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��¢��£¤�����%����7x¥^��¦§C=>0;¨�����A�%�4v>��9%�����©

ª:;LM���<�«�������7;¬®��B�¯B�C� 

 

���������� �!"#$%&'()*�

� TU�v>���o��1980 ��°�±�²�³%�´PA����

SDWµ���¶·¸¹�^=º»¼½¾o
	;¿À%Á@��Tc=1K

p12kbar Âs����o%C�Ã�Ä�¢� 1986 ��ÅÆ%'ÇÈU�

v>���o�e9A�1988 ����&'���ÉÊ�7x�d»��B

��«�U<����
	Ë·� 10K ;�@=v>���o[κ-(BEDT-

TTF)2Cu(NCS)2];´BÌ�����Ã�¢ 1991 ��8Í� 10K Î���

�o�B]Ï8��PA�v>���o��ÐÑÒ3��ÓÏ����`a

'�7�ÔÍ9A�B�C�TU�v>���o��´89ÕÖ|×� �

Ã�Ø� 120 Ù����ÃA9; ”Materials Viewpoint of Organic 

Superconductors” ��� J. Phys. Soc. Jpn.�4w3��o:�ÚÛÜ%

��<����%�¬ÝÞ�y=f�¬ßÂPB[1]� 

� v>���Úà�ÓÏ��áâ�°ãä�ã��B"åBæ%çr;eb

�B=�%�qè�é98]�Àæêë�ì«B��í%C����
	Ë

·'�îè-10K/GPa %ïj��jIðÀ%�ñò��'bó9ôõö%Ò

÷;øùC=õL;'Ï�m>½¾Ð�úûü��ý�ì«P;ï@�þ�

A�B����Ã�%��g��õ�v>����w3;jI��C=��

�^��Z�	�
����j�·;ï@�����Ò3ÐÑ�ì«P;

ïjP����ñòC=��;LM���������������²��

Ì�y�b����¥b���d/�t|�������FG���d�8

��+,-. 

���+ 

�Ó� ��v>���oβ-(meso-DMBEDT-

TTF)2PF6 �ÀæÂ�Ò !"#�Ë·$%

�� 4.0kbarÂ, Tc=4.3K%����
	�

meso-DMBEDT-TTF 
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Temperature (K)
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β−(meso-DMBEDT-TTF)2PF6

(a) 1bar

(b) 2.1 kbar

(c) 3.1 kbar

(d) 4.0 kbar
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�á�(l;Nl������;�)��C=���%«����

Ã���&�[*+pp,s�Ò�-I�7ds891.�����	b�«�]A�ìI/0�123E4�5Ê 64�

789:4�;<��=æ%�>b?��1@A¢���[*+89 B¥CD(l%�E9�FG��G;HIY=�

<����·�CD;�J�����Ã�K�L�MNd/�4���TO�O I��¥:�E9�P;8Í�B�¥

B��'��%�Q8�B¯BÌ%C���^"��TU� 1 ��(l;R;O IY��9�ìI/0�S��7;

�<���� 

�  2002 � 11 �89��HITUVÝ>W�XY�©Z�7[�*+ CREST )\�4]·^_`haîb�c`�

dÍ�efWZogh�ñò�ij:p�7klm��9nop�q�rs�t�muvOwops�x¿P��B�¥

«�yz{çr|}(l�ùb�������~5�WZ��'�7x�%�������7'�����^"����

���P9��� 11 ��v>'ª;���C=8���������������B�'ª�ê���K'���J<�

��w3�'ª�����������8�����ìI/0�[N�34��ÂE�4�����4�=æ��1 �Ö

�����¢���v>���oβ-(meso-DMBEDT-TTF)2PF6 ;�´����p�Ó,[1,2]s�10K �v>���;��

<��A�% 6 � #��v>���o;e��������
e�w3;Wªªw�C=���o�&'U<�%�

�A'�¡�	��¢æ�£�%C� 

��¤o�w3�Oo¥¦�§;v��B=�<w3AÐ¨ej�

å]�©ª�èÀ���o�«¬� 9 �� 0.9eV �	�
�;'

 �Ã��<èÀ%� 90K %º»¼½¾o�Ð
	;®���C�

��½¾Ð;¿À����í���Ð�`A��%�½¾Ð�WZ;

�DC=~��y�����2002 �^� 5 �7dp����]¯°

ã±�¿O²�7>W��WZHI�7dp�W�s�w3HI�7

dpw3�s�³ìjI�7d�´µìº»gh�7ds�¡�	�

�»C=¶H·IU©ª�74��B�7°¸�ä�²�^=Ò3Ð

Ñ���7:p}¹ºm»6�ops�x¿P��B�¥B�t��

���Ã���Ã�����²�%�W��O IY� PF-BL-1A

�\�;¼j��½op�¾ã���t|�����8����¿Û

��°�)%yzWZ�À;þB��{�^"�ÁË½¾Ð�q�¸

Â���
Ã�Ò÷ÄÅÐ%y=��;�D����[3]�w3��

ÆÇÈÉop��SÊ�7%��±�wË89'���¤o�
e�

w3�'ÏÒ÷��º»Ð� 0.5 �Ì2 89�½¾j¢� 70K ÍÂ

%�0.7 �� 0.3 ��Ò÷ÄÅjC=���:98��b�t��C�

��ÎÏr��¤o�tÍ=q�¸Â���
Ã�Ò÷ÄÅ�ìïÐ

�]�Ñ���ÊÒ�L�C=
e�A�²���Óæ¥ÍÔ@=�����\�Ã�Ò÷ÄÅ��=�Õ%C��{Â

�cC^"��Ò÷ÄÅ�Ö"WZÐ
	�^��Ò÷s¸q��=w3� ×Ø<���%y=��Ù���Ò÷�ú

��=w3�TÚjØ<89� 3.6·Û���C���^"��é98Bv>w3�ÜÝ·;®���Ò3�¼w3�Ü

Ý·¼�3��Ð¨ej�^��q�¸Â���
ÃÞ)���c`��B=�Ô@9A���4w3�ÜÝ·:�v>

��9%��Ú��Ô@�t��C����º»��Ò ���;'Ï 90K ÍI%'����{ßàá\â�ãã¾ä

°ã�TÚjPA�½¾¢'����ÜÝ·�å���ÐÑ��Ò3æç�cPA�t��C���¤o�Àæ;è¿C

=��º»¼½¾o
	Ë·�ÁÂ��4.0kbar Â, Tc=4.3K %!"�
�¸��éCPA��+Â%Á@9A=��8

9����
	%y=���:98������[1,2]� 

�{ � ��v>���o β-(meso-DMBEDT-

TTF)2PF6� 11.5K�tÍ=Ò÷ÄÅWZ�0.7�

� 0.3 ��
e�w3�q�¸Â���
Ã�ê

ë��B=� 

o

a

c

Dimer

Dimer

Dimer

Dimer
Charge Poor

Charge Rich
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P9��ì�%´íìhI��hIHîM�ïð�^�ª9A�I�ñ��ÉÊò34��PF6 ó�ÊÃ�β-(meso-

DMBEDT-TTF)2AsF6 %�ô��{çr;eª��ìI/0�����4�S� 3.8kbar Â�Tc=4.3K %���
	;

´Ì�����Ò÷ÄÅÐ����Ð�Ñõ;ö÷�ø¬=�<�Iùd/�FGìI/0�uú4�t|�����I

ù��±¾°¸�;jB�����4�¿ÀÂ�� !";ø¬�çû���%C�AsF6 ó�PF6 ó�'�!"
�¸

��ü�ü¸�Ë·ÍI%� !"�Iý�U<��+Â%���;þ���«Ì`C=Ò3Ð�ìïÝÞ�B'�%C�

�+Â%��4���Ð�Ò÷ÄÅÐ��'����7:��ìI/0���Z×4�>«���±\�e��û�Àæ

$%��t^u¿ÀÂ%�� !"CD;�]	1
�o�S��`aþb�t��C� 

 

� �g�¤o��Ò÷ÄÅ������'C=���%'�Ã�Ò

÷ÄÅÞ)���yz%�DPA�t��«��Á�ÀÂ�tB

� MPMS � PPMS (l%'CD���Ë·%�����=Ø�

�B���ã%C��Ð��'��;ø¬=�<�¿ÀÂ�� !

"��jCDi8�%�]�ÀæÂ��±��w3��ÆÇ¾ã�

���SÊ�7%�þ�%y��ÀæÂ� NMR ��13C ;¯�

s¸q�����ã;8����'ª��ìI/0�����34

���;ø¬�t��Ã�Ò3���:��7�`a'�þ�%C�

�����Ò÷ÄÅ������'�hG�ÏB���ìI/0�

�´1�4�´³hHì���3:�����Í�Ò÷ÄÅ���

ÁË%s¯�����%y=�������Ù�������9�

�uPB]Ë���%��s��¸����¾�¸�Ã��'C=

��Ù������9����C=ÁË%���¾�¸�Ã��D

%y=�B"ÝÞ�Bçû;�RPA��%� ��B�C[4]� 

 

/�01234%&�

� ÍI�^"��Ò÷ÄÅÐ;Àæ�Ë·;Þ�¡�)����º

»Ð�!�P�=�7;þb�t��C��T��Ã�Ñ�Ò+%

ñòC=qzý����7�'ÝÞ;'b��<�t��C�v>

�%'�Cu(TCNQ) [TCNQ=tetracyanoquinodimethane]�"#�
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Temperature (K)

β−(meso-DMBEDT-TTF)2AsF6

4.0 kbar

(a) 0 T (b) 1 T (c) 3 T (d) 5 T

(e) 9T
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��� ��v>���oβ-(meso-DMBEDT-TTF)2AsF6 �(i)� !"�(ii)Ò3Ð��Ò÷ÄÅÐ����Ð

��'��B=� 

�ñ� v>��oθ-ET2CsCo(SCN)4 �$ìqzý��

�Ã�|%��I�%��n Ã��\s�)ÊÒ�q

zý���éCPA�� 

organic crystal  standard 

θ-ET2CsCo(SCN)4   resistor (R) 
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tÍ=�\¸q�¾`'����¼\ü��


	;C=(¨)�Ã�(TTF)(p-chloranil)�

ä¸�½¾o��= K(TCNQ)�#�¤o�

ÏB��2k~10kVcm*1 �«��]Ò+%�

�� CDWpÒ÷¶·¸s�SDW
	p��

�¶·¸s;'Ï¤o%��+Ò+ÍI%q

zý���éCPA�«����T��g��

���Ò÷ÄÅ;'Ï�;´Ì���A9�

����ñ�^"�ÁÒÀ%$ìqzý��

;cC��;,-MìI�./10op��

SÊ�7%_1��øL;Û<�t��C[5]�

��v>çrθ-ET2MM’(SCN)4[MM’ = RbCo, 

RbZn, CsCo, CsZn]�����^"�v>�

���úûü�½¾��(¨�)���=�

�WZ;��t�������
e�ET w

3�êë�Î2�3��b�B=�<��p

� c fd�w3A²���Óæ(V)�<�%

 ×3�]��º�4"��B�C[6]�Ã�çû��Ä�cC^"�Òg�Ò÷ÄÅÞ)����'��t��C�î

èw3�+0.5 ��Ò÷;5b�t��C��c fd� V � p fd^�ì«B��²�����;|6C=�<���Ä

(b)�^"�Ò÷s¸qpRbM’ó%�+0.8 �s�Ò÷�ú

pRbM’ó%�+0.2 �s�w3�ÃA7AØfd�8b�

ØÃ�9a�{:$;Ò÷ÄÅÐ����p fd�f�ì

«B��Ä(d)<Ã9a�{:$;�c fd� p fd� ×

Ê�G�Ï<fd�Ò÷s¸q��ú�=>�Ä(e)�:$

;?5��Ò÷ÄÅÐ;'Ï���� PA�B�C�cK�

θ-ET2RbM’(SCN)4 [M’ = Co, Zn]��Ä(a)�cC^"�

190K %º»¼½¾o
	;®���]Ë�º»Ð%�(e)�

:$;@��\ABÄÅ�éCPA�190K �tÍ=WZ


	%(b)ØÃ{:$;Ò÷ÄÅÐ���½¾j��C[6]�  

(a)

Diagonal Vertical 3-foldHorizontal

(b)                        (c)                     (d)                  (e) 

Ò÷s¸qw3 

Ò÷�úw3 

�Ä� (a)v>�oθ-ET2MZn(SCN)4 [M = Rb, Cs]�!"#�Ë·$%��Ò÷ÄÅ�Þ)��(b)ØÃ,(c)Ù2Ã, (d)

CZÃ, (e)3:$;ÃÒ÷ÄÅ� 

��� (a)BEDT-TTF(ET)�w3WZ�v>�oθ-ET2CsCo(SCN)4 �(b){çr�(c)

��çrWZ�t^u(d)Î2�3;'Ïw3êë� 

(b) 

 

a

b

a

b

Cs+

Co2+

(SCN)-

BEDT-TTF 
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���

����
���

����
���

�� !�

�� !�

S

S

S

SS

S

S

S

(a)

(c)

(d) 
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1f�θ-ET2CsM’(SCN)4 [M’ = Co, Zn]��120K�%�º»�%ÃAÍÂ%(e)�:$;?5�\ABÒ÷ÄÅÐ�Ì`

��P9� 50 K ÍÂ%(b)2 :$;9a�\ABÒ÷ÄÅÐ'ª���!"�Iý���º(b),(e)�ÁË%S%C=��

�yzDEDF^�GHPA�t��C���	ã²%Æ��Ò÷IJ1�;'Ï��Ò+;è¿��C��(b){:$

;9a�Ò÷ÄÅÐ�!���ÁBÒÀ%�ñ�cC^"�$ìqzý���éCPA�C[6]���qzý�^]�4K

�L��M�N=��OA�y=���M�N9�B:�P@9A�Ò÷ÄÅ�Ò3��M�¹`PA�C�Ò+%��

�M;Q8C��Ã�R*SÚ�� n TÃqzý���p�ñs��\s�)�Ê�XU%y=�<�ØV Hz %ZO¼

(OïWC=���_1PA�t��C[5]�P9��Ò÷ÄÅ�Xb�]!"�QÍ�Á!"%���3��ïj%ç

r��u����îè��¯Y�û�ÓZ:�y�=¯�²���¯Y�û;'Ï��;�ÒO;è¿��yzDEDF

%éC��t��C���^"�����Ò÷ÄÅ��qzý�����\s�)�û�¯�²���¯Y�ûi8�%

�]�Æ��IJ1�Á¯°ã±��[®�qØ\�t\e]²��ÑõC=ìï<^B�h`'%C� 

� ��Ò÷ÄÅ!��Ö"qzý����7��`a'����Ò÷ÄÅ;'Ï��v>�o�ÏB�ìI/0�_`a

b04�^��v>���oβ-(meso-DMBEDT-TTF)2PF6 t^uÃ�@óo�ÏB�ìI/0�����34��Ñc1

4�^b�ÔÍ9A�t��C� 

 

5�"#�	(6�789%&�����:�;<=>?@ABCDE�

� ���Ò÷ÄÅ��'Ï<^P����o��9dÒêë��Ã�Ë·

ïj�$¸Ø$%�;éCC=�����Ò÷�t\e]²��ÏB�^

_�¨9A=��í%C�T��g��dÒêë%���Ò÷ÄÅýª;

´e<��9�qzý��%Ò÷ÄÅ�!�;éC��pfA�sg�D

��;ø¬�Ë·$%�%�´9A�B�Ò+�B"ì+nv�êë;ø

¬�t��C� 

� ÃA��'��v>no�%�����t\e]²�;ij��>��

��;LM����Õ�����w3A%	UC=�;´Ì��dÒêë

%ø¬�t��C��h�i�ój¤o%y=(chloranilic acid)(1,2-

diazine)2 �dÒêë;ø¬�çû%C�çrWZ�kìl¿�m²�ã

�^������xË�tB� N+–HnO-�opö�B=�%C��90K

%� O–HnN �ipö�y��Ë·qÂ��'������	UC=¤

%�120K ���²;'ÏdÒêë�éCPA�C������	U�

^�����Ò÷¥Í%��]w3�rs'>«Õb�ïjC=�Í%�

P�t��u'��;©ÌC=���;v<�t��C����7�78

9:4�I§G¶�1w%�E�Ü9dÒêë�(l;O IY���;

e�����WZ;ø¬�Ø\	UÃ�����t\e]²�;:98�

����[7]���������ÏB���ìI/0�ìxyz4�]	

