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23�6. )�>] 1 �2�)�_ 7    5�~�  @~ "CeIn  � 'W      =�;� (F:�W� ��B

 j�� �;;�FP-APW�&  � ;;� 5PBE-GGA .� z8;;O9� Q� @;;FN (�;;:8

b;;:� �<~��;;0� g�;;�P��C^�� ���;;� 7%�;;� =�>�;;:% ��;;�T�;;<U�� � S

(O&0 ]�     b:� �<~��0� �%��� Q� S� �2<�C^ ':� ����  . V;9^ (;O&0 ^

(O&0 ��� �O: =�<�% ��B0 �2<�]1':� .  

  

         ;��N 7��KQ�;: |���0 �����% Z��Y  (� (�8  ��       ���;&� �;� 1)8;FN @

=Q��0� 1��
  �1��� =��K V:8  =�� 7��KGPa -#%��% � .  

  

B .��)C�/�� ���D��  
   ��2�)�_ 1)�>]DOS      5�6�  7��� =�� (F:�W� �"CeIn   Q�;� �% � 

 ��B;� � R��G�� ��B� �% �1��� 7l�0� R��T� 1G�:�GPa  �! �

  �%@A�"    ':� =�� =%�% ��B0  .���          ��8;<P (;� �;� (;6 1 n�_ 

���d   (���K �X0 �% '       1;� =��% @A� C�� �% ?��      ;� (;� ��08;�

7�2�)�_ pH   �% In        %��;_ ���<���� 7�2�l�0� �% (6 Ry 3^  �  ���;N

1� 7�2�)�_ ��0��K s3   �% Ce      1A]86 ����� 7�2�)�_ 1)�>] �0 

  %��_Ry 3/,^ �0��%  .  7�2�)�_p3 �% Ce � dH �% In  ';��:   
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5#��1.(�:8���Q ?2:  7�2� � 7��Ce � In 5�~�  1<�b:� 1��T�<U� ���� �% "CeIn 7��� �� µB1 �F:�W� (�F� '��E (<��~ 7��� p	�/� 7�2F��&  �% . 
   PBE-GGA  

   AFM+SO  AFM+SO+LDAU  

   s p d f  s p d f  

 Ce  ,,!"-/,  ,,-!"/, ,"�"�/, 3#!**/,  ,,!�#/, ,,�H,/, ,H�!H/, �,�,3/, 
 

 
In  ,,,,H/, ,,,!!/, ,,,,!/, ,,,,,/,  ,,,�3/, ,,��-/, ,,,�!/,^ ,,,,H/, 

 

  

  
23�7.��T�<U� ���� Z����U  1<�b:� 1 Ce 5�~�  �% CeIn3 'W  

�&  �� ��B�� 5PBE-GGA.  

  

         (;� 'F�;0 � �;0��% 1;� � (F�EF  <���;� 7�;2�l�0� �%   ���;N 7��

  �;�� ��0��%        @��;� �;>�% Zn�;_ s-, d3, fH     � ?��;: p3, s3 

      (���K ���N 1��� 7l�0� R��T� �% ?��<���0� . ��;��       �% (;6 �8;T

@A�"  1� =��%  �� %8��      �;X0 �% ';���d ��8;<P (� (6 1 n�_ 

 =�� (���K             =�;0�� � n�;� 7�;2�l�0� '�;: (;� ��B;� ';W  �;0�

1;;�   (;;6 ';;:� 1)�;;_ �% C;;�� � �08;;�p3  �%Ce � dH  �%In 

          1;� y;Y_ �� %8;9 1� � (F� '��: ��<i�� �;<<6 .�2�  C��;�

   7�2�)�_ �Zn�_fH  �% Ce  ��;�� �% �� ?2: C���B�� (6 �<��� 

   �0��% 5�6�  C�� 1��T�<U� .       ?; � 1�;�T�<U� ��;��Ce    C;�� �% 

     S0�n =��K V:8  5�6� µB !/,±-3/,     7�;�% �% K 3] !-[ �

  ';;�8<� =��;;K V;;:8  � µB,�/,±H�/, 7�;;�% �% K "] !# [

=Q��0� ':� =�� 7��K .   Z�F;:�W� �;� �;�)n =��K FP-LAPW �

    C�b:� �<6��0� C���K �X0 �%^ ����� SO  �      � R��;G�� ��B;� �%

     ���&� �C�8	6 �Y[ 7��%µB  #,�/,] !� [  =%8�0 j��K �� �;0� .

