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Effective thermal speed:
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[Ref. Vasyliunas JGR (1968), ..., 

Hellberg et al, PoP (2009)]

T :   kinetic temperature

:   spectral indexκ

( )
m

TkB22/32

κ
κθ −=

[From: Summers & Thorne, PF (1991)]

Kappa (κ) parameter measures deviation from thermal equilibrium:

Small   κ value ( 1.5 < κ < 6) � long superthermal tail, harder spectrum

Infinite κ value  (κ > 10 approx.) � Maxwellian df, no superthermal particles
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Cassini data from Saturn; 

from: 

Schippers et al JGR (2008)

Excellent 2-kappa df fit

over regions



“Therefore, one can safely conclude that near the Sun, at 0.3 AU, the ratio is around 10, and at 
near�Earth distances, where  kappa~5, the ratio is around 2. For kappa�10 the ratio approaches 1, 
as expected, because for large kappa the superthermal distribution approaches the Maxwellian. 
As the particle radius grows from 10−7 cm to 10−2 cm, which are typical dust sizes observed in the 
interplanetary environment [Mann, 2008], the surplus of electric charge on the dust due to the 
superthermal electrons becomes less pronounced. 
Moreover, this effect is expected to be more important for distances r  near 1 AU, because this region 
is where the smaller values of  kappa are observed [Štverák et al., 2009].”

Kinetic simulations of beam-plasma interactions (Yoon et al PRL, 2005)

Electron-hole experiment:Electron-hole experiment:

excellent fit for kappa < 4 ;

Cf. recent experiment by 

G Sarri et al PoP (2010)

(see next slide)
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[Work in collaboration with: NS Saini, S Sultana, T Baluku, M Hellberg]
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[Vedenov & Sagdeev 1961, Sagdeev 1966, Verheest & Hellberg 2009 (review, Nova Publ.)]

• stationary frame, single travelling coordinate

* reduction of the fluid model PDEs in {x, t} to an ODE in   

* pseudo-energy-balance equation (for e-i plasma): 

ξ

* solution obtained (numerically) for the electric potential 

* density and fluid velocity given by

φ

The generic solitary wave (pulse) solution bears the form:

Known

asymptotic 

limit 1.58

potential pulse amplitude = root of V

Slower “supersonic” (but no 
subsonic!) solitons

for smaller kappa values:

M2: infinite compression point 
(choked flow)

M1: κ-dependent “sound speed”

limit 1.58

for 

infinite κ

[* From: NS Saini, I Kourakis and M Hellberg, PoP 16, 062903 (2009) ]

and…
increased soliton amplitude for smaller kappa values

Increased soliton amplitude for higher “Mach number” M (for given κ):

increased soliton amplitude for smaller kappa values
(for fixed M) by a factor ~ 1.1 – 5

From: N S Saini, I Kourakis and MA Hellberg, Phys. Plasmas 16 062903 (2009)

Increased soliton amplitude for lower  κ !

= 3 (black) 

From: N S Saini, I Kourakis and MA Hellberg, Phys. Plasmas 16 062903 (2009)

κ = 3 (black) 
4 (red)
6 (green)

10 (blue)

- Strong dependence on κ in the range (3, 6);
- Quasi-Maxwellian behavior beyond κ = 10.
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From: I Kourakis and S Sultana, AIP Conf Proceedings, 1397, 86-91 (2011).

DIA solitons in action (1): high to low κ

KdV soliton (propagating in Maxwellian plasma; κ=100, µ =0.1)

From: I Kourakis, S Sultana and MA Hellberg, Plasma Physics & Controlled Fusion (2012).

... enters a superthermal (κ=3) region:

DIA solitons in action (2): low to high κ
KdV soliton (propagating in superthermal plasma; κ=3, µ =0.1)

From: I Kourakis, S Sultana and MA Hellberg, Plasma Physics & Controlled Fusion (2012).

... enters a Maxwellian (κ=100) plasma region:
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[sources: Ya. Alpert, Phys. Reports 339, 323 (2001)]); A Hasegawa PRL 24, 1165 (1970)]

[* in collaboration with: S Sultana & NS Saini]
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(*) [Agreement with Bryant JPP (1996), Mace & Hellberg (PoP 1995)] 
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Envelope (NLS) solitons

Bright-type envelope solitons (for P/Q>0)Bright-type envelope solitons (for P/Q>0)

Dark (black/grey) type envelope solitons (for P/Q<0)
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Blue: κ= 3

Red: κ= 6
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• Agreement (k   = 1.47) with Kakutani & Sugimoto PF,1974 (Maxwellian e-i plasma)
cr

Lower instability threshold in the presence of dust !
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DIA envelope solitons in action (1): 
envelope solitons in superthermal plasma (κ=3, µ =0.1, k=1.2)

$
��%����
����������������	�&�����
���.�
��
�.#������
���,����������4'�����"�*+ ����"���*::����:����

versus envelope solitons in Maxwellian plasma (κ=100, µ =0.1, k=1.2):



DIA envelope solitons in action (2): superthermality effect 
bright envelope solitons (k=1.2, µ=0.1): stable for κ=3, unstable for κ =100
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dark envelope solitons (k=1.2, µ=0.1): stable for κ=100, unstable for κ =3
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Alternative nonthermal theoretical scenaria

• Cairns et al (alpha) theory [Cairns et al, GRL 1995]: 

• Possibility for inverse soliton polarity 

(a feature absent in the kappa df !)

• Hybrid-Cairns-Tsallis ad hoc phenomenology (1D) [Tribeche et al, PRE 2012]:

Dubious impact; see: Williams et al, PRE 88, 023103/1-6 (2013).

• Ambiguous physical foundation (singularities) in plasma applications, 

for q < 1: Verheest, JPP 79, 1031 (2013).

36



K F4'(1#*4'&5$41(#3&54))(./&^DM_&`#33&=44*(/EW&Qb0QR&F414=,4+&9YQc?
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