1
�o��7;>«Ô«{�P��t��C� 

 

F�"#9G#H@IJKLE$MNOP�%&'(Q)�R

ST�UV$%&WXYZ[@C<DC@KL(Q)�

� ��7x%��v>��i8�%�]�v>w3Ýª�π��Ò3��

m>\ü�� d Ò3�����]Â¸�ãC=����o;LM���

v>¼m>á\|s¸
��w3¤o;����B�C[8]��}�ìI

14

12

10

8

6

4

ε  b

3002001000

O

O O H

Cl

Cl

H O

N

N

N

N

CA
1,2-DA

Temperature/ K 
�h� v>çr(chloranilic acid)(1,2-diazine)2

������� N+–HnOµxË¹89 O–Hn

Nµ90K¹~	UC=¤%�dÒêë�éC

PA�� 

�}� Pyra-TTF �
e�w3WZ��]���

�v>�m>á\|s¸
��w3Ãº»¤o

CuCl2(Pyra-TTF)�çrWZ� 

N

N

S

S

S

S
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/0���� �4������w3Ã�¤o CuCl2(Pyra-TTF)%�
e�w3�Z��\ü��ê§ç'��m��;

ýª��8Ï
e����Â�r;eb�B=�����|��1%C���¤o�ijPA�ê§
e����Þ�;

ýª��B=�<�xË% 25Scm*1 �]B���;' �C���4�jI��
e�w3�ijÒ§�ê§��Oo

¥¦;ñòC=w3N�;þ"���^���*�ßà�WZt^uÒ3�;'Ïº»¤o�û¸�t^u�w3;'ª

��]B�ÊË·;'Ï����o����7;þb�t��C� 

������7/��M��4��Øª 18 �� 4 ������s��qá����������µ�sìI���ò

�op��SÊ�7%�<�B=�ef�C���¼]Ë���;jB�±\²��²\¸
�e�¼%�efw3��

����:;LM���7;�<�B�C���������89���Æop����o��SÊ�7%(l�O I

Y�ª������ SQUID(l%�CD%«�B�u�efw3��;�C��t��C� 

 

\�]^.��

��7x��`a�&p�s���o�]	4����7/��M4�ìI/0ÄS�v����:34�k� 10 S

��7x%Cp��s�����[�������A�%�F+0����ÓS���}S�F�pì�0sÓS%C�

��^"����7x��7��¡�	��S��4v>��9%�����©ª:;LM����<9A�«����

v>���æ�� 

pÓs� Wª{§%y=w3��Ò%�N��ñò���%y=�� 

��3� 118Ù@%y=��w3�C%� 1200ZÙ@ÍI�'ªPA�B= 

p{s� Ò3¼�3Ð¨ej�ì«B�� 

p�s� ��sú� U¯°ã±��²���Ð¨ej�4"C=�ÐÑ���;vC=�� 

pñs� çr�%��w3;�wlW��]]���²s��%y=�� 

ÍI�^��pÒ÷����s¶·¸����Þ\¯ã���������������p�sdÒ�3�� �Ò3�

�;�=���Ã��ÃA9��w3t^uw3AÐ¨ej;°¡\�C=���^b��ñò%«=���y=�¯B

�C��¢����^"�� ��DÒ3���¿@��¯°ã±�g§�3�B{ÏÍI�����'��g�D��

�©ª����v>��é98]ì+êë�ì«B��;ij���Ò+�Ëd®�qzý�qØ\�[®���t\e

]²��ÏB���7;{���B�¯b�t��C� 

 

¢�������ª����&��7x�BÏ'£3ìI/0�a¤��t��C������£3ìI/0�'�

/0;o��¥å��Ø¦%C�£3ìI/0i8�%�]�§0��'hHBA�����b�t��C��hI0%

'w£SÊx¨./0�©U����4£3]ª0«�Iª:;S¬��t��&'cþ./�����«�ß�|}©

�C=£3]ª0�1.�c;®��¯D%C����%��zÓ|}%°Ê±3²09������©�PA�t9

A�����`a'£��o�{S�£����7/'ÄS�³@���7;�<�t9A�C�&�`a�%�7;Ô

Í��9A��'�Ci9�BÇ�´A�µ¶�t8Y%��·�£��7º�´A�³@=��;·89¸b��ß�

|};ê¹C=©U'þb�B«�B�¯b�t��C� 



 7

 

 

 

 

 

 

 

 

 

 

 

 

 

��� 2007� 6� 1Åpºs�@ 1|�â]�¢������Þ�ù��%º»PA���%y=�p���¼34º»s 

 

 

_��`�

[1] H. Mori, J. Phys. Soc. Jpn., 75, 051003(2006). 

[2] S. Kimura, T. Maejima, H. Suzuki, R. Chiba, H. Mori, T. Kawamoto, T. Mori, H. Moriyama, Y. Nishio, and  

K. Kajita, Chem. Commun., 2454-2455(2004). 

[3] S. Kimura, H. Suzuki, T. Maejima, H. Mori, J. Yamaura, T. Kakiuchi, H. Sawa, and H. Moriyama, J. Am. Chem. 

Soc., 128, 1456-1457(2006). 

[4] K. Yoshimi, M. Nakamura, and H. Mori, J. Phys.Soc.Jpn., 76, 24706(2007); M. Nakamura, K. Yoshimi, and 

H. Mori, J. Mag. Mag. Mater., 310, 1099-1101(2007). 

[5] K. Inagaki, I. Terasaki, H. Mori, and T. Mori, J. Phys. Soc. Jpn., 73, 3364-3369(2004); F. Sawano, I. Terasaki,  

H. Mori, T. Mori, M. Watanabe, N. Ikeda, Y. Nogami, and Y. Noda, Nature, 437, 522-524(2005).  

[6] H. Mori, S. Tanaka, T. Mori, A. Kobayashi, and H. Kobayashi, Bull. Chem. Soc. Jpn., 71, 797-806(1998); H. Mori, 

S. Tanaka, and T. Mori, Phys. Rev. B, 57, 12023-12029(1998): M. Watanabe, Y. Nogami, K. Oshima, H. Mori, and  

S. Tanaka, J. Phys. Soc. Jpn., 68, 2654-2663(1999); H. Mori, T. Okano, S. Tanaka, M. Tamura, Y. Nishino. K. 

Kajita, and T. Mori, J. Phys. Soc. Jpn, 69, 1751-1756(2000): M. Watanabe, Y. Noda, Y. Nogami, H. Mori, and S. 

Tanaka, J. Phys, Soc. Jpn., 73, 116-122(2004); M. Watanabe, Y., H. Noda, Y. Nogami, and, H. Mori, J. Phys. Soc. 

Jpn., 74, 2011-2016(2005). 

[7] H. Suzuki, H. Mori, J. Yamaura, M. Matsuda, H. Tajima and T. Mochida, Chem., Lett., 36, 402-403(2007). 

[8] S. Ichikawa, S. Kimura, H. Mori, G. Yoshida, and H. Tajima, Inorg. Chem., 45, 7575-7577(2006). 

 



 8 

 

 

 

 

 

ab3cd+
e
� fVgT+

h
�
i
jk� lm

e
� no� p

h
� qr� sN ½�

�

Øª 18�h�^�����Þ�%]À¾���ãpÍÂ���ãs;¼jC=�<��o¿ÀÁ�ÂÃ�~����

����Ä�Å�7x%���%�^"�¼j��B=��ãÍì;lÍ�]���ø¶'jÆ���ÁËÆjx;î�

�þ�A=Ò����Æjx�^b���ã�Çh�þ�A�B�C�����Èr;WÉ�����^���g�S�

2006�·+ÊËÌ4k�Í:;ÂÍC=���%«����ÍÂ���Î�£Ï�ÏB�Ð¬�B�¯B�C� 

 

cd't(uv(w��

ÇOìI�ÑÒj�����^��Ã��Ó]Òg�ÚjC=ÑÔ3�ï���ÕÖ×Ø�Ç89ÙfÜÚo�ïÛP

A='�'Ì�«����]À¾���ãpÍÂ��ãs�Çh�ÏB�'ÙfÜÚo~�ÕÖ×Ø�ïÛPA���� 

Øª 16 �Ü�;I�ãã%��ã�ij�ÝøÞ�þ�A��;ß0Çhx�$à�^�ÁËÆjx�����Þ�

;o�ij�Ý;øÞ��Ã�GK%����Þ���¾���ã� 500 ÆÍIy=���á:�����P9���

��ÝøÞ;ÂÍ�Øª 17�·��;I�]À¾�âã,-WG�������ã�Ú3�Çh�ÏB�ä�a,-�

þ�A�������%Æå���Þ��ÕÖ×Ø%y=´³æ����ã;{GAÍI�7x�l]�4âã:��=�

�B"´�%y=���cPA������´��^��çèì��âãd���ã;âã��Ã�89¼jC=¾�;

Å�7x�êÇC=8�y=B��7x%¼j��B=��ã�4âã:%y=�<��s�t���é°¸�(Óê

200 ZëÐF�-*&3ì)%�íÇ�~��������âãd89Å�7x�êÇC=����¼j��B=¾��

Ù@�î·�Òg%y��ÃA�Ùê��êÇC=��� ×I��%y=�¯�A�C�Ã�%����Þ�%��s

�t���é°¸�;Å�7x�NlC=���^�Çh;þ"*;Ô@�+'�ï % 10 ðëÍI�&j�~���

=*�á:����� 

�8��I(;cñC=�&j�+d�Çh+Ê�BÕA�<�tB�'ðò�ì«C���7�o¿�ó¥;«�C*

�:^%���Ã�%����Þ�%���Ùôß0./0�ÁË./0�TU�%�ºõ�aTU�aÑ��öÎ;÷�

C������ÇhfÑ�,-;þB�����A;j�����Þ��]À¾�í�ÑI�ÕÖ×Ø%y=��øØ�ù

Ü�(ú;þb�çû�ÍÂ�Ð¬=fÑ%Çh;þ"���^��ºõ<��7�o¿<��f;÷�P�=*�Ìª�

��� 

 

cd'tuvxy(z{�

� ÇOìI�ÑÒjPA=[89�ûüz�ûü���pý����sýr;þ�s�u X z(l;¼jC=ûüz�

�º�ÙC=�;Çh�ûüzÇhx�^b�þ�A�«����cK��ûüz����º���PA�B='��c

Ê;òF��«����ÑË3PA=[89�ûüz����º��;Çh���µ%yb��Í%C�Ã���89�

`½��Ùô��;ß0Çhx�x/��b�t���Ùôß0./0�'Ì���B�C���./0�tB��[Ð

��´³æ�]À¾���ã�âã´��cPA���� 

� ���7d���d»���7;þb�«�����P9�B]Ï8��7x��7�Ý;����«����^��

���7���ÑÙ@�(l���Ò�Ù@�î·�¾�;	
�ïÛ��¼jC=���~���h�PA�C��s

�t���é°¸��^"�]�8Ï+d;�='�;�ùC=�����7�o¿�Ù��v�%�mB�á���

��Ã�%�������7d��sýrÆj>�Æoop�â��B"]À¾��Zd�í�Çh���9Õ�7d�

%�Æj¾��¼j�ÙC=í�o¿���b�«�ÁËÆjx�Ð��þb���*�J��%C� 

|}~W�~�� 

���>�DU��D�>���cd't(uv



 9

� Ã�%./0���;ÂÍ�Æjx���ø�=���çû�#�çè�#��è���¾���Æy=8;��ã�

Ü;þ<��«b ��ÇhC=���P9��¼j��B�B��ã�âã��âãC=���~���8�����

������Þ�;o�Çh���y=oñ;GO���A�%���7d%�]À¾��¼j�Ý3;����Ã�í

�Çh�c�;5 �P9���w`���µ%y=Æjx�*/�cÊ;þ"�9i��7x%¼j��B=��ã�

ÏB���{GAÍI%'4âã:�B"´�;�9�B�B"'�%���Ã�%ÍÂ�Ð¬=fÑ%�]À¾�í�

Ñ�ÙêC=�������� 

 

U��D�����7� Z���

��ã����B�ÑC=]À¾�í�Ñ�^=�ñ��4�&:��84âã:��8�%ì«]����C�P9

��4âã:�+'%'�zÓÙâãd8z{Ùâãd8%�ÕÖ×Ø~���fÑ�ï���C�P9��Ñ� j�

ø�.�PA�t��æs�ø�^b�Ùê���=��'y��C� 

Øª 18 � 6 �Í[�����

�Þ������7dÆjx�u 

!�;ü�)��{Ï�z1Ù�Z

d����©ªHI�7Hj"#�

ÓÏ�z�Ù�Zd�'��Âd�

�Zd�%a��B���p�Ós�

�A;Øª 18 � 7 �Íq��� 

!�;ü�)��ÃAÍì����

Þ�;o��{Ï�z1Ù�Zd�

ïÛ����p�{s��A�^�

 !�;ü�)�;$]���Þ�

;o�Ù���1l����ã�Ç

h;þ"*�Ìª=oñ������

%o���4âãd:���&�;

ÂÍ�'²l+{#;e��¼j�

�B�B��ã�;����yÏ<

�C���89��ã;Å�7x3

�()�u*+C=���^��

���Þ�����ã�1lÇh;

þB�C�����Èr�^���

7x3pÅç�s��¼jp4�

&:s��B=��ã���%aC

=������4�&:+d�B"

�B�C=���%«�C�©b�

����Þ���y=�7x��

4âã:�TUjg%��]4�

&:�TUjg;,-C=���

�b��<��s�t���é°¸

��.ù�#��ì�ðò;6Í9

A=^"�������P9���

����� ������ �	


���� �� ����


���� �� ����

�Ó/Øª 18�Ä�Í[ � ����Þ�� ]À¾�±¸�


������������������


������ 

���� 

�{/Øª 18�h�Íq � ����Þ�� ]À¾�±¸�

����� ������ � 



 10 

�ã�¼jº��Æjx�þ"í�o¿;ÂÃC=*�~5�������Þ�;o%�1���;oñ�WÉ�þ�A

=^"��������A9��;Çh3��Ùô�;ß0Çhx��o��b������Þ�;o;�lÇh��B

�C��Æjx�cÊ;òb�B�C� 

	 �� �� ��� !	 �� ���"� #	

��	 
��	 $%&'()*+	


��	 ,-./01	


��	 23�456	


��	 $%&'()*+	


��	 78 9:;<)=>	

?>@)A:B

C	

D.E1FG	

HIJ��JKLMNOPJ	

QRJST	

/01G	

HIJ��JBCJQR	

D.E1FGKL	

U&VW	 D.E1XY	 Z;<)=>[\]�	

¹Ó/����Þ��]À¾�Çh�ïÛK�

 

���>�Dy(�>�cd�

���Þ���Nl��'²l+�¯0�

��ã�¼B1�b���ã;íÇ��çè

�pcxs���&p4¼j:s��B=�

�ã���%aC=^"��b�B�C� 

��ã;¼jC=���Æjx�þb�B

=]À¾���ãijÃ20�'�]�34

ijÃ20;ÂÃC=~��y��C�P9

���7x89¼jº563��Ô«;þ"

~��y��C� 

��ã;�Va�7W�VÚø7W�2Ù

@�w@��ÃA7A���Ò����è�

Æjx;~Õ£ÝP��Çh�1àj;�b

�B�C�a�7��¼j	·�]B¾�%�

è�âã����¸²��B�C�ÃA�Ù

���Úø7�a�7Íì�¾�����~

��ê��Web��Èr;¼B�7x�ø¶

�^��ø��B�C� 

��ã^_�����ãnv�(Üa�Üa�')a8À���ÂùÅ� 

9ÌÅ��7x~�:ÌÅ�¼j+d�#Òg%C��A9�°�)�

°�)ã��%ÇhPA�~��^_;C;�¨=���%«�C����

�A9�^_��7x~���ã>«<�G�Æjx�õ/�^_;¿

ÛaùæC=���^��ùæ=A�ùæ�I>A���¡��^=ùæ

A?B�®�9�B^"�oñ%��ã^_�Çh;þb�B�C��t�

���ø�Çh;þ"��Èr��Æjx�ùÜ�����'�%C� 

�

cd(�D=?�>�����(���

I(�^"�ÇhfÑ�^���s�t���é°¸���ù�~��

�]�b�@1����uÇh�¼jC=ÅÙ��Èr;ùÜ��C=���

��/��ãÂ93�OA�

�ñ/����Þ�]À¾���ãÇh��Èr

 



