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9Î�BöC-´E9E@����XSTë��ª¥ÑOiÞ9¦�� e2/Cgd,(Ù!) 9àO-
Ò

¨O(Ù!) �jt�->?�ë^-w�y? �́EwE��
Ò¨(Ù!) gho×±Ø�
CE@

t�����-tªÛÑðtZYC-/9aÛÑ9(Ù!) �
��m9w�PªOiÞè�E9>?O

�ÛÑ¥Ñ�jt�R��4A-®,w�OA´�

EEBw9��ªOiÞè9ÛÑvôt Fermi��wSÀ��-Ó_9OiÞ9ûß��BC¨�bR�

C-´Èq�¥ÑOiÞ9ûß��OiÞÞhR@ Fermiµ�t���1/� g @OPª¥Ñ�/G2

ÏcªB�E����4ªÛÑïÃ�²i9	�9¿�O��!�Í "SÀST9��ªÛÑÃ×9Ïc

tu�- ÓiÞÞhRt\sÇ�bO-@E��ß�yzÁ¨��ZÑ�SAm9@OPªX�ZÑ@�

��-E@m�-´�

¥ÑOiÞå9ÉVª¢¥Ñ�/G2�>-(Ù!) �j9
ÒY�ªBC¨VeOÈq�¥ÑOiÞ

O}w�¿ÛÑÏc�	�´C-�wSÀwe- ¥́Ñ�/G29Ïc�	����¿�O��!�Í "S

À���4�jï�th�)�± w�-STªCoulomb�;9ï�9Z;s�Ð�-E@w¥Ñ�/G2Ï

c+>øOiÞè9a�Ã×Ïc���C-E@mªxË¼½�>�4�æçw�-´E9>?�ªCoulomb

± P9jgSTOiÞèr9(Ù!) �j�lA49\c�î-cW�k%(Ù!) s�@��´�

E9s�9�29 ÜOcWtªúû��%C-E@wªÈq�¥ÑOiÞw�ªÛÑ-.9ÏtPtV

eA�2ªÇ�Oúûwm-.�K;¥9»A�>�4" PÞ!tZY�ªCoulomb± Pjg9ZY@

O�4u�-´�Ewª± Pjg9úûÄ��Ð�-E@wªÛÑ-.vôëªa�Ïc�lA4Ð�-

E@twe-´�

�ÛÑvô9�/G2�>-
ÒYtåAÓ_¥ÑOiÞw�ª¿ÛÑÏc�>�4�»�l9Þ Ù!

	�t%E�4A4mª"q���I9�ÛÑvôt�i��4A- È́q�¥ÑOiÞw
Ò�j9��

t Coulomb± P9ï��u�4A->?Oûß��ª"q��i��-�j�¾�¿¹w�-´�
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 � !"#$� %&'()*+�,-�

��SáÛÝ� ��!�>- AB jÃ�=9�29

â �iÞUi°9zÁ�´ÅñÆ���99Ñ¯gwª

_ ×�Ûá�á�4_ ×#�9ÛÌ!B���C

- ǺùÆ�"ñ�¯gwª_ ×9#$�Ûá�á�4ª

��$99Ñ�u�-ÛÌ���C-%�

AB_ ×�ª�Ç9ÅñÆ9>?�ªÛÑµ�¹òul�

�sç�ªàO-�è�"&�´��ßá�´4ªß�

áÑwõöÏc�%ECm9w�-´õötù2�?�

m9w���ªVeO�ÂÃ�át_ ×STá��ª�

å2�?m9w���á��Ç�bO-´EEwªÛ�

¹"q��tª�,��ÛÑt}�¾}ÒÓ��4��

4b-S�Ð�-ÒÓ^ãw���E@�7A��4�

¿��'iC-@ª3ñá�¥t"q��BöC-´�

EE�úû��%�ªE9ul9�è9ï�úø	t�
(���@C-@ªul9�è9jÃô��

� �

d,ZYC-9wªE���Aª"q��� ÇÅñÆ9B9�9>?�úû���4�;C-´E�� AB �;

@A?´�

E9 AB_ ×9#c9)�ª� ÇÅùÆ9¥ÑOiÞ�ÅýÆ9>?�*2Gµd9tª�Ñw^ã@C-Oi

Þó_ ×þßÊw�-´+ÙT��bSTE9^ã��æ�ªxË��I�4A�t¶,¸ª� � Ç�ÅùÆ9>

?�ÛÑð9�B��OiÞ9¦��	�4mªÛÑ9¥Ñ
n � "tSOP9çßwð�4A-E@�

á��pq�xË¨�
��9�ªWeizmann���9×! °w�-´-T�ªE9>?OÊw Coulomb�

;@ AB�;t1F�ë^-E@�x.��¶/¸´�

�9/�ªxË¨�E���� AB�;9jÃ9ZYt^ã@O��´Coulomb± P9J�w AB�;9

jÃ�0d,ZYC-´E9E@@A�ªJúw���>?�ªÈq�¥ÑOiÞw�ªCoulomb± PkS

wª�l901�j���4Û¹"qt%E�4A-E@�¥^��o7�w�Obª01ÒÓ¹>�ëT�

-uÍw�-´���ªE9>?O01ÒÓ�>-jÃZY�ªþõ2	Øð�

t(E)

i� / 2

E � E0 � i� / 2
� � �,��

�>�4�bSÀ��-´EEwªE �2	µ9(Ù!) ªE0��01(Ù!) ª���0193���4
A-´Å,Æ� Breit-Wigner
92	Øð@��¶4¸ �́,��>��ªjÃ�01± PkSw5TS�ZYC-

��w�-´@EytªxËw�ªAB �;9jÃ� Coulomb ± P9@Eyw�_�0"� °�4+Pª

�,�w���->?O�vw�OS��´�

E9FªxË9NìÙ�(2ªab9�f6tx9Ñ�>-�ÐBw9ÒÓ^ã|�7�4A-E@�8Á

�4+PªCoulomb± P�	9/�ÛÑðtZY�4A-E@STª�TS9a�Ïc�����uÍ�»

AOA@¥^� �́S�ª�Ct�8J>PE9>?O^ã�7�4e�V�9æ���t%E�4A-9S

¹æq¸d��>?wªC9�ªE��:
Í_��ST9N¸9;3w�-E@tç<���¶=¸´CO®

�ªxË�ªÛÑµ9�>@�P>���º�¹?��@��u9Ñ¯gw�®�4A-�2ªAB_ ×è

w��>wá�õö���m��mõö�AP��4áó¨Oá�¥t�B-´E9FªOnsager9Ã��f

�>Pª_ ×9Û¹BC Rxx�ªúû B9�&���4�

Rxx (B) � Rxx (�B)  �/��

�D��O,��OTOA´��t�4ªú¹BC�úû9E×ðw�PªAB�;@�4� cos(B)�-A�

Fcos(B)@A?×ð��S����ªOiÞwÛÑµ9jÃZYt¤/�ûßª_ ×è9õöÏc9ó<R

�>�4 AB�;9jÃ��-úûw0d,"� °�4�B?E@�O- É9uÍ�xjÃ9Gø|Åphase 

lapseÆ@��´�
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3ñE��ª9Ñ�>�4ÛÑ�x�>ST�4�bSª�P>ST�-S|9uÙH¹�Ì��3cw

�Pªu9Ñ9 AB_ ×t Young9u¶"_iÞxË9>?���d,õö�´4�93c�ë-ª@A

?�&9xË�O�4AOAE@tZIw�-´�EwªWeizmann ���9×! °w�ªwe-d,u

¶"_iÞxË�SAv��²-�2ªÛÌ9Ñ�Ûá�èST
����
g�ªab9ÛÑt�èST

J�4:
Í_��tR��OA>?Oâ �iê�4xË����¶Ó¸´�93cªGø�K^4ª�,�

�L?>?OjÃZYtëT�->?�O��´¥ÑOiÞ9>?�a�Ã×tùAÊwm�,��R�C

-@A?xË3cw�-´�d�ª~l¶Ó¸9xËm�#Ou¶"_iÞxË��O�4+T�ªM^�N

C-f¢¤mmu�4A- B́�ªCoulomb± Pw9GøtK^�8®P�± P9�O?}¦ïw0G

�uÍtu�ªf¢¨�\sOPptlSOABBuw�Q�4A-´�

�

.� /�01�23�45 %&*+�6789:;<=>�67�

x�ª+ÙTm¶=¸9¢~��VA�RÇ��ªæSTSt��-7Aw���´@A?9�ª8J>P

AB_ ×9#c9)9áÛÝ� ��!�ZY�´-E@w AB�;9jÃ��=we-dy?ª@A?

E@�Ïe�ªxËm��4A�STw�-¶Õ¸´xË�4mOSOS¤mSTîT�-��9jÃZYt

u��ªT�b7�4A�tªE�m�ST7^�u9ÑõÑwxË�4A��2w�-´�dªU�uw

>PmVW%�#�t�X8	£Y�4"��VÊ"ÞO ABÏctîT��@�4mªab9ÛÑ�xZ

44|�B?>?O:9Ñ¯gw��èõÑ@�4��A��OTOA´E9�2xË�[í�4A�´�

S�ªþßÊ9xË�U2-����4IU2��\xË��9lmPw:9Ñ¯gw9áÛÝ� ��!

�=xË��??��7At,OA3c�î�9w8B����>?¶]¸´�

xËÊ�ª(Ga,Al)As/GaAs9^�Víßuª¢ÛÑÊ�ÛÑ©_ì×±T� @(i� ×�>P%��

4ª:l99ÑtlA� AB_ ×v��ª#c9)�Ó�>- SchottkyÛþ�l,�m9w�-´)&¨

��ª� , 9>?�O-´ÛÑ9Q_@º��� 10
mª_ ×9`at 1
m ��w�-´E9 Schottky

Ûþt#c9)9áÛÝ� ��!��=C-Ë Þ@�4bb 9́Ñ¯g9Zc�ªâ �ZY�´-E

@ObªE9�9ÅñÆªÅùÆ9>?�ª0r�è9íîcW�ZY�´-E@w���´CO®�ªÅñÆ�Ú

bd�9��Wwª_ ×�Û�>PÛá�á�4ª_ ×9efw9ÛÌ!B�Ð�- É����4ÅùÆ

w�ª_ ×9#$�Ûá�á�ª�9��t_ ×���4��$�u�Ç¤C-A®«-"ñ�"q�

>-ÛÌ���C-´gI¨��ÅùÆwÇ¤C-ÛÌ�þ24Ç�A��w�-tªÊt
n � Þwµ

;×ðt_ ×#��Ït�4A-@ª Ð9ÛÌtÇ¤C-´�

ABÏc9jÃ�=�×C-xË3c�� / �
��´��h�� 30mKw�-´ij9k± °ViÞ

�ªú¹BC9�;Rs�Îw
��m9wªlm9úû���4ij9"Þ±h°twe4A-9�E9

�Gw AB�;t%E�4A-E@�
C´B�ªnm�Ë ÞÛÌwªË ÞÛÌ���4 AB�;t}

9>?�ZY�4A-Sª¹æwëoCE@twe-´�

�:SáÛÝ� ��!�Ë ÞÛÌ��>- AB�;9jÃZY´"q�9ZY�ªk± °ViÞ��m9´ 
(a) ���99Ñ¯gª(b)�"ñ�¯gw9��3c´ 
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�
�pS þßÊ9xË��i��â 9qrÛÑsVt
uÝ´vÎbë^4A-9tª(i� ×�>�4²

w��uª¢ÛÑÊ�>- AB _ ×´xÎbë^4

A-WA±h �ªÓ�>- SchottkyÛþ´ 

�

�

�

�

����9ÅñÆw�ª_ ×9�P>ST���Û

Ñ��>STye�-�2�³{OÛÌt���

�4+Pªu9Ñ���SAv�txu�4A-´

x/ª� /ÅñÆw�ª¾��/�tD���4+Pª

zAn©w����ÉVúû9±h ���4¾

�ef�{w�- �́¾��A|Q�SA©tu�

4A-tªEEw� AB�;t"��}AË ÞÛ

Ì�~wK��4A-E@�
C´��4ª�

�$SxË3c>PªLandauer-Büttiker?&���4q

A�_ ×�B�9ÛÑ92	Øð T1��2- AB�

;Rs�T19çß9h��¿� í�t"ñ���93

c´jA��tñ���93c´ul9àO-â �

lA49��3c��´4�
�4A-´�

�9	Bwë-@¾@µ}9�wªi@jt���®�4A- ĆO®�ªjÃ90"� °t¤/4A-´

E�mÏ����E@wª0"� °�a�Ïc9;3O}w�ObªõöÏc9�_Oó<R�>-m9

w�-E@�.a�44A-´"Þ±h°t³��m�`���4AOA9�ª¶Õ¸wU���>?Oª��Ù!

