
hep-lat/9411046

Lattice ’94 �
�������	��

���������������

�������! #"%$'&)(!�+*-,�.0/21035476)8%9:��;:�! <.=��*>�!?@;:(! A�!"B�
�!CED7F�C�G@HJI%GLK7I%M-F5I%NPO:CEG>H@
�QRITS�S�IUF�CEG@�!C�C�N
�VG-DXW�QYW�MZM-WV���\[5S�I%GJW�]_^`[�S!a7b-I%[5S�I%WXQdcTCENe
'bJfJD�QPcgDih>�7G-QYF5I%S�DXQRWVfj[E^e�\I%QPHJI%G=h

e�k�e[�lm��n5o�p-hJ���q��r5s�o5out	vw�\I%QPHJI%G=hJa7b-Iu�7ITW�b-I%SXNPCEGxHJD�y
z�{�|7}�~	�`�i�
���T�������V�5�g{i|V��{����V�����V��|V�g�X�`�V���5�B|V���'�7�P{E�g���!{i���2�V�5���V�J�%�g�2{%���2{E�5�B�7{T���V�������T���������X�����V�J�%�!�g{i�E���������

�V�5�7�V�����5�X�������������T�V���7�T�����V���7�V�5�������g|V{i�5���%�5��{i���e���������V�5�7�B�5�g|V�i�U�P�����g����{������\�����5�g�i�g���g|��T�V���V{2�V�g�g{i�5��{i|V�5�B|������V���
�J�����5�g���e�5�e�E�������:�T�V����{����J�����V{7�V�V�5�����V�5�e T�`���g�J�g�����g�5�B�7{T�-�V���'��{T�'�P���������2�V���T�V�g�\�P{i|\�V�����'��{E�5�X���E�7���2�J{��������2�J{i�5�����T|V�
�g{����E������{����7{����V���!�P�5�����T�2�g�E���g���5{i�:�����-�

¡>¢�£i¤¦¥:§j¨ª©¦«­¬_¥_£E¨ª¤
�VW�QYD![�M-S7CEQY®wWX[uDXW�MxH¯f�W�b-I:HJfJGxC�®�QPcgD'[E^�WXb-I2NR[E°!�

I%GZI%S�±5fu®j[¯H¯I%D'[E^\²-M-S�I2³-�2´Vr�µ'±JCEM-±5I�WXb-I%[5S�f�HJIg¶xG-I�H
QYG�C_¶xG-QYW�I�F�[�NYM-®jI�·Y��¸¯s�¹�y\aeC�º�QYG-±UW�b-I	¶xG-QYW�I�F�[�NYM-®jI
WX[¼»>ILD�®@C�NYN�S�ITD�M-NYW�D�h2W�b-SX[�M-±5b½WXb-I¾®�I�c�b>CEG-QYD�®¿[E^
C�D�fJ®�²-WX[�WXQdcÀ^`SXI%IiHJ[5®Áh�QYGuC7DX®@C�NRN�c�[�M-²-NYQYG-±�cg[5G-D�WgCEGJWiy
Â SgC�HJM>CENYNYf7QRG>cgS�IiC�D�QYG-±2W�bZIeF�[5NRMZ®�I'W�b-ITGuCENYNY[E°7D\M-D'W�[
®j[�G-QYW�[5S:W�bZI@[5G-D�ITW�[E^2G-[�G¯�Ã²>I%S�WXM-S�»>CEW�QYF5Im²-b-I%GZ[�®��
I%G>C-y'Ä'D�²>IicgQPCENYNYf2°7b-I%G�W�b-I!G-[5GJ�Ã²>I%SXW�M-SX»xCEWXQRF5I7IgÅ\IicgW�D
®¦CEG-QÆ^`I%DXW�WXb-I%®�DXI%NYF�I%D�CE²-²-SXIicgQPCE»ZNRfL[�GZNRfLQYGÇCÈD�®@C�NYN
GJM-®�»>I%S'[E^xNY[E°!�VNYf�QYG-±�I%G-I%SX±�f�®�[-HJI%D�h�C�bxCE®jQYNRWX[�G-QPC�G
^`[5S�®�M-NPC�W�QY[�G�QYD�M-DXIg^`M-NVy
É¾IªC�S�I�QYGJW�I%SXI%D�WXIiH¾QYGLW�b-I�QYGJÊxMZI%GxcgI�[�^ËWXb-I�®�M-NÆ�

WXQR²ZNRI�F�C�cgMZM-®ÌD�W�SXMxcgWXM-S�I:[�^ÍWXb-I2W�b-I%[5S�f�[5G�W�bZI�±5NYM-Ig�
»xC�NYN�D�²>IicgWXS�M-®LÎ>QRG­²xCESXW�QPcgM-NPCES�°�IU°�[5M-NPH�NYQYº�I2WX[�D�ITI
WXb-IÇH¯I%²xITGxHJI%Gxc�I)[E^�W�b-ILI%G-I%SX±�QYI%Dm[5GÏW�bZIÇÐT��CEG-±5NYI�y
��M-S¦D�WXSBC�W�I%±5fÏ°7QYNRN7»>I¾CEDj^`[�NYNY[E°7DiyÑÉ¾Im°7QYNYN�WXS�IiC�W
WXb-I2b-QY±�bJ�VI%G-I%SX±�fj®�[-HJI%D![E^'W�b-I�¶xI%NPHj±�C�M-D�DXQPCEG�h5W�bxC�W
QYDihÀ°�I�C�D�D�MZ®�I�W�b-I�²>[�WXI%GJW�QPCENeWX[¦»xI�Ò5MxC5HJSBC�W�QPc�CEGxH
WgCEº�IUbxCESX®�[�GZQdc	[�DgcgQYNRNPC�W�[�S7°7C�F�I�^`MZGxcgW�QY[5G-Diy�ÓZ[�S7WXb-I
NY[E°!�VI%G-I%SX±�f�®j[-HJI%DihZW�b-I�[�GZD�I%W2[E^eG-[5GJ�V²xI%SXW�M-SX»xCEWXQYF�I
IgÅ\IicgWXD:®�I�CEG-D�W�bxC�W�W�bZIu²>[�WXI%GJW�QPCEN'°7QYNYN�D�WgCESXW�WX[@HJI��
FJQPCEWXI!^`S�[5®ÔÒ5MxC5HJSBC�W�QPc!»>I%bxC�FJQY[�M-S�y�a7b-QYD!®�IiC�G-D'W�bxC�W
°!Iub>C�F�I�W�[¦SXI%²-NPC�cgI�WXb-I�b>CES�®j[�G-QPc�[�DgcgQYNYNdC�W�[5S�°7C�F�I
^`MZGxcgW�QY[5G-D2»�f­[�W�bZI%S2^`M-G>cgW�QY[�GZDiy�a7b-I�ÐT��HJI%²>I%GxHJI%G>cgI
°7QYNYNEI%®�ITS�±�I'WXb-S�[5M-±�b:»>[�MZGxH-CESXf:cg[�GxH¯QRWXQY[�G-D\[5G�WXb-I%DXI
^`MZGxcgW�QY[5G-Diy
a7b-IuHJfJGxC�®�QPcgD![E^eW�b-ITD�I�®�[-HJI%D�c%C�G¦»xI�S�I%±JCESgHJIiH

C�D�CEGÏIgÅ\IicgWXQYF�ILNR[E°!�VI%G-ITS�±�fÕW�b-IT[�S�fJyw³JQY®jQRNPC�S�WX[¼C
�
[�SXGJ����²-²>I%G-bZI%QY®�I%S¾CE²-²ZS�[�l-QY®@CEWXQY[�GÏ°!I)QYGJW�I%±5SBC�W�I
[5M-W�WXb-Ie^VCED�W
´`b-QY±5bJ�ÃITG-I%S�±5f-µ�®j[-HJI%DÍC�GxH:C�S�I!NRI�^`W�°7QYW�b
C�GuIgÅ\IicgWXQYF�I7W�bZI%[�SXfu[�^xW�b-I7DXNY[E°)®�[-HJITDiy\��^\°�I7CESXI�CEW
ÖB×TØJÙ�ÚgÛ�ÙVÜxÚ%Ý\ÞJÚ%Ý�Ýàß�á�Ùeâ ãTä�åYæ>ß�ÙVç�Ù�èRÙVç�éJê%×�ÙVØ�ÝXë-ìgã%ã%äií

I%G-I%SX±�QYI%D7CEWe°7bZQdcXb�WXb-I�b-QY±5b-I%Se®j[¯H¯I%Dec%CEG-GZ[�W!»xI7IglJ�
cgQYW�IiHÀhEW�b-ITD�I!®�[-HJI%D=°7QRNYNVh%WXb-S�[5M-±�bUF�QYSXW�MxC�N�²-SX[¯c�I%D�DXI%Dih
QYGm¶xSXD�W�[�SgHJI%S�[�G-NYfmSXI%D�M-NYW:QYG)CjS�ITG-[�SX®@CENYQYDBC�W�QY[�G­[E^
W�b-I:cg[5M-²-NYQYG-±�cg[�G-DXWBC�G�W�y
�
Ig^`[5S�I�°!I�c%C�G�b-[�²>I7W�[:WgC�cXºJNYI7W�b-QYDeÒ5MxCEGJW�MZ®î®jIg�

cXbxCEG-QPc%C�Nx²ZS�[�»ZNRIT®Áh5°�I2bxC�F5I�W�[�bxC�F5I�CU±�[J[-H�M-GxH¯I%SV�
D�WgCEGxHJQYG-±7[�^-W�b-Ie²Zb�fJDXQdcTCEN�c�[�GJ¶x±5M-SBC�W�QY[�G2DX²xC�cgI![E^J[�M-S
D�fJD�WXI%®Áy�³JQYGxcgI:°!IªC�S�IuH¯IiCENYQYG-±�°7QYW�bÁCïG-[�G¯��C�»xI%NYQPCEG
±�C�M-±�I:WXb-I%[5S�fJh\W�b-QYD�QRD:CïG-[�GJ�VW�SXQYF�QPC�N�²-SX[�»-NYI%®ðQYGmQYW�D
[E°7G�y
a'[Ï®¦CEº�I¾cg[5G�WgC�cgW¾°7QYWXbñNdC�W�WXQdc�I¼c%C�Ndc�M-NPCEW�QY[5G-DmQYW

°�[5M-NPH�»xI�®�[5D�W'GxCEWXM-SBC�N\W�[:WgCEº5I�W�bZI7¶xG-QYWXI:´`DX²xCEWXQPCENPµ
F�[5NRMZ®�I:WX[m»xI¦C¦s��VW�[�SXM-D�ò7ó�ymô�I%WBC�QRNYIiHLºJG-[E°7NYIiH¯±�I
[E^�WXb-I�F�C5cgM-M-®+DXW�SXMxcgW�MZS�I¦QYG)W�bZQRD�c%C�D�I�QYD�b-[E°!I%F�I%S
NYQR®jQYW�IiH\yï�VG¾²xCESXW�QPcgM-NPCESUW�b-IjQRGZD�WBC�GJW�[�GZDih'°7b-QPcXb)CESXI
W�b-I�±�C�M-±�IU¶xI%NPHLcg[�G¯¶x±�M-SgCEWXQR[5G-D2W�bxC�W:HJI%DBc�S�QY»xI�WXM-GJ�
G-I%NYNYQYG-±¾»xITWV°�I%ITGõHJQÆÅ\I%S�ITG�W¦F�C5cgMxC-h�CES�ILG-[5W�ºJG-[E°7G
IglxC�cgWXNYf�y'a'[�cgQYSBc�M-®�F�I%GJW7WXb-QYD7²-S�[5»-NYI%®ö°!I2WBC�º�I2[�M-S
D�²xC5cgI�W�[¦»xI�W�bZIuWXb-S�I%I��ÃDX²-b-I%SXI@÷=óm· �E¹�y�a7bZIuQYG-DXWBCEG¯�
W�[5G-D:QYG)WXb-I�DX²xC�cgI��ÃWXQR®jI�ø ù0ú¾÷=óÈcTCEG)»>I�[5»-WBC�QYG-IiH
^`S�[5®öWXb-[�DXI�QYGÁø ù�û�»JfmC�cg[5GJ^`[�SX®@C�N�®@C�²-²-QYG-±>y�a7bZI
W�IicXb-GZQdcTCEN�DXI%WV�VM-²¦^�[�S7W�bZQRD�C�GxCENYfJD�QYD�c%C�G¦»xI2^�[�M-GxHjQYG
·�r-h�s�¹�y

ü\¢�¥:ý¦þ ÿ:ý ��� £E¬���� ¬�¨ª¤	�!£�
@«¦§��2¥2£�¨ª¤� ÿ��j¬_þ
�ÀI%W�
 »>IuWXb-I�D�I%W2[E^7CENYN�±JCEM-±5I:¶xITNdH¯D������-÷=ó����� ´Ãr5µ%y É¾I CESXI¼°![�SXºJQRGZ±ÏQYGîC bxCE®jQRNYWX[�G-QPCEG ^`[�S��

®@C�NRQYDX®mheD�[ °!I¾D�I%W������ oZyö�\ITW�� »xI¾WXb-I¾D�I%W
[E^mCENYNuWXQY®�I¾QYGxHJI%²>I%GxH¯I%GJW)±�C�M-±�IÕW�SgCEG-D�^`[�SX®@CEWXQY[�G-D� ��÷=ó�� ÷! U´Ãr�µTy'a7b-I%DXIªC5cgW7QYG�W�bZI:D�WgCEGxH-C�SBHj°7C�f"�
´$#%��µ � � �'&)( � � ��*+�,&)(.- � � � �'&/(103254)6� �87 ´B�iµ



r

a7b-I	9':<;%=1>@?BADC�?FE�G.HJI�K<LBANMO>$EDG�=P9QAR?FS�QYDuWXb-I¦D�²xC5cgIm[E^
±�C�M-±�I:[5S�»-QYWXD�
3T��7y�É¾IU°�[5M-NPH¦NYQRº5I2W�[¦bxC�F�I�C�U.K<G<VW ADX�SYG<MZA�C W EDX�AD>[G-h7WXbxCEW�QYDih�CLD�I%Wj[E^:±�C�M-±�I¦¶>I%NPHJD
°7b-QPcXb¼QYD�QYG [�G-I��ÃWX[E�V[�G-Imcg[5S�S�ITD�²>[�GxHJITGxcgI)°7QYWXb)W�bZI
²-bJfJD�QPc%CEN'cg[�G¯¶x±�M-SgCEWXQR[5G�DX²xC�cgI5y
v�D:C�SXI%²-S�ITD�I%GJWBC�W�QYF�I�[�^ËCEG­[�S�»ZQRW�h>°�I�cXb-[J[�D�I�W�bZI

