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Abstract
Compact stars with strong magnetic fields (magnetars) have been observationally determined to have surface magnetic fields of order of 1014 − 1015 G, the implied internal field
strength being several orders larger. We study the equation of state and composition of
dense hypernuclear matter in strong magnetic fields in a range expected in the interiors of
magnetars. Within the non-linear Boguta-Bodmer-Walecka model we find that the magnetic
field has sizable influence on the properties of matter for central magnetic field B ≥ 1017 G,
in particular the matter properties become anisotropic. Moreover, for the central fields
B ≥ 1018 G, the magnetized hypernuclear matter shows instability, which is signalled by
the negative sign of the derivative of the pressure parallel to the field with respect to the
density, and leads to vanishing parallel pressure at the critical value Bcr ≃ 1019 G. This
limits the range of admissible homogeneously distributed fields in magnetars to fields below
the critical value Bcr .
1. Introduction
Anomalous X-ray pulsars and soft γ-ray repeaters are observationally identified with
highly magnetized neutron stars with surface magnetic field ∼ 1014 − 1015 G [1–3]. This
class of compact stars has been conjectured theoretically as “magnetars” [4–7], i.e., neutron
stars which posses magnetic fields that are by several orders of magnitude larger than the
canonical surface dipole magnetic fields B ∼ 1012 -1013 G of the bulk of pulsar population,
which are commonly deduced from the magnetic-dipole radiation model of pulsar spindown in combination with measured spin and spin-down rates. The integral properties of
magnetars, i.e., mass, radius, moment of inertia, etc will depend sensitively on the equation
of state of matter in strong magnetic fields, if the central fields are sufficiently strong.
Furthermore, other processes, such as the cooling and the magnetic field evolution will
sensitively depend on the composition of matter in strong magnetic fields. Fermionic matter
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in strong magnetic field experiences two well-known quantum mechanical phenomena: the
Pauli paramagnetism and the Landau diamagnetism. The first is due to the interaction of
the spin of the fermion with the magnetic field and, therefore, is relevant for both charged
and uncharged fermions. The second phenomenon is relevant only for charged particles, and
is particularly strong for light particles, which in the case of compact stars are the leptons.
Neutron star sequences may feature massive objects with masses M ∼ 2M⊙ . These
massive compact stars are likely to develop cores which are composed of matter that differs
from the ordinary nuclear matter composed of only neutrons and protons. One possibility is
that heavy baryons (hyperons) will appear once the Fermi energy of neutrons becomes of the
order of their rest mass. Although the hyperons were considered even before the discovery
of pulsars and their identification with the neutron stars [8], their presence in the cores of
neutron stars is still quite uncertain, for different theoretical models predict quite different
outcomes for the maximum mass of hypernuclear compact stars, often in contradiction with
the known empirical data on pulsar masses. The models that are based on relativistic density
functional methods [9–12] predict masses that are not much larger than the canonical mass
of a neutron star which clearly contradicts modern observations. Masses of the order of ≤
1.8M⊙ were obtained in non-relativistic phenomenological models [13, 14], while microscopic
models based on hyperon-nucleon potentials, which include the repulsive three-body forces,
predict low maximal masses for hypernuclear stars [15, 16]. The avenues for reconciliation
of the large pulsar mass and the hyperonization (and more generally strangeness) of dense
matter have been explored recently in Refs [17–28].
The influence of strong magnetic fields on the highly dense electron gas in the context of
neutron star matter was studied in Refs. [29–33]. The strong magnetic field effects on dense
nuclear matter (n, p, e system) have been studied previously in Refs. [34–40]. The structure
of strongly magnetized neutron star branch of compact objects was studied for different field
configurations (toroidal, poloidal, etc) in Refs. [41–43]. In the case of the adjacent branch of
white dwarfs, strong magnetic fields were found to lead to highly super-Chandrasekhar mass
