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5HFHLYHG�'HFHPEHU���������
7KH�ZRUN�FRQWDLQV�WKH�UHVXOWV�RI�H[SHULPHQWDO�DQG�WKHRUHWLFDO�VWXGLHV�RI�WKH�VHQVLWL]D�

WLRQ� SURFHVVHV� LQ� FRPSRXQGV� ZLWK� WKH�;H±2� W\SH� ERQG� EHWZHHQ� WKH�PROHFXOH� IUDJPHQWV�
6XFK� D� ERQG� LV� IRUPHG� EHWZHHQ� D� PROHFXOH� FRQWDLQLQJ� FRPSOHWHO\� RFFXSLHG� PROHFXODU
RUELWDOV� DQG� DQRWKHU� RQH� EHLQJ� LQ� WKH� WULSOHW� JURXQG� VWDWH�� 6XFK�PROHFXOHV� LQFOXGH� GLD�
]RQLXP�VDOWV��D]LGHV��DV�ZHOO�DV�PROHFXOHV�FRPSULVLQJ�D�KHWHURDWRP�ZLWK�ORFDOL]HG�Q�RUELWDO
WR�ZKLFK�DQ�R[\JHQ�DWRP� LV� FRQQHFWHG��7KH�VWXGLHV�KDYH�VKRZQ�WKDW�DOO�VXFK�FRPSRXQGV
LQKHULW� D� VHULHV� RI�;H2�PROHFXOH� IHDWXUHV�� QDPHO\�� H[KLELW� D� SKRWRFKHPLFDO� DFWLYLW\� DQG
PLJKW�EH�SKRWRVHQVLWL]HG��7KH�VHQVLWL]DWLRQ�SRVVLELOLWLHV�DFFRUGLQJ�WR�WKH�HOHFWURQ�WUDQVIHU
DQG� HQHUJ\� WUDQVIHU�PHFKDQLVPV� DV�ZHOO� DV� WKH� FKHPLFDO� VHQVLWL]DWLRQ� KDYH� EHHQ� FRQVLG�
HUHG��$OO�WKUHH�VHQVLWL]DWLRQ�W\SHV�KDYH�EHHQ�VKRZQ�WR�EH�SRVVLEOH�LQ�GLD]RQLXP�VDOWV��7KLV
LV�GXH�WR�WKH�IDFW�WKDW�WKH�GLVVRFLDWLYH�VWDWH�RI�GLD]RQLXP�FDWLRQ�LV�WKH�ORZHU�H[FLWHG�VWDWH
DQG�� PRUHRYHU�� WKH� DQ� DGGLWLRQDO� HOHFWURQ� LV� ORFDOL]HG� RQ� WKDW� VWDWH�� )RU� D]LGHV� DQG
PROHFXOHV� FRPSULVLQJ� DQ� 1±2� ERQG�� WKH� VHQVLWL]DWLRQ� DFFRUGLQJ� WR� WKH� HQHUJ\� WUDQVIHU
PHFKDQLVP� LV� RQO\� SRVVLEOH� H[FHSW� IRU� WKH� VHQVLWL]DWLRQ� WR� KDUG� UDGLDWLRQ�� ZKHQ� WKH
HOHFWURQ� FDSWXUH� EHFRPHV� SRVVLEOH� RQ� WKH� GLVVRFLDWLYH� VWDWH� RI� WKH� SKRWR�DFWLYH� PROHFXOH
EHLQJ�D�KLJK�H[FLWHG�VWDWH�
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7KLV�ZRUN�LV�DLPHG�DW�WKH�VWXG\�RI�SKRWR�
VHQVLWL]DWLRQ�SURFHVVHV�LQ�FRPSRXQGV�ZLWK�D
;H±2� W\SH�ERQG�EHWZHHQ�WKH�IUDJPHQWV�>�@�
,QVWHDG�RI�;H� DQG�2�DWRPV��PROHFXOHV�ZHUH
FRQVLGHUHG� KDYLQJ� WKH� VDPH� SURSHUWLHV� DV

WKH�DERYH�DWRPV��1DPHO\��RQH�PROHFXOH��1��D]REHQ]HQH�� UHVRUXILQH�� PHWK\OHQH� EOXH�
HWF���VKRXOG�FRPSULVH�D�FRPSOHWHO\�RFFXSLHG
PROHFXODU� RUELWDO� �02�� �LQFOXGLQJ� Q�02�
ZKLOH� DQRWKHU� RQH� �R[\JHQ� DWRP�� DU\O� FDW�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV
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LRQ��QLWUHQH��FDUEHQH��HWF���VKRXOG�EH�LQ�WKH
WULSOHW� JURXQG� VWDWH�� 7KRVH� FRPSRXQGV� LQ�
FOXGH� GLD]RQLXP� VDOWV� �'6�� �,��� GLD]RTXL�
QRQHV��,,���D]LGHV��,,,���PROHFXOHV�FRQWDLQLQJ
DQ�1o2�ERQG��,9���HWF�

7KH� FRPSRXQGV� FRQWDLQLQJ� D� ;H±2� W\SH
ERQG� EHWZHHQ� WKH� IUDJPHQWV� H[KLELW� VRPH
IHDWXUHV�VLPLODU�WR�WKRVH�RI�;H2���GLVVRFLDWHLQWR� WKH� LQLWLDO� IUDJPHQWV� XQGHU� H[FLWDWLRQ
RU� UHGXFWLRQ� >�Ü�@��� WKDW� LV� ZK\� WKH\� DUH
RIWHQ� XVHG� DV� WKH� SULPDU\� FRPSRQHQWV� LQ
IXQFWLRQDO�PDWHULDOV��)RU�H[DPSOH��GLD]RQLXP
VDOWV� DQG� D]LGHV� DUH� XVHG� DV� WKH� SKRWRVHQVL�
WLYH�FRPSRQHQWV�LQ�PHGLD�IRU�LQIRUPDWLRQ�RS�
WLFDO� VWRUDJH�� WKH� FRPSRXQGV� FRQWDLQLQJ� DQ
1o2� ERQG� �UHVD]XULQH�� D]R[\EHQ]HQH�� HWF��
FDQ� EH� XVHG� DV� ZRUNLQJ� VXEVWDQFHV� LQ� ODVHUV
EDVHG�RQ�G\HV�DV�ZOO�LQ�GHYHORSPHQW�DQG�SUR�
GXFWLRQ�RI�GDWD�VWRUDJH�PHGLD�
,Q� WKLV�ZRUN��ZH�KDYH� LQWHQGHG� WR�HOXFL�

GDWH� WKH�PDLQ� UHJXODULWLHV� LQ� WKH�SKRWRVHQ�
VLWL]DWLRQ�RI�WKH�FRPSRXQGV�XQGHU�VWXG\��7R
WKDW� HQG��ZH� KDYH� FRQVLGHUHG� WKH� IROORZLQJ
SURFHVVHV�� �L�� VHQVLWL]DWLRQ� DFFRUGLQJ� WR� WKH
SKRWRLQGXFHG�HOHFWURQ�WUDQVIHU�PHFKDQLVP���LL�
VHQVLWL]DWLRQ� DFFRUGLQJ� WR� WKH� HQHUJ\� WUDQVIHU
PHFKDQLVP���LLL��FKHPLFDO�VHQVLWL]DWLRQ�
7KH� H[SHULPHQWDO� VWXGLHV� �DEVRUSWLRQ

VSHFWUD� LQ�YLVLEOH�DQG�89�UHJLRQV��WKH�SKR�
WRFKHPLFDO� SURFHVV� NLQHWLFV�� ZHUH� FDUULHG
RXW�XVLQJ�VROXWLRQV�RI�WKH�SKRWR�DFWLYH�FRP�
SRXQGV� DQG� VHQVLWL]HUV� LQ� HWKDQRO� RU� LQ� D
SRO\PHU� PDWUL[� �SRO\YLQ\O� DFHWDWH��� 7R� RE�
WDLQ� WKH� VROLG� SRO\PHULF� VROXWLRQV�� DOO� WKH
FRPSRQHQWV� ZHUH� GLVVROYHG� LQ� HWKDQRO� DQG
WKH� VROXWLRQ� ZDV� SRXUHG� RQWR� D� KRUL]RQWDO
JODVV� SODWH� DQG� GULHG�� WKHQ� WKH� SRO\PHU
OD\HU�ZDV�GHWDFKHG�IURP�WKH�JODVV��7KH�SKR�
WRFKHPLFDO� H[SHULPHQWV� ZHUH� FDUULHG� RXW
XVLQJ�D�PHUFXU\�DUF� ODPS�DQG�OLJKW�ILOWHUV�
7R� UHFRUG� WKH� DEVRUSWLRQ� VSHFWUD�� 6SHFRUG
89�9,6� DQG� 6SHFRUG� 0��� VSHFWURSKRWRPH�
WHUV� ZHUH� XVHG�� 7KH� ;�UD\� H[DPLQDWLRQV
ZHUH�FDUULHG�RXW�XVLQJ�WKH�D�856����LQVWUX�
PHQW� ZLWK� LURQ� DQWLFDWKRGH� �WKH� PD[LPXP
HPLVVLRQ� DW� O� �������� QP�� OPLQ� ������ �DQG� D� '521��0� RQH� ZLWK� FRSSHU� DQWL�
FDWKRGH� �WKH� PD[LPXP� HPLVVLRQ� DW� O� 
��������QP���$V�WKH�SKRWRVHQVLWL]HUV�RI�WKH
FRPSRXQGV� FRQWDLQLQJ�D�;Ho2�ERQG� WR� WKH
ORQJ�ZDYHOHQJWK� VSHFWUDO� UHJLRQ�� G\HV� RI
YDULRXV� FODVVHV� ZHUH� XVHG�� QDPHO\�� GHULYD�
WLYHV� RI� [DQWKHQH� �HRVLQ��(R]��� R[D]LQH� �UH�
VD]XULQH��� WKLD]LQH� �PHWK\OHQH� EOXH�� 0%�

DQG� RWKHUV� >����@�� 7R� VHQVLWL]H� WKH� FRP�
SRXQGV�WR�WKH�VKRUW�ZDYHOHQJWK�VSHFWUDO�UH�
JLRQ�� KHDY\� PHWDO� VDOWV� ZHUH� XVHG� �+J&O��&G&O��� =Q&O���� 7KH� TXDQWXP�FKHPLFDO� VWXG�LHV�RI�WKH�SKRWR�DFWLYH�FRPSRQHQW�ZHUH�FDU�
ULHG� RXW� XVLQJ� WKH� VHPL�HPSLULFDO�01'2�G
PHWKRG�>�@�
6HQVLWL]DWLRQ� DFFRUGLQJ� WR� WKH� SKRWRLQ�

GXFHG�HOHFWURQ�WUDQVIHU�PHFKDQLVP��'HSHQG�
LQJ�RQ�WKH�SUREOHP�VHWWLQJ��D�SKRWRVHQVLWLYH
FRPSRXQG� FDQ� EH� VHQVLWL]HG� WR� WKH� ORQJ�
ZDYHOHQJWK� �YLVLEOH�� RU� VKRUW�ZDYHOHQJWK
�89� DQG� ;�UD\� UDQJH�� VSHFWUDO� UHJLRQ� DV
ZHOO� DV� WR� WKH� UHJLRQ� FRUUHVSRQGLQJ� WR� WKH
DEVRUSWLRQ� VSHFWUXP� RI� WKH� DFWLYH� FRP�
SRXQG�
7KH�SKRWRO\VLV�RI�GLD]RQLXP�VDOWV�DQG�D]�

LGHV�RFFXUV�GXH�WR�WKH�GLUHFW�H[FLWDWLRQ�LQWR
WKH� GLVVRFLDWLYH� 6�SV
�� VWDWH� >�@� RU� GXH� WR
WKH� H[FLWDWLRQ� LQWR� WKH� ORZHU� 6�SS
�� VWDWH
IROORZHG� E\� SUH�� GLVVRFLDWLRQ� LQWR� WKH� VLQ�
JOHW� RU� WULSOHW� SV
� VWDWH� >�������@��:H� KDYH
VKRZQ� EHIRUH� >�@� WKDW� WKH� SKRWRVHQVLWLYLW\
VHQVLWL]DWLRQ� RI� GLD]RQLXP� VDOWV� RFFXUV� DF�
FRUGLQJ� WR� WKH�SKRWRLQGXFHG�HOHFWURQ�WUDQV�
IHU� PHFKDQLVP�� 7KLV� LV� SRVVLEOH� GXH� WR� D
KLJK� HOHFWURQ� DIILQLW\� HQHUJ\� RI� WKH� GLD�
]RQLXP�FDWLRQV��7DEOH���>�@��0RUHRYHU��DIWHU
WKH�HOHFWURQ�SKRWRLQGXFHG�WUDQVIHU��ZLWKRXW
DQ\�VXEVHTXHQW�WKHUPDOL]DWLRQ��� WKHUH� LV�QR
SRWHQWLDO�EDUULHU�IRU�WKH�&±1�ERQG�EUHDNLQJ
ZLWK�D�QLWURJHQ�PROHFXOH�UHOHDVH��7KH�TXDQ�

7DEOH���� ,RQL]DWLRQ� SRWHQWLDOV� DQG� DIILQLW\
HQHUJLHV�RI�SKRWR�DFWLYH�FRPSRXQGV�ZLWK�D
;H±2�W\SH�ERQG
0ROHFXOH ,RQL]DWLRQ

SRWHQWLDO��H9
$IILQLW\

HQHUJ\��H9
+�&1� ���� ����
+�&1�� ���� ����

'($3K1�� ����� ����
+�&23K1�� ����� ����
+23K1�� ����� ����
3K1�� ����� ����

2�13K1�� ����� ����
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WXP�FKHPLFDO� FDOFXODWLRQ� UHVXOWV� DJUHH� SHU�
IHFWO\�ZLWK�WKH�H[SHULPHQWDO�GDWD�
7KH� GLUHFW� SKRWRO\VLV� RI� GLD]RQLXP� VDOWV

DQG�D]LGHV�KDV�EHHQ�VWDWHG�WR�RFFXU�HYHQ�LQ
VROXWLRQV�FKLOOHG�GRZQ�WR�����.��7KHUHIRUH�
WKH� HQHUJ\� VXUIDFH� RI� WKH� SV
� VWDWH� LV� D
SXUHO\� GLVVRFLDWLYH� RQH�� 7KH� DWWHPSWV� WR
VHQVLWL]H�D]LGHV�XVLQJ�G\HV�KDYH�EHHQ�IRXQG
WR� EH� XQVXFFHVVIXO�� 7KH� TXDQWXP�FKHPLFDO
FDOFXODWLRQV�KDYH�VKRZQ�WKDW�WKH�DEVHQFH�RI
WKH� VHQVLWL]LQJ� HIIHFW� LV� FDXVHG� E\� D� ORZ
HOHFWURQ� DIILQLW\� HQHUJ\� RI� D]LGHV� �7DEOH���
DV�ZHOO� DV� WKH� SUHVHQFH� RI�SRWHQWLDO� EDUULHU
KLQGHULQJ�WKH�1±1�ERQG�EUHDNLQJ�LQ�WKH�UH�
GXFHG�D]LGH�PROHFXOH��7KH�EDUULHU�KHLJKW�H[�
FHHGV� �� H9� IRU� QRQ�RSWLPL]HG� JHRPHWU\� RI
WKH� DQLRQ�UDGLFDO� DQG� LV� DERXW� ���� H9� IRU
WKH� RSWLPL]HG� RQH��7KLV�� KRZHYHU��GRHV� QRW
H[FOXGH� WKH� SRVVLEOH� GLVVRFLDWLRQ� IURP� WKH
H[FLWHG� GLVVRFLDWLYH� VWDWH� RI� WKH� DQLRQ�UDGL�
FDO� WKDW� LV� IRUPHG� GXH� WR� FDSWXUH� RI� IUHH
HOHFWURQV��WKH�VHQVLWL]DWLRQ�WR�D�KLJK�HQHUJ\
UDGLDWLRQ��
,W�KDV�EHHQ�IRXQG�LQ�H[SHULPHQW�WKDW�WKH

