catalysis (MC) [16,17],
inverse magnetic catalysis (IMC) [18], the directed flow v1

of D0 mesons, and the splitting of the spin polarization of
the Λ=Λ̄ hyperons [15,19,20]. These phenomena have
attracted considerable attention and have been extensively
investigated through both theoretical and experimental
studies [21,22]. The phenomena of MC and IMC directly
modify the chiral condensates, leading to significant
changes in hadron masses and their interactions [23–25].
Furthermore, the observable changes in electromagnetic
quantities such as quark anomalous magnetic moments,
electric dipole moments, and spectral functions [26–31]
influence the overall magnetic properties of composite
hadrons. Here, the anomalous magnetic moment of quarks
refers the dynamically generated magnetic moment [26].
Over the past years, several theoretical frameworks have
been developed to study hadronic properties in magnetized
environments. These include relativistic mean-field theo-
ries [32–34], Nambu–Jona–Lasinio (NJL) frameworks
[35,36], their polyakov extended versions (PNJL) [37],
QCD sum rules (QCDSR) [38], confined isospin density
dependent model [39–41], etc. In these approaches, the
inclusion of Dirac sea contributions has been shown to
significantly influence the properties of magnetized matter
by modifying scalar densities and vacuum structure [42–46].
Magnetic moments and electromagnetic form factors of

baryons are the primary observables that gives information
about their internal quark structure [47–49]. Magnetic
moments of baryons have been investigated through differ-
ent theoretical models, such as quark meson coupling
(QMC) and modified QMC models [50,51], chiral pertur-
bation theory (χPT) [52,53], lattice quantum chromodynam-
ics (LQCD) [54], the chiral SU(3) quark mean-field (CQMF)
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model for isospin symmetric nuclear and strange matter,
and asymmetric nuclear matter [55–58]. Other approaches
including the chiral constituent quark model (χCQM)
[59,60] and statistical model [61] have also been employed
to investigate baryon magnetic moments. In astrophysical
systems, the anomalous magnetic moment of the neutron in
dense magnetized matter has been investigated using the
variational approach [62], and the influence of medium
modified baryonic magnetic moments on neutron star
properties in strong magnetic fields has been explored in
Ref. [63]. Most recently, heavy baryon chiral perturbation
theory (HBχPT) and covariant quark-diquark approaches
have provided valuable frameworks for probing baryon
structure beyond masses and magnetic moments. This has
facilitated investigations of electromagnetic polarizabilities
and gravitational form factors, giving essential informa-
tion about the dynamical and mechanical properties of
hadrons [64,65].
The study of magnetic moments of decuplet baryons

provides a sensitive probe of chiral symmetry breaking, and
medium-induced modifications as these JP ¼ 3

2
þ states

receive contributions from valence quarks, polarized sea
quarks, and orbital angular momentum of the quark sea
[66–68]. The internal structures of Δ and other members of
the decuplet baryons have been theoretically explored in
Refs. [69–71]. However, owing to the very short lifetimes
of decuplet baryons, experimental information on their
magnetic moments is limited, except for the Ω− baryon,
whose magnetic moment has been measured with reason-
able precision. At present, limited experimental data exist
primarily for the magnetic moments of the Δ and
Ω− baryons [72–75], with Δ baryons measured with large
uncertainties. Within the various frameworks discussed
above, the magnetic moments of decuplet baryons are
explored in Refs. [50,52–54,57,60,76–80]. These studies
have been carried out in both free space and nuclear matter.
More recently, the magnetic moments of decuplet baryons
have been investigated within the CQMF framework in
asymmetric strange hadronic matter at zero magnetic field,
demonstrating the sensitivity of the decuplet baryons to the
baryon density, isospin asymmetry, and strangeness frac-
tion [81]. The effects of strong magnetic fields on decuplet
baryon magnetic moments have also been explored in
isospin asymmetric magnetized nuclear matter, highlight-
ing the significant role of the magnetic field in modifying
the internal structure and electromagnetic properties of
decuplet baryons [82].
Most existing studies are restricted to either nuclear

matter or isospin symmetric strange matter, and a com-
prehensive analysis of decuplet baryon magnetic moment
in isospin asymmetric strange matter under the influence of
an external magnetic field including the contribution of
Dirac sea to scalar densities is still lacking. This motivates
the present work where medium effects are incorporated
through the CQMF model, wherein quarks are treated as

fundamental degrees of freedom and they interact via the
exchange of scalar fields (σ; ζ; δ), dilaton field (χ) and
vector fields (ω; ρ;ϕ). The external magnetic field is
incorporated through Landau quantization of charged
particles and anomalous magnetic moments of baryons,
which collectively lead to further medium modifications of
constituent quarks and baryons. Using the consistently
determined in-medium quark and baryon masses from the
CQMF model, the magnetic moments of decuplet baryons
are subsequently evaluated within the χCQM. In this
framework, the valence quarks, the spin polarization of
sea quarks, and the orbital angular momentum of the quark
sea contribute to the total magnetic moment of decuplet
baryons. The presence of strange quarks introduces addi-
tional degrees of freedom that significantly influence the
properties of hadrons in dense medium. Therefore, this
study provides a unified description of decuplet baryon
magnetic moments in isospin asymmetric magnetized
strange matter by combining chiral mean field model with
the chiral constituent quark model.
The structure of the paper is as follows: Section II

introduces the chiral SU(3) quark mean-field model with
a magnetic field, detailing the associated field equations
and density formulas. Section III focuses on the magnetic
moments of decuplet baryons within a medium. Section IV
presents and discusses the numerical findings, while Sec. V
concludes with a summary of the key results of this study.

II. CHIRAL SU(3) QUARK MEAN
FIELD (CQMF) MODEL

In the present study, medium-induced modifications of
decuplet baryon are investigated using the CQMF frame-
work, where the constituent quarks are confined inside
baryons through an effective confining potential [83,84].
We investigate the effective masses and magentic moments
of decuplet baryons in the strange medium consisting of
nucleons and hyperons. The in-medium masses of con-
stituent quarks arise from their interactions with scalar
isoscalar nonstrange σ, and strange ζ, and the scalar
isovector δ mesons within the medium. The trace anomaly
is incorporated through the dilaton field, χ. The effective
Lagrangian density in this model is written as [84,85]

Leff ¼ Lchiral þ Lmag; ð1Þ

where Lchiral is given by

Lchiral ¼ Lq0 þ Lqm þ LVV þ LΣΣ þ LχSB þ LΔm þ Lc:

ð2Þ

Here, Lq0 ¼ q̄iγμ∂μq represents the kinetic contribution of
the massless quarks, while Lqm denotes the invariant quark-
meson interaction sector [55,86]. LΣΣ and LVV are the
chiral invariant scalar and vector meson self-interaction
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terms, respectively. Explicit chiral symmetry breaking is
incorporated through LχSB, and the explicit strange quark
mass contribution is introduced through LΔm. The last
term, Lc, represents the confinement of constituent quarks
inside the baryons. The second term in Eq. (1), Lmag, is
added in order to include the external magnetic field effects.
It describes the coupling of baryons to the external
magnetic field, including the effects of anomalous magnetic
moments (AMM) [32,87–89] and is given by

Lmag ¼ −ψ̄ iqiγμAμψ i −
1

2
κiψ̄ iσ

μνFμνψ i −
1

4
FμνFμν: ð3Þ

In the above equation, ψ̄ i and qi denote the wave
function and electric charge associated with the ith

baryon, respectively. The second term represents the
tensorial interaction with the electromagnetic field, where
Fμν ¼ ∂μAν − ∂νAμ, and σμν ¼ i

2
½γμ; γν�. The quantity,

κi denotes the AMM of the baryon in terms of nuclear
magneton μN . The inclusion of the electromagnetic
interaction modifies the single particle energy spectrum,
and using these modified energy eigenvalues, the thermo-
dynamic potential can be modified as

Ω ¼ ΩDS þΩmed − L0; ð4Þ

where ΩDS and Ωmed denote the contributions of the Dirac
sea (DS) and the Fermi sea of baryons, respectively, to the
total thermodynamic potential, and the last termL0 is defined
as L0 ¼ LVV þ LΣΣ þ LχSB. For spin-1

2
charged baryons

(i ¼ p;Σ�;Ξ−), the contributions from the Dirac sea to the
thermodynamic potential are written as [43,45,46]

X
i

Ωcharged;i
DS ¼ −

X
i

jqijB
2π

"(Xν̄ðs¼1Þ
max

ν̄¼0

Z
∞

−∞

dkz
2π

ϵik;ν̄;s

)

þ
( Xν̄ðs¼−1Þ

max

ν̄¼1

Z
∞

−∞

dkz
2π

ϵik;ν̄;s

)#
: ð5Þ

Here, we can see that the continuous transverse momentum
integration is replaced by a discrete sum over Landau levels
ν̄ ¼ 0; 1; 2;…ν̄max, due to the quantization of charged
particle orbits in the external magnetic field [90]. For neutral
baryons (i ¼ n;Λ;Σ0;Ξ0), which do not undergo Landau
quantization, the potential takes the form