;;<��6 �;;� �;;��AF;;� ';;��E �;;)%�G� Q� =�;;�I ';;:% (;;� � ';;)�_   

j���^       ;G�� ��B;� �% � ��K�0�8�         �%8;�0 (��;h� Q� ��;� �R��

  C�b;:� �<6��0�^       1�;�T�<U� ��;�� ���;�      �� ?��;: 1<�b;:�µB 

-3�/,         �<6��;0� �%8�0 (��h� Q� S� � SO       �� ���;&� C;�� µB 

-!�/,      5��&  �%��� �� � GGA+U �� �I µB �33/, (;�    ';:%

?�%��I .  1� ��B0 Z�F:�W�     ���P '��N �����B� k��  �% ���% 

         7�2)������ Q� 1��0 5�6�  C�� �% 1��T�<U� ����f  1;�    � �;���

  �5;;� �  (;;� ��I Q� S;;� 7�;;2)������d�  p  �I �% 16�;;0� ;;�0 

 1� '6��B� �<<6 .(�  1� =���B� =�\P     7�;2�2� %8;�x  � y � z 

1�;;�T�<U� ��;;�� �% 7���;;� 7�2�2;;: �;;0��% ?��;;: . ��;;��

      �<6��;;0� �%�;;�� Q� @;;FN �;;  ?��;;<�� 1<�b;;:� 1�;;�T�<U�  

C�b:�^  �Y[ ����  1�           �<6��;0� C;�� �%8;�0 (��;h� 1;)� ����

   0� �T�<U� Q��� 5�8�    =Q��0� (� 16�µB ,,,�/,      ?; � C;�� �% 

1�         5;��&  �%�;�� �;� (6 %8�GGA+U    ���;&� (;�  µB ,,"/, 

 1� ����� ���� .    1;� =���B;� C�<i��    g�;����� ?2;: %8;�p �% 

            �;2)������ ���: Q� ��� �����B� k��  �% �? � C�� 1<�b:� �T�<U�

':� .  �%g����      (�;:8� �;�Q ?2;:    7�;�s  �p �d � f  ��;�� �% 

�<U�             (AF;� 7�;2���E (;<��6 7��� �� ?��<�� � ?��: 1<�b:� 1��T

      ;A� �� p	�/� 7�2F��&  �% 1 �F:�W�    =%8;�0 (�;��&� �>��  ?;�� .

             %�8;� ���B;� ';W  5�6�  C�� �% ?��: 1��T�<U� ���� �����

         ';:� =%8;� 7%�;�Q 1;��
  7�2���K (�8  . =Q��;0�     �;� �;2���K

  ���� Z��Y�� 7�2���       � ��;�� ��;� =�0�B;0 ��;� �;K  1�;�T�<U

      ':� ��B� ����� �� ?��:]��3�!*.[       ��B;0 ;�0 �;� Z�F;:�W�

1�            � ';:� (����� ��B� (� Z�� (� ?��: 1��T�<U� ���� ��%

1� �Y[ '�: (� ��B� ����� ��%�� )@A� H( .  

     Zn�_ 1)�>] 1:��� fHCe-  1� ��B0     ���B� ����� �� ��%

  7�2�)�_fH     1� ��<2� (6 1)�_ �%     �O: Q� �08�     ��% ;�0 1;���  
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23�8.)�>] 1�2�)�_ 7�� � n�� ���20����)� C7 fH�: �~�  �% ?�%�� 5T�<U����� S"CeIn j�� �� =�� (F:�W� ��B� 'W  FP-APW .(a) �� 

�& �5PBE-GGA b:� �<~��0� � �C^����B� �% ���� 7 , � GPa �! (b)�&  �� �5 PBE-GGA+Ub:� �<~��0� � �C^����B� �% ���� 7 , � 

GPa �! .V9^(O&0 ^(O&0�<�% ��B0 �2<�]�l�0� 7��� 1':� .  

