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BDCFEHG*I>G*JLKNMOEPCQERCSJLTVULWYX[ZV\]\VI>C"X^E`_VCbaJLTdceMgfihRGdjlknmoE`p[EPpqI>r>JHULI>pnI>C1stEHsVWSpuJR\VI>C EHULZtE vLw@I>G*IxXupuWSJX[WSI>TVIRy"ZVIPIxKqX[EHpzKqJL_VpuIRCFE|{LIxpqXuWQr}E`C~\�I>C~puJLCSCQJ|\VI�stEHsVWSpuJVkoB�E]GdE}�HJLp9GdEHKuE's~JLKuWS_VCQI�\�I@w@I>G*IxXupuWSJ
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KuIxptaE�E`y1Z�I>CQCQE�stEHp[E*CFE�y"ZVIHv~I>K�X^EHT�\VJ�aI>C�KqJL_VpuI]CFE�{LIxpqXuWQr}E`C�\�I>C�stEHsVWSpuJVvtKqZVKPsVWSI>K�puJH�}EHT+I>C�EHULZtE �I>T�IxKqX^E�rxJLTV\VWSr>W}aJLT�C�a� GOWYX[I`v1Z�TtE�CQJLT�ULWSXuZV\�� �t�o������\VIxC�X[EH_VCbaJHT�I>K�X�aE���ZVI>puE�\VI>C�EHULZtE�G*WQIxT�X[p[E`Ky"ZVI+����� �V�o�����*\VI>C�X^E`_VCbaJLT�IxKqX�aE(KuZ�GOIxpuULWS\VJV ¡stE`p[E(I>KqX[EHK*GOWSKuGOEHK�r>JHTV\VWQrxWQJLT�I>K>v¢I>C�KqI>TVJ\VIxC�aEHT�ULZVCQJ*£¤y"ZVI'��JLpqGdE�IxC�G¥ZVI>CSCQI|\VIxC�s�ZVI>p�X[JdrxJLT�IxCDX^EH_VC}aJLT�I>KPWSULZtEHCgE�KuIxTP£]f �� �V�N�¦�"� k
§



¨ ZtEHT�\VJ�w@I>G*IxXupuWSJ*IxKqXtaEd©gª�«¬�®b¯<IxT�IxKqX^EOr>JLTV\�WQr>W}aJLT�C°a� GOWYX[IHv�CFEHK(aZVTVWSr}EHK���ZVIxpu�}E`KPy"ZVI�E`rxX[ZPaZVEHTKuJH_VpuI]I>CDKqWQKqXuI>GOE�X^EH_VC}aJLT��|w@I>G*IxXupuWSJ¥KuJHT±c²{LI>p�³tULZ�p[E�j´�
µ�¶ C�s�IxKuJO\VI�w@IxGOIlX[puWSJ¤·�¸º¹Y»`¼¾½¾¿ À�Á�v~EHs�CQWQr>EH\VJ*EOZ�TtE*\�WQKqX[EHTVrxWFE+Â]I>T�s�Ixpus~I>TV\VWSr>ZVCQEHp�\VIxKu\VIIxCDG�ZVI>CSCQI@\�I>C�sVZVIxpqX[J�k
µ�¶ C�s~I>KqJ|\VI>C"X^E`_�aJLT¤�ÄÃNÅLÆ¢ÁOc�\VJLTV\VI�Ç fiÈ�r>GÊÉ�ËLh�r>GÌI>KNCQE�KqI>r>rxWbaJLT�\�I>C X[EH_VC}aJLT�j�EHsVCQWSr}EH\�JE¤ZVTtE�\VWSKqX^E`TVr>WQE � Í �� � � ��� � I>T�s~I>pus~I>T�\VWQrxZVCFEHp�\�I>Ku\�I'IxCDG�ZVI>CSCQI`k
µ�¶ CVIxGOsVZºÎqI¡ÏtEHrxWFE@EHpqpuWS_tEP\VI�CQEPstEHp�X[I¡\VIxC�X^E`_VCbaJLT¥KuZVG*I>pqULWQ\tE�Ðu����� �V�n�����^Ñ¢ÃNÅ�ÒuÁ~vLy"ZVIIxKqX�aE�E`sVCQWSr}EH\VJ*I>T<IxCnrxI>T�X[pqJ�\VI¥CQEOstE`pqX[I'KuZVG*I>pqULWQ\VE�v�sVEHpqXuI¥y"ZVI�I>K�X�aEdCSJ r>EHCQWS�}EH\VE*EOZVTtE
\VWSKqX[EHTVr>WQE�I>T�s�Ixpus~I>TV\VWSr>ZVCQEHp�\VIxKu\VI]I>CDG�Z�I>CQCSI@WQUHZtEHCgE �Ó� � �V�o�����Í �� � � ��� � k