X
i

Ωneutral;i
DS ¼ −

X
i

X
s¼�1

Z
d3k
ð2πÞ3 ϵ

i
k;s: ð6Þ

The medium contribution to thermodynamic potential for
charged baryons is given by

X
i

Ωcharged;i
med ¼ −T

X
i

jqijB
2π

"Xν̄ðs¼1Þ
max

ν̄¼0

Z
∞

−∞

dkz
2π

fln ð1þ e−βðϵ
i
k;ν̄;s−ν

�
i ÞÞ þ ln ð1þ e−βðϵ

i
k;ν̄;sþν�i ÞÞg

þ
Xν̄ðs¼−1Þ
max

ν̄¼1

Z
∞

−∞

dkz
2π

fln ð1þ e−βðϵ
i
k;ν̄;s−ν

�
i ÞÞ þ ln ð1þ e−βðϵ

i
k;ν̄;sþν�i ÞÞg

#
; ð7Þ

and for neutral baryons, the contribution is given as

X
i

Ωneutral;i
med ¼ −T

X
i

X
s¼�1

Z
d3k
ð2πÞ3 ½ln ð1þ e−βðϵ

i
k;s−ν

�
i ÞÞ þ ln ð1þ e−βðϵ

i
k;sþν�i ÞÞ�; ð8Þ

where β is the inverse of temperature T. The parameter s ¼ �1 represents the spin up and spin down projections, and ν�i is
the effective chemical potential of baryons, which is a function of vector fields ω, ρ and ϕ. In Eqs. (5) and (7), ϵik;ν̄;s denotes
the single particle energy spectra of the ith charged baryon whereas ϵik;s in Eqs. (6) and (8) denotes the energy spectra of the
ith neutral baryon in the presence of a magnetic field and are given as

ϵik;ν̄;s ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
k2z þ

� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
2ν̄jqijBþM�2

i

q
− sκiB

�2
r

; ð9Þ

and

ϵik;s ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
k2z þ

� ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
k2x þ k2y þM�2

i

q
− sκiB

�
2

r
: ð10Þ

In Eqs. (9) and (10), the components kx and ky represent the transverse momentum of the baryon, while kz denotes the
longitudinal momentum component relative to the direction of the external magnetic field. Also,M�

i is the in-mediummass
of the ith baryon defined as
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M�
i ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
E�2
i − hp2

i;cmi
q

; ð11Þ

where E�
i denotes the effective in-medium energy of the

baryon, and hp2
i;cmi represents the correction arising from

the spurious center of mass motion of the constituent
quarks and is evaluated as the sum of the average squared
momenta of the individual constituent quarks [91,92],

hp2
i;cmi ¼

X
q

hp�2
cmiq ¼

X
q

11e�q þm�
q

6ð3e�q þm�
qÞ
ðe�2q −m�2

q Þ:

ð12Þ

Here, e�q is the effective energy of constituent quarks, and
m�

q is the effective quark mass, which is given by

m�
q ¼ −gqσσ − gqζζ − gqδI

3qδþmq0; ð13Þ

where the gqσ , gqζ , and gqδ are the coupling strength of
quarks with the σ, ζ, and δ fields, and mq0 is the bare
quark mass contribution which is zero for nonstrange
quarks and finite for strange quarks. The vacuum masses
of constituent quarks are expressed in terms of vacuum
values of fields, σ0 and ζ0 as mu ¼ md ¼ − gsffiffi

2
p σ0 ¼ −gqσσ0

and ms ¼ −gsζζ0 þmq0. The numerical values of the
coupling constants and vacuum fields are listed in Tables I
and II. The medium-induced modifications of the con-
stituent quark masses lead to corresponding changes in
the effective energies of the quarks, which are reflected in
the effective energies of the baryons. Thus, the effective
energy of the ith baryon can be expressed in terms of the
effective energies of its constituent quarks as

E�
i ¼

X
q

nqie�q þ Ei;spin; ð14Þ

where nqi denotes the number of q quarks in the ith
baryon. The term Ei;spin accounts for the spin-spin
interaction among the constituent quarks and serves as
a correction to the baryon energy. The isospin asymmetry

parameter is defined as Ia ¼ −
P

i
I3iρiv
ρB

, where I3i repre-
sents the third component of isospin, and ρB is the total
baryonic density of the medium. The strangeness fraction

is given by fs ¼
P

i
jsijρiv
ρB

, where jsij represents the number
of strange quarks in the ith baryon. To determine the
equilibrium state of the system for given values of ρB, Ia,
fs, T, and magnetic field eB, the total thermodynamic
potential is minimized with respect to the mesonic fields
ðσ; ζ; δ; χ;ω; ρ;ϕÞ [93–95] such that

∂Ω
∂σ

¼ ∂Ω
∂ζ

¼ ∂Ω
∂δ

¼ ∂Ω
∂χ

¼ ∂Ω
∂ω

¼ ∂Ω
∂ρ

¼ ∂Ω
∂ϕ

¼ 0: ð15Þ

TABLE I. Various parameters and coupling constants utilized in the present calculations [100].

k0 4.94 k1 2.12 k2 −10.16
k3 −5.38 k4 −0.06 g4 37.5
d 0.182 ρ0 (fm−3) 0.16 mv (MeV) 673.648
fπ (MeV) 93 fK (MeV) 115 mπ (MeV) 139
mK (MeV) 496 mω (MeV) 783 mϕ (MeV) 1020
σ0 (MeV) −93 ζ0 (MeV) −96.87 χ0 (MeV) 254.38
gu;dσ 2.72 gsσ 0 gu;dζ

0

gsζ 3.847 gu;dδ
2.72 gsδ 0

gu;dω 3.23 gsω 0 gu;dρ 3.23
gsρ 0 gu;dϕ

0 gsϕ 4.57

a 0.12 aα2 ¼ aβ2 0.0243 aζ2 0.0053
aγ2 0.0014 Mη (MeV) 547.862 Mη0 (MeV) 957.78
Mηc (MeV) 2983.5 MD (MeV) 1869 MDs

(MeV) 1968
mc (MeV) 1270 � � � � � � � � � � � �

TABLE II. Baryon-meson coupling constants used in the
present calculation.

gσp 6.64 gωp 9.69
gζp 0 gρp 8.89
gδp 2.72 gϕp 0
gσn 6.64 gωn 9.69
gζn 0 gρn 8.89
gδn 2.72 gϕn 0
gσΛ 5.44 gωΛ 8.85
gζΛ 3.85 gρΛ 0
gδΛ 0 gϕΛ −4.57
gσΣ 5.44 gωΣ 12.28
gζΣ 3.85 gρΣ 12.28
gδΣ 2.72 gϕΣ −4.57
gσΞ 2.72 gωΞ 7.27
gζΞ 7.69 gρΞ 3.23
gδΞ 2.72 gϕΞ −9.14
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The minimization conditions lead to the following nonlinear coupled mean-field equations:

∂Ω
∂σ

¼ k0χ2σ − 4k1ðσ2 þ ζ2 þ δ2Þσ − 2k2ðσ3 þ 3σδ2Þ − 2k3χσζ −
d
3
χ4
�

2σ

σ2 − δ2

�
þ
�
χ

χ0

�
2

m2
πfπ

−
�
χ

χ0

�
2

mωω
2
∂mω

∂σ
−
�
χ

χ0

�
2

mρρ
2
∂mρ

∂σ
−
X
i

giσρis ¼ 0; ð16Þ

∂Ω
∂ζ

¼ k0χ2ζ − 4k1ðσ2 þ ζ2 þ δ2Þζ − 4k2ζ3 − k3χðσ2 − δ2Þ − d
3

χ4

ζ
þ
�
χ

χ0

�
2
� ffiffiffi

2
p

m2
KfK −

1ffiffiffi
2

p m2
πfπ

�

−
�
χ

χ0

�
2

mϕϕ
2
∂mϕ

∂ζ
−
X
i

giζρ
i
s ¼ 0; ð17Þ

∂Ω
∂δ

¼ k0χ2δ − 4k1ðσ2 þ ζ2 þ δ2Þδ − 2k2ðδ3 þ 3σ2δÞ þ 2k3χδζ þ
2

3
dχ4

�
δ

σ2 − δ2

�
−
X
i

giδI
3iρis ¼ 0; ð18Þ

∂Ω
∂χ

¼ k0χðσ2 þ ζ2 þ δ2Þ − k3ðσ2 − δ2Þζ þ χ3
�
1þ ln

�
χ4

χ40

��
þ ð4k4 − dÞχ3 − 4

3
dχ3 ln

�ðσ2 − δ2Þζ
σ20ζ0

�
χ

χ0

�
3
�

þ 2χ

χ20

�
m2

πfπσ þ
� ffiffiffi

2
p

m2
KfK −

1ffiffiffi
2

p m2
πfπ

�
ζ

�
−

χ

χ20
ðm2

ωω
2 þm2

ρρ
2 þm2

ϕϕ
2Þ ¼ 0; ð19Þ

∂Ω
∂ω

¼ χ2

χ20
m2

ωωþ 4g4ω3 þ 12g4ωρ2 −
X
i

giωρiv ¼ 0; ð20Þ

∂Ω
∂ρ

¼ χ2

χ20
m2

ρρþ 4g4ρ3 þ 12g4ω2ρ −
X
i

giρI3iρiv ¼ 0; ð21Þ

∂Ω
∂ϕ

¼ χ2

χ20
m2

ϕϕþ 8g4ϕ3 −
X

giϕρ
i
v ¼ 0: ð22Þ

The number density of the ith baryon, ρiv, is obtained from the medium contribution to the thermodynamic potential. For
charged baryons, it is given by

