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Accretion disks: Bright spot  

The gas stream impacts 

onto the outer rim of an 

accretion disk at supersonic 

speeds, creating a shock-

heated area that may 

radiate as much or more 

energy at optical 

wavelengths as all the 

other components (primary, 

secondary, disk) combined.  
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 If the bulk of the stream flow impacts at the rim bright spot, its luminosity 

will be given approximately by the energy released on allowing mass to 

fall at a rate 𝑀2
  from infinity to a distance rd from the primary: 

𝐿𝐵𝑆 ≈
𝐺𝑀1𝑀2

 

𝑟𝑑
 

This is an upper limit:  

(i) the fall is from L1 not ∞       (ii) the stream meets the rotating disk edge obliquely 

 Compare with the luminosity of the accretion disk, through which mass is 

flowing at a rate 𝑀𝑑
 :  

𝐿𝑑 ≈
𝐺𝑀1𝑀𝑑

 

2𝑅1

 

 

 Sometimes LBS>Ld  𝑀𝑑
  < 𝑀2
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 The location of the bright spot is obviously determined by the 

intersection of the stream trajectory with the outer edge of the 

disk.  

 Can be used to measure q and the disk radius (position of the 

bright spot can be derived from eclipse observations). 



Stream-disk overflow  

 Part of the stream can flow 

over the rim of the disk and 

continue approximately 

along the single particle 

trajectory over the face of 

the disk until it impacts the 

disk at a later time. 
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Stream-disk impact region  

(from Kunze, Speith and Hessman, 2001) 



Stream-disk overflow  

 The ultimate impact point 

for stream material 

continuing over the face of 

the disk is in the vicinity of 

the point of closest 

approach to the primary, 

creating there a second 

bright spot at a position  

(r, α) ≈ (rmin, 148°). 

(Lubow, 1989)  
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Stream-disk impact region  

(from Kunze, Speith and Hessman, 2001) 



Stream-disk overflow  

 The stream overflow can cause the X-ray 

absorption dips observed in cataclysmic 

variables (CVs) and low-mass X-ray 

binaries (LMXBs) around orbital phase 0.7, 

if the inclination is at least 65°. 
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Orbital phase-folded X-ray light curves 

(Hellier et al, 1993) 



Stream-disk simulations 
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 If the impact region is optically thick, so that the energy of 

impact is not quickly radiated, then part of the stream bounces 

off the disk and is sprayed into the Roche lobe;  

 The denser core of the stream can penetrate into the edge of 

the disk releasing its kinetic energy at optical depths greater 

than unity, thus locally heating the rim, increasing its scale 

height and causing a bulge that runs around the edge of the 

disk for typically half the perimeter; 

 The stream overflow. 

 



Stream-disk simulations 
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 However! Bisikalo et al.:  

 ”The interaction between the stream from the inner Lagrange 

point and the disk is shockless” 

 “A region of enhanced energy release is formed due to the 

interaction between the circum-disk halo and the stream and is 

located beyond the disk, and the resulting shock is fairly 

extended.” 

 Instead of ”a bright spot” – ”a hot line” 
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 Most important unknown in accretion disk theory: viscosity. Even though it dropped 
out of T(R), it is present in most of other important equations, e.g. in the equation of 
the time evolution of the disk surface density.      

 

 So, what is the source of the kinematic viscosity 𝝂 that causes the inward drift of the 
gas in the accretion disk? 

 Viscosity of fluids typically due to molecular interactions (molecular viscosity), the 

result of thermal collisions between individual gas particles in a hot medium.  

 In the case of standard viscosity, the kinematic viscosity is 

𝜈𝑚𝑜𝑙~𝜆𝑐𝑠 

     where the mean free path length (in an ionized gas) is 

𝜆 =
1

𝑛𝜎
= 6.4 × 104

𝑇2

𝑛
 cm 

     and the speed of sound 

𝑐𝑠~10
4𝑇1/2   cm/s 

 

 

𝜕𝛴

𝜕𝑡
=
3

𝑅

𝜕

𝜕𝑅
𝑅1/2

𝜕

𝜕𝑅
(νΣ𝑅1/2)  
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 Then 

𝜈𝑚𝑜𝑙~𝜆𝑐𝑠~6.4 × 108𝑇5/2𝑛−1   cm2/s 

 

 For typical values for accretion disks in CVs ( R~1010 cm, T~104 K, n~1016 cm-3 ): 

 
𝜈𝑚𝑜𝑙~10

3 cm2/s 
 

 This value of the kinematic viscosity yields a viscous accretion time scale of 

𝑡𝑣𝑖𝑠𝑐~
𝑅2

𝜈
~1017 sec~3 × 109 yr 

     and the mass will be flowing in at the excruciatingly slow rate of a few cm/yr. 

 

 

Thus, normal molecular viscosity fails to provide required angular 
momentum transport by many orders of magnitude! 

 



Viscosity (3) 
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 We therefore see that there must be some additional “anomalous” viscosity 
present in the disks, with a magnitude that is much larger than the molecular 
viscosity, in order to explain the observed accretion rates. 

 Then, what gives rise to viscosity? 

 Source of anomalous viscosity was a major puzzle in accretion disk studies. 
Long suspected to be due to some kind of turbulence in the gas…  

 If the source of the anomalous viscosity is some form of turbulent process, 

then we expect that 𝜈~𝐿𝑡𝑢𝑟𝑏𝑣𝑡𝑢𝑟𝑏, where 𝑣𝑡𝑢𝑟𝑏 is the characteristic 

turbulent velocity and 𝐿𝑡𝑢𝑟𝑏 is the size of the largest turbulent eddy. If the 

turbulence was highly supersonic, then it would rapidly dissipate energy in 

shocks, and so in practice, we expect that 𝑣𝑡𝑢𝑟𝑏~𝑐𝑠. Furthermore, if the 

turbulence is approximately isotropic, then the size of the largest eddies will 

not exceed the scale height of the disk, i.e. 𝐿𝑡𝑢𝑟𝑏~ℎ. 
 



