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¯Ko�E±Calabi-Yau6/�8I�m���5Ü�ç�."y²Gepnerß�"òGreenÚPlesser�

ó�C¤êÆnØ§dd�ÑCalabi-Yau6/º�é¡��/|Øy²"

¯KÊ �Ñ¥%Ö�24�æXkn�/|Ø�©a§�)y²Schellekens¥%Ö�24!d��1�

�þ)¤�æXkn�/|Ø�©aß�Úy²Frenkel-Lepowsky-Meurman��1���5ß
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¯K�®²)û"¯K�®Ü©)û§�)ûÜ©Ì�´Úpº�iù¡k'���Âñ5¯
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)û§���5Ü©�vk�õ?Ð§Frenkel-Lepowsky-Meurman ��1���5ß��vk?Û

¢�5�(J"·�ò3e�!Ú1o!¥��[/?Øù
¯K�yG"

3 ���ÏïÄj+Ú®²)û�Ì�¯K

�/|Ø�êÆ�EÚïÄk�«êÆ�{§�Ñ�±8a�ü«�{¥��«"�«�{´º

:�f�êL«nØ�{",�«´�/��{"'u�/��{�0�§)öí�Kawahigashi�n

ã©Ù[Ka]£Ù¥�k'uº:�f�êL«nØ�{���nã¤"�©�0�º:�f�êL«n

Ø��{"ü«�{�k`³"�,®kü«�{�d5�ïÄ£'XCarpi!Kawahigashi!LongoÚWeiner

�ó�[CKLW]¤§�8c�vk÷¿��d5½n"

�!?Ø0���^º:�f�êL«nØ�E�/|Ø��ÏïÄj+§¿�?Ø3ù�j

+¥®²)û�Ì�¯K"1�«�{Ú1�«�{��d5ò����Ì��¯K3e�!¥�

Ñ"

3.1 ���EÚïÄ�/|Ø��Ïj+

3þ¡£ãkn�/|Ø�§·�®²Ú?
���/|Ø�Ã��ê"ù´d�/|Ø¥¤

kæX|�¤��ê"XJ�/|Ø��E�vk§·�ÒØUù�5Ú?Ã��ê"�·��±w

�e3���/|Ø�3�b½e§§�æX|k�o5�",�^ù
5�5½ÂÃ��ê"ùÒ

´Belavin!PolyakovÚZamolodchikov3¦�@�é±�uÐK�ã���/|Ø©Ù[BPZ] ¥��

{"êÆþBorcherds [Bo1] �@Äuº:�f5�ÚFrenkel-Lepowsky-Meurman ��1��EÚ?


º:�ê�Vg"���·Üu^5�E�/|Ø��ê(�´Frenkel-Lepowsky-Meurman\


�r^���½Â�º:�f�ê[FLM]"º:�f�ê�du���/|Ø�Ã��ê§�º:�

f�ê�½ÂØ�6u��®²b½�3
��/|Ø"

�u�Ì§Úkn�/|Ø��§·�Ø�Ñº:�f�ê��Úî��½Â§�´�Ñ���

��£ã"��º:�f�ê´��Z�z�þ�mV =
∐

n∈Z V(n)§¿D�
��º:�fNì

YV : (V ⊗ V )× C× → V =
∏
n∈Z

V(n)

(u⊗ v, z) 7→ YV (u, z)v,

��ý���1Ú���/��ω§÷v�
Ä�ún§Ù¥�­��ún´º:�f�£æX¤�f

¦ÈÐm§½ö�º:�f�(ÜÆµ�½u, v ∈ V ,

YV (u, z1)YV (v, z2) = YV (YV (u, z1 − z2)v, z2)

3«�|z1| > |z2| > |z1 − z2| > 0S¤á"ý���1÷vaqu(Ü�ê¥ð���5�§
�/�

�ωK�
V��Virasoro�êL«�(�"º:�f�ê��´��C�z�þ�mW =
∐

n∈CW(n)

Ú��º:�fNìYW : (V ⊗W ) × C× → W =
∏

n∈CW(n) ÷v¤kéWÚYWE,k¿Â�@


º:�f�êV�5�"'XYWE,�÷v£æX¤�f¦ÈÐmúª½ö(ÜÆ"

�©Ì�?Ø�´��lº:�f�êL«nØÑu�EÚïÄ�/|Ø��ÏïÄj+"ù

�j+�1�Ü©´^º:�f�ê�L«nØ5�E�/|Ø[Hu3] [Hu7] [Hu8]"1�Ü©´^º

:�f�ê�þÓNÚC/nØ[Hu20] [Hu21] 5ïÄ�/|Ø���m"

