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The main goal of the present paper is to develop a fully kinetic theory of drift-mirror in-

stability accounting for the plasma inhomogeneity and finite electron temperature effects. We

consider an inhomogeneous high-
�

plasma immersed in nonuniform external magnetic field�
. We introduce a local Cartesian system of coordinates with the � axis along the external

magnetic field, the � axis in the direction opposite to the perpendicular gradient of this field,�����
	 , and � axis to completing the triad. In a high-
�

plasma the magnetic field gradient��
���������� 	 is directly connected to the plasma density gradient ��������������� via equilibrium

condition ��
 � ��! � �#"�$&% �'� , where
� � is the perpendicular plasma beta and � is the plasma

density. Then, we assume that the wavelength in the (� -direction is smaller than the character-

istic length of the plasma and magnetic field inhomogeneity. This allows the use of the WKB

approximation. In the linear approximation, all perturbed quantities are assumed to vary as)+*-, !.�0/2143657/�8:9 � ! �<; % � �<; 57/=9?> � 57/=9A@ � % , where 1 is the wave frequency and B � !29 �DC 9?> C 9A@E%
is the wave vector. For simplicity, we neglect the curvature of the magnetic field lines choosing

a straight magnetic field line geometry. The general kinetic dispersion relation FHGJI'KLI �NM ,
for low frequency, 1PO 1RQTS , oscillations ( 1�QUS is the ion cyclotron frequency) in nonuniform

high-
�

plasma has been given by Pokhotelov et al. [1985]. Here F�GVI is the dispersion tensor

of the magnetoactive plasma with W ,
� �YX�C $ C[Z and the vector K�I is a column vector with

components KLI �]\ KL^ C K`_ C K�acb . The potentials K`^ , K�_ and K�a are defined byKL^ � � 9��1 d C K`_ � ! Bfehg %c@9�� � /i9?> ��
9��j1kd C K a ��l @m� 9 a1hd C (1)

where the indices A and M refer to the shear Alfvén and magnetosonic waves which are ob-

tained in the low-
�

approximation. In high-
�

plasmas, the potentials Kn^ and K`_ both com-

prise transverse and compressional oscillations of the magnetic field The vector and scalar

potentials g and d are connected with the wave electric and magnetic fields through the ordi-
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nary relations o � �0/ B d 5p/q1 g C r � � / Bse7g and the vector potential g satisfies the

Coulomb gauge condition But?g ��M�v
By setting the determinant of the system to zero, w )Ex FmGVI �]M , we obtain the dispersion

equation that describes the eigenmode spectrum of inhomogeneous plasma in a magnetic field.

For mirror type perturbations with 9 a O 9�� , and in the limit of small ion Larmor radius,9��zy&S{O X , the off-diagonal components of the dielectric tensor |'}2~ and |�~�} are much smaller

than |�~c~ . Accordingly, in the mirror approximation ( 1NO 9 a ! �R� }��]�'~a[� S���% }2�c~ ) and after

some algebraic calculations the following dispersion is obtained,� !T1 C B %{����5 ���p�z� ���-� 	����+���� !T1f� (1 ��� %���� ~$ ��S¡� �p�6� ~� � � �+���� !U1f� (1 ��� %�!U1¢�¢1R£ � %��� /¥¤ ~9 aq¦ S§��S¡� ¨© ª �D« ! « � « ª % ~�¬ �
­.®2¯¬ « !U1f� (1#S � % ��M�C (2)

which describes the drift mirror modes and may be applied to any particle distributions. The

angular braces ° v�v¡v²± denote the averaging over the full velocity space, while we have passed

from the variables � a and � � to particle energy « � ¦ � ! �-~� 5 �-~a %�"A$ and magnetic moment
� �¦ � �-~� "A$�	 . The term describing the resonant interaction of ions with the low frequency wave

perturbations contain the derivative ¬ ��­.®2¯ " ¬ « �P! ¬ � Sq" ¬ « %¥³J´ � � 
 . The resonant particles do

not move along the magnetic field line, while � a �µM , and the condition
� �P« "�	 holds for

them. The reference energy « ª in Eq.(2) is given by« ª � !U1¢�f1 ­c®2¯£6S %.¶ � �z� � � � 	·� �+���� !T1¢� (1 ��� % ��p�6� ~� � � �E���� !U1f� (1 ��� %+!T1f�f1�£ � %�� C (3)

while (1 ��� stands for the diamagnetic drift frequency,(1 ��� � ! B � e � � � % t'¸¹¦ � 1�Q � ¬ � � " ¬ « v (4)

and 1 ­.®2¯£6S �µ1R£6S�º ³J´ � � 
 is the magnetic drift frequency of the resonant ions. The parameter� is given by � ��l � � S¡� � } � W , where W � !¥9 ~ a "�9 ~� % � � }S¡��» X 5�! � �u� � a %�"A$�¼ and l denotes

the generalized anisotropy factor defined asl�� � X$ ��S¡��½ �¿¾ � ~ 	 ~-¬ � �¬ «ÁÀ � �j���SÂ� v (5)