  

     1� ��%0 �0�:� ��80 (� �  ��08�@A�3 . C�� (�     ?;6 �;� 5� � 

     7�20���A)� 1� � '��: ���f          �;20���A)� C;�� (;6 1)�_ �% � 

   1� ���: ��B�� � ��B��  =�0�B;0 ��� ?��: 1��T�<U� ���� ��08�

1�%8� .(�  ���� �� =�\P     ��80 7�<2� ��B� �f  1� %��Q      (;6 %8;�

       � k�� ��� ��A]86 1<G� (� �0 C���     ��� ���: � �20���A)� �E

':� �20I .  

  

E .�/�C�/�� F��(� ��G�����CH  
 (��� k��      �20I 1<�b:� 1�8�0�86 %�P (6 1���     7���;� �� ��K��

     (��� ��� a�Q8  7���% ���� ��          ��;2] ��;�� � 7��;6 �;�{ 7�

 (��� 1FON�  7Q 1� �<��� .    �1A���A)� ����� ���%��KEFG  �� �

  F �� ���&�� �8�0� �    �Y[ %� �� �%    � |<� ���Y)�    (6 ':� @&��� 

(�                �% 1;0���A)� �;�� Q� 1;��0 @��;0��� k�% (;F �� e�B;� ��8<P

      1;� p��G  ? � �� (��� R��T� %8;� .       Q� 1;:��&� ������;� C;��

    _ 7��6 ���&  Q� 1A���A)� ��� 1)�>] R��W0� ��;� g8�  %�8;� 

 ':� �X0 .EFG   (� ?� (6 �      =�;6 @9�% '���d 7�20���A)� (	�:�

              �%8;�0 (��h� �� �':� =�� ��)8  �8	� �% ����� (�&� ?� � 1� �

          C�;�G  (��� ��A� �% 1A� ��:���A)� @��0��� (� ���%��K �>	�P

1�%8� .    �8�0�  �1	[� 7���8W� =�>�:% �%EFG    � =%8� 7�ON 

  � �% �2< �Y)����     �I 7�;ON �;[�<P ��;�Q %��% @&Vxx � Vyy � 

Vzz;;O��� �% � Vxx+Vyy+Vzz=01;;� `�;;[ �;;<<6 . �8;;W� (;;:

  1;;� v�;;/�0� 7�8;;T 1	;;[� 7�;;��8W� =�>�;;:%  (;;6 �08;;�  

|≤ |Vzz |Vyy| ≤ |Vxx|����  .1� �8�0�  ��8 EFG 7�ON �� 

��{ ������� �% �� � %8�0 C��G  (�����.�������  Vzz   C��;�K�� (6

��Y)�     �8�0�EFG       ���&  k�P ������� � ':�      Q� ';:� Z��FP 

,η η=Vxx-Vyy / Vzz .    1;��
  Z�8;[ (;� n8�G� (Y)8� �% C��  
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5#��6.� �Y)����� �% 1�����)� ����� 7�20��%��K 1	[�  In 5�~�  "CeIn 7��� �� �V/m !,�! . 7��� �h�_ ��~ �% (~ �1�����)� ����� 7�20��%��K

(<��~  '��E 7���F��)%�G� Q� 1 �F:�W� �=�� (F:�W� ��K�0�8� ���� ')�_ =%8�0 (���&� 1��
  ��%�&� �� C�<i�� � C����: 1 �F:�W� ��%�&� �� �� ��0�?��  . 

   PBE-GGA  

   AFM  AFM+SO  AFM+SO+LDAU  

   In  In  In  

 * EFG  -�,/!�   HHH/!�  H"3/!�   

 [!�] EFG  ,�#/!"  *3#/!�  H"!/!�  

 [!#] EFG  -  H*,/!�  - 
 

EFG ���� �% 1��
  In ��V/m !,�! × -/!!1�  ����]�,[.  

