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Solar wind at 1 AU

Solar wind temperature anisotropy at 1 AU

Temperature anisotropy of plasma component “a”:
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Observed temperature anisotropy of 

solar wind electrons at 1 AU

Slow wind 

V<400 km/s

Fast wind 

V>400 km/s



Bi-Maxwellian velocity distribution function

Counterstreaming bi-Maxwellian velocity distribution 

function
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Fluctuations in the solar wind at 1 AU  



Total magnetic field fluctuation spectrum and 

helicity for parallel wave vectors in a magnetized 

Maxwellian plasma 



Total intensity of magnetic field fluctuations 



Amplification of fluctuations by plasma instabilities 
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Summary and conclusions

1. Instabilities:

1.1 Counterstreams have a dramatic effect on the instability

conditions comparing to bi-Maxwellian plasmas without

counterstreams.

1.2 The new results point out to a full potential explanation of the

observed temperature anisotropy of the solar wind at 1 AU.

2. Fluctuations:

2.1 Electromagnetic fluctuations in an isotropic magnetized

Maxwellian plasma for parallel wave vectors: the ratio δB/B0 can be

as high as 10-12.

2.2 The fluctuations can be drastically amplified by plasma

instabilities up to level δB/B~0.1 on time scales less than the

traveling time of the solar wind from the Sun to 1 AU.



Instability conditions 

Bi-Maxwellian plasma 

without counterstreams 

Bi-Maxwellian plasma 

with counterstreams 

Instabilities:

1. Ordinary (O-) mode 

2. Alfvén, Firehose

3. Mirror  
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Fluctuation theory  

Kinetic equation for electric field fluctuations:

Magnetic field fluctuations:



Amplification of fluctuations by plasma instabilities 
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Ordinary (O-) mode instability  



Alfvén instability  



Fluctuation spectrum of the Left-handed polarized 

waves  



Fluctuation spectrum of the Right-handed polarized 

waves  


