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�? �'>�� ��/�!? .�(�B�:C� �.�'���V�dc ,�!G� &V�0NdFe ��
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 L�2�3 �.!� .� �2 ���? X��R'��  �� � Y�� ,13�� ������(G/�� ���'<�Z � ������(G/�� ����� �9B�:C� �:6:�&V�0YFe$�'(�  �G3 .� ��� 9����� �< F�.�'< ������ 
�� 9/�2�:<�� .L�2�3 ���< ���&V�0NdFe ���H ���� .� �:�
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2.4�"5� 
1�2�3�4xMx5�&RFe ��6 �  !3 R,3�7 �8�9: ;� ,<� �=+�>+ 

�� � �+Y� $?� M@���A��� $-� !3 $?� @
	� !2� ��9���+ 

,�BC��D ��E7�? �  �$?� F�� ,+�>+�� G�6 @�� !H ��E7�?

 �� 
AA3�� ��� �&ThMn ,��IAA� F��AAC �AAH mmm/JIK<AA� 

,AA� �AA+��C .�MAA9:M,AA� �B4 NAA?�� �AA8�9: ;� ,AA<� �AA+d�

)KO�Ti �V�Cr �Mn(�dJ)KAO�Mo �Nb(�dP)KAO�Ta �W�

Re ( �8�9: �� �sp)Al �Si �Ga (���H .GA�� ,+�>A+�� $���Q

 G�6 @�� !H �8�9:)�9�>�Hx,������ RB��� �  (�MA9: !HM

 �BA� �  !3 � ��  ,=E*HM = V�xG�AH �/��A4 J$A?� ]�.[

��E7�?�&ThMn � 1�2�3�4 G�� !H UBH�� K<A� �F �  ��>A+ 

$?� F�� .��E7�? �H ��E7�? G��PCaCu 1�A2�3�4 !H V	WE� !3 �

��� !E7�9� XY��3 Z�[�9\����PSmCo ,=94�A=94 �]H�� �$?� 

 ��  .,3�A7 ^A4� �A� ,+�>+�� �H �_`�� �  $Aa� �A� �AH � �A+

,	2�  NA?�� 
	� @�-�4� ;� K<�)T(��E7�A? � PCaCu A2[ V

��E7�? ���; �]H���&ThMn,� K8�b  B�:

.�&T = RT&+R5PRT&

@�B	H �<2� @ � ���` �E7���&ThMn K��� &'^4� )RB��� � 

�&RFe ( �Ae+ ;� 
��A�E� F�A=��� ��A-D �H !3 $?� ,A?�9��B	H

 F�AA� _AA�;B4�AA+� .,3�AA7 @�AA-�4� F�AA=��� � �AA+)0�0�0 (a&

*�f� �E3  @�`6 g�9� �9���� ��<�� ,	: �h�� i���4 �   ��+��/�/����$?B�� @ 
�� $�b� !H .
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&.j�BA	H �k2A� �Ak� �AE7���&ThMn 1�AA2�l�4 !AH VA	WE� 

ZyxMx5�&RFe.