±�C�M-±�I	¶xI%NPH�WXbxCEW7bxC�D�NY[E°!I%D�W!G-[5S�®#·�n-h�p�¹�yÀa7b-I�G-[5S�®
cg[�®jI%D!^`SX[�®0WXb-I2D�WBC�GxH-C�SBHjQYG-G-I%S7²-SX[-HJMxcgW]\[�_^F`�a!�b�c<d WXS\´$�fe.`:µTy�a7b-QYD2NYIiC�H¯D:W�[¦W�bZI�^`[�NYNY[E°7QYG-±�c%CEG>HJQÆ�
H-CEWXI�^`[�S7WXb-I2^`M-G>H-CE®jI%GJWBCEN>HJ[�®¦CEQYG)�gihkj �mln
poqoro # ��oroDstoro ��orovu � l	��w 7 ´Ãr5µ
��G-IÏc%CEGkD�b-[E°+WXbxCEW��xl g QY®�²ZNRQYI%DjW�bxC�Wy�¿QYD
W�SgCEG-DXF�I%SXDBCEN¦´ - � � � � o�µ­CEGxH W�bxC�WmW�bZI¼Ó>C�H-HJITI%F5�

=[�²>[EF¾[�²>I%SBC�W�[�S�QYDu²>[�DXQYW�QYF�I¦´Pz�{�´$�2µ_�p| - � 0 �3so�µTy�a7b-I
D�I%W'[E^J¶xITNdH¯D\^`[5S\°7b-QPc�b]z�{ksÏo!QRD'c%CENYNYIiH�W�bZI
Â S�QY»>[EF�SXI%±�QY[�G�}2y��
[�WXby}ñCEG>H g CESXIucg[5G�F5IglmD�M-»¯�
D�I%WXDe[E^>W�b-I7F5IicgW�[5S'D�²xC5cgI�~¦cg[�G-DXQYD�W�QYG-±�[E^xWXSBC�G-D�F5I%S�DgCEN
¶xI%NPHJD�yË
=[5QRGJWXD7°7b-I%S�I�W�bZI�»>[�MZGxH-CESXf¦[E^�}ñ´�W�b-I Â S�QÆ�
»x[EFUb-[�SXQR]T[�Gxµ=W�[5MxcXb-I%D g CESXIËcTCENYNYIiH:DXQYG-±�M-NPC�S�»>[�M-GxH��
CESXfm²x[5QYG�WXDiy�ô�[5QYG-±�WXb-I�HJfJGxCE®jQPcgD�[5G g hÀW�b-I%DXI@C�S�I
W�b-I�[5G-NYf�²>[�QYGJW�D2°7b-I%SXI�W�b-I�cg[J[�SgHJQYGxCEWXIuDXQYG-±�M-NPC�S�QYWVf
CEDXD�[-cgQPCEWXIiH¦°7QYW�bjW�b-I Â S�QY»x[EF�bZ[�S�QY]%[5G¦D�b-[E°7D7M-²=y
��^qWXb-I�®jQRGZQR®�M-®ñCENY[�GZ±�WXb-I7±�C�M-±�I7[5S�»-QYWeQYDeHJI%±5I%GJ�

I%SBC�W�I�´1oro # ��oro���o�o �3o�oi^`[�S!D�[5®�I � µTh-°!I�bxC�F5I�WX[uQPHJI%G¯�W�QÆ^`f�WXb-I%D�I:cg[5GJ¶x±5M-SBC�W�QY[�G-D!W�[�[�»ZWBCEQYG�WXb-I2[�G-Ig�VW�[��Ã[5G-I
cg[�SXS�I%DX²x[5GxHJI%G>cgI g��� 
�TD�7yea7b-I%DXIu»>[�MZGxH-CESXf�QPHJI%G¯�
W�QÆ¶qc%C�W�QY[�GZD:±�QYF�I g W�b-IjS�IiÒ5M-QYSXIiH¾G-[5GJ�VW�S�QYFJQPCENeWX[�²>[�NÆ�
[�±5f¼·���¹�y¦É¾I�bxC�F5I@HJIT²-QPcgW�IiH W�b-IjF�CESXQR[5M-Ducg[5GxcgI%²ZW�D
HJIg¶xGZIiH¦b-I%SXI:QYGmÓ�QY±>y��5y
�\¢�¥:ý¦þ0þ����7þ2¬:¥2£.�¦þö¥:ý¦þ_¨ª§ �
aÍ[_¶xGxHjW�b-I2DX²xIic�W�S�MZ®ð[E^�W�bZI�NY[E°!�VI%G-I%SX±�f�WXb-I%[�SXf�h