 11

¹{/����u�;��Ù«¹�

�^��Øðë�ä�ì��N0£&AB�þ�A�N0�ùG�®«=C�·�D5&�AB'���������Û

���ã�Çh��;o¿oñ�1lj�^���A�%ÍI��;��dI��9A�����|�ïÛ[¢�E{�

����u�;��«�;¹{�c��C� 

 

 ^	 _	 !	 ^	 _	 `	

@)A��abbcL

O 
de)f+;<ghij 
MklLmn200opq500rP 

10sp

@)A��tuvL 
2w 5xop 

 

BCabbcLO yzj{|}~	 9� 
	 	 	 ��

BC��LO	  
��

yzj{|}~	 ���� 
	 0p 

BC��LO	  
200op 

&'- BCn���.E1 
&'-�.E1a������� 

BCn����:�� 
�������0a��NO�

'�:&'���� �� 

 

@Ó� F�¾�3�1��¾���ã�tB��`�%'�&�Ý3�^��s�t���é°¸� 

;~��C=� 

 

��(�X���

� ����Þ��%¼jPA�B=��ã��2007� 1� 4Å`a%t^Ã 1,000Æy��TU�øÞ��G�{:�

�b�B�C��A�øÞÍq�����Þ��	
��«��7x�y=G¥�¯�A�C����a�7�ø¶��

�ØJ 20 ØÆ·%��7x89�ø¶pÚø7s��� 30 ÆÍIy��C�P9��âã������ÈrHÓ[

��7x�.ù��¼j��B�B��ã;I8b�t���7x%��;�dI�J?��B�C� 

 

�� ��

� k�Í�ÂÍ�y���[K��B�¥B� ���7d IMd�����©ªHI�7H L��7H����cK

���Çhoñ;WÉC=�y�b�¬=æB�¥B���Ùôß0./0��;ß0Çhx ���7d ÁË./0�

TU��ì½PB;J<����Ùô*Ê��cÊ�ì�w;òb�B=ÆjxqèM*/�NÒ�OPB���C� 

 

��_`�

]À¾�á�
|¸²� �þ� v����AÑÒ� ÅÆÈ+¾�=0� http://www.jiga.gr.jp/ 

]À¾�aÆj�Q¾�� ÑRjR�S� TÛa�þ� ]À¾�í�=0 

�



 12 

��d ���� � ¡¢� £��

 

U���ÓÅVÍ%��hG�7�����B������W����¬XYP��Z«�C� 

������7d�[Æ8�yb� 20 �[�]	\�7x������t|���b�t�����Ã�¢�q]�

s¸^�y=�\�_í-HìI�`�
²;~�a¸ìI�	�����Ã�A����Í[����¥^��4��

�;BA�:�B"(*��8��Z«����²Å�èbèPB89���¥^��Ã�(*�cdÜ;'9B���

�%FG�¶w;euL�C=q����y������Ô@��=�'"V��][�������C����¥^�

'�^�uP] B�f�ì«P%���a¸ìI�¢��³æìI�jg�hI�7d�ñ�Ö�A�a¤����� 

¬%��^"�jg�hI�7d�hG�hI��7d%��Ï����w8A�B�C�w`����ìh���b

�pi3��3j�kl����ñÏ�y��C����~���qØ\�h;��<�Ã�^"��b�B�C�&�

I0G}89-I��+d�B=;A��8b��%���Íì��7º;A��´=��®�B£%���j���

m���x%��w`��)¸á��GC=¥Í%��]�pi3��3j�kl�w`��)¸á�`�
²�/0��

Üw� ��7��;��<BíBí��h�ØI����Ñ���G;t��b���dì�no'þ<�(O;�<

P��Z«����hGµ��b����x�%a�����%C�<^B�¯b����Ñ�w`%'���qè��

îb�È�±�BíBí�y=��;�´����%C�1�zÃ��P��á
���²p�²89#�^"�0ªP

A=8�B"²p�²¾ã�ü���q±�Â��������%�!"�mús�¾�Ù���w@��BEC-BCS ²

��ü�	��8ú���q�Hf�����f�����ÙC='�� �B#ï�9Õ��3j�¾ã��'f�

¯�ãa�]]¸�s�²�G¶�#;r�����FLEX ;¼b� QGP �tÍ=s±�¸�;� �����B��

�g�'tu������������vw����3v�Ñõ��¯�PA�B=xo��]¶·j���Þ�)WZ%

��P�t��yAWZ;Þ�)�S[;VÍ�B=�Í%C����\
�`s±��#�]w3�h%`A=WZ��

�t�ÝÞ;ÃÃ9A������Ã��À'���@iw3UæIÑ�#�g��b�'����B'�%C�ìI/o

¿�Ñ���hI�7H�hIakl�hI�z�=æÃ{�B"��%Ñ?��B������7<%��hox�h

Gac�BíBí��7x�'t|��������[`����7x��¹0�^]|B%Z«����FG�[`�

�ÃÇ¥b��}PB�H*�~�PA����Ó�Î2�3���7;J<��'Ã�^"�«b8Í�yb�89%C� 

����´³ìI�Vl�%y�8Ï;ÇSÊij�%y=�Í%C��Ã�*^�j�'Ê�%P9��B56;

'b�B�C�ÇOìI�ÑÒjPA=K��d��ª�¨���ÇKj;� Ì��aÃÇKä�²��¸��¬�Ñ

_��ï ��;C=�����������ÇK��`�ýrpYKISs����;¼B�P9�³ì� COE �©U

�1���������[���w`�z1�����aÃä�²��¸�;J<�t��ÃAÍª YKIS �C���

aÃä�²��¸�����¬PA�B�C���'��Æ��²0;��./������w`% 11 ��Ó��A�

¬PA�C�ï ���&�j�a����c`���B%����6BU����H<9A��·89��¾�r�U

«J<�C��Î·ä�²��¸�;�¬C=^"%C�1f%�����tB�'U�89hG��%�aÃä�²

��¸��J���U���Nd/�¿Êd/���·��`d/�]Md/��·��b��¬PA�C�&'U��

��áâ�����w��x¿P��Z«�����p�9�B0�¥b��O�����c�Í[�B�4���;B

A�:�(*�����aÃä�²��¸��ÅÆ�tB�'�8A=��;��C=¶w;�B��%C��10 �¢

�ÃA�`c�'����O��B'��y��C���^"�����ÅÆ%'c`PA��Í%C�ÃA;"�] 

j��ªû;Ì��B]�<���Ç�89��7º��;���b�x¿%«=�����%y=���B"�%'y

���B�U��ìI%�#�%'�7GA�Gí���B�Ý��b�«�t���Ò�¢æ%����y=�<ÃA

;���C=��Èr�Ìª=��;;���B�C� 

BíBíh����;�«���������tB���A�%�7��«��ÐÑÒ3��Ú�T���B%B=á

���������y=��Ò3����������7;�Ô���{P��B]�S��c�¾ã���'=æ�

��7��{�;���B�¯b�t��C�%^í�]t¸B��C� 

����¤¥���



 13

¦§ab����¨©� � ª«� � ¬ 

 

������

� U� 12 �����7d�»rsûü���7ñN�&�����89��M�7x%�ñN�)¸á�S�4no¹

<a�"#�á�ã]ü���:�4ûüË;ij��GAw�wË:�Ã����� ×ÊG�cñ���b�4´³ì

Iúý��È�����¨:;¡\�È�±����7©U;þb�B�C���" 4GAw�wË:�4´³ìIú

ý��È�����¨:��¥cg0�u�¨���%�Æ�%�C%�(l���c�þ�A�B=4no¹<a

�"#�á�ã]ü���:�ÏB���¢�{�'þ<�®P��B�¥«�C� 

 

��®'¯°�±²A³u´(µ¶·B°[K¸>¹�

Ö�oj�I%���Y9A�|%p3��÷jTU��A�%�c���;�Y�Ã����ã�`aef¡��ã

����B�C��A9�TU�`a”efÈ²f���”�|iA�Ã��{'T1���Ö�oj�I��3z1��

%��C=�;�PA�C�����3±�%"]�b��«�Ò3���]89”¹<HI”����7�þ�A�«�

���çr¹<%�¹<�ul��3�Ü���j��{�3���3��ef
¸��#;ýª��Òg�Áßà�3

��;�`��C��A9¹<I�WZo��Ò3�Ò+êë�ìïÝÞ�Bno�h��7È�±%y��P9�`}

¯�²��û²��7e�|%p3�������;v<�B�C� 

¹<HI�7�Úà�� ÞÃ��°ã¡�¢ÑpSTMs�#�¹<wÀÑ�^��¹<��3WZ;Z�é£%«

=��%C�P9�Ë¤����y¥ìË;jB�ËÒ3w

ËCD;þ"��Ò3�¦Ì�P��§��%¹<�Ò3

��;Z�ø¬=��'%«�C�2·w�ËÒ3wËÑ�

�A�%çrÙ�¨�©b�2·;ï@�ËÒ3�m²�ã

;CDC=��%����ã�	�
WZ;�DC='�%

���T�%��A;êj���y=¯°ã±��ËÒ3�

·;�ª«�2·%,Ì��Ã��·w¬;±¸��¾��

	�
�¯°ã±�3]z;æ«�Cµ�Ó¹�Ú�¯°ã

±����á�ã]g§;u�P9�]w��Ò3wÀ²

;jB=�á�ã]<�®¯;Z�8Ïö÷�x=���%

«�C[1]� 

� &��A�%Si¹<Iº»l��;�·����7;þb

�«����Si�#�Ö�o��á�ã]<�y���B��

Ã�¹<I�tÍ=º»��¹<�WZ�º»µ�¹"#�#

�ÂÙ�	�
±�¸���º»	�
C�� á�ã]<

;ýª��C��A9á�ã]g§�Ò3���j��	�


��ùO��t��ÃA7Anv�ÁßàÒ3�;ª��

B�C��{�Si(111)¹<I�Òg�º»¹<�WZ�u

º»�"#�á�ã]<;²�S:��2·w�ËÒ3wË

����¤¥���

�Ó� ËÒ3wËÑ;jB�á�ã]<±¸��¾�Ò3�Ò

3wÀ²�,Ì¯°ã±�;nD���ª«%e2(θM)�f§

2(φM); Þ��ËÒ3�·w¬µá�ã]<¹;±¸��¾

��C� 
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Ñ%±¸��¾��çû%C[1]��

{(a)�Si(111)4×1-In¹<�µs¹1ß

àá�ã]<%C���¹<�130K

ÍÂ�°+C=�Si(111)8×”2”-In¹

<�Þ\¯ã�
	;��C���Ð


	�ápf�VUØ(q)�q=2kF�

B"(nesting)öÎ;÷�C�«��

`C=�%C���{(a)89w8=

^"�1ßà��+'á�ã]ZzI

�Ò3;��ÓÏ�ápf�VUØ�

��öÎ;÷���B�C��{(b)

�Si(111)�3×�3-Ag�º»	�
%

á�ã]<�ëý��b�t����

¹<�WZ�3f��{ßàÒ3�;

ª��B=���w8��C�±�

á�ã]<µá�ã]ë¹�hGIÅ|

sãú�aY���%aC=�%C��

�{(b)�z1|sãú�aY��%

�éCPA��B��A�ËÒ3ûÌ

¤�tÍ=Ò3¸�²ú�û�^=

'�%C��{(c,d)�[2ý�á�ã

]<�ÃA7AGe(111) �3×�3-Sn¹

<�discommensurate Si(111)"5.55× 

5.55"-Cu ¹<�'�%C�[2ý�

�Ù��b�Zz��3�y=�%�

�{(a)�Si(111)4×1-In¹<�ÊÒ�

Þ\¯ã�
	;�`C=8�`a�

7PA�B�C��{(e)�Si(111) 

7×7³´¹<I�Bi�"#�á�ã]

<%C���^"��·�[2ý�u

P�'��Ã�µ�¶ëý�'��´

@�C�Bi�^"��B�3%WªPA�çr%��B���arsÐ¨ej�%a��Ã�çûRashba�û�^b�

º»	�
����w·��C��A9{Ù@�á�ã]<�Ã��û890�A�'�%�ÃA7A	�
�Ò3��

�=d«����;5b�B�C� 

&�I(�^"��2·w�ËÒ3wËÑ�ËÒ3wËá�ã]<±¸��¾Ñ�^b��A�%Òg�¹<a�"#

�;�7��«�����|�4���¥^�:%�Ã���{Ï;®P��B�¥«�B�¯B�C� 

 

��º&'¯°�(±²$»¼½(¾N¿À�Á�Â(�Ã���

Ò3;Ã�¸�·�yA�¸�¹<=�B�º=�3¸�¹<�û�^b��Ã�¯°ã±�g§�BDj���3

�»��(Quantum Well State, QWS)�ýª��C�QWS�c�Ö�o�Ö�o;��'���Ö�o��3;�·

�{� Òg�¹<�WZ�u�"#�ËÒ3wËá�ã]<±¸��¾�çû�(a)s

Óßà�Ò3�;ªC Si(111)4×1-In ¹<�(b) 3f� 2 ßàÒ3�� Si(111)�3×�3-

Ag ¹<�(c)�f� 2 ßàÒ3�� Ge(111)�3×�3-Sn�(d) �f�� discommensurate

Ð;ýªC= Si(111)"5.55×5.55"-Cu¹<�(e) Bi(111)�"#� 
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�¼æ��þ�A���¡��#�ËITU��

��g�§00©�'½¾��B�C�1fT�

%�º»Ê�;��'����%' QWS ��7

�¿B�þ�A��ª����	ã|�����

����)��Bb��3� °	\�~�êj

�;�PA�B�C�P��'"ÓÏ�jÆ�%

y=º»ÀÖ�o��ÏB���Ö�o¹<I%

�º»#�ª��1R�� Stranski-Krastanov 

Ã%y=�< QWS �`�~���3�ãã%Ø

Á�º»"#�ýª���]��A�% �B#

�7PA�B��B%����8�T���b��

ÁË(130K ÍÂ)%�º»Â�;ijC=�Ö�

oj�I�'J1�º»�"#�ýªPA=��

�_1PA�QWS �7�����%�«���

[2]� 

�� (a)� Si(001)2×1 ¹<I�j�Ë·�

120K % Ag ;Â���G�Ã�¢�¿ÃpÄ

350Ks`hG�tÍ=2·w�ËÒ3�m²�

ã%C�ÁËÂ�G� ARPES �m²�ã�� 

ßà Ag N�ËÒ3�m²�ã�Ùê��B�C

��Ã�¢�¿Ã`h%��^"��m²�ã�

Å��ïj��C�á�ã]g§ZÂ�Æ]ì«

B Agp111s¹<�����²�`A�Ã��ç

'¯°ã±�0.3Ä3eV�'Ø�� Ag�"#��

QWS ���²�Ì`��C��� QWS ��

3(b)�^"��Ag�"#��Ò3��yö�¥Ç

���Ö�o�	�
±�¸��¸�¹<9A�

B�C� 

�A9 QWS �¯°ã±�§l�îè�!�ö

Îµ��(b)¹�à%�]�°È�¾�fÉ;�]