�8c��§Ø
�
pº�iù¡þ�ß�E,I�y²�	§kn�/|Ø��E®²Ä

�þlº:�f�êL«nØ��
"ù®²y²
ù�ïÄj+��15"·��&�kn�/
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|Ø��±^ù��{��E"

º:�f�ê�þÓNnØÚC/nØ®²m©uÐå5"�,�k�þ�¯K�)û§cÙ

´�
ÚÂñ5k'�¯K§·��&ù
nØ�±^5�Ñ�/|Ø��m��
Ä�5�Ú(

�"

3ù�!Ù§��Ì¥§·�?Øù�j+¥®²)û�Ì�¯KÚß�"

3.2 º:�f�ê�AÛ

·�þ¡®²��£ã
º:�f�ê"êÆþº:�f�ê�½Â�m©´^X�ê5�½

Â�"X�ê½Â�Ð?´�±^X�ê��{�Eº:�f�êÚ§���§ØI��ÄÂñ5

�þf|ØïÄ¥Ï~¬���(J"

lHeisenberg�ê!��£lattice¤§��o�ê!Virasoro�ê!Clifford�ê!��/�ê���

EÑ5�º:�f�êÚ§���´�ÙG��
~f£ë�~X[FLM], [FZ], [FFR], [KW])"��

�k¶�º:�f�ê~f´Frenkel-Lepowsky-Meurman�E��1�º:�f�ê[FLM]§§�g

Ó�+´üXk�+©a¥���~	+ +£Monster)"

�lº:�f�ê�L«nØ�EÚïÄ�/|Ø§Äk�y²^X�ê5�½Â�º:�f

�ê÷v�/|Ø¥æX|�N÷v�¤k5�§cÙ´Ú¥¡�AÛ5�±9Ú�/�~k'�

5�"

ù
º:�f�êAÛ5��ïÄ�±8(�Xe�¯KµéÑ��º:�f�ê�AÛ½Â

¿y²ù�AÛ½ÂÚ�ê½Â´�d�"

ù�¯Kd)ö3þ­VÊ�c�Ð)û"1990c)ö3Æ¬Ø©[Hu1] ¥�Ñ
��º:�

f�ê�AÛ½Â¿y²
ù�½ÂÚ�ê½Â��d5"�[Hu1]¿vk�Ñ�/�~½¥%Ö

£central charge¤���AÛ½Â"1991c)ö3[Hu2]¥�Ñ
º:�f�ê���AÛ½Â"��

)ö31997cÑ��ïÄ;Í[Hu8]¥�Ñ
¤k�[!9y²")ö�AÛ½Âòº:�f�ê½

Â�l�(��iù¥���mD�
��¿C$�
����ê(���5�KL«"

��[/£ã�{§·�I��Ä�k����:(punctures) Ú3��:�"�ÛÜE�I�

iù¥£º��"�ëÏ;�iù¡¤"�kù�(��iù¥��/�da�¤����m§ù�

��mþk��1�ª)Û�m"é?Û��Eêc§�±½Â��¡�ù�1�ª�m� c
2g��

)Û�m"3ù�)Û�mþ�±½Â¿C$�£sewing operation¤"ù�)Û�m\þ¿C$��

¤
��Ü©$�N£partial operad¤"é?Û$�N£operad§�)Ü©$�N¤§Ñk3ù�$�

Nþ�ê�Vg"éþ¡�Ü©$�N§·��kæX�ê�Vg"��5`§º:�f�ê�AÛ

½Âò��¥%Ö�c ∈ C �º:�f�ê½Â�þãÜ©$�Nþ�æX�ê"
ù�ó��Ì�½n`ù�AÛ½ÂÚº:�f�ê��ê½Â´�d�"ù�½ny²�Ì

�J:´�y²�
lº:�fÚVirasoro�ê�f��/ª?ê´,
liù¥Ú1�ª�m�

��)Û¼ê�Ðm"ù�y²�^�E6/C/nØ¥FischerÚGrauert���½nÚ1�ª�m

¿C$��)Û5"

3.3 ���fÚº:Üþ�Æ

º:�f�ê�AÛ½Â`²º:�f�ê��þ´º��"�iù¡�¤��ê(���5

�KL«"ég,/·�¬Áã^º:�f�ê5�E�/|Ø"Äk·�F"^º:�f�ê�
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EéAuº����iù¡�Nì½�'¼ê"l�/|Ø�½Â§·���ù��(�XJ�3§

