
�
�� ���	
 �

���(�!��)

���������� ����
(�!��, McGill ��)

����

arXiv:1712.09361 [hep-th] 



�	�CFT�’t Hooft�����

�
� SPT 

�	

�
�����CFT

������



�
���	��

IR CFT

 ���	����	��

(��
������)

����������

SPT�

繰り込み群の流れ



SPT&

+�����"/2��0����,$%�)��
'�����

�
3,���&!1�����

	�“*���#-”�
 ��*�����?

((��.)

(symmetry protected topological)

���
��




: "��� ���� Dirac�	��

S =

π
d3x

�
i�̄� µ@µ� +m�̄�

�
<latexit sha1_base64="Bi5xcKVSqicLhHxyuob8n2JREDA="></latexit><latexit sha1_base64="Bi5xcKVSqicLhHxyuob8n2JREDA="></latexit><latexit sha1_base64="Bi5xcKVSqicLhHxyuob8n2JREDA="></latexit><latexit sha1_base64="Bi5xcKVSqicLhHxyuob8n2JREDA="></latexit><latexit sha1_base64="Bi5xcKVSqicLhHxyuob8n2JREDA="></latexit>
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π
d3x

�
i�̄� µ@µ� �m�̄�

�
<latexit sha1_base64="rMtlUeZhLUEQs5m4ESaQbzmZJWA="></latexit><latexit sha1_base64="rMtlUeZhLUEQs5m4ESaQbzmZJWA="></latexit><latexit sha1_base64="rMtlUeZhLUEQs5m4ESaQbzmZJWA="></latexit><latexit sha1_base64="rMtlUeZhLUEQs5m4ESaQbzmZJWA="></latexit><latexit sha1_base64="rMtlUeZhLUEQs5m4ESaQbzmZJWA="></latexit>

m > 0
<latexit sha1_base64="/TNVwZfXs3A6druAwoHNOAt0XAI="></latexit><latexit sha1_base64="/TNVwZfXs3A6druAwoHNOAt0XAI="></latexit><latexit sha1_base64="/TNVwZfXs3A6druAwoHNOAt0XAI="></latexit><latexit sha1_base64="/TNVwZfXs3A6druAwoHNOAt0XAI="></latexit><latexit sha1_base64="/TNVwZfXs3A6druAwoHNOAt0XAI="></latexit>
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<latexit sha1_base64="ULstWp6mgr4D5OOnJiDfXqCH9To="></latexit><latexit sha1_base64="ULstWp6mgr4D5OOnJiDfXqCH9To="></latexit><latexit sha1_base64="ULstWp6mgr4D5OOnJiDfXqCH9To="></latexit><latexit sha1_base64="ULstWp6mgr4D5OOnJiDfXqCH9To="></latexit><latexit sha1_base64="ULstWp6mgr4D5OOnJiDfXqCH9To="></latexit>
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<latexit sha1_base64="ULstWp6mgr4D5OOnJiDfXqCH9To="></latexit><latexit sha1_base64="ULstWp6mgr4D5OOnJiDfXqCH9To="></latexit><latexit sha1_base64="ULstWp6mgr4D5OOnJiDfXqCH9To="></latexit><latexit sha1_base64="ULstWp6mgr4D5OOnJiDfXqCH9To="></latexit><latexit sha1_base64="ULstWp6mgr4D5OOnJiDfXqCH9To="></latexit>
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π
d3x

�
i�̄� µ@µ� +m�̄�

�
<latexit sha1_base64="Bi5xcKVSqicLhHxyuob8n2JREDA="></latexit><latexit sha1_base64="Bi5xcKVSqicLhHxyuob8n2JREDA="></latexit><latexit sha1_base64="Bi5xcKVSqicLhHxyuob8n2JREDA="></latexit><latexit sha1_base64="Bi5xcKVSqicLhHxyuob8n2JREDA="></latexit><latexit sha1_base64="Bi5xcKVSqicLhHxyuob8n2JREDA="></latexit>
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π
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�
<latexit sha1_base64="rMtlUeZhLUEQs5m4ESaQbzmZJWA="></latexit><latexit sha1_base64="rMtlUeZhLUEQs5m4ESaQbzmZJWA="></latexit><latexit sha1_base64="rMtlUeZhLUEQs5m4ESaQbzmZJWA="></latexit><latexit sha1_base64="rMtlUeZhLUEQs5m4ESaQbzmZJWA="></latexit><latexit sha1_base64="rMtlUeZhLUEQs5m4ESaQbzmZJWA="></latexit>
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<latexit sha1_base64="ULstWp6mgr4D5OOnJiDfXqCH9To="></latexit><latexit sha1_base64="ULstWp6mgr4D5OOnJiDfXqCH9To="></latexit><latexit sha1_base64="ULstWp6mgr4D5OOnJiDfXqCH9To="></latexit><latexit sha1_base64="ULstWp6mgr4D5OOnJiDfXqCH9To="></latexit><latexit sha1_base64="ULstWp6mgr4D5OOnJiDfXqCH9To="></latexit>
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<latexit sha1_base64="ULstWp6mgr4D5OOnJiDfXqCH9To="></latexit><latexit sha1_base64="ULstWp6mgr4D5OOnJiDfXqCH9To="></latexit><latexit sha1_base64="ULstWp6mgr4D5OOnJiDfXqCH9To="></latexit><latexit sha1_base64="ULstWp6mgr4D5OOnJiDfXqCH9To="></latexit><latexit sha1_base64="ULstWp6mgr4D5OOnJiDfXqCH9To="></latexit>
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S =

