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1. Introduction
Studying the magnetic moments of light

and heavy baryons is important for probing
quark dynamics and testing quantum chro-
modynamics (QCD) models [1]. In present
work, the medium modifications of magnetic
moment of Σ+

b baryon(valence contribution)
in nuclear matter has been studied as a func-
tion of density. The in-medium effects have
been introduced through chiral SU(3) quark
mean-field model, where quarks are consid-
ered as the basic degrees of freedom for the
valence contribution toward µtotal, which has
been calculated using the chiral constituent
quark model(χCQM).

2. Methodology
In the chiral quark model (χQM), con-

stituent quarks are confined within baryons
by a confining potential. With the inclusion of
the confining potential χc, the Dirac equation
for the quark field ψqi can be expressed as [2]

[−iα.∇+ χc(r) + βm∗q ]ψqi = e∗qψqi.

where χc = 1
4kcr

2(1 + γ0), with kc = 98

MeV fm−2. Also m∗q and e∗q denote effective
constituent quark mass, and effective energy
of the quarks defined through relations

m∗q = −gqσσ − g
q
ζζ +mq0

e∗q = eq − gqωω. (1)

The effective mass of the ith baryon is calcu-
lated from its effective energy E∗i and the in-
medium spurious center-of-mass momentum
p∗i cm through the relation [4]
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M∗i =
√
E∗i

2− < p∗i
2
cm >. (2)

where E∗i =
∑
q nqe

∗
q + Eispin

The term Eispin is the correction to the
baryon energy, accounting for the spin-spin
interaction, and is adjusted to match the ob-
served baryon masses in free space. The spu-
rious center-of-mass momentum, p∗icm is ex-
pressed in term of m∗q and e∗q through relation

< p∗2i cm >=
(11e∗q +m∗q)

6(3e∗q +m∗q)
(e∗q

2 −m∗q2).

The values of m∗q and e∗q are obtained by
minimizing the thermodynamic potential Ω
with respect to meson fields mentioned above.
The thermodynamic potential is defined as

Ω = − T

(2π)3

∑
i

γi

∫ ∞
0

d3k

[
ln

(
1 + e−

E∗
i (k)−ν∗i
T

)

+ ln

(
1 + e−

E∗
i (k)+ν∗i
T

)]
− LM − Vvac.

(3)

here ν∗i is effective chemical potential, Vvac
is the vacuum energy correction term and LM
denotes self-interactions of vector and scalar
fields. The effective magnetic moment of a
given baryon is expressed as [3]

µ∗B,total = µ∗B,val + µ∗B,sea + µ∗B,orbit. (4)

The most dominant component µ∗B,val is ex-
pressed as

µ∗B,val =
∑

q=u,d,c,s,b

∆qvalµ
∗
q . (5)
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The effects of quark confinement and rela-
tivistic corrections are accounted through the
inclusion of mass adjusted effective magnetic
moments of the quarks through relations

µ∗d = −
(

1− ∆M

M∗i

)
, (6)

µ∗b = −m
∗
u

m∗b

(
1− ∆M

M∗i

)
, (7)

µ∗u = −2µ∗d. (8)

Here, M∗i is the effective mass of the baryon.
The value of ∆qval is calculated using χCQM .

The spin structure of a spin 1
2

+
baryon is given

as

B ≡ 〈B|N̂ |B〉 = cos2 φ〈120,220M |N̂ |120,220M 〉B
+ sin2 φ〈168,220M |N̂ |168,220M 〉B

(9)

where N̂ is number operator. On solv-
ing quark polarization relation we found
∆u =

(
4
3cos

2φ+ 2
3sin

2φ
)

and ∆b =(
− 1

3cos
2φ+ 1

3sin
2φ
)

for Σ+
b baryon.

3. Results
In fig. 1 the effective mass of Σ+

b baryon as
a function of ρb is shown and found to decrease
with density. At baryon density ρb = 0, ρ0 and
3ρ0 the values of effective masses (M∗

Σ+
b

) are

observed to be 5811, 5671.556 and 5554.980
MeV respectively. The variation in mass of
baryon with density also has an impact on
magnetic moment as well, as evident from eqs
(6)-(8). The valence contribution of µ(Σ+

b ) is
found to be increase with density as shown in
fig. 2

Values of magnetic moment of Σ+
b baryon

are found to be 2.5248, 2.5816 and 2.6303 at
ρb = 0, ρ0 and 3ρ0 respectively in the unit of
µN .

The results obtained in this study has been
compared with various theoretical models like

quark– meson coupling (QMC) model [5],light
cone QCD sum rules [1],quark mean field
model [2]. Our model shows good agreement
with the results presented in these paper ex-
cept QMC model .

FIG. 1: Effective mass of Σ+
b as a function of ρb

(in units of nuclear saturation density ρ0)

. .

FIG. 2: Valence contribution towards magnetic
moment of Σ+

b baryon as function of ρb (in units
of nuclear saturation density ρ0)

.
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