9ZYtOAf�¨OjÃ�=�O�4AOAE@ª�#Ou9Ñ��w�OAE@O}9��w�-´�

¹cª"ñ���9ÅùÆw�ªpTS�ÉVúû���4"�{wªSl"Þ±h°t�2�á�4A-´

CO®�ª¶Õ¸wÒ¾����áÛÝ� ��!�>- ABjÃ�=tA@m¾¿�we4A-E@�O-´

á�cmª�©w
��>?�ªám¿�O¿��Ù!���b¤m�¾���4A-�x/��¿��Ù

!wOA�2E�¾}?Bb���9�E¸9æç�m�-�́ � �

8	9�-BA�ªa#9SÀ9Bw Landauer-Büttiker?&�'iC-E@w¾��#�PpC-E@t

we-´@Eytªh��>-¥Ñ�
n � "�Ð�-�2� AB�39h��¿��ul99Ñ¯g

�lA4Ð��@Eyª� 49>?O3ctîT��´¥Ñ
n � "9��@�4�ª2	Øð¦��

2-ªAB�;Rs��-9t¹l9cWw�-´E��ª"q���Ù!t¿¹w�OA�2�#O��

w�OAtª#Ob@mh�ZY�ë-	w�SOPÈ�weªB�ªâ �>-sÒm�^4+,�B�

^ã9OA��@O-´�9h��¿��
��9t� 4 w�-tªu9Ñ���SAñ������4ª

"ñ���w�h��¿�t�-S�åbO�4A-´����
��>?�ª/%Ç� wm AB �;tð�

4+PªE��E9>?OÊ���7�4e�xË��@�4�SOP9�ew���´m�yµª>P�

b�eE@�ªE9>?OÞ Ù!íßO}�(BOAA®«-=+Ê9"q�w��9Ñ¯g�>�4¥Ñ

�
n � "9�ßAtVebàO-E@w�-´E��#b�249xË3cw�-´�

E93c��ªÖ¾@AmÎ¾@UP��44	�m99ªOSOSf¢¨>�tlSOS�� ö́^�ª

~l¶·�¸w��
n � "�%E�?@ªAB_ ×¦wSOP���AxÛÑ9E�|�SAE@��

4��mSS®T�ªE�¾}pqO�
n � "9ô�E�C-��Q�4AOA´NeC-@ªE�

¾}9�
n � "�¼e%EC��ÃNOE@��O,��OTOAª@A?E@w�- á́S>?ë

bSOPd��,4A-@7®�-f¢tu��¶··¸´�E��ª0r�è9íî9ac�>�4â $ST

	�9Ñ9h ± g "�VeO»At¤/ª9Ñ�Ç¤C-ÛÌ�T�9»A�>�4�
n � "�

ôtu�-@A?m9w�-´E9F¶{O9�ÛáÛÌ9Ñ9�v9"�{�w�-´Ö¾@Amªh 

± g "9ô�N¸¥��4	�ì�w���tªh ± g "9�AÛá��íî��4A-rsw�
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��SOiÞó_ ×þßÊw Coulomb± P�"

�

�

{�tu��vôw9ªÛáÛÌý��Ë ÞÛÌ- 
ì "óO�h ÛÌQ$���4×� "ä !° 
ViÞ��m9´�Ars¾}"q�t�bO�4A

-´B�ª�AWA`©�ªCoulomb ghU\ O�

ëëCbC-�29�K©´f�����9�ªÉV

ÊhU"kSw9"q�´ 

��SOiÞó_ ×þßÊ�u�� Fano Ïc´iA

©�ªûüU Ø9Ë Þ��/4_ ×�� ° �

vôw9"q��ª¥ÑOiÞ9¦ Ë ÞÛÌ Vg��

�4°ViÞ��m9wª��9 Coulomb�;tu�4

A-´jA©�ªûüU Ø�=,4_ ×��/�v

ôw9"q�´�;9¡ "±h t	���d,wO

bª�vtVeb"�{�O�4A-´ 
�

�-�2E��¢£�4A� �́S�ç<��4	-@ªÛÌ9Ñ�¥ÑÊ9¦�"�{O�wíî��4

+PªEE�BC¨VeO
 gPÍ "wÛá�tíî��4A�@�4mªÛÌ�T���¤C->?

OÛÑ9K;tÇ¤C���
n � "9ZI@OPî-´�

uwª�v�¿��xË¨�Ð�4+PªE��>�4¶··¸93c��.we-@Gí��-´E��ª

0r¨Om9@�A^ªÚb¹>¨O��9�iÞUi°�×C-m9w�PªE�Bw9xË3c�ë`

C	wm¶{Om9w�-@¥^-´�

�

?� @ABC DE�

OiÞó_ ×þßÊ9â @�4ªÖ¾�A®«-±i°óË Þc&�>-�RW�¥i��´CO

®�ª� 6�
��>?�ªJú@1pªOiÞó_ ×þßÊ9â @�4ªÖ¾�A®«-±i°óË
 Þc&�>-�RW�¥i��´CO®�ª� 6�
��>?�ªJú@1pª(Ga,Al)As/GaAs^�Ví

ßuª¢ÛÑÊ�(i��>�4VW%��4 AB_ ×�v@�ªÓ_9}Ë Þ�� Ê ±i°�´

-E@w�=æçO¥ÑOiÞ�²Pl,- É��ªE�Bw�i��4e�"°_iÞË Þ��iC

-cW�B�4ª_ ×9���ªË Þï9áÛ¨s
9	wÌ¦¨� hw�-´ 
E9â �lA4ªË ÞÛÌ��=C-E@wª#$9)�¥ÑOiÞ��R�ªm?¹c9)�E�

�ÛÑµ9jÃ�ûüC-ª@A?êjwxûü�è|@��?��± ��T�4"q��¥ÑOiÞ9

¦ Ë ÞÛÌ Vg���4����´30mK w93ct� 7 9iA©w
��� Íw�-´E9ûßª
�è¨��¿¹9¥ÑOiÞ@#b1/w�Pªx/��9 Coulomb �;�
�4A-´ª�ªûü�è

�ª5�=,4"q��­%�´�´E9Fªûü�è9Ë Þ���9	�i�ª§9u���F� °

 vô��4OiÞO}t�R��OA>?��4xË�4A- �́-��=A�vô9� Í�� 79j
A©w
�� û́ü�èt¨9�����4A-�2ªN¸ Coulomb�;9¡ "±h t	��4A-´

�S����SPw�ObªCoulomb± P�vtùb"�{��ZY�4A- ±́ P�>�4���i

°�ZY�4A-m9m�PªE��¿�O¨9�è9"qwPpwe-uÍw�OA´ 
E9uÍ�Ð�-�2ª Ð9ì "O�h ÛÌ Vsd�%^4ªÛáÛÌý������´¥ÑOiÞ9

"q�� Vsd@ Vg9uª¢$���4°ViÞC-@ªCoulombãViä O�>�4"q�9Ç�Oª£�
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��
� 10S(a) FanoÏc9zÁ�´uU©9*%t1

F�%EPª¥ÑÜ*¨�õöC-´(b) �6�w
X^T�-*%�Â9×ð��AblS9 q �l
A4°ViÞ��m9D 

�¤SOiÞó_ ×þßÊ�u��"�{O Coulomb �;

h��¿�´ëëCbC-�2�ªh�Ú@�¡ "±h

��TÞ�4A-´ 
´ëëCbC-�2�ªh�Ú@�¡ "±h

��TÞ�4A-´ 

��

9��

 � �

��

t��v�u�-´E�� Coulomb ghU\ O@�µwA-´@Eytª"�{�tu�4A-vôwE

����C-@ª� Õ�
��>?�ªý�"�{��>�4"q�t­^4A-@EywªÉVÊhU"

kSt± P�OPªghU\ O9¦��A¦ý©�¼A�>?�O�4A- >́��Î¾¥^T�-tª

ª@l��ª"�{�tÊ9
n � "�>�4¤/4A-@A?m9w�-´�

t��v�u�-´E�� Coulomb ghU\ O@�µwA-´@Eytª"�{�tu�4A-vôwE

����C-@ª� Õ�
��>?�ªý�"�{��>�4"q�t­^4A-@EywªÉVÊhU"

kSt± P�OPªghU\ O9¦��A¦ý©�¼A�>?�O�4A- >́��Î¾¥^T�-tª

ª@l��ª"�{�tÊ9
n � "�>�4¤/4A-@A?m9w�-´�

�Ewªª�h��¿��Ð�-@ª� ]�
��>?�ªh�	�@@m�"�{��&ëS�K^4ª

��9 Coulomb �;�ZYC-pÑtëT��´CO®�ªE9"�{��¿ÛÑßÛÏc>P��hw

u�-m9wªë�P¥Ñ
n � "�>-m9w�-E@�
«�4A-´�

�Ewªª�h��¿��Ð�-@ª� ]�
��>?�ªh�	�@@m�"�{��&ëS�K^4ª

��9 Coulomb �;�ZYC-pÑtëT��´CO®�ªE9"�{��¿ÛÑßÛÏc>P��hw

u�-m9wªë�P¥Ñ
n � "�>-m9w�-E@�
«�4A-´�

8	STªÖ¾�ªE��ª¥ÑOiÞ�
n � Þ��	C-�è@ûü�è@9ï9õöw¤/�

FanoÏc�>-m9w�-@¥^�¶·Ç¬·,¸´FanoÏc�ª� ·� 9>?�¥Ñ�/G2�>-
Ò¨O�

jtÕî¨O�j@01vô��-F�¤/-uÍw�- É9>?OÊ��ºC-ÒÓ^ãw�ª
Òv

ô��-	�@Õîvô��-	�9ult¥^T�ªE�TtõöC-E@wª*%�Â" PÞ!��

·�ÅùÆ9>?Oý­¨O�vtu�-´�

8	STªÖ¾�ªE��ª¥ÑOiÞ�
n � Þ��	C-�è@ûü�è@9ï9õöw¤/�

FanoÏc�>-m9w�-@¥^�¶·Ç¬·,¸´FanoÏc�ª� ·� 9>?�¥Ñ�/G2�>-
Ò¨O�

jtÕî¨O�j@01vô��-F�¤/-uÍw�- É9>?OÊ��ºC-ÒÓ^ãw�ª
Òv

ô��-	�@Õîvô��-	�9ult¥^T�ªE�TtõöC-E@wª*%�Â" PÞ!��

·�ÅùÆ9>?Oý­¨O�vtu�-´�

z{�ª9@+Pw�-´	�9Ê9\�!@�4ª®�!Þ
U �z{�ª9@+Pw�-´	�9Ê9\�!@�4ª®�!Þ
U �

��

H � E� �H � E� � � � ��E 
��E 
� � ��E � ��E 

� V ��E � ��E � �V ��E 
* � � ��E � �

��E 
�

�����4��

�

�¥^-´EEwª� �
Òvôª� �Õîvô���ªVE’�E�T9ï93ß���4A-´E9Ê�5

�GB��ÒÑtUvô�i�����@�4ªE�tªE9Ê9ª(Ù!) E �mlÉ vô�Eå*%C-

�Â�¥^-´�

Fano t
��9�ª¹>¨O*%¯k
RØ �lA4ªE9�Â���E� �i��29Ã�²i VE’t�Aûß

9*%�Â���E� �i��2��C-Bt�

� �

@���-E@w�-¶·/¸´EEwªq�"�{ÅFanoÆ!±¯ Í @���ª�
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w�À��-´	��ª
Òvô�@Õîvô@901vôw�-tª�d�ªõöÏc�¥�C-J9m9
w�-´OiÞ9ûßwe^�
ÒvôtÛþ@9ï9Þ Ù!w(Ù!) �3twe�vôw�-´ 

q�E�Bwª¾¿9�2xð@�47®�4e�´� ·�ÅùÆ� / �P9 q9¯��C-�=�9" PÞ
!�v�
��´"�{O01± PtëT�- �́=�� q9°�¯tÇ�A¾}"�{�tùA �́±q±²³
w�"�{��K^4��901± P�O-´B�ª�q 9´µ�>�4"�{9¶9¼ect��ðe
�O-´� =Fqw*%�ÂtÉV�O-Ñmý­¨w�-´�
Ö¾�ª� ÓwëT��"�{O Coulomb± Pt�=�9"�{O*%�Â�ë4A-m9@¥^�´

x/ª¥ÑOiÞÔAB_ ×þßÊ��4�9\�!tSOP�ASÀ�O�4A-@¥^T�ª�9"q

uÍ� Fano Ïctu�-E@�\sGíwe- �́=��xË3c�ß®´4	-@ª'NO�T�iÞ@

q�·�E@wª� ·· 9>?�?BbT�iÞC-E@twe�´�
FanoÏc9¸W�m�yµ¾¿w�OAtª*%�Â�=�t"�{�O-fº�Úb¹��b�ª9>