3�{ü��/eÒ´º:�f�ê��z�ê½ý�A�"º����iù¡dþ�E²¡�

KSL(2,Z)¤����mp���û½"�EéAuù
iù¡�(�I�y²�ØC5£=3�C

�+SL(2,Z)�^e�ØC5¤"

º:�f�ê��z�ê��Ø´�ØC�"éul��o�ê½Virasoro�ê���EÑ5�

º:�f�ê§·�I�òù�º:�f�ê¤k����z�ê�3�åâU����3SL(2,Z)e

ØC��þ�m"ù
~f`²����ØC5§·�7L�Äº:�f�ê¤k��§Ø�´º:

�f�ê��"

Ï���Äº:�f�ê��§·�Ò�ïÄ��m�Nì§
Ø�´º:�f�ê�º:

�fNì"ù
��m�NìMooreÚSeiberg [MS2] ¡��Ã�º:�f£chiral vertex operator¤§


Frenkel!LepowskyÚ)ö[FHL] ¡�����f£intertwining operator¤"

º:�f�ê�­��5�´�f¦ÈÐm½(ÜÆ"é���f���"·�c¡J�§Ã

�º:�f½���f��f¦ÈÐm´MooreÚSeibergó�[MS2] ¥ü�­�b½��§́ Moore-

Seibergß���"

MooreÚSeiberg [MS2] �,��­�uy´¦�¤���õ�ª�§ÚÜþ�Æ4��q"X

c¤ã§ù
õ�ª�§´l¦�'uÃ�º:�f�Ò´���f�ß�
í����"w,§�

rMooreÚSeiberg'uÜþ�Æ�uyC¤êÆ�EÚ½n§·�7Ly²'u���f�Moore-

Seibergß�"

���f��5`´ECþ�õ�¼ê"¤k���f�N�¤���þ�m"Ï~^5ïÄ

º:�f�êÚ��X�ê�{��5`Ã{¦^§7LuÐ#��{"

1991c§LepowskyÚ)ö[HL1] 3�
g,�k���5^�e§̂ ���f�E
º:�f�

ê��ÜþÈ"����EÚy²[HL2] [HL3] [HL4] 31995cuL"1994c§Äuù�ÜþÈ�EÚ

)ö1995cuL�ÜþÈ(ÜÆ£[Hu4], �e¡�?Ø¤§LepowskyÚ)ö[HL5]Ú?
º:Üþ�Æ

�Vg§¿\Ù
÷v·�^��º:�f�ê���Æ´��º:Üþ�Æ�(J"Ó��©Ù

¥�`²
N�l��º:Üþ�Æ��GzÜþ�Æ§l
�\Ù
÷v·�^��º:�f�

ê���Æ´��GzÜþ�Æ�(J"

1995c§)ö[Hu4] y²
3÷v��k���^�Ú��ÂñÚòÿ5���¹e§���f

�(ÜÆ¤á")ö�y²
���f�(ÜÆ�duLepowskyÚ)ö¤�E�ÜþÈV¼f�(

ÜÆÓ���35§ddéN´��1994c3[HL5]¥®²\Ù�º:Üþ�Æ(�ÚGzÜþ�Æ

(���[�E"Ó�c§élVirasoro�êL«�EÑ5�4��.¥����f§)ö[Hu6] y

²
§��(ÜÆ"^ù�ó�§)ö[Hu5](�ë�[Hu23])��
�1�º:�f�ê�,���

E"1997c§él��o�êL«�EÑ5�Wess-Zumino-Witten�.¥����f§LepowskyÚ)

ö[HL6]y²
§��(ÜÆ"1999cÚ2000c§élN = 1ÚN = 2��/�êL«�EÑ5���

/4��.¥����f§MilasÚ)ö[HM1] [HM2] y²
§��(ÜÆ"

2002c§)ö[Hu11] ��)û
ù�¯K")öy²
XJº:�f�ê��Ñ÷v���C1-

{k�5�^�!����5^�ÚÙ¦�
X�ê�g,^�§þ¡¤J��ÂñÚòÿ5�¤

á§l
���f�(ÜÆ¤á"ù�y²�Ì��{´^C1-{k�5^�y²���f�¦È÷

v��5Û:��©�§§^ù�a�©�§���nØB�y²ÂñÚòÿ5�"þ¡¤J��

A��.§Ñ�±^ù�½n�����f�(ÜÆ"ù�(J�y²
3ù
^�e§º:�f�

ê��Ækg,�º:Üþ�ÆÚGzÜþ�Æ(�"

