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Spread of matter over a neutron-star surface  

during disk accretion 

Let us start with the physics 

of levitating spreading layer which 

continues to be valid, it seems 

Papers of Sunyaev, Revnivtsev, 2000, Grebenev, 2002; Gilfanov, Revnivtsev  

and Molkov, 2003, 2006; Suleymanov and Poutanen, 2006 

discussed important observational consequences of the model IS99: 

                             radiation spectra and variability 

         Inogamov, N. A.; Sunyaev, R. A. 

Astronomy Letters, 2010, Vol. 36, p. 848-894 

Spread of matter over a neutron-star surface during 

disk accretion: Deceleration of rapid rotation.       

This is 12 year old result, I will try to explain 

it very fast without equations. 
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Second component (supplying mass) is a low mass star or a white dwarf.  LMXBs are 

very old – billions of years. They are of special intetest for Gravitational Wave astronomy. 



Let us try to consider the disk accretion onto neutron star ―without‖ magnetic filed, 

 

i.e.  H < 2 10^8 Gauss, when at high accretion rates the magnetic field can not  

stop accretion far enough from the surface of the neutron star. 

This is a beautiful problem: flow of a collisional gas (not particles !)  with V ~ 0.4 C 

(velocity of light!!!) around a carefully polished billiard ball with only 10 km 

radius, but 1.4 Msun mass. 



in the Newtonian mechanics   Ld=Ls 

             (virial theorem) 

Half of the energy -  released and radiated in extended accretion disk  Ld  

 

Second half -  in the narrow spreading (boundary) layer  

near the surface of the neutron star  Ls due to deceleration of the 

keplerian velocity 

 
Radiation from spreading layer should be more hard and variable  

expecially at short time scales 



Two onedimensional problems: 

 

thin disk  - slow radial motion, 

Keplerian rotation 

spreading over the star surface 

Huge rotational velocity, slow meridional flow, 

Vr = 0 



Popham, 

Sunyaev, 

2001 

one dimensional  

problem like 

accretion disk: 

there are azimuthal 

and radial velocities,  

and  

meridianal velocity 

Is equal to zero. 

Ledd 

L << Ledd 

Narrow neck !!! 



Boundary layer, where matter 

velocity drops from c/2 ( in the disk)   

up to velocity of the star surface  

Narrow neck only at high luminosities 

 

          0.01 < L/Ledd < 1 

 

ADAF type flow can not exist at such 

luminosities – Comptonization cooling  

time near ns surface is shorter than  

revolution time in the disk 
(Popham, Sunyaev, 2001) 



The logarithmic law of the wall is a self similar solution for the mean velocity 

parallel to the wall, and is valid for flows at high Reynolds numbers — in an overlap 

region with approximately constant shear stress and far enough from the wall for 

(direct) viscous effects to be negligible: 

In fluid dynamics, the law of the wall states that the average velocity of a 

turbulent flow at a certain point is proportional to the logarithm of the 

distance from that point to the "wall", or the boundary of the fluid region 

(von Kármán, 1930). 
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http://en.wikipedia.org/wiki/Reynolds_number
http://en.wikipedia.org/wiki/Shear_stress
http://en.wikipedia.org/wiki/Viscosity


In fluid dynamics, the law of the wall states that the average velocity of a 

turbulent flow at a certain point is proportional to the logarithm of the distance from 

that point to the "wall", or the boundary of the fluid region (von Kármán, 1930). 
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From experiments, the Kármán constant is found to be κ≈0.41 and C+≈5.0 for 

a smooth wall 

http://en.wikipedia.org/wiki/Fluid_dynamics
http://en.wikipedia.org/wiki/Average
http://en.wikipedia.org/wiki/Velocity
http://en.wikipedia.org/wiki/Fluid
http://en.wikipedia.org/wiki/Theodore_von_K%C3%A1rm%C3%A1n
http://en.wikipedia.org/wiki/Theodore_von_K%C3%A1rm%C3%A1n
http://en.wikipedia.org/wiki/Self_similar
http://en.wikipedia.org/wiki/Reynolds_number
http://en.wikipedia.org/wiki/Shear_stress
http://en.wikipedia.org/wiki/Viscosity


continuity equation 

Conservation of momentum 

steady state one dimensional Spreading Layer model  

in the spherical coordinate system (r , θ, ϕ) 

Energy equation 



Critical Eddington flux  
 



Physical conditions in the spreading layer 

1. Radiation flux is huge. Radiation pressure dominates: 

                                                  Prad >> 2 N kT 

 

2. Thomson scattering dominates in the opacity  

 

3.   Effective gravity – difference between gravity g, centrifugal 

      acceleration and radiation force acceleration 

 

This is main reason why spreading layer levitates !!! 
 