*  :�h�_ ��~  

  

 1� C��G �08� .         ���;�� ��;�%��K �% (AF;� � ';���d 7�2�2;:

1� C��G  ��Q Z�8[ (� 1A���A)� �08�]�! :[ 

  , lim=
→

5 20
240

VVzz
r rπ

 

 �I �% (6�,V(Y)8�  � M= � , L=� V��  (��� ��A� �% @��0��

O��� Q� (6 ':��1� ':% (� ��Q ��I:  

  ( )

( )

( ( ) () ),

rV
R Rt t rdr dr

r r R

V j kR Yk kt
R k

ρ ρπ π

π

= =

− +∫ ∫

+ ∑

020

4 420 20 52 2
5 50 0

4 5
2 2 2025

� �
�

  

  �I �% (;6�, ρ ��, Y ��j  �Rt     (;Y)8� 5;� �  (;��M= � , L= 

       7��;6 �<���� �� �1)�>] V��)�M=   � ,L= (     @�;� a��; 

  7��6)� L= (    C��8;� =�6 t�G� �^    ';:� C�;   . ;	���  �% g�� 

    ] Q� 1��0 n�� ()%�G�          7�;20���A)� 7��;6 �;�{ 1;0���A)� 1)�;>

     =�6 ���% =U� (F� � '���d   C��8� 7��^        �I (;� (;6 ':� C�  

EFG  1� '���d      �<] V�� Q� (6 �9I (	�� �% t8�
� � �<�8K

   =��I %8�� (� �2�FON           (;O&0 ��;� 1���;N g�;� �� c��N �% �0� 7�

1� =����0 1A���A)� ����� ���%��K ��)8  �% (AF� ?2:%8�. 

              5;�6�  %�8;� �% ���;&  k�;P �������"CeIn    ';:� �Y;[  .

       1� ���N 1:��� %�8� (6 7������� �2<  C�����<�     %�;�KVzz  ';:�  .

     C�b:� �<6��0� �%��� Q� @FN � ^       1;FGA� ���&  '	P (� ����� 

  R��T�Ce  �Vzz       (��A� ���&  C�� �I Q� S� 1)� ':� �Y[ �I 

=�� �      7��� 1A]86 ����� ���&� Vzz=���B� 1� %8� .��� �%� 

In              =���B;� 1;FON ��;2] �<6��;0� �1FGA� ��{ ���&  @�)% (� 

1� %8� .       (��;� 1;FON ��;2] ����BK C��     ���;�� ��;�%��K �;� 7�

a�Q8  �%8� ���&���0 '	P (� (6 �1A���A)�   =�;� %�
�� �20���A)�

1A� ��:���A)� �<6��0� �':� 1� ��)8 �<6 .�������η (;�    ';	P

�8W� ���&  %8��':� �Y[ �(0�K (: 7 .  

     ��EFG   7�2� � In              C���;K �;X0 �% ���;� R��;G�� ��B;� �% �� 

 C�b:� �<6��0�^   S;� C�;<i�� � �<6��0� C�� �%��� Q� S� ����� 

     ������� �E� �%��� Q�U      �% � (F:�W� %����� g���"       �;� �� ��%�;&� C�� 

       =%8�0 (���&� �2���K ���: 1 �F:�W� � 1��
  |���0 ?�� .Qn    �;6m (� k

                 Q� (;6 1 �F;:�W� (AF;� 7�;2���E (;<��6 7��;� �� Z�F:�W� (6 ':�

)%�G��  j��� ')�_ ^    =��I ':% (� ��K�0�8�    �6 t�G� � �0��  C��8;�  ̂

  C� Ry "               7�;2���K ���;: j��;K (;6 1)�;_ �% �':� =�� k�
0� 

      ':� 1��
  (AF� '��E (� z8��� 1 �F:�W� .    a;N�� �%EFG    C;�� �% 

   � � Q� 1��0 5�6�   7�2In     7�;2)������ V;:8  �I k��  �F��&  � ':� P 

   1� ��)8  ? � C��%8� .  ���� � C�����<�      1;� =��% (6 �8T    �%�;�� %8;�

�E�U    %����� �   (X_\� �89 �% ��E 7�� �� 7�EFG 1;�0    ��;�Q �%��w;K

U      =��>��� 7�20���A)� 7�� %����� d   � f  1� g��P�      �;
<�� �% � %8�

 �% V&� �20���A)� C���0��% �&0 5�6�  1��T�<U� ��89.  

