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+�       �� �2 +M*�
� ��Q�� <� +@c@� � !7�  ���UPr  +� ��D* ��! .

    ��2 ��!�$� �!UPr           "12 z712�� ���1$� "12 +@c@� �Y�H�   N1�� 

+��@/ .

 �!#��11� 3�,H � �    "112 z7112�� +11�� ��112 .11�0�0 "112 

  3�,#�Q�2���p   3�,�0� OH � O�%5� 6��L  .  "12 z72�� =��� �!

OH     "2 z72�� �7Q5 px  "2 z72�� =��� �! � O�  z712�� �7Q5 

  "2py   *7Q5 "2 %M)*         3�1,*��Q4#� 3���! ��1R�! 3�1,#�Q�2��� 3�,

 �@Q)� 3�Q�/ .          3�1,#�Q�2��� "1/ %15� %	; ���2 I��OH(px)  � 

O�(py)           +1� +1��� 3��1*� <�!* �! 3�� "��* 3����7*   �*9�15

               +1��� 3��1*� �1�9 �1R�! 3�1,#�Q�2��� "12 z72�� 3����7* +#�
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  6���3.   �~� UPr        3�,#�Q�2��� "2 z72�� +�� ��2 �! p {0� OH  �! 

 .�/�0Pr�H� . "2 z72�� �8L �r5Y�H�-LSDA%5� .

UPr(Ry) px py pz
O/OO �/�O� �/H�B �/Hh�
O/�O �/OBO �/�OO �/H�B
O/hO �/O�� �/�O� �/H�O
O/�O �/O�A �/�OA �/H��
O/Bh �/O�O �/�O� �/H�H
Y�H� �/OB� �/�OO �/H�h

  6���.   �~� UPr      ��� "2 z72�� +�� ��2 �!   3�,#�Q�2p   {0� O�  �! 

 .�/�0Pr�H� . "2 z72�� �8L �r5Y�H�-LSDA%5� .

UPr(Ry) px py pz
O/OO �/H�� �/OAB �/Hh�
O/�O �/H�� �/OB� �/H�H
O/hO �/�O� �/O�� �/H��
O/�O �/�O� �/O�H �/H�H
O/Bh �/�O� �/O�� �/H�H
Y�H� �/HAA �/OBO �/H��
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UPr(Ry)

Y123

Pr123

  1%�!.      +1�� 3�1���2 t7�
� +M)* _����g0 OH(px) � O�(py) �! 

 .)G �2 �G�� =7	5UPr.

�@Q)� �� �T��/ � �@Q)�.

  �!N4�B     3�1,#�Q�2��� 3�1,*��Q4#� t71�
� +M)* _����g0 

OH(px)  � O�(py) �G�� =7	5 �! ) N4� �2 "2�D�� (  6�1� {5�

%5� .      #� !��K0 �%5� C(D� N4� �! "/ "*7R*���  �! �1,*��Q4

  %#�GUPr=O   !��G �! �B/O   9� �QD1�2 �1G�� =7	5 �2 ���Q4#� 

  %#�GBh/O=UPr %5�  .       +1@c@� NP� �* �
@�� �!CuH   _��1��g0 

 .)G �2UPr �0 �^? 9�  Ryh/O 9� �0���� h/O �0 Bh/O%5�  .

   +� 6��! "/ +M#�� "Q4*  ��!�1$� 3��2 "/ %5� I�� !7��/OUPr≥

     "k1(D� �2 �,*��Q4#� !��K0OH(px) � O�(py)   "12 %M)1* Y�H�

�@Q)� �Q�/ .

5�                 9� "1/ +��1,*��Q4#� "1/ %15� I1�� !��! !71�� "1/ +#�

  3�,#�Q�2���CuH(dxH-yH)  �OH(Px)   � O�(py)  =��;� �~� �! UPr {/ 

+�      +1� �1
/ "12 �*7� �1*�� .        3�,#��1� �! %1e! �12�  �H   � �

+�         �1,#�Q�2��� �R�! "2 �,*��Q4#� I�� 9� +D(2 "/ {�@�2  3CuH(d) 

  �OH(p)   � O�(p)  N$Q@� +� �*71� .    !�71� �! �QD1�2 3�,�15��2

   +� ��D* �,*��Q4#� Z�970      m��8 _��/ 9� 3�R�! �(2 �"/ �@�!

