
5HODWLRQ�RI�SKRVSKRUHVFHQFH�VSHFWUD�ZLWKVWUXFWXUH�WUDQVIRUPDWLRQ�LQ�EHQ]RSKHQRQH
1�$�'DY\GRYD��9�,�0HOQLN��.�,�1HOLSRYLWFK��0�'UR]G

,QVWLWXWH�RI�3K\VLFV��1DWLRQDO�$FDGHP\�RI�6FLHQFHV����1DXN\�$YH���������.\LY��8NUDLQH,QVWLWXWH�RI�/RZ�7HPSHUDWXUH�DQG�6WUXFWXUH�5HVHDUFK�3ROLVK�$FDGHP\�RI�6FLHQFHV����2NROQD�6WU�����������:URFODZ��3RODQG
$� QHZ� FU\VWDO� γ PRGLILFDWLRQ� RI� EHQ]RSKHQRQH� LV� ILUVW� GHVFULEHG� EDVLQJ� RQ� EDVLV� RILQYHVWLJDWLRQ�RI�SKDVH�WUDQVLWLRQV�XVLQJ�GLIIHUHQWLDO�VFDQQLQJ�FDORULPHWU\��7KH�UHODWLR QVKLSEHWZHHQ� SHFXOLDULWLHV� RI� WKH� EHQ]RSKHQRQH� SKRVSKRUHVFHQFH� VSHFWUD� DQG� γ PRGLILFDWLRQSUHVHQFH�LV�GLVFXVVHG�
{¹Ë¯m©Ë�°ºº�ÈË�°«�º�ÓÈã
�ËÓÒÒ�Óºmº®�γ�äº�ÒÁÒ}È�ÒÒ�ËÓÏºÁËÓºÓÈ�ÓÈ�º°ÓºmÈÓÒÒÒ°°ãË�ºmÈÓÒ«�ÁÈÏºm©²�¹¯Ëm¯È�ËÓÒ®�äË�º�ºä��ÒÁÁË¯ËÓ�ÒÈã	Óº®�°}ÈÓÒ¯�
�Ë®�}Èãº¯Ò�äË�¯ÒÒ�� |°�Î�ÈË�°«� °m«Ï	 º°ºËÓÓº°�Ë®� m� °¹Ë}�¯È²� Áº°Áº¯Ë°�ËÓ�ÒÒ� ËÓÏºÁËÓºÓÈ� °ÓÈãÒ�ÒËä�γ�äº�ÒÁÒ}È�ÒÒ�

%HQ]RSKHQRQH� LV� NQRZQ� WR� H[LVW� LQ� WZRFU\VWDO�PRGLILFDWLRQV�� QDPHO\�� VWDEOH� α DQGXQVWDEOH� β�� EHVLGHV�� EHQ]RSKHQRQH� FDQ� WDNHD�JODVV�IRUP�;��7KH�; PRGLILFDWLRQ�FDQ�EHREWDLQHG� E\� DEUXSW� FRROLQJ� RI� WKH� OLTXLGSKDVH�� α DQG� β PRGLILFDWLRQV� DUH� IRUPHGRQO\� IURP�;�PRGLILFDWLRQ� E\� KHDWLQJ� LW� XSWR�VXSHUFRROHG�OLTXLG�EHQ]RSKHQRQH�DQG�IXU �WKHU� RQ�� 9LVXDO� REVHUYDWLRQ� H[KLELWV� WKHWHPSHUDWXUH�UDQJH�RI�DERXW�����.�WR�����.ZKHUH� WKH� JURZWK� RI� β�SKDVH� PLFURFU\VWDOVLV�VWDUWHG��7KH�β PRGLILFDWLRQ�LV�XQVWDEOH�DQGWUDQVLWV� LQWR�α RQH�DV�WHPSHUDWXUH�LQFUHDVHV�$W�URRP�WHPSHUDWXUH��RQO\� α PRGLILFDWLRQ�LVVWDEOH�ZKLOH�DW����.��DOO�RQHV� �α��β DQG�;��)RU�PRUH�GHWDLOV��VHH�>�@�7KH�SKRWROXPLQHVFHQFH�RI�HDFK�EHQ]RSKH �QRQH� PRGLILFDWLRQ� KDV� EHHQ� VWXGLHG� LQ� >�@�DQG� VRPH� SHFXOLDULWLHV� KDYH� EHHQ� REVHUYHGRQO\� LQ� WKH� β PRGLILFDWLRQ� VSHFWUD� WKDW� FDQQRW� EH� H[SODLQHG� LQ� WKH� IUDPH� RI� XQFRP �ELQHG�PRGLILFDWLRQV�RU�PL[LQJ�RI�WKH�NQRZQRQHV�� 7KH�SHFXOLDULWLHV�PDQLIHVW� WKHPVHOYHVDV�D�QHZ�EDQG�VHULHV�,Q�RUGHU�WR�XQGHUVWDQGWKH�QDWXUH�RI�WKRVH�QHZ�EDQGV�WKH�WHPSHUD �WXUH� GHSHQGHQFH� RI� WKHLU� TXDQWXP� \LHOGKDYH� EHHQ� VWXGLHG� DV� ZHOO� DV� WKDW� IRU� β