9



þ¡�(JÑb½º:�f�ê��£$������¤́ �����"Ôn¥rº:�f�ê

�Ø�½Ñ����/|Ø¡�éê�/|Ø§3éõÔny��£�¥ÑkA^"êÆþ����

�´���~r�b�§
�=¦��yù�b�§�7LkïÄ¯k¿ØUb½´������"

éê�/|Ø´Cc5é¹��ïÄ+�§Ônþ§�å
u1991cRozanskyÚSaleur [RS] é

�o+þ�Wess-Zumino-Witten�.Ú1993cGurarie [Gu] éÃSy��ïÄ"̂ ���º:�f�

êL«nØïÄéê�/|ØK´l2001cMilas�ó�[Mil] m©�"3ù��Ï§ÔnÆ[ÚêÆ

[®²�E¿ïÄ
�
º:�f�ê�~fÚ§���§¿�ïÄ
ù
��m�éê���f"

����EÑéê�/|Ø§Ø
éA�º:�f�ê!§���±9ü��éê���f	§·�

7Ly²éê���f��f¦ÈÐm½(ÜÆ"·��I��EÑ�)Ø�����3S�º:

�f�ê��Æ�Üþ�Æ(�"

l2001cå§Lepowsky!Ü�Ú)öBm©òc¡?ØL�3����^�e�nØí2�é

ê�/|Ø"2003c§\Ùù�í2�©Ù[HLZ1] Äk3ý<��ÕbÑ"3�
g,�b½e§�

���nØÚ�[y²32010 c�2011 c��X�©Ù[HLZ2]–[HLZ9] ¥���Ñ"Ì�(J�´

y²
éê���f�(ÜÆ£½ö�éê�f¦ÈÐm¤§�´�Ñ
º:Üþ�Æ±9GzÜþ

�Æ��E"ù
nØ¥�b½�,g,§§��y²�~~´��(J�")ö[Hu17]32007cy

²
XJb½�êÚ�Ñ÷vC1-{k�5�^�§¿Ó�b½Ø����$���´k.�§B�

y²þ¡ó�¥�@
g,b½¤á"ù
^�Ï~ÑØJ�y"'Xén­W�êÚÙ¦�
�
êÑ�±�y÷vù
^�§l
éù
�ê�éê���f§éê�f¦ÈÐm¤á§Ó�3ù


�ê���Æþkº:Üþ�ÆÚGzÜþ�Æ�(�"

3.4 �ØC5

32.3!¥§·�?Ø
Moore-Seibergß�"Ù¥��­�ß�´éukn�/|Ø§Ã�º:�

f£½���f¤��f¦ÈÐm¤á"l3.3!·���ù�ß�®²��)û"Moore-Seiberg�,

��­�ß�´�ØC5"ù�ß�`Ã�º:�f£=���f¤�¦È�·��,£¤¢�q-,¤

�Ñ�¡þ¤k��'¼ê§l
�Ñ
�¡þ¤k��/¬"

lMooreÚSeiberg�ó�[MS1] [MS2] ®²�±w�§ù�ß���­�"éõ�5���­�

(J§Ñ�6uù�ß���.)û"AO�5¿��´§=¦éWess-Zumino-Witten�.Ú4��

.��ØC5§3��é���¹�.)ûù�ß��c§�����y²"

�y²ù�ß���ü�¯�"Ï�º:�f�ê����Ñ´Ã���§¤±Äk�y²�

��f�¦È�q-,3·�«�p´Âñ�"Ùg�y²ù
Âñ�q-,¤�¤��m3�C�e´

ØC�§�Ò´`ù
Âñ�q-,�N)¤��SL(2,Z)�L«"

1990c§Á[�3¦­��Æ¬Ø©[Z1] ¥y²
ù�ß����AÏ�¹"?U��Ø©[Z2]

31997cuL"Á[�b½¤�Ä�º:�f�êØ�3K�/����§,�af�Ñ´���

��§Ó�b½ù�º:�f�ê÷v���C2-{k�5�^�"Á[��Ø©�b½
º:�f

�ê�±©)¤�Virasoro�ê�$����Ú§�ù�^��5�ÂÂ=!o°)ÚMason [DLM2]