��<=���%«�C��<�wD�ÏB��

�û�²�����`��C��"#��Ò3�

¹<CZfd�¸�¹<9A�B=�%Ã�fd

�¸Ø�BDj��C��<�fd%�Ò3�Ü

Ý� U�%«=�%<�wD�ÜÝÒ3���

=�Õ%C��ñ� Sip001s¹<I�±P

14ML � Ag(111) "#;e��ÊÃ�<�wD;CD��çû%C�Å QWS �<�wD�ïËû�z�%C��ÃA

�ÊG�P@i k//ÌÍ0.1§*1 �tÍ= nÌ2 � QWS �^"�{Ï��|	�
~�w·'é£%«�C��A9¯°

ã±�w·� Si ��Ò3Î�	ã²	�
±�¸���!���3�»���wD���=��í%ýª��C[3]��

����<^B��í��º»ÀÖ�o�<�tÍ=Ö�o	ã²j���Ò3Î�¯°ã±�§l�"#���3�»

��� (a) Si(001)2×1¹<I�� 120K% Ag; 14ML(� 3nm)Â���Ã

�¢ 350K �%¿Ã��CD��CZÌüËÒ3wË�m²�ã���

Ag(111)¹<��pSSs� Ag "#��3�»��pQWSs�Ï»PA�

B�C� (b)�y`È���ã� Si j�	�
±�¸��A�¸�¹<9

A� Ag �"#��Ò3(e-)�Ò3�!�öÎ��� EF � n �ÃA7A

á�ã]g§�¹<CZfd;¹��B�C� 

�ñSi(001)¹<I�Ag�"#�<�wD�����ÜÝÒ3	�
���
^=áÈ¸ÈÈ�¾Ûz�cçû�wD��¯°ã±�w·�´@�C�
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���wD89Z�éC%«=��%���`'�

U�� ScienceÐ%'��IY9A���[4]� 

1f��� Ag �"#;µs¹Óßà�¹<�WZ

�I�jÑ��+'�º»�3"#�Ò3���P

9�ïj��C��� (b)��{ (a)%®��

Si(111)4x1-In ¹<I� Ag �"#�á�ã]<%

C�îè���(a)� Si(111)7x7 ¹<I Ag �"#

�^"�Å QWS�á�ã]<�3f��á�ã]

<(á�ã]ë);ª��C��Si(111)4x1-In ¹<

I� Ag �"#%�á�ã]<�á�ã]z���

�C�cK�<�wD;CD����C����

(c,d)�^"� In¹<�Óßà In�fd��ÜÝÒ

3��wD�y��C��Ã�CZfd��wD�

y���B���^"��º»�"#��<�31

�; 1ßà��C=¥Í%�"#�� QWS� U

�ßà�ïj����[5]���^"�Ð
	�

electronic topological phase transition���hG

���ÒPA�U�� Ag/GaAs(110)��tB�'

ÊÒ�_1�y����[6]� 

� ÍI�^"��º»�"#����{î�	ã²

çr��Ò3�¸�¹<�û¥Í%�]�j���

<WZ�ê���3��;Ó�]ïjP��C�Ö

�oj�I�º»�"#%�����
	Ë·�

Ô�ãõØ�#±VU`'�#Ð�B���T�%

'Ø�]_1PA��¢�C�CÃ��7���b

�B]�¯B�C� 

 

/�¯°�N(ÄÅ�Æ�

I(�^"�¹<%� STM �ËÒ3wË�#�

¹<wÀÑ%����ã��3WZ�Ò3WZ;Z�é£C=���%«�C��8���9����tB�T'jÆ%

y=Ò3ÕÖ`'�ÏB���¹<��tB��A�%v��CDÑ��8b��<×#_1�y���B%�����

Òg��Ñ���PA�«�����T���b�{Ï�fÑ�GOPA�«���[1]�ÓÏ�{î�¹<I�ñÏ�

Ø3pÒÀ���|{Ï�ÒO���|{Ï����|AÙmcm~mms;�~P��ñØ3CD;þ"fÑ%C���

+'���|ÒO�j��×#OA=�%Ã�Ò ��·� �B#j�%����C��¹<Úv�Ð
	µ¹<Ð


	¹[¢�Ú;�=���^b�¹<Ò ��·;CDC=���%«�C�'"ÓÏ�fÑ�����|AÙ;μm �

C=��%���|ÒO;¬]¹<�Û�Á@�Ò ��·�¹<O·;]<='�%C���fÑ�4±\²�ñØ3

Ñ:�|iA�[º�Ù��¹<Ò ��·;Z�CDC=���%«�C[1]� 

� &��A�%I(���BÒ ��CDfÑ��STM�Ò3z|}Ñ�ËÒ3wËÑ�#�¹<wÀÑ;jB��Ö

�o¹<I�Òg�Óßàº»�3�pës�u{ßàº»{�3��Ò3ÕÖ`';ø¬�«���[7-11]�Æ�%�

��Ò3ÕÖ`'�á�ã]<��Ñõ�ÏB��� 2(b)%®��3f� 2 ßàÒ3�����;®��B�¯B

��� pIs(a)2ßà�Si(111)7x7¹<�(b)sÓßà�Si(111)4x1-

In¹<I�eª��Ag�3"#�á�ã]<±¸��¾(ËÒ3�·

w¬)�(Â) Si(111)4x1-In¹<I�Ag�3"#�In�(c)Øþfd�

(d)CZfd�2·w�ËÒ3wË�m²�ã� 
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�C[12]��Ä��Si(111)�3×�3-Ag ¹<~ Ag ;Â��� Si(111)�21×�21-Ag ¹<~
	��K� STM çp�3WZ

ä°ãs�Ò ��#�á�ã]<�ïj%C�Si(111)�3×�3-Ag ¹<��3WZ�Üz%c���û¸�üã�%�Ï

� Ag �3�{Ï�ì«P�Î2ý;ýª��B�C���" uPBf��STM ç�^z%c���û¸�üã��

ÓÏ�:K�Ùê��C���¹<� Ag �#�òº»�3;��µ<0.1ML¹Â���C��l��389ª=²��

)��¹<�Ka��C�Ã��P9�Â��;³�C��A9²��)���21×�21 $;��ÄÅ3�]êë�� 

C�� Si(111)�21×�21-Ag ¹<�ýª��C����21×�21 �WZ��3WZä°ã��¥�GPA�B�C�� 

�Ä�c��WZä°ã�`aó5PA�B�C[13]�1f�Si(111) �3×�3-Ag¹<~ Ag;Â�C=�¹<Ò ��#

�³¿���21×�21 �WZ�ýªC=�«�Tì����C����«á�ã]<'�������ïj;c��C 

µ�Ä¹��Õ Si(111)�3×�3-Ag¹<�á�ã]<�� 2(b)�^"�ëý��b�B�C���¹<� 0.07ML� Ag;l

�C=�á�ã]ë�ì«]����A�l��389 Si(111)�3×�3-Ag ¹<��	�
~Ò3�
���¾PA��

��Ùê��C�á�ã]<�<)�l��89� C=��l� Ag �3Ó�F��Ó��Ò3�¹<��	�
�	

U��C�P9� Ag�3; 0.14ML�%Â�C=� Si(111)�21×�21-Ag¹<�ýª�á�ã]ë�P9�ì«]���Ê

G��21×�21|sãú�aY��'D�PA=�%¹<��	�
'Å|sãú�aY���}�*PA�Cµ�Ä¹��

��^"�¹<Ò ��·�³ì�ÒO;ò"¹<��Ò3�³¿%S:C=���%«�C�cK�á�ã]<�Ò

 ��;«�C=���{ßà Boltzmann fÉ;à����sú¶·�á�ã]O·�Ã��ÝEGA�#;ÃA7

Aø¬=~��y��C�2·w�ËÒ3wËÑ%�¯°ã±�	�
wD(á�ã]O·�v���)�á�ã]<�ý

�p��sú¶·s��D%«�P9�]w��Ò3wÀ²;jBAiÝEGA;´)'=��'%«�C�C�� Ë

Ò3wËÑ;jBAi�Ò3ÕÖ`';h�C=I%~��Þ�¡�)�;jÆ��;�¨=���%«�C�cK�Ë

Ò3wË�°�)89I(� Si(111)�3×�3-Ag 89 Si(111)�21×�21-Ag ~�Ð
	�Ö"Ò ��ïj��ì�CD�

� 6 (I) Si(111)�3×�3-Ag¹<� Si(111)�21×�21-Ag¹<� STMç�WZä°ã�(Â) Si(111)¹<I�3×�3-Ag

89�21×�21-Ag~�Ð
	�Ö"¹<Ò ��#�á�ã]<�ïj�(a) Si(111) �3×�3-Ag  (b) +0.07MLAg
(c) +0.14MLAg, Si(111)�21×�21-Ag 
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�Ô�ã��ïj'þ<��á�ã]<��Ùê�D���GHPA���[11,14]� 

1f�²�®��4±\²�ñØ3Ñ:�^=¹<Ò ��·�Z�CD%���{(a)� Si(111)4x1-In ¹<�Þ\

¯ã�
	�Ö"Ò !"�Ó�B³¿;CD�[8]��� Si(111)�3×�3-Ag ¹<�¹<Ò3*¹<�3Ð¨ej;ø¬

=��'%«���[10]���^"�¹<�3���Ò3ÕÖ`'�`a%�CD��������¢¹<��tB�'

ÁßàÒ3��t\e]²��7�¿B�þ�A=%�!"� 

�

5�ÇÈ(ÉÊ�

ÍI�^"��&�no¹<I�efWZo�á�ã]<�7;���2·w�ËÒ3wËÑ�Ò ��CD;jB�

þb�«�������7d�����89��Ã��7;ÓsûüË;jB�ËÒ3wËá�ã]<±¸��¾�{s

¹<� ÕÖ`'CD~�{���C� 

���7d�����tÞ%]¯°ã±�¿O²�7>W��WZHI�7d Photon Factory� BL-18A,19A,19B;

òFP��B�¥B�t��C�I(�ËÒ3wË�^=á�ã]<±¸��¾Ñ�Ë¤���ûüË;jB=��^�

ö÷�á�ã]<;ø¬=���%«�C�`a BL-18A�� VG-ADES500�|iA=uÃÒ3wÀ²�VB�t��

�A��]�yß�;{¨fd�	U��C�Ã��<�ûüË�Zzàd����'��=���^b��	�
WZ

¥Í%�]Ò3���Ù��'ø¬=���%«�C��¢� BL-18A �CDß��P9�]w��±ãqq��°ã

Ò3wÀ²(SCIENTA SES-100);�ù��^�]w��2·w�ËÒ3wËCD'%«=^"���C�C�� 

SCIENTA SES-100 � ADES500 �y��� System �^b���P� SCADS OF (LOTS OF) photoemission 

experiments�;Ç�é�r�\���¡���(%«=^"����C����ª����ñN�)¸ááMb1��

����,Ì²���'������w�á�ã]<±¸��¾CD~�{���C� 

1f¹<Ò3ÕÖ`'�7�ÏB����¢�]�+�%�ÁË�¹<Ò ��CD�âN��C���¹<� !"

CD(l������[89þb�t��`a��M�7x PD�ªM±����TUãä/�í�å4�Ã��´³ì

IìI/hI��7H�hI�z�2����7x��I0�æM�y4��Ò�þb�B�Cµ�h(a)¹��h(b)��

Æ(l�CDaé£�È��%�ÓÏ����ã�Ù��{Ï�ùOçU(x,y,z)Ã���|Ôãt��êlPA�B�C�

{Ï�Ôãt���±\²�ñØ3µ� è(c)¹� STM �é�#�Òg����|;{��%(0%«�Ã��'��^b

�]�+aÁË�%��Ò�c

;þ"���%«�C�`a�I

(�Ö�o¹<I�º»¹<{�

3��uº»�3"#��èÔ�

ã�û��3Ô�ã�û�

Shubnikov de-Haas VU�#�

� ÕÖ`'CD�|��²çÍ

�êX��B�C�ªM��9�

Ò�t8Y%�`a�%����

ã�hT �%��+;è¿�

10K ÍÂ�%°+�%«�P9

�ëgìh�Ò ��CD�'ª

�������'�]NÒ�¹

<a�"#��� ÕÖ`'�Ï

B��±¸��¾PA�á�ã]

<�çû�'���NÒ�_1%

«=��%�!"� 

�h� (a)Æ�7x%����B=¹<� !"CD(l�ªM±���(í)�æM�y4

(î)�(b) ���ã�CDaé£�È���STM �é�±\²�(μ)ñØ3���|�ÃA

7A{Ï�ùOçU(x,y,z)Ã���|Ôãt��(0PA�B�C�(c) ±\²�(μ)ñØ3

���|� SEM��� 

 

50 μm

(a) (b)

(c)
ïðñðò çU>W 

ïðñðò çU>W 

STM�é μ−4Ø3 
���| 

���ã 
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ËÌ$ÍPÎ��¨©� � ÏÐ� ÑÒ�

 
� Æ�ñ�ÓÅVÍ%ÇK���+�7ñN���B������ìI/0G}�[Æ8�B"�������÷8A�
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Satish  BHARGAVA 

My Stay with Prof. Y. Ueda’ group at ISSP, University of Tokyo. 

Solid State Physics Division, Bhabha Atomic Research Centre 

 

I have worked on the project “CMR at the ambient temperature”. For this project, I employed my finding in my 

paper which has just appeared in J. Magnetism and Magnetic Materials 311 (april 2007) 594 of the methodology to 

optimize CMR and the excellent phase diagram of the A-site ordered manganite RBaMn2O6 obtained by Dr. 

Nakajima and Prof. Ueda recently. I started getting resistivity data from Feb. 16, 2007 onwards. In CMR research, 

progress cannot be made without resistivity results. Thus, effectively, my project has been done in a period of two 

and a half month.  

 

I am happy to report that I got outstanding success in my project in this short period. The value of CMR obtained by 

me is the highest ever obtained, and will continue to be a record for a long time to come. However, I strongly feel 

that the project is far from complete. As a result, even on my last day in office, I am busy making new samples.  

 

I also want to use my research for the benefit of an industry in Japan or USA, by working for them for one or two 

years, by developing the material in form suitable for end use.  I have been involved in basic research for four 

decades and now. My past full time research experience has developed in me research capability and I consider 

myself among the best to deliver the desired results.  I want to work for the benefit of an industry.   

 

I want to thank Prof. Y. Ueda and the administration of the University of Tokyo, for providing me with the 

opportunity of working in ISSP on this excellent project. I have no adequate words to describe the goodness of Prof. Y. 

Ueda. He is an outstanding scientist and a good leader. My discussions with him were greatly beneficial, and I look 

forward to more beneficial interaction with him during the paper writing work.  

 

I want to take this opportunity of acknowledging the excellent support provided by ILO’s  Akiko Kameda and 

Mihoko Kubo. They were extremely helpful. Their arrangements were exceptionally good, which make our coming 

and living in Japan completely trouble free.      

 

Living in Japan for five months makes it abundantly clear why Japan is an extraordinary country. People are 

extremely good. It has been like a sweet dream. I am certainly unhappy that it has ended so fast. 

 

Let me make a few observations. I have worked in several countries with different languages, but have never had 

any language difficulty, particularly in scientific work. Here, it was too much of a language problem even in scientific 

work.  Secondly, even though Tokyo is full of people, it is a charming place, which speaks very highly about 

Japanese people. I am very lucky that I got this opportunity of living in this charming city. I found places like Odiba, 

Shinjuku, Yokohama, Kamakura, Asakusa and a few shrines very interesting. I was very fond of Ueno and visited 

that place frequently.           