ρiv ¼
jqijB
2π2

"Xν̄ðs¼1Þ
max

ν̄¼0

Z
∞

0

dkz

	
1

1þ eβðϵ
i
k;ν̄;s−ν

�
i Þ
−

1

1þ eβðϵ
i
k;ν̄;sþν�i Þ



þ

Xν̄ðs¼−1Þ
max

ν̄¼1

Z
∞

0

dkz

	
1

1þ eβðϵ
i
k;ν̄;s−ν

�
i Þ
−

1

1þ eβðϵ
i
k;ν̄;sþν�i Þ


#
: ð23Þ

For neutral baryons, the corresponding expression is given as

ρiv ¼
X
s¼�1

Z
d3k
ð2πÞ3

�
1

1þ eβðϵ
i
k;s−ν

�
i Þ
−

1

1þ eβðϵ
i
k;sþν�i Þ

�
: ð24Þ

By neglecting the Dirac sea contribution to the thermodynamic potential, the medium contribution to the scalar density ρis
for charged baryons is given by

ρis;med ¼
jqijB
2π2

"Xν̄ðs¼1Þ
max

ν̄¼0

M�
i

Z
∞

0

dkz

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
M�2

i þ 2ν̄jqijB
p

− sκiB

ϵik;ν̄;s
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
M�2

i þ 2ν̄jqijB
p

	
1

1þ eβðϵ
i
k;ν̄;s−ν

�
i Þ
þ 1

1þ eβðϵ
i
k;ν̄;sþν�i Þ




þ
Xν̄ðs¼−1Þ
max

ν̄¼1

M�
i

Z
∞

0

dkz

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
M�2

i þ 2ν̄jqijB
p

− sκiB

ϵik;ν̄;s
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
M�2

i þ 2ν̄jqijB
p

	
1

1þ eβðϵ
i
k;ν̄;s−ν

�
i Þ
þ 1

1þ eβðϵ
i
k;ν̄;sþν�i Þ


#
; ð25Þ

while for neutral baryons it takes the form
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ρis;med ¼ M�
i

X
s¼�1

Z
d3k
ð2πÞ3

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
k2x þ k2y þM�2

i

q
− sκiB

ϵik;s

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
k2x þ k2y þM�2

i

q

×

�
1

1þ eβðϵ
i
k;s−ν

�
i Þ
þ 1

1þ eβðϵ
i
k;sþν�i Þ

�
: ð26Þ

In this work, the magnetized DS contribution is included
within the weak magnetic field approximation. The baryon
propagator is expanded in powers of the magnetic field via
qiB and κiB, retaining terms up to second order. The self-
energy contribution, which diverges without a magnetic
field, is disregarded due to its negligible size. The finite
magnetic field-dependent contribution modifies the scalar
density through vacuum polarization effects induced by
the external magnetic field [96]. Consequently, the scalar
density receives an additional contribution from the
magnetized Dirac sea, which is given by [85,97–99]

ρDS;is ¼ −
1

4π2

�ðqiBÞ2
3M�

i
þ fðκiBÞ2M�

i þ jqiBjðκiBÞg

×

�
1

2
þ 2 ln

�
M�

i

Mi

���
: ð27Þ

Note that in the present work we investigate the properties
of decuplet baryons in the strange medium consisting of
nucleons and hyperons. Therefore, first the coupled
systems of equations defined in Eqs. (16) to (22) are
solved considering nucleons and hyperons through sum-
mation over their scalar and number densities. This gives
the in-medium values of scalar and vector fields as well as
the effective constituent quark masses.
To calculate the decuplet baryon masses in this strange

medium, we proceed as follows. In the presence of an
external magnetic field, charged decuplet baryons are
affected by both Landau quantization and AMM.
Therefore, to incorporate the effects of the external magnetic
field, we set the momentum in Eqs. (9) and (10) to zero, and
the resulting energy expression defines the effective mass of
the spin-3

2
charged baryon, which is given by [101]

M�
i;ν̄;s ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
M�2

i þ 2ν̄jqijB
q

− sκiB: ð28Þ

The lowest Landau level (ν̄ ¼ 0) is occupied by s ¼
fþ1;þ3g for positively charged decuplet baryons
(i ¼ Δþþ, Δþ, and Σ�þ), whereas for negatively charged

baryons (i ¼ Δ−, Σ�−, and Ω−) by s ¼ f−3;−1g, corre-
sponding to the lowest orbital momentum. For neutral
decuplet baryons (i ¼ Δ0, Σ�0, and Ξ�0), Landau quantiza-
tion is absent, and the effective mass receives contributions
only from the AMM,

M�
i;s ¼ M�

i − sκiB; ð29Þ
where s ¼ �3;�1. Equations (28) and (29) are used to
obtain the in-medium masses of decuplet baryons. The
effective massM�

i appearing in these equations is calculated
using Eq. (11) which further depends upon in-medium scalar
and vector fields through Eq. (14). The scalar and vector
fields used in these relations are the ones evaluated in the
strange hadronic medium consisting of nucleons and hyper-
ons. Furthermore, while calculating the effective masses of
decuplet baryons, Ei;spin is fitted so as to produce the correct
vacuum mass of corresponding baryon.

III. MAGNETIC MOMENT OF BARYONS

In this section, the magnetic moments of baryons are
evaluated within a framework that combines the CQMF
model with the chiral constituent quark model (χCQM),
where the masses of baryons are given as an input to
calculate their magnetic moment. The χCQM framework
incorporates the chiral symmetry breaking effects through
quark-Goldstone boson interactions. The total magnetic
moment of a baryon is written as the sum of contributions
from valence quarks, sea quarks, and the orbital angular
momentum of sea quarks as given in Eq. (32). Sea quarks
arise due to chiral fluctuations of valence quarks via the
emission of Goldstone bosons (GBs),

q↑ð↓Þ → GB0 þ q0↓ð↑Þ → ðqq̄0Þ þ q0↓ð↑Þ; ð30Þ
where the emitted GB subsequently splits into a quark-
antiquark pair, generating the sea quark content of the
baryon [67,78,102–108]. The effective interaction between
quarks and the GB is described by the Lagrangian [59],

Lint ¼ g15q̄ðΦ0Þq; ð31Þ
where g15 denotes the quark GB coupling strength, and Φ0
represents the GB field matrix. The field Φ0 incorporates
the pseudoscalar mesons arising from the spontaneous
breaking of chiral symmetry and is expressed as

Φ0 ¼

0
BBBBBB@

π0ffiffi
2

p þ β ηffiffi
6

p þ ξ η0

4
ffiffi
3

p − γ ηc
4

πþ αKþ γD̄0

π− − π0ffiffi
2

p þ β ηffiffi
6

p þ ξ η0

4
ffiffi
3

p − γ ηc
4

αK0 γD−

αK− αK̄0 −2β ηffiffi
6

p þ ξ η0

4
ffiffi
3

p − γ ηc
4

γD−
s

γD0 γDþ γDþ
s −3ξ η0

4
ffiffi
3

p þ 3γ ηc
4

1
CCCCCCA

P, KAUR, DUTT, DAHIYA, and KUMAR PHYS. REV. D 114, 094021 (2026)

094021-6



The parameters α, β, ξ, and γ encode the effects of SU(3)
and SU(4) symmetry breaking associated with the emission
of kaons, eta, and charmed mesons, respectively. The
contributions of valence, sea quarks, and orbital angular
momentum of sea quarks to the total magnetic moment of a
baryon are expressed as

μ�B ¼ μ�val þ μ�sea þ μ�orb; ð32Þ

where

μ�val ¼
X

q¼u;d;s;c

Δqvalμ�q; μ�sea ¼
X

q¼u;d;s;c

Δqseaμ�q;

and μ�orb ¼
X

q¼u;d;s;c

Δqvalμ�ðqþ → q0−Þ: ð33Þ

Here, Δqval and Δqsea denote the spin polarizations of the
constituent valence and sea quarks, respectively, and
are given in Ref. [109]. The term μ�ðqþ → q0−Þ denotes
the orbital magnetic moment associated with a specific
chiral fluctuation process. To incorporate quark confine-
ment effects together with relativistic corrections to the
effective quark magnetic moments, the following expres-
sions are employed for the constituent quarks of a given
baryon:

μ�u ¼
2MN

3m�
u

�
1 −

ΔM
M�

i

�
; μ�d ¼ −

m�
u

2m�
d
μ�u; ð34Þ

μ�s ¼
m�

d

m�
s
μ�d; μ�c ¼

m�
u

mc
μ�u: ð35Þ

Here, MN is the nucleon mass, and M�
i is evaluated using

Eqs. (28) and (29), taking the lowest value of mass of each
decuplet baryon. The term ΔM ¼ M�

i −Mi;vac, where
Mi;vac, represents the vacuum mass of the baryon. In the
present calculations, the orbital contributions from the four
quark flavors u, d, s, and c are included, and the explicit
expressions for the transition magnetic moments are given
in Ref. [59].