+11��*711� .  !��� 6�11� m��118 3�11,*��Q4#� I11�� 6�11�; �11(2

 3�,#�Q�2���f {0� Pr+��*7� .

    3�11,#�Q�2��� +115��2 "112 =�11GO�(p) �Oh(p) � Cu�(d) 

+�{�9�!�� .  �!#���  3�,h  ��   � �        z712�� +1�� ��2 .�0�0 "2 

  "2O�(p)  �Oh(p)   � Cu�(d) 6��L �*� .     �7Q15 !��1;�py   �! O�  � 

pz   �! Oh          �1*��Q4n7/ =��1� �1� �R�! �7Q5 �! 9�  .   �L %1	;

              3��1*� <1�!* �! +#�18 ��M��$0 ��7* <� �,#�Q�2��� I�� "/ %5�

 +� +����*9�5 .       �,#��1� !��1;� _��1��g0 +5��2 �2  3h  ��   � �

   "2 %M)*UPr �! +�      "12 %M)1* �,*��Q4#� !��K0 _����g0 "/ {�2��

 _Y�111GOH(px) �O�(py) � CuH(dxH-yH) %)111�* ��R�D111n  .

      .�/�0 3��2 !7�7� ��!�$� I�@[��Pr�H�)      3��12 l7k18 "2

h/OUPr> (     "2 %M)* 3��R�Dn sTQ8�Y�H� �*���*  .   %1	; "2

   {0� "4@��Pr     0 %5� �Q4�!* _�c^? "2  6��
*9 �   {���! ��\Q*� ���

    {110� Z1o7� �! _��1��g0 "1/Pr )    9� +1��* _��1��g0UPr �11� � 

  +@�R���Y    3�� "2 Pr (      "Q1��! _�c^1? 3�� �12 3�QD�2 �~�

6��
*9 �0 ���2%5� ��F9�5 Y�2 "Q4* �2 I�� � ��.

4 .4 . <�=
>Pr ��+
� 	� Pr�&4

      {0� +@�V5� +)�a�@g� ���� _����g0Pr     .)1G �2 UPr   �!  N41��

 %5� 6��L .     3��12 +)1�a�@g� ���� ���$� %1#�G O=UPr  !��1G �! 

µBh/� %5�  .         "#�$� �! 6�� "M5�c� ���$� �2 ���$� I��]�A[   +14� 

%1115�) .   .111��$0 9� "111#�$� I111�� �!LSDA U�� � LAPW
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�"7 #$��%& #'	�(732 OCuBaPr��)* +,
� 	� -#,
$. #/(
&  ������ �	
�� �

  6���5. �~� UPr 3�,#�Q�2��� "2 z72�� +�� ��2 �! p {0� O� �! 

 .�/�0Pr�H� .�� �8L �r5 "2 z72Y�H�-LSDA%5� .

UPr px py pz
O/OO �/Hh� O/A�B �/�H�
O/�O �/H�� O/A�� �/�H�
O/hO �/H�� O/A�h �/�H�
O/�O �/H�H O/A�� �/��A
O/Bh �/H�� O/A�� �/�HO
Y�H� �/H�h O/AAO �/�H�

  6���7.   �~� UPr        3�,#�Q�2��� "2 z72�� +�� ��2 �! p    {10� Oh  �! 

 .�/�0Pr�H� . "2 z72�� �8L �r5Y�H�-LSDA%5� .

UPr px py pz
O/OO �/Hh� �/H�� �/O��
O/�O �/Hh� �/H�� �/O�O
O/hO �/Hh� �/H�� �/O�O
O/�O �/HhA �/H�H �/O�O
O/Bh �/Hh� �/H�� �/O�O
Y�H� �/H�O �/H�H �/O��

  6���8.   �~� UPr         3�1,#�Q�2��� "2 z72�� +�� ��2 �! d    {10� Cu� �! 

