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G*M�hy�JcYx�zm}@hygwz"`H�FpF�w�\^_bfa,^�cwgQ��R;^_zmx�`\gQ`Q}��Y?J:;gQbf�Yhyx�^_bfz���`{��B�c{n�bL�T`\x_gQbdcJ?
79x��\bdgQhY?3B"R/�Y�YrY�Y��j�v\tY�YtJ?Q:�2L132�RV2
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��h��Jx�h,^�hygYz�cYg�cwgJcHnf�\^_bf^;`H�Fzm�QhOzk�J�QbfaycHn���hycHz�lJx�h,^�`{��^m�Qhycwx�R;nL���F�hyg���c��Yh,^Sb g�z_`Q¡ycY}�cw¡��QndcH^m}ZcH^
bdg�cO��x�h,¢JlQhygQa,�	�J`\}�cHbdg	x_cwgQ�YbdgQ�@�~x£`\}'zm�Qh	¤m�Qbf�\�Q¥Z�~x�h,¢JlQhygQa,bfh,^(¦¨§ª©«­¬y®A¯Y�Y°H±;²y³s¬y®´�Jh,bdgQ��zm�Qh�R;n��T�F�hyg
^m��h,h,�µcYgQ�+°H±;²�zm�Qh	z�`\¡ycY}ZcY¡0a,`\gJgQh,a,z_bf`\g¶nfhygQ�Yzm�J·O`H��zm�Qh�z�`\x�`Ybf�5cHn"�\cY�ªz_`0zm�Qh´¤_nf`H��¥���x�h,¢|lQhygQa,bfh,^y?
a,`\}��Jcwx_cY�Qnfh	��bfzm�¸zm�Qh�zm�Qhyx_}�c{n�bf`\gª�JbdcY}�cH�QgQh,z_bfa	��x�h,¢|lQhygQa,�Y?�§ X9¹�º cYgQ�5»H`\xOzm�Qh�zm�Qhyx_}ZcHnFbf`\g¸zmx�cYgQ^_bfz��x�h,¢|lQhygQa,��§½¼ º « ¬�¼ º ¯w°�±;²�¦T¬�¼ º �Jh,bdgQ��zm�Qh�bf`\g	zm�Qhyx�}�cHn3^m�Jh,h,�5·¾2
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7�g�z��QhÃx�h,a,hygwz"�YhycYx�^�?Yzm�Qh�^m�QhycwxFR;nL��� �hygZ��c��Yh�^m��h,a,zmx_lJ}'bdg�n cw�J`\x_c{z_`\x����QndcH^m}�c{^��Jc{^���h,hyg	h,ÄQz_hygQ^_bf�Yh,nf�
cYgJcHnf�Qe,h,�0�5lQhVz�`�zm�Qh��J`Y^�^_bd�Qn�h@h,ÄQa,bfzmcHz_bf`\gQ^�`H�Fz��Qh,^_h���c��Yh,^��w��x�h,^_`\gJcwgYz�bdgwz_hyx_cHa,z�b�`QgQ^���bfzm�	hygQhyx��wh,z_bfa
�JcYx�z�b�a,nfh,^ ^mlQaÅ�@cH^½a,�JcYx��Yh,�*�~lQ^_bf`\g@�Jx�`Q�5lQa,z_^FcYgQ�Obf`\gQ^FcHa,a,h,nfhyx_cHz_h,���Y���QndcH^m}Zc��QhycHz_bdgQ��`Qx=aylJx_x£hygYz�j��5x£b��wh
^_�Q^_z_hy}@^�2�7�g¸�JcYx�z�b�aylQndcYx¾?q�Qx�hycHz�cHz_z�hygYz_bf`\g0�JcH^@�Jh,hygª�Jh,�Y`Yz_h,�ªz_`�zm�Qh��Qn c{^m}�c	h,bf�YhygJ}(`\�Jh,^�gQhycYxÃÆÇ`\x
a,nf`Y^_h�z�`�j�z��Qh���x�h,¢JlQhygQa,�0�\cY�¸È ¿�É bdg0zm�Qh@^m�QhycYx*R�nL�T�F�hyg�a,`QgYz_bdgQlQ`\lQ^�^m��h,a,zmx_lJ}	?�b�2UhY2d?=W=`Qx�`Ybf�5cHnAR;n��T�F�hyg
DAbf�YhygJ}(`\�Jh,^@È�� É ¦~W=R�DF·"cYgQ�0Ê;b gQh,z�b�a�W�RÃD­È�� É ¦TÊ�W�RÃD ·,?Jx�h,^m��h,a,z_bf�Yh,nf�Y2