Viscosity (4) 
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 These considerations led Shakura & Sunyaev (1973) to propose the 
following form for the kinematic viscosity: 

 

𝝂 = 𝜶𝒄𝒔𝒉 
 

where cS is the sound speed, h is the disk scale height (a function of radius), 

and α is a dimensionless constant. 

 α here is a measure of our uncertainty – we expect on general physical 

grounds that α<1, but it could in principle by very much smaller. 

Nevertheless, this Shakura & Sunyaev’s “α-disk“ prescription allows one to 

solve for the physical structure of the accretion disk, the mass flow rate, etc., 

in terms of only this single unknown parameter. 

 Typical models of disks have α~ 0.01-  0.1 

 

 



The standard α-disk model 
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 Physics of turbulent viscosity is unknown, however, α prescription 
yields good agreement between theory and observations. 

 For specified α, one can completely solve for the structure of a 
(steady-state or time-dependent) accretion disk. However, the 
assumption that α is constant with radius, with time, or from one 
accretion disk to another is nothing more than an assumption. 

 20+ years of accretion disk studies were based on this “alpha-
prescription”… 

 

 While the notion of “turbulent viscosity" is intuitively appealing, 
detailed studies suggest that hydrodynamic mechanisms alone will 
not produce sustained turbulence in differentially rotating disks. 

 



Anomalous viscosity? 

 A number of hypotheses have 
been proposed to explain the 
much larger effective viscosity in 
accretion disks. The most 
important of these are: 

 (1) A turbulent viscosity resulting 
from random small-scale 
turbulent fluid motions in the disk, 
generated by the strong shear in 
the differentially rotating disk. 

 (2) A magnetic viscosity 
associated with the magnetic 
Lorentz force in a disk containing 
magnetic fields. 

 (3) Nonlinear (spiral) waves or 
shocks in the disk. 
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 Major breakthrough in 1991… The idea of magneto-hydrodynamic (MHD) 

MHD turbulence was initially discussed by Velikhov (1959) and specifically 

developed by Steve Balbus and John Hawley (1991, ApJ, 376, 214; 376, 

223), who (re)-discovered a powerful magneto-hydrodynamic (MHD) 

instability 

 Called magnetorotational instability (MRI) 

 MRI will be effective at driving turbulence 

 Turbulence transports angular momentum in  
just the right way needed for accretion 

 Rough idea: MHD instabilities in a differentially  
rotating, magnetized disk drive turbulence, which  
in turn produces viscosity. 

 Magnetic fields link different annuli and generate 
MHD turbulence. 

 



The magneto-rotational instability 
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 Imagine that a magnetic field line initially connects two neighboring annuli 

in a radial direction, as shown by the dotted line. 

 Because these two annuli have differing angular velocities, the field line will 

tend to become stretched as the shear proceeds (solid curve). 

 The magnetic field will try to oppose the shear, and try to straighten out, 

which requires speeding up the outer annulus relative to the inner annulus, 

i.e. transferring angular momentum outward. 

However, recent MHD simulations of  

the magnetorotational instability by 

Fromang & Papaloizou (2007) 

demonstrate that turbulent activity 

decreases as resolution increases. 

 

Thus, the viscosity problem is not 

yet solved. 



Properties of the thin, Steady-State AD 
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 Thickness:  
ℎ

𝑅
≅

𝑐𝑆
𝑉𝑟𝑜𝑡

 

 Surface density (g/cm2):  Σ =  𝜌 𝑑𝑧
+∞

−∞
= 2𝜋𝜌0ℎ 

 Viscosity (alpha model – hides uncertain physics):  𝜈 ≡ 𝛼𝑐𝑆ℎ 

 Temperature:  

 The radial velocity is highly subsonic:  

𝑉𝑅 =
𝑀 

2𝜋𝑅Σ
=

3𝜈

2𝑅 1 −
𝑅∗
𝑅

1/2

  

~
𝜈

𝑅
~𝛼𝑐𝑆

ℎ

𝑅
≪ 𝑐𝑆 

 

νΣ =
𝑀 

3π
1 −

𝑅∗
𝑅

1/2

  

  4/3

** /)(


 RRTRT
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 Dynamical timescale – the timescale on which inhomogeneities 

on the disk surface rotate, or hydrostatic equilibrium in the 

vertical direction is established: 

𝑡𝑑𝑦𝑛~
𝑅

𝑉𝑟𝑜𝑡
~ Ω𝐾

−1 

 Viscous timescale, the timescale on which matter diffuses 

through the disk under the effect of viscous torques: 

𝑡𝑣𝑦𝑠𝑐~
𝑅

𝑉𝑅
~
𝑅2

𝜈
 

 Thermal timescale, the timescale for re-adjustment to thermal 

equilibrium:                   𝑡𝑡ℎ~
Σ𝑐𝑆

2

𝐷(𝑅)
~(ℎ/𝑅)2𝑡𝑣𝑦𝑠𝑐 



Steady accretion disks:  

confrontation with observation 
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 Inner regions:  

 closely related to the compact star. 

 Outer regions:  

 radiating predominantly in optical and IR. 

 

 To study the outer regions of the disks 

observationally, we require that the light in one or 

more of these parts of the spectrum is dominated 

by the disk contribution. 