?�þ24¾¿w�-´Ë ÞÛÌ�>�4TW!��jt¥ÑOiÞ901�j��	C-/ª�,��L

AªOiÞ��	C-ÛÑµ9jÃ�0d,�TÞC-´¹cªûü�èw���¾}�_OjÃ�TÞ�

%ETOA Ćoulomb± P9#$w ABõöÏctù2ß?cð�bA4A�@C-@ª��$w�å2

�?E@�OPªAB�;9Ve�t Coulomb�;9Ve�@1���O��ª± P�v�VeO"�{

�tu�-E@�O-´�

�?w��4	��ªAB_ ×�úû��%�ª_ ×�÷búø�	0 / 2d,ZY�´��õö9ac

t�&C-9wªúû�>�4C�9¼ect�&C-E@tGí��-´� ·Ç �xË3c�
C´Gí

�Pª	0 / 2��9úøw"�{9cðt�&�4A-´úû@Ë ÞÛÌ9uª¢Q$���4ª"q�

��ª¢°ViÞ��9t� ·, w�-´Ûû@úû���4��º� Coulomb �;ªAB �;�¤/4A

-pÑ�ª¶·4¸w���Ûûúû9�{�tE9õÑ9	�4º�4u�4+Pªc���t�×Øwå�O

�;w�Ob4ªFanoÏc���4± P9"�{�@�9�&@A?�w»B�4A-E@t®S-´�

� ·Ç¬·, 9>?�ª"�{��úû�>�4Õî¨�ZYC-´E��xð9"�{!±¯ Í qw�
�?@C-@ª�q �úû�>�4VebZY�ª"�{�tK^-úûw�ÐV�ÇÒ�ªª9¼ï�½
9�ÐV�ÇÒC-@A?�Ó�w���-¥@�4�ªþ24o@¸Om9�O-´E9¾;9>KW@

�4�ªm�@m¾¿��þõð9 q��iC-E@wªE?C��ªq�úû9@¸O×ð@O-´E�
�ª¶·=¸wqS��>?O Fano�v9>P¹>¨O���iC-E@@1/w�-´�

� 12SFano Ïc�
C Coulomb ± P�v9úû�

¿�´_ ×�÷búø9ZY�>PªFanoÏc�>

-"�{9ðet�&C-´ 

� 11S"�{O Coulomb± P9xË3c���ª�7�
9×ð�wT�i�� ×���3c´± PÚ@�

�i��"�{!±¯ Í  q9¯����4A-D
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� 14SCoulomb± PkSw AB�;9�3�Ð��

xË3c9ö´	9�� Coulomb± PwªU!T¿

¡iÞ9�
�ªAB�;�Ð��Ë Þjg�
�4

A-´B9�t Ñw���� AB�;´ 

� 13S¥ÑOiÞFAB _ ×þßÊw AB �;@

Coulomb�;t1F�¤/4A-pÑ 

E��ªúût¿wC-v�Bw9�Ó�9�&�¥

^4m\s��P?-E@w�-tªE�Bw�xË

w Ïctu��>?OÊ�+A4�ªE�¾}

ÕÀ¨O�=�tOS���2ªë	Ú��4e�

m9w�-´X�ZÑO}@1p�ª¹l9¥ÑÊ

�É��4�9!±¯ Í �WSb�=C-E@

wªÖ�A�f�ë�Cª@A?E9��9cð�ª

¡�m��Tb¯°"
±iPóX�Ê9��w¶

{OIW�O-@7®�-´�

x�ª8	9>ÁwC�4tPpwe�®,w�OA´� ··�ë-@ªÕîC- Coulomb± P9"�{

9C�¼etªC�41/cð�O�4A- É��ª± Pw9jÃ�TÞt0w�-E@�¥^-@f>

weOAE@w�-´CO®�ª± PÚ@�0�l�TÞC-@C��ªC�9¼ec�ª]��ZYC-

��w�-´E��lA4�ªë�PÚbáS�O�4ª¦ÂT�>�4f¢¨PptX^T��¶·Ó¸´E�

�ª¥ÑOiÞ9ÛÑvôtªP_  OÊ9ûß�¤/->?O!_��t]��ZYC->?Om9��

�4ªÝ� ��!Ó��>�4ª�I91/!_���Ã��vôtï�¤/�m9�O�4A-@A?m

9w�- ĆoulombÃ�²it�F��4A-O}ªBd^ã��-m99ª+�Tb�(�@T^�Ppw

�y?´�

�

F� ��������GHIJ9:;<=>�

8	9Ppw�ªÛÑ�¥ÑOiÞwðvô��	C-�m×T�ª�9�
n � "m%E���Oi

Þ��	C->?�{/T�- �́�w�ª¥ÑOiÞ9ÛÑvô�>�4ÛÑ9¥Ñ�
n � "t��

�?,-E@�OA9dy?S´�

Cw�ë�>?�ªAB�;9�3�¥Ñ
n � "9�A���O-´AB�3� Coulomb± P9�

Äw���4	-@ª� ·/ 9>?�± P9efw�3�VeOôt�-E@t®S-´± P9efwZ

Y�4A-9�OiÞ¦9ÛÑðw�-STªm�@mõÅ��E��OiÞ9ÛÑð�>�4¥Ñ
n �

 "tZY�4A-E@�
«�4A->?�7®�- ¡́ªOiÞè9ÛÑvôtªOiÞ�v9ÓÆ��

>P± gØ�9f¢>PÏe��->?��jï�Ç�%E�4 Kramers §Ë��vôtºï��Sbs

Ç�4A-@C-@ªÛÑð9ZY�>�4OiÞ	9vôwVebZYC-@¥^T�-9�"± vôw

�-´CO®�ªEðÛÑvôw�C�49ÛÑt U�lbPªÞ Í!"± ÉVvô�O-9���ª

Èðvôw�³�"± 1/2tð-´�

�
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�

8	9¥ÉSTªª9>?O�`_�t����-´

h��T��ª�ÛÑ�jï��B�4Ç�b�Fw

e-@�>? Û́ÑðtEð9vôw�¥ÑOiÞ�

	9/�¹Ê	9�9(Ù!) �jt�®�- É

9Fª¹c9ÛþSTÞ Ù!wOiÞ����ÛÑ

t�9BBÞ Ù!�4�4�bE@�O-´¹cª

Èðvô9ûßª¹Ê	9-.vô��»9ÛÑw�

2T�4+Pªð��"± vô���4"qt%E

-´¡ªg� "± 9ÛÑtOiÞ�£���@C

-@ªÞ Ù!�4�4�bÛÑ�Ui°Ëg� 9

u�Ptæçw�- Úi°"± 9ÛÑt�4��

�@C-@ªûü�è���4b-g� "± 9Û

Ñ@�õöweOA9wªEEw�
n � "tÇ

¤C-@Ï���-Å� ·4Æ´�

� 15S¥ÑOiÞ9"± vô�>�4¤/-�

n � "9»A (́a) ÛÑðtEð9ûß´Þ
 Ù!w���ÛÑt�9BB�4�b	�9	

t¿w (́b) Èð9ûß´"± t�&�4�4�
b	�t¿wC-´ 

8	9��ªÛÑtOiÞ��	��ª@A?E@�¥ÑOiÞ9"± vô�\c@�4ð�4A-�

2ÅA®«-Ìwhich path detectionÍÆw�-@Sª�-A�¥ÑOiÞtú�o��@�4bA4ª"± 

�&ÒÓ�%E�4A-�2w�-ªO}@eAN^-E@mwe-´E9>?O¯k
RØ�>-�


n � "�pDë KönigT�>�4f¢¨�����¶·Õ¬·]¸ªx/�u�-@¥^T�4A-´�

�d�ªxË�+A4�ªAB�3���9§9"��ab9{It»B�4A-�2ª� ·/ 93cST

E9¯k
RØ�E���@¥^-9�÷�w�- È́q�¥ÑOiÞÊw¿�O± gØ�9f¢t�B

P�ASÀwOAE@�ªMarcus T9×! °9éÜ¨OxË�>�4x.��4A-¶Ç�¸�ªCoulomb

9Èw90"� °O}9n>�9^ã�¥^4mª	�9¿�O���9BBR���?�OA´x/ª

AB�39Coulomb± Pefw9ZY�Ð�-@ª¹>��	9�`_�tR��4AOAE@t®S-´

CO®�ªÛÑð9EÈ�>�4
n � "9�ßAt����4A-OT�ª¹l9 Coulomb ± P

w AB�3tV²Ç@ZY��OT�ªª9± Pw�Ç²V@ZY�O,��OTOAtªxË3cw�

ZY9ðe�SOP± gØw��4ªEÈ�>�4]8¨�ZYC-pÑ�	T�OA´�

B�^ã�O-9�ªCoulomb± PkSwjÃ90"� °uÍ�>PªõöÏc9ó<Rt¤/4A

-E@w�- x́ó<R|9/�a�� Ù!9ÏcO}tu�4ªëS,	 AB �3tZYC-@A?ý

¯w�-tª¥ÑOiÞ���49"q9/�ªìx	õö�è�¿��Ù!��Ð��4�B?9wª±

 P9Î	kS��,�E��^ã�OTOAw�y? ª́�ª¥ÑOiÞ	9ÛÑð�>-�Ä9Ûû9

ZY�>�4¥ÑOiÞ�Ä9"q�ètZY�ªÒÓ�Â9ZYO}ST ÏÐ �3tZYC-E@m¥^

T�-´á��ªámÑÒO^ã@�4ª	w���>?��ÛÑ-.�"± �9ÛÑ�Ó24Ab¿�

OÔÕtRP���ªÛÑ9»ð@ÓÆOÝ� ��!�>�4þÆOaÛÑvôt�R��4A-@C-

@ªÛÑðtZYC-�Æw�"± vôm(2�"± vô@-.vôtZY�ª�9�2� AB�3�

m"��þÆO��tu�-E@t¥^T�-´�

E9>?O^ãSTªxË�Ö×��P	~��w���tªÁ�xw�ªÚbrs¨�wmª¿�O"

± ��Ó2-ÔÕtSÀ¨�R��4A-ª£�OA9S|@A?E@�¥^4	� É��Ð�-ám

¾ëOxËIW�ªCoulomb ± P9úû�>-Z;�Ð�-m9w�-´E��ªÇ úw���>?�ª

¥ÑOiÞ¦9ÛÑvô�Ð�- ÜOIØw�Pªm�ªa�Ïc�APGµd	wªx"± ��Ó2

-|SÀtR�C-@C��ªúû��C- Coulomb± Pjg@��tÙHl9ÚÑ9 Coulomb± P

tÛí�4¿wC-��w�-´E��Ð��9t� ·= f�wªE9�~wE9>?O± P���9	

¿wC-E@t®S-´�

�@^�����w��4mª�TS9ZI�>P¿�OSÀtR�C-(Ù!) Üt¿wC-OT�ª

E��	w����
n � "'<9�WiP9�2��°Ý9Þß@O- É��ª	w^ã���>?

Oª"± vô@-.vô9þÆOZYëÝ� ��!ZYO}9���ªE9Ü9�~w��F�4�A

STw�-�m��FweO,��ª± PjgB����9}�TS9ZY@A?�w�T®�-���
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� 16Sf��ª¥ÑOiÞ9 Coulomb± Pjg�nmª¦ Ë ÞÛÌ��0rúû���4°ViÞ��m9´

± P���k± °ViÞ�4�- û́ü�è�± ��Tvô é��f��¼�Aàw
��"± �t�AS

À�O�4A- Coulomb± P�Äw ABÏc9�3�Ð��3c ÁB�;�B�ij9k± °ViÞw
�ªÎ

s�� ABù��	9��
��´�O?}± P9�wù�tÇ�bO�4A-9�0"� °9�2´ 

�

w�-�́E9�9± P�lA4AB�;�3�Ð��3ct�·=9e�w�Pªá��õÅ�¥^��Pª

E9�vô9¦ïrsªOiÞ�"± 1/2tð��vôwªAB�3t�90$�B�4Ç�bO�4A-

E@t��we�¶Ç·¸´�

�4ª"± �&�>-�
n � "�ªxú�o��@1/|@e®�4	-@N¸9�9>?�m7

^-tª��¥^T�4A-¥Ñ�
n � "9¯k
RØ@BCC-@A��SátàO-´CO®�ª

��9\�!w�ª��@�4�Ð@º�Ê�¥^ªE�å9¹U9@º(Ù!) 9+��>�4�
n 

� "�%EC¶ÇÇ¸´¥ÑOiÞ9ûßªx��|@e�4mªþ24@º�9Ç�A¥ÑÊw�Pª"± 

�&�%E��vô@�ª¿�"qÛÑ"± @¥ÑOiÞ"± t( Í ×!��vôtâ/PEµwe

�d,w�9FÑw�
n � "t¤/�@�e^OA ú́�o��9ûßwmª"± �&ÒÓ�>�4

¤/�SLvô�ªþ24
n � "9�Avôw�-E@t Eigler T9×! °9ëìOxË3c¶Ç,¸

�>�4x.��4A-´�

	we?x�
n � "|�+�Tbª( Í ×!Ovô9
n � "tSLvôt�R��OAv

ôw�þ24ã�ëCA�2�¤/4A-m9@¥^T�- ẃ�ªSLvôtnÇäw:
Í_ þÐ�ä

�4AOAvôw�}?O-SåE9>?Ovôw
n � "t}9>?�Çä�ªjÃ�TÞt}?ZY

C-S�"��æjÑA@Eyw�PªÖ¾�uwE9^ã�lA4xË���4A- ńdxË�rs¨w

�-¶Ç/¸tªA��B�x���d>P|w����A@7?´�

�
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p,4m÷�4mY*²³W�>-¿3ì²P�`µdDVeO�(9¿3ì�íRC-¼½�+�^-E@

