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•Layout

• Non maxwelian distribution functions
• Landau damping of oblique Alfven waves
• Observed cooling rate
• CGL cooling rate
• Power requirements
• Comparison between observation and 

theoretical  model



Non maxwelian distribution 
functions

• Data from real (space) shows distribution 
functions deviate from maxwellians

• Presence of high energy tails, shoulders in 
the profile, peaks or flat tops

• The default assumptions of using 
maxwellians seems no longer valid

• Generally space plasmas are turbulent 
thus thermodynamic equilibrium does not 
exist



• Quasi thermodynamic equilibrium state 
valid for turbulent systems

• Hasegawa et.al. showed how a non 
maxwellian distribution can emerge as a 
natural consequence of super thermal 
radiation fields in plasmas

• Entropy generalization using non 
extensive statistics
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• Generalized Lorentzian or κ distribution

• Davydov Druyvestien

• Maxwellian
•
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Solar wind

• Stream of charged particles emanating from the 
sun

• 95% hydrogen plasma + alpha particles
• Dominated by Alfven waves – fast streams
• Turbulent
• Solar magnetic field is dragged out by the Alfven

waves
• In situ obsevations between 0.3 – 1 A.U.
• Protons should cool as the sw expands 



• Adiabatic eqn of state β−∝ rT 3/4=β

• Observations show that protons do not cool 
adiabatically 
for fast and slow streams

• Some local heating mechanism at work for fast 
speed streams

• Landau damping of oblique Alfven waves

3/43.0, ≤≤∝ − ααrT



Power dissipated due to Landau 
damping of Alfven waves

• We consider small angles of propagation 

general expression for power dissipated per unit 
vol (Stix)

For Landau damping we need only 
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Expanding the plasma dispersion functions 
for large values of the argument we obtain
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• Here an isotropic turbent spectrum is taken for 
the sw (Shah, Iess and Dobrowolny 1986). L is 
the outer scale of the turbulence and p is the 
spectral index of the power law and a is a 
constant

• The total power dissipated per unit volume is
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Data analysis
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22nd Feb.2001 -15.3374 0.7 10-12 05.651 -0.6600
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Power requirements of the sw due 
to adiabatic cooling

• Sw appears to cool less rapidly than expected
• Some additional source of heating
• We first estimate the rate at which parallel 

thermal energy varies on the basis of obs.
• Secondly we obtain heating or cooling rate due 

to a known theoretical law or eqn of state
• The difference between these two will give the 

power requirement of the sw protons
• This will then be compared power dissipated 

due to Landau damping of Alfven waves



Variation of parallel energy density 
according to obs
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Heating rate due to known eqn of 
state

• CGL theory gives a good approximation to 
a collisionless plasma (SW)
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Power requirements of the solar 
wind

... obsadbreq RRR −=

sec,/105.4,33.1 7
. cmvsw ×==α

1316. sec100.1 −−−×= ergcmRreq

5.9,7.0 =−= qr
1316. sec104.4 −−−×= ergcmRalf



Radial evolution of power required and due 
to Landau damping of Alfven waves
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