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2.2 Verlindeß�ÚVerlindeúª

1987c§E. Verlinde [V] Äuéü�3kn�/|Ø¥Ñy��ê�ïÄ§JÑ
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éCalabi-Yau6

/±9º�é¡ß����n)"�Ï�Gepnerß�!;/�EÚN = 2 ��/|Ø�C/nØÑ

�vk3êÆþuÐå5§ù
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Â�Ú\�º�0iù¡�NìÑ´læX|�òÿ���"æXkn�/|Ø��û½u¦��º

:�f�ê"é§��©a�du÷v�
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Ï�éAupº�iù¡�Nì�5�ÿ�y²¤"¥%Ö24éAuÅÚuØ�26�3�1I5��

��ê"

1988cFrenkel!LepowskyÚMeurman [FLM] JÑ
�1����5ß�µb½k��º:�f

�ê÷vn�^�µ1�!¥%Ö�24"1�!Ø�3��1���"1n!ù�º:�f�ê´§g
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@ok�+©a¥���~	+ +B�Ä�½Â�ù���º:�f�ê�gÓ�+"
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�º:�f�ê��E"@�®²��éAuù��æXkn�/|Ø�º:�f�êk38�§Ù

¥24�´l��£lattice¤�EÑ5�§,	14�´lù
���;/�E��£XJ�)��1�à

gf�m´0��1�K´15�¤"Schellekens��Ñ
,	ü�§���êÆþùü�º:�f�ê

�vkî���E"lêÆþ5`§Schellekens �©a£=�kù70�¤�´��ß�"¯¢þ§Ò

ëlù��º:�f�ê¥��1�f�m���o�ê�kSchellekens�Ñ�70�3����´�

�ß�"

XJFrenkel-Lepowsky-Meurman��1�º:�f�ê��5ß�ÚSchellekens�©aß�Ñ�

y²
§·�Ò��
¥%Ö�24�æXkn�/|Ø���©aµo�k71�ù��æXkn�/

|Ø§Ù¥d§����1��þû½�k70�§Ù¥��1�àg�m�0 ��k1�§@B´�1
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)ö@�

´�Ä��¯Kµ

¯K� î�Lã¿y²Verlinde!Moore-Seiberg!Witten�ß�"

¯K� �Ñ÷vKontsevich-Segalún��/|Ø��E§½ö���Ñ÷vù
ún��/|Ø

��35"��A~§�ÑWess-Zumino-Witten�.Ú4��.��E§½��y²¦���3

5"

¯Kn uÐ�/|Ø�C/nØ"ïÄ�/|Ø���m"

¯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

�"

¯K�®²)û"¯K�®Ü©)û§�)ûÜ©Ì�´Úpº�iù¡k'���Âñ5¯

K"̄ Kn�ïÄ�ffm©"̄ Ko3Calabi-Yau6/�K3¡�/ek�
?Ð§�3���/

eë�
Ä���EÑ�Ø��TN�XÃ"̄ KÊ¥�Schellekens©aß�¥��35Ü©®�C
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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(�"
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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§�åu1991cRozanskyÚSaleur [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
^�§léù
�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������fó§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:��©�§§ly²ù
?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"
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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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3.6 ��/|ØÚm-4�/|Ø

�8c��§·�?Ø�(JÑ´'uÃ��/|Ø�§�Ò´'u�U´���/|Ø�)

Û½�)ÛÜ©�"�
«©Ã��/|ØÚ�/|Ø§·�ò÷vKontsevich-Segal ½Â��/|

Ø¡���/|Ø"�E�/|ØØü��EÃ��/|Ø§���E��/|Ø"���´§�


ÔnÆ[���ß�§'X'uCalabi-Yau6/�5�!º�é¡!þfþÓN�§ÑI���/

|Ø§�^Ã��/|ØÃ{��ù
ß�"