π
d2xi�̄+(@0 � @1)�+

<latexit sha1_base64="cOjq9bP/vAEuWhJmcybycYt/Igg="></latexit><latexit sha1_base64="cOjq9bP/vAEuWhJmcybycYt/Igg="></latexit><latexit sha1_base64="cOjq9bP/vAEuWhJmcybycYt/Igg="></latexit><latexit sha1_base64="cOjq9bP/vAEuWhJmcybycYt/Igg="></latexit><latexit sha1_base64="cOjq9bP/vAEuWhJmcybycYt/Igg="></latexit>
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<latexit sha1_base64="smiW9jg54FIsXWyf7SpJoJUobyM="></latexit><latexit sha1_base64="smiW9jg54FIsXWyf7SpJoJUobyM="></latexit><latexit sha1_base64="smiW9jg54FIsXWyf7SpJoJUobyM="></latexit><latexit sha1_base64="smiW9jg54FIsXWyf7SpJoJUobyM="></latexit><latexit sha1_base64="smiW9jg54FIsXWyf7SpJoJUobyM="></latexit>
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|BiC
<latexit sha1_base64="P3bB4pLkkFZ4Fa9J5bpMMRlfZ3o="></latexit><latexit sha1_base64="P3bB4pLkkFZ4Fa9J5bpMMRlfZ3o="></latexit><latexit sha1_base64="P3bB4pLkkFZ4Fa9J5bpMMRlfZ3o="></latexit><latexit sha1_base64="P3bB4pLkkFZ4Fa9J5bpMMRlfZ3o="></latexit><latexit sha1_base64="P3bB4pLkkFZ4Fa9J5bpMMRlfZ3o="></latexit>
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9|BiC
<latexit sha1_base64="OOfpiGHXjdVYRcovZoSCjBDNvm4="></latexit><latexit sha1_base64="OOfpiGHXjdVYRcovZoSCjBDNvm4="></latexit><latexit sha1_base64="OOfpiGHXjdVYRcovZoSCjBDNvm4="></latexit><latexit sha1_base64="OOfpiGHXjdVYRcovZoSCjBDNvm4="></latexit><latexit sha1_base64="OOfpiGHXjdVYRcovZoSCjBDNvm4="></latexit>
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[Han, Tiwari, Hsieh, Ryu 17]
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WZW model



(non-chiral) Wess-Zumino-Witten model

�(x) 2 SU (N )�: 

S =
k

8�

π
�2

d2x tr(@µ�@µ��1) + k

12�

π
M3

tr(��1d�)3��:
@M3 = �2

k 2 Z�0��
���: “Level” k ⇠ 1
~

SU (N )k
�Chern-Simons�������
	chiral WZW model ����	�
�����



WZW model �affine Lie ���
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highest weight states (
����)

�̂ = [�0,�1, · · · ,�N�1]
<latexit sha1_base64="faz/Iueydjtamp/9B4QqgyrmvRA="></latexit><latexit sha1_base64="faz/Iueydjtamp/9B4QqgyrmvRA="></latexit><latexit sha1_base64="faz/Iueydjtamp/9B4QqgyrmvRA="></latexit><latexit sha1_base64="faz/Iueydjtamp/9B4QqgyrmvRA="></latexit>

�j 2 Z�0
<latexit sha1_base64="y7PLBEF4ZvIv6hKktRsOr/N69ro="></latexit><latexit sha1_base64="y7PLBEF4ZvIv6hKktRsOr/N69ro="></latexit><latexit sha1_base64="y7PLBEF4ZvIv6hKktRsOr/N69ro="></latexit><latexit sha1_base64="y7PLBEF4ZvIv6hKktRsOr/N69ro="></latexit>

Affine Dynkin
	�

k = �0 + �1 + · · ·+ �N�1
<latexit sha1_base64="cKgXzase6jCHLRMbuqQdS3iV6hg="></latexit><latexit sha1_base64="cKgXzase6jCHLRMbuqQdS3iV6hg="></latexit><latexit sha1_base64="cKgXzase6jCHLRMbuqQdS3iV6hg="></latexit><latexit sha1_base64="cKgXzase6jCHLRMbuqQdS3iV6hg="></latexit>

Level:

|�̂, �̂i
<latexit sha1_base64="lf3NlNkkMDouBdiEMWSN3gOCtTk="></latexit><latexit sha1_base64="lf3NlNkkMDouBdiEMWSN3gOCtTk="></latexit><latexit sha1_base64="lf3NlNkkMDouBdiEMWSN3gOCtTk="></latexit><latexit sha1_base64="lf3NlNkkMDouBdiEMWSN3gOCtTk="></latexit>
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SU (N )k

�(x) ! h�(x), h 2 ZN ⇢ SU (N )
<latexit sha1_base64="63NcwxIbzmtyiZiLxfg9KLqutnk="></latexit><latexit sha1_base64="63NcwxIbzmtyiZiLxfg9KLqutnk="></latexit><latexit sha1_base64="63NcwxIbzmtyiZiLxfg9KLqutnk="></latexit><latexit sha1_base64="63NcwxIbzmtyiZiLxfg9KLqutnk="></latexit><latexit sha1_base64="63NcwxIbzmtyiZiLxfg9KLqutnk="></latexit>



������� (large ��������������)

WZW model on
• 
�
	
• ����

Holonomy (Wilson line)
ZN

<latexit sha1_base64="hvrcwOkI+UiGww0TfOBycSKjeBQ="></latexit><latexit sha1_base64="hvrcwOkI+UiGww0TfOBycSKjeBQ="></latexit><latexit sha1_base64="hvrcwOkI+UiGww0TfOBycSKjeBQ="></latexit><latexit sha1_base64="hvrcwOkI+UiGww0TfOBycSKjeBQ="></latexit><latexit sha1_base64="hvrcwOkI+UiGww0TfOBycSKjeBQ="></latexit>

Large diffeo(modular��)�����

[Gepner, Witten 86]



