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LQWUD�OD\HU�PHFKDQLFDO� VWUDLQV�ZKLFK�DUH�GHILQHG�E\�WKH�VL]H�GLIIHUHQFH�EHWZHHQ�WKH�PDLQ
DQG�LPSXULW\�DWRPV��3E�DQG�&G��UHVSHFWLYHO\���$W�²!������LQWUD�OD\HU�KHWHURSKDVLF�WZR�GL�
PHQVLRQDO� &G,�� LVOHWV� KDYH� EHHQ� VKRZQ� WR� EH� IRUPHG�� 7KH� UHVXOWV� DUH� GLVFXVVHG� WKDWHYLGHQFH� WKH� IRUPDWLRQ� RI� DPRUSKRXV� JODVV\� SKDVH� RI� WKH� PL[HG� 3E[±�&G[,�� FU\VWDO� DW[!�����
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,W� LV� NQRZQ� >�Ü�@� WKDW� OD\HUHG� VHPLFRQ�
GXFWRU� PDWHULDOV� �H�J��� &G,��� 3E,��� KDYLQJFXELF� V\PPHWU\� 7G� >����@��� SRVVHVV� VRPHFKDUDFWHULVWLF� SURYLGLQJ� WKHLU� XVH� DV� KLJK
UHVROXWLRQ�;�UD\�GHWHFWRUV�DW�URRP�WHPSHUD�
WXUHV�� 0RUHRYHU�� WKRVH� FU\VWDOV� DUH� XVHG
VXFFHVVIXOO\� LQ� RSWLFDO� DQG� DFRXVWLF� GHYLFHV
GXH� WR� WKHLU� DQLVRWURS\� RI� SURSHUWLHV�� 7KH
HIILFLHQF\�RI�PDWHULDOV�XVHG�DV�;�UD\�GHWHF�
WRUV�LV�GHSHQGV�RQ�WKH�SUHVHQFH�RI�VWUXFWXUH
GHIHFWV� DQG� LPSXULWLHV� DIIHFWLQJ� WKH� HOHF�
WURQLF� FKDUDFWHULVWLF� DQG� GHILQLQJ� UDGLDWLRQ
UHVLVWDQFH� RI� WKHVH� PDWHULDOV�� ,Q� WKLV� FRQ�
QHFWLRQ��LW�LV�RI�LQWHUHVW�WR�VWXG\�WKH�PL[HG
FU\VWDOV� 3E[±�&G[,�� DQG� WR� GHWHUPLQH� WKHFRQFHQWUDWLRQ� GHSHQGHQFHV� RI� SDUDPHWHUV
GHILQLQJ� WKH� FKDQJHV� LQ� WKH� FU\VWDO� VWUXF�
WXUH� DQG� VWDWH� RI� WKH� LPSXULWLHV� >����@�� ,Q

>�@��WKH�EDQG�VWUXFWXUH�RI�WKH�3E,�±&G,��V\V�WHP� ZDV� LQYHVWLJDWHG� IRU� WKH� ILUVW� WLPH� DW
IL[HG�FRQFHQWUDWLRQV�RI�FRPSRQHQWV��7KH�UH�
VXOWV�IURP�WKDW�ZRUN�KDV�DOORZHG�WR�H[WHQG
YDVWO\�WKH�SRVVLELOLWLHV�FRQFHUQLQJ�WKH�XVH�RI
PL[HG�3E,�±&G,��FU\VWDOV��DOWKRXJK�WKH�FRQ�FHQWUDWLRQ�GHSHQGHQFHV�RI�WKH�VWUXFWXUH�DQG
FKDUDFWHULVWLFV�KDYH�QRW�EHHQ�VWXGLHG�
8QOLNH�145����,�VSHFWUD�RI�SXUH�3E,��DQG&G,��FU\VWDOV�>����@��WKH�145�VSHFWUD�RI�WKHPL[HG�FU\VWDO�DUH� LQYHVWLJDWHG� LQ� WKLV�ZRUN

