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The dominant force on a dust particle in SOL / 

divertor plasma is the ion friction forces. In this study the 
friction forces are studied. One of them is the friction force 
due to ion absorption and another is one due to the 
Coulomb scattering force of ions. They are expressed by 
the form: 

     


Fiab/ isc =πRd

2 ni Ti


Vi −


υd

Vi −

υd
ηiab/ isc (u,Ti / Te ) . (1) 

Here the subscripts iab and isc indicate the absorption and 
scattering forces, respectively. The quantities Rd, ni, Ti, Te, 
Vi,   υd  are the dust radius, ion density, ion temperature, 
electron temperature, ion flow speed and dust velocity, 
respectively. The quantity u is the normalized relative 
speed by the ion thermal speed 

     
u≡


Vi −


υd / 2Ti / mi . 

The coefficients ηab/sc are expressed by the normalized 
relative speed u and the plasma temperature ratio Ti/Te [1,2]. 

    
ηiab(u,Ti / Te ) =

1

πu2
{u(2u2 +1+ 2χi )e

−u2
 

    
   +[4u4 + 4u2 −1−2(1−2u2 )χi ]

π
2

erf (u)}  (2) 

 
    
ηisc (u,Ti / Te ) = 4χi

2 lnΛ erf (u)−2u exp(−u2 ) / π

2u2
 

  (3) 
        χi = ZiZde2 / 4πε0RdTi  (4) 
 

The quantities ηiab, ηisc and χi are the functions of the 
normalized relative speed u and the temperature ratio. In 
Fig. 1 the quantities η are shown as a function of the 
relative speed u for the case of Ti / Te = 1.0. For the lower 
relative speed (u < 1.0) The difference between the 
quantities ηiab and ηisc is small. Fig.2 shows the quantities 
η as a function of the plasma temperature ratio for the case 
of relative speed u =0.1. 
 These friction forces can be compared to the intrinsic 
gravity of the dust particle. 
 

    

Fiab + Fisc
Fg

=
3niTi

4gρd Rd
[ηiab(u,Ti / Te ) + ηisc (u,Ti / Te )]

= 1.23×10−17 niTi,eV
ρd ,g /cc Rd ,µm

[ηiab(u,Ti / Te ) + ηisc (u,Ti / Te )]

 

  (5) 
For the larger dust particle than the critical radius Rd,mm,g, 
the gravity is larger than the friction forces: 

    

Rd ,µm ≥ Rd ,µm,g ≡1.23×10−17 niTi,eV
ρd ,g /cc

                                [ηiab(u,Ti / Te ) + ηisc (u,Ti / Te )]

 (15) 

 
For the case of the carbon dust in the plasma pressure ni Ti 
=1019 m-3 eV with u = 1.0, the critical radius Rd,mm,g is as 
large as 1.2 µm. 
 Other mechanisms, the thermionic current, secondary 
electron emission current and charging current due to 
impurities, have to take into account in the dust charging as 
well as the effects of magnetic field. The three-dimensional 
analysis and the dynamics near plasma-facing wall of the 
dust particle are left as future issues. These results might be 
useful to analyze the dust particle in SOL/divertor plasma 
of fusion devices. 
 
 
 
 
 
 
 
 
 
 
 
 
 
     Fig.1 The coefficients η of the friction forces  
     (the force due to Coulomb scattering of plasma ions:  
     solid line, the force due to absorption of plasma ions:  
     dashed line) as a function of the normalized relative  
     speed, where Ti / Te = 1.0. 
 
 
 
 
 
 
 
 
 
 
 
 
 
     Fig.2 The coefficients η and their ratio as a function  
     of the plasma temperature ration, where the  
     normalized relative speed = 0.1. 
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