�	
x ⇠ x + 2� , � ⇠ � + 2�

<latexit sha1_base64="+kGPugjNYV7lqJDJ3O1IzHKA9IA="></latexit><latexit sha1_base64="+kGPugjNYV7lqJDJ3O1IzHKA9IA="></latexit><latexit sha1_base64="+kGPugjNYV7lqJDJ3O1IzHKA9IA="></latexit><latexit sha1_base64="+kGPugjNYV7lqJDJ3O1IzHKA9IA="></latexit><latexit sha1_base64="+kGPugjNYV7lqJDJ3O1IzHKA9IA="></latexit>

(x ,�)
<latexit sha1_base64="3b4GcT74tF10OO3lixWS74TsHFg="></latexit><latexit sha1_base64="3b4GcT74tF10OO3lixWS74TsHFg="></latexit><latexit sha1_base64="3b4GcT74tF10OO3lixWS74TsHFg="></latexit><latexit sha1_base64="3b4GcT74tF10OO3lixWS74TsHFg="></latexit><latexit sha1_base64="3b4GcT74tF10OO3lixWS74TsHFg="></latexit>

Coordinates

ds2 = |dx + �d� |2
<latexit sha1_base64="iAVQ0CPH+R94CdLNdta2vTVEsTc="></latexit><latexit sha1_base64="iAVQ0CPH+R94CdLNdta2vTVEsTc="></latexit><latexit sha1_base64="iAVQ0CPH+R94CdLNdta2vTVEsTc="></latexit><latexit sha1_base64="iAVQ0CPH+R94CdLNdta2vTVEsTc="></latexit><latexit sha1_base64="iAVQ0CPH+R94CdLNdta2vTVEsTc="></latexit>

� = �1 + i�2
<latexit sha1_base64="Iue8sK0cip0q/rUvUjYI/JV7GAk="></latexit><latexit sha1_base64="Iue8sK0cip0q/rUvUjYI/JV7GAk="></latexit><latexit sha1_base64="Iue8sK0cip0q/rUvUjYI/JV7GAk="></latexit><latexit sha1_base64="Iue8sK0cip0q/rUvUjYI/JV7GAk="></latexit><latexit sha1_base64="Iue8sK0cip0q/rUvUjYI/JV7GAk="></latexit>

modular parameter
����

hx ,h� 2 ZN
<latexit sha1_base64="yfYfiZVbilcmnZydTDclgtt/oYo="></latexit><latexit sha1_base64="yfYfiZVbilcmnZydTDclgtt/oYo="></latexit><latexit sha1_base64="yfYfiZVbilcmnZydTDclgtt/oYo="></latexit><latexit sha1_base64="yfYfiZVbilcmnZydTDclgtt/oYo="></latexit><latexit sha1_base64="yfYfiZVbilcmnZydTDclgtt/oYo="></latexit>

x
<latexit sha1_base64="i84VlLC8VdabzOx8nQvYdCZg3xM="></latexit><latexit sha1_base64="i84VlLC8VdabzOx8nQvYdCZg3xM="></latexit><latexit sha1_base64="i84VlLC8VdabzOx8nQvYdCZg3xM="></latexit><latexit sha1_base64="i84VlLC8VdabzOx8nQvYdCZg3xM="></latexit><latexit sha1_base64="i84VlLC8VdabzOx8nQvYdCZg3xM="></latexit>

�
<latexit sha1_base64="j9NSnBkFxfDponXb9WkvaGsqpTw="></latexit><latexit sha1_base64="j9NSnBkFxfDponXb9WkvaGsqpTw="></latexit><latexit sha1_base64="j9NSnBkFxfDponXb9WkvaGsqpTw="></latexit><latexit sha1_base64="j9NSnBkFxfDponXb9WkvaGsqpTw="></latexit><latexit sha1_base64="j9NSnBkFxfDponXb9WkvaGsqpTw="></latexit>

h�
<latexit sha1_base64="FYt2WK+x9w/VSbld/2tIXm29SF4="></latexit><latexit sha1_base64="FYt2WK+x9w/VSbld/2tIXm29SF4="></latexit><latexit sha1_base64="FYt2WK+x9w/VSbld/2tIXm29SF4="></latexit><latexit sha1_base64="FYt2WK+x9w/VSbld/2tIXm29SF4="></latexit><latexit sha1_base64="FYt2WK+x9w/VSbld/2tIXm29SF4="></latexit>

(Wilson line)

hx
<latexit sha1_base64="XvVyBwiKq04IDB8QoRwQp8aj3ps="></latexit><latexit sha1_base64="XvVyBwiKq04IDB8QoRwQp8aj3ps="></latexit><latexit sha1_base64="XvVyBwiKq04IDB8QoRwQp8aj3ps="></latexit><latexit sha1_base64="XvVyBwiKq04IDB8QoRwQp8aj3ps="></latexit><latexit sha1_base64="XvVyBwiKq04IDB8QoRwQp8aj3ps="></latexit>