;�UD\�VHQVLWLYLW\�RI�GLD]RQLXP�VDOWV�DQG�D]�
LGHV� LV� VHQVLWL]HG� D� OLWWOH� E\� KHDY\� PHWDO
VDOWV� �WKH� RSWLFDO� GHQVLW\� GHFUHDVH� UDWH� RI
GLD]RQLXP� VDOWV� DQG� D]LGHV� LQFUHDVHV� VRPH�
ZKDW�ZKHQ�+J&O���&G&O���RI�=Q&O��DUH�LQWUR�GXFHG�LQWR�WKH�OD\HU��
7KH� FRPSRXQGV� FRQWDLQLQJ� DQ�1±2� ERQG

�H�J��� UHVD]XULQH�� IRUP� D� VHSDUDWH� FODVV� RI
FRPSRXQGV� LQFOXGLQJ� WKH� ;H±2� W\SH� ERQG�
6LQFH� WKH�GLVVRFLDWLYH� VXUIDFH� RI� UHVD]XULQH
FRUUHVSRQGV� WR� D� KLJKO\� H[FLWHG� VWDWH� >�@�
WKH� SKRWRLQGXFHG� HOHFWURQ� WUDQVIHU� WR� WKH
G\H�PROHFXOH�GRHV�QRW�SURYLGH�WKH�1±2�ERQG
GLVVRFLDWLRQ�� 0RUHRYHU�� WKH� SKRWRLQGXFHG
HOHFWURQ� WUDQVIHU� IURP� WKH� G\H� LV� IRXQG� WR
EH�LPSRVVLEOH�GXH�WR�WKH�ORZ�HOHFWURQ�DIILQ�
LW\�HQHUJ\�RI�WKH�G\H��7DEOH�����7KH�H[SHUL�
PHQWDO� DWWHPSWV� WR� VHQVLWL]H� WKH� UHVD]XULQH
SKRWRO\VLV�E\�HRVLQ�ZHUH�XQVXFFHVVIXO��
7R� FDXVH� WKH� VHQVLWL]DWLRQ� HIIHFW� WR� WKH

YLVLEOH�VSHFWUDO�UHJLRQ�DFFRUGLQJ�WR�WKH�SKR�
WRLQGXFHG�HOHFWURQ�WUDQVIHU�PHFKDQLVP��FRQ�
GLWLRQV� DUH� WR� EH� SURYLGHG�ZKHUH� WKH� LQWHU�
PROHFXODU� SKRWRLQGXFHG� HOHFWURQ� WUDQVIHU
EHWZHHQ� WKH�$� DQG�%�PROHFXOHV�ZLOO� EH� HQ�
HUJ\�IDYRUDEOH��,Q�WKDW�FDVH��WKH�UHDFWLRQV�

�$�%���oKQ $����%��RU��$%��oKQ $��%��

ZLOO�RFFXU��,Q�WKH�ILUVW�FDVH��GLD]RQLXP�FDW�
LRQ�DQG�G\H�DQLRQ��WKH�HQHUJ\�UHTXLUHG�LV�

'4� �($$���KQ���,%���(&
ZKLOH� LQ� WKH� RWKHU� RQH� �HOHFWULFDOO\� QHXWUDO
PROHFXOHV�ZLWK�D�;H±2�W\SH�ERQG�

'4� �,$���KQ���(%$���(&��
ZKHUH�,$�%�LV�WKH�LRQL]DWLRQ�SRWHQWLDO�RI�WKHHOHFWULFDOO\� QHXWUDO� PROHFXOHV� �UDGLFDOV�� $
DQG� %��($$�%�� WKH� HOHFWURQ� DIILQLW\� HQHUJ\RI�WKH�VDPH�PROHFXOHV��(&��WKH�&RXORPE�LQ�
WHUDFWLRQ� HQHUJ\� EHWZHHQ� WKH� $��� DQG� %r
LRQV�� 7KH� SKRWRFKHPLFDO� SURFHVV� LV� UHDOL]HG
DW�'4d��
7KH� TXDQWXP�FKHPLFDO� H[DPLQDWLRQ� UH�

VXOWV� DUH� SUHVHQWHG� LQ� 7DEOHV��� DQG� ��� 7KH
H[SHULPHQWDO� GHWHUPLQDWLRQ� UHVXOWV� RI� WKH
HOHFWURQ�DIILQLW\�HQHUJ\�DUH�GHVFULEHG�LQ�>�@�
%RWK� FDOFXODWHG� DQG� H[SHULPHQWDO� GDWD� >�@
HYLGHQFH� WKDW� WKH� SKRWRLQGXFHG� HOHFWURQ
WUDQVIHU�IURP�WKH�G\H�PROHFXOHV��7DEOH����WR
S�PHWKR[\EHQ]HQH� GLD]RQLXP� FKORULGH
�+�&23K1��� LQ� 7DEOH���� RFFXUV� DW� D� KLJKHIILFLHQF\��ZKLOH�WKH�SURFHVV�LV�VLJQLILFDQWO\
KLQGHUHG� LQ� S�GLHWK\ODPLQRSKHQ\O� GLD�
]RQLXP� �'($3K1���� ERURQ� IOXRULGH� DQG
+23K1���GXH�WR�SUHVHQFH�RI�WKH�HQHUJ\�EDU�ULHU��7DEOH����
,W� LV� WR� QRWH� WKDW� WKH� VHQVLWL]HG� �G\H�

FDWLRQV� VKRZ� DOVR� D� KLJK� HOHFWURQ� DIILQLW\
HQHUJ\��7KHUHIRUH��WKRVH�FRPSRXQGV�FDQ�DFW
DV� HOHFWURQ� DFFHSWRUV� ZLWK� VXEVHTXHQW
FKHPLFDO�UHDFWLRQV��7KH�IXUWKHU�VWXGLHV�KDYH
VKRZQ�WKDW�WKHUH� LV�RQO\�D�UHVWULFWHG�JURXS
RI� PROHFXOHV� FRQWDLQLQJ� D� ;H±2� W\SH� ERQG
WKDW� FDQ� GLVVRFLDWH� LQWR� WZR� RU� PRUH� IUDJ�
PHQWV� DIWHU� SKRWRLQGXFHG� HOHFWURQ� WUDQVIHU
GXH� WR� D� VLJQLILFDQW� HQHUJ\�GHFUHDVH� RI� WKH

7DEOH���� ,RQL]DWLRQ� SRWHQWLDOV� DQG� DIILQLW\
HQHUJLHV�RI�PROHFXODU�FRPSRXQGV

0ROHFXOH ,RQL]DWLRQ
SRWHQWLDO��H9

$IILQLW\�HQHUJ\

0%� ����� ����
0%��&O± ���� ����
0%2��&O± ���� ����
5HV+ ���� ����
5HV± ���� Ü����

5HV+�� ����� ����
5I+ ���� ����
5I± ���� Ü����

5I+�� ����� ����
$% ���� ����
$%2 ���� ����
(R]+ ���� ����
(R]± ���� Ü����

(R]+�� ����� ����
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ERQG�EHLQJ�GLVVRFLDWHG�>�@��+RZHYHU��WKH�UH�
GXFHG�PROHFXOH�GLVVRFLDWHV�IURP�D�QRQ�HTXL�
OLEULXP�VWDWH�HYHQ�LQ�WKRVH�FDVHV�
,W�LV�QDWXUDOO\�WR�H[SHFW�WKDW�WKH�SKRWRLQ�

GXFHG� HOHFWURQ� WUDQVIHU� WR� WKH� HOHFWULFDOO\
QHXWUDO� GLD]RTXLQRQH� LV� SRVVLEOH�� VLQFH� WKH
HOHFWURQ� DIILQLW\� HQHUJ\� RI� WKH� PROHFXOH� LV
KLJK�� 7KDW� HIIHFW�� KRZHYHU�� GRHV� QRW� SUR�
YLGH� DQ\� VHQVLWL]DWLRQ� UHDFWLRQ� GXH� WR� WKH
SUHVHQFH� RI� D� VLJQLILFDQW� HQHUJ\� EDUULHU� LQ
WKH�JURXQG�VWDWH�RI�WKH�GLD]RTXLQRQH�DQLRQ�
UDGLFDO�� 7KDW� PROHFXOH� FDQ� EH� VHQVLWL]HG
RQO\� XQGHU� VLPXOWDQHRXV� H[FLWDWLRQ� RI� WKH
DQLRQ�UDGLFDO� LQWR� D� GLVVRFLDWLYH� VWDWH�� 2Q
WKH�RWKHU�KDQG��WKH�SURWRQDWLRQ�RI�GLD]RTXL�
QRQH� FDXVHV� LWV� WUDQVIRUPDWLRQ� LQWR� GLD�
]RQLXP�FDWLRQ�ZLWK�DOO�WKH�FRQVHTXHQFHV�HQ�
VXLQJ� WKHUHIURP�� 7KH� H[SHULPHQWDO� UHVXOWV
FRQILUP�WKRVH�FRQFOXVLRQV�HQWLUHO\�>�@�

7KH�HQHUJ\�WUDQVIHU��WKH�PROHFXOH�H[FLWD�
WLRQ�� UHVXOWV� DOZD\V� LQ� GLVVRFLDWLRQ� DW� WKH
;H±2� W\SH� ERQG�� $ORQJ� ZLWK� WKDW� ERQG�
RWKHU�ERQGV�FDQ�RI�FRXUVH�EH�EURNHQ�LQ�VRPH
FDVHV�
7KH�LQWHUPROHFXODU�VLQJOHW�VLQJOHW�HQHUJ\

