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A���� ± [
B&PºK�C��?D�E ³ D ��� K ��0 �Ïø�ù
JLQCD Collaboration �5�=!�#F<���'(�¤�A��G� ± [�BP�KHC'��I ³e��³ ��JK XML1N ±>5 I � K M B ��D�E ³ D ��� f ��0 � Nf = 2 �"!
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ú a�a l�� KEK f-,2®76-!��]\>= 0 t ³ Q ³ X � u 7�³�� � ÿ l BlueGene/L

K ö ¦ � � �$��^ 8 ¤�O0P_X�t`Zr��@�a:��b�c� � l/ú$�`�!�� ¢;d ~ ¤ 0 �
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p0P�#:�Wk�b O � O K 8Y� ��= �$O0P
. K K"q7rts5� ~ � 8�u
vWw -�x ��O�P�M�N	� y�z���{ ³1|�} � ~�����������

HMC ���W����¤��"� -�� � ( ��� 18, 19,21) �
���]@
�F�=�����Ws,�7���W��=�Y���"��� �7�F�¡ 
¢=£� �� }
¤ ��� � ε ¥�¦¡���=§�¨_�,©
ª��7�F«W��¬��  
¢ £� ��]®��W��¯ �"° �
±��=²����1³�´�µ ¶W·�¸�¹?��º¼» � ½�¾ � ¿�À�ÁÂ ��Ã
Ä¡Å �¡Æ �HÇ
��È ° ( ��� 16) �
(9) 4

�ÊÉ1Ë ¶tÌÎÍ�¨
Ï��=Ð
Ñ1Ò �"ÓÕÔ×ÖnØ Ä Â ��§�¨
orbifolding �"®F� °7Ù Ï�Ú�� Schrödinger functional �7Ä1ÛGÜÝ� domain-wall

fermion Þ�ß�®tà ( ��� 23) �n±��"á �?����â ®ã��à�� Kaon B-parameter �=Ð
Ñ1Ò
� �
��ÓÕÔ×ÖnØ ��¯ ��° �

(10) twisted mass QCD � O(a) ���n��ä7åæ�ç ¶�è1éÎêY �¢7£� W�=Á
ëj��à����?³1´�µ=¶�¥�¦��=¹1ì_�7�7íîà ° twisted

mass  �¢�£� �Ç�ï
ð � ¾ �Ê G¢7£� �Ç7�?�7¥�¦Y��ñ�ò�Å ��ó
ô � �
����à��õîö �,÷n«��1� � � Æ �=ø
�nù�ú�´�û[üþý¡Ç�ÿ���Þ � � � O(a) ��û��G£��7é� � ½�¾ Ç ���Î� � �	��
 �]¾ �1� � � Æ �]¹
ìFù=��� º Ò ��� O(a) �7������� ¾ �1� � ����� ù=�"ÿ��Fú�´WûÕüþý�ÇÝ������� ��� Þ � Ô������ �,·�¸�¹
� ®¡���! �� àÎ��ÿ��?ú
´�û[üþý¡��� � º Ò ��� O(a) ���"n�$#&%�à ° �('° � æ7ç ¶Ýè�é êÊ �¢=£G ���³�´Gµ ¶W·�¸�¹n� ½G¾ �*) Ô,+�¾ ° ³�´�µ ¶�Ñ
Ò
�����1�Y� twisted mass QCD Þ ß¡®ãà;��-&.¡ÞÊ�=�&�&�]Þ � º Ò �
� O(a)
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Ù Ï } �"ø1�_� ®¡� °�� ¹
Ï���������Ï	��£�
/éÝü �"ñ
òÙ Ï QCD �����Y�=®/���W� � ¹1Ï��������
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Fétü (NEDM) �=§�¨
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`ba!ced�f ø1�_hg�i j�k � l�m n.o1� p.q rPst
(1)
f �(u��"ø1��� D- vwE,£néf �=ø1�nù D- vwE,£né�� �"� ¾�] è �?ü,é ^�xzy �¡±��=Ð
Ñ1Ò ����{w]5| �
ÇM}�~ 4;¾ ��È ° �ã� ÆM� Ç�� Æ ¾ '�� Æ � D- vwE,£né�Ç,�w��Þ f ø1�n�9�
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� ^ ®��W�M�P��Ï
����ê ^5�.� Å ] .�� Æ � � � ��� � ��� �(�/Ç�Ð���Þ9@���Þ ��] �g.i �M��unù(�/Ú _ KEK) ���Y)�Þ Osp ��Á �.� f�� u � ø��nÞ,�1����ù D-

vwE,£né"ù BRS ��Á � Í�¨��j��à�� -�1���È ] � ��ù � � � ����� ï
ð ^ à°&� Æ � ï�ð ^0� Þ ñ�ò�Å ] ° «"� OSp �WÁ �.� f�� u � ø��?Þ,��� ] BRS

