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5HFHLYHG�1RYHPEHU���������
7KH� IHDWXUHV� RI� WKH� RUJDQLF� VFLQWLOODWRU� OLJKW� \LHOG� DV� D� IXQFWLRQ� RI� WKH� LRQL]LQJ

UDGLDWLRQ�HQHUJ\�DW�KLJK�VSHFLILF�HQHUJ\�ORVVHV��G(�G[��WDNLQJ�IDVW�QHXWURQV�DV�DQ�H[DPSOH
KDYH� EHHQ� FRQVLGHUHG�� 7KH� GHSHQGHQFHV� RI� OLJKW� \LHOG� RQ� WKH� QHXWURQ� HQHUJ\� KDYH� EHHQ
REWDLQHG� LQ� H[SHULPHQW� IRU� VWLOEHQH� VLQJOH� FU\VWDO� DQG� WKH� OLTXLG� VFLQWLOODWRU� �GLLVRSURS\O
QDSKWKDOHQH���%32�� �� J�O�� XQGHU� LUUDGLDWLRQ� E\� ���3X±%H� QHXWURQ� VRXUFH�� $� PHWKRG� RI
QHXWURQ�VSHFWUD�UHFRQVWUXFWLRQ�EDVLQJ�RQ�UHFRLO�SURWRQ�VSHFWUD�KDV�EHHQ�GHVFULEHG�DQG�WKH
REWDLQHG�VSHFWUD�IRU����3X�%H�VRXUFH�KDYH�EHHQ�SUHVHQWHG��
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7KH� K\GURJHQ� FRQWDLQLQJ� PHGLD� DQG
WKXV�� ILUVW� RI� DOO�� RUJDQLF� VFLQWLOODWRUV�� DUH
WKH� PRVW� HIILFLHQW� PHDQV� IRU� WKH� IDVW� QHX�
WURQ�VSHFWURPHWU\� >����@��7KH� IDVW�QHXWURQV
JHQHUDWH� LQ� RUJDQLF� VFLQWLOODWRUV� WKH� UHFRLO
SURWRQV� FDXVLQJ� WKH� VFLQWLOODWLRQ� SXOVHV�
:KHQ� DQ� RUJDQLF� VFLQWLOODWRU� LV� H[FLWHG� E\
LRQL]LQJ�SDUWLFOHV�ZLWK�KLJK�VSHFLILF�HQHUJ\
ORVVHV� �G(�G[��� VXFK� DV� SURWRQV�� LWV� OLJKW
\LHOG� GHSHQGV� QRQ�OLQHDUO\� RQ� WKH� SDUWLFOH
HQHUJ\��7KLV�QRQ�OLQHDULW\�RI�WKH�VFLQWLOODWRU
OLJKW�\LHOG�LV�GXH�WR�WKH�SUHVHQFH�RI�TXHQFK�
LQJ�HQHUJ\� ORVV� LQ� WKH�SDUWLFOH� WUDFN� >����@�
,W�LV�%LUNV�ZKR�KDV�SURSRVHG�D�VHPL�HPSLUL�
FDO� H[SUHVVLRQ� IRU� WKH� UHODWLRQVKLS� EHWZHHQ
WKH� SDUWLFOH� HQHUJ\� (� DQG� WKH� QXPEHU� RI
VFLQWLOODWLRQ�SKRWRQV�/�JHQHUDWHG�E\�VXFK�D
SDUWLFOH�� 7KLV� GHVFULSWLRQ� LV� EDVHG� RQ� DV�
VXPSWLRQ�RI�XQLPROHFXODU�TXHQFKLQJ�FKDUDF�
WHU� ZLWKLQ� WKH� WUDFN� >�@�� � ,Q� >�@�� D� /�(�
GHSHQGHQFH�ZDV�REWDLQHG�E\�:ULJKW�DVVXP�

LQJ�WKH�ELPROHFXODU�TXHQFKLQJ�FDXVHG�E\�LQ�
WHUDFWLRQ� RI� QHLJKERULQJ� LRQL]HG� RU� H[FLWHG
PROHFXOHV�� +RZHYHU�� LW� KDV� EHHQ� VKRZQ� >�@
WKDW�WKH�:ULJKW�IRUPXOD�ZDV�GHULYHG�LQFRU�
UHFWO\�DQG�WKXV�FDQQRW�EH�XVHG��2XU�UHVXOWV
>��� �@� WHVWLI\� WR� ELPROHFXODU� TXHQFKLQJ� IRU
LRQL]LQJ�UDGLDWLRQ�ZLWK�KLJK�VSHFLILF�HQHUJ\
ORVVHV� �G(�G[��� WKXV�� WKH� XQLPROHFXODU� DS�
SUR[LPDWLRQ�LV�LQDSSOLFDEOH��7KDW�LV�ZK\�WKH
VHPL�HPSLULFDO�UHODWLRQ�E\�%LUNV�IRU�/�(��LV
LQYDOLG��WRR���7KXV��WKH�SUREOHP�RI�WKH�VFLQ�
WLOODWLRQ� UHVSRQVH� GHSHQGHQFH� RQ� WKH� LRQL]�
LQJ� SDUWLFOH� HQHUJ\� UHTXLUHV� D� IXUWKHU
VWXG\�

,W�LV�WR�QRWH�WKDW�WKHUH�DUH�HVVHQWLDOO\�QR
VHSDUDWH� VRXUFHV� HPLWWLQJ� DQ\� VSHFLILF� VLQ�
JOH� W\SH� RI� LRQL]LQJ� UDGLDWLRQ�� WKHUHIRUH�
ZKHQ� D� QHXWURQ� VRXUFH� LV� XVHG� LQ� H[SHUL�
PHQW�WKH� VFLQWLOODWRU� GHWHFWV� ERWK� QHXWURQV
DQG�DFFRPSDQ\LQJ�EDFNJURXQG�J�SKRWRQV��,Q
>�@�� ZH� KDYH� GHVFULEHG� WKH� H[SHULPHQWDO
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VHWXS�RI�RXU�GHVLJQ�DQG�WHFKQLTXH�IRU�VHOHF�
WLYH�GHWHFWLRQ�RI� IDVW�QHXWURQV� DQG� J�UDGLD�
WLRQ�� � �7KH� VFLQWLOODWLRQ� DPSOLWXGH� VSHFWUD
IRU� VWLOEHQH� VLQJOH� FU\VWDO� SUHVHQWHG� EHORZ
KDYH�EHHQ�REWDLQHG�XVLQJ�WKDW�VHWXS��$V�WKH
VFLQWLOODWLRQ� DPSOLWXGH� VSHFWUD� REWDLQHG
XQGHU�QHXWURQ�LUUDGLDWLRQ�RI�RUJDQLF�VFLQWLO�
ODWLQJ�PHGLD�DUH�WKH�UHFRLO�SURWRQ�RQHV��WKH
QHXWURQ� VSHFWUXP� LV� WR� EH� UHFRQVWUXFWHG
SULRU�WR�LWV�VWXG\�

/HW�WKH�IXQFWLRQ�M�(Q�� �GHVFULEHV�D�VSHF�WUXP� RI� QHXWURQV� ZLWK� HQHUJ\� YDOXHV� (Q�:KHQ�QHXWURQV�DUH�VFDWWHUHG�HODVWLFDOO\�LQ�D
VXEVWDQFH��WKH�UHFRLO�QXFOHL�DUH�IRUPHG��WKH
HQHUJ\� (U� WKHUHRI� EHLQJ� UHODWHG� WR� WKH� LQ�LWLDO�QHXWURQ�HQHUJ\�(Q�DV�>����@