WUDQVIHU� LV� LQ�HVVHQFH� LGHQWLFDO�ZLWK�WKH�GL�
UHFW� H[FLWDWLRQ� RI� WKH� PROHFXOH�� 7KHUHIRUH�
WKH�UHVXOWV�RI� WKDW�HIIHFW� FDQ�EH�FRQVLGHUHG
XVLQJ�WKH�GDWD�VKRZQ�LQ�)LJV����DQG����3UR�
FHHGLQJ�IURP�WKRVH��LW�LV�FOHDU�WKDW�WKH�GLD�
]RQLXP�VDOWV�DQG�D]LGHV�FDQ�EH�VHQVLWL]HG�LI
WKH�HQHUJ\�EHLQJ�WUDQVIHUUHG�IURP�WKH�VHQVL�
WL]HU� H[FHHGV� WKH� 6�o6�� HQHUJ\� RI� WKHSKRWR�DFWLYH�FRPSRXQG��6XFK�D�VHQVLWL]DWLRQ
KDV� D� VHQVH� LI� WKH� H[WLQFWLRQ� FRHIILFLHQW� LQ
WKH�VHQVLWL]HU�ORQJ�ZDYHOHQJWK�EDQG�H[FHHGV
VLJQLILFDQWO\� WKH� FRUUHVSRQGLQJ� YDOXH� IRU
WKH� D]LGH� RU� WKH� GLD]RQLXP� VDOW� WR� SURYLGH
WKH�FRPSOHWH�DEVRUSWLRQ�RI�WKH�DFWLQLF�OLJKW�
$V� WR� WKH� FRPSRXQGV� FRQWDLQLQJ� DQ� 1o2
ERQG��WKDW�HQHUJ\�VKRXOG�H[FHHG�WKDW�RI�WKH

H[FLWDWLRQ� LQWR� D� GLVVRFLDWLYH� VWDWH� LI� WKH
ODWWHU� UHVXOWV� IURP� D� S�o�V
� WUDQVLWLRQ� RU
VKRXOG�EH�HTXDO� WR� WKH�H[FLWDWLRQ�HQHUJ\� LQ
WKH�FDVH�RI�D�V�o�V
�WUDQVLWLRQ��7KLV�LV�GXH
WR� WKH� IDFW� WKDW� WKH� RVFLOODWRU� VWUHQJWK� RI
WKH� ILUVW� PHQWLRQHG� WUDQVLWLRQ� LV� YHU\� ORZ
ZKLOH�LW�LV�KLJK�IRU�WKH�VHFRQG�RQH�
7KH� VHQVLWL]DWLRQ� WR� WKH� ORQJ�ZDYHOHQJWK

VSHFWUDO� UHJLRQ� LV� SRVVLEOH� RQO\� LQ� WKH� FDVH
ZKHQ�WKH�WULSOHW�H[FLWDWLRQ�HQHUJ\� LV�WUDQV�
IHUUHG��)RU�VXFK�D�VHQVLWL]DWLRQ��WKH�VLQJOHW�
WULSOHW� VSOLW� LQ� WKH� VHQVLWL]LQJ� PROHFXOH
VKRXOG� EH� LQVLJQLILFDQW� �H�J��� DV� LQ� EHQ]R�
SKHQRQH�� EXW� VLPXOWDQHRXVO\� WKH� VHQVLWL]HU
WULSOHW�VWDWH�LQ�WR�EH�KLJKHU�WKDQ�WKH�FRUUH�
VSRQGLQJ�VWDWH�RI�WKH�D]LGH�RU�GLD]RQLXP�VDOW
PROHFXOH�� ,Q� SULQFLSOH�� VXFK� PROHFXOHV� DUH
DYDLODEOH��+RZHYHU�� WKRVH� DUH� GLIILFXOW� WR� EH
XVHG�GXH�WR�D�VPDOO�UDGLXV�RI�WKH�WULSOHW�WULS�
OHW�WUDQVIHU�RI�WKH�H[FLWDWLRQ�HQHUJ\�

&KHPLFDO� VHQVLWL]DWLRQ� RI� SKRWRFKHPLFDO
SURFHVVHV�LV�ZHOO�NQRZQ�DQG�XVHG�IRU�D�ORQJ
WLPH�� )RU� H[DPSOH�� LQ� >�@�� OLWHUDWXUH� GDWD
KDYH�EHHQ�PHQWLRQHG�RQ�WKH�FKHPLFDO�VHQVL�

)LJ�����(QHUJ\�GLDJUDPV�RI�GLD]RTXLQRQH��$��DQG�S�K\GUR[\SKHQ\O�GLD]RQLXP��%��GHSHQGLQJ�RQ�WKH
OHQJWK�RI�WKH�&±1�ERQG�EHLQJ�GLVVRFLDWHG��7KH�&±1�ERQG�HQHUJ\�LQ�WKH�6��SS
��VWDWH�RI�GLD]RTXLQRQH
LV�������H9�DQG�LQ�WKH�7�SV
��VWDWH�RI�GLD]RQLXP�FDWLRQ�������H9�

)LJ�����(QHUJ\�GLDJUDP�RI�QHXWUDO�UHVD]XULQJ
PROHFXOH�GHSHQGLQJ�RQ�WKH�OHQJWK�RI�WKH�1±2
ERQG�EHLQJ�GLVVRFLDWHG�
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WL]DWLRQ� RI� VHFRQGDU\� DOFRKRO� SKRWR�R[LGD�
WLRQ�ZLWK�EHQ]RSKHQRQH�
7R�SURYLGH�FKHPLFDO�VHQVLWL]DWLRQ�RI�OLJKW

VHQVLWLYLW\�LQ�FRPSRXQGV�FRQWDLQLQJ�D�;H±2
W\SH�ERQG��ILUVW�RI�DOO��D�SKRWRVHQVLWLYH�FRP�
SRXQG� VKRXOG� EH� DYDLODEOH� WKDW� DEVRUEV� WKH
YLVLEOH� OLJKW�ZKHUH� SKRWRFKHPLFDO� SURFHVVHV
UXQ�ZLWK�DQ�DFWLYH�UDGLFDO�IRUPDWLRQ��7KHQ�
WKH�DFWLYH�UDGLFDO�VKRXOG�KDYH�D�ORZ�LRQL]D�
WLRQ� SRWHQWLDO�� UHVXOWLQJ� LQ� WKH� GLD]RQLXP
FDWLRQ� UHGXFWLRQ� UHDFWLRQ� UXQQLQJ� LQ� WKH
GDUN��,Q�VHDUFKLQJ�IRU�VXFK�D�SKRWRVHQVLWLYH
FRPSRXQG�� ZH� KDYH� SDLG� DWWHQWLRQ� WR� WKH
IDFW� WKDW�ZKHQ� RQH�&±+� ERQG� LQ� D�&Q+�Q��K\GURFDUERQ�EHFRPHV�EURNHQ��WKH�LRQL]DWLRQ
SRWHQWLDO�LV�ORZHUHG�E\�DERXW���H9�>��@��7KH
HOHFWURQ� GRQDWLQJ� VXEVWLWXHQWV� LQWURGXFHG
LQWR� HWKDQH� FDXVH� D� ORZHUHG� LRQL]DWLRQ� SR�
WHQWLDO�RI� WKH�PROHFXOH��2Q� WKH�RWKHU�KDQG�
LQWURGXFWLRQ� RI� LRGLQH� DWRP� UHVXOWV� LQ� D
VKLIW� RI� WKH� DEVRUSWLRQ� VSHFWUXP� WRZDUGV
WKH� YLVLEOH� UHJLRQ�� 7KDW� LV� ZK\� ZH� KDYH
VWXGLHG� WKH� SKRWRFKHPLFDO� SURSHUWLHV� RI
GLDPLQR� LRGRHWKDQH�+�&&�1+���,�KDYLQJ�WKHLRQL]DWLRQ�SRWHQWLDO�RI�����H9��)XUWKHUPRUH�
LWV� VROXWLRQ� LV� FRORUHG�\HOORZ�GXH� WR�D�ZHDO
DEVRUSWLRQ� LQ� WKH� VN\�EOXH� VSHFWUDO� UDQJH�
7KH� TXDQWXP�FKHPLFDO� FDOFXODWLRQV� KDYH
VKRZQ� WKDW� WKH� H[FLWDWLRQ� RI� +�&&�1+���,UHVXOWV� LQ� LWV� GLVVRFLDWLRQ� ZLWK� UHOHDVH� RI
DWRPLF� LRGLQH� DQG� IRUPDWLRQ� RI� GLDPLQR
HWK\O� UDGLFDO� ZLWK� WKH� LRQL]DWLRQ� SRWHQWLDO
RI� ���� H9�� 7KLV� LV� TXLWH� HQRXJK� WR� SURYLGH
UHGXFWLRQ� RI� VRPH� GLD]RQLXP� VDOWV� LQ� WKH
GDUN��7KH� SKRWRO\VLV� RI�GLDPLQR� LRGRHWKDQH
UXQV� DW� D� KLJK� TXDQWXP� \LHOG� GXH� WR� SUHV�
HQFH� RI� WZR� WULSOHW� VWDWHV� 7�� DQG� 7�� DU�UDQJHG� FORVHO\� WR� RQH� DQRWKHU� EHWZHHQ� WKH
ORZHU�WULSOHW�VWDWH��7���DQG�WZR�VLQJOHW�RQHV6��DQG�6��FORVH�WRJHWKHU��)LJ������0RUHRYHU�WKH� HIIHFW� RI� D� KHDY\� DWRP� LQ� WKH� VLQJOHW�
WULSOHW� FRQYHUVLRQ�6�o7�� LV� RI� D� JUHDW� LP�SRUWDQFH�
,Q� IDFW�� ZH� KDYH� IRXQG� LQ� H[SHULPHQW

WKDW� WKH� GHFRPSRVLWLRQ� RI� GLDPLQR� LR�
GRHWKDQH� VHQVLWL]HV� WKH� SKRWRVHQVLWLYLW\� RI
S�PHWKR[\� SKHQ\OGLD]RQLXP� +�&23K1��ZLWK� WKH� ORQJ�ZDYHOHQJWK� DEVRUSWLRQ� EDQG
PD[LPXP�QHDU�����QP�
7R� FRQFOXGH�� FRQVLGHUDWLRQ� RI� OLWHUDWXUH

