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Rotating Neutron Stars
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Abstract. Because of the tremendous densities that exist in the cores of neutron stars, a significant fraction
of the matter in the cores of such stars is likely to exist in the form of hyperons. Depending on spin frequency,
the hyperon content changes dramatically in rotating neutron stars, as discussed in this paper.

PACS. 26.60 +c Nuclear matter aspects of neutron stars – 97.60.Gb Pulsars – 97.60.Jd Neutron stars

1 Introduction

Rotating neutron stars are called pulsars. Three distinct
classes of pulsars are currently known. These are (1) rota-
tionpowered pulsars, where the loss of rotational energy
of the star powers the emitted electromagnetic radiation,
(2) accretion-powered (X-ray) pulsars, where the gravita-
tional potential energy of the matter accreted from a low-
mass companion is the energy source, and (3) magnetars,
where the decay of a ultra-strong magnetic field powers
the radiation. The matter in the cores of rotating neutron
stars is compressed to ultra-high densities that may be
more than an order of magnitude greater than the den-
sity of atomic nuclei. This makes (rotating) neutron stars
superb astrophysical laboratories for a wide range of fas-
cinating physical studies [1,2,3]. This includes the physics
of hyperons in cold ultra-dense matter, whose thresholds,
according to model calculations, are easily reached in the
cores of neutron stars (see Fig. 1), depending on the mass
and rotational frequency of a neutron star. The most rapidly
rotating, currently known neutron star is pulsar PSR J1748-
2446ad, which rotates at a period of 1.39 ms (which cor-
responds to a rotational frequency of 719 Hz) [4]. It is fol-
lowed by PSRs B1937+21 [5] and B1957+20 [6] whose ro-
tational periods are 1.58 ms (633 Hz) and 1.61 ms (621 Hz),
respectively. Finally, we mention the recent discovery of
X-ray burst oscillations from the neutron star X-ray tran-
sient XTE J1739–285 [7], which could suggest that XTE
J1739–285 contains the most rapidly rotating neutron star
yet discovered. Rapid rotation changes the structure and
composition of neutron stars dramatically, and leads to
novel phenomena like frame dragging (Lense Thirring ef-
fect), as discussed in this paper.

a The research of F. Weber is supported by the National
Science Foundation under Grant PHY-0457329, and by the
Research Corporation.
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Fig. 1. Change of central density with rotational neutron star
frequency [2]. ǫ0 = 140 MeV/fm3 denotes the density of nuclear
matter, ΩK is the Kepler frequency, and M(0) is the star’s
mass at zero rotation.

2 Stellar structure equations

Since neutron stars are objects of highly compressed mat-
ter, the geometry of spacetime is changed dramatically
from flat space by these objects. Neutron star models are
thus to be computed from Einstein’s field equations of
general relativity (µ, ν=0,1,2,3),

Gµν ≡ Rµν −
1

2
gµνR = 8πTµν(ǫ, P (ǫ)) , (1)

which couples Einstein’s curvature tensor, Gµν , to the
energy–momentum density tensor, Tµν , of the stellar mat-
ter. The quantities Rµν ≡ Γ σµσ, ν − Γ σµν, σ + Γ σκν Γ

κ
µσ −

Γ σκσ Γ
κ
µν , gµν , and R ≡ Rµνg

µν in denote the Ricci ten-
sor, metric tensor and scalar curvature, respectively [2].
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Fig. 11. Hyperon composition of a rotating neutron star
in equatorial direction. (DD-RBHF calculation performed for
Groningen potential, non-rotating star mass is 1.60 M⊙.)
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Fig. 12. Same as Fig. 9, but in polar direction.

momentum. One thus obtains

kFn
≥

√

m2
Λ −m2

n ≃ 3 fm−1
⇒ n ≡

kFn

3

3π2
≃ 2n0 , (22)

where mΛ = 1116 MeV and mn = 939 MeV was used.
That is, if interactions among the particles are ignored,
neutrons are replaced with Λ’s in neutron star matter at
densities as low as two times the density of nuclear mat-
ter. This result is only slightly altered by the inclusion
of particle interactions [34]. Densities of just ∼ 2n0 are
easily reached in the cores of neutron stars. Neutron stars
may thus be expected to contain considerable populations
of Λ’s, Σ’s and Ξ’s, as confirmed by the outcome of DD-
RBHF calculations shown graphically above. Depending
on the star’s mass, the total hyperon population can be
very large [34].
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