��
�

Z (� ,hx ,h� )
<latexit sha1_base64="dtBua8g5yUxdhDGJxB9YDvMTFNw="></latexit><latexit sha1_base64="dtBua8g5yUxdhDGJxB9YDvMTFNw="></latexit><latexit sha1_base64="dtBua8g5yUxdhDGJxB9YDvMTFNw="></latexit><latexit sha1_base64="dtBua8g5yUxdhDGJxB9YDvMTFNw="></latexit><latexit sha1_base64="dtBua8g5yUxdhDGJxB9YDvMTFNw="></latexit>



x ⇠ x + 2� , � ⇠ � + 2�
<latexit sha1_base64="+kGPugjNYV7lqJDJ3O1IzHKA9IA="></latexit><latexit sha1_base64="+kGPugjNYV7lqJDJ3O1IzHKA9IA="></latexit><latexit sha1_base64="+kGPugjNYV7lqJDJ3O1IzHKA9IA="></latexit><latexit sha1_base64="+kGPugjNYV7lqJDJ3O1IzHKA9IA="></latexit><latexit sha1_base64="+kGPugjNYV7lqJDJ3O1IzHKA9IA="></latexit>

ds2 = |dx + �d� |2
<latexit sha1_base64="iAVQ0CPH+R94CdLNdta2vTVEsTc="></latexit><latexit sha1_base64="iAVQ0CPH+R94CdLNdta2vTVEsTc="></latexit><latexit sha1_base64="iAVQ0CPH+R94CdLNdta2vTVEsTc="></latexit><latexit sha1_base64="iAVQ0CPH+R94CdLNdta2vTVEsTc="></latexit><latexit sha1_base64="iAVQ0CPH+R94CdLNdta2vTVEsTc="></latexit>

h�
<latexit sha1_base64="FYt2WK+x9w/VSbld/2tIXm29SF4="></latexit><latexit sha1_base64="FYt2WK+x9w/VSbld/2tIXm29SF4="></latexit><latexit sha1_base64="FYt2WK+x9w/VSbld/2tIXm29SF4="></latexit><latexit sha1_base64="FYt2WK+x9w/VSbld/2tIXm29SF4="></latexit><latexit sha1_base64="FYt2WK+x9w/VSbld/2tIXm29SF4="></latexit>

hx
<latexit sha1_base64="XvVyBwiKq04IDB8QoRwQp8aj3ps="></latexit><latexit sha1_base64="XvVyBwiKq04IDB8QoRwQp8aj3ps="></latexit><latexit sha1_base64="XvVyBwiKq04IDB8QoRwQp8aj3ps="></latexit><latexit sha1_base64="XvVyBwiKq04IDB8QoRwQp8aj3ps="></latexit><latexit sha1_base64="XvVyBwiKq04IDB8QoRwQp8aj3ps="></latexit>

Large diffeo (modular ��)

✓
x

�

◆
=

✓
a b
c d

◆ ✓
x 0

� 0

◆
<latexit sha1_base64="wE3JtnocCYxmGiBbw+fLiiekVik="></latexit><latexit sha1_base64="wE3JtnocCYxmGiBbw+fLiiekVik="></latexit><latexit sha1_base64="wE3JtnocCYxmGiBbw+fLiiekVik="></latexit><latexit sha1_base64="wE3JtnocCYxmGiBbw+fLiiekVik="></latexit><latexit sha1_base64="wE3JtnocCYxmGiBbw+fLiiekVik="></latexit>

✓
a b
c d

◆
2 SL(2,Z)

<latexit sha1_base64="mvVzJz4gzfb7AWrOAj9oJqK+qTY="></latexit><latexit sha1_base64="mvVzJz4gzfb7AWrOAj9oJqK+qTY="></latexit><latexit sha1_base64="mvVzJz4gzfb7AWrOAj9oJqK+qTY="></latexit><latexit sha1_base64="mvVzJz4gzfb7AWrOAj9oJqK+qTY="></latexit><latexit sha1_base64="mvVzJz4gzfb7AWrOAj9oJqK+qTY="></latexit>
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��
��?

Z (� ,hx ,h� ) = Z (� 0,h0
x ,h

0
� )

<latexit sha1_base64="taTuyOLa/nORtwQeVKHeSGBctx0="></latexit><latexit sha1_base64="taTuyOLa/nORtwQeVKHeSGBctx0="></latexit><latexit sha1_base64="taTuyOLa/nORtwQeVKHeSGBctx0="></latexit><latexit sha1_base64="taTuyOLa/nORtwQeVKHeSGBctx0="></latexit><latexit sha1_base64="taTuyOLa/nORtwQeVKHeSGBctx0="></latexit>

?
(� ,hx ,h� ) ! (� 0 = a� + b

c� + d
,h0

x = h
d
xh

c
� ,h

0
� = h

b
xh

a
� )

<latexit sha1_base64="P5b/EucYuChc3SACALNNMqksIMY="></latexit><latexit sha1_base64="P5b/EucYuChc3SACALNNMqksIMY="></latexit><latexit sha1_base64="P5b/EucYuChc3SACALNNMqksIMY="></latexit><latexit sha1_base64="P5b/EucYuChc3SACALNNMqksIMY="></latexit>



�	:

N: odd

N: even k:even
k:odd

������� (gappable)

�����
�(ungappable)

[Gepner, Witten 86], [Freed, Vafa 87],…  
[Sule, Chen, Ryu 13], [Furuya and Oshikawa 15],…
[Numasawa, SY 17],
[Di Francesco, Mathieu, Sénéchal “CFT” book]
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WZW model�	�
�

|�̂iC
<latexit sha1_base64="8LJUjoSwMOPI3ow5C9WQ/0fD5Pw="></latexit><latexit sha1_base64="8LJUjoSwMOPI3ow5C9WQ/0fD5Pw="></latexit><latexit sha1_base64="8LJUjoSwMOPI3ow5C9WQ/0fD5Pw="></latexit><latexit sha1_base64="8LJUjoSwMOPI3ow5C9WQ/0fD5Pw="></latexit><latexit sha1_base64="8LJUjoSwMOPI3ow5C9WQ/0fD5Pw="></latexit>

�̂ = [�0, �1, . . . , �N�1]
<latexit sha1_base64="iTzOwOOB2pVqhoFaSXk265+rKCg="></latexit><latexit sha1_base64="iTzOwOOB2pVqhoFaSXk265+rKCg="></latexit><latexit sha1_base64="iTzOwOOB2pVqhoFaSXk265+rKCg="></latexit><latexit sha1_base64="iTzOwOOB2pVqhoFaSXk265+rKCg="></latexit><latexit sha1_base64="iTzOwOOB2pVqhoFaSXk265+rKCg="></latexit>