GDWD� DV� ZHOO� DV� FRPSUHKHQVLYH� WKHRUHWLFDO
HQG� H[SHULPHQWDO� VWXGLHV� RI� WKH� VHQVLWL]D�
WLRQ� SURFHVVHV� LQ� FRPSRXQGV� FRQWDLQLQJ� D
;H±2� W\SH� ERQG� KDYH� VKRZQ� ZKDW� IROORZV�
7KH� VHQVLWL]DWLRQ� WR� WKH� YLVLEOH� RU� VKRUW�
ZDYHOHQJWK��89��;�UD\��VSHFWUDO�UHJLRQV�DF�
FRUGLQJ� WR� WKH�SKRWRLQGXFHG�HOHFWURQ� WUDQV�
IHU� PHFKDQLVP� LV� SRVVLEOH� LI� WKH� LRQL]DWLRQ
SRWHQWLDO� RI� WKH� VHQVLWL]HU� LV� ORZ� DQG� WKH

HOHFWURQ� DIILQLW\� HQHUJ\�RI� WKH�SKRWR�DFWLYH
FRPSRXQG� LV�KLJK�� WKXV��WKH�UHDFWLRQ� LV�HQ�
HUJ\�IDYRUDEOH�� 7KH� HQHUJ\� RI� GLVVRFLDWLQJ
ERQG� LQ� WKH� UHGXFHG� SKRWR�DFWLYH� PROHFXOH
VKRXOG� QRW� H[FHHG� D� FULWLFDO� YDOXH�� RU� WKH
HOHFWURQ�LV�WUDQVIHUUHG�LQWR�D�KRW�VWDWH�ZLWK
DQ�HQHUJ\�H[FHHGLQJ�WKDW�RI�WKH�FRUUHVSRQG�
LQJ�ERQG��7KH�VHQVLWL]DWLRQ�LV�SRVVLEOH�LI�WKH
HOHFWURQ� LV�WUDQVIHUUHG�WR� WKH�H[FLWHG�GLVVR�
FLDWLYH�VWDWH�RI�WKH�UDGLFDO��7KDW�PHFKDQLVP
LV� PRUH� HIILFLHQW� ZKHQ� WKH� VHQVLWL]DWLRQ� LV
RFFXUUHG� WR� WKH� VKRUW�ZDYHOHQJWK� VSHFWUDO
UHJLRQ�� 7KH� VHQVLWL]DWLRQ� WR� WKH� ORQJ�ZDYH�
OHQJWK� VSHFWUDO� UHJLRQ� DFFRUGLQJ� WR� WKH� HQ�
HUJ\�WUDQVIHU�PHFKDQLVP�LV�RQO\�SRVVLEOH�LQ
WKH�FDVH�ZKHQ�WKH�ORZHU�WULSOHW�VWDWH�RI�WKH
SKRWR�DFWLYH�FRPSRXQG�LV�DFWLYH��7KH�SKRWR�
VHQVLWLYLW\� LQFUHDVH� RI� D� UHFRUGLQJ�PDWHULDO
WR� WKH� VHOI�DEVRUSWLRQ� UHJLRQ� RI� WKH� SKRWR�
DFWLYH�FRPSRXQG�KDYLQJ�D� ORZ�H[WLQFWLRQ� LV
SRVVLEOH� GXH� WR� LQGXFWLYH�UHVRQDQFH� HQHUJ\
WUDQVIHU�IURP�WKH�VHQVLWL]HU�ZLWK�D�ORQJ�OLIH�
WLPH�LQ�WKH�ORZHU�H[FLWHG�VLQJOHW�VWDWH��7KHUH
LV�D�VHQVLWL]DWLRQ�SRVVLELOLW\�RI�LQWHUHVW�LQ�WKH
VKRUW�ZDYHOHQJWK� VSHFWUDO� UHJLRQ�� VLQFH� LQ
WKLV�FDVH��WKH�SURFHVVHV�FDQ�EH�VHQVLWL]HG�WKDW
UXQ� RQO\� LQ� D� KLJKO\� H[FLWHG� VWDWH� RI� WKH
SKRWR�DFWLYH� FRPSRXQG� �LQ� 1o2� ERQG� FRQ�
WDLQLQJ� FRPSRXQGV� DPRQJ� WKH� ;H±2� W\SH
RQHV��� &KHPLFDO� VHQVLWL]DWLRQ� RI� ;H±2� W\SH
ERQG�FRQWDLQLQJ�FRPSRXQGV�WR�WKH�ORQJ�ZDYH�
OHQJWK� VSHFWUDO� UHJLRQ� VXSSRVHV� WKH� HOHFWURQ
WUDQVIHU� IURP� DQ� LQWHUPHGLDWH� UDGLFDO� �WKH
VHQVLWL]HG� SKRWRO\VLV� SURGXFW�� WR� WKH� JURXQG
VWDWH�RI�WKH�SKRWR�DFWLYH�FRPSRXQG�UDGLFDO�
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