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Introduction

The study of the properties of baryons at
finite temperature and density is important
for understanding the experimental observ-
ables produced in different experimental fa-
cilities, for example, at RHIC, LHC and fu-
ture CBM at FAIR, GSI etc. The experi-
ments performed by European Muon Collab-
oration (EMC) show that the electromag-
netic properties of nucleons in the medium
are different as compared to free space [? ].
The contribution in magnetic moments due to
strange quark in nucleons plays an important
role beside those from non-strange quarks.
Therefore, one must consider SU(3) symme-
try based models for the study of baryon mag-
netic moments. In the present work, we inves-
tigate the modification of magnetic moment of
baryons at finite density and temperature of
nuclear matter. Magnetic moments are very
useful to study baryon structures and have
been extensively studied in free space [? ].

In Medium Baryon Magnetic Moments

To study medium modification of magnetic
moment of baryons, we have used Chiral
SU(3) Quark Mean Field (QMF ) model. Fi-
nite nuclei properties have been studied by us-
ing this approach and reasonably good results
have been obtained [? ]. Within QMF model
the effective masses of quarks and baryons can
be expressed in terms of scalar fields σ and ζ.
The coupled equations of motion, for scalar
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fields σ and ζ, are obtained from Lagrangian
density [? ] and are solved at finite density
and temperature of nuclear medium. Using
these constituent quark masses, we can calcu-
late effective masses of baryons. We use the
obtained effective masses to find magnetic mo-
ments of baryons due to valence quarks and
quark sea effects from the equation,

µ(B)total = µ(B)val + µ(B)sea, (1)

where, the valence and the sea contributions,
in terms of quark spin polarizations, can be
expressed as

µ(B)val =
∑

q=u,d,s

∆qvalµq, (2)

and

µ(B)sea =
∑

q=u,d,s

∆qseaµq, (3)

respectively. In above equations, µq =
eq

2Mq

(q = u, d, s) is the quark magnetic moment,
eq and Mq are the electric charge and the
mass for the quark q, respectively. Quark
spin polarizations can be defined as, ∆q =
q+ − q− + q̄+ − q̄−, where, q± and q̄± can be
calculated from the spin structure of a baryon.

Results and Summary

For the calculation of scalar meson fields,
we have used the parameter set from Ref. [?
]. For including the valence quark and quark
sea effects in magnetic moments, we use the
parameters given in Ref. [? ]. In the low den-
sity region, the σ meson field varies rapidly
with the increase in baryonic density, however,
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FIG. 1: Magnetic moment (in units of nuclear
magneton, µN ) of baryons (at T=0 MeV and
T=150 MeV ) versus baryonic density (in units
of nuclear saturation density ρo).

for densities more than saturation density, the
variation is very slow. This is due to con-
straints of saturation of nuclear matter. The ζ
meson field varies very slowly with density be-
cause there is no coupling between the ζ meson
and non-strange quarks (u,d). In Fig. 1, we
show the variation of magnetic moment of nu-
cleons (hyperons) with density, at T=0 MeV
(T=150 MeV ). We see the sequence, at T=0
MeV , µ∗

p/µp = 1.38, µ∗
n/µn = 1.38, µ∗

Σ/µΣ =
1.3, µ∗

Λ/µΛ = 1.25, µ∗
Ξ/µΞ = 1.14, at nuclear

saturation density, where, µp, µn, µΣ, µΛ, µΞ

(‘∗’denotes in medium) are the magnetic mo-
ments of baryons in the free space. They
have values, µp = 2.293, µn = −1.669, µΣ+ =
2.288, µΣ− = 0.889, µΛ = −0.8449, µΞ0 =
−1.628, µΞ− = −0.834 (all values in units
of nuclear magneton µN ), obtained in this
model. At T=150 MeV , the ratios of µ∗

B/µB

shift to 1.32, 1.32, 1.19, 1.22, 1.127, respec-
tively. From the above listed values, we ob-
serve that, at finite density and temperature
of the medium, the nucleons are effected more
as compared to hyperons. The probable cause
behind this behavior is the dependence of
magnetic moments on the effective baryonic
masses considered in model here, which in
turn depend on effective quark masses.
We find that, with the rise of temperature,
the variation of magnetic moment with bary-
onic density is less. These results are further
justified by the work of Ref. [? ], in which
the similar calculations have been done using
MIT bag model and quark meson coupling
model. However, the QMF model used in the
present work for the calculation of magnetic
moment of baryons is more improved, in re-
spect of basic properties of QCD, as compared
to MIT bag model and QMC model.
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