     �%@A�-          ��;�%��K ��;��� � 1��� 7�2�)�_ 1)�>] Z����U  

     ?; � 1A���A)� �����In        Q� ��B;� ';W  �� ,    �;  GPa ��    �;� �   
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23�9. (a)�����)� ����� ���%��K 1�� �% � =�>In 5�~�  "CeIn 

 ���B� 'W (b))�>] 1�2�)�_ 7��� 1 5�~�  "CeIn  ���B� 'W (c) 

�����)� ����� ���%��K1�� �% � =�>In  )�>] 5�_ ��1�2�)�_ 7 

���1~�  �% � 5"CeIn �&  �� �� 5PBE-GGA �<~��0� � SO.  

  

   C�b;:� �<6��0� g��P�^      =%8;�0 ?;:� ���;�  ?;�� .  @A;� �%-^a 

1�           ���;�� ?��<�� 1A���A)� ����� ���%��K ��B� ����� �� ?�<��

1�   �<�% ��B0 (6 �����     ��;� ?6     R��;T� ���;& In   ���;�� �;� 

 ':� ��B� .    1;� =���B� 1��T Q�          �% � ��B;� ���;�� �;� %8;�

 �1;;��� 7�;;2�)�_ 1)�;;>] ���;;6 (;;
��0DOS(EF) �EFG ?;;6 

1�   �%8�) @A;�-^b.(    (;� C�����;<�     1;� �;X0      ;O��� �;� �;:�� 

 C�� c8AG� DOS(EF)   � EFG     ����� (���% %8�� )@A�-^c( .

      � 7%��G  ��B� g��P� �� aN�� �%       s�;  �� 1��� �O: �20���A)� Q

     1� � n�� 1)�9 7����80 (� � �;0�� .      7%�>0��;���0 �;���80 C;��

 �0��% 7��B��)f3 , p-( ����� 5�8� � EFG1� �08�.  

  

B .�<(���C(H 
 C6�;;: (;;� ��;;��� j��APW+loF;;:�W� 7��;;� � �7�8;;	� ���9�;;: 

          �% 1A���A)� ����� 7�20��%��K C�<i�� � 10���A)� ���9�:  5;�6�

  S�T�<U����%��"CeIn  =�� =%�Y�:� ':�  .      �% Z�F;:�W� k�;
0� �%

  5��& PBE-GGA   � WC-GGA (�   =�� (���K ��6 �;0� .  Z�F;:�W�

    C�b:� �<6��0� v��{ �% � �8J_ �%^=�� k�
0� �����0� .(�  =�\;P

      Q� ��B;� ����� �E�3^    �;  GPa ��    C;�� 1;A��� 7�;2�K��� 7�� 

    K ���N 1:��� %�8� 5�6�  ':� (��� . 1� =���B�      �%�;�� �;� %8;�

  C�b:� �<6��0� �E�^         1;��
  |���0 �� Z�F:�W� Q� @[�_ |���0 ����

   1� ���� 7��B�� 7��KQ�: �<<6 .  ����       �%�;�� ?;���% ��X�0� (6 �8T

  �E�U         7�;20���A)� ���B6 5&P 5�8� (6 %����� f    1K�;�>��� � 

 1� �20I      7���9�: ��89 7�� %8��   ;�0 1:8�W� ��E1   �% %��w;K

       1;� �20���A)� C�� 1>��F�� C�� (6 1)�_      ��8;9 C�;�G  �% �;0�8 
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