�;�b�ý�Y*²³W�xcc�ø4í4W|@Î�,�>?��Î¾¼½�Z^4�í�4A-d,9

cWw�-D�9ùút�P�å��ûçV9¿3ìíR�Rü��@e��çqLMmV®øw���D+

ýw¡wmþs9"ÞiPt�P�+ä	9c��gé�BCD�9>?Oïw��Wâ�w��®� V2O3

9���·H��Ó_Ã9�óvô��S@A?^ã��PÕµdDÓ_Ã���YC-cW��éõo�B

�@ TigN+>ø%Ì96lt2T�4A4�TigN+>ø%Ì�lA4�����öt�P��óvô�
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�8	��4�'.9¿3ìíR@¦�Ñ9×! °901��w�óvô@�49 SDWvôtcd���

æ��-@Ey@O��t[5]�Ö¾9ÇëNF��NìÙä9æ��B�4��S�BP�æ��OS��D

�9��V2O3 ×Ø9���ùú��óvô�(ßÛÑÃ��lA4���-º9��t¼i��-9�ðÁ

w�-D�-êjw��C��Çëw���9F��î-E@9¶{��AB�TOtT{/-D 

 

��´Ó_"q�u¢ÊéYÊ`"�Ø 

 

Compounds Valence  TMI (K) TN (K)  

V2O3 V3+ (d2) 168 168 

V4O7  

V5O9  

V6O11 

V7O13 

V8O15 

2V3++2V4+ 

2V3++3V4+ 

2V3++4V4+ 

2V3++5V4+ 

2V3++6V4+ 

250 

135 

170 

� 

70 

40 

30 

23 

43 

70 

VO2 V4+ (d1) 340 spin singlet 

V6O13 4V4++2V5+ 150 55 

TMI: Ó_Ü°ï�&%h�,  TN: �ùú�&%h� 
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u´AV2O5 (A = Li, Na, Cs, Mg, Ca) 

�9���h!"q�×Õ���	eGB��éYÊ`"�Ø9��ST¹F
3S��t��h!"q�

��t¹Ø�lA�@Eyw�6lÑ9��@ëTw�óø�éYÊ`"�Ø9���U2-E@���D�

/2�It,�9���v�( V2O5�
�(@C-Ê`"�ØãV R9( O¯ Ê w AV2O5 (A = Li, 

Na, Cs, Mg, Ca)@���-�(�w���DE�T���Þ�_"$Ñ@���-uª¢$Ñ�Ãl�v�

(w�E9?��NaV2O5�+A4Û�ñò@"± �¶��R��?ÖÈOÃ&%�ë�CE@�O-[6]D

NaV2O59ûß��OA�m¦�Ñ×! °��æ�4A�de��9��Û�ñò!Í 9�mcðå9Î

�p&t%ÌBwÎ¾O\"�� �� �
����x��9�|Ã�të���-E@@O��[7]DNaV2O5

��9�P�É��f��ø��4A4¸�b�����-[8]D 

 

�´¡ ÍÊ`"�ØãV R �-A1/3V2O5 (A = Li, Na, Ag, Ca, Sr, Pb)  

ª��µd9t�Ê`"�ØãV R9m?¹l9Ve

OT¿�_ w�-¡ ÍãV R@���-�(�w�

��DE9¡ ÍÊ`"�ØãV R�+A4 MI &%�

ë���éYÊ`"�Ø9���c�%&C-@Ey@O��D

8B���ã9¡ ÍÊ`"�ØãV R�lA4��-D 

¡ ÍÊ`"�ØãV R�¹>& �-AxV2O5 @���

-Yß�w��u�
C>?�ab91
Yß�t¿wC

-D�93ì<ð�� 1�
CDVO6�$�@ VO5±±�

iOt�+>ø�0 �>Pý­¨OV2O5�$��R��

�9Þ Ù!jg(A)� Ah� t�2-DAh� t�2

-jg�1¹ a-c$	�uÞhÞ�P���T� bmcð

���4]���2-DL�4��BÕR� x = 1/3 (E9

@e A0.33V2O5 S AV6O15@��C-ûßtaA)w��9

@e9Vh� 9�&Û���A+ 9ûß�V4+/V5+=1/5w�

A2+ 9ûß� V4+/V5+=2/4w�-DVZÑ93ì*¨ÞhÞ

�6l�V1, V2, V3��P���º� bmcð� VO6"×

�×��VO6�Ñ��VO5"×�×���R�4A-D�

u� �-Na0.33V2O59 3ìmcð�+,-Û¹BC�
C

t�3ì<ð����4�bmcð�9	Ó_"q�
C�¹ª¢q�w�-��u(a)�[9]DÓ_"q��B

ÕR�x = 1/3�w�SE������u(b)���9"q��¿�O��_U óO ± ×w�PpweOA
[9]D�ª¢Ê9ý­@�4�$ÑÊ9Ó�t"q��¶VO���X^-E@�
�4A-D 

 
��´¡ ÍÊ`"�ØãV R93ì<ð�¿�ì�D

 
�u´¡ ÍÊ`"�ØãV R �-A1/3V2O5 (AV6O15) 

 

Compounds Valence TMI (K) TN (K) 

�-Li1/3V2O5  V4++5V5+ 180 7 

�-Na1/3V2O5 V4++5V5+ 136 24 

�-Ag1/3V2O5 V4++5V5+ 90 24 

�-Ca1/3V2O5 2V4++4V5+ 150 spin gap 

�-Sr1/3V2O5 2V4++4V5+ 170 spin gap 

�-Pb1/3V2O5 2V4++4V5+ � Pauli para. 

TMI: Ó_Ü°ï�&%h�,  TN: �ùú�&%h� 

 21



�u(a)�ëT�->?���-Na0.33V2O5� 136 KwMI&

%�
C[9]D¡ ÍÊ`"�ØãV R��A = Pb��bC

�4t MI&%�
C[10]D�����A+@ A2+�8��4�

�-Na0.33V2O5@ �-Sr0.33V2O5��-Pb0.33V2O59úYÂ�
CD

A+ = Li, Na, Ag9ûß��hÓ_Ãw���_ óÚh"¨

O:;�
��MI &%w®�SOZY��¦ TCO@��w


�4A-��
����c��hw�ùú�ú¹ñò��

¦ TN��
C[10]D¹c�A2+ = Ca, Srw��h°ï�Ãwú

¹ñò�
����ª¢"± ó)�i°¨:;�
C[10]D�

u�MI&%h�(TMI)@Ù !h�(TN)�B@24+bD 

VF¨OÛÑvô�6-�2� �-Na0.33V2O59¿3ì�i

A�¬ú¹01xË����[11]D�:� �ÞhÞ9`hÞ

�TÞ9h�ZY�
��m9w�-DÓ_vôw��V3

ÞhÞ@ V1(V2)ÞhÞST9Hl9�×`!tE����

MI &%8Bw�JÙ9`hÞ�TÞ�ÉV� S���Ù

�6l�®S���9?�Hl�ÉV�ðSA�§c��50 

K8BwE�we->?�OP�VeO½9`hÞ�TÞ�

ÃlD�ùú�vôw9ÉVúû�ùú�01xËw��

V4+(d1)�I
¨Oèrúû�!80 KOe��Ã���×`!

�°ï��ú�Ãw9VeO½9`hÞ�TÞ�ÃlÞh

Þ��Ä�@ú¹ V4+ÞhÞST9Þ± "T¿ �>-è

rúû�Ã��"ú� V5+(d0)ÞhÞ+>øÞ± "T¿ 

tÃ"��->?Ojg��-�2èrúû�m�OA V5+

ÞhÞST9:l9�×`!tE������$�D`hÞ

�TÞ9¯t ÞhÞw9ÛÑÃ�����4A-@C�

��¾�_¹OÛ�vô����Ó_vôST�MI &%�

+A4 V4+@ V5+å9Û�s
@Û�ñòt#¾�%E-E

@�
�4A-DE9ûß�CbOb@m V3 ÞhÞ� V5+

@OP�Û��V4+�� V1S V2��-A�Éc�¦§C-E@�
�4A-DÛ�ñò9§9.a@�4��

MI&%8Bw�bmcð��$9��G<ð�
C�©!$Ñ�,tE���-[12]DB���ùú�vô�

+,-¦�Ñ�êSTm1pO�$�GtE���-D�S�OtT��9Û�ñò!Í �lA4�nd�

�C-�Q�4AOADMI&%9%�@�4�±±�iO
$¯j��à V5+t@PëCA¯jw�P�V4+

�@�4%ý¡9�A$¯j±±�iO
 V3ÞhÞST�à@P�A�$� 6¯j9 V1�-A� V2Þh

Þ�Û�%;t%E-E@t¼eÓ@OP��93c%;89ÞhÞwÛ�ñò�Ý&ßOÛÑÃ�txu�

�-E@t¥^T�-DE9ûß�Û�t¹l9 VÞhÞ�V1S V2��¦§C���A+9ûß 1/4-filledw�

A2+9ûß� 1/2-filled@O-D 

�u (́a) �-Na0.33V2O59 3ìmcð�+,-

Û¹BC9h��¿D 
(b) �-NaxV2O5�+,-BBC9 NaÕR�x�
�¿Db mcð��ª¢�cð����49B
Cw�`hw9BC¯��$Y�4�-D 

¡ ÍÊ`"�ØãV R9?�'¹MI&%�
�OA�-Pb0.33V2O5��MI&%9%��6-	wæjÑAD

Ï�¨O()*xËST��§9�(@1p_¹OÛ�vôt
«��4A-DPb2+�§9+h� @»�4,�

ÛÑ��Ã��V�ÞhÞST9Û�%;t%EP�bA9Sm��OADc�¸WO��t³{w�-D 
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��´ �-Na0.33V2O5� �-Sr0.33V2O5 +>ø

�-Pb0.33V2O5 �+,-úYÂ9h��¿D

�-Na0.33V2O5@ �-Sr0.33V2O5�MI&%�TCO�

�
Ct��-Pb0.33V2O5� MI &%�
��!
�_�ú�w�-D 

:´�-Na0.33V2O5�+,-ÌÜ-%!"q 

E9>?��Ê`"�ØéY�9Ã&%9ý­@�4Û�

s
óÛ�ñò��? MI&%t:~T�-Dá|Ì�>P

MI &%��^-����Ó_Ã9�óvô@�4!"q�

u9Gí�Ã�4O��4e�t�E�Bw!"q�ë��

�OS��D�S�OtT��-Na0.33V2O5�+A4�éYÊ

`"�Øw��24!"qtE���-@Ey@O-[13]D 

� 6��Î¾OÌÜBw9Û¹BC9h�ZY�
��m

9w�%Ì�>PMI&%��^T��8 GPa, 8 KkSwÛ

¹BC�OVi°tE���-D� !�� ×Ïc�acú

YÂ�9���+A4mVeO�ú��!"q�ÎÂº�

;.�tE����� 7��!"q&%t�.���D� 8��

3c�ÛÑÃ��ÌÜÜh�Ã��@�4B@2�m9w�

Û�ñòÃ�Ûí�4!"qÃtu��c�%ÌC-@!"

qÃ�K8C-DEEw��-Na0.33V2O59 MI &%�Û�ñ

ò&%��Hª&%¨w�Û�ñòÜ!"q&%�¥ÑÃ&

%w�-@	O´-DB���ùú�&%��GPaBw9�

~w�-t�%Ì�>P	�C-D 

�:´�-Na0.33V2O5 (NaV6O15) �+,- 51V
`hÞ�TÞ9h�ZYDS1�S2���º�
V3ÞhÞ�V1(V2)ÞhÞºà9�×`!��
ÄC-DMI&%h�8Bw�S1� S1'��S2
� S2a'@ S2b'�®S��50 K8Bw�Ö��
S3'9�×`!tE���-Dú¹¨O S3'9
�×`!��A/�Fï9�2 50 K 8	w
E���ObO-D 

îT��ÛÑÃ���§9ùÃ×ÛÑÊwë����!"

qÃ�(ßÛÑÃ�@BCC-@æjÑADf ÛÑÊ[14]ë �

ÛÑÊ[15]�+A4ë����ÌÜÜh�Ã�ëúûÜh�

Ã��� 8��bÀ4A4��óvô@�4!"qÃ@ú¹

ñòÃtôß�4A-D�9�2�!"qÇu'<�+,-

"± �T�9æçt¢/T�4A-D¹c��-Na0.33V2O5

9ûß��!"qÃ�Û�ñòÃ@ôß�4A4�!"qÇ

u�+,-Û��T�9¶{��
«�4A-D�d�!"

