
���������
	���
��������������������� !�#"%$&�'�(�#�*)+	
,.-
/1032547698�:&;=<�>@?BADCFE�AHGI6�4�CJADK�L�2�CJADMN4O8%:�;=<P>1QR8%:TSVUXWZYT;=<[SVUXWZY\>
] E76�^_6`AHacb=dPa_CeM.4I6`AHGI6�4�CJADK�Lf2XCFADMN4 -�g M.CF6ihjQjhlkN254PGnmoM.^_6qp.6�4I6f^J250H0DrNs5tuQvt�k -

] EI6O0HAH4I6�aw:xSv<zy {|254IG}:~Sj<�y �NWZY��cMNdP4PG�CFEI6x�%dP4PG�2Xmo6�4�C�250�GIMNm+25AH4
��� � 8�:�;=<P>T?�ADCJE�{���:�S�<u���NW&Y�� -�� GI6�4�CFAD�(r7AH4Ip�CJE76�C�?qM�0HAH4I6�a+?q6�p56�C�2
L�r70HAH4PG76�^ -

(2πρ,2πρ)

P

P’

Q’

Q
x+y=0

x+y=2πρ

x

y

,



U -
2 -
] E76����nAHG76�4NCJADK�Lf2XCFADMN4�:�Q�� :�a_6�4IGPa��cMNAH4NCJanAH4�� , � :�� , AH4�C_M	�cMNAH4�CFa

AH4
� , �u: � ,.- ] ? M ?`2�r7alM.����A3L�CFdI^JAH4Ip�CJEIAHa�2X^F6TaFEIM�?�4~AH4�CJEI6nKPpNdI^_6�a -[� �@? 6
��A3L�CFdI^F6���i25a�� , ��:�� , ?BADCJE�:�y�� , AHG76�4NCJADKP6�GZsICFEI6�4 :�� � :�AHa�^_6��I6'L�CFADMN4
AH4�CJEI6�m+AHG��cMNAH4NC :�yu{ -�� 0D6�2X^F0Dr�sP:�yj{+AHa AH4��X2X^JA3254NC dI4PGI6f^�:�� � :&s#2X4PG�aFM9AHa
: y , ?BEPA3L�E+p.M 6�aqAH4�C_M�:wy�� , 250D^F6�25G7roAHGI6�4�CJADKP6�G+?BADCJE :wy , dP4PGI6f^q:wQ}:�SxU -
� ��?q6���A3L�CJdI^_6�� � 25a 2�L AD^JLf0D6�AH4VCJE76�C ? M�GIAHmo6�4PaFADMN4�250���03254I6Nsq:�� � :�AHa

^_6��I6 �7ADMN4~AH4O2wGIA325mo6fCF6f^�254PGxCFEI6o6�4PG~M.�@CJE76+GPA325mT6�C_6f^[2�^F6+0D6f�(C�AH4!�52�^JA3254�C - ] EI6
AH4�C_6f^"�X250 { � :�� , AHan2 �%dP4PG�2Xmo6�4�C�250@GIMNm+25AH4 aFAH4�L�6�4IM~C�?qM	��MNAH4�CJa�AH4 ADCT2X^_6
AHGI6�4�CFADKP6�Gx� rx:#� � : 254PGOCFEI6+^F6�m 25AH4PAH47p���MNAH4�CJa�MN4OCFEI69LfAD^JL 0D6�� , �z: � {Ps
2X^_6[M.�IC�25AH4I6�G �(^FM.m {T��: � , � r�:$� � : - ] EIAHaBmT6'2X4PaiCFE�2XC%��"& �'��AHa b=dIaFCiCJEI6
L 0DMNa_6�GwAH4�C_6f^"�X250Z{o� : � ,.-

x=0

x

−x

x=−1
x=1

x~−x

x~x+2

−1 +1x

x ~ −x

−x

U



� -�� � AHa � , �u:�;=<#; � , ?�ADCJE�M � �cMNaFADC_6n6�GIp.6�alAHGI6�4�CJADKP6�GZs��������o8 � , ;=<�>�Q 8 , ;=<P>
254IG�8�:&; � , >1Q 8�:&; , > -
8�:&;=<�>qAHaiAH4��X2X^JA3254NCidP4PGI6f^�8�:&;=<�>'� 8 � :&; �B<P>
	