R;nfzm�Q`\lQ�\��c	gQlJ}@hyx�bfaycHn"cY�J�Jx�`\c{aÅ��z_`�W�RÃD­cYgQ��Ê�W�RÃDËnfbdgQhycYxO^_zmcw�Qb�nfbfz��0b gªc	x�hycHnfbf^_z_bfa��QndcH^�}�c
h,¢JlQb�nfbd�Jx�bdl5}Ìb�^0gQh,a,h,^_^mcYx£�Y?�z��Qhyx�h0^_z_bfnfnVx�hy}�c{b gÍ^_`\}@h0a,`\gQa,hyx_gQ^0cY�J`QlQz	zm�Qh�cHa,zmlJc{n�^_`wn lQz�b�`QgÎ`H�@zm�Qbf^
�Jx�`\�Qnfhy}	2"7�gZ��cHa,zy?Qbdg�c(z_`\¡ycw}�cY¡�x�hyc{a,z_`\x `H��}�c{Ïk`Qx�x�cH�JbdlQ^�±;²ÃcwgQ��}@bdgQ`\x�x_cH�JbdlQ^OÐ\?Qzm�Qh�}@`Y^�z�lJgQ^�zmc�j
�Qnfh�R;n��T�F�hyg�}(`\�Jh,^���bfnfnF�Jh@a,�JcYx_cHa,z�hyx�bfe,h,���w�	z_`\x£`Ybf�5cHn�}(`\�Jh@g\lJ}@�Jhyx£^�Ñ�bdg�zm�QhVx�cYgQ�Yh�Ð�¯HÒQÓ\Ô Õ© Ñ½Õ©
Ö Ð�¯{Ò ÓQÔ�× ¿ ?Y�Sb�z�� Ö « ÐH¯Y± ² cYgQ�ZÒ ÓQÔ zm�QhShygQhyx��Yh,z_bfa��JcYx£z_bfa,n�h�<=cYx�}@`\xAx_cH�JbdlQ^y2AW��QhSn cwx��Yh�}@`Q�Jh�gQlJ}Oj
�Jhyx;bf^����Jc{z�ayx�hycHz_h,^;^_hyx�bf`\lQ^�x£h,^_`YndlQz_bf`\g0�Jx�`\�Qnfhy}@^S��`Qx�a,`\gw�Yhygwz_bf`\gJcHnAg\lJ}(hyx�bfaycHnq^�b }@lQndcHz_bf`\gQ^�`{�Fzm�Qh,^_h
bdgQ^_zmcY�Qbfnfbfz_bfh,^y2�W��QlQ^y?½^_bf�\gQbLØ5aycYgwzVbdgQ^_bf�\�wz_^@aycYgª^_z_bfnfn��Jh�`\�QzmcHbdgQh,�¸��bfzm��^�zmlQ�Jbfh,^(�Jc{^_h,��`\g¸cYgJcHnf�Qz_bfaycHnLj
zm�Qh,`\x£h,z_bfaycHn=}@h,zm�Q`Q�J^y2ApFx�h,�Qbf`\lQ^�cYgJcHnf�Q^_h,^ Æ(lQ^_bdgQ��c�ÙHÚ;Û�Ü�Ý�Þ´a,`Q�JhVÈUv É Æ��Jcy�wh�^_z�lQ�Jb�h,�	z��Qb�^��Jx�`Q�Qn�hy}
h,bfzm�Qhyx���`\x�¦Tßwàmá½·;È�t É ¦Tß���h,bdgQ��zm�Qh�}ZcH�\gQh,z_bfa�^��QhycYx�cYgQ��á «/â °Hã,±;²�ä=å�·�}(`\�Jh,n=h,¢JlQbfnfb �Jx£b c�`\x���`Qx�}(`\x�h
�YhygQhyx_c{n�¦T�JlQz;^_z_bfnfnA}@`\�Jh,nd·;h,¢JlQbfn�bd�Jx�bdcJ?�bdgQa,n lQ�JbdgQ���J`w^_^_bd�Qnfh�^m�JcY�QbdgQ�	`H�F}�cH�\gQh,z�b�aOæolQÄ	^mlJxk�~cHa,h,^@È�r É 2�79g
zm�QhZ��`Qx_}@hyx;aycH^_hY?½zm�Qh(�~cHbdx�nf��^�b }Z�Qn�h�}(`\�Jh,n h,¢|lQbfnfbd�Jx�bdlJ}�cHnfnf`H�"h,�çlQ^Oz_`	�T`\aylQ^O`\gªzm�Qh��Jh,zmcHbfnf^@`H��zm�Qh
hygQhyx��Yh,z�b�a	�JcYx�z�b�a,nfh	�J�JgJcY}@bfa,^�cYgQ�=?½zm�QlQ^y?=`\g�zm�Qh��Jh,^�zmcY�Qbfnfb�eyc{z_bf`\g´}@h,a,�JcYgQbf^m}è�5lQh�z_`���cy�wh(�Jcwx�z_bfa,nfh
bdgYz�hyx_cHa,z_bf`\gQ^y2	79g�zm�QhZn c{z_z_hyx;aycH^_hY?½bdgQ^_z_hyc{�=?�c	}(`\x�h��Jx�h,a,bf^_h��Jh,^_ayx�bd�Qz_bf`\gª`H��zm�Qh���c��Yh@^m��h,a,zmx_c	bdg¸x�h�j
cHnfbf^_z_bfa��wh,`\}@h,zmx�bfh,^���cH^@`\�Qz�cHbdgQh,�+cHz@zm�Qh��Jx�bfa,h�`H��gQh,�Ynfh,a,z_bdgQ��zm�Qh	hygQhyx£�Yh,z_bfa��JcYx�z_bfa,nfh��5x£b��wh�cYgQ�+cHnfn
��c��Yh�jk�JcYx�z_bfa,nfhVx£h,^_`\gJcYgwz"b gwz_hyx_c{a,z_bf`\gQ^y³JbT2�hY2d?�zm�Qh�x�h,^mlQnfz;a,`\gQ^_bf^_z�`H�AaycHnfaylQndcHz_bf`\gQ^�`H�Fc�}�cwx��YbdgJcHnfnf�	^_zmcY�Qnfh
^_h,z�`{���Ynf`\�Jc{n=h,bf�YhygJ}@`Q�Jh,^y2

