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The Eddington Limit

✔ steady spherically symmetrical 
accretion

✔ Fully ionized hydrogen
✔  Radiation exerts force on the 

electrons via Thomson scattering
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Assumptions:

● Spherical accretion (??)
● Close enough to the compact object,  all disks 

are the same! (?)
● There should be no difference in the macro- 

physics of accretion onto a BH and a NS. (???)
● Inclination is not an issue (????)

 – or we accept that we cannot do much about it



  



  

Disk is unstable when you reach 
Eddington....

● Actually, the disk becomes thermally unstable at 
around a few % Eddington! thanks to radiation 
from the inner parts of the disk.

● Many theoretical work on this subject. 
Prediction: limit cycles (Honma et al. 
1992;Szuszkiewicz & Miller 1998; Janiuk et al. 
2002; Li et al. 2007)

● Have we seen disk instabilities? 
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around a few % Eddington! thanks to radiation from 
the inner parts of the disk.

● Many theoretical work on this subject. Prediction: limit 
cycles (Honma et al. 1992;Szuszkiewicz & Miller 1998; 
Janiuk et al. 2002; Li et al. 2007)

● Have we seen disk instabilities? Yes... for many years... 
but in one single source: 

GRS 1915+105



  

• Discovered in August 1992 
   ("GRS" stands for "GRANAT source")

• ~10 M
o
 Black hole 

• ~10 kpc
• ~ 33 days orbital period
• ~1.2 M

o
 K­M III companion star

• Often at L
Edd

GRS 1915+105



  



  



  



  



  

And about the models....



  



  
TIME-DEPENDENT DISK MODELS FOR THE MICROQUASAR GRS 1915+105, NAYAKSHIN et al. 2000



  

So although theory predicted disk 
instabilities starting at few % 

Eddington, we only see them at ~Ledd 
(so far in one source)



  

What makes the disk stable at high 
accretion rates?

● Advection cooling? (Abramowicz et al. 1988)

● Energy is channeled to corona/winds/jet/others? 
(e.g., Svensson & Zdziarski 1994)

● Alternative  parametrization of the viscosity ? 
(e.g.,Lightman & Eardley 1974; Stella & Rosner 1984)

● Stochastic variations in the viscous parameter 
(Janiuk, A. & Misra, R. 2012)

Are numerical simulations the solution?



  

IGR J17091-3624 
vs

GRS 1915+105
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vs

GRS 1915+105



  

IGR J17091-3624 
vs.

GRS 1915+105



  

What about NSs?

The case of type II bursts (the release of gravitational 
potential energy due to spasmodic accretion onto a 

compact object) in 

(I) Bursting Pulsar

(ii) the Rapid Burster



  

Bursting pulsar

– NS as it shows pulsations (but no 
thermonuclear bursts)

– distance  NOT known 

– Spin: 0.467 s,  11.8 days orbital period, 
B=10^10 – 10^11 G



  



  

Of course the instabilities are …
different …

(or are they not?)



  

Rapid burster

– NS as it shows thermonuclear x-ray bursts

– Distance known (in a globular cluster)

– NO spin,  B or system parameters measured 
so far.



  



  



  

And a few weeks ago...

Rapid Burster
– NS
– B < 10^8G 
– Suggested low spin

Bagnoli & in't Zand 2015



  



  

Can it be that we are seeing the same 
instability in both BHs  and NSs ?

Despite the differences?



  

First hint 
(observations vs. observations)?



  



  

Rapid burster



  



  

Second hint
(Observations vs Theory)?



  



  

Summary

● Theory predicts that radiation dominated disks should 
be thermally unstable unless you have a way to 
dissipate the extra energy.

● Do we see systems showing “expected” instabilities? 
Yes, the 4 weirdest sources out there!

● So why are these sources different? For good or for bad, 
the news are that you can have a BH and a NS showing 
very similar instability.

● The question still remains: why only 4! when there are 
many systems out there which look exactly the same.



  

Summary

● Theory predicts that radiation dominated disks should 
be thermally unstable unless you have a way to 
dissipate the extra energy.

● Do we see systems showing “expected” instabilities? 
Yes, the 4 weirdest sources out there!

● So why are these sources different? For good or for bad, 
the news are that you can have a BH and a NS showing 
very similar instability.

● The question still remains: why only 4! when there are 
many systems out there which look exactly the same.



  

Summary

● Theory predicts that radiation dominated disks should 
be thermally unstable unless you have a way to 
dissipate the extra energy.

● Do we see systems showing “expected” instabilities? 
Yes, the 4 weirdest sources out there!

● So why are these sources different? For good or for bad, 
the news are that you can have a BH and a NS showing 
very similar instability.

● The question still remains: why only 4! when there are 
many systems out there which look exactly the same.


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42