°�I�»xCEDXQPc%CENYNYf:bxC�F5I7W�[:DX[�NYF�I�W�b-I�I%QY±�I%GJF�CENYM-I!²-SX[�»-NYI%®
���+�p��| �r����� � � *��

´@��µP���+����� 7 ´Ãs5µ
Ó-[5S7[�M-S7®j[-HJI%N\W�bZI:D�²xC5cgI:[�^Ë´�²xITS�W�MZS�»xC�W�QYF�Iiµ	NY[E°�I%DXW
I%G-I%SX±�f¦®�[-HJITD�QYD:������H¯QR®jI%G-DXQR[5GxCENVy>a7b-QYD7QYD7W�b-I2NY[E°!�
I%D�W7ITQR±5I%G-DX²xC�cgI�[E^�WXb-I�Ò5MxC5HJSBC�W�QPc!²xCESXW�[�^�W�b-I�²x[5W�I%G¯�
W�QPCEN � y�É¾I:G-[E°ñb>C�F�I�W�[�SXI%D�WXS�QPcgW:[5M-S�DXI%NYF�I%D2WX[�W�bZIcgS�[5D�D:DXIicgWXQR[5G¾[E^�WXb-QYD2D�²xC5cgI�°7QYW�bLW�b-IU^`M-GxHZCE®�ITG�WgCEN
HJ[�®¦CEQYGmCEGxHLWXb-I%G¾DX[�NYF�IU^`[�S2WXb-I�NY[E°�I%DXW:I%QY±�ITGJ^`M-GxcB�
W�QY[�GZD�[�^ËWXb-I�bxC�®�QYNYW�[�GZQRCEG=y�a'[�®¦CEº5I:W�b-QYD2²-SX[�»-NYI%®
°�ITNRNÆ��HJIg¶xGZIiHL°�I�b>C�F�I�W�[mDX²xIic�Q�^�fÁ»>[�M-G>H-CESXfÁcg[�G>HJQÆ�
W�QY[�GZDiy�a'[¦º�I%IT²¾W�b-QYG-±5D:W�SgCEG-DX²xCESXI%GJWu°!IuGZ[E°w^�[¯c�M-D
[�GmCUD�M-»-DX²xC�c�Iu[�^ÍW�bZI�������HJQY®jI%G-D�QY[5GxCEN-DX²xC�c�I�y

Γ

Λ

δΛ

Singular Boundary Point

Boundary  id.

Ω
δΩ

Ó=QY±�MZS�I���y'a7b-I2SXI%NYI%F�CEGJW7D�MZ»-D�I%WXD2[E^Í±JCEM-±5I�¶xI%NPHJDiy

a7b-QYD2WV°![E��HJQY®�I%G-DXQY[�GxC�N�D�²>C�cgIj[E^!¶xI%NPH¾cg[�G¯¶x±�M-SgC��
WXQY[�G-D!´ÃÓ=QY±xy=r�µ'cg[�GJWgCEQYG-D'W�b-SXI%I�cg[5²-QYI%De[E^>W�b-I!F�C�cgMZM-®
´�NPCES�±5IuHJ[5W�DBµTh\cgNY[�D�IUW�[�I�C�cXbm[E^e°7b-QPcXbmWXb-Iu²>[�WXI%GJW�QPCEN
SXQYD�I%D�Ò5MxC5HJSBC�W�QPc%CENYNYfJy�a7b-QYD:DX²xC�c�I�QYDuQY®j²x[5S�WBC�GJW�»>Ig�
cTCEM-DXI@[�^	C�NYNeW�b-IjW�M-GZG-I%NYNYQRGZ±m²xCEWXb-Ducg[5G-G-Iic�W�QYG-±LW�b-I
F�C5cgMxCZhJQRW�c�[�GJWBC�QRGZD�WXb-[�DXI:²xCEWXb-D7W�b>CEW7bxC�F5I�WXb-I2NY[E°!�
ITD�W�I%G-ITS�±�f¾»>CES�SXQYI%Siy­a7b-I%D�I¦»xC�S�SXQRITSªcg[5GJ¶x±5M-SBC�W�QY[�G-D
C�S�I�DBC5H-HJNYIu²>[�QYGJW�D�[E^ � CEG>HmCESXIªc%C�NYNRI�H¦D�²-b>CENYI%S�[5G-D
´�D�®¦CENYN�HJ[5W�DBµTÎeWXb-I%f)CESXI@C�NRDX[¦±�CEMZ±�I@c�[�²-QYI%D�[E^7IiC�cXb
[5W�b-ITSiy
�VGÕW�b-QYD�´ � ^F��µU²-NPCEG-Ij°�I¦c%CEG c%CENPcgMZNdC�W�I	}0CEGxH¾C