(M ∼ 2.3 − 2.6M⊙ ) white dwarfs [44–46], which can be related to the observed features of
a number of peculiar Type Ia supernovae [47].
It has been known for some time that the magnetic field can affect the hydrostatic
equilibrium of compact stars and may render large fields configurations unstable. In the
simplest form it can be formulated for uniform self-gravitating fluids [48]. In the case
of neutron stars the Chandrasekhar-Fermi limiting field strength is ∼ 1018 G [49]. Fully
relativistic calculations confirm the simple Newtonian estimates [41–43]. Instabilities related
to the anisotropy of the pressure were also discussed in the literature. These types of
instabilities may arise due to the change of the sign of the derivative of either the transverse
pressure or the parallel pressure with respect to the density, which leads eventually to
vanishing of the respective pressure. These instabilities have been discussed for electron
gas [50] and strange quark matter [51–53] due to the vanishing of transverse pressure and
for magnetized fermionic systems [54] and quark matter [55, 56] due to parallel pressure
(but see [57, 58]).
The studies of magnetized dense matter were mainly carried out in the limit of uniform
field distribution, some notable exceptions are Refs. [35, 54, 59]. The processes of supernova
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collapse will leave behind a strongly non-uniform field distribution of frozen-in fields. Any
dynamo mechanism generating fields will carry the imprint of inhomogeneous density profile
in the star. Thus, more realistic treatment of the equation of state of matter requires
inclusion of some physically motivated field profiles of the stars such as magnetars. (We note
that local equation of state is not affected by the density profile of the field, and therefore
depends only on the local value of the magnetic field strength and induction). Thus, while
uniform magnetic field distribution gives a crude order of magnitude estimates, it requires
refinements, because the density profiles of neutron stars are not uniform. Consequently,
the local magneto-static equilibrium will be achieved for different field strength.
The motivation of this paper is to carry out a study which includes the following aspects
of the physics of strong magnetic field discussed above: (i) we allow for radial profile of the
magnetic field, which assumes a high-field central value which decays as the field stretches
towards the surface. In this way, we extend the existing studies of hypernuclear matter
to the case of non-uniform fields. (ii) We carefully analyze the different components of
the field and show, in our case study of hypernuclear matter, that the parallel pressure
shows the instability. Thus, our work combines and unifies the ideas of the non-homogenous
distribution of magnetic fields in magnetars and possible instabilities in a new context of
nuclear and hypernuclear matter. We quantify these effects by studying the dependence
of the equation of state, onset of instability, and composition of matter by varying our
parameterization of the field profiles.
This paper is organized as follows. In Sec. 2 we discuss our model for hypernuclear
matter in strong magnetic fields within a relativistic density functional theory. We present
our numerical results in Sec. 3. Section 4 contains a summary of our results.
2. Model
As discussed in the introduction, the treatment of hypernuclear matter within nuclear
models which are based on different principles has lead to array of results, some of which are
inconsistent with measurements of pulsar masses. Relativistic models of hypernuclear matter
are flexible enough to be adjusted to the current phenomenology, therefore they provide a
suitable framework for extensions which incorporate the influence of strong magnetic fields.
In particular, we consider the non-linear Boguta-Bodmer-Walecka model which is based on
relativistic density functional theory [9, 60–64]. This model is able to describe ground state
phenomenology of nuclear matter and nuclei (see, e.g., [65, 66]). We anticipate that the
main conclusions and results of the present study will not change qualitatively if a different
model of dense hypernuclear matter is chosen.
The Lagrangian density of hypernuclear matter in a static magnetic field (hereafter also
B-field) is given by
L = Lm + Lf ,
(1)
where the matter part of the Lagrangian is given by
X
ψ̄B (iγµ D µ − mB + gσB σ − gωB γµ ω µ − gρB γµ τ B · ρµ ) ψB
Lm =
B