@�AA-��=��� GAA�6 @�AA-�4� �)&P/0�&P/0�&P/0(f��)0�P/0�

&�/0x ≈(j��)0�0 ��'/0x´ ≈(i�,A� R�\A�� �� �A993 .�AH

 m��AA� @�AA-	�	f4 n�AA?� BAA4��X�AA8�9: oAA	p� ����4BAA+ �

;�?������)!	�� ;�V�Mo �Ti ( @�A-��=��� �  qX�f���4i��

@�-��=��� �  Zr?j��f�,A� G�6 @�-�4� G�
=��� �+BA�

]&�4J.[@�A=�  @�BA	H F�A=��� ��E7�? G�� �  �G�� �H ��
��

 !H sB?B�)P/0�0�0(b&�2A? @�-�4� !3  ��   B�� 
�+ H�N

�C�  GA�� ;� ,9�H�A9�H @�A-�4� �AH ,4�A2�3�4 � !E��C @�� �6 

,������ RB��� �H F �B+�7Zy&V�0RFe,� �� �+;�? .��>A+ t��E+

F �  ���#� G��E>�H !D�C !3 �+�y@�-�4� uBa+ @��H H���  !H

���#� ���� $?� �� �H �H��H 1�2�3�4 G�� @�B	H ��E7�?y@��AH 

@�-�4�C�N,� �b �4 �+�B4  �P/&GA�� �  !A3 ��AH�� ���
�� 

F�=��� $���Q �H  �;�� @�-�4� 1�B8b&@�A-�4� G�
=��A� �

�+��  ,� �  �� @�B	H ��E7�? @�������+ � F�� G�6]J.[

1�2�3�4xMx5�&RFe ���E>AC � v�AH X�E2*A+ @�BA3 @�A�  

�AH ,A�w�  @���H�9�6 $7�? @��H !3 �+��  ,C�
H ,*�[�9\� 

�9�;��]P�'.[,A� 1�2�3�4 G�� @�-�C��� �=�  ;� !AH ��BA4

  �3 F���� ��;  ��B� :�4 @ �=+�*���+ ��b�+ �  @B` @�Bf�

 G���� � @�B	H ��E7�? ,C �? �x�4� @��  �A�"B4 �A9�
� � BH

 ,*A�[�9\� 1�A2�3�4 ���A? !AH $2*A+ �-+6 ;� �H�9�6 .,C �A?

 ;�� K�<>4 B? �� ;� @�B	H ��E7�?�5�&,� _��*4 �� �A93 �

��A?6 qX�E2*A+ �� �6 ,A<�
�� y�BA7 �AW"�]� �=�  @B? ;� �

,�  ;�? .

1�2�3�4 ,��?�9� R�2+  !HxMx5�&RFe R�? �  �.�� zA+�� �{

R�AA? �  �+���AA<�� ��..0 oAA�3�4 !AA3 �AA+ �3 m��
AAC 

Ti��RFe � �B+�7 !H V	WE� �5�&,�� �� �|��AE�+ ^A4� �+�B4

 �93 g}� ,8�7 N����]P.[v6 !3 �
+6 ;� �|��AE�+ ^4� ��

 !AebY� KAH�` �BA[ !AH �� @�B3 @��  �-94 !+  �  ���
A�� @�

) ��b K&00(@ �=+�*A���+  BA2-H oA�B� 1�>AH !<	H �

,*A�[�9\���� ^AAe+ � @�B	HB[�A9\� ,+�>AA+�� �AA~� �}A" ��AA�

 @�-�4�H�N�CF �E*AC �B[ !H 1�2�3�4 G�� y�B7 �H @�

$��C ���` !�B4  �B�.

�  �3�4 �:B�
� 1�2–xMx�&RFe o�3�4 �–xVx�&NdFe y�B7 

!A3 @�B[ !H �$?� F �  ��>+  B7 ;� �� @�E-H ,4�u ,*�[�9\�

 �A�"B4 $A-� ,2A?�9� g�A)E+� ��BA9: !AH �6 �A+|��E�+ o�3�4

 $AA?� F�AA� ,AA��W� ,AA�w�  @�AAH�9�6]'.[�oAA�3�4 GAA�� �  

,*�[�9\� @ �=+�*���+ �<2���;)fJ(Nd �  �$?� !fa8 �  

,"�b ��; !3�<2�)d�(Fe @ �=+�*���+�@�Bf ��  .$H�`�

 �AAH @ �=+�*AA���+ �BAA+ �  GAA�����
AA�� !AAH �AA
9� �AA�  ��}AAC

 ,9�r?� @��=E-�;�H $�A? !AH @�BA	H �AE7�� ��A:�` �fa8 ;�

  ��E��c,�  B�]�[.$H�`� @ �=+�*A���+ �BA+ �  KAH�` ��A~6

!ebY� � !A3  ��  1�2�3�4 G�� ,<�E?v�B[�9\� y�B7 �  @�

 _���]�[F�� !W"�]� $?�.

y�BA7 � @�BA	H ��E7�A? ,A?��H G�Ah �V�#f4 G�� � 

 o�3�4 �  ,*�[�9\�&V�0YFe �&V�0NdFe @�A-�4� uBa+ �~� �

�DB3H�N �BA� �A-+6 ,*A�[�9\� y�BA7 � ��E7�A? �AH 

,� ���` !W"�]� ��C .

�.	���� ��67�� 
|��"6 �AA�"�� @�AA�&V�0YFe �&V�0NdFeAAH �)� g�u UBAA	AA+;�B��

,������ �A8�9: F�+;�A? �BA3 �A� �  �;�AC �BIAb �  � ,��A#"� 

�BC�6 ,4�#�#f4 
3�� ,?�9��B	H F�=>���;6 � CNRS KAHB+��C 5

!*+����� !�-4�+.|��"6@�� K8�b A`�� �H ��B� ;� Z� �"�AE+�4 ^�
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.� Yang 



&'& -��./�� ��.0��1  2�3� ! 4
3�5 
����6 Zy7V&(RFe ... ������� 	
��
 �8

1�� !H&J�BA3 �  $:�? ��A7 �AH ��>A�torr �5�0 �@�A�  �  
ºC.'0 $)�;�H �+��.�AE�3 �A]` �4 � K<"� �BIb �  ��|��"6 G�� 

;� µm&00�+�� � B� .�|���A�� 1��	�: ,A�  @�A�  �  �A�� B� 
ºC&P0��>AA� �barr  '�|��AAE�+ 1�AA�	�: �@�AA�  �  �AA-+6 ,AA�  
ºCJ00 ��>� �barr&0 1�� !H s��3 �� J�$A��C s�
+� $:�? .

