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Abstract. The structure and stability of the two-temperature accretion disk around compact
object with central soft-photon source is studied.
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1. Summary

The structure and stability of the gas pressure dominated, thin accretion disk,
cooled by Comptonization of the central soft photons is studied. Steady-state so-
lutions have two branches: High-temperature (HT) solutions have very different
ion and electron temperatures and correspond to the classic solutions of Shapiro,
Lightman, and Eardley. Low-temperature (LT) solutions have same ion and elec-
tron temperature, which is very close to the Compton temperature of soft photons.

The linear analysis, allowing for the surface density perturbation and dynamics
in the vertical direction, shows that LT disk is stable while HT disk is not. LT
disk is stable because ions and electrons are locked to the Compton temperatre of
the soft photons. HT disk generally has 4 local modes: (1) Heating mode grows
in thermal time scale, (5/3)(cw)~!, where w is Keplerian frequency. (2) Cooling
mode decays in Compton time scale, (2/5)(T./T;)(oaw) ! < (aw)~!.(3) Lightman-
Eardley mode decays in viscous time scale, (8/11)(A/Hop)?(cw)™1, where A is the
wavelength of the perturbation and Hy is the disk height. (4) Vertical oscillatory
modes oscillate in Keplerian time scale, (3/8)!/2w~! with growth rate o (Ho/A)?.
Including dynamics in the vertical direction does not change the stability behav-
ior in general, adding only the oscillatory modes which gradually grow as Hp/A
increases.

Non-linear behaviour of the disk is followed by numerical integration. Cooling
function covering both effectively optically thin and thick cases is used. Only the
ion temperature perturbation is important and the disk either expands or collapses
vertically, depending on the sign of the perturbation. When expanding, the ion
temperature becomes very high while the electron temperature very low, resulting
in runaway behavior due to the decreased Coulomb coupling, especially so if the
ion velocity effect is considered. When collapsing, the disk approaches LT solutions
and stabilizes at Compton temperature.
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