3

1
1
+ ∂µ σ∂ µ σ − m2σ σ 2 − U(σ)
2
2
1
1
1
1
− ωµν ω µν + m2ω ωµ ω µ − ρµν · ρµν + m2ρ ρµ · ρµ
4X
2
4
2
µ
ψ̄l (iγµ D − ml ) ψl ,
+

(2)

l=e,µ

where the index B labels baryons present in the matter, ψB , ψl , σ, ω and ρ are fields of
baryons, leptons, σ-mesons, ω-mesons and ρ-mesons, with masses mB , ml , mσ , mω and mρ
respectively; gσB , gωB and gρB are coupling constants for interactions of σ, ω and ρ mesons
respectively with the baryon B. The scalar self interaction term in the matter Lagrangian
is [9, 61–64]
1
1
U(σ) =
g1 mN (gσN σ)3 +
g2 (gσN σ)4 ,
(3)
3
4
where g1 and g2 are constants which parameterize the shape of the potential and
ωµν = ∂ν ωµ − ∂µ ων ,

(4)

ρµν = ∂ν ρµ − ∂µ ρν ,

(5)

D µ = ∂ µ + ieQAµ .

(6)

We choose the field vector potential gauge as Aµ ≡ (0, −yB, 0, 0), where B is the magnitude
of magnetic field and eQ the charge of the particle, e the (positive) unit of charge. For this
particular gauge choice the magnetic field is along the z axis of Cartesian coordinate system,
i.e., B = B ẑ. In the mean field approximation, the baryons acquire the effective masses
m∗B = mB − gσB σ,

(7)

where σ is given by its ground state expectation value
1
< σ >= σ =
m2σ

X

(B)
gσB nS

B

∂U
−
∂σ

!

,

(8)

with the scalar density
(B)
nS

2
=
(2π)3

Z

(B)

pF

m∗B
q

0

(B)

2

d 3 pB ,

(9)

p2B + m∗B

where pB is the momentum and pF the Fermi momentum of the baryon B. The electromagnetic field Lagrangian density is given by
Lf = −

1
Fµν F µν ,
16π

where F µν is the electromagnetic field tensor.
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(10)

The total energy density and pressure of the system can be obtained by computing the
energy-momentum tensor from the Lagrangian density (1). The result is
T µν = Tmµν + Tfµν ,

(11)

1
Tmµν = εm uµ uν − P (g µν − uµ uν ) + (M µλ Fλν + M νλ Fλµ ),
2

(12)

where the matter part is given by

with εm being the matter energy density, P - the thermodynamic pressure, M µν - the
magnetization tensor. The field part of the energy-momentum tensor is given by
Tfµν = −

1 µλ ν
1 µν ρσ
F Fλ +
g F Fρσ .
4π
16π

(13)

In the following we will neglect the electric field, as there are no macroscopic charges in the
bulk matter. Therefore, Eqs. (12) and (13) reduce, respectively, to [52, 67]


B µB ν
µν
µ ν
µν
µ ν
µν
µ ν
,
(14)
Tm = εm u u − P (g − u u ) + MB g − u u +
B2


1 µν
BµBν
B2
µν
µ ν
u u − g
−
,
(15)
Tf =
4π
2
4π
with B µ Bµ = −B 2 and M being the magnetization per unit volume.
In the presence of the magnetic field, the motion of the charged particles is Landau
quantized in the direction perpendicular to the magnetic field. We choose the coordinate
axes in such a way that B is along z-axis. Then, the single particle energy of any charged
particle at n-th Landau level is given by
p
(16)
En = p2z + m2 + 2ne|Q|B,
where m is the mass of the particle, pz is the component of momentum along z direction.
The Landau levels in Eq. (16) assume integer values n = 0, 1, 2... for spin-up states and
n = 1, 2, 3... for spin-down states for positively charged particles. For negatively charged
particles n takes on values n = 0, 1, 2, ... for the spin-down states and n = 1, 2, 3... for spin-up
states. The zero-temperature number density of charged baryons and leptons is given by
nmax
q
e|Q|B X
nC =
(2
−
δ
)
p2F − 2ne|Q|B,
(17)
n,0
2π 2 n=0

with


p2F
,
(18)
nmax = Int
2e|Q|B
where pF is the Fermi momentum. At zero temperature the number density of neutral
baryons is expressed via their Fermi momentum as


nN =
5

p3F
.
3π 2

(19)

(B)

The chemical potentials of baryons are given by µB = µ∗B + ω 0 gωB + ρ03 I3 gρB , where
q
2
(B)2
∗
(20)
pF + m∗B ,
µB =

with m∗B being the effective mass of the baryon B in the mean field approximation. We will
further need the quantities
1 X
gωB nB ,
m2ω B
1 X
(B)
=
gρB I3 nB ,
m2ρ B

ω0 =

(21)

ρ03

(22)
(B)

which are the ground state expectation values of ω and ρ3 fields with I3 being the isospin
projection for the baryon B. The chemical potentials of leptons are given by
q
(l)2
µl =
(23)
pF + m2l ,
(l)

where pF and ml are the Fermi momenta and masses of leptons, respectively. Now we are
in the position to write down the matter energy density defined by the matter Lagrangian
density, Lm , given by Eq. (2)
!
(B)
∗
p
+
µ
1 X
3
2
4
(B)
(B)
2pF µ∗B − pF m∗B µ∗B − m∗B ln F ∗ B
εm =
8π 2 B
mB



nX
max
∗
X
pB′ (n) + µB′ 
e|Q|B
2
(2 − δn,0 ) pB′ (n)µ∗B′ + (m∗B′ + 2ne|Q|B) ln  q
+
2
2
(2π)
m∗B′ + 2ne|Q|B
B ′ n=0
!#
"
nmax
p
(n)
+
µ
e|Q|B X X
l
l
(2 − δn,0 ) pl (n)µl + (m2l + 2ne|Q|B) ln p 2
+
(2π)2 l=e,µ n=0
ml + 2ne|Q|B
+