IRU�WKH�ILUVW�WLPH��7KH�DLP�RI�WKH�ZRUN�LV�WR
VWXG\� WKH� FRQFHQWUDWLRQ�GHSHQGHQFHV� RI� WKH
3E[±�&G[,�� PL[HG� FU\VWDO� VWUXFWXUH�� ZKLFKDUH�REWDLQHG�EDVLQJ�RQ�WKH�DQDO\VLV�RI�145
���,�VSHFWUD��
7KH� VLQJOH� 3E[±�&G[,�� FU\VWDOV� ZHUH

JURZQ� E\� %ULGJPDQ� PHWKRG�� 3E[±�&G[,�
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VDPSOHV�ZLWK�YDULRXV�FRQWHQWV�RI�&G,��LPSX�ULW\� �[� ���� ������ ����� ����� ���� DQG� ����
KDYH�EHHQ� LQYHVWLJDWHG��7KH����,�145�VSHF�
WUD�RI�WKH�3E[±�&G[,��FU\VWDOV�ZHUH�REWDLQHGXVLQJ� D� TXDVL�FRKHUHQW� SXOVH� UDGLR�VSHF�
WURPHWHU�,6���E\�WKH�GRXEOH�SXOVH�PHWKRG�LQ
WKH�IUHTXHQF\�UDQJH��Ü���0+]�DW����.��7R
GHWHFW�WKH�ZHDN�145�VLJQDOV��D�GLJLWDO�LQWH�
JUDWRU��VWRUDJH�GHYLFH��ZDV�XVHG��7KH�TXDG�
UXSROH� FRXSOLQJ� FRQVWDQW� H�4T]]� DQG� WKHDV\PPHWU\�SDUDPHWHU�K�RI�WKH�HOHFWULF�ILHOG
JUDGLHQW� WHQVRU� ZHUH� REWDLQHG� IURP� WDEOHV
IRU�WZR�145�IUHTXHQFLHV��X��DQG�X���ZKLFKFRUUHVSRQG� WR� WZR� WUDQVLWLRQV� r���lr���
DQG�r���lr�����UHVSHFWLYHO\�
,W� LV� LPSRUWDQW� WR� QRWH� >����@� WKDW�� WKH

DV\PPHWU\� SDUDPHWHU� K� �K� ��T[[ÜT\\��T]]�IRU� SXUH� 3E,�� FU\VWDOV� LV� ]HUR�� 7KLV� LV� H[�SODLQHG� E\� WKH� IDFW� WKDW� WKH�PDLQ� D[HV� T[[DQG�T\\�RI�WKH�HOHFWULF�ILHOG�JUDGLHQW�WHQVRUOLH� LQ� SODQHV� ZKLFK� FRLQFLGH� ZLWK� WKH� SUH�
IHUUHG�OD\HUV�RI�3E,��FU\VWDO��7KH�FRQFHQWUD�WLRQ� GHSHQGHQFHV� RI� WKH� SDUDPHWHU� K� DQG
TXDGUXSROH� FRXSOLQJ� FRQVWDQWV� H�4T]]� IRU145����,�EDQGV�DUH�SUHVHQWHG�LQ�WKH�)LJXUH�
,W� IROORZV� IURP� WKH� H[SHULPHQWDO� GDWD� RE�
WDLQHG�� ZKHQ� WKH� FRQFHQWUDWLRQ� ²� RI� &G,�LPSXULW\� LQ� D� 3E,�� FU\VWDO� LQFUHDVHV� XS� WR������WKH�IUHTXHQFLHV�RI�WKH�145�EDQGV�IRU
WZR�WUDQVLWLRQV��X��DQG�X���DW����z�LQFUHDVHIURP� ������ XS� WR� ������ 0+]� DQG� IURP
������ XS� WR� ������0+]�� UHVSHFWLYHO\�� 7KLV
FRUUHVSRQGV� WR� WKH� LQFUHDVH�RI� WKH�DV\PPH�
WU\�SDUDPHWHU�K�IURP�]HUR�XS�WR�������ZKLOH
WKH�TXDGUXSROH�FRXSOLQJ�FRQVWDQW�H�4T]]�LQ�FUHDVHV� LQVLJQLILFDQWO\� IURP� ������� XS� WR
������� l+]�� ,Q� RWKHU� ZRUGV�� DW� LQVLJQLIL�
FDQW� DPRXQW� �[d������ RI� WKH�&G,�� LPSXULW\LQ� D�3E,�� FU\VWDO�� WKH� LQWUD�OD\HU� V\PPHWU\RI�GRSHG�3E[±�&G[,�� FU\VWDOV� FKDQJHV� HVVHQ�WLDOO\�� ZKLOH� WKH� LQWHU�OD\HU� V\PPHWU\
FKDQJHV�PXFK�OHVV��7KXV��WKH�ORZ�FRQWHQW�RI
WKH�&G,��LPSXULW\�LQ�WKH�3E,��FU\VWDO�PDWUL[FDQ� EH� DVVXPHG� WR� UHVXOW� LQ� D� VLJQLILFDQW
GHWHULRUDWLRQ� RI� WKH� LQWUD�OD\HU� V\PPHWU\�
$W� WKH� VDPH� WLPH�� ZKHQ� ²d������ WKH� RE�
VHUYHG�LQVLJQLILFDQW�FKDQJH��RI�WKH�FRXSOLQJ
FRQVWDQW� H�4T]]�� �UHODWLYH� VKLIW� EHLQJ� QRPRUH� WKDQ� ������ DOORZ� WR� DVVXPH� WKDW� WKH
LQWHU�OD\HU� V\PPHWU\� UHPDLQV� XQFKDQJHG�
VR� WKH� GRSHG� 3E[±�&G[,�� FU\VWDOV� FRXOG� EHSUHVHQWHG� DV� OD\HUHG� FU\VWDOV��7KH� REVHUYHG
LQWUD�OD\HU� V\PPHWU\� GHWHULRUDWLRQ� PD\� EH
FRQQHFWHG� ZLWK� VL]H� GLIIHUHQFH� EHWZHHQ� WKH
LPSXULW\� &G� DWRPV� DQG� LVRYDOHQW� 3E� RQHV
IRUPLQJ�WKH�EDVLF�FU\VWDO�PDWUL[�
$� IXUWKHU� LQFUHDVH� RI� WKH�&G,�� LPSXULW\FRQFHQWUDWLRQ� LQ� WKH� EDVLF� PDWUL[� RI� 3E,�

FU\VWDO��XS�WR�������UHVXOWV�LQ�D�FRQVLGHUDEOH
ZLGHQLQJ� RI� WKH� ���,� 145� EDQGV�� WKH� UHOD�
WLYH�EURDGHQLQJ�RI�ERWK�Q��DQG�Q�����,�145EDQGV�DPRXQWV�DSSUR[LPDWHO\�������%HVLGHV�
DOO�WKH�REVHUYHG����,�145�EDQGV�KDYH�D�FRP�
SOH[� VWUXFWXUH� LQFOXGLQJ� VHYHUDO� PD[LPD�
7KH� ���,� 145� IUHTXHQFLHV� IRU� WZR� 145
WUDQVLWLRQV� Q�� DQG� Q�� DUH� HTXDO� WR� ���� DQG�����l+]�� UHVSHFWLYHO\�� WKDW� FRUUHVSRQG� WR
WKH� IXUWKHU� LQFUHDVH� RI� 145� VSHFWUD� SD�
UDPHWHUV� DW� ��� .�� H�4T]]� ��������l+]�
DQG� K� ������� 7KH� REWDLQHG� H[SHULPHQWDO
GDWD�FDQ�EH�H[SODLQHG�E\�IRUPDWLRQ�RI�GRSHG
WZR�GLPHQVLRQDO� �KHWHURSKDVLF�� &G,�� LVOHWVLQVLGH� WKH� OD\HUV� RI� WKH� EDVLF� PDWUL[� 3E,�FU\VWDO�
$W� D� IXUWKHU� LQFUHDVLQJ� RI� WKH� LPSXULW\