Affine Dynkin label

�j 2 Z�0
<latexit sha1_base64="sg7aiwgDtg2q8Ua2yDu7DON29hQ="></latexit><latexit sha1_base64="sg7aiwgDtg2q8Ua2yDu7DON29hQ="></latexit><latexit sha1_base64="sg7aiwgDtg2q8Ua2yDu7DON29hQ="></latexit><latexit sha1_base64="sg7aiwgDtg2q8Ua2yDu7DON29hQ="></latexit><latexit sha1_base64="sg7aiwgDtg2q8Ua2yDu7DON29hQ="></latexit>

[Ishibashi], [Ishibashi-Onogi], [Cardy]

�
Dynkin�

�0
<latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit>

�1
<latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit>

�2
<latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit>

�3
<latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit>

�4
<latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit>

k = �0 + �1 + · · · + �N�1
<latexit sha1_base64="c2sIqtn3Wt91/yy65kKIyA0EGkc="></latexit><latexit sha1_base64="c2sIqtn3Wt91/yy65kKIyA0EGkc="></latexit><latexit sha1_base64="c2sIqtn3Wt91/yy65kKIyA0EGkc="></latexit><latexit sha1_base64="c2sIqtn3Wt91/yy65kKIyA0EGkc="></latexit><latexit sha1_base64="c2sIqtn3Wt91/yy65kKIyA0EGkc="></latexit>

level

(highest weight state������) 



�� ��

�����

�0
<latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit>

�1
<latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit>

�2
<latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit>

�3
<latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit>

�4
<latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs=">AAAC3XichVG5SgNRFD0Z97gkaiPYBEPEKrxIwKUSbSzdYpQkxJnxJQ6ZjZlJXIKthYiNhYVaKFiIn2HjD1iksxVLBRsL7ywgUYx3eO+dd985Z+7lSqaq2A5jjZDQ1t7R2dXdE+7t6x+IRAeH1m2jask8IxuqYW1Ios1VRecZR3FUvmFaXNQklWelyoL7nq1xy1YMfc3ZN3lBE8u6UlJk0aHUZl4l6rZYTBejcZZkXsR+g1QA4g hiyYg+I49tGJBRhQYOHQ5hFSJs+nJIgcGkXAF1ylmEFO+d4xBh0laJxYkhUrZCe5ludXLh2CXuHi3u7X+zc+SmQCLku7vaQpOHRkwHOy09/KxOd7cL23OQqS+VlkXKGBLsid2xN/bI7tkL+2xRvevhdr9Pp+RruVmMHI+sfvyr+q41ULWs2UEJ016tbt+ml3G7kH197eD8bXV2JVEfZzfsleq/Zg32QB3otXf5dpmvXCBMI0/9HPBvkJlMziRTy+n43Hww+26MYgwTNOApzGERS8jQbzWc4RJXwpZwJJwIpz5VCAWaYTSFcP4FDR2lpw==</latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs=">AAAC3XichVG5SgNRFD0Z97gkaiPYBEPEKrxIwKUSbSzdYpQkxJnxJQ6ZjZlJXIKthYiNhYVaKFiIn2HjD1iksxVLBRsL7ywgUYx3eO+dd985Z+7lSqaq2A5jjZDQ1t7R2dXdE+7t6x+IRAeH1m2jask8IxuqYW1Ios1VRecZR3FUvmFaXNQklWelyoL7nq1xy1YMfc3ZN3lBE8u6UlJk0aHUZl4l6rZYTBejcZZkXsR+g1QA4g hiyYg+I49tGJBRhQYOHQ5hFSJs+nJIgcGkXAF1ylmEFO+d4xBh0laJxYkhUrZCe5ludXLh2CXuHi3u7X+zc+SmQCLku7vaQpOHRkwHOy09/KxOd7cL23OQqS+VlkXKGBLsid2xN/bI7tkL+2xRvevhdr9Pp+RruVmMHI+sfvyr+q41ULWs2UEJ016tbt+ml3G7kH197eD8bXV2JVEfZzfsleq/Zg32QB3otXf5dpmvXCBMI0/9HPBvkJlMziRTy+n43Hww+26MYgwTNOApzGERS8jQbzWc4RJXwpZwJJwIpz5VCAWaYTSFcP4FDR2lpw==</latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs=">AAAC3XichVG5SgNRFD0Z97gkaiPYBEPEKrxIwKUSbSzdYpQkxJnxJQ6ZjZlJXIKthYiNhYVaKFiIn2HjD1iksxVLBRsL7ywgUYx3eO+dd985Z+7lSqaq2A5jjZDQ1t7R2dXdE+7t6x+IRAeH1m2jask8IxuqYW1Ios1VRecZR3FUvmFaXNQklWelyoL7nq1xy1YMfc3ZN3lBE8u6UlJk0aHUZl4l6rZYTBejcZZkXsR+g1QA4g hiyYg+I49tGJBRhQYOHQ5hFSJs+nJIgcGkXAF1ylmEFO+d4xBh0laJxYkhUrZCe5ludXLh2CXuHi3u7X+zc+SmQCLku7vaQpOHRkwHOy09/KxOd7cL23OQqS+VlkXKGBLsid2xN/bI7tkL+2xRvevhdr9Pp+RruVmMHI+sfvyr+q41ULWs2UEJ016tbt+ml3G7kH197eD8bXV2JVEfZzfsleq/Zg32QB3otXf5dpmvXCBMI0/9HPBvkJlMziRTy+n43Hww+26MYgwTNOApzGERS8jQbzWc4RJXwpZwJJwIpz5VCAWaYTSFcP4FDR2lpw==</latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs=">AAAC3XichVG5SgNRFD0Z97gkaiPYBEPEKrxIwKUSbSzdYpQkxJnxJQ6ZjZlJXIKthYiNhYVaKFiIn2HjD1iksxVLBRsL7ywgUYx3eO+dd985Z+7lSqaq2A5jjZDQ1t7R2dXdE+7t6x+IRAeH1m2jask8IxuqYW1Ios1VRecZR3FUvmFaXNQklWelyoL7nq1xy1YMfc3ZN3lBE8u6UlJk0aHUZl4l6rZYTBejcZZkXsR+g1QA4g hiyYg+I49tGJBRhQYOHQ5hFSJs+nJIgcGkXAF1ylmEFO+d4xBh0laJxYkhUrZCe5ludXLh2CXuHi3u7X+zc+SmQCLku7vaQpOHRkwHOy09/KxOd7cL23OQqS+VlkXKGBLsid2xN/bI7tkL+2xRvevhdr9Pp+RruVmMHI+sfvyr+q41ULWs2UEJ016tbt+ml3G7kH197eD8bXV2JVEfZzfsleq/Zg32QB3otXf5dpmvXCBMI0/9HPBvkJlMziRTy+n43Hww+26MYgwTNOApzGERS8jQbzWc4RJXwpZwJJwIpz5VCAWaYTSFcP4FDR2lpw==</latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs=">AAAC3XichVG5SgNRFD0Z97gkaiPYBEPEKrxIwKUSbSzdYpQkxJnxJQ6ZjZlJXIKthYiNhYVaKFiIn2HjD1iksxVLBRsL7ywgUYx3eO+dd985Z+7lSqaq2A5jjZDQ1t7R2dXdE+7t6x+IRAeH1m2jask8IxuqYW1Ios1VRecZR3FUvmFaXNQklWelyoL7nq1xy1YMfc3ZN3lBE8u6UlJk0aHUZl4l6rZYTBejcZZkXsR+g1QA4g hiyYg+I49tGJBRhQYOHQ5hFSJs+nJIgcGkXAF1ylmEFO+d4xBh0laJxYkhUrZCe5ludXLh2CXuHi3u7X+zc+SmQCLku7vaQpOHRkwHOy09/KxOd7cL23OQqS+VlkXKGBLsid2xN/bI7tkL+2xRvevhdr9Pp+RruVmMHI+sfvyr+q41ULWs2UEJ016tbt+ml3G7kH197eD8bXV2JVEfZzfsleq/Zg32QB3otXf5dpmvXCBMI0/9HPBvkJlMziRTy+n43Hww+26MYgwTNOApzGERS8jQbzWc4RJXwpZwJJwIpz5VCAWaYTSFcP4FDR2lpw==</latexit>