 .�/�0Pr�H� . "2 z72�� �8L �r5Y�H�-LSDA%5� .

UPr dzH dxH-yH dxy dxz dyz
O/OO �/��� �/��� �/�OA �/��� �/���
O/�O �/�BA �/�HH �/��� �/��� �/���
O/hO �/�B� �/�H� �/��H �/��� �/���
O/�O �/��h �/�H� �/��H �/��� �/���
O/Bh �/��O �/�H� �/��� �/��� �/���
Y�H� �/�B� �/��A �/��h �/��� �/��h

  %5� 6�� 6!�^Q5� (.     ���1�� �12UPr       ���1�� +)1�a�@g� ��1�� 

+� 3��2 � �2��h/OUPr≥ !��G "2  µBA�/O+� N�� �@/ .+� {�*�!

 "/Pr +*��Q4#� ��Q8�5 [Xe]hf ��sH!��!  .  ���1Q4#� �! �F��s � 

   ���Q4#� <�hf         ���1Q4#� �! � �1@���* %/�� ���*7�� �! hf  �! 

     �@*��2 6��R��� "Q)� s��a�)      I���� 6�/ N8�! �R�! _��M; "2

 �@*��2 I�0 (  %���uPr  ��+ %5�  .       ���1Q4#� <1� �F� +#�hf  �! 

             "��1o� "12 �L �R�! ���Q4#� �! � �*��2 6��R��� "Q)� s��a�

   ���Q4#� �!�s       %���u �@���* %/�� ���*7�� �! Pr  �h+  %15�  .

     %���u ���$� !�7� �!Pr   �!    ��Q8�15Pr�H�     sTQ18� 6��71�� 

%115� "Q11��! !711�� �11\* . 3�,D11���9L N11P� �,D11���9L +118�2

  +)�a�@g� 3��Q���E�]��[  �71� 3!��K0 !7�� 9� +/�G �Pr+h � 

   !7�� ��Pr       z71	(� %1���u �2 )   I�12� +  �h(+ %15� .  +18�2

  ����9L NP� �R�!        ���071* <�Q15Y� ��S +F�@/��� ]��i�B [�

    "Q)� +)�a�@g� ���D0(NMR)]��i�A [  ��D* +1��! 1@   "1/ �

 %���uPr <�!* � +%5�. "#�$� �! ]�A["/   +)1�a�@g� ����

 +@�V5� µBh/�  "1�� �7n "/ %5� 6�� =Y�Q5� �6��L %5! "2 

  3�,*��Q4#�hf        !�1; I���2�@2 �*��! Y�2 I�V5� h/�      �L 3�1@K� "12 

UPr(Ry)
-0.1 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.90.0

S
pi
n
m
om

en
ts
(µ
Β
)

1.3

1.4

1.5

1.6

1.7

1.8

1.9

2.0

 1%� .� +)�a�@g� ���� _����g0  {0� +@�V5Pr .)G �2 UPr.

   "/ %5�h/�      ���Q4#� "5 9� ���Q4#� hf        I�10 I���1� 6�1/ N8�! 

    %���u � %5�Pr   I�2 �+   � h+%5�  .   U�� I1�� 9� 6!�^Q15� �2

+�     ��!�$� 3��2 "/ {�@�2h/OUPr≥        ���1Q4#� �! +2718 .��$0 �2 

hf        %1���u I���2�1@2 � �@Q)1� I�0 I���� 6�/ N8�! Pr ��+)   �1�

QD�2 +�/ 9� ��+ (%5�.

4 .? . 	��.#UPr  �
� ����# Pr�&4

        _����g0 �~� +5��2 "2 NMe 3�,Q�)e �!UPr      �3��71* ��Q8�15 �2 

 +11@c@�DOS "112 z7112�� Pr %11���u � �11,*��Q4#� Z11�970 �Pr

 �� "Q8�!�� . 5 =�G�        ���1$� I��Q,2 "/ %5� I�� =�UPr   ��1$n 

         3��12 .5�@� ���$� ��9 N�Y! "2 �%5�UPr   �2 3!�1;    9� �1QF

Ryh/O) eVhh/� (%5�.