(U�(Q�� �D���(QFRV�T� ���
ZKHUH�D� ��P0U��P���0U����P� LV� WKH�QHX�
WURQ�PDVV��0U��WKH�UHFRLO�QXFOHXV�PDVV��T�LV
WKH�VFDWWHU�DQJOH���dFRV�Td���,W�IROORZV�IURP
(T����� WKDW� IRU� PRQRHQHUJ\� QHXWURQV�� WKH
VSHFWUXP�RI�UHFRLO�QXFOHL�LV�LQ�SURSRUWLRQ�WR
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,I�WKH�VFLQWLOODWRU�DFWLYH�VXEVWDQFH�LV�K\�
GURJHQ��WKHQ�D� ���DQG�WKH�UHFRLO�SURWRQ�VSHF�
WUXP�LV�IRUPHG� �ZLWK�HQHUJ\�YDOXHV�(S���)RUK\GURJHQ�� WKH� VFDWWHULQJ� LQ� WKH� PDVV� FHQWHU
V\VWHP� LV� VXEVWDQWLDOO\� LVRWURSLF� XS� WR
(|��� 0H9� >����@�� 7DNLQJ� LQWR� DFFRXQW� WKDW
IRU� LVRWURSLF� VFDWWHULQJ� �IRU� (Q������0H9��WKH�IROORZLQJ�H[SUHVVLRQ�LV�YDOLG�
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(T�����GHVFULEHV�WKH�GLIIHUHQWLDO�VSHFWUXP
RI�WKH�UHFRLO�SURWRQV�REWDLQDEOH�E\�PHDVXUH�
PHQWV��,I�D�IDVW�QHXWURQ�IORZ�ZLWK�WKH�VSHF�
WUDO� HQHUJ\� GLVWULEXWLRQ� M�(Q�� HQWHUV� D� K\�GURJHQ�FRQWDLQLQJ�PHGLXP�ZLWK�WKH�QHXWURQ
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(T�����LV�WR�EH�GLIIHUHQWLDWHG�ZLWK�UHVSHFW�WR
(S�� ,Q� ����� WKH� IXQFWLRQ� XQGHU� WKH� LQWHJUDOVLJQ� DV� ZHOO� DV� LWV� XSSHU� OLPLW� DUH� LQGH�
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$V� QRWHG� DERYH�� WKH� VFLQWLOODWLRQ� SXOVH
DPSOLWXGH� /� LV� D� QRQOLQHDU� IXQFWLRQ� RI� WKH
UHFRLO� SURWRQ� HQHUJ\� >���@�� 7KH� H[SUHVVLRQ
����GRHV�QRW�FRQWDLQ�LWHPV�RI�WKH�IRUP�/�(S�WKDW�VKRXOG�FKDUDFWHUL]H�WKH�UHODWLRQVKLS�EH�
WZHHQ� WKH� UHFRLO� SURWRQ� HQHUJ\�(S� DQG� WKHVFLQWLOODWLRQ� UHVSRQVH� /� FDXVHG� E\� VXFK� D
UHFRLO�SURWRQ��7KHUHIRUH��WKH�LQIRUPDWLRQ�RQ
WKH� VFLQWLOODWLRQ� UHVSRQVH� QRQOLQHDULW\� LV
FRPSULVHG� LQ�M�(Q�� �����7KXV�� LI�D� VFLQWLOOD�WRU�LV�LUUDGLDWHG�E\�D�QHXWURQ�VRXUFH�KDYLQJ
D�VSHFWUXP�(Q�N��FRQVLVWLQJ�RI�N�NQRZQ�HQ�HUJLHV��WKHQ�LW�LV�MXVW�WKH�H[SUHVVLRQ�����WKDW
SURYLGHV�LQIRUPDWLRQ�RQ�WKH�(Q�N��VSHFWUXPXQGHU�DFFRXQW�IRU�WKH�VFLQWLOODWLRQ�UHVSRQVH
QRQOLQHDULW\�� ,Q� RWKHU� ZRUGV�� LQ� WKH� DS�
SURDFK� SURSRVHG�� D� QHXWURQ� VRXUFH�ZLWK� DQ
DW� OHDVW� SDUWO\� NQRZQ� VSHFWUXP� VKRXOG� EH
XVHG�WR�VWXG\�WKH�H[FLWDWLRQ�IHDWXUHV�RI�WKH
VFLQWLOODWLRQ�UHVSRQVH�WR�QHXWURQV��,W�LV�MXVW
VXFK� DQ� DSSURDFK� WKDW� SURYLGHV� WKH� LQLWLDO
H[SHULPHQWDO� GDWD�� WKH� DSSUR[LPDWLRQ� RI
ZKLFK� PDNHV� LW� SRVVLEOH� WR� REWDLQ� GLUHFWO\
WKH� LQIRUPDWLRQ� RQ� WKH� VFLQWLOODWLRQ� UH�
VSRQVH�QRQOLQHDULW\�

7KH� OLJKW� \LHOG� LV� NQRZQ� WR� EH� D� OLQHDU
IXQFWLRQ�RI�WKH�JDPPD�UDGLDWLRQ�HQHUJ\�(J�7KHUHIRUH��LI�WKH�DQDO\]HU�VFDOH�LV�FDOLEUDWHG
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XVLQJ� D� VHW� RI� J� HQHUJLHV� IURP�VHSDUDWH� UD�
GLRQXFOLGH� VRXUFHV�� WKH� OLQHDU� GHSHQGHQFH
REWDLQHG�PDNHV� LW� SRVVLEOH� WR� FRQIURQW� DQ\
FKDQQHO�QXPEHU�RI�WKH�DQDO\]HU�VFDOH�ZLWK�D
FRUUHVSRQGLQJ� J� UDGLDWLRQ� HQHUJ\��8VLQJ�DQ
DWWHVWHG� VFLQWLOODWRU� ZLWK� WKH� NQRZQ� OLJKW
\LHOG�LQ�SKRWRQV�SHU���0H9�RI�J�HQHUJ\��WKH
HQHUJ\�VFDOH�RI�WKH�GHYLFH�FDQ�EH�FDOLEUDWHG
LQ� WHUPV� RI� VFLQWLOODWLRQ� OLJKW� SKRWRQV�� ,I
WKH� DSSDUDWXV� FRQGLWLRQV� �WKH� LUUDGLDWLRQ
FRQGLWLRQV�� YROWDJH�� HWF��� DUH� WKH� VDPH� IRU
QHXWURQ�PHDVXUHPHQWV�DQG�J�UDGLDWLRQ�RQHV�
WKH�SKRWRQ�FDOLEUDWLRQ�RI�WKH�VFDOH�REWDLQHG
XQGHU� J� LUUDGLDWLRQ� ZLOO� EH� YDOLG� IRU� WKH
QHXWURQ�H[FLWDWLRQ��WRR�

8VLQJ� WKH� H[SUHVVLRQ� ���� OHW� WKH�QHXWURQ
VSHFWUXP� EH� UHFRQVWUXFWHG� IURP� WKH� UHFRLO
SURWRQ� RQH�� .QRZLQJ� WKH� QHXWURQ� SHDN� HQ�
HUJ\��WKH�FKDQQHO�QXPEHU�FDQ�EH�FRQIURQWHG
ZLWK�LW�DQG�WKXV�WKH�QXPEHU�RI�SKRWRQV�LQ�D
VFLQWLOODWLRQ�SXOVH��7KLV�PDNHV�LW�SRVVLEOH�WR
GHWHUPLQH� WKH� VHW� RI� M�(QM�� YDOXHV� IRU� M� ����N�� �+HUH�� M� LV� WKH� QHXWURQ� SHDN� QXPEHU
LQ� WKH� VSHFWUXP�� (QM�� WKH� HQHUJ\� FRUUH�VSRQGLQJ� WR� WKDW�SHDN���7KXV��D� FRUUHODWLRQ
LV�REWDLQHG�EHWZHHQ�WKH�OLJKW�VLJQDO�DQG�WKH
QHXWURQ� HQHUJ\� IRU� N� HQHUJ\� YDOXHV�� 6LQFH
WKH�ODZ�GHVFULELQJ�WKH�OLJKW�\LHOG�QRQOLQHDU�
LW\� LV� XQNQRZQ� DQG� LV� D� TXDQWLW\� WR� EH
VRXJKW� LQ� WKH� SURFHGXUH� XQGHU� FRQVLGHUD�
WLRQ�� WKH� YDOXHV� IRU� LQWHUPHGLDWH� HQHUJLHV
EHWZHHQ� WKH� NQRZQ� N� RQHV� DUH� QRW� GHILQHG
XQLTXHO\�� 7KH� FRUUHVSRQGLQJ� OLJKW� UHVSRQVH
LQ� SKRWRQV� FDQ� EH� GHWHUPLQHG� RQO\� IRU� WKH
NQRZQ�HQHUJLHV�RI�QHXWURQ�SHDNV��8VLQJ�WKH
FDOLEUDWLRQ�FXUYH�IRU�J�UDGLDWLRQ��LW�LV�SRVVL�

EOH�WR�GHWHUPLQH�WKH�J�UDGLDWLRQ�HQHUJ\�YDO�
XHV�(J�FRUUHVSRQGLQJ�WR�OLJKW�VLJQDOV�LGHQWL�FDO� WR�(QM� QHXWURQ� HQHUJLHV�� 7KXV�� RQH� FDQILQG� WKH� FRUUHVSRQGLQJ� (J� DQG� (Q� HQHUJ\YDOXHV� UHVXOWLQJ� LQ� VFLQWLOODWLRQ� SXOVHV� RI
WKH� VDPH� DPSOLWXGHV�� 7KLV� FRUUHODWLRQ� LV
MXVW� WKH� VFLQWLOODWLRQ� UHVSRQVH� QRQOLQHDULW\
FKDUDFWHULVWLF� XQGHU� H[FLWDWLRQ� E\� UHFRLO
SURWRQV� WKDW� LV� REWDLQHG� GLUHFWO\� IURP� WKH
H[SHULPHQW�

7KH�IROORZLQJ�UDGLRQXFOLGHV�ZHUH�XVHG�LQ
WKLV� ZRUN�� ���3X�%H� DV� WKH� VRXUFH� RI� QHX�
WURQV� DQG� J� UDGLDWLRQ� DV� ZHOO� DV� � ���&V�
��&R�� ���(X�� DQG� ��1D� DV� J� UDGLDWLRQ
VRXUFHV��7KH�VWXGLHV�ZHUH�FDUULHG�RXW�XVLQJ
WKH� DERYH�PHQWLRQHG� VHWXS� DQG� PHDVXUH�
PHQW�SURFHGXUH�>�@��WDNLQJ�D�VWLOEHQH�VLQJOH
FU\VWDO�DQG�D�OLTXLG�VFLQWLOODWRU�DV�H[DPSOHV
RI� WZR� OLPLWLQJ� FDVHV�� QDPHO\�� D� VWDEOH� RU�
GHUHG� VWUXFWXUH� DQG� D� VWUXFWXUH�ZKHUH� GLI�
IXVLRQ� SURFHVVHV� SUHYDLO� >�@�� 7KH� ��� PP
KLJK� VWLOEHQH� VLQJOH� FU\VWDO� ZDV� ��� PP� LQ
GLDPHWHU�� 7KH� OLTXLG� VFLQWLOODWRU� RQ� WKH� GL�
LVRSURS\O� QDSKWKDOHQH� ZDV� GHR[\JHQDWHG
DQG�VHDOHG�LQ����PP�KLJK�JODVV�FRQWDLQHU�RI
���PP�LQ�GLDPHWHU��7KH�UHFRLO�SURWRQ�VSHF�
WUD� ZHUH� REWDLQHG� IRU� ERWK� VFLQWLOODWRUV
XQGHU� LUUDGLDWLRQ� E\� IDVW� QHXWURQV� IURP
���3X�%H�VRXUFH��7KHQ��XVLQJ�WKH�H[SUHVVLRQ
����� WKH� QHXWURQ� VSHFWUD� RI� ���3X�%H� ZHUH
UHFRQVWUXFWHG� XQGHU� DFFRXQW� IRU� WKH� DERYH
QRWH�RQ�WKH�IXQFWLRQ�����QRQOLQHDULW\��7KHQ�
WKH� H[SHULPHQWDO� FRQGLWLRQV� UHPDLQLQJ� XQ�
FKDQJHG�� WKH� DPSOLWXGH� VSHFWUD� ZHUH� RE�
WDLQHG� IRU� WKH� VDPH� VFLQWLOODWRUV� XQGHU� J
LUUDGLDWLRQ� IURP� ���&V�� ��&R�� ���(X�� DQG

)LJ�����$�UHFRLO�SURWRQ�VSHFWUXP�IRU�VWLOEHQH
VLQJOH� FU\VWDO� �GLD�� ��� PP�� KHLJKW� ��� PP�
XQGHU� QHXWURQ� LUUDGLDWLRQ� IURP� ���3X±%H
VRXUFH�

)LJ�����7KH�QHXWURQ�VSHFWUXP�IRU�VWLOEHQH�VLQ�
JOH� FU\VWDO� �GLD�� ��� PP�� KHLJKW� ��� PP�� UH�
FRQVWUXFWHG�DFFRUGLQJ�WR�����IRU�QHXWURQ�LUUD�
GLDWLRQ�IURP����3X±%H�VRXUFH�

(�9�0DUW\QHQNR���(QHUJ\�VSHFWUXP�VWXG\�RI����
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��1D�VRXUFHV��8VLQJ�WKH�REWDLQHG�DPSOLWXGH
VSHFWUD�� WKH� FKDQQHO� QXPEHUV� ZHUH� IRXQG
FRUUHVSRQGLQJ� WR� WKH� &RPSWRQ� HGJH� HQHU�
JLHV�� .QRZLQJ� WKH� ODWHU� DQG� WKH� FKDQQHO
QXPEHUV� FRUUHVSRQGLQJ� WKHUHWR�� WKH� DQD�
O\]HU� VFDOH� ZDV� FDOLEUDWHG�� ,Q� WKH� ���3X±%H
VSHFWUXP�� WKH� QHXWURQ� HQHUJ\� YDOXHV� ZHUH
VHOHFWHG� WKDW� KDYH� EHHQ� VWXGLHG� ZHOO� ERWK
WKHRUHWLFDOO\�DQG�LQ�H[SHULPHQW��)LJ����GHP�
RQVWUDWHV� WKH� UHFRLO� SURWRQ� VSHFWUXP� RE�
WDLQHG� IRU� WKH� VWLOEHQH� VLQJOH� FU\VWDO� XQGHU
LUUDGLDWLRQ� E\� IDVW� QHXWURQV� IURP� ���3X�%H
UDGLRQXFOLGH�VRXUFH��)LJ����VKRZV�WKH�UHFRQ�
VWUXFWHG� QHXWURQ� VSHFWUXP� IRU� WKDW� VRXUFH
DQG� WKH� VFLQWLOODWRU�� 6LPLODU� UHVXOWV� KDYH
EHHQ�REWDLQHG�IRU�WKH�OLTXLG�VFLQWLOODWRU��7KH
PXOWLFKDQQHO� DQDO\]HU� FKDQQHO� ZLGWK� FDOL�
EUDWLRQ� IRU� J� VFLQWLOODWLRQV� RI� WKH� VWLOEHQH
FU\VWDO�DQG�WKH�OLTXLG�VFLQWLOODWRU�DUH�VKRZQ
LQ�)LJ�����

7KHQ��WKH�FRUUHVSRQGHQFH�EHWZHHQ�(J�DQG(Q� HQHUJ\� YDOXHV� UHVXOWLQJ� LQ� VFLQWLOODWLRQSXOVHV� ZLWK� HTXDO� DPSOLWXGHV� LQ� WKH� VDPH
VFLQWLOODWRU�KDV�EHHQ�IRXQG��)LJ����VKRZV�WKH
GHSHQGHQFH�RI�(Q�RQ�(J�IRU�WKH�VWLOEHQH�VLQ�JOH� FU\VWDO� DQG� WKH� OLTXLG� VFLQWLOODWRU�� 7KH
RQO\� GDWD� FRQFHUQ� (Q� �(J� �� GHSHQGHQFH� IRURUJDQLF� FU\VWDOV�� ZKLFK� ZHUH� NQRZQ� EHIRUH
WKLV�SDSHU��ZHUH�WKH�UHVXOWV�RI�>��@�E\�%URHN
DQG� $QGHUVRQ�� ,Q� >��@� RQH� FDQ� ILQG� IRXU
SDLUV�RI�YDOXHV�RI�(Q�DQG�(J��(DFK�SDLU�RI�(QDQG�(J�YDOXHV�JLYHV�WKH�HQHUJLHV�RI�QHXWURQDQG�JDPPD�H[FLWDWLRQ��ZKLFK�KDYH�WR�UHVXOW
LQ� WKH� HTXDO� VFLQWLOODWLRQ� DPSOLWXGHV� LQ� D
VWLOEHQH�VLQJOH�FU\VWDO��7KHVH�GDWD�DUH�FLWHG
LQ� PDQ\� ERRNV� �VHH� H�J�� >���@�� DQG� UHPDLQ
WKXV� IDU� XQLTXH�� 7KH� VWDUV� RQ� )LJ�� �� VKRZ

WKH� (Q� �(J� �� GHSHQGHQFH� IRU� WKH� VWLOEHQHFU\VWDO� WDNLQJ� IURP� >��@�� 2QH� FDQ� VHH� WKDW
RXU�UHVXOWV�DQG�UHVXOWV�RI�>��@�DUH�LQ�D�JRRG
DJUHHPHQW�� � )LJ���� SUHVHQWV� WKH� OLJKW� \LHOG
GHSHQGHQFHV� RQ� WKH� QHXWURQ� HQHUJ\� (QXQGHU�QHXWURQ�LUUDGLDWLRQ�IURP�WKH����3X±%H
VRXUFH�IRU�ERWK�VFLQWLOODWRUV��7KH�H[SHULPHQWDO
SRLQWV� FDQ�EH� DSSUR[LPDWHG�E\� WZR� OLQHDU�GH�
SHQGHQFHV� RI�1� �$���%(Q� NLQG�� ,Q� WKH� FRQ�

)LJ�����(Q�(J�� GHSHQGHQFH� IRU� WKH� VDPH� VWLO�EHQH� VLQJOH� FU\VWDO� �GRXEOH� FURVVHV�� DQG� WKH
OLTXLG�VFLQWLOODWRU��FLUFOHV��DV�RQ�)LJ�����6WDUV
VKRZ� WKH� (Q�(J�� GHSHQGHQFH� WKDW� ZDV� RE�WDLQHG� IRU� VWLOEHQH� VLQJOH� FU\VWDO� E\� %URHN
+�:��DQG�$QGHUVRQ�&�(��>��@��VHH�H�J��>�@��

)LJ����� 6FLQWLOODWRU� OLJKW� \LHOG� DV� D� IXQFWLRQ
RI�QHXWURQ�HQHUJ\�(Q�XQGHU�QHXWURQ� LUUDGLD�WLRQ� IURP� ���3X�%H� VRXUFH�� &LUFOHV� UHIHU� WR
WKH� VWLOEHQH� VLQJOH� FU\VWDO� �GLD�� ��� PP�
KHLJKW����PP���GRXEOH� FURVVHV�� WR� WKH� OLTXLG
VFLQWLOODWRU� �GLLVRSURS\O� QDSKWKDOHQH� �� �� J�O
%32�VHDOHG� LQ�D����PP�KLJK�JODVV�FRQWDLQHU
RI� ��� PP� LQ� GLDPHWHU��� 3RLQWV� UHIHU� WR� H[�
SHULPHQWDO� GDWD�� OLQHV�� WR� DSSUR[LPDWLRQ
WKHUHRI� DV� 1�  � $� �� %§(Q�� ZKHUH� $�  � ���SKRWRQV��%� ������SKRWRQV�SHU�0H9������$� 
������ SKRWRQV�� %�  � ����� SKRWRQV� SHU� 0H9
�����$� ������SKRWRQV��%� ������SKRWRQV�SHU
0H9� ����� $�  ������ SKRWRQV��%�  � ����� SKR�
WRQV�SHU�0H9�����

)LJ����� 'HSHQGHQFH� RI� HQHUJ\� (J� RI� J� UDGLD�WLRQ� RQ� WKH� DQDO\]HU� FKDQQHO� QXPEHU� 1F�6WDUV�UHIHU�WR�WKH�VWLOEHQH�VLQJOH�FU\VWDO��GLD�
��� PP�� KHLJKW� ��� PP�� DQG� FLUFOHV� WR� WKH
OLTXLG� VFLQWLOODWRU� �GLLVRSURS\O�QDSKWKDOHQH��
�� J�O� %32� VHDOHG� LQ� D� ���PP� KLJK� JODVV� FRQ�
WDLQHU�RI����PP�LQ�GLDPHWHU�

(�9�0DUW\QHQNR���(QHUJ\�VSHFWUXP�VWXG\�RI����

)XQFWLRQDO�PDWHULDOV������������� ���



WH[W� RI� WKH� SUREOHP� XQGHU� FRQVLGHUDWLRQ� LQ
WKLV�ZRUN�� LW� LV� RQO\� WKH�%�YDOXHV�LQ�VLPLODU
IRUPDO� DSSUR[LPDWLRQV� WKDW� DUH� RI� LPSRU�
WDQFH�� 7KRVH� YDOXHV� SURYLGH� D� TXDOLWDWLYH
FRQFHSWLRQ�RI�WKH�DYHUDJHG�HIIHFW�RI�TXHQFK�
LQJ�SURFHVVHV�LQ�WKH�WUDFNV�RI�SURWRQV�JHQHU�
DWHG� E\� QHXWURQV� RI� D� VSHFLILF� HQHUJ\�� ,Q�
FUHDVLQJ�%�SDUDPHWHU�HYLGHQFHV�D�ZHDNHQLQJ
HIIHFW� RI� TXHQFKLQJ� SURFHVVHV� LQ� WKH� WUDFNV
IRU� D� VSHFLILF� VSHFWUXP� RI� UHFRLO� SURWRQV�
7KH�VORSH�RI� FXUYHV��� DQG��� LV�KLJKHU� WKDQ
WKDW� RI� �� DQG� �� RQHV�� WKXV� GHPRQVWUDWLQJ
FOHDUO\�WKH�QRQOLQHDU�LQFUHDVH�RI�WKH�VFLQWLOOD�
WRU� OLJKW� \LHOG� ZLWK� LQFUHDVLQJ� QHXWURQ� HQ�
HUJ\��6XFK� FKDUDFWHU� RI� WKH�GHSHQGHQFHV� FDQ
EH�H[SODLQHG�E\� WKH�IDFW� WKDW�DV�WKH�QHXWURQ
HQHUJ\� GHFUHDVHV� �DQG� WKXV� WKH� DYHUDJH� HQ�
HUJ\�RI�WKH�JHQHUDWHG�UHFRLO�SURWRQV���WKH�LP�
SRUWDQFH� RI� WKH� TXHQFKLQJ� SURFHVVHV� LQ� WKH
WUDFN�LQFUHDVHV��WKH�HQHUJ\�ORVV�IRU�TXHQFKLQJ
ULVHV�DQG�WKXV�WKH�OLJKW�\LHOG�GURSV�

7KXV��D�QHXWURQ�VSHFWUXP�UHFRQVWUXFWLRQ
SURFHGXUH�IURP�WKH�H[SHULPHQWDO�UHFRLO�SUR�
WRQ�VSHFWUD�KDV�EHHQ�GHVFULEHG��,WV�SRWHQWLDO
KDV�EHHQ�GHPRQVWUDWHG�WDNLQJ�D�VWLOEHQH�VLQ�
JOH�FU\VWDO�DQG�D�OLTXLG�VFLQWLOODWRU�DV�H[DP�
SOHV��7KH�REWDLQHG�GHSHQGHQFHV�RI�(Q�RQ�(JDQG� RI� OLJKW� \LHOG� RQ�(Q� SURYLGH� DQ� LQLWLDOLQIRUPDWLRQ� WR� VWXG\� WKH� QRQOLQHDULW\� RI
SURFHVVHV�RFFXUULQJ�LQ�SDUWLFOH�WUDFNV�LQ�RU�
JDQLF�VFLQWLOODWRUV�

$FNQRZOHGJPHQWV�� $XWKRU� WKDQNV
3URI�1�=�*DOXQRY� DQG� 'U�2�$�7DUDVHQNR

ZKR�DVVLVWHG�LQ�GLVFXVVLRQ�RI�UHVXOWV�DV�ZHOO
DV�'UV��6�9�%XGDNRYVN\�DQG�/�6K�$IDQDVLDGL
ZKR� KDYH� RIIHUHG� WKH� VDPSOHV� RI� VWLOEHQH
DQG�OLTXLG�VFLQWLOODWRU�

5HIHUHQFHV
� ���-�%�%LUNV��7KH�7KHRU\�DQG�3UDFWLFH�RI�6FLQWLO�

ODWLRQ� &RXQWLQJ�� 3HUJDPRQ� 3UHVV�� /RQGRQ
�������

� ���1�=�*DOXQRY��9�3�6HP\QR]KHQNR��7KHRU\�DQG
3UDFWLFH�RI�WKH�5DGLROXPLQHVFHQFH�RI�2UJDQLF
&RQGHQVHG� 0HGLD�� 1DXNRYD� 'XPND�� .LHY
�������>LQ�5XVVLDQ@�

� ���*�7�:ULJKW��3K\V��5HY�������������������
� ���+�.DOOPDQQ�� *�-�%UXFNHU�� 3K\V��5HY��� ����

������������
� ���1�=�*DOXQRY�� (�9�0DUW\QHQNR�� LQ� $EVWU�� RI

WKH��WK�(XURSHDQ�&RQI��RQ�/XPLQHVFHQ�'HWHF�
WRUV� DQG� 7UDQVIRUPHUV� RI� ,RQL]LQLQJ� 5DGLD�
WLRQ��/YLY��8NUDLQH����������S����

� ���1�=�*DOXQRY�� %�9�*ULQHY�� (�9�0DUW\QHQNR�
2�$�7DUDVHQNR��-��.RUHDQ�$VVRF��IRU�5DGLDWLRQ
3URWHFWLRQ����������������

� ���1�=�*DOXQRY�� (�9�0DUW\QHQNR�� 2�$�7DUDVHQNR�
)XQFWLRQDO�0DWHULDOV�����������������

� ���,�9�*RU\DFKHY��<X�,�.ROHYDWRY��9�3�6HPHQHY�
/�$�7U\NRY�� ,QWHJUDO� ([SHULPHQWV� LQ� WKH
3UREOHP�RI� ,RQLVLQJ�5DGLDWLRQ�7UDQVIHU���(Q�
HUJRDWRPL]GDW��0RVFRZ��������>LQ�5XVVLDQ@��

� ���0�(�$QGHUVRQ��5�$�1HII��1XFO��,QVWU��0HWK��LQ
3K\V�5HV������������������

����.�:�*LHJHU�� /�9DQ� GHU� =ZDQ�� 1XFO��,QVWU�
0HWK���LQ�3K\V�5HV�������������������

����+�:��%URHN��&�(��$QGHUVRQ�5HY��6FL��,QVWUXP���
����������������
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