IV. RESULTS AND DISCUSSION

In this section, we present the results of the medium
modified masses and magnetic moments of decuplet
baryons in isospin asymmetric magnetized strange matter
at finite density ρB and temperature T. As can be seen from
Eqs. (34) and (35), the value of the magnetic moments of
constituent quarks are determined from the effective masses
of both quarks and baryons, which themselves are the
functions of the scalar fields. Consequently, analyzing the
magnetic field dependence of scalar fields and baryon
masses is crucial for evaluating the medium modification of
magnetic moments of baryons and is presented in coming
subsections.

A. In-medium scalar fields in magnetized
strange matter

Within the CQMF model, the in-medium mean fields
are obtained by solving the coupled equations of motion
given in Eqs. (16)–(22). Figure 1 shows the variation of
the scalar fields σ, ζ, and δ as functions of the magnetic
field eB=m2

π for different baryon densities (ρB ¼ 0; ρ0
2
; ρ0)

and strangeness fractions (fs ¼ 0; 0.3; 0.7), at temperature
T ¼ 100 MeV. The left and right panels correspond to
isospin symmetric matter (Ia ¼ 0) and isospin asymmetric
matter (Ia ¼ 0.3), respectively.
For given isospin asymmetry Ia, all the fields become

progressively more negative, across all medium parameters
with increase in magnetic field. From Figs. 1(a) and 1(b), we
observe that the magnitude of the nonstrange scalar field σ
increases with increase in magnetic field within the strange
medium. This finite increase as demonstrated in studies in
Ref. [85] results from the contribution of the Dirac sea (DS),
which shows negligible variation when the contribution of
DS is not considered. The solutions of the scalar fields exist
only up to a critical magnetic field eB ∼ 5.56m2

π in the
strange matter at finite densities. From Fig. 1(a), we observe
that the variation in the magnitude of the σ field becomes
more pronounced beyond eB ¼ 4m2

π . At zero baryon
density (ρB ¼ 0), the magnitude of the σ field remains
relatively larger, with a value of −94.24 MeV, compared
with it’s values at finite baryon densities, where it changes to
−64.44 and −78.39 MeV at ρB ¼ ρ0

2
and ρ0, respectively,

for fs ¼ 0.3 and zero magnetic field. The inclusion of a
finite strangeness fraction fs has a negligible impact on the
behavior of the σ field, indicating its weak sensitivity to
the strangeness content of the medium. From Fig. 1(b), as
we increase the isospin asymmetry from Ia ¼ 0 to 0.3, we
observe an increase in the magnitude of the σ field. At zero
magnetic field and for strangeness fraction fs ¼ 0.7, we
observe a small shift of 0.44 (0.27) MeV at ρB ¼ ρ0

2
ðρ0Þ in

the magnitude of σ field.
The strange scalar field ζ also shows an increase in the

magnitude with magnetic field which lies in a narrower
range compared to σ field as shown in the Figs. 1(c) and 1(d).
For example, in Figs. 1(a) and 1(c) for baryonic density
ρB ¼ ρ0

2
, Ia ¼ 0, and fs ¼ 0.3, the magnitude of scalar field

ζðσÞ is observed to be −92.35 ð−78.86Þ MeV at zero
magnetic field, −96.59 ð−89.11Þ MeV at eB ¼ 3m2

π . and
−113.35 ð−127.22Þ MeV at eB ¼ 5m2

π. We observe a small
decrease of 0.83% in magnitude of ζ field as fs is increased
from 0.3 to 0.7 at ρB ¼ ρ0 and eB ¼ 5m2

π , indicating the
response of the strange condensate in the medium. As
observed for the σ field, the magnitude of the ζ field
decreases with increasing baryonic density. For fs ¼ 0.7,
the corresponding values of the ζ field at ρB ¼ ρ0

2
and ρ0 are

−92.35 ð−113.35Þ MeV and −86.98 ð−100.89Þ MeV at
eB ¼ 0m2

π (5m2
π), respectively. With increase in Ia from 0

to 0.3, a negligible rise in magnitude of value 0.007 MeV is
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observed, reflecting the ζ field’s weak sensitivity to isospin
asymmetry.
Figures 1(e) and 1(f) show the variation of scalar-

isovector field δ as a function of magnetic field. For
isospin symmetric matter Ia ¼ 0, the δ field is observed
to be nearly zero for the vacuum (ρB ¼ 0) and finite
densities (ρB ¼ ρ0

2
; ρ0) cases across all strangeness fractions

fs at zero magnetic field. This is expected because, in the
isospin symmetric matter, the number of u and d quarks
are equal; therefore, the δ field vanishes. However, as the
magnetic field strength is increased, the magnitude of the

δ field also increases, showing nearly identical behavior
across different baryonic densities and strangeness frac-
tions. Figure 1(f) shows a pronounced difference at finite
isospin asymmetry (Ia ¼ 0.3) in the magnitude of the δ
field comparing to other fields. Unlike σ and ζ fields, the
magnitude of δ field increases with baryon density, being
largest at ρB ¼ ρ0, and it reflects the enhanced isospin
splitting effects. The δ field is also moderately sensitive to
strangeness fraction. At ρ0

2
and Ia ¼ 0.3, the δ field changes

from −0.957 to −0.960 MeV as fs is increased from 0.3
to 0.7. Thus, the magnetic response of the scalar fields are

FIG. 1. Variation of scalar fields (σ, ζ, and δ) with magnetic field eB=m2
π for isospin symmetric Ia ¼ 0 [panels (a), (c), and (e)] and

isospin asymmetric Ia ¼ 0.3 [panels (b), (d), and (f)] magnetized strange medium at temperature T=100 MeV. Each panel shows the
results corresponding to different baryon densities ρB and strangeness fraction fs.
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FIG. 2. Variation of effective masses of the Δþþ, Δþ, Δ−, and Δ0 baryons as a function of the magnetic field eB=m2
π for fs ¼ 0.3 and

Ia ¼ 0.3 at ρB ¼ 0 [panels (a), (c), (e), and (g)] and ρB ¼ ρ0 [panels (b), (d), (f), and (h)] and T=100 MeV. The four curves in each panel
correspond to the spin projections s ¼ −3;−1; 1, and 3.
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density dominated, with strangeness and isospin asymme-
try acting as a secondary factor.

B. In-medium masses of decuplet baryons

In this section, we discuss the behavior of the effective
masses of the decuplet baryons within the magnetized
strange matter. Figures 2–4 show the in-medium masses of
the decuplet baryons for different spin projections as a
function of the magnetic field eB=m2

π . The results of in-
medium masses shown here are calculated using Eqs. (28)
and (29). Figure 2 is for Δþþ;þ;0;− and Fig. 3 for Σ�þ;0;−,

whereas in Fig. 4 effective masses of Ξ�0;− and Ω−

baryons are shown. The results are presented for baryonic
densities ρB ¼ 0 (left panel) and ρB ¼ ρ0 (right panel),
with isospin asymmetry Ia ¼ 0.3, strangeness fraction
fs ¼ 0.3, and temperature T ¼ 100 MeV. In the case of
positively charged baryons, for the spin projection
s ¼ þ3;þ1, and the lowest Landau level corresponds
to the quantum number ν̄ ¼ 0, whereas for s ¼ −3 and
−1, ν̄ takes values 2 and 1, respectively [101]. For
negatively charged baryons, for s ¼ −3;−1, ν̄ ¼ 0 is
the lowest, and for s ¼ þ3 and þ1, ν̄ takes values 2
and 1, respectively.

FIG. 3. Variation of effective masses of the Σ�þ, Σ�0, and Σ�− baryons as a function of the magnetic field eB=m2
π for fs ¼ 0.3 and

Ia ¼ 0.3 at ρB ¼ 0 [panels (a), (c), and (e)] and ρB ¼ ρ0 [panels (b), (d), and (f)] and T ¼ 100 MeV. The four curves in each panel
correspond to the spin projections s ¼ −3;−1; 1, and 3.
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As observed from Fig. 2, the masses of Δ baryons
corresponding to all spin projections originate near a
common value in the absence of a magnetic field, while
the splitting between the different spin states increases with
increasing magnetic field depending on charge of the
particle. In Fig. 2(a), the masses corresponding to the spin
projections s ¼ −3 and s ¼ −1 of the Δþþ baryon increase
monotonically with increasing magnetic field. Whereas the
masses corresponding to s ¼ þ3 and s ¼ þ1, which
occupy the lowest Landau level, initially decrease with
increasing magnetic field and subsequently increase at
higher magnetic fields. This arises due to the contributions
of Landau level and AMM term given in Eq. (28). For the
first Landau level ν̄ ¼ 0, the AMM contribution is the
dominant magnetic field dependent term at low magnetic
fields. Consequently, the AMM term causes the effective
mass to decrease initially. However, at higher magnetic
fields, the magnetic catalysis of the σ field becomes
dominant, leading to an increase in the effective mass.
Therefore, the lowest mass of Δþþ baryon is when spin
s ¼ þ3 and highest for s ¼ −3. As we increase the density
from ρB ¼ 0 to ρ0, the mass of Δþþ baryon decreases by
14.64% for all spin projections at zero magnetic field as
observed from Figs. 2(a) and 2(b). With a further increase
in the magnetic field to eB ¼ 5.5m2