÷Ëøùó�óWzú�� 
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Workshop Program 

 

May 21, Monday 

 

Morning SessionpChair: H. Ohtas 

10:45~11:00  M. OshikawapISSP, University of Tokyos  

              Opening 

11:00~11:45 I. AffleckpUniversity of British Columbias 

             Review of the field theory approach to ESR in S=1/2 chains  

 11:45~12:30  S. DemishevpA.M. Prokhorov General Institute, RASs    

             EPR in doped AF S=1/2 quantum spin chains: quantum critical phenomena, Oshikawa-Affleck  

  theory and new magnetic oscillations 

�����ûü��ý�

� �Íþ�E�]� ESR(�ÉQ�
�� (New Developments in ESR of Strongly Correlated Systems)
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12:30~13:00  Y. HosokoshipOsaka Prefecture Universitys   

              EPR study on organic low-dimensional spin systems 

  

Lunch Break (13:00~14:00)  

 

Afternoon Session IpChair: H. Kikuchis 

14:00~14:30   M. HagiwarapKYOKUGEN, Osaka Universitys    

  Novel spin excitation in the field induced phase of a Haldane magnet 

14:30~15:15  V. PashchenkopUniversity of Frankfurts 

Magnetic and Resonance Properties of Molecule-based Magnets 

15:15~15:45  H. NojiripIMR, Tohoku Universitys  

       ESR and short range correlation in finite but giant spin molecules  

 

Coffee Break (15:45~16:30)  

 

Afternoon Session IIpChair: V. Kataevs 

16:30~17:15  J. KishinepKyushu Institute of Technologys   

              Spin Dynamics in Chiral Magnets 

17:15~18:00  T. FujitapIMR, Tohoku Universitys    

Investigation of the spin soliton resonance in the chiral molecule magnet [Cr(CN)6][Mn(R)-

pnH(H2O)](H2O)]  

 

May 22, Tuesday  

 

Morning Session IpChair: H. Nojiris 

09:00~09:45  M. MatsumotopShizuoka Universitys 

              Intensity of Electron Spin Resonance in Spin Dimer Systems 

09:45~10:15  T. SakaipSPring-8s 

          Selection Rules for the Direct Transition of Spin Gap 

10:15~10:45  M. FujisawapKobe Universitys    

Observation of direct transition in the S=1/2 quasi-one-dimensional antiferromagnet Cu2Cl4a

H8C4SO2 by high magnetic field ESR  

 

Coffee Break (10:45~11:15)  

 

Morning Session IIpChair: X. Wangs 

11:15~12:00  O. CepaspLPTMC, Université Pierre et Marie Curies 

              Do we need dynamical spin anisotropies ?  

12:00~12:30  H. OhtapMPRC, Kobe Universitys 

Quantum spin systems studied by high frequency high field ESR  

12:30~13:00  Y. AjiropKyoto Universitys 

Re-examination of Z2 Vortex-Induced Broadening of the EPR Linewidth in the Triangular 

Heisenberg Antiferromagnets 

 

Lunch Break (13:00~14:00)  

 

Afternoon Session IpChair: S. Demishevs 

14:00~14:45  A. SmirnovpP.L. Kapitza Institute for Physical Problems, RASs 

              Exotic ESR modes of spin liquid states  

14:45~15:15  S. OkubopMPRC, Kobe Universitys 
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Spin dynamics of structurally perfect S=1/2 Kagome antiferromagnet ZnCu3(OH)6Cl2 by high 

frequency ESR  

15:15~15:45 H. KikuchipUniversity of Fukuis 

High frequency ESR Study on the frustrated triangular-lattice antiferromagnets  

    

Poster Sessionp15:45~17:45s 

   PS 1        H. TanakapTokyo Institute of Technologys   

Elementary Excitations in Quantum Sine-Gordon Spin System KCuGaF6 

   PS 2        T. KambepOkayama Universitys   

Antiferromagnetic ground state in fullerene magnet with orbital ordering 

   PS 3        T. KambepOkayama Universitys   

Antiferromagnetic behavior below the valence ordering temperature SmxC60  

   PS 4      K. SugiyamapUniversity of Fukuis 

              ESR Study of Spin System in Phosphorus Doped Silicon as Candidate of Quantum Computing  

  Device   

   PS 5    K. FurukawapInstitute for Molecular Sciences  

ESR Study of Spin Dynamics for Organic spin-Peierls Systems 

   PS 6     K. OshimapOkayama Universitys   

             Temperature Dependence of ESR Width in TMTSF-SDW State 

   PS 7      Y. OshimapIMR, Tohoku Universitys   

Evaluation of the exchange couplings in the spin-polyhedron system by ESR  

   PS 8      Y. NatsumepChiba Universitys    

The Concept of Low-Symmetric Shift Appearing in Polarization Dependence of ESR Spectrum 

for One-Dimensional Compound 

   PS 9      A. SmirnovpP.L. Kapitza Institute for Physical Problems, RASs 

Triplet spin resonance of the Haldane compound with interchain coupling 

�  PS 10      S. DemishevpA.M. Prokhorov General Physics Institute, RASs   

             Collective ESR in strongly correlated heavy fermion metal CeB6 

 

May 23, Wednesday  

 

Morning Session IpChair: O. Cepass 

09:00~09:45  X. WangpRenmin University of Chinas 

Midgap States for Dzyaloshinskii-Moriya Interacting Systems Under Magnetic Field in the Low 

Dimensions  

09:45~10:15  S. MiyashitapUniversity of Tokyos  

              Direct Numerical Estimation of the Line Shape of ESR 

10:15~10:45  T. IitakapRIKENs    

HEISENBERG MACHINE: A Numerical Method for ESR Spectrum of Strongly Correlated 

Systems at Finite Temperatures 

 

Coffee Break (10:45~11:15)  

 

Morning Session IIpChair: M. Hagiwaras 

11:15~12:00  Y. MaedapUniversity of British Columbias    

              Perturbation theory on the ESR shift and its applications 

12:00~12:30  S. KimurapKYOKUGEN, Osaka Universitys 

High field ESR and magnetization measurements on one-dimensional Ising-like antiferromagnet 

BaCo2V2O8 
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12:30~13:00  S. MitsudopFIR-Center, University of Fukuis 

High frequency ESR study of the field induced gap on a ladder-like system (C5H9NH3)2CuBr4  

              

Lunch Break (13:00 ~14:00)  

 

Afternoon SessionpChair: A. Smirnovs 

14:00~14:45  V. KataevpIFW Dresdens 

High-field ESR spectroscopy of the heavy-fermion system YbRh2Si2  

14:45~15:15  T. NakamurapInstitute for Molecular Sciences 

Pulsed and Multi-frequency ESR Investigation for Low-dimensional 

Molecular-based Conductors 

15:15~16:00  M. OshikawapISSP,University of Tokyos 

                 Electron “Spin” Resonance in the large-N limit 

 

 

Workshop Abstract 
 

Review of the field theory approach to ESR in S =1/2 chains 
 

Ian AffleckpUniversity of British Columbias 

 

I will give a review of a field theory approach to ESR in S =1/2 spin chains, developed with Masaki Oshikawa. The 

theory is shown to agree rather well with experimental data on systems with dipole and Dzyaloshinskii-Moriya 

exchange interactions. 

  

  

EPR in doped AF S =1/2 quantum spin chains: quantum critical phenomena, 
Oshikawa-Affleck theory and new magnetic oscillations 

 

� � � � � � � S. V. DemishevpA.M. Prokhorov General Physics Institute of RASs 

 

We report results of high frequency (60-360 GHz) EPR study of the quasi one-dimensional magnet CuGeO3 doped 

with magnetic impurities Co, Fe, Mn, which substitute cooper in S=1/2 AF Cu2+ chains. In all cases studied a 

magnetic impurity modifies the collective EPR line whereas no specific impurity resonances related with the doping 

spins are observed.  

The first effect of doping consists in separation of the quantum spin chains in two kinds. In the first group all 

types of the long-range magnetic order (spin-Peierls or Neel) are suppressed down to the lowest temperatures 

studied and the ground state is the Griffiths phase. In the second group the dimerization with the same (or slightly 

reduced) temperature as in pure single crystal is conserved. For the quantitative description of the Griffiths phase 

magnetic properties we have suggested a simple model with a dispersion of Neel temperatures TN Á J �Tmax in 

clusters with the probability w(TN) Á 1/TN
�. It is found that for all impurities studied Tmax Á 120 K is about exchange 

integral along Cu chains in undoped case, whereas critical exponent strongly depends on dopants and equals �= 0.3 

(Fe), �=0.7 (Mn) and �=0.8 (Mn). 

The second effect of doping can be understood in the framework of the Oshikawa-Affleck theory describing ESR in  

AF quantum spin chains. Doping of CuGeO with magnetic impurities leads to onset of the staggered field in the 

sample, which together with exchange anisotropy controls the EPR line width. As long as in presence of the 

staggered field the line width  and g-factor are connected by the universal relation [1], the quantitative analysis of 

the ESR can be done by computing the Oshikawa-Affleck function [2]: fOA = W(T)/Âg(T)T (here Âg(T) denotes the g-

factor shift). It is found that the temperature dependences of the line width and g-factor are formed as a result of the 

competition between interchain antiferromagnetic interactions and staggered Zeeman energy. 
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The third recently observed effect of doping have been deduced from the anomalous polarization characteristics of 

the magnetic resonance in CuGeO3 doped with 2% of Co impurity, which accompanies in this system the collective 

EPR on Cu chains [3]. This effect seems to be closely connected with the impurity driven staggered magnetization 

and argued to correspond to an unknown before, collective mode of magnetic oscillations in an AF quantum spin 

chain.  

 

[1] S.V. Demishev et al., Europhys. Lett., 63, 446 (2003) 

[2] S. Demishev et al., Progress of Theoretical Physics Supplement No. 159, 387 (2005) 

[3] S.V. Demishev et al., Pis'ma v ZhETF, 84, 305 (2006) 

 

 

EPR study on organic low-dimensional spin systems 
 

Yuko HosokoshipOsaka Prefecture Universitys 

 

Our EPR study on organic radical crystals will be presented. First, X-band EPR measurements of an one-

dimensional compound, p-CF3PNN is described. An alternating chain is formed along the a-axis and exchange 

couplings were determined 2J/k = -20.8 K and Ã=0.1. The W-shaped angular dependence of the linewidth was 

observed, but the magnetic axis is the b-axis. In this compound, the two-dimensional character in the dipolar 

interactions is suggested in spite of the one-dimensional exchange interactions.  

Next, X-band and submillimeter EPR measurements of the two-dimensional systems with S=1 and S=1/2, 

BIPNNBNO, is presented. The field dependence of the resonance fields suggests that the magnetic interactions 

along the a-axis play substantial role in this system, which possibly induces frustrated spin structure. 

 

 

Novel spin excitation in the field induced phase of a Haldane  magnet 
 

Masayuki HagiwarapKYOKUGEN, Osaka Universitys 

 

We report the results of high field ESR experiments on the S=1 Heisenberg antiferromagnetic chain (Haldane 

magnet) Ni(C5H14N2)N3PF6, alias NDMAP. We have found that excitation branches above the critical field Hc where 

the energy gap closes change into one branch around 15 T which becomes close to the paramagnetic line at high 

fields. The branch above 15 T fits well the conventional antiferromagnetic resonance mode with easy planar 

anisotropy. Angular dependence of resonance fields above was also investigated in details at several frequencies 

above 200 GHz and compared with calculated results based on a naive model of extended singlet-triplet branches 

above Hc  and a phenomenological field theory. 

 

 

 

Magnetic and Resonance Properties of Molecule-based Magnets 
 

� � � � � � � � � � � � V. PashchenkopUniversity of Frankfurts 

 

We report on a comparative investigation of the structural and magnetic properties of copper-containing 

siloxanolate complexes CuN[(RSiO2)N]2a(Ligand) (N =6,8,10; R =Me,Et,Ph; Ligand =DMF,EtOH) having a sandwich-

like molecular structure. All molecule-based complexes exhibit a similar structure consisting of planar rings of N = 

6,8 or 10 Cu(II) atoms sandwiched by two N -membered cyclosiloxanolate fragments. Within the rings, adjacent Cu2+ 

ions are linked by pairs of siloxanolate oxygen atoms, which provide the main exchange path for the S=1/2 spins. 

The analysis of the magnetic data, with particular emphasis placed on the high-temperature behaviour, together 

with the structural information enables us to correlate the evolution of the average exchange coupling J between the 
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magnetic S =1/2 centres of the quantum ring as a function of the number N of magnetic sites to the structural 

changes of the molecular crystals. Our analysis reveals indications that structural-related inhomogeneities of the 

exchange couplings may have a significant influence on the low-temperature magnetic behaviour of quantum ring 

systems. 

The molecular complex of {Cu6[(PhSiO2)5](OH)2(bipy)2}Ä4(DMF)Ä3(H2O) differs from the known hexacopper (II) 

cluster compounds in its unique arrangement: each molecule contains two linear oxygen-bridged three-site Cu(II) 

strings which are parallel to each other. Magnetic measurements reveal an antiferromagnetic intra-trimer exchange 

interaction J =85K as the dominant magnetic coupling of the complex. By introducing a weak antiferromagnetic 

inter-trimer coupling J’ =3.5K, a satisfactory description of the magnetic behaviour over a wide range of temperature 

and magnetic field is obtained. The low temperature single crystal ESR study clearly demonstrates that the 

molecular ground state of the complex is a singlet-triplet state, which is typical for an effective S =1 spin. From the 

temperature dependence of the ESR spectra it was found that the progressive formation of the S = 1 ground state of 

the molecule occurs only below 40K when the excited doublet and the quartet states of individual trimers with  

J = 85K become completely thermally depopulated. The ESR measurements indicate that the weak intermolecular 

and intertrimer exchange interactions lead to significant exchange averaging effects of magnetic resonance of the 

complex, forming the broad quasi-isotropic spectrum at high temperatures.  

 

 

ESR and short range correlation in finite but giant spin molecules 
 

H. NojiripIMR, Tohoku Universitys 

 

ESR in isolated nano-spin molecules is usually understood by a trivial analysis considering discrete energy level, 

thermal population and mixing (transition matrix element). Recently finite but giant spin molecules such as 

icosidodecahedron family: Mo72Fe30, Mo72Cr30 are synthesized and magnetic properties are intensively examined. In 

this family, the spins are sitting on the 30-corners of the polyhedron and the network consists of twenty corner 

sharing triangles. The number of magnetic state is as huge as S30, where S is the local spin on each corner. Moreover, 

the energy state is highly degenerated for strong frustration. Although the system is finite, we found some 

anomalies similar to those of low-dimensional systems. ESR peaks show considerable shifts and broadenings. For 

Mo72Fe30, an excitation gap like behavior is even found at lowest temperatures as the result of considerable shift. 

The broadenings are common between Fe and Cr and those behaviors may be the indication of critical slowing down 

towards T = 0. It is important that an broad anomaly of specific heat is found in Mo72Fe30. It indicates the 

development and the saturation of short range correlation in each molecule. It is speculated that ESR is caused as 

some small oscillation from the metastable spin configurations established in low temperatures. 

 

 

Spin Dynamics in Chiral Magnet 
 

Junichiro KishinepKyushu Institute of Technologys 

 

Interplay of crystallographic and magnetic chirality has attracted much attention. Although the chiral helical or 

conical magnetic order has been widely known since long time ago, there arises a new aspect. Introducing chiral 

ligands molecule coordinated to magnetic ions, crystallographic space group symmetry allows parity violating 

magnetic interaction of the form DÄÅSi ×Sj  with D being mono-axial (ferroic). In a series of chiral magnets, the 

single-ion-anisotropy (SIA) is quite weak since the orbital angular momentum is quenched. Then, the origin of the 

Dzyaloshinskii-Moriya vector D is not ascribed to the spin-orbit interaction, but to the crystallographic space group 

symmetry that allows the appearance of the Lifshitz invariants. This mechanism is equivalent to generalized 

magneto-elastic coupling. Because of the quite weak SIA, these material behave as very soft magnet, quite sensitive 

to dynamical probe such as AC magnetic fields. ESR is also quite a prospective probe. We expect giant non-linear 

response to occur, that is peculiar to the chiral magnetic ordering and the PT violation. Among them, giant third 
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order susceptibility in the AC response, and spin soliton resonance in the ESR absorption are important. 

In this talk, I summarize recent experimental evidence and theoretical interpretation within semiclassical 

treatments. 