qÃ�Ûí�4A-9��Û�ñò���ùú�Ãw�-E

@m¥^T�-9w�"± t�w��!"qw�-æç�

m¥^T�-D 

¡ ÍÊ`"�ØãV R�+A4��E�Bw�A = Na, 

Sr, Pb�lA4�ÌxËtO���A = Sr, Pbw�!"q�

ë���4AOA[16]DA = Na�B�4�A = Sr, Pbw��

�_U �V4+�ðtH$w�B��A = Sr9MI&%�¹

ª&%w A = Pb�MI&%�
�OADE9E@��!"q

�u9�29á'��_U ðëÛ�ñò&%9¿w@Ã

&%9ªð9¶{��
«�4A-t�����.C-�2

�m A = Li, Ag, Ca�+,-��tí��-D�ÌB9BC

���¿3ì9(�ùb�¿C-9w�E�T9�(�lA

4�(9¿3ìíRt�4w�-D 

�-Na0.33V2O5�lA4� NaVO3�T±iP"@C-¼e

	~Ww¿3ìíR��P�B���ÌBw9�(9� Í�î-�2�ÌÜ0�@�4�TV_` Þ@¯

Í� !Ë(Í� !âß��iA�E@�1��4+bD 
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�$ �́-Na0.33V2O5 (NaV6O15) �+,- I.5

K w9 51V �ùú�01" PÞ!D �

µ�S1', S2a', S2b', S3'���:9�µ��ÄD

 

�p´�-Na0.33V2O5 �+,-Î¾OÌÜBw9Û

¹BC9h�ZYDBC� b mcð��ª¢�c

ð����4��D 

��´�-Na0.33V2O5 �+,-Î¾OÌÜBw9

� !�� ×Ïc�acúYÂ9h�ZY�D 

��´�-Na0.33V2O5 9ÌÜ(P)Fh�(T)ÛÑÃ�D

PIS�ú�°ï�Û�ñòÃ�AFIS�ùú�°ï

�Û�ñòÃ�SCS!"qÃ 
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opKTheory of Yb- and Eu-based Intermetallics with an Unstable f-shell�

wxK�

� The properties of a number of Yb-and Eu-based intermetallics which exhibit a valence-change transition, like 

YblnCu4, EuNi2(Si1-xGex)2 or Eu2(Pd1-xPtx)2Si2 are most unusual[1,2,3]. At high temperatures, the magnetization 

indicates  that the rare earth (RE) ions are in a stable configuration, with a local moments close to the free ion value, 

while transport properties correspond to a bad metal with suppressed Drude weight and temperature independent 

resistance and magneto-resistance. Surprisingly. the usual Kondo anomalies are not found. At temperature Tv the 

valency of the RE ions changes, the local moments disappear and the band states reconstruct to give a good metal. In 

the low-temperature phase the susceptibility is Pauli like, the Drude peak is fully developed and the Hall data show a 

huge increase in the number of carriers. The entropy reduction across the transition is consistent with a complete loss 

of f-moments, which seem to be quenched by valence fluctuations present in the ground state. For T}Tv, the 

high-entropy (magnetic and semi-metallic) phase can be restored by a large enough magnetic field, H~Hc. The values 

of Hc and Tv are pressure- and doping-dependent but the the ratio �=kBTv/�BHc seems to be determined by the 

degeneracy of the magnetic f-states only. 
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� We explain these properties by the dynamical mean field theory (DMFT) of the Falicov-Kimball model[4], which 

considers the effects of the Coulomb repulsion between the 4f-and conduction-states but also takes into account the 

degeneracies and the splittings of the 4f-states, and allows the statistical mixing of various f-configurations. The 

model neglects the quantum fluctuations of the f-electron number, which allows the Hilbert space to be reduced and 

an exact solution to be found[5]. At high temperatures or fields, we find a gap or pseudo-gap in the excitation 

spectrum of conduction electrons has and a sizable occupation of magnetic f-states. The chemical potential is close to 

the pseudo-gap, the electrical resistance is large and exhibits a weak maximum at temperatures of the order of the 

(pseudo) gap, TzT*. The thermoelectric power is also large and with a minimum at T*. The optical conductivity 

shows a pronounced high-energy peak and suppressed Drude Peak. The spin susceptibility of the localized f-states is 

Curie-like, with the Curie constant given by the number of magnetic ions. The reduction of temperature changes the 

f-occupancy, and leads at TzTv�T* to a rapid crossover to a highly conducting state. The chemical potential is 

shifted in the region of the high-density of states and the rude peak dominates the electrical transport. However, 

since the f-d hybridization is neglected, the ground state is a simple Fermi liquid, rather than a valence fluctuator, as 

observed experimentally. At large enough magnetic field the f-moments are restored and the chemical potential is 

brought back in the gap or pseudo-gap region. 

 

By tuning the model parameters we obtain the correlation functions of the high-entropy phase, the values of Tv and 

T*, the phase boundary, and the ratio kBTv/�BHc, which are quite close to the experimental results. We are 

particularly concerned with systems such as Yb1-xYxInCu4, in which the high-entropy phase is stabilized by doping or 

pressure down to very low temperatures. Despite its simplicity, the model accounts in a qualitative way for the 

temperature, field, doping and pressure dependence of the experimental data. 
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8� L� +� ¹ �(Ù!) %&'��'< 
KLM Hª¢h" ×zú��9;¨óÆÒÓ ¦�Ñ 

~� ¬� �� � �Ô&�Vf 
K� I � � 

ä� ]� ¨� N ¦õ#��ß��� 
xM��Ê LaScO3Ê Vã"khÞ
°VÞ qÛ�9�h¦�Ñ�Á � 

�� �� d� 2 ��V�ßf� 
KLM � � 

8� L� +� ¹ �(Ù!) %&'��'< 
KLM 6ª¢®hÉ ¡!P
! 
� �� ú��9óÆÒÓ � 

~� ¬� �� � �Ô&�Vf 
K� I � � 

¬� L� � � Z �(óf ��'< 
xM��Ê Zn-Mg-Tb�3ì9úû¦w9ú¹Ã× � 

Ñ� È� �� Ñ Ô&VY*��� 
��Ê 

�=1/2k{¯$ÑÊ� � � � � Cu3Bi(SeO3)2O2X(X=Cl,Br,I)
9ú¹<ð � 

I� 
� �� b Ô&VY*��� 
L� M � � 

×� |� �ªy `}�õV� 
K� I Rñ"Pi�!ghÞ9ú¹<ð � 

ï� È� ¹� ð `}�õV� 
L� M � � 

Q� Ø� ~� J �ÒVÓ_f ��� 
K� I 

La2-xSrxCuO49� Ê O °Ã�+,-�(Ù!) "±
 �; � 

I� 
� �� b Ô&VY*��� 
L� M 

La2-xSrxCuO49� Ê O °Ã�+,-�(Ù!) "±
 �; � 

V� ÷� ½� þ �(Ù!) %&'��'< 
K� I `�a:(�FSM-16�+,-W:è|sÑ9gh`�P" � 

H� _� ®� ¡ C
¦ ��� 
xÒ��Ê � � 

å� 
� ¹� e fY*��� 
��zÜÊ ��a�­" ! �± 9¦�Ñ�,ý�ö÷ � 

�� ä� w� � fY*��� 
��zÜÊ � � 

V� ¶� «� ë fY*��� 
8M��Ê 

¥ÑÜ*¨µ;×ðÉ vôï9õö�K���F¯k
kU
!UVh ×Þ °!�iA4F � 


� 6� `� 0 Ô&VZÑnxË�� �  
KLM � � 

V� ¶� «� ë fY*��� 
8M��Ê IRT C1-3 ULSÂgÔ�?øÔG9�29xË�� � 

g� ®� .� J �(Ù!) %&'��'< 
L  M � � 

�� q� »�Ñ ùµV�(�*Ê 
K� I Sn9C-�<ðÃ&%9�� � 

¼� �� � � 2 I>Vf 
L� M DyCu2Ge29à�ú� � 

Q� 
� c� [ I>Vf�*��) 
V*J¤ � � 

¼� �� � � 2 I>Vf 
L� M TbCu2Ge29ú¹&% � 

�� i� ü� T I>Vf�*��) 
V*J¤ � � 

´� Z� ��[ �Ô&�Vf 
K� I ¶AÛÑÊYß�Uru2Si29ú¹�vIÑ � 

ê� �� d� Å �Ô&�Vf 
L� M � � 

ê� �� d� Å �Ô&�Vf 
L� M CeRñ"Pi�!ghÞ�+,-ùÃ×ÛÑuÍ � 

~� ¬� �� � �Ô&�Vf�  
K� I � � 
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ê� �� d� Å �Ô&�Vf 
L� M ã¬©p�Y�RB6�+,-Ramanà�9�. ¦�Ñ 

§
,� Ý� � Ï�V�ß)* 
L� M � � 

g� ,� ��e +v9|bÑVf 
KLM Ó_ïYß�!"q�ErNi2B2C9@Ç¨�N<ð9E� � 

4� 
� 2� K +v9|bÑVf 
K� I � � 

4� 
� 2� K +v9|bÑVf 
K� I Sr2RuO49!"q)�i°��S�°` "± P9�� � 

g� ,� ��e +v9|bÑVf 
KLM � � 

g� ,� ��e +v9|bÑVf 
KLM �'1-xYxTiO3�+,-ú�@-.°9 � 

4� 
� 2� K +v9|bÑVf 
K� I � � 

1� �� Í� ^ I>Vf 
KLM õ�é`Þ_�Ø9¬�ò�Û�Ã��Û¹sþ@$Ñ�; � 

¶� .� �� Y �|VLí 
KLM � � 

�� 
� �� | I�Vf 
L� M �'çh� ]N�¦�+,-|sÑï|õ3ß<ð � 

�� �� � � � I�Vf 
KLM � � 

Ç� å� �� H �ÒV� 
L� M �ª¢¹éY�Cu3B2O69ú¹<ð � 

�� L� ¹� 2 �ÒV�*��) 
V*J¤ � � 

Ç� å� �� H �ÒV� 
L� M 

�h!"q�La2-�BaxCuO4�+,-Û�ó"± «T�@!
"q9Ã× � 

I� 
� �� b Ô&VY*��� 
L� M � � 

¬� L� K� e Îg6Vf 
KLM UGe2�+,-ùú�@!"q90¿vô9�� � 

Â� �� � � Í Îg6Vf 
K� I � � 

�� j� Ï� p �Ô&�Vf 
KLM k{¯Uh"�+,-"± Ã× � 


� �� 2� ¤ VjVf 
K� I � � 

�� j� Ï� p �Ô&�Vf 
KLM T±"Þ� Þ��!hVPVUú��9�� � 


� �� 2� ¤ VjVf 
K� I � � 

Ç� å� �� H �ÒV� 
L� M 6VZ"q� C-�ª¢¥Ñ"± Ê9�×� 9sÒ×Ø � 

�� L� ¹� 2 �ÒV�*��) 
V*J¤ � � 

­� I� �� ® I>Vf 
L� M CH3NH3PI39�ñò¯ð@ZÑZj9Ã× � 

�� ä� N� D I>Vf 
K� I � � 

�� L� º� � ��VLí¡£)* 
L� M RP�Sn(R=Tb,Ho,Dy,Er)9ú¹<ð � 

�� �� Í� Ä Ï�VLí 
KLM � � 
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�� � � _ ��8�Ù �� � �� � â� � ã� � Î }�Âg 

�ÔV* 2� �� 1� ± :o��i3m
¦�Ñs�'��*$âã GPTAS 

�ÔV* E� 
� �� � PONTA���çdþ¦�ÑÒÓÂg� PONTA 

�ÔV* E� 
� �� � TOPAN��ÒV*¦�Ñs�Âg� TOPAN 

�ÔV* �� µ� ^� ~ C1-1(HER)IRTâã HER 

�ÔV* h� I� R� J Hª¢jg��Ç�ÒÓÂg SANS-U 

fY*��� V� ¶� «� ë IRT C1-3 ULS ÂgÔ�+>øÔG9�29xË�� ULS 

�ÔV* �� ª� .� J ¦�Ñ"± (
 s�' NSE 

�ÒV*V*J è� È� � � é ä¦�Ñs�'AGNES AGNES 

Ô&V* 
� 6� `� 0 a�­¦�Ñõö¤ó�,Â¤ MINE-1,MINE-2 

�ÔV* Â� � � d� � �s>ç¦�ÑÒÓÂg(HQR) HQR 

�ÒV* V� I� �� 0 ¿3ì¦�Ñ�êÂg(KSD) KSD 

�ÒV* V� I� �� 0 �Å¦�Ñ�êÂg(HERMES) HERMES 

�ÒV* ä� 
� O� | ¦�Ñ4m�êÂg(FONDER) FONDER 

VjV* \Z6� Q� 6 UP�Þ_ IRT UP�Þ_  

Îg6V* û� ÷� � � c � E éY�9Û�°9Ã�?�CBÞhÞgNÏc HERMES 

Îg6V* û� ÷� � � c �-%Ã&%�%ECR�Mn�Fe(CN)6�9ú¹<ð�� HERMES 

�ÒV* �� �� Ý� ¹ 2¶®
kØ$ÑÊ9ú� HERMES 

�ÒV* �� �� Ý� ¹ 2¶®
kØ$ÑÊ9ú� AGNES 

�ÒV* �� �� Ý� ¹ 2¶®
kØ$ÑÊ9ú� KSD 

�ÒV* �� �� Ý� ¹ 2¶®
kØ$ÑÊ9ú� PONTA 

lk.�V* ¦o,� � � � Sr1-xAxRuO39ùú���@�9<ð�� HERMES 

lk.�V* ¦o,� � � � NaxCo2�+,-Na�9Ó�@�9<ð�� HERMES 

�IP�V* H� Z� � � g Ce�Ni1-�Pd��2Ge29ú¹óÆÑSQ9ú¹Ã� HQR,HQR 

VjV* �� q� �� � �h�+,-�sÑ93ì<ð HERMES 

I>V* ­� I� �� � õ�é`Þ_�Ø9¬���Û�Ã��Û¹sþ@$Ñ�; HER 

67V* Ç� ®� Ä� Å CeGa�+,-ÌÜ-%ú¹Ã&% HQR 

�����z- %&'��'<  8� L� +� ¹ Hª¢h" ×ú��9;¨óÆÒÓ PONTA 

�����z- %&'��'<  8� L� +� ¹ 6ª¢®hÉ ¡!×
! 
� �� ú��9óÆÒÓ GPTAS 

�ÔV* h� I� R� J PNIPA|��+>ø®hOVË!9ÌÜ-%Ã&% SANS-U 

   

