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The gravitational waves generated by the
oscillation of compact objects give a way to
explore the internal structure of such stars.
Neutron stars oscillate in various quasi-normal
modes such as f -mode, p-mode, r-mode, etc.,
essentially categorized based on the restor-
ing force that returns the system back to its
equilibrium position. Studying these oscil-
lation modes involves solving the perturbed
fluid equations within the framework of gen-
eral relativity. The relativistic Cowling ap-
proximation [1], which neglects metric pertur-
bations, is commonly employed to study f -
mode oscillations in compact stars [2].

High-mass pulsars place significant con-
straints on the equations of state (EoS) and
particle interactions, especially when we con-
sider exotic particles like hyperons or quarks
in their cores. While these particles tend to
soften the EoS, a stiffer EoS is needed to
support massive neutron stars. Several ap-
proaches are used to achieve high-mass stars,
such as looking at repulsive hyperon-hyperon
interactions, hyperonic three-body forces, or
phase transitions to quark matter. In this
work, we study the f -mode oscillations using
the Cowling approximation for two different
models of neutron stars, which includes the
octet of baryons (n, p,Λ0,Σ−,0,+,Ξ−,0) and
with delta’s (n, p, ∆++,+,0,−) within the ef-
fective chiral model.

We employ the effective Lagrangian used in
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Refs. [3, 4] given by:
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Here, the nucleon isospin doublet ψB interacts
through the exchange of the pseudo-scalar meson
π, the scalar meson σ, the iso-vector meson ρ and
the vector meson ω.

One of the important parameters that helps in
describing the stiffness of EoS at a given energy
density ε and pressure P is the adiabatic index,
defined as follows:

γ =
ε+ P

P

dε

dP
, (2)

and it is plotted as a function of ε in Fig. 1. We
find that both ∆ and H EoSs follow a similar
trend qualitatively and it shows a slight differ-
ence quantitatively especially in the high density
region. We also note that the ∆ EoS has a higher
value of γ, which suggests a stiffer EoS. The sta-
bility criterion requires the value of γ to be greater
than 4/3, which is well satisfied for both ∆ and
H EoSs.

Now, we calculate the f -mode frequencies us-
ing the Cowling approximation and it is plotted
as a function of stellar mass M in Fig. 2 for the
l = 2, 3 and 4 modes for both H and ∆ EoSs. We
also show the mass limits obtained from pulsar ob-
servations. The maximum masses obtained for H
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FIG. 1: The dimensionless adiabatic index γ as
a function of the energy density ε for ∆ and H
EoSs.

and ∆ EoSs are 2.03 and 2.20 M� respectively and
they are found to be consistent with the mass limit
given by PSR J0348+0432 and PSR J0740+6620.
We find that the f -mode frequencies of H and ∆
EoSs show a considerable difference in the higher
mass region (M > 1.2M�), while the mode fre-
quencies remain almost equal in the lower mass
region. The l = 2 mode frequency (fmax) cor-
responding to the maximum mass for H and ∆
baryon EoSs are 2.42 and 2.39 kHz. We also note
that fmax for ∆ EoS is slightly lower. The fmax
values for l = 3 (4) for H and ∆ EoSs are 2.94
(3.42) kHz and 2.98 (3.43) kHz respectively.

Next, in Fig. 3 we show the f -mode frequen-
cies as a function of tidal deformability Λ for the
models considered. The tidal deformability offers
important insights into the properties of stellar
matter and depends on the EoS through both the
neutron star radius R and the dimensionless Love
number k2 as Λ = 2k2R

5/3. The f -mode fre-
quency as a function of Λ for H and ∆ EoSs are
easily distinguishable and the value of Λ corre-
sponding to the maximum mass for H and ∆ EoS
are 30.5 and 17.8 respectively. The dimension-
less tidal deformability of a canonical NS (Λ1.4)
for H and ∆ EoS is ∼ 800, which is in consid-
erable agreement with the constraints given by
the GW170817 event. We also find that the fre-
quency corresponding to a mass of 1.4M� of l = 2
f -mode for H and ∆ EoSs is approximately ∼ 2
kHz, which satisfies the limit provided for f -mode
frequency (i.e., 1.67 − 2.18 kHz) [5]. We find
that various stellar properties studied in this work
show a close agreement with various observational

constraints from pulsars and GW events.
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FIG. 2: The frequencies of l = 2, 3, and 4 f -
modes as a function of stellar mass M for the EoSs
considered.
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FIG. 3: The frequencies of f -mode f as a function
of tidal deformability Λ for the EoSs considered.
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