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Abstract. We present a spatially 1.5-dimensional, time-dependent numerical study of accretion disks around Kerr black holes. Our study
focuses on the limit-cycle behavior of thermally unstable accretion disks.
We find that maximal luminosity may be a more appropriate probe of
black hole spin than the cycle duration and influence radius.
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1. Introduction
In our study, we consider the axisymmetrical relativistic accretion flows around Kerr
black holes. We use the Boyer–Lindquist spherical coordinates to describe the spacetime around Kerr black holes. The basic equations in our study are derived from our
collaborator A. Sadowski’s paper on relativistic slim disks (Sadowski 2009).
We apply the pseudo-spectral domain decomposition method to solve the basic
equations. With this method, we have successfully studied the limit-cycle behavior
of accretion disks around Schwarzschild black holes by solving a set of pseudoNewtonian basic equations (Li et al. 2007). Thus, it is an available validated
numerical method for solving spatial 1.5-dimensional time-dependent equations.
There are three characteristic parameters in our study. They are the black hole
spin a ∗ (≡ J/(G M 2 /c)), diffusive viscosity parameter α (ν = 2/3αcs H ) and mass
supply rate ṁ(≡ Ṁ/ ṀEdd ). They constitute the parameter space of the problem.
We specify 12 cases by choosing several different values for the parameters in the
parameter space a ∗ = (0, 0.5, 0.95), α = (0.07, 0.1), and ṁ = (0.06, 0.1). These 12
cases are all thermally unstable and will undergo a series of repeated outbursts, i.e.,
limit-cycle. We perform the calculations for each of them until the impacts due to the
initial conditions are eliminated by repeated cycles. We retain only the last four
cycles after several cycles, and calculate the mean values for the characteristic quantities: cycle duration (time interval between two outbursts), influence radius (peak
position of surface density at the moment of minimal luminosity) and maximal
luminosity (peak value of luminosity during the outbursts). With these values of
quantities, we plot Fig. 1 to reveal the effects of black hole spin. In the upper panel,
there are no obvious and consistent correlation with black hole spin. However, in
the lower panel, there exist positive correlations between maximal luminosity and
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Figure 1. The cycle duration, maximal luminosity and influence radius of 12 cases. The
numbers near each data point are the values of a ∗ .

black hole spin. This correlation is reasonable, because the high spin black holes
correspond to higher gravitational energy releasing rate than those of the low spin
ones.

Effects of Black Hole Spin

291

2. Conclusion
Through our study we found that the maximal luminosity may be a more appropriate
probe of black hole spin than the cycle duration and influence radius.
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