�i+11� ��D11* +112�
0 3�,D11���9L "11/ �11@�!DOS "112 z7112�� 

) 
(µ
B
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 ������ �	
�� � �
����� ����� ���� ����� 
�	���� �"8

  3��9��0hf          � �1*���* ���e +��� 3��*� +4�!* �! ����*�Q*Y 

 +#�8 � �� _Y�G I�2 +RQ��4�hf  +1F�2 "M0�� �!  eV�O

%5� .    3�,D���9L �=�P� 3��2XPS�  � HBIS !�7� �! Gd(hf) 

+� ��D*Y�G "/ �@�! �� _hf 6!��c� �!  eV�i _Y�G � 

    6!��c� �! +#�8eVh +       +RQ��41� "1
�Q* �! � �1*��! ���e

   !��1G �! _Y�1G I�� I�2 eV�H  %15� ]H�[ .   +15��2 �12

 3�11,�@c@�DOS N411� �+11� �!  I�112 +RQ��411� "11/ {�2�11�

    +#�8� �� _Y�GPr(hf)    +1F�2 �12 .15�@Q� UPr %15�  .  �12

          I1�� +12�
0 ���1$� "4@�� "2 "�70     ���1�*�Q*Y �! �,�RQ��41�

 9� �QF�2Ryh/O)  eVhh/� (   p1� �%15�Ryh/O>UPr �! 

%5� +M5�@� 6!��c� =�� 6�R*.

Hi  3�7* b�4K*� 3�,D���9L�    1� +#�1Rn "/ %5� 6!�! ��D* � �~

6�11^G 6�11�
*9 �! �11�  .11�/�0 �! �! ��11�Pr�H� � Y�H�

��)4�  �*�]hO[ .����      �1(2 �! "/ "*7F)�i� (    ��1� ��1�2

")��$�    3��7* ��Q8�5 Y�H�   � Pr�H�  +� ��D*    +Qe� "/ ��!

UPr       N1P� !7� ���Q8� ��2 +��/ 69��*� "2 )�/O �h/O ��/O� 

 RyBh/O ( D@� 3����7*�   6��
*9 9� "Q��F      +1��� 3��*� "/ ��

  +� Zre ��  �@@/)    <� � ��,n 6���� 3����7* (    .1�/�0 �! �!

Y�H�   � Pr�H�    +� vMr@� {� �2     �9L �2 I�� � �*7�   Y�12 ���

 %5� ��F9�5 .       �! �1��� �r5 _�M5�c� %c?R�H�   �TM1e 

0 "2� %5� 6��5� ���]h�.[

�i  �11(2 �! "11/ "11*7R*���)�iH (  ��!�11$� 3��112 ��11� ��11�2

�/OUPr ≥ "k11(D� �112 �11,*��Q4#� !��11K0 OH(px) � O�(py)

 "112 %M)11*Y�H��@Q)11� �11Q�/  . Z11��� �!]hH[ U�� 9� 

@�D11�2 +11���Q*L�hMEM 6!�^Q115� �112 � 6!�! 9� �2�110 3�11�

���0��4@�5�       _�c^1? �! ��2 +#�Rn CuOH     .1�/�0 �! �! 

PrBaHCu�O�/�B � YBaHCu�O�/AB69��111*�  {�1115�0 � 3�111�F

6���*� .   .�/�0 �!PBCO      s��a� �! �,*��Q4#� +#�Rn N4� 

OH(O�)     .�/�0 "2 %M)* YBCO        N41� "12 N1���Q� �Q�/ �

  =�Q�2���px(py) %5�  .    Q4* I�� "2 "�70 �2 � "    +1@c@� ��!�$B

____________________________________________
�. X-ray photoemission spectroscopy
H. Bremsstrahlung isochromat spectroscopy
�. Optical reflectivity
h. Maximum entropy method
�. Synchrotron radiation (SR) powder data

 ��!�$� 3��2�/OUPr ≥  ��F9�15 ����9L I�� �2 +^�/ N4� "2 

%5�.