�0
<latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit>

�1
<latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit>

�2
<latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit>

�3
<latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit>

�4
<latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit>

ZN
<latexit sha1_base64="hvrcwOkI+UiGww0TfOBycSKjeBQ="></latexit><latexit sha1_base64="hvrcwOkI+UiGww0TfOBycSKjeBQ="></latexit><latexit sha1_base64="hvrcwOkI+UiGww0TfOBycSKjeBQ="></latexit><latexit sha1_base64="hvrcwOkI+UiGww0TfOBycSKjeBQ="></latexit><latexit sha1_base64="hvrcwOkI+UiGww0TfOBycSKjeBQ="></latexit>

b 2 ZN
<latexit sha1_base64="gS5jXCjBZ5Pt4CrE+6fd5VKF1Gg="></latexit><latexit sha1_base64="gS5jXCjBZ5Pt4CrE+6fd5VKF1Gg="></latexit><latexit sha1_base64="gS5jXCjBZ5Pt4CrE+6fd5VKF1Gg="></latexit><latexit sha1_base64="gS5jXCjBZ5Pt4CrE+6fd5VKF1Gg="></latexit><latexit sha1_base64="gS5jXCjBZ5Pt4CrE+6fd5VKF1Gg="></latexit>

�	�

b
<latexit sha1_base64="6WGxuoxA4EKSsxxt0bW8Izb9zUQ="></latexit><latexit sha1_base64="6WGxuoxA4EKSsxxt0bW8Izb9zUQ="></latexit><latexit sha1_base64="6WGxuoxA4EKSsxxt0bW8Izb9zUQ="></latexit><latexit sha1_base64="6WGxuoxA4EKSsxxt0bW8Izb9zUQ="></latexit><latexit sha1_base64="6WGxuoxA4EKSsxxt0bW8Izb9zUQ="></latexit>



modular����!����� 

"�
������
(����modular��
Hilbert#%��
�� ��	�����)

	���� ��
�!���$���ZN
<latexit sha1_base64="hvrcwOkI+UiGww0TfOBycSKjeBQ="></latexit><latexit sha1_base64="hvrcwOkI+UiGww0TfOBycSKjeBQ="></latexit><latexit sha1_base64="hvrcwOkI+UiGww0TfOBycSKjeBQ="></latexit><latexit sha1_base64="hvrcwOkI+UiGww0TfOBycSKjeBQ="></latexit><latexit sha1_base64="hvrcwOkI+UiGww0TfOBycSKjeBQ="></latexit>



�: SU(2)

�0
<latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit>

�1
<latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit>

�0
<latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit>

�1
<latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit>

b
<latexit sha1_base64="6WGxuoxA4EKSsxxt0bW8Izb9zUQ="></latexit><latexit sha1_base64="6WGxuoxA4EKSsxxt0bW8Izb9zUQ="></latexit><latexit sha1_base64="6WGxuoxA4EKSsxxt0bW8Izb9zUQ="></latexit><latexit sha1_base64="6WGxuoxA4EKSsxxt0bW8Izb9zUQ="></latexit><latexit sha1_base64="6WGxuoxA4EKSsxxt0bW8Izb9zUQ="></latexit>