 

[1] “Synthesis, Structure and Magnetic Properties of Chiral Molecule-based Magnets,”  

J. Kishine, K. Inoue, and Y. Yoshida, Prog. Theoret. Phys., Supplement No.159, p.82 (2005). 

[2]“Static and dynamical anomalies caused by chiral soliton lattice in molecular-based chiral magnets,”  

J. Kishine, K. Inoue, and K. Kikuchi, J. Magn. Magn. Mater. 310, 1386 (2007). 

[3] “Chiral Magnetic Ordering and Commensurate-to-incommensurate Transition in CuB2O4,” 

Y. Kousaka, S. Yano, J. Kishine, Y. Yoshida, K. Inoue, and J. Akimitsu, J. Magn. Magn. Mater. 310, 463 (2007). 

[4] “High Field ESR Measurements on the Chiral Spin System CuB2O4,”  

T. Fujita, Y. Fujimoto, S. Mitsudo , T. Idehara, K. Inoue, J. Kishine, Y. Kousaka, S. Yano, J. Akimitsu,  

M. Motokawa, Journal of Physics: Conference Series, 51, 111 (2006). 

[5] “Spin Solitons in Molecular Magnetic Materials with the Chiral Structure,” 

R. B. Morgunov, V. L. Berdinski, M. V. Kirman, K. Inoue, J. Kishine, Y. Yoshida, and Y. Tanimoto, JETP Letters, 

84, 446 (2006). 

 

 

Investigation of the spin soliton resonance in the 
chiral molecule magnet [Cr(CN)6][Mn(R)-pnH(H2O)](H2O)] 

 

T. FujitapIMR, Tohoku Universitys 

 

Competition of exchange interactions and antisymmetric exchange (Dzyaloshinskii-Moriya) interactions often 

gives rise to a helimagnetic spin ordering. Among them, the latter interaction lifts the chiral degeneracy of the right- 

and left-handed helical rotation. It originates from the lack of an inversion center in the crystal structure. The 

relationship between the magnetic chirality and the crystal structure draws a special interest in the research of the 

chiral magnets. Recently, a new type of the ESR mode for the chiral magnet has theoretically been proposed on the 

basis of the chiral soliton lattice formation [1, 2]. According to the model, multiple sequential resonance lines with a 

constant interval, ÆH Ç 1/H0.5 , are expected to be observed, since the gap is proportional to the spin helix step. 

A chiral molecule-based magnet in the title has been synthesized successfully by Inoue et al. [3]. The magnet is 

composed of the magnetic ions; Cr3+ and Mn2+, and the well controlled chiral molecule 1.2-diaminopropane, (R)-pn. 

The ferrimagnetically coupled spins of Cr3+ and Mn2+ order below TC = 38 K. Neutron diffraction measurements 

suggest that the helical spin arrangement propagates along the a axis with an angle smaller than 20 degree [4]. We 

have measured ESR of this magnet to investigate the proposed spin soliton resonance model. Sequential multiple 

resonance modes have been observed in X-band measurements. The chiral soliton resonance model explains some 

properties of the observed mode. We will discuss our experimental data comparing with the theoretical model. 

 

[1] J. Kishine, et al., Prog. Theor. Phys. Suppl. 159, 82 (2005). 

[2] R. B. Morgunov et al., JETP Lett. 84, 446 (2006). 

[3] K. Inoue et al., Angew. Chem., Int. Ed. 40, 4242 (2003). 

[4] A. Hoshikawa et al., J. Phys. Soc. Jpn. 73, 2597 (2004). 

 

 

Intensity of Electron Spin Resonance in Spin Dimer Systems 
 

Masashige MatsumotopShizuoka Universitys 

 

Electron spin resonance (ESR) is one of the most important experiments to study magnetic excitations. The 

development in high magnetic field experiments enables us to study magnetic field-induced ordering in quantum 
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spin systems. Here we discuss interacting spin dimers [1,2]. The groundstate of TlCuCl3 is a spin-singlet liquid with 

only short-range correlations. The triplet excitations require a finite excitation energy from the spin-singlet 

groundstate. ESR experiments were performed in TlCuCl3 and KCuCl3 to reveal field dependence of magnetic 

excitations [3,4]. They observed transitions from the groundstate to excited states in both disordered and ordered 

phases. Sakai et al. studied the direct ESR transition theoretically taking Dzyaloshinskii-Moriya interactions into 

account [5]. We investigate intensity of ESR in both disordered and ordered phases applying a spin-wave theory 

described by bond operators, and elucidate effects of the Dzyaloshinskii-Moriya interaction on the ESR transition. 

 

[1] A. Oosawa, M. Ishii and H. Tanaka, J. Phys.: Condens. Matter 11 265 (1999).  

[2] T. Nikuni, M. Oshikawa, A. Oosawa and H. Tanaka, Phys. Rev. Lett. 84 5868 (2000).  

[3] H. Tanaka, T. Takatsu, W. Shiramura, T. Kambe, H. Nojiri, T. Yamada, S. Okubo, H. Ohta and M. Motokawa, 

Physica B 246-247 545 (1998).  

[4] V. N. Glazkov, A. I. Smirnov, H. Tanaka and A. Oosawa, Phys. Rev. B 69 184410 (2004).  

[5] T. Sakai, O. Cepas and T. Ziman, J. Phys. Soc. Jpn. 69 3521 (2000). 

 

 

Selection Rules for the Direct Transition of Spin Gap 
 

Tôru SakaipJapan Atomic Energy Agencys 

 

The spin gap is an energy gap between the singlet ground state and triplet first excited state. Thus the direct 

transition of ESR is forbidden because of the spin conservation law. However, this transition was observed in several 

gapped spin systems. We discuss the mecanism of the direct transision and the angle dependent selection rules.  

 

 

Observation of direct transition in the S =1/2 quasi-one-dimensional antiferromaget 
Cu2Cl4aH8C4SO2 by high magnetic field ESR 

 

Masashi FujisawapKobe Universitys 

 

Cu2Cl4aH8C4SO2, which is an S = 1/2 quasi-one-dimensional antiferromagnet, has a singlet ground state with an 

excitation gap Â= 5.32 K [1][2]. ESR is a powerful method to investigate a magnetic excitation with the high 

sensitivity and high energy resolution. The ESR measurements of Cu2Cl4aH8C4SO2 have been performed in 

frequency range up to 380 GHz and field range up to 12 T. We observed the direct transition between the singlet 

ground state and the triplet excited states at T = 1.7 K. Generally the direct transition is forbidden by the 

conservation of the total spin quantum number in isotropic Hamiltonian. The direct transition is allowed in the 

anisotropic Hamiltonian including Dzyalosinskii-Moriya interaction or alternating g-tensor. Sakai indicated a 

selection rule in the presence of off diagonal interaction, using the exact numerical diagonalization of the finite 

cluster of the quasi-one-dimensional bond-alternating spin system [3]. Applying the selection rules to Cu2Cl4a

H8C4SO2, we confirmed the direct transition caused by Dzyalosinskii-Moriya interaction and estimated the D-vector; 

Da : Db : Dc = 1 : 0 : 2.3. 

 

[1] M. Fujisawa et al, J. Phys. Soc. Jpn. 72 (2003)  694. 

[2] M. Fujisawa et al, Proc. Int. Symp. Quantum Spin Systems, Hayama, 2004, Prog. Theor. Phys. Suppl. No. 159  

(2005) 212. 

[3] T. Sakai, J. Phys. Soc. Jpn. 72 (2003) Suppl. B 53. 
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Do we need dynamical spin anisotropies? 
 

Olivier CepaspLPTMC, Université Pierre et Marie Curies 
 

SrCu2(BO3)2 is a well-known 2d spin gap system where the spin anisotropy has been studied by detailed 

spectroscopic measurements for the last few years. The main anisotropy takes the form of static Dzyaloshinskii-

Moriya interactions and explains very well the splittings and the dispersion of the magnons, as I will show. There 

are, however, ESR forbidden transitions between multiplets that are less understood.  I will argue that the 

transitions are well explained by a dynamical anisotropy induced by phonons, that explains both the selection rules 

and intensities observed. This raises questions as to whether such anisotropies may be of importance to other 

experiments, especially the ESR linewidth where surprising results were obtained at high-temperatures for this 

compound. I will briefly address such issues at the end of the talk. 
 
 

Quantum spin systems studied by high frequency high field ESR 
 

Hitoshi OhtapMPRC, Kobe Universitys 
 

I will discuss about the experimental studies of quantum spin systems by our high frequency high field ESR 
system developed in Kobe. High frequency high field ESR turned out to be a powerful means to study quantum spin 
systems. For instance, it revealed the information about the spin correlation in the Haldane system by separating 
the ESR signals coming from different finite Haldane chains in Y2BaNi0.96Mg0.04O5 [1] or the spin gap in the S =1/2 
diamond chain system Cu3(CO3)2(OH)2 (Azurite) by observing the direct transition between the ground and the 
excited states [2]. Our high frequency high field ESR system can perform the measurements in the multi extreme 
conditions, up to 55 T, down to 1.8 K and up to 1 GPa [3]. In this paper I will show the high frequency high field ESR 
results of S =1/2 antiferromagnet Cu6Si6O18a6H2O (dioptase). The system has a peculiar spin network called 
dioptase lattice. The magnetic susceptibility has a broad maximum around 40 K and shows an antiferromagnetic 
order below TN =15.5 K. The g-shift and the broadening of the line width are observed below 50 K reflecting the 
short range order in the system. Antiferromagnetic resonances (AFMR) have been observed at 4.2 K using the 
pulsed magnetic field up to 50 T. Although observed AFMR modes in the low field region can be well interpreted by 
the conventional AFMR theory, AFMR modes in the high field region start to depart from the conventional AFMR 
theory. Possible origin of the result will be discussed.  
 
[1] M. Yoshida et al., Phys. Rev. Lett. 95, 117202 (2005).  
[2] H. Ohta et al., J. Phys. Soc. Jpn. 72, 2464 (2003).  
[3] H. Ohta et al., J. Phys.: Conf. Series 51, 611 (2006). 

 
 

Re-examination of Z2 Vortex-Induced Broadening of the EPR 
Linewidth in the Triangular Heisenberg Antiferromagnets 

 
Yoshitami AjiropKyoto Universitys 

 
From the viewpoint of recent renewed interests of the exotic behaviors in triangular Heisenberg antiferromagnets 

[1,2], I will review our previous study on the EPR linewidth of the quasi two-dimensional triangular 
antiferromagnets, HCrO2 and LiCrO2, which published two decades ago [3]. The interesting observation is that a 
singular point of the EPR signal is located around the critical temperature of phase transition associated with the 
pairing-dissociation of the Z2 vortices, propose by Kawamura and Miyashita. The EPR linewidth exhibits Z2 vortex-
induced broadening above the critical temperature which is inversely proportional to the thermally excited vortex 
density, n Ç exp(-E/kT) with the activation energy E of free Z2 vortex.  
 
[1] S. Nakatsuji et al.,Science, 309, 1697 (2005) 
[2] A. Olariu et al., Phys. Rev. Letters, 97, 167203 (2006) 
[3] Y. Ajiro et al., J. Phys. Soc. Jpn.,57, 2268 (1988) 



 38 

Exotic ESR modes of spin liquid states 
 

Alexander SmirnovpP. L. Kapitza Institutes 

 

I will present experiments with frustrated  and spin-gap antiferromagnetic systems. The frustrated pyrochlore 

antiferromagnet Gd2Ti2O7 remains paramagnetic at the temperature far below Curie-Weiss temperature È=10 K. In 

the molecular field approximation, due to a special geometry of exchange bonds, there is an infinite number of 

degenerate spin configurations with minimum energy. Correspondingly, a macroscopic number of local soft modes 

gives rise to a large entropy at T ÉÈ. We tested these soft modes, at first, by a thermodynamic method, performing 

effective cooling via the adiabatic demagnetization. Further, we detected these modes by the magnetic resonance 

spectroscopy: a wide band of low-frequency microwave absorption with a minor energy gap was found at low 

temperatures. Another ESR problem of the frustrated systems is ESR of exotic ordered phases. Despite the fact that 

the exchange interaction can't stabilize a spin-ordered state, the ordering, however, occurs at T = TN Ê 0.1È. It is 

due to weaker factors, like dipole-dipole interaction, fluctuations, single-ion anisotropy, etc. This ordering is 

accompanied by the reconstruction of the ESR spectrum: a three-branch resonance spectrum with two energy gaps 

appears below TN, and the wide band is surviving. The observed three-branch spectrum is typical for noncomplanar 

exchange antiferromagnets. In contrast to conventional antiferromagnets, this ordered structure is soft in the 

exchange approximation, allowing additional low-frequency modes. This requires a new approach, aimed for the 

dynamics of ordered exchange-correlated systems without the exchange rigidity. 

Collective triplet excitations in  the dimer spin-gap magnet TlCuCl3 and in the Haldane-like magnet PbNi2V2O8 

present another example of new kind of spin dynamics. In both cases the spectrum of triplet excitations was found to 

be temperature dependent, indicating a nonlinear renormalization of the excitations energy or an interaction 

between the triplets. The 3D interdimer (interchain) coupling is known to allow the transition from a spin-liquid to 

an antiferromagnetic phase in a magnetic field, closing the spin gap. This ordering modifies the spectrum oftriplet 

excitations both above and below the critical field. The measured spectrum of triplet excitations demonstrated a 

strong deviation from the perturbative approach for noninteracting chains. 

 

 

Spin dynamics of structurally perfect S=1/2 Kagome antiferromagnet 
ZnCu3(OH)6Cl2 by high frequency ESR 

 

Susumu OkubopMPRC, Kobe Universitys 

 

The possible realization of a spin-liquid state in ZnCu3(OH)6Cl2, which is called perfect S =1/2 Kagome AF lattice 

[1], has attracted much recent attention. There are many candidate materials were investigated as possible system 

of a Kagome lattice for the last decade. However, they mostly exhibit a magnetically ordered or spin-glass-like state 

at low temperatures. On the other hand, the new Kagome lattice substance ZnCu3(OH)6Cl2 does not show magnetic 

long range order or spin freezing in the magnetic susceptibility [2, 3], the specific heat [3], the neutron scattering [3], 

ËSR [4, 5]. These data established that ZnCu3(OH)6Cl2 remains paramagnetic down to 50 mK. Recently, NMR [6] 

measurements point out that the local spin susceptibility develops a large distribution below 125K. Low frequency 

spin fluctuations grow toward T=0 without the signature of a critical slowing down. Our aim is to investigate the 

spin susceptibility and the spin fluctuations of perfect S =1/2 Kagome AF magnet by probing the electron spin 

dynamics directly using ESR. The high frequency ESR measurements of powder sample have been performed from 

300 to 1.8 K. Although we treat powder sample, a single absorption line is observed. There are no g-shift observed in 

the temperature range from 300 to 1.8 K. Temperature dependence of the linewidth is almost constant for measured 

temperature. These behaviors are similar to paramagnet. On the other hand, a famous Kagome AF system SCGO 

shows g-shifts and linewidth broadening as the temperature decreases [7]. We will discuss the possible realization of 

a spin-liquid state in Kagome lattice from ESR point of view. 

 

[1] M. P. Shores et al., J. Am. Chem. Soc. 127, 13462 (2005)  
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[3] J. S. Helton et al., Phys. Rev. Lett. 98, 107204 (2007)  

[4] O. Ofer et al., arXiv:cond-mat/0610540  
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High frequency ESR Study on the frustrated triangular-lattice antiferromagnets 
 

                     �        H. KikuchipUniversity of Fukuis 

 

About two decades ago, Y. Ajiro et al. [1] measured X-band ESR of the frustrated Heisenberg triangular-lattice 

antiferromagnets, ACrO2 (A = H, Li) and discussed the temperature dependence of the ESR linewidth in terms of the 

Z2 vortex excitation, which is a topological defect predicted for the Heisenberg triangular-lattice antiferromagnet [2]. 

Magnetic properties of HCrO2 is, however, not well have been studied because of difficulty in making the sample. 

Recently, we synthesized powder sample of HCrO2 and measured high frequency ESR to investigate further detail of 

the spin frustration effect on the ESR linewidth.  

 

[1] Y. Ajiro et al,  J. Phys. Soc. Jpn., 57, 2268  (1988).  

[2] H. Kawamura and S. Miyashita, J. Phys. Soc. Jpn., 53, 4138 (1984). 