µ B�EOT�JLpuGOEHCgÏtE`r>WFE*EHpqpuWQ_VEOEHs�CQWQr>EH\tE�I>T+I>C�sVZVT�XuJ�Ô�y"ZVI¥Ixy"ZVWQCSWQ_VpuEPÎqZ�T"XuJdrxJLT�IxC�IxGOs�ZÕÎqICSJLK�s�IxKuJLKR\VIxCgX^EH_VC}aJLT���\VI]w@IxGOIlX[puWSJVk
¶ T�CQEÓr>JLTV\�WQr>W}aJLT±\VI�Ixy1Z�WQCQWS_VpuWSJ�TVJ(KVaJLCQJÓKqI�\VI>_~I�r>ZVG*sVCQWSp¥y"ZVI�CQEÓKuZVGOEÓ\VI���ZVI>pq�}EHK�KqI}Er>IxpuJVv~KuWSTVJ*y1Z�I¥CFE¤KuZ�GdE¤\VI¥G*JLG*I>T�X[JHKRrxJLT�pqI>Kqs�IxrxX[J�E*rxZtEHCQy"ZVWSI>p�sVZVT�XuJ�KuI>EOr>IxpuJVk�B�E¤KuZVGOE\VI]CQJLKREHT�XuI>puWSJLpuIxK�G*JLG*I>T�X[JHKRG*I>\�WQ\VJLK�\VIxKu\VI'I>C�sVZVT�XuJ�Ô0I]WQULZVEHCFEH\VE�E*rxI>puJO\tEOCQE�KuWQUHZVWQIxT"XuII>rxZtEHrxWbaJLT�stEHpuE¤CQE�r>JLTV\�WQr>W}aJLT�C�a� GOWYX[I`�

��·�¸b¹Y»�¹Y¼Ö½×¿ À�Á@� � Í �� � � ��� � �ÄÃNÅLÆ¢Á~�
� �<� � �V�N�¦���Í �� �V�o����� Ð ��� � �t�o����� Ñ ÃNÅ�Ò[Á�fÙØ�Ú

c § j

I>T�\VJLTV\VI�X[J1\VJ�IxK�r>JHTVJ rxWQ\VJÛK[E`CS{LJ�CFE(GdEHKuEÜ\VI�w@I>G*IxXupuWQJ�kÞÝ ZV_VK�X[WYX[Z��HI>TV\VJ%CSJLK*\tE`X[JHKO\VIxCsVpqJL_VCQIxGdE v
� Í �� � � �¦� � �%fßh"� h�G � Ú �Ó� � �V�N�¦���Í �� � � ��� � Ðu����� �t�o�����[Ñ�f$à � h�G � Ú

KuI]JL_�XuWQIxTVI|y"ZVI'CQE�GdE`K[E�G�aEºÉ�WSGdE'\VI]w@I>G*IxX[pqWQJ�IxK>�
·�¸º¹Y»�¹á¼Ö½¾¿ Àof Ø â×Ø�h Í G �Í G Ð à � h¤G �9ã Å�ÒÄ�¦h � h�G �Äã ÅLÆ Ñ fßhLh â Í�ä UPâ c Í j

