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ZKHUH� Q�Z�� 7�� �>H[S�K−Z�N7��� �@�� LV� WKH%RVH�(LQVWHLQ� IDFWRU�� ,�ω��� WKH� H[SHULPHQ�WDOO\� REVHUYHG� LQWHQVLW\� �)LJ������ )URP� WKH5DPDQ� VSHFWUD� FRUUHFWHG� IRU� WKH� %RVH�(LQ �VWHLQ� IDFWRU� �)LJ������ WKH� VSHFWUDO� SRVLWLRQVDQG�KDOI�ZLGWKV�RI�WZR�ORZ�IUHTXHQF\�EDQGVZHUH� FDOFXODWHG� �7DEOH��� $V� δ LQFUHDVHV�� DKLJK�IUHTXHQF\� VKLIW� RI� WKH� EDQGV� LV� RE �VHUYHG� DV� ZHOO� DV� WKH� LQFUHDVH� RI� LQWHQVLW\DQG� KDOIZLGWK� RI� WKH� ORZHU�IUHTXHQF\� EDQGFRUUHVSRQGLQJ� WR� &X DWRP� YLEUDWLRQV�� $WWKDW��LQWHQVLW\�DQG�KDOIZLGWK�RI�WKH�KLJKHU�IUHTXHQF\� EDQG� FRUUHVSRQGLQJ� WR� &X±%UERQG�YLEUDWLRQV�GHFUHDVH�7HPSHUDWXUH� VWXGLHV� RI� WKH� RSWLFDO� DE �VRUSWLRQ�VSHFWUD�KDYH�VKRZQ�WKDW�LQ�WKH�VX �SHULRQLF� SKDVH� DW� 7 ≥ 7V�� LQ� DOO�&X��δ36�%UFU\VWDOV� XQGHU� LQYHVWLJDWLRQ� WKH� DEVRUSWLRQHGJH�LV�RI�8UEDFK�VKDSH�JLYHQ�E\�>��@
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ZKHUH� ω LV� WKH� 8UEDFK� DEVRUSWLRQ� HGJH� HQ�HUJ\� ZLGWK�� α� DQG� (��� WKH� FRQYHUJHQFHSRLQW�FRRUGLQDWHV��7KH�FRPSDUDWLYH�DQDO\VLVRI� WKH� DEVRUSWLRQ� HGJH� VSHFWUD� VKRZV� WKHYDULDWLRQ� RI� α� DQG� (� YDOXHV� DV� ZHOO� DVWUHQGV�WR�VOLJKW�ORQJ�ZDYHOHQJWK�VKLIW�RI�WKHDEVRUSWLRQ� HGJH� �GHFUHDVH� RI� WKH� RSWLFDOSVHXGRJDS� (J∗�� DQG� LQFUHDVH� RI� LWV� HQHUJ\ZLGWK� XQGHU� WKH� YDULDWLRQ� RI� WHFKQRORJLFDOFRQGLWLRQV� LQ� WKH� VHTXHQFH� D→E→F→G�� 7KHWHPSHUDWXUH� GHSHQGHQFHV� RI� ω DQG� WKH� DE�VRUSWLRQ�HGJH�VORSH�SDUDPHWHU� τ  �N7�ω DUHZHOO�GHVFULEHG�E\�WKH�(LQVWHLQ�UHODWLRQ�>��@
Z = Z� + Z�




�H[S(θ( ⁄ 7) − �



���
DQG�0DKU�UHODWLRQ�>��@

σ(7) = σ� ⋅ 



�N7K−ZS



⋅ WK



K−ZS�N7


� ���

ZKHUH� Z� DQG� Z� DUH� FRQVWDQW� YDOXHV�� θ(�WKH� (LQVWHLQ� WHPSHUDWXUH� FRUUHVSRQGLQJ� WRWKH�DYHUDJH�IUHTXHQF\�RI�WKH�SKRQRQ�H[FLWD �WLRQV� LQ� WKH� V\VWHP� RI� XQFRXSOHG� RVFLOODWRUV�K−ZS�� WKH� HIIHFWLYH� SKRQRQ� HQHUJ\� LQ� WKH� VLQ �JOH�RVFLOODWRU� PRGHO� GHVFULELQJ� WKH� H[FLWRQ�SKRQRQ� LQWHUDFWLRQ� �(3,��� σ��� WKH� SDUDPHWHU�UHODWHG�WR�WKH�(3,�FRQVWDQW�J DV�τ�  ������J���7KH�REWDLQHG�YDOXHV�RI�K−��σ� DQG�WKH�FRQWUL�

EXWLRQ� RI� VWDWLF� VWUXFWXUDO� GLVRUGHU� LQWR� WKHDEVRUSWLRQ�HGJH�HQHUJ\�ZLGWK�Z�  �Z[ IRU�WKHFU\VWDOV�XQGHU�LQYHVWLJDWLRQ�DUH�OLVWHG�LQ�7DEOH���)RU�DOO� WKH� FU\VWDOV�� WKH�YDOXH� σ� DSSHDUHGWR� EH� KLJKHU� WKDQ� ���ZKDW� LV� WKH� HYLGHQFH� RIWKH�ZHDN�(3,�>��@��WKRXJK�WKH�YDULDWLRQ�RI�WKHJURZWK� FRQGLWLRQV� �D→E→F→G�� UHVXOWV� LQ� LWVFRQVLGHUDEOH�HQKDQFHPHQW��7DEOH���%HVLGHV��WKHYDOXH� Z[�� EHLQJ� WKH� PHDVXUH� RI� VWDWLF� VWUXF�WXUDO�GLVRUGHU� LV�VKRZQ�WR� LQFUHDVH�ZLWK�WKH
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FRSSHU�FRQWHQW��δ YDOXH��LQ�&X��δ36�%U FU\V�WDOV��)LJ�����7KXV��WKH�PRVW�QRWLFHDEOH�FKDQJHV�LQ�WKHSKRQRQ� VSHFWUD� RI� &X��δ36�%U FU\VWDOV� RE�WDLQHG� XQGHU� YDULRXV� WHFKQRORJLFDO� FRQGL �WLRQV� DUH� UHYHDOHG� LQ� WKH� ORZ�IUHTXHQF\UDQJH� �ν ������FP����� 7KH� WHPSHUDWXUHVWXGLHV� RI� WKH� DEVRUSWLRQ� HGJH� KDYH� VKRZQWKDW� LQ� WKH� VXSHULRQLF�SKDVH� LW�KDV� WKH�8U �EDFK� VKDSH�� WKH� LQFUHDVH� RI� FRSSHU� FRQWHQWUHVXOWLQJ� LQ� WKH� LQFUHDVH� RI� LWV� HQHUJ\ZLGWK�� $� FRUUHODWLRQ� EHWZHHQ� WKH� PHDVXUHRI� VWDWLF� VWUXFWXUDO�GLVRUGHU� DQG� WKH�GHYLD �

WLRQ�IURP�VWRLFKLRPHWU\�LQ�&X��δ36�%U FU\V�WDOV�LV�UHYHDOHG��5HIHUHQFHV���:�)�.XKV�� 5�1LWVFKH�� .�6FKHXQHPDQQ�� $FWD&U\VW���%������������������,�3�6WXGHQ\DN��*\�6K�.RYDFV��$�6�2UOLXNDV�HWDO���,]Y��$1��6HU��)L]���������������������$�+D]QDU��$�3LHWUDV]NR��,�3�6WXGHQ\DN��6ROLG6WDWH�,RQLFV���������������������9�9�3DQNR�� ,�3�6WXGHQ\DN�� 9�6�'\RUG\D\� HWDO���1HRUJ��0DWHU����������������������6�)LHFKWHU��(��*PHOLQ��7KHUPRFKLP��$FWD��������������������9�/�6NULWVNL\�� 9�'�9DO\DYLFKLXV�� 9�,�6DPXOL�RQLV�HW�DO���)L]���7YHUG��7HOD���������������������,�3�6WXGHQ\DN�� 9�2�6WHIDQRYLFK�� 0�.UDQMFHFHW�DO���6ROLG�6WDWH�,RQLFV���������������������,�3�6WXGHQ\DN�� 0�.UDQMFHF�� *\�6K�.RYDFV� HWDO���0DW��6FL��(QJ���%��������������������,�3�6WXGHQ\DN�� 0�.UDQMFHF�� *\�6K�.RYDFV� HWDO���-��3K\V��&KHP��6ROLGV�����������������������,�3�6WXGHQ\DN�� 0�.UDQMFHF�� /�Î�6XVOLNRY� HWDO���2SWLFV�DQG�6SHFWURVFRS\����������������������$�)RQWDQD��)�5RFFD��0�3�)RQWDQD�HW�DO���3K\V�5HY���%����������������������)�8UEDFK��3K\V��5HY������������������������=�<DQJ�� .�3�+RPHZRRG��0�6�)LQQH\� HW� DO��-��$SSO��3K\V������������������������0�9�.XULN��3K\V��6WDW��6RO���D���������������������0�9�.XULN��)L]��7YHUG��7HOD������������������
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