�K
"é��º:�f�ê��§Ø
k���z�þ�m	§�k��º:�fNì"ù�º:

�fNì´���f�A~"Á[��Ä
ù
AÏ���f¦È�q-,§y²
§�3·�«�p

�Âñ5§¿y²
ù
AÏ���f�q-,�¤��m´�ØC�"

Á[��½n���íØ´��éWess-Zumino-Witten�.Ú4��.®²ÏL��O���

�(J§=¤kº:�f�êØ�����z�ê)¤���ØC��þ�m"u´·���
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3Verlindeß�ÚVerlinde úª¥I�^�Ý
S"��y²Verlindeß�Úúª§lMooreÚSeiberg

�ó�[MS2]�±wÑ§Á[��½n��Moore-Seibergß����AÏ�¹´��Ø
�§Ï�Á

[�½n¥����f�´��º:�fNì§Ø´������f§ÏdÃ{���C�Ú��

���f�m��ê£�uKÜ5K¤�'X£=Verlinde ß�Úúª¤"

�«Áãy²Moore-Seiberg ß��g´´��í2Á[���{"é��������fÚ?

¿���º:�fNì�¦È�q-,§Á[��y²�±Ä�þì�"ù�í2�[!dMiyamoto

[Miy1] �Ñ§¦òÁ[��y²^3ù���2�
��/e§y²
ù
q-,3Ó��«�pÂ

ñ§
�¤)¤��m´�ØC�",	§ÂÂ=!o°)ÚMason [DLM2] �^Ó���{òÁ[

�½ní2�
º:�f�êk��gÓ��Û­�"

,
§Á[���{�·^uù
AÏ�¹§Ã{^5y²�5�Moore-Seiberg �ØC5ß

�"Ã{^��Ï´Á[��{¥k�Ú´^��º:�fNì���'XíÑ��4í'X§ò

'un�º:�fNì�¦È�q-,�¯Kz�'un− 1�ù�Nì�¦È�q-,�¯K"̄ KÒÑ

3éu������f
ó§ù����'XØ�3"

Á[���{Ã{¦^´Moore-Seiberg�ØC5ß�3Á[�½ny²���õc�Svk¢

�?Ð�Ì��Ï"�y²Moore-Seiberg�ØC5ß�§7LuÐ#�{"

2003c§)ö[Hu12] 3ÚÁ[�½n���Ó£��f�
¤�^�ey²
Moore-Seiberg�

ØC5ß�"��äN~f§éWess-Zumino-Witten�.Ú4��.§Moore-Seiberg�ØC5ß�¤

á§

ù�y²U¤õ'�´¦^
���f�(ÜÆÚ��#�{"ÚÁ[�^��'X��4í

'XØÓ§ù�#�{ky²ù
q-,��/ª?ê÷vä�5Û:��©�§§l
y²ù
?ê

�Âñ5",�^���f�(ÜÆ£½�f¦ÈÐm¤y²ù
Âñ?ê÷vº��1iù¡þ�

(ÜÆ£½º��1 iù¡þ��f¦ÈÐm¤"2^ù�º��1iù¡þ�(ÜÆòn����f

�¦È�Âñq-,L«�n− 1����f�¦È�Âñq-,§��z�ü����f�Âñq-,",

�^Á[�½nÚMiyamoto3�����f�/e�í2B��
�ØC5"

2002c§Miyamoto [Miy2] òÁ[���ØC5½ní2�
º:�f�ê��Ø�½����

��¹§���\þ��¤kØ���Ñ´Ã���^�"��ù�^�3¥%ÖØ�0��¹e�

½÷v"ù�í2ATw¤´éê�/|Øp�ØC5���AÏ�¹"éê�/|Ø����ØC

5AT´éê���f��ØC5")öß�éê���f��ØC53Ó��^�e¤á"2015c§

3¦�Æ¬Ø©[Fio1] ¥§Fiordalisi��
'uù�ß��Ì�?Ð"ù�ß���[y²3[Fio2]

±9FiordalisiÚ)ö�3>��©Ù[FH] ¥�Ñ"

3.5 Verlindeúª!f5Ú�55�

2004c§)ö[Hu15]^���f�(ÜÆÚ���f��ØC5y²
Verlindeß�ÚVerlindeú

ª"ù�(JØ
�ØC5½n¥¤I��K�/�^�!����5^�ÚC2-{k�5^��	§

��¦º:�f�ê��0�f�m´dý�Ü¤����m§¿�b½º:�f�êþ�òzØC

V�5/ª��35"ù
^�´��kn�/|Ø�Ã��ê7L÷v�5�"