 

 

Midgap States for Dzyaloshinskii-Moriya Interacting Systems 
Under Magnetic Field in the Low Dimensions 

 

Xiaoqun WangpRenmin University of Chinas 

 

For many materials, one finds that the Heisenberg interaction alone cannot sufficiently explain some anomalous 

and novel properties. It is necessary to consider effects from the symmetric feature of crystalline, the coupling of spin 

and orbital degrees, etc. These factors often lead to interactions such as anisotropic, next-neighbor and cyclic ones, 

which is usually one order smaller than the Heisenberg interaction. In general, this kind of interactions is usually 

regarded as a perturbation, macroscopically resulting in neither distinguishable physical properties nor anomalous 

phenomena. However, with the development in experimental equipments and theoretical studies in the last decade, 

some of those interactions are found to be non-perturbative and have importance effects. The Dzyaloshinskii-Moriya 

interaction, which as a very interesting example has been a consequence of the spin-orbital coupling in the presence 

of relativistic effects under peculiar symmetry of some crystalline, is a nontrivial interaction, but its effects can be 

explicitly exhibited only when external magnetic field is applied. In particular, the neutron scattering experimental 

group in Johns Hopkins university found that copper benzoate Cu(C6H5COO)2 3H2O [1] which is supposed to be 

described by one dimensional Heisenberg model unexpectedly displays a gap in its spectrum when the sample is 

exposed in external fields. This experimental discovery is found to be related to the DM interaction [2]. In this talk, 

we will present our numerical results for the interpretation of the experimental findings as well as possible midgap 

states [3] in the connection with the Dzyaloshinskii-Moriya interaction, which is now found relevant to more and 

more quasi-one dimensional materials such as Yb4As3, (CH3)2SO2CuCl2ÊBaCu2Si2O7, [PM-Cu(NO3)2 (H2O)2]n 

(PM=pyrimidine), etc.  

 

[1]  D. C. Dender, et al, Phys. Rev. Lett. 79, 1750 (1997). 

[2]  M. Oshikawa and I. Affleck, Phys. Rev. Lett. 79, 2883 (1997).  

[3]  J. Z. Zhao, et al, Phys. Rev. Lett. 90, 207204 (2003); J.Z. Lou, et al, Phys. Rev. Lett. 94, 217207 (2005). 
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Direct Numerical Estimation of the Line Shape of ESR 
 

Seiji MiyashitapUniversity of Tokyos 

 

In the strongly interacting spin clusters, phase transitions do not take place but the short range order develops. 

There the ESR signal changes from paramagnetic type to the ordered one as a function of the temperature. In order 

to study such a change, we need the full information of the energy spectrum. We have tried to perform a direct 

numerical approach to this problem. [1,2,3,4] We have studied the temperature dependence of ESR line shape by 

using direct numerical estimation of the line shape of ESR. 

We studied the one-dimensional Heisenberg chain in which the line shape changes as a function the relative 

locations of the magnetic fields (static and AC) and the chain direction. This problem was studied by Nagata and 

Tazuke, and also by Yamada. We also studied ESR signals in various magnetic clusters, e.g. Ising-like 

antiferromagnetic cluster, triangle cluster, dimer systems, and also for a nanoscale molecular magnet V15. 

 

[1] S. Miyashita, T. Yoshino and A. Ogasahara, J. Phys. Soc. Jpn. 68, 655 (1999).  

[2] A. Ogasahara and S. Miyashita, J. Phys. Soc. Jpn. 69, 4043  (2000).  

[3] S. Miyashita and A. Ogasahara, J. Phys. Soc. Jpn. 72, 2350  (2003). 

[4] M. Machida and S. Miyashita, Physica E29, 538 (2005). 

 

 

 

HEISENBERG MACHINE: A Numerical Method for ESR Spectrum of Strongly 
Correlated Systems at Finite Temperatures 

 
Toshiaki IitakapRIKENs 

 

We introduce an efficient and numerically stable method for calculating ESR spectrum of strongly correlated 

systems at finite temperatures[1]. The method is a combination of numerical solution of the time-dependent 

Schrodinger equation [2], random vector representation of trace [3], and Chebyshev polynomial expansion [4] of 

Boltzmann operator. This method should be very useful for a wide range of strongly correlated quantum systems at 

finite temperatures [5]. If we have time, we will introduce HEISENBERG MACHINE, a GPU cluster for this 

numerical method, which is now under construction. 

 

[1] T. Iitaka and T. Ebisuzaki, Phys. Rev. Lett. 90, 047203 (2003).  

[2] T. Iitaka, Phys. Rev. E 49, 4684 (1994).  

[3] T. Iitaka and T. Ebisuzaki, Phys. Rev. E 69, 057701 (2004).  

[4] T. Iitaka, S. Nomura, H. Hirayama, XW. Zhao, Y. Aoyagi, T. Sugano, Phys. Rev. E 56, 1222 (1997); S. Nomura,  

T. Iitaka,  XW. Zhao, T. Sugano, Y. Aoyagi, Phys. Rev. B 56, R4348 (1997).  

[5] M. Machida, T. Iitaka and S. Miyashita, J. Phys. Soc. Jpn. Suppl. 74, 107 (2005). 
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Perturbation theory on the ESR shift and its applications 
 

Yoshitaka MaedapUniversity of British Columbias 

 

Electron Spin Resonance (ESR) has been studied extensively for both its experimental and theoretical interests for 

a long time. Much of the foundation of the widely used theoretical frameworks, most notably those by Kubo and 

Tomita, by Mori and Kawasaki and by Nagata and Tazuke, were developed more than 30 years ago.  However, the 

range of validity of assumptions and approximations utilized in these theories remain unclear, especially in the 



 41

systems with strong quantum fluctuations. In fact, recently, it has been pointed out that a straightforward 

application of the Kubo-Tomita theory to the Dzyaloshinskii-Moriya interaction yields an incorrect result. Recently, 

on the other hand, a field theory approach and a direct numerical approach opened new directions of the ESR theory. 

However, the former works only in one dimension and in the low energy (low temperature, low frequency) regime, 

and the latter approach can handle only small systems. 

Motivated by this situation, we develop [1,2] a new direct perturbation scheme for the ESR resonance frequency 

shift in order to circumvent the previous non-trivial assumptions. We then exactly evaluate the first order of it for 

the antiferromagnetic chain for arbitrary temperature and magnetic field by using Quantum Transfer Matrix 

method. The resonance shift is given in terms of an integral equation, which can be solved numerically with a very 

high precision. The obtained result shows a quite different behavior from the Nagata-Tazuke theory, which is based 

on the classical spin approximation, especially at low temperature. In low temperature regime, logarithmic and 

subleading correction terms are analytically obtained.  Combing our results with the field theoretical results, we 

can obtain the logarithmic corrections also in the ESR linewidth. We also compare ours result with experimental 

data on LiCuVO4. 

 

[1] Y. Maeda, M. Oshikawa, J. Phys. Soc. Jpn. 74, (2005) 283.  

[2] Y. Maeda, K. Sakai, and M. Oshikawa, Phys. Rev. Lett. 95 (2005)  037602. 

 

 

High field ESR and magnetization measurements on one-dimensional 
Ising-like antiferromagnet BaCo2VO8 

 

Shojiro KimurapKYOKUGEN, Osaka Universitys 

 

BaCo2VO8 is a quasi one-dimensional (1D) Co spin system, which crystallizes in the tetragonal I41/acd space 

group. In this compound, edge-shared CoO6 octahedra form a screw-chain structure along the c-axis. The chains are 

separated by non-magnetic V5+ and Ba2+ ion, resulting in 1D structural arrangement. The recent study by He et al. 

revealed that this compound shows a peculiar phenomenon in magnetic field, namely the field-induced order-

disorder transition [1]. When the external magnetic field is applied to the c-axis, which is the easy axis of BaCo2VO8, 

the magnetization curve at 2 K exhibits a steep increase above Hc Ê 4 T [1]. The heat capacity measurements showed 

that the magnetic ordering  temperature is rapidly lowered by the external field for H // c and no magnetic ordering 

is observed down to 1.8 K in the field region above [1]. To gain deeper insights into the curious transition of 

BaCo2VO8, we have performed high field magnetization and ESR measurements on this compound in magnetic 

fields up to 50 T along the chain. The experimental results are explained well in terms of a one-dimensional  S = 1/2 

antiferromagnetic XXZ model in longitudinal fields. We show that the quantum phase transition from the N eel 

ordered phase to the spin liquid one in the model is responsible for a peculiar order to disorder transition in 

BaCo2VO8. 

 

[1] Z. He, T. Taniyama, T. Kyomen and M. Itoh, Phys. Rev B 72, 172403 (2005). 

 

 

High frequency ESR study of the field induced gap on 
a ladder-like system (C5H9NH3)2CuBr4 

 

S. MitsudopFIRC, University of Fukuis 

 

Low-dimensional quantum spin systems have attracted much interest as one of the useful models for investigating 

strongly correlated quantum many body systems from both the theoretical and experimental points of view. In 

particular, the bosonization approach has been considered to describe the low energy physics in low dimensional spin 

systems. One of the most fascinating properties in low-dimensional system is the research of the low energy physics 
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in zero temperature phase transition as in the case of two leg ladder materials.  S = 1/2 antiferromagnetic two leg 

ladders have a finite gap at zero temperature. However, a gapless phase can appear when an external field is 

applied. The gapless phase is described by a one-component Tomonaga-Luttinger liquid (TLL) using the bosonization 

approach. Another low energy physics has been studied an unexpected magnetic field induced gap in the low-energy 

excitation spectrum of Cu-benzoate and [Pyrimidine-Cu(NO)(HO)], quasi-one-dimensional spin chain materials. 

Such a system of the field induced gap can be successfully described by the quantum sine-Gordon (SG) field theory, 

in which an effective staggered magnetic field induces the gap. In the real system, the alternating g tensor and the 

Dzyaloshinskii-Moriya (DM) interaction in an external magnetic field are the candidate for the origin of the 

staggered field. 

ESR measurements have been performed on poly crystal sample of a Heisenberg antiferromagnetic ladder-like 

system (C5H9NH3)2CuBr4. At high temperatures, a broad ESR absorption line has been observed. With decreasing 

the temperature below 10 K which corresponds the temperature of to the broad maximum of the susceptibility, we 

have observed the damping of the EPR intensity and the development of new resonance absorptions. The resonance 

field and the line width behaviors of ESR absorptions qualitatively correspond to the spinon and the breather 

excitation in Cu-benzoate. 

 

 

High-field ESR spectroscopy of the heavy-fermion system YbRh2Si2
Ì¹ 

 

V. KataevpLeibniz Institute for Solid State and Materials Research IFW Dresdens 
 

YbRh2Si2 is a Kondo-system with a Kondo temperature TK Á 25 K [1]. It is located very close to a quantum critical 

point related to a very weak antiferromagnetic order below TN = 65 mK and a critical magnetic field of BC = 0.06 T at 

ambient pressure. Surprisingly an ESR signal typical of a local Yb3+ spin has been observed below TK at fields B � 0.7 T. 

The occurrence of the ESR signal is unexpected because at T ÉTK the Yb3+ moments should be screened. In order to 

obtain a deeper insight in this unusual behavior we have performed ESR measurements on single crystals of 

YbRh2Si2 at much higher fields (1.8 to 7.5T) at temperatures from 1.8 to 30K, i.e. in the region where one expects a 

crossover from a Non-Fermi liquid (NFL) to a Fermi-liquid (FL) phase. We observe a strongly anisotropic signal 

which can be assigned to Yb3+ moments. The signal exhibits a pronounced dependence on temperature and the 

magnetic field. We discuss the puzzling controversy between the observation of ESR which shows properties 

characteristic of a local Yb3+ moment and the Kondo state of YbRh2Si2. 

� Ì¹�This work has been done together with U. Schaufuss and B. Büchner from IFW Dresden, and J. Sichelschmit, 

C. Krellner, C. Geibel and F. Steglich from Max Planck Institute for Chemical Physics of Solids, Dresden. 

 

[1] O. Trovarelli  et al., Phys. Rev. Lett. 85, 626 (2000) 

[2] J. Sichelschmidt et al.,  Phys. Rev. Lett. 91, 156401 (2003) 

[3] K. Ishida et al., Phys. Rev. Lett. 89, 107202 (2002) 

 

 

Pulsed and Multi-frequency ESR Investigation 
for Low-dimensional Molecular-based Conductors 

 

Toshikazu NakamurapInstitute for Molecular Sciences 

 

We carried out pulsed and multi-frequency ESR investigation for low-dimensional  molecular-based conductors to 

clarify the low-temperature electronic states and carrier dynamics. In this paper, we introduce our recent progress of 

investigations for TMTTF and BEDT-TTTF low-dimensional organic conductors and related materials. 

 

1) The organic conductors, (TMTTF)2X, are well-known quasi-one-dimensional conductors possessing various ground 
states, such as spin-Peierls, antiferromagnetic and superconductivity states realized by applied pressure or variation 
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of counter anions, X. [1] However, the recent progress in the investigation of charge ordering (CO) phenomena has 
cast doubts on the validity of the simple Mott-Hubbard insulator scenario. [2] Hence, we performed pulsed ESR 
measurements to clarify the low-temperature electronic state. We present possible charge redistribution transitions 
observed in (TMTTF)2X. 
 
2) Multi-frequency ESR measurements using X-(9.5GHz), Q-(34GHz), and W-(95GHz)bands microwaves, magnetic 
measurement using SQUID and energy band calculation were carried out for Í-(BEDT-TTF)2PF6(THF) and 
Î-(BEDT-TTF)2PF6. The temperature dependence of the spin susceptibility of the two salts shows that of typical 
paramagnetic insulators with low-dimensional antiferromagnetic interaction. The macroscopic magnetic behaviors 
are apparently similar to each other, and the absolute values of the intra-chain antiferromagnetic interaction, Jintra, 
of the two salts are also close to each other. However, their ground states and microscopic behaviors indicate obvious 
difference. Í-(BEDT-TTF)2PF6(THF) undergoes an antiferromagnetic transition at around 5 K, whileÎ-(BEDT-
TTF)2PF6 shows no magnetic long-range ordering down to 4 K. The ESR linewidth, ÂHpp, ofÍ-(BEDT-TTF)2PF6(THF) 
is almost temperature independent in the paramagnetic region. On the other hand, theÂHpp of Î-(BEDT-TTF)2PF6 
gradually decreases as the temperature decreases. The low temperature electronic states of these salts are discussed 
in the aspect of the magnetic dimensionality. 
 
[1] for example: T. Ishiguro, K. Yamaji and G. Saito, Organic Superconductors, 2nd Ed. (Springer-Verlag, 

Berlin/Heidelberg, 1998).  
[2] T. Nakamura, K. Furukawa and T. Hara: to appear in J. Phys. Soc. Jpn. 76 (2007), and references therein. 
 
 

Electron “Spin” Resonance in the large-N limit 
 

Masaki OshikawapISSP, University of Tokyos 
 

Except for a few lucky cases, theoretical calculation of ESR relies on nontrivial assumptions which are not 
necessarily justified. In order to gain more insight into ESR, we would need more solvable examples. Here I discuss 
a solvable generalization of the ESR problem. Physical spins are representation of SU(2); a generalized “spin” can be 
introduced by considering SU(N) group instead of SU(2). Considering a SU(N) symmetric (“isotropic”) Hamiltonian, 
an external “magnetic” field coupled to one of the global SU(N) generator, and an “anisotropy” which breaks the 
SU(N) symmetry, an SU(N) analog of ESR can be defined. The spectrum can be obtained exactly, in the limit of  
N � �. In the presence of a “staggered field”, main peak is broadened to a non-Lorentzian line shape, by a 
kinematical reason, and satellite peaks appear. 

The basic picture and the results are close to the theory of ESR in Haldane gap systems in Ref. [1], while there are 
some differences. 
 
[1] I. Affleck, Phys. Rev. B 46 (1992), 9002. 
 
 

Elementary Excitations in Quantum Sine-Gordon Spin System KCuGaF6 
 

Hidekazu TanakapTokyo Institute of Technologys 
 

Thermodynamic properties and elementary excitations in one-dimensional Heisenberg antiferromagnet KCuGaF6 
were investigated by magnetic susceptibility, specific heat and ESR measurements. Due to the Dzyaloshinskii-
Moriya interaction with alternating D-vectors and/or the staggered g-tensor, the staggered magnetic field is induced 
when subjected to external magnetic field. Specific heat in magnetic field clearly shows the formation of excitation 
gap, which is attributed to the staggered magnetic field. The specific heat data was analyzed on the basis of the 
quantum sine-Gordon (SG) model. We observed many ESR modes including one soliton and three breather  
excitations characteristic of the quantum SG model. Details of the present study are shown in Ref. [1]. 