hi����     �(2 �! "/ "*7F)�i� (    +Qe� ��� ���2Ryh/O>UPr

    %���u !7� ���Q8�Pr     "2 <�!* ���)2 �+    +1� %5! "2   �1�L

 9� �Q4n7/ ��!�$� 3��2 +#�h/O %���u Pr 9� �0 ��2 �+

+�!7� .     � �,D1���9L 9� +18�2 N1P  ���1�9L      �1�S +F�1@/��� 

 ���07* <�Q5Y�]��i�B[�   "Q)1� +)1�a�@g� ���D0 ]��i

�A[+� ��D*  %1���u "/ ��!Pr  <1�!* +� %15�   "1QM#� � 

 "��\* .#�S  .1�/�0 +��*�5��2� J�; !�7� �! "/ +���Pr�H�

6�� q�r� %���u b�5� �2 �*��+�@Q)�  .

�i  ���$�UPr    "#�$� �! LM] B [   �12��2eVB/�  �! �   "1#�$�   ��1�

]H�iHH [  �2��2eV�O          1�* ��!�1$� I1�� "/ %5� 6�� ���Q8� 

 6!��c� �!Ryh/O>UPr�*��! ���e .

����     3�,D(2 �! "/ "*7F)�i� (   �10)�i� (    ��1� 6���D1�

  _����g0UPr    6!��c� �! Ryh/O>UPr         ��Q8�15 �12 +/�1*� �1~� 

 3��711*Pr�H�   +#�11Rn I�11@[�� � +11��� 3��11*� +#�711G �! 

,*��Q4#�    6��
*9 � _�c^? �! �  3��Pr�H� !��!  .   �� s�� �7n

   6�1^G � �1,*��Q4#� ")1��$�  6�1�
*9 � _�c^1? �! �11� �! 3�11�

 .11�/�0Pr�H� � Y�H� 9� +118�2 %c11? +115��2 �711\@� "112 

  .11�/�0 +��*�115��2� J�11; "112 z7112�� _�11��\*Pr�H� �%115� 

I���     "/ {���EV2 "/ ��eUPr   9� �1QF�2 3!�1; .5�@� Ryh/O

 ��2 �%5� "
�Q* 3        �!�/ C(D� "2 +���QG� � %5� +��/ 3��F

 3��2 �Q4� ���$� <�UPr%)�* .

4 .7.   -�
� �	8# 	� 5"�      ������	
�� @�A 
� ���# B*7C#  �)

 ��+
�Pr�&4 2����"# 6��7� D8�	�:� 	� %DFT

           _�M15�c� y��1Q* "2 "�70 �2 %�)e I�� �!DFT     J�1
*� "1/ 3�

6!�!    \* I��Q�,� +5��2 "2 �{�� "1��         J�1; !�71� �! q�1r� 3�1�

 .11�/�0 +110�` +��*�115��2�Pr�H�  6�11� 6��11�� "11��$� �! "11/ 

+�{�9�!�� .

•944:� #;44�<
�=� 9;44%� >44��)* : %)114� "11��\* �!

            .1�/�0 +��*�15��2� J�1; %1	; �%1^� +)�a�@g�Pr�H� �

       +)�a�@g� ���� 37e +#!�M0 +F�� %^�Pr(hf)     I�V15� �12 
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�"! #$��%& #'	�(732 OCuBaPr��)* +,
� 	� -#,
$. #/(
&  ������ �	
�� �

6�^G      _�c^1? �! !7�7� 3��CuOH   14� �    3�1,Q^� %)

    _�c^? �! �*�5��2�CuOH  %^� I�� %	; "2    ��1�2 �+F�1�

 %5� 6�� .   s��KQ� _�M5�c�DFT  0 �! �        I1�� !� �1� � �1��

%^�+�* +��G +F���@*2 �@*�70.

•  ��:� #?���@ >��)*:  1��\* �         b�15� �12 6�1^G +F�1��� 

  %���uh+)    <�!* ��h+ (  3�,*7�Pr    .�/�0 �! Pr�H�   �1@2 

  %5� 6�� 6!�,* . 2 �!  �()�ih (      "1/ {�!7�* ���2 +	�Y! �2

    3��2 .5�@� ���$�UPr       9� �1QF�2 3!�1; Ryh/O    � %15� 
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