ù�ó�Äky²
�
Moore-Seibergõ�ª�§é÷vù
^��º:�f�ê¤á§,�

^�5�êB���Verlindeß�ÚVerlindeúª"3y²Moore-Seibergõ�ª�§�¤uÐ�nØ

��'Verlindeß�ÚVerlindeúª�rkå��{Úóä3º:�f�ê��ÆþÜþ�Æ(��

f5Ú�55��y²¥�ü­��Ú"

11



c¡®²?ØL§é��÷v·�5��º:�f�ê§̂ ���f±9§��(ÜÆ§·�®

²��
§���Æþ�º:Üþ�ÆÚGzÜþ�Æ(��êÆ�E"�y²Moore-Seiberg�5

Üþ�Æß�§��y²f5Ú�òz5�"Ød±	§�I�y²�5Üþ�Æl�{ü�ó��

��SÝ
Ú�ØC5½n¥éAu�C�τ 7→ −1/τ�SÝ
´���"w,§����5�¤á�

{§�òz5�´��êþ���íØ"·�r���5�¡�ù
GzÜþ�Æ��55�"

ù
'uf5Ú�55��ß�XJlMoore-Seiberg�©Ù�å§��k�Ôc��]
�û"

éõêÆ[m©@�ùü�5�AT´{ü�íØ"����2005c�c§=¦´éïÄ��õ

�Wess-Zumino-Witten�.§¤éA�Üþ�Æ�f5��vk����y²"

2005c§)ö[Hu16] ^3Verlindeúªy²¥���úª§y²
f5Ú�55�ß�"ù�½

n�¦º:�f�ê÷vÚVerlindeúªy²¥¤I��Ó��^�"ù�½n�¤
�5Üþ�Æ

��E")ö32005c�ü�©Ù[Hu13] Ú[Hu14] ¥§\Ù¿0�
Verlindeß�!Verlindeúª�y

²Ú�5Üþ�Æ��E"

(Ü3[Hu16] ¥�Ñ��5Üþ�Æ��EÚTuraev [Tu1] l�5Üþ�Æ�EÛ(Ún�6

/ØCþ�(J§·�Bl÷vþ¡�E½n¥^��º:�f�ê���Æ�E
Û(Ún�6

/ØCþ§)û
2.4!¥?Ø�Witten31989c�ß�§=�±lkn�/|Ø�EÑÛ(Ún�

6/ØCþ"

Xþ¤ã§3f5ß��y²¥§�^�3Verlindeúªy²¥����
úª"ù
úª3Ü

6þÑ�6u�ØC5½n"ù�:´�~Ñ�¿��§Ï�f5wå5q�´���Úº��0�

iù¡k'�5�§
�ØC5K´��Úº��1�iù¡k'�5�"

éõc±5§3�
2�DÂ�©Ù!�w$���Ö¥§Ñ(¡éWess-Zumino-Witten �.§

GzÜþ�Æ�f5Ú�5�@®�y²§
�é���kn�/|Ø§y²�´���"Cc5§

<�âuyù
(¡Ù¢´�Ø�"8c®k�£§±c(¡�y²¿Ø�3"

ùpAO�?Ø�eWess-Zumino-Witten�.�GzÜþ�Æ�f5"éù��.§�@Finkelberg

1993c3¦�Æ¬Ø©[Fin1] Ú?U��1996cuL�©Ù[Fin2] ¥(¡Beilinson!Feigin!Mazur

3���8ÿ�uL�Ãv[BFM] ¥®²y²
GfÜþ�Æ�f5"
¦�ó�K^Kazhdan

ÚLusztig [KL1]–[KL5]3��ü�/e��d5½ny²
ù�f5GfÜþ�ÆÚéA�þf+

��Æ����üfû�Æ´�d�"ù��d5���íØ´Verlindeúª"�[BFM] ¿vk�Ñ

f5�y²§
�[BFM]¥¤^��{�Ã{y²f5"��éõêÆ[@�Finkelberg?U�uL

�Æ¬Ø©�±w�´^þf+��Æ�üfû�Æþ�f5y²
Wess-Zumino-Witten�.�G

zÜþ�Æ�f5"XJù
ó��(y²
f5§̀ ²��éWess-Zumino-Witten�.§f5Ú�

ØC5�U�(Ã'"�)ö32012cuyFinkelberg�©Ùk��¦É"Ï�)öuy¦É�@®

y²
VerlindeúªÚéAÜþ�Æ�f5§)ö^ù
(JÖþ
ù
¦É"3)öÏLOstrikw

�Finkelbergù�¦É��§Finkelberg [Fin3] �^Faltings [Fa] ÚTeleman [Te] y²�Wess-Zumino-