�� �����

	
��
�������������
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�ÔV* h� I� R� J Ë!9�ÎÃ&%@�PVÃs
:;å9Ë!ÞhR�¿� SANS-U 

�ÔV* h� I� R� J �h!Ë!Y��>- '�09Ë!Y�×C-�� SANS-U 

�ÔV* h� I� R� J Éû0�ãViP0¶ß�9�PVÃs
<ð>Á SANS-U 

 ¦V*�  �� Z� � � 7 ¦�Ñ�,Â�����b�sÑ!ì­Ë|Æ$�+,-|9
<ð9`íö÷ MINE-2 

 ¦V*�  �� Z� � � 7 ¦�Ñ�,Â�����b(`�T�± /�sÑ)®hã_iO
!ì­9���ö÷ MINE-2 

Îg6V* ¬� L� d� A "±Ù!
Yß�9non-trivialOú¹<ð@ýàOà�� !
Ïc HQR 

Îg6V* ¬� L� d� A SrFe1-xCoxO3- 9ú¹<ð@ýàOà�� !Ïc HQR 

Îg6V* ¬� L� d� A La2-y-xNdySrxCuO4n9ú¹`%" PÞ!@ÌstripeÍ PONTA 

I�V* �� ¡� À� È 
 Þ±"ÞZÐW�>-�_"Þh!YÍ !P(@k!\
��_ þß�9��<ð>Á SANS-U 

Ô&V* o� Ä� � � � Þ_ãViP0¶ß��PVÃs
Ê9á;¦�ÑÒÓ@��
V"  SANS-U 

Ô&V* o� Ä� � � � ¦�ÑÒÓ�iA�_× ×ó"U
� �9�ßvô9�� SANS-U 

�ÔV* 8� L� =� 6 ÞÝV"k!Ë!9°! Ë!&%@o_¹�>Á SANS-U 

¬ØV*f�*r ¢� � � £� � Cu1-xLixOn9!$Ñ<ð9>Á HERMES 

Û¹�ÈV* 	� F� 2� G LaCoO3¦9¦ï"± vô@3ß��$ÑZ�"± &%9
;¨�(9T�� ÒÓ�>-�� TOPAN 

Ê�V* ¤� 2� �� ¹ MnGaßÓ93ì<ð@ú¹<ð9¦�Ñ>Á�>-�� HERMES 

Ê�V* ¤� 2� �� ¹ Mn(Cr)B29"± <ð9¦�Ñ�ê�>-�� KSD 

Îg6V*V*J .� B� N� u Zæ¥���T� ÊÝ_� ã� O9Ã���×C-�� SANS-U 

�ÔV* Y� Z� A� [ PrPb39�ù¼¶þñò GPTAS 

¦õ#��ß��� ×ÂÞÚßà ä� ]� ¨� N LaGaO3Ê¦Vã"khÞ
°VÞ qÛ�9�h¦�Ñ�ê HERMES 

§Æ�õV* �� i� � � c 6¢ÊNi2In
Ó_ïYß�9ú� HERMES 

��
V* ¨� �� �� � ýàOZÑ÷vô�+,-T±"Þ� �� Ê9��3 HERMES 

��
V* ¨� �� �� � ýàOZÑ÷vô�+,-T±"Þ� �� Ê9��2 HQR 

��
V* ¨� �� �� � ýàOZÑ÷vô�+,-T±"Þ� �� Ê9��1 HQR 

��V* �� q� � � c ¤�ºà©(�"T¿�"!×!�V !t�RC-"Ý "
<ð SANS-U 

�Ô��V*�*r Ï� |� � ¹® Å9ªq
Ý_h�OË!9VW«æ<ð�×C-�� SANS-U 

�ÔV* 	� 
� � � è Ó_ñò
��ñò
LnBaMn2O6�Ln=Y,La,Pr,Nd,Tb,Ho�93ì<
ð?øú¹<ð HERMES 

�Ô�õV* �� �� d� 2 éY×"�"9Ã&%@��"� g  HERMES 

�Ô�õV* �� �� d� 2 ¦Vã"khÞ
"!
 é�9<ðZY HERMES 

Îg6V*V*J ¬� L� K� e UGe2�+,-ùú�@!"q90¿vô9�� PONTA 

Îg6V*V*J ¬� L� K� e UGe2�+,-ùú�@!"q90¿vô9�� HER 

H�V* 2� 
� ¬� ª tert-ã�!U!
 !F|âßÊ9«T�<ð NSE 

H�V* 2� 
� ¬� ª tert-ã�!U!
 !F|âßÊ9«T�<ð SANS-U 

¬ØV* �� ;� h� O �h� 3ßW�>-Ö�A�sÑ��!9«w@<ð>Á SANS-U 

¬ØV* �� ;� h� O SANSW�iA�h� ]N±©�PVÝUÞhR9�� SANS-U 

¬ØV* �� ;� h� O ­é+>øÞ_T!�V­é@|@9âß��¦9P±"Í 
�R SANS-U 
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¬ØV* �� ;� h� O CD3CN-H2Oâß��9�YU!k_-%�>-Ãs
uÍ SANS-U 

Ï�V*V*J ¸� ª� �� Ä ¶AÛÑÊ�ùú��Ce7Ni39úû-%ú¹ñòÃ9ú¹<ð GPTAS 

Ò©.V* �� ®� O� P 6H¯ Vã"khÞ<ð�Ãl  Ba3LnM2O9(Ln=La!
Lu,Y;M=Ru)9ú¹<ð HERMES 

 ¦V* 
� ¦� V� H ¦�Ñ�,Â�����b�sÑ­�$w9�`cð9sÑ�
QÒ:;9ö÷ MINE-2 

jI*JV* ´� �� � � � ��ÛÑ�ùú��CrB29ú¹<ð@ú¹«T� TOPAN 

jI*JV* ´� �� � � � !"q�NbB2+x�+,-T�� sÒ9�� PONTA 

jI*JV* ´� �� � � � Fe3O49-.ñò9E� TOPAN 

jI*JV* ´� �� � � � Fe3O49-.ñò9E� FONDER 

jI*JV* ´� �� � � � R(=La,Y)VO3w9-.ñò9E� TOPAN 

jI*JV* ´� �� � � � CeB2C2�+,-"± Ã�sÇ9E� PONTA 

jI*JV* ´� �� � � � CeB2C2�+,-"± Ã�sÇ9E� FONDER 

jI*JV* ´� �� � � � YbB6(CaB6)9ú¹ñòvô9E� PONTA 

jI*JV* ´� �� � � � YbB6(CaB6)9ú¹ñòvô9E� FONDER 

Ô&V* �È,� �� ¹ ABCÞ_ãViP
Ý_� 9`�°ø�ï�+,-@±Õ
ÀY	��×C-�� SANS-U 

�ÒV* Ç� å� �� H 6VZ"q� C-�ª¢¥Ñ"± Ê9�×� 9sÒ×Ø GPTAS 

�ÒV* Ç� å� �� H �ª¢¹éY�Cu3B2O69ú¹<ð GPTAS 

�ÒV* Ç� å� �� H �h!"q�La2-xBaxCuO4�+,-Û�ó"± «T�@!
"q9Ã× TOPAN 

�ÒV* Ç� å� �� H �h!"q�La2-xBaxCuO4�+,-Û�ó"± «T�@!
"q9Ã× HER 

�ÒV* Ç� å� �� H �h!"q�La2-xBaxCuO4�+,-Û�ó"± «T�@!
"q9Ã× KSD 

}ÈV* F� 	� �� Ñ H¶ Vã"khÞ
Yß�(Sr1¯xLa-2x/3)2FeMoO693ì
<ð@ú¹<ð HERMES 

Ô&V* .� �� u� ± ��!9
UªqwßR���sÑ!VÒÑ9<ð>Á SANS-U 

Ô&V* .� �� u� ± _× ×¶ß'<9¦�ÑÒÓ�>->p SANS-U 

Ô&V* .� �� u� ± ùé�� C-Éû0�"ãViPÝ_� 9ýàO4ß�R
:; SANS-U 

I�V* �� 
� �� | �'çh� ]N�¦�+,-|sÑï|õ3ß<ð GPTAS 

Ô&V* 
� 6� `� 0 Drabkin
¦�Ñ(Ù!) óT�!Í 9=Ç MINE-1 

 ¦V*V*J �� �� Ä� Ä "±Ù!ZnCr2Se49ú¹-q
<ðÃ&% HQR 

 ¦V*V*J �� �� Ä� Ä "±Ù!ZnCr2Se49ú¹-q
<ðÃ&% KSD 

 ¦V*V*J �� �� Ä� Ä Tb1-xGdxVO49z1¨o  ó�± 9<ðÃ&% FONDER 

 ¦V*V*J �� �� Ä� Ä Tb1-xGdxVO49z1¨o  ó�± 9<ðÃ&% KSD 

 ¦V*V*J �� �� Ä� Ä  Vã"khÞPrAlO39²ª<ðÃ&% KSD 

 ¦V*V*J �� �� Ä� Ä �h!"q�La2-xSrxCuO4³�´0.109<ðÃ&% KSD 

�ÒV* .� ]� � � Y TmTe9ÌÜBÓ_Ã�+,-"»�ú¹ÒÓ PONTA 

�ÒV* .� ]� � � Y TmSe+>øTmS�+,-÷ð�;��?ú¹`% TOPAN 

�ÒV* .� ]� � � Y TmSe+>øTmS�+,-÷ð�;��?ú¹`% HER 

�µÀ¶V* ¨� û� d� K kO��Ø( þß Vã"khÞ
*%Ó_éY�9ùÃ×
ÛÑ��@ú� HERMES 
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��
V* �� �� R� Ë PV�hÞMC!uO49ú¹�T�� --NiCr2O4�M=Ni)-- HER 
 

