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Several formulas describing cusp leak widths are derived using different assumptions on the natures of the crossfield diffusion 
and the plasma flow parallel to the magnetic field. 

An important property of  a quasineutral plasma 
confined by a magnetic cusp is the leak width - the 
width of the profile of  plasma escaping through the 
cusp. Recently, Koch and Matthieussent [ 1 ] have 
derived a formula for the leak width of a collisional 
cusp which differs from the formula used by several 
other researchers [ 2-6 ]. The validity of  this new for- 
mula has been questioned in an earlier comment [ 7 ]. 
We find that the differing formulas may be derived 
from a single equation using different assumptions 
on the natures of the crossfield diffusion and the 
plasma flow parallel to the magnetic field. This elu- 
cidates the regimes under which the different for- 
mulas and scaling laws are valid. 

The leak width of a quasineutral plasma flowing 
out of  a cusp while undergoing ambipolar diffusion 
across the magnetic field may be approximated by 
[4] 

d= (D± L/vll )1/2, ( 1 ) 

where D± is the coefficient of  ambipolar crossfield 
diffusion, L is the scale length of the cusp, and vii is 
the speed at which plasma flows out of  the cusp. 

When the flow of plasma parallel to the magnetic 
field is noncollisional, then vii ~ Cs, where Cs is the 
ion acoustic speed [4,5,8]. In this case, eq. (1) re- 
duces to 

d = ( D ±  L / C s )  t/2 (2)  

This equation has been used by several researchers 
to describe cusp leak widths [2-6 ]. 

For crossfield diffusion resulting from collisions 
with neutral gas, D± = 2 roe re, where rce is the electron 
gyroradius and ue is the electron collision frequency 
[ 9 ]. In this case, eq. (2) results in the scaling 

docPl/2B - l  , (3) 

where P is the neutral gas pressure and B is the mag- 
netic field strength in the cusp. 

I f  crossfield diffusion is dominated by Bohm dif- 
fusion with D± =kTe/16eB,  then eq. (2) results in 
the scaling 

doc poB-1/2 . (4) 

The scaling of eqs. (3) and (4) has been observed 
experimentally [ 4,5 ], with collisional crossfield dif- 
fusion dominating over Bohm diffusion at suffi- 
ciently high neutral pressures. 

On the other hand, if plasma flow parallel to the 
magnetic field is impeded by plasma-neutral colli- 
sions and described by ambipolar diffusion, then 
vii =Dll (dn /dxl l ) /n~Dl i /L ,  where Dll =C~/ui,  and 
ui is the ion collision frequency [9 ]. In this case, eq. 
( 1 ) reduces to 

d = L ( D ± / D l l  )]/2. (5) 

When crossfield diffusion results from collisions 
with a neutral gas, so that D l  =r~ve ,  then eq. (5) 
may be written as 

d = L (  rcerci/)~e~, i )1/2, (6) 

where roe and rci are the electron and ion gyroradii, 
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2c and •i are the electron and ion mean free paths. 
Up to a factor of 2 /n ,  this is the formula of Koch and 
Matthieussent [ 1 ]. The scaling given by eq. (6) is 

d ~ P I B  - I  (7)  

When crossfield diffusion is dominated  by Bohm 
diffusion while parallel flow results from collisional 
ambipolar  diffusion, eq. (5)  results in the scaling 

dvcpl/2B i/2, (8)  

An examinat ion of eqs. ( 3 ), (4) ,  ( 7 ) and (8) in- 
dicates that different scaling laws are obeyed in four 
regimes, which are differentiated by the nature of the 
plasma flow parallel to the magnetic field and the type 
of crossfield diffusion. A leak width scaling with 
magnetic field as B-1 results from collisional cross- 
field diffusion, while a leak width scaling as B - 1 / 2  

results from Bohm crossfield diffusion. When the ion 
mean free path is comparable to or larger than the 
scale length of the cusp, then the flow of plasma par- 
allel to B will not be significantly affected by colli- 
sions, so that eqs. ( 2 ) - ( 4 )  may be applicable. On 
the other hand, when the ion mean free path is much 
smaller than the scale length of the cusp, then the flow 
of plasma parallel to B will be significantly influ- 
enced by collisions, so that eqs. ( 5 ) - ( 8  ) may be more 

appropriate. 
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