Witten�.�VerlindeúªÖþ
ù�¦É"5¿�VerlindeúªÚ�ØC5k'§¤±Öþ¦É��

�y²2g`²
=¦3ù�AÏ�¹e§f5��6u�ØC5"

�,Finkelberg©Ù¥�¦ÉÖþ
§�Finkelberg��d5½nÏ�Kazhdan-Lusztigó�¥f

55����§3A�~	�¹eE,vky²§Ù¥�)o�ê�E8,Y²�2�­�~f"éù


~	�¹§=¦Öþ
¦É§Finkelberg�ó�E,Ã{Jøf5�y²§=k�f5�y²d[Hu16]

�Ñ"
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[ACG] L. Alvarez-Gaumé, S. Coleman and P. Ginsparg, Finiteness of Ricci flat N = 2 supersymmetric σ-models,

Comm. Math. Phys. 103 (1986), 423–430.

[A] M. Atiyah, Topological quantum field theories, Pub. Math. IHES 68 (1988) 175–186.

[Ba] B. Bakalov, Twisted logarithmic modules of vertex algebras, Comm. Math. Phys., to appear; arXiv:1504.06381.

[BFM] A. Beilinson, B. Feigin and B. Mazur, Introduction to algebraic field theory on curves, preprint, 1991 (provided

by A. Beilinson, 1996).

[BPZ] A. Belavin, A. M. Polyakov, A. B. Zamolodchikov, Infinite conformal symmetries in two-dimensional quantum

field theory, Nucl. Phys. B241 (1984), 333–380.

[Bo1] R. E. Borcherds, Vertex algebras, Kac-Moody algebras, and the Monster, Proc. Natl. Acad. Sci. USA 83 (1986),

3068–3071.

[Bo2] R. E. Borcherds, Monstrous Moonshine and Monstrous Lie superalgebras, Invent. Math. 109 (1992), 405õ-444.

[CHSW] P. Candelas, G. Horowitz, A. Strominger and E. Witten, Vacuum configurations for superstrings, Nucl. Phys.

B258 (1985), 46–74.

[CM] S. Carnahan and M. Miyamoto, Rationality of fixed-point vertex operator algebras, to appear; arXiv:1603.05645

[C1] J. L. Cardy, Conformal invariance and surface critical behavior, Nucl. Phys. B240 (1984), 514–532.

[C2] J. L. Cardy, Effect of boundary conditions on the operator content of two-dimensional conformally invariant

theories, Nucl. Phys. B275 (1986), 200–218.

[C3] J. L. Cardy, Boundary Conditions, Fusion Rules And The Verlinde Formula, Nucl. Phys. B324 (1989) 581–596.

[CKLW] S. Carpi, Y. Kawahigashi, R. Longo, M. Weiner, From vertex operator algebras to conformal nets and back,

Memoirs Amer. Math. Soc., to appear; arXiv:1503.01260.

[D] L. Dixon, Some world-sheet properties of superstring compactifications, on orbifolds and otherwise, Summer

Workshop in High-energy Physics and Cosmology - Superstrings, unified theories and cosmology, June 29–

August 7, 1987, Trieste, Italy, ed. G. Furlan, J. C. Pati, D. W. Sciama, ICTP Ser. Theoret. Phys., Vol. 4,

World Scientific, Singapore, 1989, 67–126.

[DLM1] C. Dong, H. Li and G. Mason, Twisted representations of vertex operator algebras, Math. Ann. 310 (1998),

571–600.

[DLM2] C. Dong, H. Li and G. Mason, Modular-invariance of trace functions in orbifold theory and generalized Moon-

shine, Comm. Math. Phys. 214 (2000), 1–56.

[DM-C1] J. F. R. Duncan and S. Mack-Crane, Derived equivalences of K3 surfaces and twined elliptic genera, Res. Math.

Sci. 3 (2016), 3:1.

[DM-C2] J. F. R. Duncan and S. Mack-Crane, The moonshine module for Conway’s group, Forum Math. Sigma 3 (2015),

e10.
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Vol. 148, Birkhüuser, Boston, 1997.