��
V* �� �� R� Ë PV�hÞMC!uO49ú¹�T�� --FeCr2O4�M=Fe)-- HER 
 

��
V* �� �� R� Ë PV�hÞMC!uO49ú¹<ð� --NiCr2O4�M=Ni)-- HQR 

��
V* �� �� R� Ë PV�hÞMC!uO49ú¹<ð� --FeCr2O4�M=Fe)-- HQR 
 

��
V* �� 
� �� D PdAgMnßÓ9"± Ã�µ HQR 

��
V* �� 
� �� D ùú�@�ùú�"± Ã×tôßC-Ê9ú��
Pt100-XFeX(X=30!35�ßÓ HQR 

��
V* �� 
� �� D PtFe�ÄßÓ9ú¹`% PONTA 

��
V* �� 
� �� D Mn3PtßÓ9"± «T� HQR 

��
V* �� 
� �� D ùú�@�ùú�"± Ã×tôßC-Ê!Mn1·xPt1¯x9
"± 9«T�! HQR 

Ö<V*V*J ê� 
� E� 0 �¸( "
U_ ×�hi��¹��f 9<ð>Á KPD 

Ö<V* ¬� L� º� � Ö�ßRW�>-_��Øh� HªÛåidþf 9=Ç KPD 

VjV*V*J Ó� Ñ� ~� A Þ_U�!×_�V !9���Ã93ì<ð�×C-�� HERMES 

VjV*V*J Ó� Ñ� ~� A (!kém¦4<ð9sÑK;��X^-�� AGNES 

VjV*V*J ,� >� »� � �0sÑ�(ß� "�ÍP�iPÝ_"�� ¼
3ì9é
Ã<ð>Á HERMES 

VjV*V*J ,� >� »� � ©½¾"k!q é"("�!9K;� AGNES 

§Æ�õV* Ï� � � �� ¿ RMn6Sn6ßÓ9ú¹<ð HERMES 

§Æ�õV* Ï� � � �� ¿ RMn6Sn6ßÓ9ú¹<ð KSD 

I>V* ­� I� �� � CH3NH3PbI39�ñò¯ð@ZÑZj9Ã× FONDER 

Îg6V*V*J .� B� N� u k�`
þß�sÑ9<R{õï���TbÃ�²i SANS-U 

Îg6V* �� ä� �� K �vÝ_"�� "!� é`Þ_�Ø9
 T� ¯ ��  SANS-U 

Îg6V* �� ä� �� K p¾OÕRsÇ� C-ãViP0¶ß�9�PVÃs
<ð
¦�+,-sÑ��ô SANS-U 

��ZÑÜ����©� Ç� ¡� � � w dþ¦�Ñ>Á�iA�¦�ÑÇ�ÒÓ�>-¸W<ð�� NSE 

Ô&V* À� q� ·� D "  "�9VeOBeam Splitting Etalon�iA�Jamin

ä¦�Ñõö¤9=Ç@���få9Äi MINE-2 

Ô&V* À� q� ·� D Beam Splitting Etalon�·,·,-,-�:��,�>-�s>ç�
»�ÒÓs�Âg9=Ç MINE-1 

Ô&V*ZÑnxË� ,� >� e� � Ý_U�O
 °�iP"9Á¸:�Y SANS-U 

�ÔV* Â� � � d� � C¯Na0.33V2O5ú¹<ð9úûÄ� PONTA 

H�V* I� >� v� | !óÆ|¯U!
 !Ê9¦�ÑÇ�ÒÓ SANS-U 

�ÔV* h� I� R� J "|��¦�+,-�sÑÛ>(Ë!9áÛÏc9>p SANS-U 

�Ôf)V* D� 
� ú� ¤ 6�$Ñ�ùú��CuFeO29�Ising�@ú¹`% HER 

�Ôf)V* D� 
� ú� ¤ 6�$Ñ�ùú��CuFeO29�Ising�@ú¹`% GPTAS 

�Ôf)V* D� 
� ú� ¤ 6�$Ñ�ùú��CuFeO29�Ising�@ú¹`% FONDER 

�Ôf)V* D� 
� ú� ¤ 6�$Ñ�ùú��CuFeO29�Ising�@ú¹`% HQR 

�Ôf)V* D� 
� ú� ¤ m�*¨"± T±"Þ� �� Ê�ý Oú�R�	� HQR 

�Ôf)V* D� 
� ú� ¤ m�*¨"± T±"Þ� �� Ê�ý Oú�R�	� GPTAS 

�Ôf)V* D� 
� ú� ¤ m�*¨"± T±"Þ� �� Ê�ý Oú�R�	� HER 
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�Ô&�V*V*J �� j� Ï� p m�*¨T±"Þ� �� �
Cú��9"± ��vô HER 

�Ô&�V*V*J �� j� Ï� p T±"Þ� Þ��!hVPVUú��9�� HQR 

�Ô&�V*V*J �� j� Ï� p T±"Þ� Þ��!hVPVUú��9�� HER 

�Ô&�V*V*J �� j� Ï� p k{¯Uh"�+,-"± Ã× GPTAS 

 ¦V* �� q� �� j Ý_(�� /Ý_°V±� âßÊ9���Pá;B>-<
ðZY SANS-U 

�Ô&�V*V*J �� j� Ï� p Uh"`��� ã9|sÑ9<ð@K;vô9�� HER 

�Ô&�V*V*J �� j� Ï� p Uh"`��� ã9|sÑ9<ð@K;vô9�� GPTAS 

�ÔV* �� µ� ^� ~ ÌÜ-%ùú��Sr3Ru2O79¹mÌBw93ì<ð>Á FONDER 

�ÔV* �� µ� ^� ~ ÌÜ-%ùú��Sr3Ru2O79¹mÌBw93ì<ð>Á HQR 

�ÔV* �� µ� ^� ~ Sr3Ir2O793ì<ð>Á HERMES 

�ÔV* �� µ� ^� ~ Sr3Ir2O793ì<ð>Á PONTA 

�ÔV* �� µ� ^� ~ Sr3Ir2O793ì<ð>Á FONDER 

�Ôf)V* FI�� � � F _��ØHªÛåidþ:�(LiMn2-xMxO4-d9ZÜ*��
�+>ø3ì<ð@Ûåý�9Li¥�¿ HERMES 

�Ô&�V*V*J ~� ¬� �� � Ce\�°
PÍhO9p-fâR-.�>-`%<ð TOPAN 

�Ô&�V*V*J ~� ¬� �� � Yb4As39Û�ñò<ðÃ&%�+,-ìTÞT��  TOPAN 

�Ô&�V*V*J ~� ¬� �� � Yb4As39Û�ñò<ðÃ&%�+,-ìTÞT��  HER 

��
V* 	|[� º� � óÆÕR�ml¥Ñù-Û��+,-$�T�� @$+T�
� 9:; HQR 

��
V* 	|[� º� � óÆÕR�ml¥Ñù-Û��+,-$�T�� @$+T�
� 9:; GPTAS 

�ÒV* Ç� ä� �� J ¢õgN��Â-NaxCoO29ZÛý�@3ì<ð HERMES 

�ÒV*V*J è� È� � � é ZÛf ¦9�(Ù!) `% AGNES 

ÒÃV* ½� Z� �� Ñ WP���O|��3ì�+,-|õ3ß«9;¨:;9>Á FONDER 

ùµV* �� q� »�Ñ Sn9C-�<ðÃ&%9�� FONDER 

´
V* X� ä� � � ¡ KTa1-xNbxO39T��  HQR 

´
V* X� ä� � � ¡ LiTaO39<ðÃ&% HQR 

�ÒV* ä� 
� O� | ,�|õ3ß
�(BrHPLN (C13O2H7Br)9|õ3ß9�©
@¦�Ñ�>-�� FONDER 

�ÒV* ä� 
� O� | 1j¢õgN��SrTiO39ìTÞT�� @/�\ O HER 

�ÒV* ä� 
� O� | YTiO39ú¹<ð>Á�>--.9h¯ " × FONDER 

�ÔV* Â� � � d� � (La1-xNdx)4Ba2Cu2O109ÌÜ-%ùú�ó�ùú�&% HER 

�Ôf)V* Ä� �� È� O éY�ú�� (Ba1-xSrx)2Zn2Fe12O22 +>ø 
Ba (Fe1-xScx) 12O19 9!]NÃ�²i KSD 

��V* �� L� º� � RPdSn (R=Tb,Ho,Dy,Er) 9ú¹<ð HQR 

�ÒV* V� I� �� 0 ¼þÑñò�(RB2C2w9à�ú¹ÒÅÒÓ96ª¢sÇ�� FONDER 

�ÒV* V� I� �� 0 ¼þÑñò�(RB2C2w9à�ú¹ÒÅÒÓ96ª¢sÇ�� KSD 

�ÒV* V� I� �� 0 ¼þÑñò�(RB2C2w9"± $Ñgh`�P" TOPAN 

 ÇI
� � � p úû¦¦�Ñ�ê�>-#ð��_U ÊYbSbw9:¶þñ
ò9E� HERMES 

 ÇI
� � � p úû¦¦�Ñ�ê�>-#ð��_U ÊYbSbw9:¶þñ
ò9E� KSD 
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�ÔV* ý� I� � � � `]gh� ¹éY�9ÌÜ-%¥ÑÃ&%9E� PONTA 

O¶V* %� L� ­� � -Ûóú�þßÊRbCoBr39¦�ÑÒÓ HQR 

Ô&V* ,� ä� Æ� ¢ ã¬©Yß�DyNiSn�+,-úû-%ú¹&% HQR 

ùµV* ®� a� 1� ¢ ZnCr2O49¦�ÑÒÓ PONTA 

ùµV* ®� a� 1� ¢ ZnCr2O49¦�ÑÒÓ HQR 

ÒÇ89)*#�V*JV* È� É� Ê� ¤ ZiNiAl
@TiNiSi
3ì<ð�@-TbPtSnYß�9ú¹<ð HQR 

 Ç� «� � � È ù-Û� RMn2O5 (R=ã¬©)�+,-��Gú¹<ð FONDER 

�(f ��'< ¬� L� � � Z Zn-Mg-Tb �3ì9úû¦w9ú¹Ã× GPTAS 

�(f ��'< ¬� L� � � Z Zn-Mg-Tb �3ì9úû¦w9ú¹Ã× HER 

I>V* ¼� �� � � 2 DyCu2Ge2 9à�ú� HQR 

I>V* ¼� �� � � 2 TbCu2Ge2 9ú¹&% HQR 

ùµV* �� q� »�Ñ Pt1-cMnc (C <0.16 )9ú¹<ð«T� TOPAN 

Ï�V* �� �� Í� Ä Ó_ïYß�R7Rh3 (R = Tb, Dy, Ho, Er)9ú¹<ð HQR 

�ÒV* �� c� � � U Ho1-xYxB2C29��Gú¹<ð KSD 

�ÒV* �� c� � � U Ho1-xYxB2C29��Gú¹<ð TOPAN 

+v9|bÑV* 0� Ë� �� Ì NiO9�ú�ÒÓ PONTA 

+v9|bÑV* 0� Ë� �� Ì �Ä
þß Vã"khÞéY��ùú��9"± Ã�sÇ FONDER 

��ZÑÜ��� ¦� �� E� ª La1-xSr1+xMnO49ú¹`% TOPAN 

��ZÑÜ��� ¦� �� E� ª La1-xSr1+xMnO49ú¹`% PONTA 

H�LíV* q� �� Í� 6 ZÐ��Dy2Ni3Si5Yß�¿3ì9ú¹<ð HQR 

fY*��� Ñ� È� �� Ñ S=1/2 k{¯$ÑÊ Cu3Bi(SeO3)2O2X (X=Cl, Br, I) 9ú¹
<ð HQR 

Ô&V* Î� ¤� � � z Æ$Ïc�hi��Crì­9"± <ð�= TOPAN 

�Ôf)V* ¢� 6� ü¹[ Rb(Co1-xMgx)F3 Ê�+,-ZÑñò9�=@ú¹Ã× HQR 

�Ôf)V* ¢� 6� ü¹[ Rb(Co1-xMgx)F3 Ê�+,-ZÑñò9�=@ú¹Ã× HERMES 

�Ôf)V* ¢� 6� ü¹[ GPTAS 

�Ôf)V* ¢� 6� ü¹[ �Ï�"± ×±"�+,-àO-ú¹Ã×90¿@ú¹`% HQR 

�Ôf)V* ¢� 6� ü¹[ �Ï�"± ×±"�+,-àO-ú¹Ã×90¿@ú¹`% HER 

¦õ#���� Ð� � � �� Ñ Rñ"Pi�!ghÞ9ú¹<ð HERMES 

Ò©.V*V*J s� �� � � � *%Ó_k!
Ë`hOBaLa2MX5(M = Mn, Fe, Co ; X = Se, 
Te)9ú� HERMES 

Ô&V* I� 
� �� b ÛÑO °
¹éY��h!"q��+,-o��gNÏc TOPAN 

Ô&V* I� 
� �� b ÛÑO °
¹éY��h!"q��+,-o��gNÏc HER 

Ô&V* I� 
� �� b ÛÑO °
¹éY��h!"q��+,-o��gNÏc KSD 

VjV* \Z6� Q� 6 ¶AÛÑÊ9¥ÑóÆª£9ú¹ñò9�� GPTAS 

VjV* \Z6� Q� 6 ¶AÛÑÊ9¥ÑóÆª£9ú¹ñò9�� HQR 

Ò©.V* «� �� � � c ¶AÛÑÊURu2Si29Ò��ñò@ÌÜ-%�ùú� GPTAS 

�Ï�"± ×±"�+,-àO-ú¹Ã×90¿@ú¹`% 
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Ò©.V* «� �� � � c ¶AÛÑÊURu2Si29Ò��ñò@ÌÜ-%�ùú� PONTA 

�Ô&�V*V*J ~� ¬� �� � ¼¶þñò�
C¶AÛÑÊPrFe4P12�+,-4fÛÑvô HER 

�Ô&�V*V*J ~� ¬� �� � ¼¶þñò�
C¶AÛÑÊPrFe4P12�+,-4fÛÑvô PONTA 

�Ô&�V*V*J ~� ¬� �� � ¼¶þñò�
C¶AÛÑÊPrFe4P12�+,-4fÛÑvô TOPAN 

�Ô&�V*V*J ~� ¬� �� � ¶AÛÑÊ!"q�PrOs4Sb129ú¹\ ¯ ÞsÇ PONTA 

�Ô&�V*V*J ~� ¬� �� � ¶AÛÑÊ!"q�PrOs4Sb1293ì<ðà� HERMES,HER
MES 

+v9|bÑV* è� �� �� ¹ RMnO39ú¹ñò@-.ñò GPTAS 

VjV* \Z6� Q� 6 ¶AÛÑÊ9"± Ã�µ/Û�Ã�µ@T��  GPTAS 

VjV* \Z6� Q� 6 ¶AÛÑÊ9"± Ã�µ/Û�Ã�µ@T��  HER 

�ÒV* �� ]� �� ® La1.875-xBa0.125-xSrxCuO4�h!"q��+,-Û�"Þ
±h°ñò9�¥¨\�!9<� FONDER 

�ÒV* �� ]� �� ® La1.875-xBa0.125-xSrxCuO4�h!"q��+,-Û�"Þ
±h°ñò9�¥¨\�!9<� KSD 

�ÒV* �� ]� �� ® ZngN��La2-xSrxCuO4�h!"q��+,-�(Ù!) 
ú¹`%óá¨ú¹Ã×@�9úûÏc�×C-�� TOPAN 

