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We investigate the rotational core collapse of a rapidly rotating relativistic star by means of a 341
hydrodynamical simulations in conformally flat spacetime of general relativity. We concentrate our
investigation to the bounce of the rotational core collapse, since potentially most of the gravitational

waves from it is radiated around the core bounce.

The dynamics of the star is started from a

differentially rotating equilibrium star of T/W ~ 0.16 (T is the rotational kinetic energy and W
is the gravitational binding energy of the equilibrium star), depleting the pressure to initiate the
collapse and to exceed the threshold of dynamical bar instability. Our finding is that the collapsing
star potentially forms a bar when the star has a toroidal structure due to the redistribution of the
angular momentum at the core bounce. On the other hand, the collapsing star weakly forms a bar
when the star has a spheroidal structure. We also find that the bar structure of the star is destroyed
when the torus is destroyed in the rotational core collapse. Since the collapse of a toroidal star
potentially forms a bar, it can be a promising source of gravitational waves which will be detected

in advanced LIGO.

PACS numbers: 04.25.Dm,04.30.Db,04.40.Dg,97.60.-s

We investigate the role of dynamical bar instability
in rotational core collapse by means of hydrodynamic
simulations in conformally flat approximation in general
relativity. We specifically focus on the structure of the
star to see whether it takes a significant role in enhancing
dynamical bar instability.

We find that the structure of the star takes a signif-
icant role in enhancing the dynamical bar instability at
core bounce. Since the angular velocity of the collapsing
star has already reached the maximum inside a certain
cyrindrical radius to produce a toroidal structure, the an-
gular momentum can only shift outward at the bounce.
For a spheroidal star, the angular momentum can shift
both inward and outward at bounce since it does not
reach the “Keplarian”. This means that rotational core
collapse for the spheroidal case cannot significantly break
the central core of the star. Consequently, in case of a
toroidal star a bar structure can be easily constructed
during the evolution. Note that for a soft equation of
state (n = 2.0, 2.5) the amplitude of gravitational waves
is also decreased, as the torus is destroyed in the rota-
tional core collapse (see Fig. 1). Therefore the torus is
the key issue to trigger the bar formation.

Once a bar has formed, the amplitude of gravitational
waves has significantly increased due to the nonaxisym-
metric deformation of the star. The previous 2D calcula-
tion shows that a peak amplitude of gravitational waves
comes from the core bounce of the star, and its behavior
also coincides with that of 3D calculation. In our result,
gravitational radiation is dominantly generated in the bar
formation process. The characteristic amplitude and fre-
quency of gravitational waves in the collapsing star can
be written as
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FIG. 1: Density contour in the equatorial plane of 2 collaps-
ing stars (Model III[a] and [b] of Table I in Ref. [1]). Snap-
shots are plotted at the parameter (t/tayn, pPmax) = 11I(a)-
i (3.19, 2.70 x 107%), II(a)-ii (7.77, 4.02 x 10™%), TII(b)-
i (3.20, 3.28 x 107%), TM(b)-ii (7.77, 1.92 x 10™%), respec-
tively. The contour lines denote coordinate densities p* =
p?rlax X 10_0'220(16_2‘) (7‘ = 17 T 15)

Therefore, gravitational waves from a dynamical bar in
a collapsing neutron star can be detected in advanced
LIGO.

A more detailed discussion is presented in Saijo (2005)
1

I M. Saijo, submitted to Phys. Rev. D (2005).