@�-�4�  ��W4H�N@uBa+ )���#�y����� RB��� �  ,�(m�� !H

s�� $`  �H ,
9?gr J5�0��  ��6�H .

!+B�+ @;�� o�3�4 �	�?� !H �� B4�� m��� X�H�A4 �AH -Kα

Fe �1��` A���; �A�<a4 �º0P/0!A+B�+ @�� ;� @� BA� @�A�

 x�4� @��  �  �K<� $��C ���` ,?��H  �B� .@�A�B="� K�	f4 

BAA4�� m��A�X*AA��#� ��$AA-� @�BAA	H @����E7�AA? �AAH �AA-+6 

�s�A+ ��3 !H !<2� @���E����� ���)E? ��
A��Celref RBMAf� 

,4�#�#f4 �*?B�LMGPKHB+��C 5�� s�
+� !*+��� .

F;��+� @��H �[�9\� @��C !+�BEA?� ,4�AW]` ��A]` !AH K<A� @�

mm PG�;� � o�3�4 @� B� UB	)� ;� �)>A� ,A+;� $2*+ !H

 ,���7 ,*�[�9\� ����� �  � !�-4TP/0f� 1�;�B� !H !+�BEA?� �B

  B� �>7 G�;� �4 �� !E��  !=+ �6 _]#� �� .!+B�+ �[�9\� @��

!+�BE?� ,��A�  �;�H �  F�� F �  $-� @�P�A4 K�00 @�-+��A�� �

�4 ,���7T�0 ,� R��:� !+�BE?� �Bf� �H @;�B� !3 �NA?B4 ��A�

 F�=E? ESM{F;��+� �� @��C .F;��+� G�� � @��AH ��  �� �  �-���C

 $"�b �AH  BA�: ,���A7 �����)H ┴ M(�AH @;�BA� �)H║ M(

�+�� ���<4 �!+B�+ �[�9\� .!+B�+ ,:�2�� �[�9\� ��)MS(�� � 

 ���A�� ��}A
� ZA<: o*Ab �AH �[�9\� ,9f9� ,H��+��H ;� �� 

 ,���7)&H/�(�b�+ !H �!A�b�+ ,A9W� �v�AH ����� !A3 @�&H/�!AH 

,� K�� �a8 $�? �� ���)E?� ��93 .A�B4 �AH ,*A�[�9\���p !AH !

@�A-+B� � BH�+Y�<2A���; �[�A9\� �Nd �[�A9\� �YEA7� ;� 

1�A2�3�4 ,:�2��(N,H)y&V�0YFe �AH(N,H)y&V�0NdFe !2A?�f�

�AA�.@ �=+�*AA���+ @�AA-EH�~�K�&Ks�� m�� !AAH5$AA+�C�!AA3

�Y8� 1�B8 $��?� ��? m�� ���5�B*r��4 �G�A�W4 �$A?� 

��]��..[=+�*���+ ����� Zr? @ �Ha�A�3 !AH ��A�  �A� � 

____________________________________________ 
.� Extracting Sample Magnetometer 

.& Ram and Gaunt 

.� Sucksmith and Thampson 

��6 $?  !H ��; �]H��:

)�(.)/Ms&KJ+�K&Ha = (

m��A� ;� �x�A4� @�A�  �  ,*A�[�9\� ��?6 @�E?�� G��W4 �Be9� !H

 B4��X�A� F �aEA?� .BA4�� m��A� @BA="� !A3 oA�4�4 GA�� !AHX

!+B�+ !A+B�+ m��A� @B="� �H  �=+�*�� � G=�� @� B� @�� @�A�

 ;� �H !3 �Q�9E� ���A�� $Af4 �;�A+ ,A8�` K<A� !H � UB	)� G�

 ,���7 ,*�[�9\�TP/0$A-� y�A` _]#� �H  B�: @�E?�� �  

!	` ,?��H ;� Z� � �� !*��#� ��+ BH F�� F �  �A����+ ,���� @��

 G�AA�W4 ,*AA�[�9\� ��AA?6 @�EAA?�� �F�AA� $AA�B#4 � F�AA��AA� �C .

F;��+� �H ,*�[�9\�B��4 1�W"�]� v�H @��  �[�9\� @��C �	�A?� !H

�� s�
+� F�B)"  n��#� �  � ��3 B7 �E�B[�9\� F�=E?  ��.