PRGLILFDWLRQ� RQHV�� ,Q� WKLV� SDSHU�� ZH� DOVRKDYH� XVHG� WKH� GLIIHUHQWLDO� VFDQQLQJ� FDO �RULPHWU\� �'6&�� WR� REWDLQ� GHWDLOHG� LQIRUPD �WLRQ�RQ�SKDVH�WUDQVLWLRQV�LQ�EHQ]RSKHQRQH�7KH�'6&�PHDVXUHPHQWV�ZHUH�FDUULHG�RXWXVLQJ� 3HUNLQ� (OPHU� '6&� �� DW� WKH� KHDW �LQJ�FRROLQJ� UDWH� ���&�PLQ�� )RU� WKH� ILUVWWLPH� WKH� IXOO� SLFWXUH� FRQFHUQLQJ� DOO� SKDVHWUDQVLWLRQV�RFFXULQJ�LQ�EHQ]RSKHQRQH�LQ�WKHWHPSHUDWXUH� UDQJH� IURP� ���� .� WR� ���� .ZDV�REWDLQHG�)LJ���� FXUYH� �� VKRZV� WKH� '6&� XQGHUKHDWLQJ�IRU�α PRGLILFDWLRQ��2QO\�RQH�VWURQJWUDQVLWLRQ� DW� ������ .� FRUUHVSRQGLQJ� WRPHOWLQJ� SRLQW� RI� α�EHQ]RSKHQRQH� LV� RE�VHUYHG��8QGHU�FRROLQJ�WKH�PROWHQ�EHQ]RSKH �QRQH�� WKH�'&6� FXUYH� � �)LJ���� LV� REWDLQHG2Q�WKLV�FXUYH��RQO\�RQH�ORZ�HQHUJ\�WUDQVL �WLRQ� DW� DERXW� ������.� LV� VHHQ�FRUUHVSRQG �LQJ� WR� WKH� IUHH]LQJ�� WKDW� LV�� WKH� JODVVSKDVH��;�PRGLILFDWLRQ��IRUPDWLRQ�)LJ��� �FXUYH� ��� VKRZV� WKH� VHFRQG� XQGHU'6&� KHDWLQJ� H[SHULPHQW�� EXW� LQ� FRQWUDVW� WRWKH�FXUYH����QRZ�IRU�;�EHQ]RSKHQRQH�,Q�WKLVFDVH�� DOO� WHPSHUDWXUH�LQGXFLQJ� VWUXFWXUHWUDQVIRUPDWLRQV� RI� ;�EHQ]RSKHQRQH� DUH� RE�VHUYDEOH�� )LUVW�� JODVV� EHQ]RSKHQRQH� LV� WUDQV �IRUPHG� WR� VXSHUFRROHG� OLTXLG� VWDWH� DW
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