1 2 2
1
1
2
2
mσ σ + U(σ) + m2ω ω 0 + m2ρ ρ03 ,
2
2
2

(24)

where the sums over B and B ′ include the uncharged and charged baryons, respectively, and
the following short-hand notation has been used
q
p(n) =
p2F − 2ne|Q|B.
(25)

The matter pressure can be easily constructed from Eq. (24) using the thermodynamic
relation
X
X
P =
µB nB +
µl nl − εm .
(26)
B

l
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We now account for the fact that the matter in compact stars is charge neutral and in beta
equilibrium. The first requirement relates the partial densities of charged particles according
to
(27)
np + nΣ+ = nΣ− + nΞ− + ne + nµ .
Equilibrium with respect to weak interactions further implies the following relations
µp = µn − µe , µµ = µe ,
µ Σ0 = µ n , µ Σ+ = µ p ,

µ Λ = µ n , µ Σ− = µ n + µ e ,
µΞ− = µn + µe , µΞ0 = µn .

(28)

These conditions are normalized such that the total number of baryons is reproduced, i.e.,
X
nb =
nB .
(29)
B

The solutions of the field equations at any given baryon density nB and zero temperature
are found in the mean-field approximation under the constraints (27), (28), and (29). Subsequently, the energy density and the thermodynamic pressure of the matter are obtained
using Eqs. (24) and (26).
In the rest frame of the hadronic fluid, with B field along the z axis, the matter and field
parts of the energy-stress tensor are given, respectively, by


εm
0
0
0
 0 P − MB
0
0 
,
(30)
Tmµν = 
 0
0
P − MB 0 
0
0
0
P


1 0 0 0

B2 
 0 1 0 0 .
Tfµν =
(31)
8π  0 0 1 0 
0 0 0 −1
The total energy density of the system is given by the sum of the matter and field contributions
B2
ε = εm +
.
(32)
8π
It is seen from Eqs. (30) and (31) that the the pressure in the perpendicular direction to
the magnetic field is
B2
P⊥ = P − MB +
,
(33)
8π
and the pressure in the direction parallel to the magnetic field is given by
Pk = P −

B2
.
8π

(34)

The couplings in the hypernuclear Lagrangian are fixed as follows. In the nucleonic sector
the nucleon-meson coupling constants are chosen according to Refs. [9, 62–64] and reproduce
7

the bulk properties of nuclear matter (the binding energy E/B = −16.3 MeV, the saturation
density n0 = 0.153 fm−3 , the asymmetry energy coefficient aasy = 32.5 MeV, the incompressibility K = 240 MeV and the effective nucleon mass at the saturation m∗ /m = 0.8). In the
hyperonic sector, the hyperon-ω coupling constants is derived from the SU(6) symmetry of
the quark model [68–70]. To infer the hyperon-σ coupling constants we write the potential
depth of a hyperon Y in nuclear matter at saturation as
UY = −gσY σ + gωY ω0 ,

(35)

and assign certain value to the potential UY , which then fixes the value gσY . We take
the potential depth for Λ-hyperon UΛ = −30 MeV, as obtained from the analysis of Λhypernuclei [68, 71]. For Ξ-hyperon we assign UΞ = −18 MeV according to experimental
data of Refs. [71, 72]. According to the recent Σ-hypernuclei data the potential for Σ
hyperons is repulsive [73] and we adopt the value UΣ = 30 MeV.
To model the density profile of the magnetic field we adopt the following formula [59]