��E��/|Ø§·�7LòÃ��/|ØÚ�Ã��/|Ø£=òÃ��/|Ø¥�iù

¡½ECþ^§���Ý5�����|Ø¤·�/©å5����/|Ø"lKontsevich-Segal�

½Â�±w�§��/|Ø¥éAuiù¡�NìÑ7L´ü��"þ¡?Ø����f(ÜÆ

Ú�ØC5�Ñ
éAuº��0Ú1�iù¡�Nì§�Ï����f��´õ��§ù
Nì�

´õ��"Ï��lõ��Nì�EÑü��Nì§¤±lÃ��/|ØÚ�Ã��/|Ø�E�

�/|Ø´�~J�¯K"

2005c§�ûÚ)ö[HK2] �E
º��0iù¡þ���/|Ø"2006c§�ûÚ)ö[HK3] q

�E
º��1iù¡þ���/|Ø"3ùü��E¥§Ì��ó�´3���f��mþ�E�

��òzV�5/ª§Ù¥Ì��JÝ3uy²¤���V�5/ª´�òz�"

·�£��e2.4!'uWess-Zumino-Witten�.�)Û�)Û©)¯K�?Ø"Witten�ó�

Äu����/ª�òz5�b½"ù���/ª��òz5�duþ¡¤?Ø�V�5/ª��

òz5"Ïd§þ¡¤`��E��/|Ø�ó����íØÒ´ù���/ª��òz5§l)

û
,��@Ï�/|ØïÄ¥�¯K"

ù�V�5/ª�òz5�y²´,��Ñ�·�¿��/�"ù�V�5/ª´½Â3��

�f��mþ�§���f´éAuº�1iù¡�"�ù�V�5/ª��òz5y²%�^�

)ö3y²Verlindeúª������úª§ù�úªÚVerlinde úª�y²Ñ�6u���f�

�ØC5"4·�¯ç�´§��½Â3éAuº�0iù¡��mþ�V�5/ª��òz5Ø,

�^éAuº�1iù¡�(�5y²"

ù��òz5Ù¢�duÃ��/|Ø¤éA�Üþ�Æ�f5"ù´,����où�f5

�y²I�^��ØC5�@o(J��Ï"ù
Ñ`²
�Uk���~����n§�I�

?�Ú�ïÄ"

�y3��§¤k�?Ø£�)�/|Ø�½Â¤Ñ´'u4�/|Ø�"4�/|ØéAu4

u��6nØ§¤±ù
nØ¥iù¡�>.ëÏ©þÑéAu4u"�uØ���¹e�A�)m

u§kmu�nØp�½��¹4u§¤±·����E£�muÚ4u��/|Ø§¡�m-4

�/|Ø"�/|Ø��±^5£���Ôny�"�¤£��Ôny�V����ÔN�>.�§

·�I��@dCardym©ïÄ�>.�/|Ø[C1] [C2] [C3]">.�/|Ø�dum-4�/|Ø"

ù´,����Em- 4�/|Ø��Ï"

2004c§�ûÚ)ö[HK1]^���f�E
muº:�f�ê"muº:�f�ê��éAu

uØ¥ÔnÆ[uy���D-�"2006c§�û[Ko1] [Ko2] ?�ÚïÄ
dmuº:�f�êÚ

��/|Ø÷v·�^��¤�m-4�/|Ø�Üþ�Æ±9AÛ£ã"3m-4�/|Ø¥§é�

m�/|Ú4�/|�´dCardyÄkuy�Cardy^�[C3]"�û[Ko3]�^º:�f�ê��Æþ

��5Üþ�Æ(�ïÄ
Cardy^�"

3.7 þÓNÚC/nØ

13



�ïÄ�/|Ø���m§7LuÐ�/|Ø�C/nØ"Ï��/|Ø�±lº:�f�ê

�L«Ñu��E§·�ÄkI���º:�f�ê�C/nØ"Ú(Ü�ê!o�ê±9Ù¦�ê

aq§�uÐº:�f�ê�C/nØÚïÄº:�f�ê�(�ÚL«nØ§I���º:�f

�ê�þÓNnØ"