π , the mass decreases by
8.81%, 11.93%, 17.66%, and 24.91% for spin projections
s ¼ −3, −1, þ1, and þ3, respectively, relative to their
corresponding values at ρB ¼ 0, as shown in Fig. 2b). A
similar trend can be seen from Figs. 2(c) and 2(d) for Δþ
baryon. As discussed for Δþþ baryon, the masses of Δþ
baryon for all four spin projections originate from a
common point corresponding to the vacuum mass of Δ
baryons. Whereas the masses of Δþ baryon corresponding
to the spin projections occupying the lowest Landau level
(s ¼ þ1 and þ3), initially decrease by 0.77% and 5.99%,
respectively, and subsequently increase, reaching overall
increases of 32.6% and 17%, respectively, as the magnetic
field reaches eB ¼ 5.5m2

π from their value of mass at zero
magnetic field as observed from Fig. 2(c). With the increase
in density to ρ0, as depicted in Fig. 2(d), the mass of Δþ
baryon decreases by 14.8% at zero magnetic field, which is
similar to Δþþ baryon. Panels (e) and (f) of Fig. 2 show the
variation of the Δ0 baryon mass with magnetic field for
ρB ¼ 0 and ρ0, respectively. Since the Δ0 baryon is neutral,
it does not undergo Landau quantization. The four spin
projections remain degenerate at zero magnetic field, while
increasing magnetic field induces a relatively small mass
splitting of 176 MeV, in contrast to the significantly larger
spin-dependent mass variations of 1637.99 and 734.99 MeV
for the Δþþ and Δþ baryons, respectively, between s ¼ −3
and s ¼ þ3 at the same magnetic field and zero density.
Unlike the positively charged Δ baryons, the Δ0 baryon
exhibits its lowest mass at s ¼ −3, a behavior similar to that
of the Δ− baryon shown in Figs. 2(g) and 2(h). In Fig. 2(g),
we observe that the spin projections s ¼ þ1 and þ3 of

Δ− baryon occupy ν̄ ¼ 1 and 2, respectively, and the masses
of Δ− baryon increase monotonically with magnetic field by
57.3% and 86.5% at eB ¼ 5.6m2

π from the value at zero
magnetic field. Whereas the masses of Δ− baryon for which
lower Landau level ν̄ ¼ 0 is occupied by s ¼ −1 and −3
initially decreases reaching a minimum value at eB ¼ 3.2m2

π

and then increases rapidly by 3.3% from the value at zero
magnetic field. As moving to higher density, the mass of
Δ− baryon decreases for all spin projections as discussed for
other Δ baryons.
In Fig. 3, we discuss the in-medium masses for Σ�þ;0;−

baryons for all four spin projections. From Fig. 3(a), we
observe that the mass of Σ�þ baryon for all spin originate
near 1193 MeVat zero magnetic field with s ¼ −3 and −1
ðν̄ ≥ 1Þ increasing monotonically by 89.2% and 61.2%,
respectively, as magnetic field reaches eB ¼ 5.5m2

π . While
s ¼ þ1 and þ3 ðν̄ ¼ 0Þ, the mass of Σ�þ baryon decreases
first and later increases by 27.4% and 5.8%, respectively, at
eB ¼ 5.5m2

π . The density dependence of the Σ�þ baryon
mass exhibits a behavior similar to that observed for the Δ
baryons. As the baryon density increases from ρB ¼ 0 to
ρ0, the mass of the Σ�þ baryon decreases by 158.73 MeV,
as shown in Fig. 3(b). Whereas the neutral Σ�0 baryon does
not undergo Landau quantization, and its four spin states
remain nearly degenerate throughout the variation of the
magnetic field, with a maximum splitting of 39.45 MeV
between the s ¼ −3 and s ¼ þ3 states as depicted in
Fig. 3(c). Unlike the Δ0 baryon, the s ¼ −3 state exhibits
the highest mass, while the s ¼ þ3 state has the lowest
mass, indicating an opposite sign of the effective AMM
coupling. Moreover, the mass of the Σ�0 baryon increases
monotonically with the magnetic field for all spin projec-
tions. With increasing baryon density, the mass of the Σ�0
baryon decreases, while its variation with the magnetic
field becomes progressively weaker at higher densities as
observed from Fig. 3(d). In Figs. 3(e) and 3(f), we observe
the splitting of the Σ�− baryon masses for different s,
following a trend similar to that observed for the Σ�þ baryon
but with an opposite dependence on s. At ρB ¼ 0ðρ0Þ, the
masses of Σ�− baryon corresponding to s ¼ þ1 and þ3
increase with the magnetic field, reaching increases of
52.6% and 77.2% (53.8% and 83.1%), respectively, relative
to their values at zero magnetic field, at eB ¼ 5.5m2

π .
Whereas the masses for s ¼ −3 and −1 initially decrease
by 1.27% and 9.35% (2.78% and 16.82%), respectively,
before increasing with the magnetic field.
In Fig. 4, we plot the in-medium masses of the Ξ�0, Ξ�−,

andΩ− baryons for all spin projections with magnetic field.
From Fig. 4(a), the masses of the Ξ�0 baryon for all spin
projections originate near 1317.6 MeV at zero magnetic
field. With an increase in magnetic field, the mass of Ξ�0

baryon is observed to increase for all s. Since the Ξ�0
baryon carries no electric charge, it does not undergo
Landau quantization, and its four spin states remain nearly
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degenerate up to eB ≈ 1m2
π, reaching a maximum splitting

of 241.15 MeV between the s ¼ −3 and s ¼ þ3 states at
eB ¼ 5.5m2

π . Similar to Σ�0, the s ¼ −3 state has the largest
mass, while the s ¼ þ3 state has the smallest mass. As the
density increases from ρB ¼ 0 to ρ0, the mass decreases by
131.67 MeV at zero magnetic field, as shown in Fig. 4(b).
From Figs. 4(c) and 4(d), we can see that the Ξ�− baryon
follows the same trend as observed for the negatively
chargedΔ− and Σ�− baryons. The masses of the Ξ�− baryon
corresponding to the spin projections s ¼ þ1 and þ3
(ν̄ ≥ 1) increase monotonically with the magnetic field,
reaching 41.6% and 59.1%, respectively, at eB ¼ 5.5m2

π for
ρB ¼ 0. But, the masses for s ¼ −3 and −1 states (ν̄ ¼ 0)
initially decrease by 5.54% (eB ¼ 2.7m2

π) and 0.73%

(eB ¼ 1.2m2
π), respectively, before increasing again as

discussed for other negatively charged baryons. As the
density increases from ρB ¼ 0 to ρ0, the mass decreases in
between 133.46–133.49 MeV for all spin projections at
zero magnetic field.
From Figs. 4(e) and 4(f), the Ω− baryon, which consists

entirely of strange quarks, exhibits the weakest magnetic
field response in the entire decuplet. The masses of Ω−

baryon corresponding to spin projections s ¼ þ1 and þ3
increase with increase in magnetic field. Whereas the
masses of Ω− baryon for s ¼ −3 and −1 states initially
decreases to 1626.78 and 1666.24 MeV at eB ¼ 2.4m2

π

and eB ¼ 1.1m2
π , respectively, from its mass value

1672.59 MeV at zero magnetic field as depicted in

FIG. 4. Variation of effective masses of the Ξ�0, Ξ�−, and Ω− baryons as a function of the magnetic field eB=m2
π for fs ¼ 0.3 and

Ia ¼ 0.3 at ρB ¼ 0 [panels (a), (c), and (e)] and ρB ¼ ρ0 [panels (b), (d), and (f)] at T ¼ 100 MeV. The four curves in each panel
correspond to the spin projections s ¼ −3;−1; 1, and 3.
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Fig. 4(e). From Fig. 4(f), as the density increases from
ρB ¼ 0 to ρ0, the mass decreases by 105.07 MeV at zero
magnetic field, which is the smallest density induced shift
among all the baryons in the decuplet.