W��Qh,^�h�b gw�Yh,^_z�b��QcHz_bf`\gQ^��Jcy�wh�a,`\gwØox�}@h,�	zm�JcHzy?JlJgQ�Jhyx"a,hyx£zmcHbdg��QndcH^m}Zc�a,`QgQ�Jb�z�b�`QgQ^y?oW�R�D�é�^"aycYg	��h
^m�QbL�Tz_h,�0�J`��;gY��cYx���bdg��~x�h,¢JlQhygQa,��cYgQ��`\lQz�`{��zm�QhOz_`\x�`wb��5c{n3�~x£h,¢|lQhygQa,�	�\cw�	bdg	zm�QhOR�nL�T�F�hyg	a,`\gwz_bdgQlJlJ}	2
R;^�c¸a,`\gQ^_h,¢JlQhygQa,hY?�z��Qhyx�h0b�^�c¸�Qx�hycHz�b gQayx£hycH^_h�`H�V}(`\�Jh0�5cY}��QbdgQ�ê�5lQhÇz�`�ØogQbfz_h�a,`QlJ�Qn�bdgQ�Ëz_`¸zm�Qh
a,`\gwz_bdg\lQ`QlQ^�^m�Jh,a,zmx�lJ}	2�P5`Qx��Qb��Q�wjkÑ´cYgQ��zm�Qh�¦Tßwàmá½·�}(`\�Jh,nAh,¢JlQbfn�bd�Jx�bdlJ}ëÈLt É ?5zm�Qbf^@�JcH^Ã��h,hyg0^m�Q`H��g�z_`
`Qa,aylJx@�T`\x@á Õ á½ìy¦Tß�·�ÈL�J?AíJ?F� É ? b�2UhY2d?�cw�J`H�Yh	c0ayx�bfz_bfaycHn;zm�Jx�h,^m�Q`Ynf�´bdg´z��Qh	zm�Qhyx_}�cHn;�Qn c{^m}�c��Jx�h,^�^mlJx�h
�\x_c{�Jb�hygwzy2�7�gªzm�Qh��Jx�h,^_hygwz��"`\x�¡5?3�"h@��lJx�zm�Qhyx;h,ÄQz_hygQ�¸zm�Qh�cY�J�Jx�`QcHaÅ��`H��6"h��_2FÈLr É cYgQ��bdgw�Yh,^_z_bf�\cHz�h�zm�Qh
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bf�JhycHn5i�CSMË^m�Jh,a,zmx�lJ}/`H�o�Qbf�\�wjkÑ�W=R�D�}@`Q�Jh,^Fbdg�79W�DF6�?wbdg@`\x��Jhyx½z_`�h,ÄJ�Qnf`\x�h�z��Qh���`Y^_^_bd�Qbfnfbfzk��`H�=�Jcy�QbdgQ�
�QndcH^m}�cZh,¢JlQb�nfbd�Jx�bdc���x�h,hO`H��W�R�D+}@`Q�Jh,^y2"W��Qh�bf�JhycHn½i�C�M cH^�^mlJ}��Qz_bf`\g�a,n�hycwx�nf���Jx�h,�Yhygwz_^�lQ^S�~x�`Q} zm�Qh
a,`\}��JlQz�cHz_bf`\gZ`H�=h,Ä\a,bfzmcHz�b�`Qg�zm�Jx£h,^m�Q`Ynf�J^y?J�JlQz�cHnfnf`H��^�lQ^Fz_`@cYgJcHnf�Qe,h�zm�Qh;a,`\gQ�Jbfz_bf`\gQ^ �T`\xAhygJ�JcYgQa,h,��W�R�D
a,`\gwz_bdg\lJlJ} �5cY}��QbdgQ�0b g´c ����øYþfÿdö,÷Tÿ¨û cYgQ��a,`Q}��Qnfh,z_h,nf�´�YhygQhyx_cHn"7�W�D 6 h,¢|lQbfnfbd�Jx�bdlJ}���bfzm�ª^m�JcY�Jh,�¸æolQÄ
^mlJx9��cHa,h,^y2