In what follows we analyze the general drift mirror (DM) dispersion relation (2) for the case

of Maxwellian electron distribution �R® with an isotropic temperature Ã ® , and bi-Maxwellian

ion distribution � S with perpendicular and parallel temperatures Ã � and Ã a .
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Hydrodynamic stability. First, we analyze the hydrodynamic (HD) stability of the plasma,

as described by the first two terms on the left in Eq. (2). In this limit, the kinetic term being

small as 1 � "�9 a �?ÄAÅ is neglected and the dispersion relation receives the following solution1RÆ � 1 ® W�Ç » WÉÈ �Ê"�Ë�¼ }2�.~È � W where 1 ® � � � l Ã ®$�! Ã a 5 Ã ® % 1 � (6)

Here the quantity È is defined as È �kl � � S¡� � } �ÌË , the anisotropy factor l , identically

equals to the ion temperature anisotropy factor l S , i.e. l � l S � Ã �#" Ã a � X and Ë is given byË �Íl ~ Ã ® ÃÉa "ÏÎÂ$ Ã ��! Ã ® 5 ÃÉa %¥Ð . From Eq. (6a) it follows that in the range of ion temperature

anisotropy bounded by
� � }S¡� 5 W � l � l Q ­ plasma is hydrodynamically unstable. The valuel Q ­ corresponds to the condition È ��M and is given byl Q ­ � � � }S¡� 5ÑÎ X 5 � � ~S¡� 5Ò$ � � }SÂ� " \ X 5 Ã ® " ÃÉa b Ð }q�.~ � XX 5 \ X 5 Ã ® " Ã a b � } v (7)

The unstable mode corresponds to the lower sign in Eq.(6) for negative values of È , in contrast

to the ion DM instability which appears for È Ó M . The maximum instability growth rate is

attained at W � W#Ô
Õ¥Ö � È ! È 5�Ë×%�"-! È �ØË×% and is given by Ù'Ô
Õ¥Ö � 1 ® ! È 5�Ë×%�"A$�Ë . In

order to outline the close association of this HD instability with the finite electron temperature

and the plasma inhomogeneity we term it as hydrodynamic electron drift mirror instability

(HEDM).

Figure 1: Regions of the HEDM instability. The instability region becomes wider with electron

temperature increase and Ú SÂ� decrease.
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Kinetic stability. When È � M , the plasma is hydrodynamically stable and the term in the

dispersion relation, which describes the kinetic effects, should be retained. For the marginal

conditions, È O X , the dispersion relation obtains the form of a cubic equation for 1 , de-

scribing three wave modes. In the limit of zero 9 a , it decouples into the zero frequency mode1 ��M and the ion DM instability. However, incorporation of finite 9 a results in the appearance

of an additional kinetic instability. The obtained equation, can be solved analytically in two

different limits. For frequencies close to the kinetic ion DM frequency 1ÜÛØ1�£ÞÝ , where1R£ÞÝ � 1 �àßáX � � � lãâ Z$ 5 l ! Ã ® " Ã �#%�! X 5 Ã ® " Ã×ä ®�­ ä %! X 5 Ã ® " Ã a % ~ 5�! X 5 Ã ® " Ã �Þ% ~�å4æ C (8)

we obtain the solution 1 � 1R£ÞÝ�5 /ç�è È � Wsé X 5 1 ®1�£ÞÝhê ~ië C (9)

describing the known kinetic ion DM instability which develops for È � M , including the

small correction term 1 ® "V1R£ÞÝ . The parameter
ç
,ç � ì ¤9 a ��ÄAÅ Ã �Ã a ! X 5 Ã ® " ÃÉa % ~ 5�! X 5 Ã ® " Ã �#% ~$�! X 5 Ã ® " Ã a % ~ v (10)

describes the leading order kinetic effects. In the low frequency limit, 1ÒO ![º 1{£ÞÝ�º C º 1 ® ºí% , we

obtain the following solutions1ÉÆ � Ç ! W "�$&% }2�c~ 1 ®! È ~ 5 ç ~ 1 ~£ÞÝ % }2�.~Lî Îï! È ~ 5 ç ~ 1 ~£ÞÝ % }q�.~ 5 È Ð }2�.~ 5/¥ð[ñ¡ò � !T1R£ÞÝÊ%mÎï! È ~ 5 ç ~ 1 ~£ÞÝ % }2�c~ � È Ð }2�c~�ó v (11)

Since 1R£ÞÝ � M , it follows that the lower sign corresponds to an instability. This instability

appears only in the presence of kinetic effects for inhomogeneous plasma with finite electron

temperature. In order to distinguish it from the hydrodynamic instability, we term it kinetic

EDM instability. For smaller values of l � l Q ­ !=� M % , the kinetic EDM is the dominant kinetic

instability whereas, for higher values of l � l Q ­ , the ion kinetic DM instability dominates.

Figure 2: The drift mirror instabilities
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