To further understand the impact of baryon density,
strangeness fraction, and isospin asymmetry of the
medium, in Figs. 5–7 we illustrate the dependence of the
effective masses of the decuplet baryons on the magnetic

FIG. 5. Variation of masses of Δ baryons with magnetic field eB=m2
π for isospin symmetric Ia ¼ 0 [panels (a), (c), (e), and (g)] and

isospin asymmetric Ia ¼ 0.3 [panels (b), (d), (f), and (h)] at T ¼ 100 MeV. Each panel shows the result corresponding to different
baryonic density ρB and strangeness fraction fs.
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field eB=m2
π for different baryonic densities (ρB ¼ 0; ρ0

2
; ρ0)

and strangeness fractions (fs ¼ 0; 0.3; 0.7), at isospin asym-
metries Ia ¼ 0 (left panel) and Ia ¼ 0.3 (right panel), for
temperature T ¼ 100 MeV. For each baryon, the results are
shown for the spin projection s and Landau level ν̄
corresponding to the lowest effective mass. For a quantitative
comparison, the in-medium masses of the decuplet baryons
at different values of magnetic fields eB=m2

π, baryonic
densities ρB, with fs ¼ 0.3 and T ¼ 100 MeV are tabulated
in Tables III (for Ia ¼ 0) and IV (for Ia ¼ 0.3).
In Fig. 5, we have shown the variation of effective

masses of Δ baryons in magnetized strange matter as a
function of eB=m2

π for different baryonic densities ρB and
strangeness fraction fs. For symmetric matter (Ia ¼ 0),

shown in Figs. 5(a), 5(c), 5(e), and 5(g), the effective mass
of the Δ baryon initially decreases with increasing mag-
netic field and subsequently increases at all baryonic
densities and strangeness fraction. However, the rate of
decrease in the mass of the Δ0 baryon is much smaller,
since it does not undergo Landau quantization, and it starts
to increase as the magnetic field reaches 1.5 − 2m2

π . The
initial decrease in the effective mass is due to the effects of
AMM and Landau quantization as discussed earlier. As the
magnetic field increases further, magnetic catalysis enhan-
ces the σ field, leading to an increase in the effective mass.
As we increase the density from ρB ¼ 0 to ρ0

2
and ρ0, the

mass decreases for all Δ baryons. The influence of fs is
weaker for the Δ baryons, since they do not contain strange

FIG. 6. Variation of masses of Σ� baryons with magnetic field eB=m2
π for isospin symmetric Ia ¼ 0 [panels (a), (c) and (e)] and isospin

asymmetric Ia ¼ 0.3 [panels (b), (d), and (f)] at T ¼ 100MeV. Each panels shows the result corresponding to different baryonic density
ρB, strangeness fraction fs.

P, KAUR, DUTT, DAHIYA, and KUMAR PHYS. REV. D 114, 094021 (2026)

094021-14



quarks. For isospin asymmetric matter (Ia ¼ 0.3), a similar
trend is observed as in the isospin symmetric medium, as
shown in Figs. 5(b), 5(d), 5(f), and 5(h). However, the
effective mass of the Δ baryons exhibits an isospin-
dependent splitting. At zero magnetic field, the mass of
the Δþþ baryon increases by about 4.79 MeV for ρB ¼ ρ0
and fs ¼ 0.7when the isospin asymmetry is increased from
Ia ¼ 0 to Ia ¼ 0.3. This enhancement gradually decreases
as one moves from Δþþ to Δ−. Consequently, the Δ−

baryon shows the opposite behavior, with its effective mass
becoming slightly lower for Ia ¼ 0.3 than for Ia ¼ 0.
In Figs. 6(a) and 6(e), for isospin symmetric matter

(Ia ¼ 0), the effective masses of the charged Σ�þ and Σ�−
baryons initially decrease with increasing magnetic field
and later they increase with further increase in magnetic

field. This behavior is similar to that observed for the
charged Δ baryons. Furthermore, with increasing baryon
density from ρB ¼ 0 to ρ0, the overall magnitude of the
effective masses decreases owing to the enhanced scalar
fields in the medium. In contrast, the Σ�0 baryon carries no
electric charge; it does not experience Landau quantization
resulting in a gradual increase in the effective mass with
increasing magnetic field as illustrated in Figs. 6(c)
and 6(d). As discussed for Δ baryons isospin dependence
is observed for Σ� baryons as Ia increases from 0 to 0.3,
with the masses of Σ�þ, Σ�0, and Σ�− baryons increasing by
4.67, 2.71, and 0.74 MeV, respectively, at ρB ¼ ρ0,
fs ¼ 0.3, and eB ¼ 0. The dependence on fs is stronger
than that of the Δ baryons but remains relatively weak due
to the presence of only one strange quark.

FIG. 7. Same as Fig. 5, for Ξ� baryons [panels (a), (b), (c), and (d)] and Ω− baryons [panels (e) and (f)].
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In panels (a), (b), (c), and (d) of Fig. 7, we discuss the
masses of Ξ� baryons. For isospin symmetric matter
(Ia ¼ 0), the neutral Ξ�0 baryon exhibits a behavior similar
to that of the neutral Δ0 baryon, as illustrated in Fig. 7(a).
Since the Ξ�0 carries no electric charge, the effective mass
decreases negligibly with increasing magnetic field up to
eB ¼ 1.5–2m2

π after which it increases rapidly. Whereas
with the charged Ξ�− baryon the effective mass decreases
significantly at low magnetic fields and subsequently
increases, as shown in Fig. 7(c). The influence of isospin
asymmetry on the Ξ� baryons is weak because of the
presence of only one light quark. Increasing Ia from 0 to 0.3
increases the mass of Ξ�0 by 0.88 MeV, while that of Ξ�−
decreases by 0.13 MeV, as evident from Figs. 7(a)–7(d) and
Tables III and IV. This weak dependence arises because only
the light quark couples to the isovector δ field, while the two
strange quarks remain unaffected. The dependence on fs is
slightly stronger due to the presence of two strange quarks.
For example, increasing fs from 0.3 to 0.7 decreases the
Ξ�− mass by 7.81 MeV at ρB ¼ ρ0

2
and eB ¼ 3m2

π .

Panels (e) and (f) in Fig. 7 show the magnetic field
dependence of mass of Ω− baryon. As shown in Figs. 7(e)
and 7(f), the mass of Ω− baryon initially decreases and
subsequently increases rapidly, similar to the other charged
decuplet baryons. Furthermore, increasing the baryon den-
sity from ρB ¼ 0 to ρ0

2
and ρ0 leads to a reduction in the

overall magnitude of the effective mass. The isospin
dependence is very weak since the Ω− baryon contains
only strange quarks, whereas its fs dependence is stronger
because all three quarks couple to the strange scalar field ζ.
For example, increasing fs from 0.3 to 0.7 decreases its
mass by 7.52 MeV for ρB ¼ ρ0

2
at eB ¼ 0 and Ia ¼ 0, as

given in Fig. 7(e).
Previous studies of spin-3

2
Δ baryons have shown that

Landau quantization leads to spin-dependent distribution
among allowed Landau levels, while the inclusion of AMMs
further enhances the different spin projections in strong
magnetic fields [101]. The existing studies on decuplet
baryon masses are found to decrease monotonically with
increasing baryonic density consistent with previous CQMF

TABLE III. Effective masses of decuplet baryons (in MeV) at different magnetic fields eB=m2
π , baryon densities

ρB, strangeness fraction fs ¼ 0.3, isospin asymmetry Ia ¼ 0, and temperature T ¼ 100 MeV.

ρB ¼ ρ0
2

ρB ¼ ρ0

Baryon eB ¼ 0 m2
π eB ¼ 3 m2

π eB ¼ 5 m2
π eB ¼ 0 m2

π eB ¼ 3 m2
π eB ¼ 5 m2

π

Δþþ 1128.83 836.68 856.56 1043.32 726.59 659.38
Δþ 1129.57 1039.07 1191.94 1044.12 929.21 995.33
Δ− 1129.33 948.18 1039.15 1043.95 838.54 843.12
Δ0 1130.07 1150.57 1374.53 1044.75 1041.16 1179.07
Σ�þ 1103.80 953.48 1045.46 1030.24 858.29 870.96
Σ�− 1104.00 972.90 1074.79 1030.57 878.17 901.44
Σ�0 1104.53 1154.00 1377.73 1031.04 1059.05 1203.81
Ξ�− 1242.88 1153.70 1260.81 1182.39 1074.89 1111.17
Ξ�0 1243.07 1229.74 1388.87 1182.51 1150.69 1238.65
Ω− 1612.06 1555.98 1661.52 1564.78 1493.45 1536.35

TABLE IV. Effective masses of decuplet baryons (in MeV) at different magnetic fields eB=m2
π , baryon densities

ρB, strangeness fraction fs ¼ 0.3, isospin asymmetry Ia ¼ 0.3, and temperature T ¼ 100 MeV.

ρB ¼ ρ0
2

ρB ¼ ρ0

Baryon eB ¼ 0 m2
π eB ¼ 3 m2

π eB ¼ 5 m2
π eB ¼ 0 m2

π eB ¼ 3 m2
π eB ¼ 5 m2

π

Δþþ 1133.08 838.90 860.33 1049.34 731.34 668.46
Δþ 1132.84 1040.38 1194.98 1048.19 932.06 1002.68
Δ− 1131.63 948.58 1041.46 1046.07 839.50 848.72
Δ0 1131.40 1150.06 1376.11 1044.93 1040.22 1182.94
Σ�þ 1107.19 955.14 1048.59 1034.91 861.87 878.42
Σ�− 1105.43 972.74 1076.46 1031.31 877.93 905.40
Σ�0 1106.95 1154.76 1380.13 1033.75 1060.72 1209.52
Ξ�− 1244.40 1153.90 1262.55 1183.70 1075.36 1115.18
Ξ�0 1245.56 1230.84 1391.34 1185.77 1153.06 1244.40
Ω− 1613.66 1556.52 1663.32 1566.62 1494.60 1540.38
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studies in symmetric nuclear and hyperonic matter [56–58].
The role of isospin asymmetry in the medium has been
studied using the CQMF model in Refs. [55,81], where the
scalar-isovector field δ is found to induce charge state
splitting among the multiplet members, with the splitting
being most pronounced for baryons composed entirely of
light quarks. The inclusion of Dirac sea contributions are
essential for magnetic catalysis of scalar condensates in
magnetized matter [42,44–46], and at the quark level, the
enhancement of the scalar condensate σ with increasing
magnetic field is due to the phenomenon of magnetic
catalysis of chiral symmetry breaking established in
Refs. [16,17], where a constant magnetic field acts as a
catalyst of dynamical chiral symmetry breaking. The
present findings are consistent with the existing results
mentioned above.