W��Qh@�QndcH^m}�c@h,¢JlQbfnfb �Jx£b lJ} �"h�a,`\gQ^�b��Jhyx;�Qhyx�hOb�^S^m�Q`H��g�bdg	PAbf�52 ¿ cYgQ�	bf^�a,�JcYx_cHa,z�hyx�bfe,h,�Ç�w��±;² «
íJ2 ¿ vÇ}	? Ð « �J2��wu	}	?A}�cH�\gQh,z_bfa	cHÄQb�^���`Y^_bfz_bf`\gË¦T±@à�,;· « ¦~íJ2�vYv�}	?AuJ2LrYr�}�·¾?=h,nf`\gQ�\cHz�b�`Qg.- « ¿
/ �Y��?0 ² « tJ2LrYí�W�?F�QndcH^�}�c�aylJx�x�hygYz21 « �YuJ2���iÇR@? �Y`YndlJ}@hÇc��Yhyx�cH�Yh43 ä Õ « uJ2�uY�Y��?���`Ynf`Ybf�5cHn�ä ¹ «uJ2�rw�J?\°J¦TuY· « u / íHvVcYgQ�	°J¦9Ð�· « v / vQ�J2=i0hycYgw���QbfnfhY?JPAbf�52J��^m�Q`H��^ zm�Qh�a,`Qx_x�h,^m��`\gQ�JbdgQ���J`\lJgQ�5cwx�bfh,^�`H�=zm�Qh
z_`\x£`Ybf�5cHnJ�\cY�Obdg@zm�Qh�^��QhycYx½R�nL�T�F�hyg@a,`\gwz_bdg\lQ`QlQ^A^m�Jh,a,zmx�lJ}$¦ bT2�hY2d?wzm�Qh"�Yh,`\}@h,z�x�bfa þfôyûyÿ `{�obfz_^�c{a,aylJ}VlQndcHz�b�`Qg
�J`wb gwz_^"bdg�z��Qh��Qbf�\�wjkÑ�n�bd}@bfzm·¾2FC�hyx£hY?\cYgQ��bdg�zm�Qh���`Ynfnf`H��bdgQ�@`H�=zm�Qbf^F^_h,a,z_bf`\g3?w��x�h,¢JlQhygQa,b�h,^;cYx�h�gQ`\x�}�cHnfbfe,h,�
z_`�z��Qh�R�nL�T�F�hygZ�~x�h,¢JlQhygQa,�	`\g	cHÄQbf^�§½®65 0 ²y¯Y±;²"7 v�83ÒQ²�2

W��Qh ��x�h,¢JlQhygQa,��^m�Jh,a,zmx�lJ}Â`H�oW=R�D0}@`Q�Jh,^qbf^���`\lJgQ���w��^_`Ynf�Qb gQ��z��QhF�Ynf`\�JcHnQ�Jbf^m�Jhyx£^_bf`\g@x�h,ndcHz_bf`\g�È�� É9;:#< ¦�=Q³�§�·(>�¦dÑ3°J¦�=H·_· « ¦~�"?�@BA;·Ëà ¦ ¿ ·

���Qhyx�h : < 5�C�D,¯YÑ3° å b�^�z��QhV�ÎÊ�4­h,bd¡H`\gJcHn½hygYz�hyx�bdgQ�	b g�zm�Qh�h,ÄJ�Jx�h,^_^_bf`\g�`H�Fzm�Qh�x_cH�JbdcHn �yõFE#�yþfô�ü(� `H�Fzm�Qh
}@`Q�Jh�È�� É ?
?	bf^�zm�Qh�x_c{�Jb c{n�}@`Q�JhVgQlJ}@�Jhyx;cYgQ�6A­bf^�cYg�bdgYz�h,�Yhyx��Jh�ØogQh,�0bdg�zm�Qh��T`Ynfnf`H��bdgQ�52�W��Qh��ÎÊ�4
h,bd¡H`\gJcHn :#< bf^Vc��~lJgQa,z�b�`Qg�`H�"zm�Qh�x_c{�Jb c{n��J`w^_bfz_bf`\g3?AcH^�bfzV}Zcy�0�Jh�`\�QzmcHbdgQh,�0��x�`\} zm�Qh�^_`wn lQz�b�`Qg0`H��zm�Qh
nf`\ayc{n�W�RÃD¶�Jbf^m�Jhyx�^�b�`QgÇx£h,n c{z_bf`\g G