NY[E°!I%S7»>[�M-GxH��g [5G¦W�b-I�^`M-G>H-CE®jI%GJWBCEN\HJ[5®@CEQYG)���g��g yÑa7b-ImNY[E°!I%S�»>[�M-G>H)QYDj[�»-WgCEQYG-IiHÕ»JfÏHJIg¶xG-QYG-±)C
Ó>C�HZHJI%I%F5��
�[5²x[EF5�VNYQRº5I2[�²>I%SBC�W�[�S2QYGmWXb-I:^�M-GxH-C�®�I%GJWBC�N
SXI%²-SXI%D�I%GJWgCEW�QY[5G�y!É¾I�W�bZI%GmbxC�F5I
oro # ��oro � |�oro �3oro � �m\ � ^Fz�{ (�� � ´@��µ � a�s�� ( o�o � o�o � ^ ´`��µ
°7QYWXb_� ( W�b-I!NY[E°�ITD�W'I%QY±�I%GJF�C�NRMZIe[E^"z�{ (Z� � yÍ�	D�QYG-±�W�b-IQYGxc�NRMZD�QY[�G �g��ig�� }2h5°�I!Igl-²-NYQPcgQYW�NYf2^`[5M-GxHUD�QYG-±�MZNdC�S
»>[�MZGxH-CESXf�²>[�QYGJW�D�y
É¾ImCESXImQYGJW�I%SXI%D�WXIiHÑQYG¼ITG-I%S�±5QYI%D¦°7b-QPc�bÏC�S�ILb-QY±�b

ITG-[�M-±5bÏW�[¾DXI%IÁHJITF�QPC�W�QY[�G-D�^�S�[�®¿W�bZIm²xITS�W�MZS�»xC�W�QYF�I



s

-3 -2 -1 0 1 2
u

-3

-2

-1

0

1

2

v

 

 

Ó=QY±�M-SXI�rZye�\[-c%CEWXQY[�G�[�^ÍWXb-I:cgNPCED�DXQPc%CEN=F�C�cgMxCZhJD�²-b>CENYIg�
SX[�G-D�h-NYQYG-I%D![E^eIiÒ5MxCEN\²>[�WXI%GJW�QPCENVhJWXb-I Â SXQR»>[EF�b-[5S�QY]%[�G
´à^ÃCEW!D�Iic�W�QY[�G-Dgµ�C�GxH�WXb-I2NR[E°!I%S!»x[5M-GxH��g ^`[�S!W�bZI�^�M-GJ�
H-C�®�I%GJWgCEN\HJ[�®¦CEQYG)���g���g�� }2y

»>I%bxC�FJQY[�M-S�h'»-M-W�NY[E°ÌI%G-[5M-±�b W�[LS�ITD�W�SXQPcgW�WXb-I%D�ImHJI��
FJQPCEWXQR[5G-D:WX[ÁWXb-I¦NR[E°!I%DXW�®�[-HJI%D�y¾a7b-QYDu®jIiCEGZD:W�bxC�W
°!I�CESXI�CEW:I%GZI%S�±5QRITD�[E^7W�b-Ij[�SBH¯I%S:[E^�WXb-I�D�²ZbxCENYI%SX[�G
I%GZI%S�±5f"�'bZI%S�I2W�bZI�°7C�F�I	^`M-Gxc�W�QY[�GxC�NxDXWBC�S�W�D7WX[uDX²-S�I�C�H
[5M-W�[EF5I%S@cg[5GJ¶x±5M-SBC�W�QY[�GÏDX²xC�c�I�yî�	[�WXIÁWXbxCEWjÉ��2�
®jI%W�b-[-HJD7CESXI2G-[�NY[�G-±5I%S�CE²-²ZNRQPc%C�»-NYI�b-ITS�I�y
v7W¼WXb-I%DXIwI%G-ITS�±�QYI%D W�b-Iñ[5G-NYfîSXI%NYI%F�CEGJWÏ»>[�MZGxH5�

C�S�fÏQPHJI%GJWXQ�¶\c%CEWXQR[5GÏQYD¦W�b-I¾[5G-IÇC�W¦W�b-ILD�²-b>CENYI%S�[5G-Diy
v7W�[5W�b-I%Sj»x[5M-GxH-C�S�fÕ²x[5QRGJWXD�W�bZI@²>[�WXI%GJW�QPCEN�°7QYNRN7»>I
´�®�MxcXbxµebZQR±5b-I%S�W�b-I%G­W�b-I�I%G-I%SX±�f¦[E^eWXb-I:°7C�F�I�^`M-GxcB�
WXQR[5GxCENVy
a7b-QYD�®�I�CEG-D7WXbxCEW�W�b-I:°7C�F�I�^`MZGxcgW�QY[5GxCEN=°7QRNYN
bxC�F5I�Igl-²>[�G-ITG�WXQPCENYNYf)HJIic%C�f5IiHÏCEW�WXb-I%DXIm²x[5QYG�WXD�CEGxH
WXbxCEW\WXb-Ie²-SXIicgQYD�I!»x[5M-GxH-C�S�f2cg[�GxH¯QRWXQY[�G-D=°7QRNYN�G-[�W=bxC�F�I
C2»ZQR±UQRG¯ÊxM-I%Gxc�I�[5G�WXb-I�DX²xIic�W�S�MZ®Áye�
f�W�b-I2DBC�®�I7WX[E�
º5I%G�h5W�b-I�²-S�Iic�QRDXI�NY[-c%CEWXQY[�G�[E^�W�bZI7»x[5M-GxH-C�S�f�QYGuWXb-I%DXI
SXI%±�QY[�GZD�QYDeG-[5W�QY®j²x[5S�WBC�GJWÍITQRWXb-I%S�yea7b-QYDe±5QRF5I%D!M-D�WXb-I
^`SXI%IiHJ[5®wWX[_cXb-[J[5D�I7W�SgC�cgWgCE»-NYI7»>[�M-G>H-CESXfucg[�G>HJQYW�QY[�G-D�y
v7W�W�bZI:D�²-b>CENYI%S�[5G-D�bZ[E°�I%F5I%Sih>WXb-I:»>[�M-GxHZCES�f¦cg[�G¯�

HJQYWXQR[5G-D7CES�I	¶-l-IiH\y!³JQYGxcgI�WXb-I2±�C�M-±�I�W�SBC�G-DV^�[�S�®¦CEWXQR[5G
cg[5G-G-Iic�W�QYG-±�W�bZI:WV°�[�DX²-bxC�NRITS�[�GZD7bxCED7°7QYGxHJQYG-±�GJM-®��

»xITS7[�G-I�hZ°�I2bxC�F5I2W�[�D�ITW�!´$�U´B�R^Bo5µ�µJ��� �[� �Ë´$�:´Vo'^��iµXµ.^ ´Ãn�µ
W�bJM-D7QYGJW�SX[¯H¯MxcgQYG-±�W�bZI_ÐT��CEGZ±�NYI�y
 �¢¦¬:«¦§�§�þ�¤¦¥¢¡ð¨�§�£
É¾I�bxC�F�I2cg[�G-DXW�SXMxcgW�I�HmC:»>[�MZGxH-CESXf�°7QYW�bjD�M-QYWgCE»-NYI

»x[5M-GxH-C�S�f)cg[5GxHJQYW�QY[5G-D:^�[�S�W�b-Ij^`M-NYN2������HJQY®jI%G-D�QY[5GxCEN
²-S�[5»-NYI%®Áy\³JQYGxc�IËC�NRN5W�b-ITD�I!®�[-HJI%D�C�S�I!²xI%SXW�M-SX»xCEWXQYF�I%NYf
HJI%±5I%G-I%SgCEW�I5h\W�b-ITf@b>C�F�I:WX[�»>I:W�SXIiCEWXIiHm[5GmW�bZI:DBC�®�I
^`[J[�WXQRGZ±xy¾a7b-I¾�%�m®j[¯H¯I%DuG>CEW�MZSBCENYNYf¾HJIicg[5®�²>[�D�I¦QYG
� * �ï®�[-HJI%D�h>°7b-I%S�I�I�C�cXbÁDXI%Wucg[5GJWBCEQYG-D2[5G-Iu[�^�W�bZID�²-b>CENYI%S�[5G-Diy=a7b-IeQPHJI�C!QRD\WX[7M-D�I
²x[5NdC�S�cg[J[�SgHJQYGxCEWXI%D�QYG
IiC�cXbLD�Iic�W�[�S:C�GxH¦QY®�²>[�DXI:W�b-IU»x[5M-GxH-C�S�fÁcg[5GxHJQYW�QY[5G-D
QYGmW�b-I�WV°![�SBC5HJQPCEN'F�CESXQPCE»-NYI%D�y�v0cg[5®�²-NYQPc%CEWXQY[�G�bZI%S�I
QYDÍWXbxCEW'WXb-I�HJQYS�Iic�W�QY[�G-D
[�S�WXb-[�±5[�GxC�NJW�[2W�b-I!W�MZG-G-I%NYNYQYG-±
²xCEWXb-D@C�W�WXb-IÁDX²-bxC�NRITS�[�GZD�bxC�F5ImW�[Õ»xIL®@C�²-²xI�H)WX[
IiC�cXbm[5W�b-ITS7M-GxHJI%S2WXb-I:»>[�M-GxHZCES�f¦cg[�G>HJQYW�QY[�G-D7QYG¦W�bZI
²-S�[5²xITS�°7C�f�y
�	Igl-W:°�I�bxC�F5Iucg[�GZD�W�SXMxcgWXIiH)Cï»xCEDXQRD2[�^e^`M-Gxc�W�QY[�G-D

