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Introduction

The study of decuplet baryon properties has
been an important area of research since their
discovery in heavy ion collision experiments.
It is quite difficult to calculate static prop-
erties such as magnetic moment and charge
radius of decuplet baryons because of their
short life time and occurrence in high baryonic
density regime. Due to this reason, only the
magnetic moments of Ω− [1] and ∆2+ [2] have
been measured experimentally. On the the-
oretical side, the vacuum magnetic moments
of decuplet baryons have been widely studied
using different models. However, the calcula-
tions of decuplet baryon magnetic moments in
the presence of baryonic matter have not been
done in the available literature. The calcula-
tion of in-medium magnetic moments can help
in determination of other properties of decu-
plet baryons such as electromagnetic form fac-
tors and charge radii and also to understand
their behavior in external magnetic field. In
the present work, we use chiral SU(3) quark
mean field model [3] to determine the medium
modified masses of constituent quarks and de-
cuplet baryons in the strange baryonic matter
at zero temperature. We use these medium
modified masses to determine in-medium mag-
netic moments of constituent quarks along-
with the calculation of medium modified spin
polarizations due to valence quarks and quark
sea. These medium modified values of mag-
netic moments and spin polarizations will fur-
ther be used to calculate the magnetic moment
of decuplet baryons in strange matter.
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Chiral SU(3) Quark Mean Field Model

The total effective Lagrangian density in
chiral SU(3) quark mean field model is written
as

Leff = Lq0 + Lqm + LΣΣ + LV V + LχSB + L∆m + Lc.
(1)

The details of above Lagrangian densities can
be found in [3, 4]. The effective quark massm∗

q

is derived from scalar meson fields and given
as

m∗
q = −gqσσ − g

q
ζζ +mq0, (2)

where mq0 (mu0 = md0 = 0 and ms0 = 29
MeV) is introduced to reproduce exact vac-
uum masses of constituent quarks. The ana-
lytical expression for effective energy of quark
e∗q is written as

e∗q = m∗
q +

3
√
kc√

2(e∗q +m∗
q)
, (3)

where the constant kc = 100 MeV.fm−2 [4].
The effective mass and energy of jth decuplet
baryon can be calculated using effective quark
energies through the relations

M∗
j =

√
E∗2
j − < p∗2

j cm > , (4)

where

E∗
j =

∑
q

nqje
∗
q + Ej spin, (5)

where Ej spin represents the correction to
baryon energy coming from spin-spin interac-
tion between constituent quarks. The details
of Ej spin and other parameters appearing in
eqns. (2,4,5) can be found in [4]. Following
the chiral quark model approach [5], the mag-
netic moment of baryons, including the contri-
butions from valence quarks, quark sea and or-
bital angular momentum of quark sea in terms
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FIG. 1: Decuplet baryon magnetic moments ver-
sus baryonic density (in units of nuclear satura-
tion density ρ0) for strangeness fractions fs =
0, 0.5 and 1.

of respective spin polariations can be written
as

µ (B)total =
∑
q=u,d,s

(
∆qvalµ

∗
q + ∆qseaµ

∗
q + ∆qorbitalµ

∗
q

)
,(6)

where ∆qval, ∆qsea and ∆qorbital are the spin
polarisations due to valence quarks, quark sea
and orbital angular momentum of quark sea,
respectively. In eq. (6), µ∗

q represents the con-

stituent quark magnetic moment and for u, d
and s quarks these are given by

µ∗
d = −

(
1− ∆M

M∗
B

)
, µ∗

s = −m
∗
u

m∗
s

(
1− ∆M

M∗
B

)
, µ∗

u = −2µ∗
d,

(7)
respectively. Above relations incorporate the
property of quark confinement and relativistic
correction to quark magnetic moments [6].

Results

The total effective magnetic moment of de-
cuplet baryons as a function of density and for
different values of strangeness fraction (fs) are
presented in fig. (1). We find that

1) For given strangeness fraction, in the low
baryonic density regime, the magnetic mo-
ment of non-strange decuplet baryons show a
large increase in their magnitudes as a func-
tion of baryonic density of the medium as com-
pared to the strange decuplet baryons.

2) For baryonic densities upto nuclear sat-
uration density, the magnitude of magnetic
moment of strange decuplet baryons are not
effected by the rise of strangeness content of
the medium. However, for more higher densi-
ties, these baryons show a large increase in the
magnitudes of their magnetic moments. The
magnetic moments of non-strange baryons
show a small decrease in their magnitudes
with the rise of strangeness fraction for den-
sities upto 3ρ0 and become almost unaffected
for more higher values of baryonic densities.
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