�ÒV* �� ]� �� ® ZngN��La2-xSrxCuO4�h!"q��+,-�(Ù!) 
ú¹`%óá¨ú¹Ã×@�9úûÏc�×C-�� HER 

�ÒV* �� ]� �� ® ZngN��La2-xSrxCuO4�h!"q��+,-�(Ù!) 
ú¹`%óá¨ú¹Ã×@�9úûÏc�×C-�� KSD 

�ÒV* �� ]� �� ® ZngN��La2-xSrxCuO4�h!"q��+,-úø�N<ð
9�� SANS-U 

�ÒV* �� ]� �� ® ZngN��La2-xSrxCuO4�h!"q��+,-úø�N<ð
9�� KSD 

�Ô&�V* ´� Z� ��[ ¶AÛÑÊYß�URu2Si29ú¹�vIÑ PONTA 

�Ô&�V*V*J ê� �� d� Å CeRñ"Pi�!ghÞ�+,-ùÃ×ÛÑuÍ HER 

�Ô&�V*V*J ê� �� d� Å CeRñ"Pi�!ghÞ�+,-ùÃ×ÛÑuÍ TOPAN 

�Ô&�V*V*J ê� �� d� Å ã¬©p�Y�RB6�+,-Ramanà�9�. 
 GPTAS 

�Ô&�V*V*J ê� �� d� Å ¶AÛÑÊùú�!"q�UGe295fÛÑvô PONTA 

�Ô&�V*V*J ê� �� d� Å ¶AÛÑÊùú�!"q�UGe295fÛÑvô TOPAN 

VjV*V*J 
� �� 2� ¤ Y*¨OÓ�9���Ê�+,-¥ÑÃ&%9;¨óÆuÍ HER 

VjV*V*J 
� �� 2� ¤ Y*¨OÓ�9���Ê�+,-¥ÑÃ&%9;¨óÆuÍ GPTAS 

+v9|bÑV* 4� 
� 2� K Ó_ïYß�!"q�Er(Ni,Co)2B2C9ú�@!"q9ôß GPTAS 

+v9|bÑV* 4� 
� 2� K Ó_ïYß�!"q�Er(Ni,Co)2B2C9ú�@!"q9ôß HQR 

+v9|bÑV* 4� 
� 2� K Ó_ïYß�!"q�Er(Ni,Co)2B2C9ú�@!"q9ôß SANS-U 

+v9|bÑV* 4� 
� 2� K Sr2RuO4Ê9cc�� GPTAS 

+v9|bÑV* 4� 
� 2� K Sr2RuO4Ê9cc�� SANS-U 

�ÒV* Q� Ø� ~� J ¹éY�!"q�La2-xSrxCuO49ú¹�T���C- 
ú�o��Ïc TOPAN 

�ÒV* Q� Ø� ~� J ¹éY�!"q�La2-xSrxCuO49ú¹�T���C- 
ú�o��Ïc HER 

�ÒV* Q� Ø� ~� J ¹éY�!"q�La2-xSrxCuO49ú¹�T���C- 
ú�o��Ïc KSD 

Ô&V* L� 
� #� � La1.88Ba0.12CuO4�+,-Û�"Þ±h°�T�9�� TOPAN 

Ô&V* L� 
� #� � La1.88Ba0.12CuO4�+,-Û�"Þ±h°�T�9�� HER 

Ô&V* L� 
� #� � La1.88Ba0.12CuO4�+,-Û�"Þ±h°�T�9�� KSD 
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Ô&V* L� 
� #� � ÛÑO °
Pr1-xLaCexCuO49ú¹«T�@!"q9Ã
×S"!"qÃST9U°V � TOPAN 

Ô&V* L� 
� #� � ÛÑO °
Pr1-xLaCexCuO49ú¹«T�@!"q9Ã
×S"!"qÃST9U°V � HER 

Ô&V* L� 
� #� � ÛÑO °
Pr1-xLaCexCuO49ú¹«T�@!"q9Ã
×S"!"qÃST9U°V � KSD 

+v9|bÑV* g� ,� ��e Ó_ïYß�!"q�ErNi2B2C9@Ç¨�N<ð9E� SANS-U 

+v9|bÑV* g� ,� ��e Sr2RuO49!"q)�i°��S�°` "± P9�� HER 

+v9|bÑV* g� ,� ��e La1-xYxTiO3�+,-ú�@-.°9 GPTAS 

+v9|bÑV* g� ,� ��e La1-xYxTiO3�+,-ú�@-.°9 HERMES 

¦õ#���� Ð� � � �� Ñ La2-xSrxCuO49� Ê O °Ã�+,-�(Ù!) "±
 �; TOPAN 

¦õ#���� Ð� � � �� Ñ La2-xSrxCuO49� Ê O °Ã�+,-�(Ù!) "±
 �; HER 

¦õ#���� Ð� � � �� Ñ La2-xSrxCuO49� Ê O °Ã�+,-�(Ù!) "±
 �; KSD 

�����z- %&'��'<  V� ÷� ½� þ `�a:(�FSM-16�+,-W:è|sÑ9gh`�P" AGNES 

�Ô&�V* ,� 9� Ó� Q Éû0�sÑ­9Z�T���C-h�óÌÜÏc NSE 

�Ô&�V* ,� 9� Ó� Q Éû0�sÑ­9Z�T���C-h�óÌÜÏc SANS-U 

�Ô&�V* ,� 9� Ó� Q C60/_ ©(­Ê9"V gh`�P" NSE,NSE 

�If)V* Ô� �� D� ¢ MCM-41¯ì:è�+,-þ�sÑ9gh`�P"9�$vô
�>-ZY AGNES 

�If)V* Ô� �� D� ¢ �Ð�ï�+,-|�(ßuRsþß��9gh`�P" AGNES 

Ï�V* Y� 
� h� À Éû0ÑÊþÆ��9<ð@gh`�P" NSE 

Ï�V* Y� 
� h� À Éû0ÑÊþÆ��9<ð@gh`�P" SANS-U 

Ô&VJ�*��) .� Z� `H[  'Ó_Yß�9��¦w9<ð@�Äû�×C-�� SANS-U 

Ô&VJ�*��) .� Z`� H[ |Z¼½Bw9 'Yß�9:; SANS-U 

VjV*V*J f*��) I� `� � � Q P±"� Þ|��9gh`�P"@<ð AGNES 

VjV*V*J f*��) I� `� � � Q P±"� Þ|��9gh`�P"@<ð HERMES 

�ÔÛ'V I� `� K� Ñ Æ$:��DTAB|��9ÀvFÕv��!&%9gh`�P
" AGNES 

Á�89)*#�V*JV* 	~ú� N� ¤ ��(�$�sÇC-|�|P±"Í 9gh`�P"-II HER 

Ô&V* â� ê� u� � \�!W�­9`�<ð�R SANS-U 

Ô&V* â� ê� u� � _ ©(|���ëT�-Á¸Ë!Ã9�R{I SANS-U 

Ô&V* â� ê� u� � _ ©(|���ëT�-Á¸Ë!Ã9�R{I NSE 

��V* Q� F� �� � é�Ö©(�(ß¤�©(_Ýì Ø9×�`�k°�!@�
49<ð��9�� SANS-U 

��V* Q� F� �� � é�Ö©(�(ß¤�©(_Ýì Ø9×�`�k°�!@�
49<ð��9�� NSE 

¿ÀV* .� _� Ø� � ä¦�ÑÞ\×±T��iA�²��è|ssÇ9æFY MINE-1 

+v9|bÑV* ¡� F� d� O ±¯±-Gyroid&%�+,-Modulation Fluctuation 9"V 
gh`�P" NSE 

+v9|bÑV* ¡� F� d� O ±¯±-Gyroid&%�+,-Modulation Fluctuation 9"V 
gh`�P" SANS-U 

+v9|bÑV* ¡� F� d� O Ù|�Ë"ÞsÑt-%C-Æ$:��Ë|Ê9ñò-ñò&% SANS-U 

+v9|bÑV* ¡� F� d� O Éû0�ãViP0¶ß��*2Gµd 
sÑ­9á¨+>ø;¨<ð SANS-U 

+v9|bÑV* ¡� F� d� O Éû0�ãViP0¶ß��*2Gµd 
sÑ­9á¨+>ø;¨<ð NSE 
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�Ô&�V* %� L� � � ` �Pá;û�>-Æ$:��±¯±O¯h 9§Ç@­9gh
`�iP" SANS-U 

�Ô&�V* %� L� � � ` �Pá;û�>-Æ$:��±¯±O¯h 9§Ç@­9gh
`�iP" NSE 

Ô&V* Ó� È� h� ¢ �sÑE±"Y	��+,-\ ��`!"V h ×g�  PONTA 

Ô&V* Ó� È� h� ¢ PVAY*ªqË!9á¨+>ø;¨o_¹� NSE 

Ô&V* Ó� È� h� ¢ PVAY*ªqË!9á¨+>ø;¨o_¹� SANS-U  

Ô&V* Ó� È� h� ¢ ´µÂá;B�+,-Ý_(�� 93ìY	� SANS-U 

Ô&V* Ó� È� h� ¢ Û�q�PVAË!9±§óÁ�	� SANS-U 

Ô&V* Ó� È� h� ¢ �sÑì­9E±"&% MINE-2 

Ô&V*V*J ¶� ¦� ²� X ÌÜ"� °�iA�"�{�sÑâßÊ9 
Ï��T�9gh`�iP"�+,-Ú»�Ïc9�� SANS-U 

O¶�õV* ù� �� � � $ h� "q�Ý_� Ý_( �!��Í �PEU�9�»�
ÒÓST@T^�"q'<@9×Õ AGNES 

�ÔV* �� ª� .� J h�v{
ãViP0¶ß�9h�ªÌÜ-%Ã&%�×C-
�� SANS-U 

�ÔV* �� ª� .� J h�v{
ãViP0¶ß�9h�ªÌÜ-%Ã&%�×C-�� NSE 

�«|¦�� ÛÓ�ß��� o� r� � � F Éû0��(@|���sÑþß�9<ð>Á SANS-U 

Ô&V* ,� 9� /� 0 þ�(Ù!) ¦�Ñ�>-�'ç¦�Ñh¯ " ×W9=Ç MINE-1 

fY*��� å� 
� ¹� e �Qa�­" ! �± 9¦�Ñ�,ý�ö÷ MINE-2 

Ô&V* 
� 6� `� 0 ¦�Ñ"± õöuÍ�Äi��¦�Ñ"± (
 s�W9
=Ç 

MINE-1,MINE-
2 

Ô&V* �� ä� d� N ��ça�­¦�Ñdþ�± 9=Ç MINE-2 

Ô&V* �� ä� d� N ùA�±û9¦�Ñ"± �* MINE-2 

�ÔV* �� ª� .� J �hPV(�!�� 9ÌÜ-%<ðÃ&% SANS-U 

�ÔV* �� ª� .� J �hPV(�!�� 9ÌÜ-%<ðÃ&% NSE 

�ÔV* �� ª� .� J �hPV(�!�� 9­gh`�P"9dropletÏ��¿� SANS-U 

�ÔV* �� ª� .� J �hPV(�!�� 9­gh`�P"9dropletÏ��¿� NSE 

�ÔV* 2� �� 1� ± La2-xSrxNi1-yMyO4�M=Zn, Cu)�+,-"Þ±h°ñò GPTAS 

�ÔV* 2� �� 1� ± Nd2Mo2O79�(Ù!) " PÞ!9úûÏc HER 

�ÔV* 2� �� 1� ± Nd2Mo2O79�(Ù!) " PÞ!9úûÏc GPTAS 

�ÔV* 2� �� 1� ± Nd2-xYxMo2O79Ó_°ï�&% GPTAS 

�ÔV* 2� �� 1� ± Nd2-xYxMo2O79Ó_°ï�&% HER 

fY*��� V� ¶� «� ë ¥ÑÜ*¨µ;×ðÉ vôï9õö�K���D 
-¯k
kU!UVh ×Þ °!�iA4- 

MINE-1,MINE-
2 

Ò©.V* Ó� Ñ� �� ¹ ±(°3ì9Û¹¨OZ��=W�>-Ö�A¦�Ñ�*õÑ
9=Ç�� ULS 

 ¦V*V*J Y� 
� È� ¹ ��Si9<ð@ÛÑ h� Ã× HERMES 

 ¦V*V*J Y� 
� È� ¹ ��IGe-SnâßÊ9<ð HERMES 

�|V*Lí*r ¶� .� �� Y Rb2MoO49<ðÃ&%@T�� sÒ GPTAS 

�|V*Lí*r ¶� .� �� Y Rb2MoO49<ðÃ&%@T�� sÒ HER 

�|V*Lí*r ¶� .� �� Y (K1-xRbx)2SeO49U�Ã&%�ÜXC-ìTÞ\ O9�-
ÞA GPTAS 

�|V*Lí*r ¶� .� �� Y (K1-xRbx)2SeO49U�Ã&%�ÜXC-ìTÞ\ O9�-ÞA HQR 
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