W�bxC�W�QYGxcg[5S�²>[�SgCEW�I
W�b-I%DXI7»x[5M-GxH-C�S�f:cg[5GxHJQYW�QY[�GZDiy�K	I%S�I
W�b-I�SX[�WgCEW�QY[5GxCENeDXfJ®�®�ITW�S�fmC�GxHmWXb-I�SXI%D�QPHJM>CEN!±�CEMZ±�I
D�fJ®�®jI%W�SXfÏ´VCED�DX[-cgQPCEW�I�HÑW�[Ïcg[�GZD�WBC�GJW@±JCEM-±5IÁWXSBC�G-DV�
^`[�SX®@C�W�QY[�G-Dgµeb>C�F�I�W�[�»>I�WBC�º�I%G­QRGJWX[@C�cTcg[�M-GJW:²ZS�[�²¯�
I%S�NYfJy���Gxc�I�W�b-QYD2bxCED�»xITI%G)HJ[�GZIu°!Iuc%C�GÁ²>I%SV^�[�S�®AC
t�C�fJNYI%QY±�bJ��t7QYWX]�CEGxC�NYf�DXQYDeW�[U¶xGxHïW�b-I�D�²>IicgW�SXM-®Áy'a7bZI
G-Igl-W2D�WXI%²Á°![�MZNdHÈ»xI�W�[jQRG>cg[�SX²x[5SBCEWXIªÒ5MxC�GJW�M-®#cg[5SV�
S�Iic�W�QY[�G-D2cg[�®jQYG-±:^�S�[�® W�bZI:[�WXb-I%S2®�[-HJI%D�y!É¾I�bZ[�²>I
W�[�I%NPCE»>[�SgCEW�IU[�G�WXb-I%DXIu®¦CEW�WXI%S�D!QYG¦W�b-I2G-IiC�S!^`M-WXM-S�I�y
§�þ��7þ�§�þ�¤­¬_þ �
��ym¤>yq��[5NYNRITS_C�GxHm
'y>F�CEGL��C5CENVh\�7MxcgNVy\
'bJfJDiy��!s�o5r

´g�i�R�¥��µï��Î7
'y�F�C�G)��C5CENVh'v�c�WBC¾
'bJfJDiye
=[�NVy'��r5o
´g�i�R����µ!r��5n-y

r-yw
'yJF�C�G@�!C�C�N�CEGxH¦�:y�ô�yJK�CESXQÍô2CEDXDih-�	MxcgNVyx
'bJfJDiy
�!s¥�5n ´B������r5µ��%��nZy

s-yw
'yZF�CEGm�!C�CEN'CEGxH­��y§¦¾yZF�CEGÁHJITGÁK7I%MZF�I%NVh\�7Mxc�NÃy

�b�fJD�yx�
�x�i� ´B��������µ!r-�inZy

�xywtUy�Ä7y¥¨!M-WXº�[�DXºJfuCEGxH3��yEÉ)C�G-±xh5
'bJf�D�y�t7ITFqy5ô�s5�
´g�i�R�¥��µ!s�o5rE�>y

n-y©¦ y v�y ³JI%®jI%G-[EF5�Va�fJCEGJ��³JbxC�G-D�ºJQYQ C�GxH ªuy vuy
ÓZSBC�G-º�I5h<¤xyx³¯[EFqy'¦­CEW�b=y-sE� ´B���¥�5p�µ��i���5�-y

p-ywô�y!«>°7CEG-]TQR±5I%Sih7�	MxcgNVye
'bJfJDiy��
�x��r ´g�i�5�E��µ�p�n5�
C�GxHjS�Ig^�I%S�I%G>cgI%D2W�b-ITS�I%QYG�y

�-yñ�%y-³¯QRGZ±�I%S�h8¨![�®j®Áy�¦mC�W�b�y>
'bJf�D�y-p�o ´g�i���R��µ!�-y�-yw
'yZF�CEG¦��C5CENÍC�GxH¦t:y�Ä7y�¨!M-W�º5[�D�ºJfJhJ�VGJWiy'¤>y8¦¦[-H\y

�b�fJD�y-vÌ´Ã
�S�[-cEyx³¯M-²-²-NVy�µ�s�v ´B������s5µ�s5r�sZy