FRQFHQWUDWLRQ� �[!������� WKH����,�145�EDQGV
EHFRPH� EURDGHU� DQG� 145� VSHFWUD� DW� ��� .
EHFRPHV� XQREVHUYDEOH�� 7KH� REVHUYHG� GLVDS�
SHDULQJ�RI� WKH� ���,�145�VSHFWUD� FDQ�EH� H[�
SODLQHG� E\� IRUPDWLRQ� RI� D� JODVV\� FU\VWDO
SKDVH�� ,W�VKRXOG�EH�QRWHG�WKDW� LQ�WKLV�FDVH�
ZKHQ�[�������WKH�UHODWLYH�VKLIW�RI�WKH�TXDG�
UXSROH� FRXSOLQJ� FRQVWDQW� H�4T]]� LV� DERXW������ $W� WKH� VDPH� WLPH�� ZH� PXVW� QRWH� >��
�@�� WKDW� LQWHUFDODWLRQ� RI� WKH� 3E,�� FU\VWDOVZLWK� RUJDQLF�PROHFXOHV� UHVXOWV� LQ� D� VLJQLIL�
FDQW� FKDQJLQJ� RI� WKH� TXDGUXSROH� FRXSOLQJ
FRQVWDQW� H�4T]]� �WKH� FRUUHVSRQGLQJ� UHODWLYHVKLIW� RI� WKH� H�4T]]� FRQVWDQW� EHLQJ� DERXW�������7KLV�LV�SRVVLEOH�WR�EH�H[SODLQHG�XQGHU
DVVXPSWLRQ�WKDW�QHZ�LQWHU�OD\HUHG�ERQGV�DUH
IRUPHG� DW� LQWHUFDODWLRQ� RI� WKH� 3E,�� FU\VWDOZLWK� VRPH� RUJDQLF� PROHFXOHV�� $V� WR

)LJ��&RQFHQWUDWLRQ� GHSHQGHQFHV� RI� WKH� DV\P�
PHWU\�SDUDPHWHU�K��K� ��T[[ÜT\\��T]]���'��DQGTXDGUXSROH� FRXSOLQJ� FRQVWDQW� H�4T]]� �2�� IRU���,�QXFOHDU�UHVRQDQFH�LQ�3E�±[&G[,��FU\VWDOV��
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3E[±�&G[,���QR�DGGLWLRQDO��RU�QHZ��LQWHU�OD\�HUHG�ERQGV�DUH�IRUPHG�DW�[������
7KH�UHVXOWV�REWDLQHG�E\�145�PHWKRGV�IRU

3E[±�&G[,��FU\VWDOV�DJUHH�ZLWK�UHVXOWV�RI�RXUVWXGLHV�RI�WKH�SKRWROXPLQHVFHQFH�VSHFWUD�RI
WKRVH�FU\VWDOV�DW�����.�>�@�
7KXV��WKH�VWXGLHV�RI�WKH�145����,�VSHFWUD

KDYH� VKRZQ� WKDW� DW� ORZ�&G,�� LPSXULW\� FRQ�FHQWUDWLRQV� �[d������� WKH� OD\HUHG� V\PPHWU\
RI� WKH� EDVH� 3E,�� FU\VWDO� EHFRPHV� GLVWRUWHGHVVHQWLDOO\��7KLV�RFFXUV�GXH�WR�IRUPDWLRQ�RI
WKH� LQWUD�OD\HU� PHFKDQLFDO� VWUHVVHV� GHILQHG
E\�WKH�VL]H�GLIIHUHQFH�EHWZHHQ�WKH�PDLQ�DQG
GRSLQJ� DWRPV� �3E� DQG�&G�� UHVSHFWLYHO\��� ,W
LV�VKRZQ�WKDW�DW�²������D�IXUWKHU�GLVWRUWLRQ
RI�LQWUD�OD\HU�V\PPHWU\��K� �������LV�GXH�WR
IRUPDWLRQ� RI� WZR�GLPHQVLRQDO�&G,�� �KHWHUR�SKDVH�� LVOHWV� ZLWKLQ� WKH� OD\HUV� RI� WKH� EDVLF
3E,�� FU\VWDO� PDWUL[�� ,W� LV� WR� QRWH� WKDW� QRDGGLWLRQDO��RU�QHZ��TLQWHU�OD\HUHG�ERQGV�DUH
IRUPHG�DW�WKH�LQYHVWLJDWHG�LPSXULW\�FRQFHQ�
WUDWLRQV�LQ�3E,��FU\VWDO�

$XWKRUV� ZLVK� WR� WKDQN� 'U�$�9�%RQGDU
IRU�KLV�DVVLVWDQFH�ZLWK�WKH�PHDVXUHPHQWV�
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