PHN-NQM-THEORY-18

GSI SCIENTIFIC REPORT 2012

Radial oscillations of hybrid starsin general relativity
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We review the equations governing adiabatic, small
radial oscillations of compact stars within the frame-
work of general relativity. We apply these equationsto
modern realistic equations of state and compute oscil-
lation frequencies for hadronic stars and hybrid stars.
The results indicate that the 'static stability criterion’
or 'turning point criterion’ [1] for dynamical stability
isnot applicableto hybrid stars.

General relativistic framework

We start with the spherically symmetric line element
ds? = —e2®dt? + eMdr? 4 r2(dh? + sin’0dg?) and
the energy-momentum tensor for a perfect fluid T#¥ =
(p + P)utu” + Pg". To derive the oscillation equation
Einstein’s equation G** = 8xT* is perturbed in such a
way, as to preserve spherical symmetry. This is done by
expressing al time tependent quantities as a sum of atime
independent part and a time dependent perturbation. Omit-
ting all nonlinear terms in the velocity one can derive the
oscillation equation [2][4].
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Here ¢ denotes the renormalized L agrangian displacement
of a fluid element due to the oscillation. All perturbed
guantities are assumed to have a harmonic time depen-
dence.

M odd for dense matter

For the hadronic matter we employ the relativistic mean
field model with the parameter set TM1, which is fitted to
the properties of heavy nuclei [7]. The quark matter phase
is modelled using an effective MIT bag like model [6].

Results

We compare purely hadronic stars with hybrid stars con-
taing a quark core. In Figure 1 the density discontinuity at
the center of hybrid stars is shown. The softening of the
matter associated with the phase transition to deconfined
quark matter leadsto aninitial decreasein the gravitationa
mass. According to the turning point criterion this leads to
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instability with respect to small perturbations. Our calcu-
lation of the eigenmode frequenciesis shown in Figure 2.
We conclude that the turning point criterion isinapplicable
to stars with a sharp internal density discontinuity.

= TM1 i
» Bag model + TM1

R T i e L ST S ST D
0 05 1 15 2 25 3 35 4 45 5 55 6 65 7
central energy density [1el5 g/cm”3]

gl 1.1

Figure 1. Radius as function of central energy density
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Figure 2: Squared oscillation frequency of fundamental
mode as function of central energy density

References
[1] Harrison, Thorne, Wakano, Wheeler “ Gravitation Theory and
Gravitational collapse’, 1965, University of Chikago Press
[2] Chandrasekhar, S. 1964, ApJ, 140, 417
[3] Chanmugan, G. 1977, ApJ, 217, 799

[4] Bardeen, J. M., Thorne, K. S, Meltzer, D. W. 1966, ApJ, 145,
505

[5] Kokkotas, K. D., Ruoff, J. 2001, A& A 366, 565-572 (2001)

[6] Alford, M. G., Reddy, S. 2003, Physical Review D 67,074024
(2003)

[7] Sugahara, Y., Toki, H. 1994, Nucl Phys A 579, 557-572

FAIR@GSI



