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The proper Hamiltonian for degenerate spin levels is 

twice as big 
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Σ� = − ��
2  	
� Γ� = �
Σ� − Σ��� = � 

For spin:   
Σ�� = − �
� �� 0

0 ��  	
� Γ� = �
Σ� − Σ��� = � �− �
� �� 0

0 �� − �
� �� 0

0 ��� = �� 0
0 �� 

In parallel mode: Γ� = �� 0
0 �� and for anti-parallel: Γ� = �� 0

0 �� 

 

All parameters should be in the same basis.                  
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Γ� = �� 0
0 �� = 	� + �� + !�" + ��# 

If n is in z direction, c and d would be 0: 

Γ� = �� 0
0 �� = 	 �1 0

0 1� + � �1 0
0 −1� % � = � − �

2  	
� 	 = � + �
2  

For parallel: Γ� = Γ� = 	� + ��    and for anti-parallel Γ� = 	� − ��  

�"�# + �#�" = 0 

�"�# − �#�" = 2��  

Trace will not change by basis transformation.  &'	!()� * = &'	!(+�#, = &'	!()� * = 0 

If n is in x direction: Γ� = 	� + ��" 

If n is in y direction: Γ� = 	� + ��# 


� = -� sin 1 cos 4 + 5� sin 1 sin 4 + 6̂ cos 1 


�: Γ� = 	� + �)�9. 
;9*  
�9 = -��" + 5��# + 6̂�   

�9. 
;9 = sin 1 cos 4 �0 1
1 0� + sin 1 sin 4 �0 −�

� 0 � + cos 1 �1 0
0 −1� = � cos 1 sin 1 (<�=

sin 1 (��= − cos 1 � 

 


