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ABSTRACT

We suggest that non-stationary spiral shocks can produce X-ray flickering and optical
microvariability. We show this by detailed non-axisymmetric numerical simulation of accretion
disks in a binary system. We show that non-axisymmetric features appear and disappear in time
scales of order of few local orbital periods near the inner edge of the disk and shorter than the orbital
periods at a large distance. The former type may explain the X-ray flickering and the later type,
the optical microvariability.
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INTRODUCTION:

Recently Wiita et al. (1990) suggested that random hotspots and flares in accretion

disks may explain optical microvariability in blazers. Quite independently, Zhang and Bao

(1990), and Abramowicz et al. (1990), suggested that similar features in the accretion

disks around active galactic nuclei(AGN) may produce flickering in X-rays from AGNs

and Quasars. In both the cases, numerical simulation and semi-analytic work are done

using random hotspots and flares with random lifetimes. It is noted that they can explain

the slopes of the observed power density spectra. Particularly, Wiita et al. (1990) pointed

out that the hotspot lifetime should be less than the local orbital periods for optical

microvariability and Zhang and Bao (1990) pointed out that the hotspots must survive a

few times local orbital periods before disappearing so as to be able to explain the X-ray

flickering.

In the present paper we produce the results of a detailed hydrodynamic numerical

simulation of an accretion disk in a typical binary system. We show that the tidal force

can induce spiral shocks in the disk (see Sawada, Matsuda and Hachisu 1986). The spiral

shocks break into pieces and the broken pieces disappear subsequently. New components

of spiral shocks appear again. They survive a timescale of up to 7 times their local orbital

period near the inner part of the disk, and less than the orbital period as they move away

at a larger distance. We claim that these are the "most naturally occuring" hotspots which

cause the flickering in X-ray spectra as well as the optical microvariability in respective

systems.

NUMERICAL SIMULATION:

The numerical simulation is done using a well tested code of T. Matsuda and E.

Shima. We use the units as follows: the orbital frequency of the binary is chosen to be

£1 = 1. Thus the orbital period is T = 2n in this unit. The separation of the binary



is unity. We start with matter of low angular momentum (L = 0.2 in our unit) and a

uniform density disk. We supply matter at the outer Lagrangian Point.The ratio a—~^-

of the secondary star to the primary star is chosen to be unity. The polytropic index of

the flow is -7 == 1.4. The simulation is very similar to what is reported in Matsuda et al.

(1990). The only difference is that the initial configuration of the disk is chosen to have a

constant angular momentum, rather than the Keplerian value. We chose 21 grids in the

radial direction (from 0.05 to 0.65) and 51 in the azimuthal direction (from 0 to 2TT).

Figure l(a-b) shows the density plots as functions of X-Y on the disk plane. In (a),

we show four armed spiral formation. This is at T=4.08. In (b), the disk has only three

spiral arms. This occurs at T = 5.37. (Recall that T = 2TT is the orbital period of the

binary.) These density enhancements or 'blobs' in the spiral arms appear and disappear

in time scales around AT = 1 to 1.5. These blobs do not reside at a fixed radial distance.

They are produced at the inner edge of the disk and propagate towards large distances

before disappearing. (See particularly in (b) where an isolated blob could be seen at

r = 0.4.) Blobs occur at around r = 0.1 to r = 0.2, where the local orbital period is

much shorter (To = 0.2 to To = 0.6). Thus the lifetime of a blob is about ^ £ = 1 to

7 times the local orbital period near the inner edge. However, they typically disappear

at around r = 0.5 where the local orbital period is To = 2.2, thus surviving much less

than the local orbital period. We suggest that emission from these 'naturally' occuring

non-axisymmetric, transient blobs of matter on the accretion disks are responsible for the

X-ray flickering as well as the optical microvariabilities.
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FIGURE CAPTIONS

Fig.l(a-b): Density plot on the disk plane showing four armed spiral at T = 4.08 in

(a) and three armed spiral at T = 5.37 in (b). The density enhancements appear and

disappear in timescales up to 7 times the local orbital period.
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