@3þVÊ�c�Ð§Òk'uº:�f�êþÓNnØ�ïÆ"�J�´§ù
ïÆ¿Ø�

Ñº:�f�ê�þÓNnØ§Ï�§�Ø÷v���ê�þÓNnØ¤7L÷v�Ä�5�§'

X��C/ÚþÓN�m�'X"

º:�f�ê�¹üÜ©(�§1�Ü©dº:�fNì�Ñ§1�Ü©dVirasoroL«(��

Ñ"VirasoroL«(��C/�±^Virasoro�ê�L«nØ5ïÄ§º:�fNì�Ñ�(��

C/K´�c��ïÄ�Ø
�"�Kº:�f�ê½Â¥��/�����e��ê(�¡��

��º:�ê"·�I��´���º:�ê�þÓNÚC/nØ"

2010c§)ö[Hu20] [Hu21] Ú?
���º:�ê�þÓNnØ§¿y²
ù�þÓNnØä

kþÓNnØ¤7Ik�Ä�5�"ù�þÓNnØÌ��Ñ�(J´N�?n���º:�ê�

�u(Ü�êÚo�ê�²;�ê¤Ak�!Úkn¼êk'�5�"�Ñù�(J�#�{´^

l�ê�ÜþÈ���u���ê��z�m�kn¼ê�m�Nì�N5�EþÓN§Ø´�

²;�ênØp^l�ê�ÜþÈ���Nì�N5�E"

3Ó��ó�¥§)öy²
���º:�ê���C/éAuXê3�ê¥���þÓN"2011c§

)öÄu�þ�O�y²
���º:�ê�/ªC/�æN´n�þÓNÚ��ù�þÓNnØ

Ak�Âñ5"ù�ó�O�þé�§)öF"3Ú?�
#VgÚ�{��U~�O�þ§¤±d

ó�ÿ�uL"

Wess-Zumino-Witten�.!4��.ÚÙ¦�
nØÑ�±w�´kl²;nØ�º:�f�ê

²LC/ÚÙ¦�
$���º:�f�ê§,�^éA�L«nØÏL·�£ã��E��"þ

¡�½n`²
ù
C/Ñ´d�A�²;nØ�º:�f�ê���þÓNp¡���û½�"

2015c§à�Ú)ö[HQ] 3��Âñ5b�e§y²
?¿Xê��þÓN�0����º:�

ê�����k��Ý2Â�Ñ´�����"�,Âñ5b��I�y²§ù�(J�Ñ
�½

����5���#�{"

3.8 º:�f�ê�Û�ÚØÄ:f�ê

;/£orbifold¤�/|Ø3�/|Ø��EÚA^¥�ü���Ú"Frenkel!LepowskyÚMeurman

[FLM] �E��1�º:�f�ê´;/�/|Ø�E�1��~f"3ÔnÆ['uº�é¡ß

��ïÄ¥§Äu;/�/|Ø�ß�´�����{"33.9!¥ò�?Ø�'u©aß��ó

�¥§'u;/�/|Ø�(JÚß��´��Ì��óä"

ïÄ;/�/|ØÄk�ïÄº:�f�ê�Û�"'uk��gÓ��Û��@Ñy

3Frenkel-Lepowsky-Meurman [FLM] ÚLepowsky [Le] 'uÛº:�f�ó�¥"ù
ó��Ñ


��º:�f�ê'uk��gÓ��Û�"�1�º:�f�ê��EB^�
ù��Û�"

ÂÂ=!o°)ÚMason [DLM1] [DLM2] ïÄ
÷v�
Ä�^��º:�f�ê'uk��

gÓ��Û�"¦�3C2-{k�5^�Ú�
Ù¦g��^�ey²
ù��Û���35"

¦��y²
3ù
^�eù��Û�����ØC5½n"