��Á �(�.� 1 ^H�P  à � f ø��?Þ9; ' ¾	] ���nÞ · â Å ] ) � ^�¡ Ätà °�� '° � Æ ¾54 � �.� � S ¯�¢ ^�£ ��¤ Þ"§�¨¡Å ¾ � �"� ��^ 2îà ° ( �.¥ 26 t �
(2) ¦�£§]ø�¨P@�¬Wø����
·�¹�ÞM��� ]�© � ��ªf ø�� �9« � �Y¬ £P ��® � ÞM¦�£§]ø��¨P@�¬Wø�� � �
·�¹/Ç�¯ ] �Y° Þ �

AdS5 × S5
� �Yf ø��� N = 4

d ·1¸�¦�£�§ ø�� � · â ù�� AdS/CFT ( ±
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�nÞn� £ ' 4�� Þ Æ ¾�4 � © � �Yª Ç�� ° ¾�� ��� � ø.�Fù��	�nÞ © ���¯ ]
 ��
 �=¾�� � Ô� ¤ � ����� #����	� Ø Ú������ ����] �� ���! #"%$�& 
%')(+* � pPq-,/.�0 _21436547�849 t 
 ±-: ¸����� ;"=<4>? � � "A@	B �
(a) (i) ¦�C�§ED�FHGJIHK4L6MONQP�R�ST:/U 3�VAW�X G�Y[Z�\ ? \�] *�^	_�`a!b �6c�d!e�f S À 1 :6g ��h U�i (log S) j�:4M�k!C	l VTWnm �  o C�p/D�Fn:Jq�rTj "�s W/t � � ^ X D�F�u�v�wEx6ynj�:=z{��� W � m?)| * B } F4~ 27 ���
(b) (ii)

o C�p)D�F�� X D4FHG	M6�A��Nl!, ^ U 3�V�W)� \4�6�HG���C	���4�� :[M��!�6C4��S ?E��� VHW � m v[�-�6g����;� W � m#�6� F��J� h��W � � G	M����	C[�JSHG%�H��,/��v�� @JB � ^%  , ^J¡ DHj "J¢6£ ��¤¦¥§ "J¨�© ?#ª @ h�� W�« :%¬�� W)4® j "=©�¯ �=S!v�� W � m ?°| * B �� G���±n, ^ M��!��C4��Sn,=²Av	³-´��;� W G6v!, "¶µ ^4·�¸ :�� W%�
\��4�nG ¢�£ ?E¹ * µ»ºT¼ � m v ¥�½ : �A¾ � ^ X � o C�p%D�F ^�¿ �
G�M4�T�¦N��	À �Á¥/Â�Ã �Tj�:=Ä�Å @ h�� W � m ?E|HÆ * h�ÇÉÈ ^ � GÊ4Ë GJÌ�Í " �4±TG�x�g m "�@ h�� W } F4~ 28 ���

(3) Î�Ï��4� ?/Ð � B higher spin ÑTGJD�F-G <�>
IIB Î4Ï����n:%Ò�\4Ó ? ³A´ W�Ô�m :�Õ È IIB Î4Ï����-G/d�e��4� � ¾ÁÖ Ì�×
G Einstein ��� � ��Ø Ö�Ù W�Ô�m;��Ú�Û ^=Ü�Ý)^�Þ4ß�^=à�á G <�> :!Õ @ h |
� Ù B �°â�ãH, Ô G <�> G 3 Ð m * h ^ IIB Î�Ï��6�HGEd�e6��� � ¾�Ö bosonic

massless higher spin Ñ�:JU V-WT¥�ä ÑTGJd�e���� � �[Ø Ö;Ù W�Ô�m ?E| * B
( F�~ 29) ��Å B ^�å Î4Ï4��� m M-æ�ç (3,5/2)

?#ª g�è�f 0 G 4
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N=1
å Ué�ê Ì�ë�G=Ñ�G=D�F m G '=ì ? ¥�ä Ñ�G=Ñ ß :6g�í h[î!ï ^ Ô G å U é Ñ�G

D�FHG/d�e4��� � GJ\H, å Î�Ï4���TG%d�e4��� � ?Eð B V�Ô�m ?°| * B ( F4~
30) �

(4) ñ a�b G ¤!ò[ó!X GJÑTGJD�F
1
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1
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