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The r-modes are oscillatory modes that ex-
ist in neutron stars. They are characterized by
Coriolis force acting as the restoring force and
are particularly important because they have
been shown to drive gravitational radiation
(GR) unstable for all rotational frequencies of
perfect fluid stars [1]. Dissipative phenomena
such as shear and bulk viscosities suppress the
growth of GR driven instabilities.

Bulk viscosity arises when a system is driven
out of equilibrium due to a change in the vol-
ume of a fluid element. The equilibrium is
then restored by various internal processes,
each of which act on a characteristic timescale
known as the relaxation timescale ‘τ ’. It has
been shown that non-leptonic processes in-
volving hyperons contribute very significantly
towards bulk viscosity at temperatures rele-
vant to neutron stars. The real part of the
coefficient of bulk viscosity ζ gives the damp-
ing due to bulk viscosity and an expression
for it within a relaxation time approximation
is [2]

Re[ζ] =
p (γ∞ − γ0) τ

1 + (ωτ)
2 , (1)

where ω denotes angular frequency of the per-
turbation in a co-rotating frame and τ de-
notes net microscopic relaxation time. The
term γ∞ − γ0 is a thermodynamic factor in-
volving the logarithmic derivative of pressure
with respect to different baryon densities. The
expression for relaxation timescale at temper-
ature T in the presence of both Σ− and Λ0
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hyperons is given by [2],

1
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=

(kBT )2
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〉) δµ
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.

Here kB is Boltzmann’s constant, kΛ and kΣ

denote Fermi momenta of Λ and Σ hyperons,
δµ is the chemical potential imbalance, δxn is
the difference between the perturbed and equi-
librium values of neutron fraction,

〈
|M2|

〉
are

the angle averaged, squared and summed over
initial spinors matrix elements of the reac-
tions calculated from Feynman diagrams and
δµ/ρBδxn is calculated using charge neutral-
ity and baryon number conservation [3].

In the present work, we study the damp-
ing of r-modes due to dissipation in a hy-
peronic neutron star. For the hyperon mat-
ter we consider an effective chiral model in-
voking σ− ρ cross-coupling within a relativis-
tic mean field approximation [4]. The dissi-
pation mechanisms considered are hyperonic
bulk viscosity (H), shear viscosity (η) and vis-
cosity due to Urca processes (U). These effects
can damp out GR driven instabilities if they
act on timescales comparable to the timescale
of GR. To study the evolution of r-modes, we
define an overall r-mode timescale τr in terms
of the timescales of each process under consid-
eration

1

τr(Ω, T )
=

1

τGR
+

1

τH
+

1

τU
+

1

τη
. (2)

The critical angular velocity ΩC of a star
with core temperature T is defined by the
equation 1/τr(ΩC , T ) = 0. If a star rotates at
a velocity higher than ΩC , it will be unstable
to GR emission. The equation of state (EoS)
of the model under consideration is given in
Ref. [4]. We use the Hartle-Thorne approx-
imation to calculate the density distribution
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FIG. 1: Density distribution of the rotating star.
Also indicated are the radii at which the hyperons
appear.
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FIG. 2: Hyperonic bulk viscosity coefficient Re[ζ]
plotted as a function of temperature T for various
baryon number densities ρB/ρ0.

ρ(r) of the star rotating at Kepler frequency
ΩK and it is plotted in Fig. 1. This serves as
an input to calculate the various dissipative
timescales. The hyperonic bulk viscosity coef-
ficient is obtained from Eq. 1 and the values
are plotted against temperature for different
baryon densities in Fig. 2. We find that the
bulk viscosity is maximum for core tempera-
tures of a few times 108K.

By also calculating the timescales of each
dissipative phenomena, we solve for the equa-
tion 1/τr(ΩC , T ) = 0. The instability window
is plotted in Fig. 3. To estimate the extent to
which a neutron star could be spun down due
to r-mode instability, we calculate the spin
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FIG. 3: Critical angular velocities in units of Ke-
pler frequency as a function of the core temper-
ature T . The dashed line shows the evolution of
a neutron star for an initial r-mode amplitude of
10−5. The shaded box shows the observed Low
Mass X-ray Binaries (LMXBs).

evolution of a neutron star with core temper-
ature 1011K rotating initially at Kepler fre-
quency, assuming that it cools through mod-
ified Urca processes [4]. The evolution curve
is also plotted in Fig. 3. We report that there
are two separate instability windows for the
model considered. It is seen that between tem-
peratures of 1.8× 108K and 2.67× 109K, the
instability is completely suppressed due to hy-
peron bulk viscosity. The minima of the two
windows occur at∼ 0.15ΩK . We also find that
the instability can reduce the angular velocity
up to 0.3ΩK as it crosses the first window,
and it doesn’t lose any angular momentum as
it crosses the second window. [4].
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