4.   near equator - effective gravity close to zero even without  

          radiation force or radiation flux  

 

5.  Meridional velocity is much less than rotational 

 



One of the main predictions: zero radiation flux along equator,  

 

two bright belts above and below equator 

Shallow water approximation 



Meriodinal advection of radiation 

energy from equatorial belt  



Advection of energy 

equator 



two bright rings 

equidistant 

from equator 

this distance 

Increases with 

luminosity or 

accretion rate 



Low luminosity High luminosity 

Levitating 

    layer    

1 km thick 







New paper: Inogamov and Sunyaev, 2010 

There are levitating speading layer and boundary layer below it  

                             formed by the matter 

      which accreted hundreds of microseconds before 

levitating speading layer  

        H ~ 1 km 

boundary layer below it  

       H ~ 1 – 10 m 

a little more detailed physics (but still no full analogue in the Lab or on the Earth). 

No smooth solid wall !!! 







Oversimplification: strong wind (levitating layer) over more dense boudary layer 

 

surface and internal gravity waves 



We separate problem of levitating layer assuming that  

~10-15% of keplerian velocity dissipates there due to  

logarithmic law effects at large distances from the boundary layer 

Main problem now - to find how the rest of keplerian velocity  

dissipates in the quasiexponential stratified boundary layer. 

First attempt: to check the validity of Prandtl-Karman model of turbulent 

boundary layer 







Experiment: 

alpha_t = 0.16 



Gear !!! 





Experiment: 

alpha_t = 0.16 





Second attempt:   

 

internal gravity waves in the stratified atmosphere 



Richardson ladder in quasiexponential atmosphere 









The profile of rotational velocity 
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• Levitating layer, turbulent Prandtl-Karman deceleration, 

Richardson ladder deceleration, turbulent Prandtl-Karman 

deceleration above solid crust 
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• Massive  

rapidly rotating 

atmosphere !!! 

 

• Radiation flux q 

profile follows the 

rate of energy 

release and is  

      similar in shape 
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There are many other very interesting consequences 

                    of this model 

for variability and spectral properties of such sources 



There should be family of objects with thick rapidly rotating hot envelopes. 

How to distinguish them from normal bursters ?  

It is important to remember that many sources demonstrate burst  

activity only during few weeks and usually are in the quiet stationary state.  

Persistent emission is coming from the deep layer and this leads  

to softer spectra. Only 10-30% of energy is released in the levitating 

Layer with relatively small optical depth. 



Thank you !!! 



Gap; Rns < Rmso 

Rns>Rmso 

Ls + Ld 

Ld/Ls 

counterrotation 

Sibgatullin, 

Sunyaev, 2000 

efficiency of  

accretion as  

function of frequenccy 

 of rotation “f” 

(solid line) 

ratio of disc luminosity 

to surface luminosity 
(second curve) 

in the Newtonian 

mechanics   Ld=Ls 

(virial theorem) 



In Newtonian case (Sunyaev, Shakura, 1988  , Kluzniak, 1987  

GR consideration: Sibgatullin, Sunyaev, 1998) 



Система уравнений 

• Торможение, охлаждение за счет радиационного 

теплоотвода и оседание  

• Сохранение массы при оседании 

• Радиальный силовой баланс 

• Сохранение углового момента  (w [dyn/cm2]) 



Система уравнений, стр. 2: трение 

• Сохранен. вращательного момента J:  

• Закон Ньютона для напряжения трения    )(  

• Суммарная вязкость    

• Парциальные вязкости :  ионная :     

• Радиационная вязкость :     

• Турбулентная вязкость :    next page 



Турбулентное трение и тормож. вращен. 

• Модель Прандтля-Кармана 

• Модель Шакуры и Сюняева 

• Замедление вращения за счет вязкости  



 w

dr

dv




Замедление вращения 

в устойчиво стратифицированном слое Е 

• Критерий Ричардсона 

Ri

N

dr

dv






 w

dr

dv


• Частота Брента-Вяйсяля в плазме с существенным 

вкладом радиационного давления и пронизанной потоком q 