¦�=Hà :�< ³�§�· « u¶à ¦T�Y·
���Qbfa,�¸b�^��JcYx�cY}@h,z_hyx�bfe,h,�+�w��zm�Qh	}@`Q�Jh���x�h,¢JlQhygQa,��§�2�PolJx�z��Qhyx_}@`\x�hY?�zm�Qh�b gwz_h,�\x�cHz_bf`\gªb g´D�¢o2�¦ ¿ ·;b�^
h,ÄQz_hygQ�Jh,�´z_`Çc�a,`\}Z�Qn�h,z�h���hyx�bf`\�Jbfa�`Qx_�Qbfz�¦~cHz�Ø5ÄQh,��§�·Obdgªzm�Qh�¦H=Hà : < ·O�J�JcH^_h�j�^m�Jc{a,hY?FcYgQ�BA bf^Vh,bfzm�QhyxA « uS�T`\xA�J�JcH^_h�j�^m�Jc{a,h�x�`Yzmc{z_bf`\gQ^A`\xIA « ¿ ��`\xA�J�Jc{^_h�j�^m�JcHa,h�`w^_a,bfn�ndcHz�b�`QgQ^y2�79gQa,bf�JhygYzmc{n�nf�Y?s�"h�gQ`wz_h"zm�JcHzy?
bdg@zm�Qh�lJ�wj��J`H��g@cH^_�J}�}@h,zmx£b�a h,¢|lQbfnfbd�Jx�bdlJ} `H�5PAbf�52 ¿ ? :#< « u�cYgQ� :#< « 8�cYx�h"gQ`Yz½�ÍÊ�4ªzmlJx_gQbdgQ�@�J`Ybdgwz_^
Æ�c{^�bdg�z��Qh��YhygQhyx_cHn ^_�J}�}@h,zmx�bfa�ayc{^_h�Æ�cYgQ��zm�Jc{z�zmlJx_gQbdgQ���J`Ybdgwz(��`Y^_bfz_bf`\gQ^�gQh,h,�¸z_`Ç��h��Jh,z_hyx�}@bdgQh,�
gQlJ}@hyx�bfaycHnfnf�	��x�`\} D�¢o2q¦~�Y·,2

�



0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 0.2 0.4 0.6 0.8 1
r/a

ω
 R

0(4
π

ρ 0/B
02 )1

/2

continuum

gap

continuum

îAïyð�ñ Ù ñJ��øwúYÿ¨øwþJüK��ô�L"þM��ô��N�_ô
�Qõ5úwø
�mÿ��,ö�ôO��÷�����÷Tô
��ôYÿ úYøYþP'*þ �"E	Q��õ � ø�ü�ÿ¨õ0÷����@û�ôYõ5÷Tÿ õP�Qô
�wö�ö�ü(�mû�÷����
��ñ
E;lJ}@hyx�bfaycHn;^_`YndlQz_bf`\gQ^�`{�Ãzm�Qh	�wn�`Q�JcHn�}@`\�Jh	�Jbf^m��hyx�^_bf`\gËx�h,ndcHz_bf`\gêcYx�h�^m�Q`H��g¸bdg´PAbf�52A���T`\xOzm�Qh

