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Study of particle dynamics in the Earth’s magnetotail has shown that some ions with large 

pitch angle are preferentially accelerated out of neutral sheet and form beams. As a result a 
peculiar type of nongyrotropic ion distribution with velocity space hole is formed. The unique 
feature of such distribution is that the space hole is centered on 90 pitch angle and ion distribution 
is not symmetrical about magnetic field direction.  

 
Ion distributions with empty region in velocity space represent a source of free energy for 

excitation as plasma waves as electromagnetic waves and may have a pronounced effect on 
physical processes in the neutral sheet. The investigation of general stability properties of the 
nongyrotropic ion distributions in relation to electrostatic wave excitation was performed earlier. It 
was shown that when a velocity space hole is narrow enough in θ-direction, waves are excited 
with maximum growth rate in the direction of the magnetic field. The real frequency of these 
waves is vanishingly small.  

 
In investigation of the stability properties of the ion distribution in the relation to 

electromagnetic waves we assume that plasma parameters are relevant for the neutral sheet of the 
Earth’s magnetotail. We considered ions as unmagnetized. Electrons are treated fully magnetized 
and have Maxwellian distribution. For the sake of simplicity we investigate only waves in the 
direction of the uniform magnetic field, and obtain the solution of the dispersion equation. It was 
shown that such distributions are unstable to the electromagnetic waves generation. 

 
This solution shows that the real part of the frequency has dispersion relation analogous to 

the dispersion of whistler waves but it is defined by the parameters of the velocity hole. Also the 
dependence of the growth rate versus wave number for temperatures relevant to the neutral sheet  
(the ratio of ion to electron temperature is equal to 4) was investigated. It was obtained that for 
different values of hole parameters. The maximum increment is reached for the very small (near 
0°) angles of hole opening. Also for the narrower regions of diminishing concentration the wave 
length is less. It was shown that the increasing of the temperature ratio results in the catastrophic 
diminishing of the region of instability. 

 
The level of the saturation of the instability was obtained. It was shown that the saturation 

of the instability leads to the formation of the plateau in the one-dimensional ion distribution. As 
expected the energy of instability saturation depends upon the hole parameters. 