[1] R. Morisaki, T. Ono, H. Tanaka and H. Nojiri, J. Phys. Soc. Jpn 76 (2007) 063706. 
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Antiferromagnetic ground state in fullerene magnet with orbital ordering 
 

Takashi KambepOkayama Universitys 

 

We will discuss the antiferromagnetic ground state in the �-TDAE-C60, where the orientation of C60 cage orders 

ferro-rotatively along  all neighboring directions. Field dependent magnetic torque responses indicate the existence 

of antiferromagnetic ordering with TN Á 8 K and magnetic anisotropy. Using the low-frequency (f Á 3 GHz) and the 

low-temperature (T Á 0.5 K) ESR, we succeeded in observing the antiferromagnetic resonance below TN. We will also 

show the case of ferromagnetic�-phase and discuss the correlation between the magnetism and the orbital ordering  

of fullerene cage. 

 

Antiferromagnetic behavior below the valence ordering temperature in SmxC60 
 

Takashi KambepOkayama Universitys 

 

SmxC60 shows the negative thermal expansion below TVO = 32 K due to the temperature-induced valence 

transition of Sm ion [1]. We will present ESR results of Sm2.75C60. Broad EPR signal disappears around TVO and, 

below TVO, ESR signals appear in a different magnetic field. These signals could not be ascribed to an isolated Sm3+. 

We also observed weak decrease in the magnetic susceptibility below TVO. We will discuss possibility of an 

antiferromagnetic ordering induced by  the valence transition of Sm.  

 

[1]  J. Arvanitidis, et al., Nature, 425 (2003) 599 

 

 

ESR Study of Spin System in Phosphorus Doped Silicon as 
Candidate of Quantum Computing Device 

 

K. SugiyamapUniversity of Fukuis 

 

Recently the quantum computer is one of the most fascinating fields in the study of physics. Among many physical 

systems as the quantum computer device the spin system in phosphorus doped silicon  (P-doped Si) is proposed as a 

powerful candidate device. [1] In order to investigate the behavior of  the spin system in P-doped Si, we are making 

experiments of NMR on 31P nucleus and ESR on donor electron. Here, we report results of ESR experiment 

performed under the high frequency and the high magnetic field. The ESR experiment of donor electron in P-doped 

Si has already been carried out  in 1960's under low magnetic field at X-band microwave frequency region. 

According to their results, for the sample with donor concentration less than 3×1017 cm-3 the spectrum of donor 

electron consists of two lines. The separation of these two lines in 42 G caused by the hyperfine interaction was 31P 

nucleus spin. The line width of each line is 2.5 G as the effect of hyperfine interaction with 29Si nuclear spins. For 

the sample with donor concentration more than 3×1017 cm-3 the spectrum becomes a single line due to the hopping 

motion or impurity conduction of donor electron. 

The present ESR experiment was performed at liquid helium temperature in P-doped Si with donor 

concentrations ranging from 2.8×1015 cm-3 to 6.7×1017 cm-3. The range of microwave frequency and the magnetic field 

is from 35 up to 110 GHz and 1 to 3 T, respectively. The results were almost same as those reported previously, but a 

small asymmetry in the spectral line observed under the high magnetic field whose origin is not clear at this point. 

For the future work we are planning to investigate the effect of the electric field on the hyperfine interaction 

between 31P nuclear spin and the donor  electron spin by observing the ESR spectral lineshift with applied electric 

field. 

 

[1] B. E. Kane, Nature 393, 133 (1998). 
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ESR Study of Spin Dynamics for Organic spin-Peierls Systems 
 

Ko FurukawapInstitute for Molecular Sciences 

 

In conventional cw-ESR measurements, spin dynamics of electron spin are usually discussed from the ESR 

linewidth.However, it is hard to estimate individual spin-spin and spin-lattice relaxation rate since the linewidth are 

composed of both contribution and also contain the inhomogeneous terms. On the other hand, pulsed-ESR 

measurements possess a great advantage since we can directly obtain such kind of parameters which are important 

to  understand the electron spin dynamics in the solid-state functional materials. 

Organic conductors, (TMTTF)2X, are extensively studied materials and are well-known quasi-one-dimensional 

conductors possessing various ground states, such as spin-Peierls, antiferromagnetic and superconductivity states 

realized by the application of pressure or the variation of the counter-anion, X. [1]. MEM(TCNQ)2 is also recognized 

as a typical one-dimensional  spin-Peierls system. 

Firstly, we investigate the spin-dynamics of the spin-Peierls systems comparing between the (TMTTF)2PF6 and 

the MEM(TCNQ)2. Secondly, we introduce the curious temperature dependence of the ESR relaxation rate in the 

proximity of the ground states for the (TMTTF)2PF6 (spin-Peierls) and the (TMTTF)2Br (antiferromagnet). In this 

paper, we discuss the spin dynamics comparing these typical low-dimensional spin-systems in the proximity of the 

phase transition by cw- and pulse-ESR spectroscopy. 

 

[1] T. Ishiguro, K. Yamaji and G. Saito, Organic Superconductors, Springer-Verlag (1998). 

 

 

Temperature Dependence of ESR Width in TMTSF-SDW State 
 

Kokichi OshimapOkayama Universitys 

 

The SDW state in the organic quasi-one-dimensional (TMTSF)2X system shows AFMR at low temperatures. [1]  

We show different temperature dependences of line widths above and below the spin-flop field. The line widths are 

comparable at the lowest temperature (around 0.4 K) in both cases. But the width above the spin-flop broadens 

linearly at higher temperatures, and it is five times larger than that below spin-flop field around 10 K. The possible 

origin is the different dynamic responses of SDW states which had been considered to have similar incommensurate 

nesting wave vectors. [2][3]  

 

[1] M. Dumm et al., Phys. Rev. 62 (2000) 6512. And references therein. 

[2] T. Takahashi et al., J. Phys. Soc. Jpn. 55 (1986) 1364. 

[3] J.M. Delrieu et al., Physica 143B (1986) 412. 

 

 

Evaluation of the exchange couplings in the Spin-Polyhedron system by ESR 
 

Yugo OshimapIMR, Tohoku Universitys 

 

Recently, a huge progress has been made on the chemical synthesis of the frustrated spin-cluster systems which 

have a huge number of  states. The most notable compound is the Mo72M30(M=V,Cr,Fe), where 30 magnetic ions 

form an icosidodecadron (a polyhedron with a triangular and pentagonal network) structure, and we have studied 

systematically its magnetic properties under the high magnetic field [1,2]. The Mo72V30 and its related substance 

Mo75V30, which consists of V4+ ions with S = 1/2 , are the quantum version of these polyhedron systems, and a lot of 

attention is paid in its ground states and its magnetic properties in the high magnetic field. Although the exchange 

interactions of both systems are expected to be strong, the evaluation of the exchange couplings is difficult in both 

systems due to the Van-Vleck paramagnetism and the contamination of the magnetic impurities inside the 
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compound. Hence, we have performed ESR measurements, which can separate the intrinsic signal and the signal 

from the impurities, and have succeeded to observe the ESR coming from the excited states. From our careful 

analysis of the ESR intensities and theoretical calculations, we will present our estimation of the gap and the 

electronic state between the singlet and triplet states, and our evaluation of the exchange coupling constants 

between the spins, of these  spin-polyhedron systems. 

 

[1] C. Schröder et al., Phys. Rev. Lett. 94, 017205 (2005). 

[2] Y. Oshima et al., JPS Annual Meeting 2006, 27aTE-8. 
 
 

The Concept of Low-Symmetric Shift Appearing in Polarization 
Dependence of  ESR Spectrum for One-Dimensional Compound 

 
Yuhei NatsumepChiba Universitys 

 
The Kubo-Tomita theory appearing at 1954 [1] has stood on the assumption of high symmetry of the magnetic 

perturbation. Thus, ESR spectra are determined only by the angle  between the static  field and the crystal axis. 

At 1979, this theory is extended [2] so as to discuss systems with low-symmetric perturbation, such as one-

dimensional magnetic compounds. The extended formula, which includes a new term arising from the one-

dimensionality of spin arrangement, is developed for the second cumulant of the correlation function of the 

magnetization. This gives the dependence of ESR spectra on polarization. In brief, the term causes a new dynamic 

shift of resonance field which is essentially influenced by the angle � between directions of the chain of the 

compound and the vibrational field. Observed features in TMMC coincide well with our theoretical prediction. 

Another twenty years elapsed before this dynamic shift had been reexamined at 1999 on the basis of beautiful 

numerical study by Miyashita et al [3]. In addition, at 2002 Oshikawa and Affleck have discussed this problem of 

polarization dependence in the scenario of the comparison between their excellent field theory and Kubo-Tomita 

theory.  
 
[1] R. Kubo and K.Tomita, J. Phys. Soc. Jpn. 9, 888 (1954). 

[2] Y. Natsume, F. Sasagawa, M. Toyoda and I. Yamada, J. Phys. Soc. Jpn. 46, 1949 (1979). 48 50 (1980), I. Yamada  

and Y. Natsume, J. Phys. Soc. Jpn. 48 58 (1980), Y. Natsume, F. Noda, F. Sasagawa and H. Kanazawa, J. Phys.  

Soc. Jpn. 52, 1427 (1983). 

[3] S. Miyashita, T. Yoshino and A. Ogasahara, J. Phys. Soc. Jpn. 68, 655 (1999). 

[4] M. Oshikawa and I. Affleck, Phys. Rev. B65, 134410 (2002). 
 
 

Triplet spin resonance of the Haldane compound with interchain coupling 
 

A. I. SmirnovpP. L. Kapitza Institute for Physical Problems, RASs 
 

Collective triplet excitations in  the Haldane-like magnet PbNi2V2O8 present an example of new kind of spin 

dynamics. The spectrum of triplet excitations was found to be temperature dependent, indicating a nonlinear 

renormalization of the excitations energy.  The 3D interchain coupling allows here the transition from a spin-liquid 

to an antiferromagnetic phase in a magnetic field, closing the spin gap. This ordering modifies the spectrum of 

triplet excitations both above and below the critical field. The measured spectrum of triplet excitations demonstrated 

a strong deviation from the perturbative approach for noninteracting chains [1], while is in agreement with a 

macroscopic approach implying the field-induced ordering at the critical field [2]. 

 

[1] O. Golinelli et al., J. Phys. Condens. Matter 5, 7847 (1993). 

[2]A.M. Farutin, V. I. Marchenko, JETP 131, 860 (2007). 
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Collective ESR in strongly correlated heavy fermion metal CeB 
 

S.V. DemishevpA. M. Prokhorov General Physics Institute, RASs 

 

We report observation and detail study of a new magnetic resonance specific to the so-called antiferro-quadrupole 

(AFQ) phase of strongly correlated heavy fermion metal CeB6. The current theoretical understanding of this low 

temperature magnetic phase implies orbital ordering effects. However, in contrast to manganites, where orbital 

ordering leads to simultaneous lattice distortion and change of magnetic structure and thus modify the magnetic 

resonance modes [1], it is supposed that for CeB6 (i) the low temperature orbital ordering occur without change of 

the lattice constant and no magnetic order develops at the boundary between paramagnetic and orbitally ordered 

phases; and (ii) orbital ordering precedes formation of an antiferromagnetic phase at low temperatures (see [2,3] and 

references cited therein). 

It is found that in AFQ phase stable for T < TQ a new mode of the magnetic resonance, which is missing in 

paramagnetic phase at T > TQ , develops. Cavity measurements in the frequency range � / 2� = 40-100 GHz and 

quantitative analysis of the line shape together with the static magnetization data allowed concluding that the 

observed mode is (i) EPR-like, (ii) has a collective nature and (iii) caused by a special contribution to magnetization 

appearing in the orbitally ordered phase at T < TQ. The quasi-optical reflection measurements for the range � / 2� = 

100-360 GHz shows that the g-factor for this resonance increases with frequency from g (� / 2� = 44 GHz) Á 1.55 to g 

(� / 2� > 250 GHz) Á 1.7. In addition to the orbital ordering resonance for the frequencies exceeding 200 GHz a new 

magnetic resonance with the g-factor 1.2-1.3 is detected. We have also carried out anisotropy measurements of the g-

factor. The obtained data are discussed using two models. The first one assumes the appearance at AFQ phase 

boundary of a free dipole magnetic moments with magnitude Á 0.8 μB, which are missing in the paramagnetic phase 

[4]. The second model is based on the idea of ordering of complex orbitals, for which ground state is described by 

magnetic octupole [5]. 

 

[1] D.Ivannikov, M.Biberacher, et al., Phys. Rev. B, 65, 214422 (2002) 

[2] S.V.Demishev, A.V.Semeno, et al., Phys. Stat. Sol. (b), 242, R27 (2005) 

[3] S.V.Demishev, A.V.Semeno, et al., J. Magn. Magn. Mat., 300, e534 (2006) 

[4] N.E.Sluchanko et al., ZhETF, 104, 120 (2007) 

[5] J. van der Brink, D.Khomskii, Phys. Rev. B, 63, 140416(R) (2001) 
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We report torsional oscillator supersolid studies of highly disordered samples of solid 4He.  

In an attempt to approach the amorphous or glassy state of the solid, we prepare our samples by rapid freezing 

from the normal phase of liquid 4He.  

� Less than two minutes is required for the entire process of freezing and the subsequent cooling of the sample to 

below 1 K. 

The supersolid signals observed for such samples are remarkably large, exceeding 20 % of the entire solid helium 

moment of inertia.  

� These results, taken with the finding that the magnitude of the small supersolid signals observed in our earlier 

experiments can be reduced to an unobservable level by annealing, strongly suggest that the supersolid state exists 

for the disordered or glassy state of helium and is absent in high quality crystals of solid 4He. 
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Supersolidity is the possible coexistence of superfluidity and crystalline order, a rather paradoxical phenomenon.  

Although it was proposed nearly 40 years ago by Andreev and Lifshitz (1969), Chester (1969) and Leggett (1970) 

that crystals could be supersolid, it is not until the 2004 experiments by Kim and Chan (Penn State University) that 

experimental evidence for supersolidity was presented in solid helium.  

However, it appeared in 2006 that disorder played a major role in the observed phenomenon.  

In particular, Rittner and Reppy (Cornell) showed that annealing helium crystals reduced the supersolid density 

by several orders of magnitude. 

At the ENS in Paris, we showed that grain boundaries in polycrystalline samples are necessary for mass superflow 

through solid helium[1]. 

From more recent observations, we now show that grain boundaries are not sufficient to explain the whole set of 

observations. 

I will summarize the present state of this controversial issue. 

[1] S. Sasaki, R. Ishiguro, F. Caupin, H.J. Maris, and S. Balibar, Science 313, 1098 (2006). 
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Ag films on GaAs(110) exhibit a one-dimensional quasiperiodic modulation, resulting in a Fibonacci sequence of 

parallel stripes with two different widths.  

Valence level photoemission shows that the Ag electronic states acquire a unique character along the quasiperiodic 

direction, distinctively manifested by a hierarchy of energy level replicas and avoided crossings at characteristic in-

tervals in reciprocal space. 

These observations demonstrate the strong influence of the one-dimensional quasiperiodic potential on the Ag film 

states. 
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Mott insulators with orbital degeneracy usually have an orbital ordering with corresponding Jahn-Teller distortion. 

We show that close to a Mott transition, in a crossover region from localized to itinerant electrons, there exist another 

possibility to lift orbital degeneracy: there can occur in such cases a spontaneous charge disproportionation, or charge 

ordering, after which at one site there are nominally 2 electrons, and at the other - 0, both states being nondegenerate.  

We argue that this phenomenon takes place in ferrates (CaFeO3 etc), in nickelates RNiO3 and in some other sys-

tems. Our general arguments are confirmed by the ab-initio band-structure calculations and by the high-pressure 

studies of nickelates. We also discuss the importance of small or negative charge transfer gap for this phenomenon. 
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