z_`\x£`Ybf�5cHnÃ}(`\�Jh�gQlJ}V��hyx�Ñ « �YuJ2/D cHaÅ�¶�Ynf`\�JcHn�}@`Q�JhÇbf^�x�hy�Jx£h,^_hygYz�h,�Í�w�+cYgË�Q`\x�bfe,`\gwzmcHnS^_h,�\}@hygwz
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1QbdgQa,hY?�c{z |�~4�¸« u�?Azm�Qh�}@`Q�Jh�^_z�x_lQa,zmlJx�h	z_hygQ�J^Zz_`��Jh,a,`\}@h0�Qbf�\�Qnf�+nf`\ayc{n�bfe,h,�Ëbdg´zm�Qh�x�cH�JbdcHn
�Jbdx�h,a,z_bf`\g/¦ ö,ÿ¨õ � �Qþfø
� �Sb�z��Qb gêbf�JhycHn�i�CSM�·,?�ØogQb�z�hÇbf`\gê<=cYx_}(`\x�x�cH�JbdlQ^�¦ PF<�6�·�cwgQ�´ØogQbfz_h0�5x�bL��z£j�`\x_�Qbfz
��bf�Jzm�´¦ PA>��Î· h$R=h,a,z_^��Jh,a,`\}@hOayx_lQa,bdcHnAz_`��Jhy}(`\gQ^_zmx_c{z_h�zm�JcHz�lJgQ^�zmcY�Qnfh@�Jb�^�ayx�h,z_h�}@`Q�Jh,^�aycYg�cHa,zmlJcHnfnf�
h,ÄQb�^�z@��`Qx |�~4� Õ uJ2�7�g���cHa,zy?Abfz@bf^��J`Y^�^_bd�Qn�h�z_`�^��Q`�� zm�Jc{zVz��Qh,^_h�bdgQ^_z�cY�Qbfn�bfz_bfh,^�}�c����Jh	bdgwz_hyx_�Jx�h,z�h,�
cH^�c��Jbf^_ayx�h,z�b�eyc{z_bf`\g´`H��zm�Qh �QõJö,÷Tø��,þM�	û�ôYõ5÷Tÿ õP�
�
� �5lQh�z_`0PF<=6 cYgQ�´PA>S� h$R=h,a,z_^	È��Y� É 2´1QbdgQa,h�zm�Qh,�
cYx�h@a,�JcYx_cHa,z�hyx�bfe,h,���Y��c�^m�Qhycwx;R�nL�T�F�hyg��J`YndcYx£b�eyc{z_bf`\g�cwgQ��x£h,¢|lQbdx�h2o £ º z_`�h,ÄQa,h,h,�çc�zm�Jx£h,^m�Q`Ynf����c{n lQhY?zm�Qh,��}�c��	�JhOaycHnfn�h,�0^m�Qhycwx�R;nL���F�hyg2o £ º h,bf�YhygJ}@`Q�Jh,^�È��Y� É ¦ R�7�W�8O·,?Jbdg�cwgJcHnf`Y�Y�	z_`�z��Qh,b xSh,nfh,a,zmx�`Y^�zmcHz_bfaa,`\lJgwz_hyx_�JcYx£zy2V:S^_bdgQ��z��QhÇ¦TßYà�áq·OÈ�t É }(`\�Jh,nAh,¢JlQbfn�bd�Jx�bdlJ} ��`Qx;z_`\¡ycw}�cY¡	�QndcH^m}�c{^���bfzm�0^��Qb��Tz_h,��a,bdx�aylQndcYx
}�cH�QgQh,z_bfa�æolQÄ�^�lJx9�~c{a,h,^y?J�"h�^_z�lQ�Jb�h,��zm�QhV�Jx£`\�Qnfhy} `H��R�7�WS8 h,ÄQa,bfzmcHz_bf`\g���`Qx |�~4� Õ uJ?slQ^_bdgQ��cZ^_h,z�`H�
bdgYz�h,�\x_cHnJh,bf�YhygJ}@`Q�Jh�h,¢JlJcHz_bf`\gQ^�¦ ¢JlJcH^_bLjkgQhylQzmx�cHnfb�z���cYgQ�@�Y`\x£z_bfa,b�z��J·,?H���Qbfa,��cHnfnf`��+lQ^Az�`Ã�JcYgQ�Jnfh�cYx_�Qbfzmx_cwx��C�«oÒ º ¦�PF<=6�·�cYgQ�¬C(«3Ò(­�¦ P�>S�Î·,2
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E;lJ}@hyx�bfaycHn3^_`YndlQz_bf`\gQ^S`H�=zm�Qh�a,`QlJ�Qn�h,�	bdgwz_h,�\x_c{n5h,¢JlJcHz_bf`\gQ^ ��`QxAzm�Qh�z��"`�Ø5h,nf�J^²± |�³ à |�´qµ�¶ bdgQ�JbfaycHz_h
zm�JcHz zm�Qh��\x£`��Szm�@x_cHz_h�`{�ýR�7�WS8Îbf^�}�cHÄQbd}VlJ}À��`Qx	C
·_Ò Ó º v u / �ZÈ��Hv É ?w��bfzm�NC
·"zm�Qh���`Ynf`Ybf�5cHn3��c��YhS�Yh,a,z_`\x
cYgQ��ÒQÓ º z��Qh�zm�Qhyx_}�c{nAb�`Qg�<=cwx_}@`\x�x_c{�Jb lQ^�2�PAbf�\lJx£h,^Vr	cYgQ����^m�Q`H� È��Hv É ?=x�h,^m�Jh,a,z�b��wh,n��Y?�zm�Qh�x£hycHnFcYgQ�
bd}�cH�YbdgJcYx£�(�Jcwx�z_^A`H�5zm�QhSRÃ79W�8Î}@`Q�Jh"��x�h,¢|lQhygQa,�Y?QgQ`\x_}�c{n�bfe,h,��z_`;§ X9¹�º ?Y�Q^y2Aá��T`\x½zm�Jx�h,h"�JbSR=hyx�hygwzF��c{n lQh,^`H�	¸ º « u / tJà ¿�/ uJà_� / tQ2�PAb�ÄQh,���JcYx_cY}(h,z_hyx�^�cYx�h@ß « ¿ ?5° « ¿�/ tJ?PC · ÒQÓ º « u / �J? £�¤ ¯ £ º « ¿ ?P¸ ¤ ¯
¸ º « ¿ cYgQ�g ¹�º ¯Y±;² « u / uYtY�J?���bfzm�¬g j`l¹mº 5¹mpoq? º m�¯"? º 2;P5`\x;x�h��Thyx�hygQa,hY?qcHnf^_`�zm�Qh0¤_h,nfh,a,zmx�`w^_zmcHz_bfa,¥�79W�8'b�^�^��Q`��;g	�T`\x¸ º « � / tJ2