¶ T�I>C�sVZ�T"XuJ¥IxTdI>C�y"ZVIPw@I>G*IxX[pqWQJiKuI�y"ZVI>\tE]y"ZVWQIlX[JVv1stEHpuEiXuI>TVIxpzI>C�KqWQKqXuI>GOE'w@IxGOIlX[pqWQJ"�PX^E`_VCbaJLTI>T�I>y"ZVWSCQWS_VpuWSJ¥KtaJHCQJ�I>K�T�I>r>IxK[EHpqWFE�CFE�T�JLpuGOEHC�ÏVEHr>WQE�EHpupqWQ_tE¥y"ZVIiÏtE`r>IiI>CgG¥ZVI>CSCQIP\�I>CDsVZVIxpqXuJV Vs~JLpX^E`T"XuJ¤I>T�I>KqIiGOJLG*I>T�XuJ�TVJ�I>K�T�I>r>IxK[EHpqWQJ¤KuZºÎqIxX^E`p�I>C�X[EH_VC}aJLTgk9Ý WST�I>G�_VEHpuULJ�v�r>ZVEHTV\VJ*w@I>G*IxXupuWSJKuI¥G�ZVIx{HI�KuJL_�puI�IxCnX^E`_VCbaJLT�v�CQE*��ZVIxpu�}EOy1Z�I�WQG*sVZVCQKuEOEdw@I>G*IxX[pqWQJOI>K@CQE*��ZVIxpu�}EO\VI�puJH�}EHG*WQIxT"XuJI>T�XupuIPIxCtX^EH_VC}aJLT¤�*w@I>G*IxX[pqWQJV��I>K�X^Ei��ZVI>pq�}E]XuWQIxTVI�IxC�KuI>T�XuWQ\VJ'\VI>C�G*Jº{1WSGOWSI>T�X[Ji\VI�w@I>G*IxXupuWQJ�koB�EG*WQKuGOE¥��ZVIxpu�}E¤s~I>puJ¤IxT+KqI>T�X[WS\VJOrxJLT�X[puEHpuWSJOE`rxX�aZtE�KqJL_VpqI]IxCgX^EH_�CbaJLTgv ��EHZVTVy"ZVIiKqZ�r>JHGOs~JLTVIxT"XuI{LIxpqXuWQr}E`C1KqI}ERI>y"ZVWQCSWQ_VpuEH\tE�s~JLpDCFE�TVJLpqGdEHCåvbKuZ'r>JLG*s�JHTVI>T�X[IÄÏVJLpqWQ�xJLT�X^EHC�\VIx_�IÄKuIxpnIxy"ZVWQCSWQ_VpuEH\tE¡s~JLpæ pqy"ZDa� G*I>\VIxKiKuZÕÎqIlX^EHTV\�J�IxCoX^E`_VCbaJLT���X[WSp[EHT�\VJ�ÏtEHrxWFE�K>a� r>ZtE`TV\VJ+w@I>G*IxX[pqWQJOKuZV_tE�J�I>G*sVZÕÎuE`TV\VJÏtEHrxWFE�I>CDGOEHp�rxZtEHTV\VJOw@I>G*IxXupuWSJ�_tEºÎqI`k
Í