é��º:�f�êÚù��ê���Ã��gÓ�§þ¡ù
'uk��gÓ��Û��

½ÂÚ(JÑØ2k�½¤á"2009c§)ö[Hu19] Ú?
º:�f�ê'u?¿�gÓ��Û
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��½Â§¿�Ñ
�
~f§�)�
lnW�ê�E�~f"3ù�Ã���/e§Ñ�¿�
�´§XJ¤�Ä�gÓ�3º:�f�êþ��^Ø´�ü�§Ûº:�fØ�kCþ���

ê�g§�kCþ�éê��K�êg�"ù��5�¦�3ù��¹e�Û��ïÄ�'k

��gÓ���¹Jéõ"Ï�Ûº:�f�¹Cþ�éê§7L^)Ûòÿ5£�ù
�f�

5�§)ö�Ñ�Û��½Âd��Æ!(ÜÆÚ�
g��5��Ñ"2015 c§Bakalov [Ba] ^

Ûº:�fw�´Cþ�éê�õ�ª��~ê��f5£�Û�§��
Û����X�

ê½Â"�C§?�Ú)ö[HY] XÚïÄ
ù
����Û�§F"ò5U^¤���(J5

�E;/�/|Ø§cÙ´éê;/�/|Ø"

�ïÄÛ��L«nØ§I�kïÄº:�f�ê3��gÓ�+�f+�^e�ØÄ:f

�ê�5�"Miyamoto32013c[Miy4]y²
XJ��º:�f�ê´C2-{k��§@où��ê

3��k��gÓ��^e�ØÄ:f�ê�´C2-{k��"2016c§CarnahanÚMiyamoto[CM]y

²
XJ��º:�f�ê�f�£weak module¤Ñ´�����§K3��k��gÓ��^

e�ØÄ:f�ê�f��Ñ´�����"1��(J�y²�^�)ö3y²���f�Ø

C5�©Ù[Hu12] Úy²Verlindeß��©Ù[Hu15]¥���(JÚuÐ��{§±9Lepowsky!Ü

�Ú)ö[HLZ1]–[HLZ9]'uéê���fÚ�A�GfÜþ�ÆnØ"ùü�'uØÄ:f�ê

�(J¦�c¡@
I�C2-{k�5Ú,
2Â�����5^��½nÑ�±^�ù
ØÄ:

f�ê���m����f±9ù
��¤��Æþ�"�CCarnahan\Ù^¤kù
(J±9

e¡�?Ø�van Ekeren!MöllerÚScheithauer�ó��§¦y²
Norton�2Â�1ß�§í2


Borcherds[Bo2]y²��1ß�"ù
#(JÑ2�g`²
�/|Ø�º:�f�êL«nØ

�{��5"

3.9 'uSchellekens©aß��ïÄ?Ð

3¥%Ö�24�æXkn�/|Ø�©aß�¥§Schellekens©aß�¥��35Ü©®²k�


�?Ð"Ù¥�
�(JØ�´X{Eâ5�O�§��^�c¡¤?ØL��
���½

n"

Schellekens©aß�©üÜ©§�Ü©´òSchellekens¤�Ñ�70�º:�f�êÑ�EÑ5§

,�Ü©K´y²�k70�ù��º:�f�ê"

Cc5§Lam [La]!Lam-Shimakura [LS1] [LS2] [LS3]!Miyamoto [Miy3]!Shimakura-Sagaki [SS]!van

Ekeren-Möller-Scheithauer [EMS]�Ñ
Schellekens¤�Ñ�70�º:�f�ê¥68���E"3[EMS]

¥§van Ekeren!MöllerÚScheithauer�y²
ù���º:�f�ê��1 �f�m�¤�o�ê

�U´Schellekens¤�Ñ�70�¥���"van Ekeren!MöllerÚScheithauer�ó�^�
3.5!¥?