7~z�bf^(cw�J�JcYx�hygwzVz��JcHz�zm�Qh�R�7�W�8 bdgQ^_zmcw�Qb�nfbfz��´aycYgªh,Ä\bf^_z��"h,nfn��Jh,nf`H�$á½ì�D º ¼�©« u / rY�	z��Qh�^_z�cY�Qbfn�bfz��
zm�Jx�h,^��Q`Ynf���T`\x"bf�JhycHnA�JcHnfnf`\`QgQb gQ�0}@`Q�Jh,^VÈ�t É cwgQ��zm�JcHz;bfz�bf^�cHa,zmlJcHnfnf�	^_zmx£`\gQ�Yhyx"zm�Jcwg	zm�Qh@lQ^mlJcHn=h,nfh,a,zmx�`{j
^_zmc{z_bfa�7�W�8Í�T`\xAu / vIº0u / t 3© áq¯Yá ì�D º ¼ 3© ¿ 2AW��Qbf^ �~cHa,zAaycwg���h�h,Ä|�QndcHbdgQh,�	��bfzm�Zzm�Qh�^�zmcY�Qbfnfb�e,bdgQ��bdgwæolQhygQa,h�`H�
}�cH�QgQh,z_bfa"Ø5h,nf��nfb gQh��JhygQ�JbdgQ�52 7�gO��cHa,zy?YcY�J�Jx£`\cHa,�Qb gQ��i�CSMµ}�cwx��YbdgJcHnJ^_zmcw�Qb�nfbfz��Y?YnfbdgQhÃ��hygQ�JbdgQ��^_zmcw�Qb�nfbfeyc�j
z_bf`\gObf^�gQhycYx£n��@�JcHndcYgQa,h,���w��zm�Qh��JcHnfnf`Q`\gQbdgQ�V�Jh,^�zmcY�Qbfnfb�eyc{z_bf`\g�cwgQ�Vz��Qh�R�7�WS8Î}@`Q�Jh�bf^FlJgQ^_z�cY�Qnfh��Jh,aycYlQ^�h
`H�"zm�Qh@��x�h,h@hygQhyx��Y�Çc��HcHbfn cw�Qn�h	cHz�zm�Qh�lJgQ^_z�cY�Qnfh�a,`\gwz_bdg\lJlJ}ècHa,aylJ}@lQn c{z_bf`\g��J`wb gwzy2@Ps`\x�á[3 á ì�D º ¼�?3bT2�hY2|�~4� Õ uJ?�n�bdgQh	�JhygQ�JbdgQ�0^_zmcY�QbfnfbfeycHz_bf`\g¸�Jh,a,`\}(h,^V}@`\x£h(cwgQ��}(`\x�h@h$R=h,a,z_bf�YhY?qcYgQ�0zm�QhZRÃ79W�8 }@`Q�Jh@b�^
h,�YhygwzmlJcHnfnf�	a,`\}��Qnfh,z_h,nf��^�zmcY�Qbfnfb�e,h,�=2

<3bdgQh���hygQ�Jb gQ�s?|c{^Ab�z bf^F�"h,nfno¡QgQ`��;g3?YaycYg@cHnf^_`Oh,Ä|�QndcHbdgZzm�Qh"ØogQbfz_h�j�ä0^_zmcY�QbfnfbfeycHz_bf`\gZ`H�=zm�Qh"hY2�^y2A7�WS8
}@`Q�JhY2F7�g��~c{a,zy?w��`\x bdgQayx�hycH^�b gQ�	áË¦ äq·,?Qzm�Qh�a,`\lJ�QnfbdgQ��z_`�zm�Qh;hY2�}	2A^��QhycYx"R;n��T�F�hyg��Jx_cYgQa,�	cHnf^_`�bdgQayx�hycH^_h,^
���QbfnfhY?�cHzZzm�Qh	^mcY}@h	z�b }(hY?"zm�Qh�^_z�cY�Qbfn�bfe,bdgQ�´bdgwæolQhygQa,h�`H��nfb gQh���hygQ�Jb gQ�´�Jbd}@bdgQbf^m�Qh,^´¦ ^_bdgQa,h�zm�Qh�bf�JhycHn
}�cYx£�YbdgJcHnA^_zmcY�Qbfnfbfz���bf^VcY�J�Jx£`\cHa,�Qh,�5·,2�R;^�c�a,`\gQ^_h,¢JlQhygQa,hY?=zm�Qh@^_zmcw�Qb�nfbfe,bdgQ��bdgwæolQhygQa,h�`Qg�z��QhVhY2U^y2�7�WS8
�Jx_cYgQa,�	bf^�h,ÄJ�Jh,a,z�h,�Çz�`��Jh�^_z�x�`\gQ�Yh,^_zS^_`\}@h,���Qhyx£h�b g��Jh,z��"h,hyg	á « u@cYgQ�0á « á ì�D º ¼_?5cH^�bfz�cw�J�JhycYx�^;z_`�Jh�z��Qh�aycH^_h;��x�`\}/PAbf�52J�J2 7Tz"a,`\lQnf�Ç��h�cYx��\lQh,�	zm�Jc{zFzm�Qbf^�^m�Q`QlQn��0cHnf^_`��Jh�zm�Qh���`YbdgYz;cYx�`\lJgQ�	���Qbfa,��zm�Qh
}@`Y^�zÃlJgQ^_z�cY�Qnfh(}(`\�Jh@^m�Q`\lQnf���Jh,a,`Q}@h@zm�JcHz;��bfzm��cYg�hY2�}	2S^m�QhycYx;R;n��T�F�hyg���`YndcYx�bfeycHz_bf`\g3?=c{n�z��Q`\lQ�\��zm�Qh
hY2�^y2 7�W�8 aycYgJgQ`Yz���h��YhygQhyx_c{n�nf�	h,ÄJ�Jh,a,z_h,��z_`���h�a,`\}��Qnfh,z_h,nf�	^_z�cY�Qbfn�bfe,h,�=2