ç 6�798*:<;>=@? A ç
mèZVI>K�X[J±y"ZVI�I>C�\�WbaEHG*IxXupuJ(\VI�CFE<T"ZV_�I`vzy"ZVI+I>K¤WQULZVEHC�E § Ø ä G�vzIxKOZVT¦JLpq\VI>T�\VI+GOEHULT�WSX[Z�\GOEb�HJLpRy1Z�I¥CFE¤KuIxstEHpuEHr>W}aJLT+IxT�X[puI'CFE¤T"ZV_�I]��CFE¤KuZVs~I>p�³tr>WSI]XuI>pqpuI>K�X[pqI�c���CQE*KqZVs~I>pq³Vr>WQI]X[IxpupuIxKqXupuIKuIPsVZVI>\�I@r>JLT�KuWQ\�I>p[E`pzsVpVaEHrxXuWQr}E`GOIxT"XuIPWST�³tTVWYX^EiI>T�IlÉ1XuI>TVKqWbaJLT�j´v�KqI@sVZVIx\VI|EHsVpqJ}É�WSGdE`pÄIxC�KqWQKqXuI>GOEX[WSI>pqp[E��@T"ZV_~I|E¥ZVT�rxJLTV\VIxTVK[EH\�JLp�sVCFE`TVJ�\VI@s�CFEHr>EHKzstE`p[EHCSI>CFE`K>k ¶ T�X^E`C�rxJLTV\VIxTVK[EH\�JLp>vtIxC�r}E`GOs~JI>CSI>rlX[puJHKqX�aEÕX[WQrxJ(r>puI>EH\VJÛs�JHp�r}EH\tE<ZVTVEÛ\VI�CQEHK�sVCQEHr}EHK�IxK¤WQULZtE`C�E¦cZ�XuWQCQWS�}EHT�\VJÓI>C¡XuI>JLpqI>GOEÓ\VIé EHZVKuK[j�ê0f ëÍÕì Ò v9\VJLTV\�I ë IxK*CQEÓ\VI>T�KuWQ\VEH\�KuZVs~I>p�³tr>WQEHC�\VI�r}E`puU�E� zKuZVs~JLTVIxGOJLK�y"ZVI�IxC�EHWQpqII>T�XupuI�CQE�T"ZV_~Id�ÛCFE�X[WQIxpupuE���ZVT�r>WQJHTtE+rxJLGOJ+KuW9��ZVI>puE�I>C9{`EHrHa� JVk�B�E+X[WSI>pqp[E�r>puI>E�\VWSr^ÏVJÓr}E`GOs~JEHsVZ�T"X[EHTV\VJÜÏtEHrxWFE(EHpupqWQ_tE<IxT�IxC�I>KusVEHr>WSJÜIxT"XupuI�CFEÓX[WSI>pqp[EÓ��CFEÓT"ZV_~IHvz�±CFE<_tEHKqI+\VI�CQE(T"ZV_~Icr>EHpuULEH\tE�TVIxU�E`X[WY{`EHGOIxT�X[IbjÄr>puI>E�I>KqXuI|GOWSKuG*J¥r>EHGOs~J���IxT�CFE¥G*WQKqGdE]\VWQpqI>r>rxWbaJLT��dKuI>T�XuWQ\VJ�stE`p[EI>C~I>KqstEHrxWQJ]I>T�X[pqIPI>CSCFE@�*CFE@X[WSI>pqp[E�komnJLpÄX^EHT�X[J]I>C�r>EHGOs~J]I>CQIxrxXupuJLK�X�aE`XuWQr>J]y"ZVIPÏVEb�*IxT"XupuIRCFE|X[WSI>pupuE��CQE¤T"ZV_~IiI>KRWQULZVEHCgE*êíf Í ëÍÕì Ò f § ØÕîRïið`G+k ¨ JHT+IxKqX[J�v~IxCg{`EHCQJLpz\VIiCFE�\VI>T�KuWQ\VEH\+KqZVs~I>pq³Vr>WFE`C
\VI¤r}E`puU�E�y"ZVI*r>puI>E�IxKqXuI*r>EHG*s�J�I>KiWSULZtEHCoE ë fßÈ�âñÈHà¤ò § Ø"ó1ô ¨ ðÕG � k¤B�E�r}E`puU�E�EHCSGdEHrxI>TtE`\tEI>T�CFE�_tE`KuIi\VIiCFE�T"ZV_~IHvty"ZVI]I>K�ZVTtE¤KuZVs~I>p�³tr>WSIir>WQpqr>ZVCQEHp¡\VIipuEH\VWQJ�õ¡fih ä G�vVIxK�WSULZtEHC�Eö fÞ÷�ø � ë fßË�âñùHà ¨ â cú�jmèZVI>K�X[J¤y"ZVI|I>C�r}EHG*s~J�I>CSI>rxXupuJLK�X�aE`XuWQrxJ¥I>K�rxJLTVK�X^EHT�X[I*c�TVJ�\VIxs�IxTV\VIi\VI@CQE¥EHCYX[ZVpuE¥I>T�XupuI@CQE'X[WSI>pupuE��CQE¤T"ZV_~Ibj´vtCFE�\VWY��I>puIxTVr>WQE�\VIis�J`X[I>T�r>WFE`CgI>T�X[pqI'CQE¥X[WSI>pupuE���CFE�_tE`KuI]\VIiCFE�T"ZV_~I'IxKRWSULZtEHC�E

ûÌf$ê���f ëì Ò �]Ú��CQE¤r>EHstEHrxWQ\tE`\�\�I>CDr>JHTV\VI>T�K[EH\VJHpR��JLpqGdE`\VJ�s�JHp�CFE¥X[WSI>pqp[E���CFE�T"ZV_~I]I>K
ü f ö û f ì Ò ÷�ø �� f$àH÷ ì Ò ø �à"� f § â×úLù�ò § Ø ó1ýRþ f § â×úHù¤ÿ þ â c�à"j

¨ ZtEHTV\VJ(KqI�s�puJ1\VZVr>I�CQEÓ\VI>Kqr}EHpqU�E<I>ClaI>rxXupuWSr}E�vè�±KqZVs~JLTVWQIxTV\VJ(y"ZVI�CFE�XuWQI>pqp[E+�±CFE�T"ZV_~I�KuI{`EHrHa� EHT<r>JHGOsVCSIxX[EHGOIxT�X[I¥\�I�r}EHpqU�EdI>ClaI>rlX[puWSr}E�v�X[J1\tEdCFEOI>TVIxpuUta� E�I>CQIxrxXupuJLK�X�aE`XuWQr}EdEHCQGOEHr>IxTtEH\tE*I>TI>C�r>JLTV\�I>TVKuEH\VJLp�KqI|\VWQKqWQstE¥IxT���JLpuGOE¥\VI|r>EHCQJHp|cpuE}�LJ��dXupuZVIxTVJ"j´k ¶ K�X^E�I>T�I>puUVa� E¥KqI>r}E`CQr>Z�CFE�\VI@CQEKuWSULZVWSI>T�X[Ii��JLpuGOE��9r>JHTVKuWS\VI>pqI>G*JLK�IxC�r>JLTV\�I>TVKuEH\VJLp�X[WSI>pupuE��@T"ZV_tEdE¤G*I>\VWSJ*r>EHpuULEHp�r>JLT�X[IxTVWQIxTV\VJZVTtE¤r}E`puU�E��>�èCFE�\VWY��I>pqI>TVrxWFE�\VIis�J`X[I>T�r>WFE`CgI>T�X[pqIiKuZVKRsVCFE`r}EHK�IxKRWSULZtEHCgE
ûÌf$ê���f ��

�
�÷�ø �ì Ò
���
	 �

��IxCgX[p[E`_tEºÎqJ¤stEHpuE*WSTVr>pqI>G*I>T�X^EHp�IxT±Â
��CFE�r>EHpuU�E�y"ZVIir>JHT"XuWQIxTVIiI>KRWQULZtE`CgE
��� fßû¥� � f �÷�ø � ì Ò � � � âmnJHp@X^EHT�X[J�vDI>CoXup[EH_tEbÎqJ�y"ZVI�ÏVEHr>I¤I>Cor}EHG*s�J�IxCQIxrxX[pqJLKqXtaE`X[WSr>J�IxTÛr>EHpuULEHp@I>Cor>JLTV\�I>TVKuEH\VJLpi\VIxKu\VIZVTtE¤r}E`puU�E��^f|Ø�ÏtEHKqX[E*Z�TtE*r>EHpuULE�³VTtEHC�^f��0IxKRWSULZtEHC�E
� f����Ò �÷Dø@� ì Ò � � � f §Í �÷�ø@� ì Ò ö � f ö �Í ü â cåhLj

¶ KqXuI�Xup[EH_VEºÎqJiKuIREHCQGOEHrxI>TtEP\�I>T�X[pqJ'\VIxCVr>JHTV\VI>T�K[EH\VJHpÄIxT*��JHpuGOEP\VI�I>T�I>puUVa� E|I>CSI>rxXupuJLK�X�aE`XuWQr>E�vLy"ZVII>KRCFE�IxTVI>pqUta� E�y"ZVI]KuI]\VWQKqWQstE¤EHCg\�I>Kur>EHpuULEHpuKqI¥I>CDrxJLTV\VIxTVK[E`\VJLp>k ¶ T�T"ZVI>K�X[pqJdr}E`KuJVvtIxKqX^E*I>TVIxpuUVa� EI>KRWQUHZtEHCgE�� f § â��¤ò § Ø�����k
ú
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BDJLK�\tE`XuJLK�y1Z�I]ÏVEb��y"ZVIipqI>sVpqI>KuIxT�X^EHpRKuJLT��

CSJLU�c��Hj � § �eØ�kñù Í § � Ø�kñÈ�h`à � Ø�k��HùLË � Ø�k��`à"h � Ø k×ËLùHùCSJLU�c�XuUz£Hj Ø�kñú § Í Ø�kñØLù Í � Ø�k § Í ú � Ø�k Í ùLú � Ø�k à�ùLú � Ø k¾h�� ÍCSJLU�c��Hj �eØ�k×ËLhHÈ �eØ�kñË Í Ø � Ø�k×hHÈ�h � Ø�k×hLhHú � Ø�k×h Í úCSJLU�c�XuUz£Hj �eØ�k�� §L§ �eØ�kñÈLØLØ � Ø�kñù §L§ � § kñØ�hHÈ � § k § hLh
r>Z ��EdpqI>sVpqI>KuIxT�X^EHrxWbaJLTÓKqI's�ZVI>\VI]{LIxpPI>T+CFE�KuWSULZVWSI>T�X[I|³tULZ�p[E�k�w@I]EHrxZVI>pq\VJdrxJLT�CQE*Ï�WQs�aJHXuI>KqWQK>vtCQE

log(tg )θ

log(r)

−1.2

−1

−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

−1 −0.95 −0.9 −0.85 −0.8 −0.75 −0.7 −0.65 −0.6 −0.55 −0.5
−1.2

−1

−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

−1 −0.95 −0.9 −0.85 −0.8 −0.75 −0.7 −0.65 −0.6 −0.55 −0.5
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