 γ 
 
nb
nb
= Bs + Bc 1 − exp −β
.
(36)
B
n0
n0
As discussed in the introduction the present formula allows us to model the realistic physical
situations where the magnetic field of the star is non-uniform which is a realistic situation.
The functional dependence of the profile (36) on density is constructed such as to take into
account the fact that the magnetic field in the cores of compact stars may be higher than
that at the surface. The parameters β and γ control the relaxation from the central value Bc
to the asymptotic value at the suface Bs . Obviously, the parameter β controls the amount
of field decay at the saturation density, whereas the parameter γ controls the width of the
transition. Observationally inferred value of the surface magnetic field of magnetars is of
the order of 1015 G. It is plausible to asume that the central field could be in the range of
1017 − 1018 G. Therefore, we will consider a number of different values of Bc , while keeping
Bs = 1015 G. We have verified that the results are insensitive to the precise value of the
surface field Bs .
3. Results and discussion
Our model of the equation of state of hypernuclear matter in strong magnetic field is
parameterized in terms of four physical quantities: the boundary values of the field at the
center and the surface, the amount of its decline from the center to the saturation density
(which is close to the crust-core interface) and the steepness of the transition between the
two asymptotic values of the B-field. The latter two are described by the parameters β
and γ, respectively. While the surface B-field has been fixed at the value of 1015 G, we
have explored a range of central magnetic fields; it turns out that the equation of state is
unaffected by the magnetic fields below the value Bc ≤ 1018 G.
Figure 1 shows the equation of state of hypernuclear matter in strong magnetic field.
The left panel shows the dependence of pressure on the density for a fixed central B-field
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Figure 1: Left panel: Variation of total pressure as a function of normalized baryon number density for
fixed magnetic fields Bc = 0 and Bc = 1018 G and several field profiles, β = 10−3 , γ = 6 (dashed lines),
β = 10−1 , γ = 4 (dashed-double-dotted lines), and β → ∞, i.e., Bc = constant (dashed-dotted lines). For
each pair of curves the upper branch is for P⊥ and the lower branch for Pk . Right panel: Same as in the
left panel, but for fixed β = 10−1 , γ = 1 and for two values of B-field, Bc = 1018 G (dashed lines) and
Bc = 3 × 1018 G (dashed-dotted lines). The solid line corresponds to the case Bc = 0.

and various field profiles. For non-zero magnetic field the pressure splits into the parallel
and transverse components, which is evident from Eqs. (33) and (34), and is due to the
gauge field contribution. The case with β = 10−1 acquires a larger field at the saturation
density n = n0 , therefore the transition to the asymptotic value of Bc occurs earlier than
in the case of β = 10−3 , both cases having approximately the same width of transition (see
Fig. 2). It is clearly seen that the low-density behavior of the equation of state with constant
B-field implies unrealistically large anisotropy of magnetic field up to the surface of the star,
which is inconsistent with the inferred surface magnetic field of magnetars Bs ∼ 1015 G. The
right panel of Fig. 1 shows the equation of state in case of fixed density profile β = 10−1
and γ = 1, but for various central magnetic fields. The main effect seen in the figure is the
splitting of the parallel and transverse pressure as the field becomes larger, this effect being
sizable for fields above 1018 G. Furthermore, we see that the increase of Bc causes the profile
for Pk to become softer; the fact that Pk < P⊥ is due to negative contribution of the field
pressure to Pk .
From the left panel of Fig. 1 we observe that there is an onset of matter instability for
chosen combinations of β and γ (corresponding to different magnetic field profiles) for fixed
central field Bc . This instability is induced in the Pk component of the pressure, which
decreases with the density, because its field profile implies an increase of field strength.
To study the onset of instability in a more systematic manner, consider the dependence
of Pk on density for two central values of magnetic field Bc = 1018 G and Bc = 3 × 1018 G
and several sets of γ and β parameters. This is shown in the upper and lower panels of
Fig. 2. It is seen that for a given value of β the corresponding EoS becomes softer as the
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Figure 2: Upper panels: Dependence of Pk and B on the normalized baryon number density for different
magnetic field profiles and Bc = 1018 G. The dots show the reference case Bc = 0. The solid and dashed
lines correspond to β = 0.1 and 0.001, respectively. For each β we choose a pair of γ’s; in the first case we
have γ = 1 and γ = 4, whereas in the second case γ = 1 and γ = 6. The first γ value for each β corresponds
to a less steeply rising curve. Lower panels: Same as in the upper pannel but for Bc = 3 × 1018 G and γ = 1
and γ = 1.4 for β = 0.1 and γ = 1 and γ = 3.5 for β = 10−3 . The specific values of γ’s were chosen to
demonstrate the onset of instability.
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Figure 5: Abundances of different species as functions of normalized baryon number density without (left
panel) and with (right panel) magnetic field B = 2 × 1018 G. The field profile parameters are β = 10−1 ,
γ = 1, i.e., the field variations across the density profile of the star is as illustrated in Fig. 2.