?q6�?i254NCiCFM a_MN0 �.6�CFEI6[6�� d�2XCFADMN4

8�:&;_<P>1Q 8 � :&; �B<�>ZS��8 UI;F{�>!S�� 8 {P;JUN>
?�EI6f^F6��2X4PG���C�2��56�CJEI6��X250HdI6�al{Ps ,.- ] EIAHa 6�� d�2XCFADMN4�EP25a CJEI6��(MNdI^la_MN0Hd7CJADMN4Pa AH4
CFEI6[�%dP4PG�25mT6�4NC�250!G7MNm 25AH4

8�:�;=<P>1y � 8 {P;F{�> ;�8 , ;F{�>�;�8�{P; , >�;�8 , ; , >�� 8 , >
] E76�a_6�2X^_6[CJE76\�(M.dI^�K�� 6�G �cMNAH4�CFaiM.�*CFEI6[M.^F��AD�(M.0HG

� � & ��� -
� a 2 �%dP4PG�25mT6�4NC�250�GIMNm 2XAH4�?q6�Lf254}L�EIM MNa_6xCJE76�^_6'L�CJ254IpN0D6O{�� : � , s

� , � <�� , CFM5p.6fCJEI6f^`?BADCJE ��2X^FCiM.�*ADCJai��MNdP4PG�2�^Fr -
� AH4�L�698 {I;_<P> Q 8 {P; �B<P> ? 6�476�6�GwM.4P0Dr��.6f6�� {o��<�� , MN4�: y}{
� AH4�L�698 , ;_<P> Q 8 � , ; �B<P>1Q 8 , ; �B<P> ? 6\4I6f6�GwMN4P0Dr��.6f6 ��{o��<�� , MN4�: y ,
� AH4�L�698�:&; , >1Q 8 � :�; � , >1Q 8 � :�; , >@?q6\476�6�GwM.4P0Dr��.6f6�� {o� :�� , M.4w< y ,
] EIAHaB0D6�2 �56�aqCJE76\�%dI4PG�25mo6�4�CJ250!GIM.m 25AH4waFEIM�?B4wAH4wCFEI6[KPpNdI^_6[�c6�0DM�? -
] M	�P^_6�aF6�4�C

� � & ����s*C�2��.69CFEI6��%dP4PGP25mo6�4�C�2X0@GIMNm 2XAH4 254PG ADCFa��cMNdP4PGP2X^FrNs��������
� , ��<O� , 254PG~MN4�CJEI6T��MNdPG�2X^_r�AHGI6�4�CJAD�(r 8�:&; � , > Q 8%:�; , >��@8�{P;=<�> Q 8 {I; �B<P>��
8 , ;=<�>qQ 8 , ; �B<P>�s��������iC�2��56�CJEI6�^F6�L�C�254Ip.0D6n{���:O� , s � , �}<�� , s��(MN0HG ADC M �.6f^
250DM.4Ipo< y�{+254PG�a_6f?�C_M.p.6fCJE76�^iCFEI6[6�GIp.6�a -@g M�? ��d��xd � CFEI6 ��AH0H0DM�?`Lf25a_6[2X4PG�? 6
2+U�� a ��E76�^_6Ns � � -

 



T2

(1,y)

(x,1)

(x,−1)

(−1,y)

dashed lines indicate identifications

all four corners are identified

(1,0)

(1,1)(0,1)

(0,0)

(1,−1)(0,−1)

denote points invariant under Z2 action
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fundamental domain of T2/Z2
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