R;^�c�a,`QgQa,n lQ�JbdgQ�´x�hy}�cYx�¡5?½bfz@b�^@�"`\x�z��0z_`0hy}��J�JcH^_bfe,h	zm�Jc{z�nf`H� ��x�h,¢JlQhygQa,�Í¦¨§ v § X9¹mºUv §q¼ º ·^m�QhycYx�R;n��T�F�hyg�bdgQ^_z�cY�Qbfn�bfz_bfh,^"}�c��Ã�Jc��YhA^_bf�\gQbLØ5aycYgwzAbd}��QnfbfaycHz_bf`\gQ^Fz�`��J`Yz���hygQhyx��Yh,z�b�a"cYgQ��z��Qhyx_}�cHn\�Jcwx�z_bfa,nfh
zmx_cwgQ^m�J`\x£z_^y2�7�g�zm�Qh*��`Qx_}@hyx"aycH^�hY?ocH^�DFp�i´é�^�`H�Fh,bfzm�Qhyx;zm�Qh@4 RÃDê`\xSzm�QhVÊ�4 ië�Jx_cYgQa,�3?5z��Qh,��}�c�����h
aycYgQ�Jbf�5cHz_h,^�z_`´h,ÄJ�Qn c{b g­zm�Qh0h,ÄJ�Jhyx�bd}@hygwzmcHnO`\�Q^_hyx��HcHz_bf`\g/È ¿ � É `{�VndcYx��Yh0hygQhyx��wh,z_bfa�bf`\gËnf`Y^_^_h,^��5lQh�z_`
R;n��T�F�hyg0��c��Yh,^;��bfzm����x�h,¢|lQhygQa,bfh,^@nf`H��hyx*zm�JcYg�zm�JcHz�`{��W�RÃDSé�^y2�7�g�zm�Qh@n c{z_z_hyx�ayc{^_hY?=zm�Qh@R�7�W�8 }@`Q�Jh,^
�Jh,^_ayx�bd��h,��bdg�z��Qb�^�^�h,a,z_bf`\g	aycYg0��h�h,ÄJ�Jh,a,z_h,��z�`�c�R=h,a,zy?3�JcYx�z_bfaylQndcYx�nf�Y?3h,nfh,a,zmx�`\g�zmx�cYgQ^m�J`Qx�z_^y?J^�b gQa,h@zm�Qh,�
cYx�h;a,�JcYx_cHa,z_hyx£b�e,h,�	�w�(}ZcH�\gQh,z_bfaSæolQa,zmlJcHz_bf`\gQ^�cYgQ�=?Qa,`\gwzmx_cYx£�Vz�`�h,n�h,a,z�x�`Y^_zmc{z_bfaÃ79W�8�?QcYx�h�gQ`YzF^_z�cY�Qbfn�bfe,h,�
�w��ØogQbfz_h�j�ä´h$R=h,a,z_^y2

r



0

0.2

0.4

0.6

0.8

1

1.2

0 0.2 0.4 0.6 0.8 1 1.2

ω / ω
* p i

α
îAïyð�ñ¼»Yñ½�¾��øYþq�@ôyú
�¿�"���$�#�
�yõsûyÿ��,ö�ô���÷����¬'*ï��"ð ø
����ö$�\ô
fAõ;E,öyñ á �,ô
�0÷������$��úYÿ �U������õ5÷¯Eyøwþ��
�,ö�ô��¸ º « u / t5¦��Y·,à ¿
/ u5¦��"·,à_� / tJ¦�Àw· ñ­îFÿÁW���ú�ü|ø
��ø
�¯�y÷����_ö0ø
��� ß « ¿ � ° « ¿�/ t � C · ÒQÓ º « u / � � £Â¤ ¯ £ º « ¿ �¸ ¤ ¯�¸ º « ¿ øYõsú g ¹mº ¯w±;² « u / uYtY� ñq�����¯��ñ öyñ"ï���ðÄÃ�Å�Æ(ÿ ö�øYþLö,ô�ö$�\ô
fAõ¼�,ô
� ¸ º « � / t ñ
È ¿ÅÉ Ê�7�D 6"RÃ13?3B�2�DS2d?JcYgQ��W�RFW=R�6">�E�7913?3I52�R@2d?QI525pAndcH^�}�c�pF�w�Q^_bfa,^ÈÇFÉç¦ ¿ �YíY�Y· �Y�YtJ2
È�� É B�C;DFE;8�?JB�2�]A2 ?|BSC�D E�?J<A2d?scYgQ�ÇB�CSR�E�B�DS?Qiç2L132d?QRÃgJg323pF�w�\^�2PÊ(Ë`Ê�¦ ¿ �wíYtY·F� ¿ 2
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