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Recently, a variety of "complex" plasmas has been modelled 
and analyzed via q / κ distributions and q-statistics

Complex plasmas:
Dusty plasmas (dust can be strongly interacting)
Open system
Laboratory and space plasmas are not very hot: degree of 
ionization is low
Nonthermal distributions
Long-range interactions (≠ ideal plasmas)
Ex: solar wind, plasma processing, fusion plasmas, ...



  

M. Maksimovic, V. Pierrard and J. F. Lemaire, Astron. Astrophys. 324, 
725 (1997) – solar wind
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B. Liu and J. Goree, Phys. Rev. Lett. 100, 055003 (2008) – dusty plasma
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A. Esquivel and A. Lazarian, Astrophys. J. 710, 125 (2010) - ISM



  



  

G. Balasis et al., J. Geophys. Res. 114, A00D06 (2009) - magnetosphere



  

Points of interest:
Origin of nonthermal distributions: ???
Modes/waves and instabilities in nonthermal plasmas



  

Self-modulation of electromagnetic waves in non-Maxwellian 
plasmas:

Particle acceleration (laboratory and space), harmonic 
generation, etc ...
Circularly polarized EM waves: SM associated with 
density fluctuations in the magnetosphere
Linearly polarized EM waves: propagation is more 
complex since we have harmonic generation
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Propagation of linearly polarized EM waves:
Harmonics: longitudinal oscillations generated by the 
ponderomotive force of the EM wave
Coupling in two frequency scales: electron oscillations 
and ion-acoustic waves



  

Simple model to investigate the SM of linearly polarized EM 
waves in nonthermal plasmas (effect of nonthermality)

Electron-ion plasma
Nonthermal velocity distributions (Maxwellian: κ  → ∞):
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For the electrons:

( )
( 1)2

0
3/2 22

( 1/2)

0

( 3/2)

0

0 0

( 1) 2 /( ) 1 ,
( 1/ 2)

( ) 1 ,
( 3 / 2)

( ) 1 ,
( 3 / 2)

/ , ,

e

e

e

e e e
e

e e ee e

e
e

e
e

B e B e sc p

n v e mf v

n n

p p

e k T p n k T

κ

κ

κ

κ

κ ϕ
κ κ θπ κ θ

φφ
κ

φφ
κ

φ ϕ ϕ ϕ ϕ

− +

− −

− −

 Γ + −= + Γ −  

 
= − − 

 
= − − 

= = = +



  

For the ions:
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We consider weak nonlinear waves (Φ << 1):
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Fluid and Maxwell´s equations:
All quantities vary only with z
EM wave propagating in the z direction with E
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 and B
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Perturbation analysis and nonlinear Schrödinger equation:
Krylov-Bogoliubov-Mitropolsky method for nonlinear wave 
modulation (T. Kakutani and N. Sugimoto, Phys. Fluids 
17, 1617 (1974))
All physical quantities are considered weakly nonlinear 
waves:
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Longitudinal direction (coupling with electron oscillations):
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with (valid for the coupling with the electron oscillations) 



  

For A
x3

 to be secular-free:
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With the coordinate transformation

we get the NLS equation,
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Nonlinear frequency shifts and envelope holes:
EM wave envelope is always stable: Q/P <0, dispersion 
and ∆ω=-Q are always positive
The effect of superthermal electrons appears in ∆ω: small 
effect for high temperatures and intermediate frequencies 
NLS equation admits localized solutions in the form of 
envelope solitons: Q/P<0 – envelope holes (effect only for 
gray solitons)
The effect of the ions is negligible



  

Maxwellian: dot-dashed
line



  



  

The effect of electron nonthermality in the self-modulation of 
linearly polarized EM waves appears only for high 

temperatures and intermediate frequencies. Superthermal 
electrons have no effect on the stability of the wave 

envelope, but tend to decrease the nonlinear frequency shift 
and increase the amplitude of gray solitons. The effect of ion 

nonthermality is negligible. 
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