C. In-medium magnetic moments of decuplet baryons

In this section, we present the results of magnetic
moments of decuplet baryons and their behavior in mag-
netized strange matter. The total effective magnetic moment
is calculated as the sum of the valence, sea, and orbital
contributions of the quarks, as given in Eq. (32), with the
individual contributions evaluated using Eq. (33). The
effective magnetic moment of baryons depend upon the
effective magnetic moments of constituent quarks calcu-
lated using Eqs. (34) and (35) as well as in-medium mass of
baryon obtained from Eqs. (28) and (29). As discussed in
the previous section, in the presence of finite magnetic
field, the in-medium mass of decuplet baryon splits due to
finite anomalous magnetic moment term as the spin
projection s takes the values �3 and �1. For the calcu-
lations of magnetic moment of baryons, we consider the
baryon mass corresponding to the value of s which gives
lowest mass as a function of magnetic field. Figures 8–10
show the variation of total effective magnetic moment and
the individual contributions of valence, sea, and orbital
angular momentum of sea quarks of decuplet baryons
with magnetic field for different baryonic densities ρB ¼ ρ0

2

(left panel) and ρB ¼ ρ0 (right panel) at strangeness fraction
fs ¼ 0.7 and isospin asymmetry Ia ¼ 0.3, including the
total magnetic moment at ρB ¼ 0, fs ¼ 0, and Ia ¼ 0 for
comparison. Tables V, VI, and VII show the values of
magnetic moments of all decuplet baryons at different
baryonic densities, strangeness fraction, and isospin asym-
metry for different values of magnetic field.
Figure 8 shows the variations of magnetic moment of Δ

baryons with magnetic field. From Fig. 8(a), we observe that
at ρB ¼ ρ0

2
the valence contribution to the magnetic moment

of Δþþ baryon is dominant and positive (9.468μN), pri-
marily driving the total baryon magnetic moment, while the
sea contribution is negative (−1.969μN), and the orbital
contribution is positive but comparatively small (0.511μN)
at zero magnetic field. Due to the effect of these three
contributions, the net magnetic moment at zero magnetic

field turns out to be 8.011μN at ρB ¼ ρ0
2
, whereas the value

of total magnetic moment is 6.464μN at vacuum, i.e.,
ρB ¼ 0; fs ¼ 0 and Ia ¼ 0. With an increase in magnetic
field, the total magnetic moment of Δþþ increases until
eB ¼ 2.96m2

π (9.570μN) and later decreases with further
increase in magnetic field as depicted in Fig. 8(a). As
shown in Fig. 8(b), when the baryon density is increased
from ρB ¼ ρ0

2
to ρ0, the overall trend remains similar to that

observed for ρB ¼ ρ0
2
. However, the total magnetic moment

of the Δþþ baryon increases by 2.105μN at zero magnetic
field. This enhancement is due to the decrease in the
effective baryon mass with increasing density, which
consequently leads to an increase in the magnetic moment.
Figures 8(c) and 8(d) show the variation of magnetic
moment of Δþ baryon with magnetic field. As discussed
for Δþþ baryon, the Δþ baryon also follows the same trend
with magnetic field and has a positive total magnetic moment.
With increase in density from ρB ¼ 0 to ρ0

2
and ρ0, the total

magnetic moment shifts from 2.801μN to 3.591μN and
4.756μN , respectively, at eB ¼ 3m2

π . The magnetic moment
variation with density of Dþ baryon is also qualitatively
similar to Δþþ baryon. As shown in Figs. 8(e) and 8(f), all
three contributions to the magnetic moment of the Δ0 baryon
remain negative. Consequently, the total magnetic moment is
also negative and is primarily governed by the sea quark
contribution. UnlikeΔþþ andΔþ baryons, the total magnetic
moment at ρB ¼ 0, ρB ¼ ρO

2
, and ρ0 exhibits an opposite

trend with increasing magnetic field. The magnitude of total
magnetic moment of Δ0 baryon at ρB ¼ 0, fs ¼ 0, and
Ia ¼ 0 increases with magnetic field, whereas the magni-
tude total magnetic moment at finite densities decreases
with magnetic field as depicted in Figs. 8(e) and 8(f). With
an increase in the baryon density from ρB ¼ ρ0

2
to ρB ¼ ρ0,

the magnitude of the total magnetic moment of the Δ0

baryon increases by 0.146μN. The Δ− baryon consists of
three d quarks, resulting in a negative valence contribution
leading to an overall negative total magnetic moment as
shown in Figs. 8(g) and 8(h). With an increasing magnetic
field, the magnitude of the total magnetic moment initially
shows a small increase up to eB ¼ 2.85m2

π , beyond which
it decreases. Following the trend observed for the other Δ
baryons, the magnitude of magnetic moment of Δ− baryon
increases with increasing baryonic density as shown in
Fig. 8(h).
Variation of magnetic moment of Σ� baryons with

magnetic field is depicted in Fig. 9. For Σ�þ baryons,
as shown in Figs. 9(a) and 9(b), the two u quarks
dominate, and therefore, valence contribution is large
and positive compared to other contribution to the total
magnetic moment. Therefore, the resulting total magnetic
moment of the Σ�þ baryon remains positive and increases
gradually up to eB ¼ 1.85m2

π , beyond which it starts to
decrease with further increase in the magnetic field. As the
density is increased to ρ0, the magnitude of total magnetic
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FIG. 8. In-medium magnetic moment variation ofΔ baryons as a function of magnetic field eB=m2
π for density ρB ¼ ρ0

2
[panels (a), (c),

(e), and (g)] and ρB ¼ ρ0 [panels (b), (d), (f), and (h)] at fs ¼ 0.7, Ia ¼ 0.3, and T ¼ 100 MeV. The black dash-dotted curve
corresponds to the total magnetic moment calculated for ρB ¼ 0, fs ¼ 0 and Ia ¼ 0. Each panel shows the result corresponding to
different contributions to magnetic moments.
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moment of the Σ�þ baryon increases by a value 1.290μN
as shown in Figs. 9(a) and 9(b) at eB ¼ 5m2

π. For Σ�0
baryon in Figs. 9(c) and 9(d), the total magnetic moment
decreases with increase in magnetic field reaching a
negative value at higher magnetic field and as we increase
the density from ρB ¼ 0 to ρ0

2
ðρ0Þ the value of the total

magnetic moment increases by 0.116ð0.287ÞμN which
follows the same trend as Σ�þ baryon. Unlike the Σ�þ

and Σ�0 baryons, the sea contribution to the magnetic
moment of the Σ�− baryon ðddsÞ is small but positive, as
shown in Figs. 9(e) and 9(f). However, the valence
contributions from the two d quarks and the s quark are

all negative, resulting in an overall negative total magnetic
moment. The magnitude of the total magnetic moment
increases gradually up to eB ¼ 2.05m2

π , beyond which it
decreases with increase in the magnetic field. As the baryon
density is increased from vacuum to ρB ¼ ρ0

2
and sub-

sequently to ρB ¼ ρ0, the Σ�− baryon exhibits the same
overall trend as observed for other Σ� baryons.
In Figs. 10(a)–10(d), we plot the modification of mag-

netic moment of Ξ� baryons with magnetic field. From
Fig. 10(a), we can observe that the sea quark contribution of
Ξ�0 baryon is negative, whereas all other magnetic moment
contributions are positive; hence, the overall total magnetic

FIG. 9. In-medium magnetic moment variation of Σ� baryons as a function of magnetic field eB=m2
π for density ρB ¼ ρ0

2
[panels (a),

(c), and (e)] and ρB ¼ ρ0 [panels (b), (d), and (f)] at fs ¼ 0.7, Ia ¼ 0.3 and T ¼ 100 MeV. The black dash-dotted curve corresponds to
the total magnetic moment calculated for ρB ¼ 0, fs ¼ 0, and Ia ¼ 0. Each panels shows the result corresponding to different
contributions to magnetic moments.
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moment remains positive. Similar to the neutral Σ�0 baryon
shown in Figs. 9(c) and 9(d), the total magnetic moment of
the Ξ�0 baryon, depicted in Figs. 10(a) and 10(b), decreases
with increasing magnetic field. As we increase density from
ρB ¼ ρ0

2
to ρ0, the total magnetic moment of Ξ�0 baryon

increases as discussed for Δ and Σ� baryons. For Ξ�−
baryons, as shown in Figs. 10(c) and 10(d), the single d
quark and two s quark contribute a negative valence
moment. Therefore, the total magnetic moment remains
negative at both baryon densities, and its magnitude

increases gradually with increasing magnetic field up to
a eB ¼ 1.75m2

π , beyond which it decreases. The magnetic
moment due to the valence quarks and total magnetic
moment differs only by 0.030 μN at zero magnetic field
and density ρB ¼ ρ0

