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Introduction

Hadronic matter under extreme conditions
provides a unique environment to investi-
gate the non-perturbative aspects of QCD.
Among its observables, baryon magnetic mo-
ments are particularly significant as they en-
code quark dynamics, spin polarizations, and
sea quark contributions, thereby linking mi-
croscopic interactions with macroscopic prop-
erties of dense matter. Extensive studies us-
ing quark models [1], QCD sum rules [2], chiral
perturbation theory, and lattice QCD have ex-
plored baryonic magnetic moment in vacuum
and symmetric matter [3], at zero magnetic
field. The aim of present work is to explore
the impact of strong magnetic field on the
magnetic moment of Σ+ hyperons, consider-
ing finite isospin asymmetry and strangeness
fraction.
In this context, this study employs the chi-

ral constituent quark model extended to SU(4)
to calculate the magnetic moments whereas
the in-medium modification are incorporated
using the chiral SU(3) quark mean field model
(CQMF).

Methodology

In the CQMF model the effective La-
grangian consists of the kinetic energy term
for quarks, the quark mean interaction term,
the self interaction term for scalar and vector
mesons, as well as an explicit chiral symmetry
breaking term. In the CQMF model inter-
actions among quarks are mediated through
the exchange of scalar field (σ, ζ, δ) and vec-
tor field (ω, ρ, ϕ).
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Effective quark mass of u,d,s quarks arise
from scalar couplings and its expressed as,

m∗
q = mq − gqσ σ − gqζ ζ − gqδI3q δ, (1)

where mq is the vacuum quark mass and gqσ,
gqζ , gqδ are coupling constants and I3q is the
third component of isospin.

In the chiral constituent quark model, the
total magnet moment of baryon is expressed
as,

µ∗
B = µ∗val

B + µ∗sea
B + µ∗orbit

B , (2)

µ∗val
B =

∑
q=u,d,s

∆qval µ∗
q , (3)

µ∗sea
B =

∑
q=u,d,s

∆qsea µ∗
q , (4)

µ∗
d = −

(
1− ∆M

M∗
B

)
, µ∗

u = −2µ∗
d, (5)

µ∗
s =

(
m∗

u

m∗
s

)
µ∗
d, µ∗

c = −
(
2m∗

u

mc

)
µ∗
d,

(6)

where ∆M = Mvac − M∗
B . Here, Mvac

is vacuum mass of baryon and M∗
B is effec-

tive baryon mass. The third term in Eq.(2)
considers the contribution of orbital angular
momentum associated with quark sea [4, 5].
Here, ∆qval and ∆qsea denotes spin polariza-
tion due to valence and sea quarks, respec-
tively. Here, Eq.(5) and Eq.(6) represent the
effective magnetic moments of u,d,s,c quark
and m∗

u,m
∗
s represents the effective masses of

up and strange quark respectively and the
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strange quark mass, mc = 1270 MeV. The
impact of finite magnetic field is incorporated
in the calculations through scalar and vector
densities of baryons [6].

Results and Discussion

In Fig 1 and Fig 2 we illustrate the variation
of total magnetic moment of Σ+ hyperon (in
units of µN ) as a function of magnetic field i.e.
eB/m2

π (mπ = 139 MeV).

FIG. 1: Variation of the total magnetic moment,
µ∗
Σ+ (in units of µN ), with respect to the magnetic

field strength eB/m2
π, in vacuum at T = 100 MeV

(ρB = 0 fm−3, η = 0, fs = 0).

FIG. 2: The total magnetic moment, µ∗
Σ+ (in

units of µN ), as a function of eB/m2
π, at finite

density, in asymmetric strange matter at T = 100
MeV (ρB = 0.16 fm−3, η = 0.3, fs = 0.3).

The results are shown for a finite tempera-
ture of T = 100 MeV with isospin asymmetry
parameter, η = 0 and 0.3 and the strangeness
factor, fs = 0 and 0.3 respectively.

In Fig 1, negligible variation is seen in the
total magnetic moment of Σ+ hyperon at ρ =
0, that is at vacuum. The valence quark con-
tribution is highest compared to quark sea and
orbital angular momentum. Since, the change
in magnetic moment comes from the effective
quark mass (m∗

q) and the scalar fields affect
the m∗

q . In this case, the variation is negligi-
ble, resulting minute change in the total mag-
netic moment of the Σ+ hyperon.
In Fig 2, we present the results of the to-

tal magnetic moment of Σ+ hyperon at finite
density in asymmetric strange matter, where
the value of µ∗

Σ+ is noticeably lower compared
to the vacuum value. The change in the µ∗

Σ+

with respect to eB/m2
π is negligible as a re-

sult of mild change in the values of m∗
q due

to very small variation in the scalar fields.
The present calculations of in-medium mag-
netic moments of hyperons can be used as in-
put to calculate their polarization in heavy-ion
collisions [7, 8].
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