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To understand the bursting behavior of microquasar 
GRS1915+105, we calculate time-evolution of luminous 
accretion disk around a stellar-mass black hole 
undergoing limit-cycle oscillations between the low- and 
high-luminosity states. We examined the dependency of 
mass accretion rate in time scale of thermal instability by 
a long time calculation which exceeding the viscous time 
scales at gas pressure dominated region. As a result, we  
found that the canonical α-viscosity prescription is 
difficult to reproduce the short-term, quasi-periodic  
variability observed in GRS1915+105. 

AbstractAbstract

Microquasars in our Galaxy are enigmatic objects on 
account of their curious time variability, extremely large 
brightness, and energetic superluminal jets. Among 
plenty of microquasars, GRS1915+105 is unique in  
exhibiting quasi-periodic luminosity variation (Belloni et 
al. 1997).  In particular, its short-term peculiar behavior 
is not well understood yet.
The accretion disk theory predicts that an accretion disk 

becomes secularly and thermally unstable, when the 
mass accretion rate is very high, so the disk is radiation 
pressure dominated (Lightman & Eardley 1974; Shibazaki 
& Hoshi 1975; Shakura & Sunyaev 1976). 
What are then the consequences of such an unstable 

accretion disk?

1. Introduction1. Introduction



A) Before burst phase:
Mass accretion rate gradually increases.
B) Rise phase: Temperature at the disk inner region
increases because of the thermal instability. 

C) Peak phase: Heat wave propagates outwards,
and rapid mass accretion occurs. 

D) Decay phase: The disk temperature decreases 
from the inner region, and return to state A. 
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Schematic picture during the thermal instability.

A near-critical disk undergoes limit-cycle oscillations, 
like the case of dwarf nova outbursts, between the 
gas pressure-dominated standard disk and the slim 
disk (Honma et al. 1991; Szuszkiewicz & Miller 2001; 
Watarai & Mineshige 2003).

We perform long term calculations that exceed the 
viscous time scale at disk outer radii. This allows us 
to examine the dependency of mass accretion rate 
during the disk evolution. 

2. Model for Limit2. Model for Limit--Cycle OscillationCycle Oscillation
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4. Time evolution of the disk in the burst4. Time evolution of the disk in the burst

Number of the bursts does not change by much 
weak dependency for mass accretion rate. 

Long term calculations 
(exceeding the viscous 
time) effect of initial 
condition was removed!  
The viscous time scale 
is given by 

Once thermal instability develops at the inner-most 
region, then the transition wave propagates outward, 
and the instability is caused one after another at outer 
region. Heat wave did propagate up to about 103rg!   
The disk scale-height also increases due to intense 
radiation-pressure. 
＊H/r ~1 for burst phase.
＊H/r ~0.01-0.1 for quiescent phase.



＊The accretion rate dependency
We obtained a fitting formula between the mass 

accretion rate and the burst duration time! 
Outer mass-accretion rate increases ↗
⇒ longer burst time

⇒ shorter quiescent time
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5. Discussions & Summary5. Discussions & Summary

Observational constraint
According to Belloni et al. (1997), 
(i) the longer event,
the lower the bottom level. 

(ii) one to one relation exists between quiescent phase 
and burst duration.

Using above formula, 
The derived time is too long to explain the observation 

(~a few x 10 sec). 
quieburst ~ tt sec447,51~ =tm&

How to make the short-term variability?
Key Physics: Magnetic field?

(i) Magnetic viscosity in accretion disks (Merloni & 
Nayakshin 2006;).  

(ii) Stochastic magnetic dynamo model (King et al. 2004; 
Mayer & Pringle 2006). 

Basically these models stabilize the middle- and outer-
region of accretion disk. Thus, the heat wave does not 
propagate outward. Short-term variability!

However, it doesn't solve the radial momentum equation 
in their calculations though this equation plays an 
important role to determine dynamics of the flow. 

+ The peak luminosity exceeds the Eddington luminosity
relation to ULXs? Variable ULXs recently have been 
observed (Fabbiano et al. 2003). Do such ULXs have 
limit-cycle like oscillations? 