[Hu9] Y.-Z. Huang, A functional-analytic theory of vertex (operator) algebras, I, Comm. Math. Phys. 204 (1999),

61–84.

[Hu10] Y.-Z. Huang, A functional-analytic theory of vertex (operator) algebras, II, Comm. Math. Phys. 242 (2003),

425–444.

[Hu11] Y.-Z. Huang, Differential equations and intertwining operators, Comm. Contemp. Math. 7 (2005), 375–400.

[Hu12] Y.-Z. Huang, Differential equations, duality and modular invariance, Comm. Contemp. Math. 7 (2005), 649–

706.

[Hu13] Y.-Z. Huang, Vertex operator algebras, the Verlinde conjecture, and modular tensor categories, Proc. Natl.

Acad. Sci. USA 102 (2005), 5352–5356.

[Hu14] Y.-Z. Huang, Vertex operator algebras, fusion rules and modular transformations, in: Non-commutative Ge-

ometry and Representation Theory in Mathematical Physics, ed. by J. Fuchs, J. Mickelsson, G. Rozenblioum

and A. Stolin, Contemporary Math., Vol. 391, Amer. Math. Soc., Providence, 2005, 135–148.

[Hu15] Y.-Z. Huang, Vertex operator algebras and the Verlinde conjecture, Comm. Contemp. Math. 10 (2008), 103–

154.

[Hu16] Y.-Z. Huang, Rigidity and modularity of vertex tensor categories, Comm. Contemp. Math. 10 (2008), 871–911.

[Hu17] Y.-Z. Huang, Cofiniteness conditions, projective covers and the logarithmic tensor product theory, J. Pure

Appl. Alg. 213 (2009), 458–475.

[Hu18] Y.-Z. Huang, Representations of vertex operator algebras and braided finite tensor categories, in: Vertex Oper-

ator Algebras and Related Topics, An International Conference in Honor of Geoffery Mason’s 60th Birthday,

ed. M. Bergvelt, G. Yamskulna and W. Zhao, Contemporary Math., Vol. 497, Amer. Math. Soc., Providence,

2009, 97–111.

[Hu19] Y.-Z. Huang, Generalized twisted modules associated to general automorphisms of a vertex operator algebra,

Comm. Math. Phys. 298 (2010), 265–292.

[Hu20] Y.-Z. Huang, A cohomology theory of grading-restricted vertex algebras, Comm. Math. Phys. 327 (2014),

279–307.

[Hu21] Y.-Z. Huang, First and second cohomologies of grading-restricted vertex algebras, Comm. Math. Phys. 327

(2014), 261–278.

[Hu22] Y.-Z. Huang, Meromorphic open-string vertex algebras, J. Math. Phys. 54 (2013), 051702.

[Hu23] Y.-Z. Huang, Two constructions of grading-restricted vertex (super)algebras, J. Pure Appl. Alg., to appear;

arXiv:1507.06098.

[Hu22] Y.-Z. Huang, Some open problem in mathematical two-dimensional conformal field theory, in: Proceedings of

the Conference on Lie Algebras, Vertex Operator Algebras, and Related Topics, held at University of Notre

Dame, Notre Dame, Indiana, August 14-18, 2015, ed. K. Barron, E. Jurisich, H. Li, A. Milas, K. C. Misra,

Contemp. Math, American Mathematical Society, Providence, RI, to appear.

[HK1] Y.-Z. Huang and L. Kong, Open-string vertex algebras, tensor categories and operads, Comm. Math. Phys.

250 (2004), 433–471.

[HK2] Y.-Z. Huang and L. Kong, Full field algebras, Comm. Math. Phys. 272 (2007), 345–396.

[HK3] Y.-Z. Huang and L. Kong, Modular invariance for conformal full field algebras, Trans. Amer. Math. Soc. 362

(2010), 3027–3067.

24



[HL1] Y.-Z. Huang and J. Lepowsky, Toward a theory of tensor product for representations of a vertex operator

algebra, in Proc. 20th Intl. Conference on Diff. Geom. Methods in Theoretical Physics, New York, 1991, ed.

S. Catto and A. Rocha, World Scientific, Singapore, 1992, Vol. 1, 344–354.

[HL2] Y.-Z. Huang and J. Lepowsky, Tensor products of modules for a vertex operator algebras and vertex tensor

categories, in: Lie Theory and Geometry, in honor of Bertram Kostant, ed. R. Brylinski, J.-L. Brylinski, V.
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