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1. Motivation: Ubiquitous superthermal plasma behavior
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2. �� (kappa) distribution - basics 
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Kappa distribution function (continued)
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Kappa df vs Tsallis theory
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3. (Dust-) ion-acoustic excitations (fluid description) 

(+ kappa-distributed e- background) *
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Pseudopotential formalism for localized excitations 
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Slower “supersonic” solitons

for smaller kappa values:

M2 : infinite compression point 

(choked flow)

M1 : �-dependent “sound speed”
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potential pulse amplitude = root of V



and…

increased soliton amplitude for smaller kappa values

(for fixed M) by a factor ~ 1.1 – 5: see bottom left

Increased soliton amplitude for higher speed M (for given �):

From: N S Saini, I Kourakis and MA Hellberg, (
*�&�(�������16 EA8@E9��8EE@�



Increased soliton amplitude for lower  � !

From: N S Saini, I Kourakis and MA Hellberg, (
*�&�(�������16 EA8@E9��8EE@�

��= 3 (black) 

4 (red)

6 (green)

10 (blue)

: Strong dependence on � in the range (3, 6);

: �����:��G+������
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Preliminary results on 

obliquely propagating IA solitons in magnetized plasmas:

increased soliton amplitude for lower ��

Preliminary results; from: S Sultana, I Kourakis, NS Saini and MA Hellberg, ���6��6�����)���8EE@�

kappa = 3.5 (black); 5 (red); 7 (blue) ; 10 (green)

(and M=0.8,           =0.8,     �02.0/ 22 �� ��	cos



Preliminary results on dust-IA solitons :

: Positive-negative soliton shift for low ���(negative dust)

: Strong dependence of the soliton amplitude on �

: Negative (weak) and positive (large) pulse co-existence 

in the presence of negative dust 

- (The latter feature missed by KdV theory)

Preliminary results; from: T Baluku, MA Hellberg et al, ���6��6�����)���8EE@�K�see poster by T Baluku



4. Nonlinear self-modulation of ES wavepackets *
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Background - literature
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Ion-acoustic waves (IAWs) 
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Multiple scales perturbation technique
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(normalized)

Enhanced instability growth rate due to superthermality !
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Parametric investigation of soliton characteristics 1
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Parametric investigation of soliton characteristics 2

4 8 12 16

0.6

1.2

1.8

2.4

3.0

3.6

k
cr

κ

  μ=1.2 (Positive dust)
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  μ=0.8 (Negative dust)

4

 

�)�����������������*��
���
)��

 

�#�

 

+��
���66��and +��
������

4

 

�)������)���

 

����������*���2��)##�������longer wavelengths, 

in the presence of negative dust 

4

 

�2����������0����+��
�positive dust,��������+�0�6�#����

4

 

.�����,�?���������6����)��������*������������0�����)��H���



5. Electron-acoustic excitations *
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Linear dispersion relation
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Small ���effect: larger - yet slightly slower – NL excitations:
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Conclusions
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