�
Z2
<latexit sha1_base64="h2bcJQDoiVOijdpInqgz3Bp0hj0="></latexit><latexit sha1_base64="h2bcJQDoiVOijdpInqgz3Bp0hj0="></latexit><latexit sha1_base64="h2bcJQDoiVOijdpInqgz3Bp0hj0="></latexit><latexit sha1_base64="h2bcJQDoiVOijdpInqgz3Bp0hj0="></latexit><latexit sha1_base64="h2bcJQDoiVOijdpInqgz3Bp0hj0="></latexit>

�0 = �1
<latexit sha1_base64="APDzA6wuIQXzv/TLfKFZfKSvY9E="></latexit><latexit sha1_base64="APDzA6wuIQXzv/TLfKFZfKSvY9E="></latexit><latexit sha1_base64="APDzA6wuIQXzv/TLfKFZfKSvY9E="></latexit><latexit sha1_base64="APDzA6wuIQXzv/TLfKFZfKSvY9E="></latexit><latexit sha1_base64="APDzA6wuIQXzv/TLfKFZfKSvY9E="></latexit>

k = �0 + �1 = 2�0
<latexit sha1_base64="TeANSpGMkfHckkrQvCtqJlkC3FI="></latexit><latexit sha1_base64="TeANSpGMkfHckkrQvCtqJlkC3FI="></latexit><latexit sha1_base64="TeANSpGMkfHckkrQvCtqJlkC3FI="></latexit><latexit sha1_base64="TeANSpGMkfHckkrQvCtqJlkC3FI="></latexit><latexit sha1_base64="TeANSpGMkfHckkrQvCtqJlkC3FI="></latexit>

k������� �
�	������Z2
<latexit sha1_base64="h2bcJQDoiVOijdpInqgz3Bp0hj0="></latexit><latexit sha1_base64="h2bcJQDoiVOijdpInqgz3Bp0hj0="></latexit><latexit sha1_base64="h2bcJQDoiVOijdpInqgz3Bp0hj0="></latexit><latexit sha1_base64="h2bcJQDoiVOijdpInqgz3Bp0hj0="></latexit><latexit sha1_base64="h2bcJQDoiVOijdpInqgz3Bp0hj0="></latexit>

Gappable
(�������)

Edgeable
(        
���
��	)


�!
Z2

<latexit sha1_base64="h2bcJQDoiVOijdpInqgz3Bp0hj0="></latexit><latexit sha1_base64="h2bcJQDoiVOijdpInqgz3Bp0hj0="></latexit><latexit sha1_base64="h2bcJQDoiVOijdpInqgz3Bp0hj0="></latexit><latexit sha1_base64="h2bcJQDoiVOijdpInqgz3Bp0hj0="></latexit><latexit sha1_base64="h2bcJQDoiVOijdpInqgz3Bp0hj0="></latexit>



Edgeable
(        
���
��	)

Example: SU(3) �0
<latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit>

�1
<latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit>

b
<latexit sha1_base64="6WGxuoxA4EKSsxxt0bW8Izb9zUQ="></latexit><latexit sha1_base64="6WGxuoxA4EKSsxxt0bW8Izb9zUQ="></latexit><latexit sha1_base64="6WGxuoxA4EKSsxxt0bW8Izb9zUQ="></latexit><latexit sha1_base64="6WGxuoxA4EKSsxxt0bW8Izb9zUQ="></latexit><latexit sha1_base64="6WGxuoxA4EKSsxxt0bW8Izb9zUQ="></latexit>

��

k�3�������� ���
��
�	

�2
<latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit>

�0
<latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit>

�1
<latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit>

�2
<latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit>

Z3
<latexit sha1_base64="AMvgGAdkY4Kuhzcjz0VAiCwATc8="></latexit><latexit sha1_base64="AMvgGAdkY4Kuhzcjz0VAiCwATc8="></latexit><latexit sha1_base64="AMvgGAdkY4Kuhzcjz0VAiCwATc8="></latexit><latexit sha1_base64="AMvgGAdkY4Kuhzcjz0VAiCwATc8="></latexit><latexit sha1_base64="AMvgGAdkY4Kuhzcjz0VAiCwATc8="></latexit>

Z3
<latexit sha1_base64="AMvgGAdkY4Kuhzcjz0VAiCwATc8="></latexit><latexit sha1_base64="AMvgGAdkY4Kuhzcjz0VAiCwATc8="></latexit><latexit sha1_base64="AMvgGAdkY4Kuhzcjz0VAiCwATc8="></latexit><latexit sha1_base64="AMvgGAdkY4Kuhzcjz0VAiCwATc8="></latexit><latexit sha1_base64="AMvgGAdkY4Kuhzcjz0VAiCwATc8="></latexit>

�0 = �1 = �2
<latexit sha1_base64="/l4xCbvXLhbXeIPjtsPhRwRHBJ0="></latexit><latexit sha1_base64="/l4xCbvXLhbXeIPjtsPhRwRHBJ0="></latexit><latexit sha1_base64="/l4xCbvXLhbXeIPjtsPhRwRHBJ0="></latexit><latexit sha1_base64="/l4xCbvXLhbXeIPjtsPhRwRHBJ0="></latexit><latexit sha1_base64="/l4xCbvXLhbXeIPjtsPhRwRHBJ0="></latexit>

k = �0 + �1 + �2 = 3�0
<latexit sha1_base64="tNKZ3OZOP62UeAezqdLS2tS77m4="></latexit><latexit sha1_base64="tNKZ3OZOP62UeAezqdLS2tS77m4="></latexit><latexit sha1_base64="tNKZ3OZOP62UeAezqdLS2tS77m4="></latexit><latexit sha1_base64="tNKZ3OZOP62UeAezqdLS2tS77m4="></latexit><latexit sha1_base64="tNKZ3OZOP62UeAezqdLS2tS77m4="></latexit>

���!