2
since both the sea and orbital con-

tributions are comparatively small.
From Figs. 10(e) and 10(f), we observe that sea and

orbital contributions are very small, and the magnitude of
total magnetic moment of Ω− baryon increases negli-
gibly by a value 0.035μN from zero magnetic field to

FIG. 10. In-medium magnetic moment variation of Ξ� and Ω− baryons as a function of magnetic field eB=m2
π for density ρB ¼ ρ0

2
[panels (a), (c), (e)] and ρB ¼ ρ0 [panels (b), (d), (f)] at fs ¼ 0.7, Ia ¼ 0.3 and T ¼ 100 MeV. The black dash-dotted curve corresponds
to the total magnetic moment calculated for ρB ¼ 0, fs ¼ 0, and Ia ¼ 0. The different contributions to magnetic moments are shown
separately in each panel.
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eB ¼ 1.55m2
π . Beyond that, the magnitude of the total

magnetic moment of the Ω− baryon decreases with the
magnetic field as shown in Fig. 10(e). In Fig. 10(f), the total
magnetic moment of the Ω− baryon remains negative,

while its magnitude increases as the baryon density is
increased from vacuum to ρB ¼ ρ0.
Using the QMC model [51], the in-medium magnetic

moments of octet, decuplet, and low-lying charm and bottom

TABLE V. Magnetic moments of decuplet baryons at ρB ¼ 0, ρB ¼ ρ0
2
, and ρB ¼ ρ0 for zero magnetic field. The finite density results

correspond to fs ¼ 0.7 and Ia ¼ 0.3, whereas ρB ¼ 0 corresponds to fs ¼ Ia ¼ 0.

Expt. values [78,110]
ρB ¼ 0 ρB ¼ ρ0

2
ρB ¼ ρ0

(μN) μB (Free space) μ�B μ�val μ�sea μ�orb μ�B μ�val μ�sea μ�orb μ�B
μ�Δþþ 4.5–7.5 6.464 9.468 −1.969 0.511 8.011 12.284 −2.557 0.389 10.116
μ�Δþ � � � 2.951 4.726 −1.238 0.198 3.686 6.118 −1.607 0.160 4.672
μ�Δ0 � � � −0.558 −0.018 −0.508 −0.115 −0.641 −0.062 −0.657 −0.068 −0.787
μ�Δ− � � � −4.068 −4.768 0.224 −0.427 −4.971 −6.256 0.298 −0.297 −6.254
μ�Σ�þ � � � 3.637 5.486 −1.277 0.334 4.543 7.203 −1.658 0.254 5.799
μ�Σ�− � � � −3.375 −3.938 0.175 −0.291 −4.055 −4.998 0.220 −0.203 −4.981
μ�Σ�0 � � � 0.131 0.777 −0.552 0.021 0.247 1.113 −0.720 0.026 0.418
μ�Ξ�0 � � � 0.818 1.544 −0.589 0.157 1.113 2.208 −0.767 0.119 1.560
μ�Ξ�− � � � −2.697 −3.101 0.125 −0.155 −3.131 −3.708 0.141 −0.109 −3.676
μ�Ω− −2.02� 0.05 −2.000 −2.259 0.075 −0.020 −2.204 −2.456 0.066 −0.016 −2.406

TABLE VI. Same as Table V for magnetic field eB ¼ 3m2
π .

ρB ¼ 0 ρB ¼ ρ0
2

ρB ¼ ρ0

(μN) μ�B μ�val μ�sea μ�orb μ�B μ�val μ�sea μ�orb μ�B
μ�Δþþ 7.311 11.302 −2.343 0.609 9.568 15.864 −3.295 0.453 13.022
μ�Δþ 2.801 4.546 −1.186 0.230 3.591 6.198 −1.623 0.181 4.756
μ�Δ0 −0.542 −0.022 −0.436 −0.148 −0.606 −0.059 −0.590 −0.092 −0.740
μ�Δ− −4.225 −5.038 0.245 −0.527 −5.321 −7.024 0.341 −0.364 −7.046
μ�Σ�þ 3.618 5.552 −1.299 0.398 4.651 7.723 −1.785 0.296 6.234
μ�Σ�− −3.420 −4.033 0.186 −0.359 −4.206 −5.368 0.243 −0.248 −5.373
μ�Σ�0 0.064 0.597 −0.459 0.020 0.158 0.916 −0.625 0.024 0.315
μ�Ξ�0 0.684 1.259 −0.515 0.188 0.932 1.924 −0.700 0.139 1.363
μ�Ξ�− −2.665 −3.091 0.132 −0.191 −3.149 −3.815 0.153 −0.133 −3.795
μ�Ω− −1.953 −2.256 0.084 −0.023 −2.194 −2.503 0.077 −0.018 −2.444

TABLE VII. Same as Table V for magnetic field eB ¼ 5m2
π .

ρB ¼ 0 ρB ¼ ρ0
2

ρB ¼ ρ0

(μN) μ�B μ�val μ�sea μ�orb μ�B μ�val μ�sea μ�orb μ�B
μ�Δþþ 5.721 7.689 −1.581 0.991 7.099 12.540 −2.587 0.716 10.669
μ�Δþ 2.010 2.760 −0.711 0.357 2.407 4.168 −1.080 0.266 3.355
μ�Δ0 −0.545 −0.017 −0.245 −0.276 −0.539 −0.040 −0.365 −0.183 −0.588
μ�Δ− −3.416 −3.212 0.168 −0.910 −3.954 −5.030 0.259 −0.633 −5.404
μ�Σ�þ 2.727 3.387 −0.807 0.649 3.229 5.293 −1.242 0.469 4.519
μ�Σ�− −2.748 −2.683 0.136 −0.618 −3.165 −3.942 0.194 −0.431 −4.179
μ�Σ�0 −0.024 0.241 −0.253 0.015 0.002 0.446 −0.379 0.019 0.087
μ�Ξ�0 0.504 0.545 −0.296 0.306 0.556 1.001 −0.442 0.221 0.781
μ�Ξ�− −2.143 −2.228 0.109 −0.327 −2.446 −2.981 0.137 −0.229 −3.072
μ�Ω− −1.577 −1.841 0.085 −0.036 −1.792 −2.198 0.090 −0.026 −2.135
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baryons have been investigated, with a general enhancement
relative to their free-space values at zero magnetic field.
Calculations within χPT and LQCD yield Δþþ magnetic
moments of 5.390μN [52,53] and 5.240μN [48], respectively.
Furthermore, the influence of medium-modified baryonic
magnetic moments on neutron-star properties under strong
magnetic fields has been examined in Ref. [63], where the
AMM of baryons was found to significantly modify
the equation of state at high densities. In the present work,
we therefore investigated the magnetic field dependence of
the magnetic moments of decuplet baryons in magnetized
strange matter, incorporating the effects of Landau quanti-
zation, anomalous magnetic moments, and Dirac sea
contributions.

V. SUMMARY

To summarize, we investigated the in-medium effective
masses and magnetic moments of the decuplet baryon in
magnetized strange matter at finite temperature incorpo-
rating Dirac sea contributions, Landau quantization, and
anomalous magnetic moments (AMM) using the chiral
quark mean field model. We observed that the magnitudes
of the scalar condensates increase with increasing magnetic
field strength due to the contribution from the Dirac sea,
thereby exhibiting the phenomenon of magnetic catalysis.
Increasing the baryon density from ρB ¼ 0 to ρ0 leads to a
systematic reduction in the effective masses of all decuplet
baryons, reflecting the enhanced medium modification of
the scalar fields. The magnetic field dependence is strongly
charge and spin dependent. The charged baryons generally
exhibit an initial decrease in mass followed by an increase
at higher magnetic fields, resulting from the effects of
AMM and Landau level contributions at low fields and
magnetic catalysis at stronger fields. In contrast, neutral
baryons, which do not undergo Landau quantization, show
a comparatively weaker and predominantly increasing
magnetic field dependence, with their spin states splitting
through the AMM interaction. The magnetic moments of
the decuplet baryons are evaluated using the in-medium

quark and baryon masses as inputs to the chiral constituent
quark model. The total magnetic moments receive con-
tributions from valence quarks, sea quarks, and orbital
angular momentum of the quark sea, with the valence
contribution dominating in all cases and shows an increase
in magnitude with density. The isospin asymmetry (Ia)
effects are most pronounced for baryons composed of
entirely of light quarks through δ meson field which
induces the charge splitting within each multiplet, whereas
the number of strange quarks determines the effects of
strangeness fraction fs in baryons. Therefore, Δ baryons
show significant change with Ia, whereasΩ− baryon shows
more pronounced change with fs. These results may serve
as important theoretical inputs for future investigations of
strongly magnetized dense matter, including magnetar
interiors and the postmerger phase of binary neutron star
collisions, where high density, strong magnetic fields, and
strangeness coexist simultaneously. This study is also
motivated by heavy-ion collision experiments at RHIC
and the LHC, where extremely strong transient magnetic
fields and hot dense matter are produced [1–5].
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