Ø�VerlindeúªÚ�5Üþ�Æ(�"

©aß�¥���5Ü©§�)d��1àgf�m�"!¥%Ö�24�æXkn�/|Ø�

kSchellekens �Ñ�70��ß�ÚFrenkel-Lepowsky-Meurman��1���5ß�§�vk¢�5

�?Ð"

4 k�)û�¯KÚß�

�,3�ÿÀþf|Ø¥§�/|Ø3êÆþ´·�
)��õ�§�k�)û�¯KÚß�Ú

®²)û��'�´�õ�õ"o�5`§��êÆnØÑI�)û�)�35!©aÚ3Ù§êÆ
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©|ÚÙ§Æ�¥A^3S�¯K"éu�/|Øó§�,3kn�/|Ø��¹ek
º�0Ú

º�1nØ��E§�Ï�pº��nØE,k����Âñ5¯Kÿ�)û§8cë�35¯K

Ñ�vk�.)û"

ù�!)öÀ�?Ø�
ú@�Ú�
)ö�<@���k�)û�¯KÚß�")öF"

ÏLrNù
¯K��55íÄ�/|Ø�êÆïÄ"

2015c8�15Ú17F3University of Notre DameÞ1�¬ÆLie Algebras, Vertex Operator Alge-

bras, and Related Topicsþ§)öÌ±?Øº:�f�êÚ�/|Ø¥�)û�¯K"�d)öO�


��¡§�Ñ
�X�¯K"�!lÄuù
��¡��=©©Ù�È��U�¤"=©©

Ù[Hu22]¬3þã¬Æ�©8¥uL"ù�!ATw�´[Hu22] �¥©?È"

4.1 �E÷vKontsevich-Segal-Moore-Seibergún�kn�/|Ø

¯K 4.1.1 �Ñ÷vKontsevich-Segal-Moore-Seibergún�kn�/|Ø��E§½ö��y

²ù��kn�/|Ø��35"���~f§�ÑWess-Zumino-Witten�.Ú4��.��E½

y²§���35"

·�3þ�!¥®²?Ø
kn�/|Ø��E"8ckn��/|Ø�º�0Úº�1��'

¼ê®k�E¿�®�y²÷vAk�5�"�pº��'¼ê��E�vk",	§ù
�E¥�

���m�´��òzV�5½��/ª��z�m§�������/|Ø§7L�EÑ��ò

z��/ª�ÛÜà���ÿÀ�þ�m"

pº��'¼ê��E´Ì�vk)û�¯K"l�/|Ø�ún�±��XJ�/|Ø��

E®²�Ñ§@opº��'¼ê�±Ðm¤�^���f�¤�?ê"Ï�·�ÿ��EÑ÷v¤

kún��/|Ø§�,^���fE,�±�eù
?ê§�·�¿ØU^�/|Ø�ún5í

Ñù
?ê�Âñ5"XJUy²ù
?ê´Âñ�§§��ÚB�Ñ
Teichmüller�mþ�¼ê§

,�^®²´½n����f(ÜÆÚ���f�ØC5§B�y²ù
Teichmüller�mþ�¼ê

�Ñ
��mþ)Û²"�þl�²"�¡§=�'¼ê"¤±pº��'¼ê��E¯KÙ¢�

±8(�ù
?ê�Âñ5¯K§ù�Âñ5¯K´���f(ÜÆ½nÚ���f�ØC5½n

¥�Âñ53pº��/e�í2"

¯K 4.1.2 y²ù
^���f�Epº��'¼ê¤���?ê�Âñ5"

�y²ù�Âñ5§I�y²�
'u3�ëêz>.iù¡�Ã��Teichmüller�mÚ��

mþ,
¼ê�ß�"CAc5§Radnell§SchippersÚStaubach [RS1]–[RS3] [RSW1]–[RSW5] 3ù


Teichmüller�mÚ��m�ïÄþ��
�?Ð"·�Ï�þ¡J��'uÃ��Teichmüller�

mÚ��mþ,
¼ê�ß�¬3Ø��ò5��)û¤�½n§l�±^5y²pº��'¼

ê�E¥¤I��Âñ5"