Z3
<latexit sha1_base64="AMvgGAdkY4Kuhzcjz0VAiCwATc8="></latexit><latexit sha1_base64="AMvgGAdkY4Kuhzcjz0VAiCwATc8="></latexit><latexit sha1_base64="AMvgGAdkY4Kuhzcjz0VAiCwATc8="></latexit><latexit sha1_base64="AMvgGAdkY4Kuhzcjz0VAiCwATc8="></latexit><latexit sha1_base64="AMvgGAdkY4Kuhzcjz0VAiCwATc8="></latexit>

Gappable
(�������)



��	!
for N>2

Gappable�
�edgeable������

Edgeable
(        
���
��	)

Gappable
(�������) ZN

<latexit sha1_base64="hvrcwOkI+UiGww0TfOBycSKjeBQ="></latexit><latexit sha1_base64="hvrcwOkI+UiGww0TfOBycSKjeBQ="></latexit><latexit sha1_base64="hvrcwOkI+UiGww0TfOBycSKjeBQ="></latexit><latexit sha1_base64="hvrcwOkI+UiGww0TfOBycSKjeBQ="></latexit><latexit sha1_base64="hvrcwOkI+UiGww0TfOBycSKjeBQ="></latexit>



“edgeability”

��gappability⇔edgeability
����������	��

���

YES



����

�0
<latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit>

�1
<latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit>

�2
<latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit>

�3
<latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit>

�4
<latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit>

�0
<latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit>

�1
<latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit>

�2
<latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit>

�3
<latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit>

�4
<latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit>

C
<latexit sha1_base64="XwV1D2oPgfUfnc3vsn36W9XiQ/Q="></latexit><latexit sha1_base64="XwV1D2oPgfUfnc3vsn36W9XiQ/Q="></latexit><latexit sha1_base64="XwV1D2oPgfUfnc3vsn36W9XiQ/Q="></latexit><latexit sha1_base64="XwV1D2oPgfUfnc3vsn36W9XiQ/Q="></latexit><latexit sha1_base64="XwV1D2oPgfUfnc3vsn36W9XiQ/Q="></latexit>



Cb���

�0
<latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit>

�1
<latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit>

�2
<latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit>

�3
<latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit>

�4
<latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit>

�0
<latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit>

�1
<latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit>

�2
<latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit>

�3
<latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit>

�4
<latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit><latexit sha1_base64="6/ZEjNcg9QTNPrd7ERRc6Mj4THs="></latexit>

Cb
<latexit sha1_base64="roKtlGq4jwXJKhN38WsugiIt5yQ="></latexit><latexit sha1_base64="roKtlGq4jwXJKhN38WsugiIt5yQ="></latexit><latexit sha1_base64="roKtlGq4jwXJKhN38WsugiIt5yQ="></latexit><latexit sha1_base64="roKtlGq4jwXJKhN38WsugiIt5yQ="></latexit><latexit sha1_base64="roKtlGq4jwXJKhN38WsugiIt5yQ="></latexit>

N��
�	� �̂ = [0; 0, . . . ,k, . . . , 0]
<latexit sha1_base64="mopFQXgMIeFy6N/roQxHpAx2nQw="></latexit><latexit sha1_base64="mopFQXgMIeFy6N/roQxHpAx2nQw="></latexit><latexit sha1_base64="mopFQXgMIeFy6N/roQxHpAx2nQw="></latexit><latexit sha1_base64="mopFQXgMIeFy6N/roQxHpAx2nQw="></latexit><latexit sha1_base64="mopFQXgMIeFy6N/roQxHpAx2nQw="></latexit>

����k�Cb�

N � 1

2
<latexit sha1_base64="uIqMz6Jnp1GyZuJMLH7LPxrxfYc="></latexit><latexit sha1_base64="uIqMz6Jnp1GyZuJMLH7LPxrxfYc="></latexit><latexit sha1_base64="uIqMz6Jnp1GyZuJMLH7LPxrxfYc="></latexit><latexit sha1_base64="uIqMz6Jnp1GyZuJMLH7LPxrxfYc="></latexit><latexit sha1_base64="uIqMz6Jnp1GyZuJMLH7LPxrxfYc="></latexit>



�0
<latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit>

�1
<latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit>

�2
<latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit><latexit sha1_base64="MUESaOiC7KIzsxsrT6fUtZCJwsg="></latexit>

�3
<latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit><latexit sha1_base64="NHsCdFgwPS21sI8y2vD2W8y5ISo="></latexit>

Cb
<latexit sha1_base64="roKtlGq4jwXJKhN38WsugiIt5yQ="></latexit><latexit sha1_base64="roKtlGq4jwXJKhN38WsugiIt5yQ="></latexit><latexit sha1_base64="roKtlGq4jwXJKhN38WsugiIt5yQ="></latexit><latexit sha1_base64="roKtlGq4jwXJKhN38WsugiIt5yQ="></latexit><latexit sha1_base64="roKtlGq4jwXJKhN38WsugiIt5yQ="></latexit>

N��
���Cb�	

�0
<latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit><latexit sha1_base64="lLCZL5OTZnkkATQ0lgHLZyA4lc0="></latexit>

�1
<latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit><latexit sha1_base64="UNWsL5yixg75nzkjuzdLN96NDfs="></latexit>

�2
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Summary



’t Hooft anomaly in 2d CFT

2d boundary CFT
New interesting observation!

SU(N) WZW model

center and large diffeo
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