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An overview of the physics of “turbulent coupling” between counter-
straming collisionless plasmas. Anomalous transport coefficients for var-
ious relevant instability mechanisms are given in a form suitable for use in
a multifluid code. Cases with and without a magnetic field are considered.
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MOMENTUM COUPLING INSTABILITIES: THE SIMPLE STORY
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Velocity space configuration of two coun-

terstreaming ion beams with an overlapping electron dis-
tribution.
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Velocity space configuration of the ion

streams after some coupling has occurred. The ions are
now hotter, and their distributions have begun to overlap.
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NUMERICAL SIMULATION OF COUPLING INSTABILITIES
Xk���c
 �6Rl�������/�" Y ������+ � �����6�f�����
-������3�Z K ���7������!78������*��.�!��� Y *%���78*��!����#�����
-�.�!��3�Z %� Y ����}u

�.�!����%� �������£��%��
-�.����3%Z Q � *,�=+@����� � ��������������� ��� ���7��V������*%�.�f��� �����S
-��*%��78* 
 �6Rl���!���h���!�����\*,�������
K :��)�\����3%��� L�N�s%t�� GI*J
-*%��%
@%� ���� 0�� ����� LEN�O�L�� <�*%��� *,� LEN�O ± � � �)� 0�� ����� LEN�O ± � B4��p��\����� 0��
����� LEN�O ± � 6b��*,� a A��/������Tl�!�8*%���HGI*,
-*%��,
@�� �!�� L�N�O D � pb� a *,��� 6b�.*,� a LEN�O D Q 9 X(���w�����
-�.�!��3
+@���q������� �����w������6�������������E*%78����3 ���� +@��*%78�?�E*,����%�c+@� �����E*,����� �5�!���¬*,�¬%��� �!� *,��R�������3��!��u�d � �!�
7�����E��9IX(���/78�7����6����7 ���\*%����"$���k*%��� ���E*,������3c�����¯��0������T%*,�\�!����b�����)��*,+-���.�!�qR?
���]�������������E*,�'+@�
%+���*�������� "����7 ������*��������D�]��78���\���E*%������7&� �.*,��������f�!�]T���!Tl����3£70� �!���!d � �!� K <>�����F����*%�������\*%�.� LEN�O D �
<>�����F����*%���	�f*�Tl������%� LEN�O%O
� :�
-�!������*%��� 6(��*,� a L�N � t6Q %���]R]+��\�!�S7��������� K 6b�.*J� a A��/��� *�Tl�!�#*%���
GI*,
-*,��%
@�� �!�� LEN�O D � 6����������* LEN�O�P�� <��!������� LEN�O,s� :l3%��c*,��� 4/���E�!���� L�N�O%s� <U����ER 0�� ����� LEN � ± Q 9
X(�������5��������*,+-�.���!�������I�!�E*%�?��#����.�!�������!T��bd ������� *,���!��3�������������6�_�E���������\�!��x �E�����I�k� ���\���E*%�8���E*,�)�����[�����
T%*,�\��%���(
-��*%��78*����7�
2������6���kT���*�*,���7	*%������5����.�������!�����9gB4%78���6����7 ��7l�\� *%��3��f��* a ���5������"$%��7

���z�{
���

! � {}| K �zU|k� �zg{ Q )

*%���=���E*,���!��38%">�����#��%�i��
2���E��������* a ���5������"$%��7

� � {
���

! � {}| K �zU| � �zg{ Q��6K �� ��� � �zg{ Q )

�k������� � {}|f�!�F�����f��12�������!T�������.�������!��'"�����e]��������R8"$%�(�����f�!������*J+-�.�.�W�qR'*,��� �� ��� �!��������
 � *%����T��E��]�E�W�qR
�"U��������������*,+-�!��
-��*%��78*?��*�T���9

ION-ION COUPLING IN AN UNMAGNETIZED PLASMA
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II. ION-ACOUSTIC THRESHOLD CONDITIONS
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III. UNMAGNETIZED ION-ION THRESHOLD CONDITIONS
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ION-ION COUPLING IN A MAGNETIZED PLASMA
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EFFECTIVE COLLISION FREQUENCIES OF THE INSTABILITIES
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PHASE VELOCITIES OF THE INSTABILITIES
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COMPRESSED B-FIELD. 
ELECTRONS AND IONS 
ACCELERATED WITHIN 
COUPLING SHELL

Region I: Ambient 
   Magnetic Field

Region II: Compressed 
      Magnetic Field

Region III: Swept-up 
     Magnetic Field

R

R+

8:9;=<?>J©���«
Geometry of the coupling to a background

plasma in the presence of an initially uniform magnetic
field. The debris plasma initially expands with spherical
symmetry. A shell of compressed magnetic field (the
“coupling shell”) forms. This is the region where most
of the electron and ion heating and momentum coupling
occur.

8:9;=<?>J©��>«
Detail of the Coupling Shell for a mag-

netized plasma. where � is the thickness of the shell.
Charged particle loss can occur because coupling is weak
along the magnetic field lines (Papadopoulos et al. 1971).
The angle

���
below which coupling fails can be estimated

from
��� � K � � 
 Q��M��� .
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THE CONCEPT OF MARGINAL STABILITY
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PLASMA FLOW NEAR THE COUPLING REGION
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Schematic representation of the Longmire shell. Ambient

magnetic field
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, here assumed perpendicular to the debris expansion,
is swept up by the debris ions and compressed in a narrow layer. The
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, but resistivity

and plasma acceleration near the shell will limit the compression.
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Schematic representation of the debris-ambient phase

space in the vicinity of the coupling shell, illustrating the laminar accel-
eration of the plasma streams by the large electric fields in the coupling
region. The radial electric field is produced by thermal (and magnetic
field) gradients in the coupling shell.
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