�E��òz��/ª�ÛÜà�ÿÀ�þ�mÚpº��'¼ê��Ek'"lKontsevich-

Segalún�±w�§3���/|Ø¥§�����>.ëÏ©þ�iù¡SéAu��lEê�
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�G��m�Nì"ù���Nì�du��3G��m¥���h(S)"u´·�w�§���/|

Ø�G��m�½�¹éAu?¿º�iù¡���§�k3�EÑpº��'¼ê��§·�â

U��
)�/|ØG��m�(�"þ�!?Ø�º�0��/|Ø�k���z�G��m§�

ù��m�´dº:�f�ê���ÜþÈÚ�Ú���§¿Ø�¹@
éAupº�iù¡��

�")ö31998c[Hu9]Ú2000 [Hu10]c�E
º:�f�ê�ÛÜàÿÀ��z"XJk
pº�

�'¼ê��E§�±òéAupº�iù¡���^[Hu9]Ú[Hu10]¥��{\\º�0��/|Ø

��zG��m§l�EÑ¤I�����G��m§�=��òz��/ª�ÛÜà���ÿ

À�þ�m"

XJº�0��/|Ø��zG��mþk��'ud���f����/|ØC�SÈ£·�

¡���N�SÈ¤§@où��zG��m�k��Hilbert�m��z"·�kXe�ß�µ

ß� 4.1.3 XJº�0��/|Ø��zG��mþk���N�SÈ§@od\\pº��

����ÛÜàÿÀ��zÚHilbert�m��z����z(�Ú�òz��/ª�ÛÜà���

ÿÀ�þ�m´Ó��"

4.2 ���º:�êþÓNnØÚ������5

3L«Ø¥§������5´��Ä��¯K"é(Ü�ê§XJ�ê��gC��´���

��§Kù��ê��Ñ´�����§�¤kØ���ÑÑy3ù��ê�Ø����Ú©)

¥"�éº:�f�ê§=¦��gC��´Ø���§���¹e��kéõÙ¦�Ø���ÚØ

´������"éuäN�º:�f�ê�~f§������5�y²Ñ´z��
Ù¦�ê

������5½ö�
Ù¦5�5���§¿Ø´l�����!N´�y¤I^������

5½n���"

��(Ü�ê´�ü�£�du¤k�Ñ����¤��=�ù��ê±?ÛV��Xê��

�HochschildþÓNÑ�0"éº:�f�ê§����5Ú�/��Ã'"¤±·��I��Ä��

�º:�ê",��¡§þ¡'u(Ü�ê�����5½n�Ó�·^u���ê§¿ØI�òé

A�þÓN�¤HarrisonþÓN§Ï���5Ú����5Ã'"���º:�ê�k����Æ§

�Ú������5Ã'"¤±XJk��aq�����5½n§AT´'u����Ø�½÷

v��Æ��ê")ö32012c[Hu22]Ú?
�«¡�æXmuº:�ê�Vg§ATw�´���
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º:�ê����í2")ö2010c�Ñ����º:�êþÓN�EÙ¢©¤üÚ§1�Ú´�E

��aquHochschildþóE/�þóE/§lù�þóE/��±����þÓN"1�Ú´½Â

��aquHarrisonþóE/�þãþóE/�fþóE/§ù�fþóE/�þÓNâ´���º

:�ê�þÓN"1�Ú¥�E�þÓNÙ¢´Ø�Ä���º:�ê���Æ��þÓN§�Ò

´ò���º:�ê�¤´æXmuº:�ê��þÓN"ù�Ú¥�þóE/ÚþÓNÑ�±í

2�æXmuº:�ê§¤±éù���ê�kþÓN"