8.9)� � :;��� 
K<AA� &BAA4�� m��AA� @�AA�B="� X�AA+B�+ �  ;� &V�0YFe �

&V�0NdFe � �|���A�� @�-�MA"�7�+ R�A�:� ;� Z� � ��� �� 

,� ��>+ �|��E�+��  .��
A�� s�+ ;� F �aE?� �H ��B="� G�� K�	f4

Celref  �  ��>+ !	` G��4���� !3��E7�? �H V2]9� ,���� @��

 ,�BC��D�&ThMn),��IA� F��ACmmm/JI(!AH !A3 �9E*A�

  �B� 1�2�3�4 ,A� UBH�� �e+ �+BA� .1�faA8 �A	�� o*AD�H

 ,�BC��D ��E7�? !H UBH�� @�B	H�&ThMn !A	` Kf� �  @�A�

 $?� F��6 ![BH�� ,���� .,9A���H m��A� @�A�B="� G�A9���

��>AA+ BAA�� ��AA9�  ,AA:�� @�AA�;�� ;� ,AAw
� �� �AA#� Fe5α�

��Fe&R,	8� ;�� ��93 �  &V�0RFe �A	` G��4���� !3 ��9E*� 

F�A� �)>A� �A-�9f9� @�� 
A�+ ;�A� �  G�� !H UBH�� ,����

$?� .;�A� �A8�  �,A���� !A	` G��4���� ��; �]? �*��#� ;� 

�5�&!+B�+ s��4 �   ��b ;� �E-H ��.P%,�  ��6�H B� .!�+6

 �  �|��AE�+ @�A-�4� ��=�>AD �~� �$?� !ebY� KH�` R�� F�=+

 oA�3�4 F�A�� !AH �oA�3�4 �  �A� @�B	H ��E7�? �H&V�0YFe 

@�A-�4� uBAa+ ;� ZA� @�BA	H ��E7�A? !A3 @Bf+ !H �$?�N�

,� 
�� @�-3�B	H !H � F�� �������+�9<� .� !3 K<� ���\4 G��

 �� F��  ,-H�>� �B[ !H 
�+ ���4B+ m��� t��E+ ���\4 !H �$?� F

,� F �  $2*+ �B	H @�+B�� @|�+� B� ]�0.[!A3 oA�4�4 G��AH

 �Ab�� �AH ^A4� �A� ;� �AE�3 �A4 ��EH� �|��E�+ ,M"�7�+ @�-�4� 
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)*
7.B="� B4�� m��� j��X1�2�l�4 !H UBH�� &V�0YFe �&V�0NdFe uBa+ ;� Z� � ��� H�N.!	` ���eE+� V2[� ,	8� m��� j�� j��;�

 � G�6 �:��&5��F�� �)>� �-	k� �  
�+ �+�.

9!��&.�A��\4 �8�  � !W"�]�  �B� 1�2�l�4 @�B	H �k2� @�-EH�~ 

�|��E�+ � �|����� uBa+ ;� Z� !k� �E7�� ^
b.

:;<�=  $
3  >�3�� a (Å) c (Å) V (Å3)∆V/V % 

7V&(YFe J.P�/����J/JJ.0/�JJ 5

Hy7V&(YFe P0.�/���00/J�J�/�J' J�/0

Ny7V&(YFe PPJ�/�����/J&.�/�J. J/�

7V&(NdFe P'�0/���P&/J.��/�J. 5

Hy7V&(NdFe P'�'/��.'�/J�J�/�P& '&/0

Ny7V&(NdFe '���/��.'P/J��./�P� �/&

RB���)�y ≤(!<2� F�=��� �  �@�b&;� ��AH �A-+6  ��AW4 �AC� �

��A��H ,"BA��� �b�� �H ^4� �� @�A-�4� G�
=��A� Fe �  � F�A� 

F�=��� @��i��j��f�,��99�>+ .@�A+B�� @|�A+� �1�B8 G�� � 

 ,A� �BA	H � F�A� �Ea�WAh �|��AE�+ @�A-�4�  ��� �AH �B	H �9<A� .

F;��+� !+B�+ s�� ���\4 @��C  �  ��>+ ,9�H�9�H @�-�4� uBa+ ;� Z� ��

 o�3�4 @��H !3Zy&V�0YFe ̂ A���  :�yH ≈��/&yN ≈,"�Ab �  �

�  F�A� �A)� @�-�4� ���#� !3Zy&V�0NdFe ;� $A?� 1��A2: :

./0yH ≈��/&yN ≈.,� F��  �oA�3�4 �  �A�  �BA� �  !A3  B� 

�yN >�|��E�+ N���� ;� ,��+ !3 �$?� g�A)E+� ,�  $A?� F�A�
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