γ is increased. Consequently, beyond a certain critical value of γ and in a certain density
regime Pk ceases to increase and subsequently decreases with the further increase in nb . This
implies that matter becomes unstable above that value of density for that particular Bc and
magnetic field profile. This is evident from Fig. 2, where also the magnetic field profiles
corresponding to the onset of instability are shown. For comparison we also show results for
each β with the minimum value of γ taken to be 1. Note that the maximum value of γ is
taken such that Pk forms a plateau as a function nb . Furthermore, it is evident that with
the decrease of β, the instability occurs at larger values of γ and nb , which is also evident
from Fig 2.
The instability arises due to the negative contribution from the field energy density (pressure) to the pressures of magnetized baryons and leptons in the direction to the magnetic
field, which is evident from Eq. (34). Since for any particular Bc and magnetic profile, the
field strength increases with the increase of nb , more negative contribution is added to Pk
with the increase of nb . Consequently, at a certain density, Pk ceases to increase and then
decreases with the increase of nb . The critical values of γ for the onset of instability as a
function of log β are shown in Fig. 3.
To demonstrate the effects of Landau quantization on the EoS we show in Fig. 4 the EoS
as a function of density with the field energy density B 2 /8π subtracted. It is seen that the
effects of Landau quantization are insignificant even at field values 3 × 1018 G and become
sizable only for fields of order 1019 G.
Here we should mention that the true minimum which determines the ground state of
the matter is controlled by the Gibbs potential, which contains an additional term −M · B.
However, even at the strong field strength considered in the present study, the magnetization
effect is negligible. For example, the contribution of the magnetization to P⊥ in Eq. (33) is
12

at least an order of magnitude smaller than that due to matter and field, depending upon
the strength of the field and density. Hence, in our numerical results, we do not consider
the effect of magnetization. However, it should be noted from Eqs. (33) and (34) that, in
principle, the magnetization leads to anisotropy of the total pressure (apart from that due
to the magnetic field itself) of the system and contributes negatively to the pressure in the
perpendicular direction of the magnetic field. Therefore, inclusion of magnetization further
strengthens the main conclusion of this study.
In this context, it is also worth mentioning that the effect of interaction of the anomalous
magnetic moment (AMM) of particles with field could stiffen EoS [74]. It could, in principle,
dominate over the softening effects by Landau quantization for fields strength above 5 × 1018
G i.e., well above those considered in this paper. It will start dominating over the Landau
quantization effect for fields ∼ 5 × 1019 G. However, at such a high field strength the
field energy density contribution is more than enough to overwhelm the AMM interaction.
Furthermore, the effect of AMM interaction is density dependent [74], and is most significant
at low densities. In this respect, it is important to take a realistic profile of a star, which
will suppress the contribution from AMM interactions because it implies low fields at low
densities.
Finally, it is interesting to ask how the strong B-fields affect the composition of matter.
In Fig. 5 we show the composition of hypernuclear matter as functions of matter density in
cases with and without B-field. It is seen that the B-field has an effect only on the lightest
particles, i.e., the leptons. For these we see “Landau oscillations” in their population as
a function of the field. These oscillations reflect the population of new Landau levels with
the increase of the density. One should note that the field varies across the density profile
between the two asymptotic values at the surface 1015 G and the center of the star 2 × 1018
G. The matter at low densities experiences relatively low field, therefore the abundances in
this region do not differ substantially from the free field case. It is only in the high density
region that the field is large and appreciable deviations are seen for the leptons.
4. Summary
We have studied the influence of strong magnetic fields on the high density nuclear
matter, including the possibile appearance of hyperons at large densities. In doing so we,
first, have implemented realistic density profiles of magnetic fields, which assume that the
field decreases from the center of the star and reaches asymptotically its value at the surface
∼ 1015 G characteristic for magnetars. Thus, we have extended the previous studies of
hypernuclear matter to realistic situation of density dependent field profiles and conducted
a study of parameter space that defines the shape of the field profile.
Secondly, we have found that for sufficiently large fields Bc ≥ 1018 G the matter becomes
unstable. The instability is associated with the negative contribution of the field pressure to
the baryonic and leptonic pressures in the direction parallel to the magnetic field, which renders the total pressure of the system anisotropic. We have found that the onset of instability
depends on the magnetic field profile (parameterized in terms of β and γ parameters) as
well as on the central field value Bc . The instability depends on particular values and form
13

of the density profile, but it sets in always for critical central field values Bcr ≈ 1019 G for
any values of β and γ. This gives a natural bound for the central magnetic field of neutron
stars with homogeneously distributed magnetic field.
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