XJò���º:�êa'u��(Ü�ê§@oæXmuº:�êÒATa'u(Ü�ê"̂

Ó��a'\þé���º:�ê��
)§·�B���Xe�ß�µ

ß� 4.2.1 ��æXmuº:�ê¤k�����k��Ý2Â�Ñ´�����§��=�

§±?ÛV��Xê!��u1�þÓN�0"AO/§�����º:�ê¤k�����k��Ý

2Â�Ñ´�����§��=�§����æXmuº:�ê±?ÛV��Xê!��u1�þÓ

N�0"

2015cà�Ú)ö[HQ] 3b½
��Âñ5�^�ey²
���æXmuº:�ê±?ÛV

��Xê���þÓN�0�§§¤k�����k��Ý2Â�Ñ´�����"þ¡�ß��z

�y²¤b½�Âñ5Úy²���æXmuº:�ê¤k�����k��Ý2Â�Ñ´���

��§§���u1�þÓN�0"

Ï�·�®²��Wess-Zumino-Witten�.�º:�f�ê!4��.�º:�f�ê!��º

:�f�êÚ�1�º:�f�ê����k��Ý2Â�Ñ´�����§¤±ù�ß�¤á�

{§§���æXmuº:�ê�¤kþÓNÑ�0"Ïd�\rþãß���&Ý§ATk�yù


º:�f�ê��æXmuº:�ê�¤kþÓNÑ�0"�Ï�ù
þÓN�O�ÑV����

Âñ5¯K§¤±y²ù
þÓN�0�´���²��¯K"

ß� 4.2.2 Wess-Zumino-Witten�.�º:�f�ê!4��.�º:�f�ê!��º:�

f�êÚ�1�º:�f�ê��æXmuº:�ê�¤kþÓNÑ�0"

ß�4.2.1XJUy²�{§·���
��^þÓN5�½����5�^�"�XJ�´

^5�½����5§þ¡¤ã[HQ]¥�(J�`²ù�^��±{z�±?ÛV��Xê���

þÓN�0"�ù�^��é¤kV�¤á§E,ØN´�y"·�F"�´ù�^þÓN5Lã�

¿©7�^�U�Ï·�é���N´�y�^�"

¯K 4.2.3 éÑ��U^¤�Ä����º:�ê5���y��½����5�^�"

)ö@�lo�êþÓNÚKIlling/ª�m�'X½NUé��
)ûd¯K��¢"

4.3 �/|Ø���m

��m3êÆ¥��Ñ�üX���Ú"liù¡���m�Yang-Mills �§géóÚ�g

éó)���m§éõ�êÆ�(JÑ´l§��ïÄ¥���"�/|Ø���m�´��

��êÆ(�§3ÔnþKÚuØ�)�mk��'X§��UÚÿÀSk;�éX"�8c·�ë

��mþ�ÿÀATN�½ÂÑÿØ�Ù"

¯K 4.3.1 ïÄ�/|Ø���m"�Ñ��mþ�ÿÀÚAÛ(�"y²kn�/|Ø3�

�mp´lÑ:"

ïÄ��m����{´uÐ�/|Ø�C/nØ"C/nØ��¬é
)��m�Uk�o
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��ÿÀ(�k�Ï"þ�!¥®²?Ø
�zº:�ê�C/nØ"

¯K 4.3.2 éÑ���º:�ê/ªC/Âñ�)ÛC/�^�"ò�zº:�êC/nØí

2�º�0��/|Ø"

4.4 éê�/|Ø��EÚïÄ

�,�I��Epº���'¼ê¿y²¤k�Kontsevich-Segal-Moore-Seibergún§·�®²

k
éõ'ukn�/|Ø��(J§�)���f��f¦ÈÐm!�ØC5!Verlindeúª!

�5Üþ�Æ(�!n�ÿÀþf|Ø!Û(Ú3�6/ØCþ!º�0Ú1�Ã�Ú��/|Ø"�

13!�?Ø"�éuéê�/|Ø§ù
(J�í2éõÑ�vk�y²§$��Ø��ATN�

î��Ñ�A�ß�"
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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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