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LQWHUSUHWHG�DV�D�FRQVHTXHQFH�RI�KLJK�GHIHFWLYLW\�OHYHO�RI�QDQRJUDLQHG�FHUDPLFV�DULVLQJ�IURP�LWV
QRQ�HTXLOLEULXP�FKDUDFWHU�DQG�KLJK�FRQFHQWUDWLRQ�RI�JUDLQ�ERXQGDULHV�

�¯ºmË�ËÓº� °¯ÈmÓÒ�Ëã	ÓºË� Ò°°ãË�ºmÈÓÒË� º¹�Ò�Ë°}º�º�¹¯º¹�°}ÈÓÒ«�� �Ë¯äº°�Òä�ãÒ¯º�
mÈÓÓº®�ã
äÒÓË°�ËÓ�ÒÒ�Ò�Áº�ºã
äÒÓË°�ËÓ�ÒÒ�°�m¯ËäËÓÓ©ä�¯ÈÏ¯Ë�ËÓÒËä�¹¯Ò�mºÏ�Î�
�ËÓÒÒ�°ÒÓ²¯º�¯ºÓÓ©ä�ÒÏã��ËÓÒËä�m�ºãÈ°�Ò�Á�Ó�ÈäËÓ�Èã	Óº�º�¹º�ãº�ËÓÒ«�ÓÈÓºÏË¯ËÓ�
Óº®�}Ë¯ÈäÒ}Ò�<�$O�2���Ò�äºÓº}¯Ò°�Èããºm�ÈÓÈãº�Ò�Óº�º�°º°�ÈmÈ���ºmË�ËÓÒË�ÓÈÓºÏË¯ËÓ�Óº®� }Ë¯ÈäÒ}Ò� ãÒÏ}º� }� �È}ºmºä�� �ã«� äºÓº}¯Ò°�Èããºm� °� ºã	�º®� }ºÓ�ËÓ�¯È�ÒË®
ÈÓ�Ò°�¯�}��¯Ó©²��ËÁË}�ºm�<$O��sÈã
�ÈËä©Ë�¯ÈÏãÒ�Ò«�m� º¹�Ò�Ë°}Ò²�Ò�ã
äÒÓË°�ËÓ��Ó©²�°mº®°�mÈ²�}¯Ò°�Èããºm�Ò�ÓÈÓº}Ë¯ÈäÒ}Ò�<�$O�2���º�°ãºmãËÓ©�ºãËË�m©°º}º®�°�Ë¹Ë�Ó	
� �ËÁË}�Óº°�Ò� ÓÈÓºÏË¯ËÓÓº®� }Ë¯ÈäÒ}Ò�� °m«ÏÈÓÓº®� °� ÓË¯ÈmÓºmË°Ó©ä� ²È¯È}�Ë¯ºä� ËË
¹ºã��ËÓÒ«�Ò�m©°º}º®�}ºÓ�ËÓ�¯È�ÒË®�äËÎÏË¯ËÓÓ©²��¯ÈÓÒ���

���,QWURGXFWLRQ
1DQRJUDLQHG� FHUDPLFV� �1&�� ZLWK� D� W\SL�

FDO� JUDLQ� VL]H� OHVV� WKDQ� ���� QP� EDVHG� RQ
<�$O�2��� �<$*�� � UHSUHVHQWV� D� QHZ� W\SH� RIRSWLFDO�PDWHULDOV�SHUVSHFWLYH�IRU�DSSOLFDWLRQ
LQ� SKRWRQLFV�� ODVHU� DQG� VFLQWLOODWLRQ� WHFK�
QLTXHV�� 7KH� PDLQ� GLVWLQFWLYH� IHDWXUH� RQ
QDQRFHUDPLFV� LV� H[WUHPHO\� KLJK� FRQFHQWUD�
WLRQ�RI�DWRPV�ZLWKLQ�JUDLQ�ERXQGDULHV��QRU�
PDOO\�IURP����WR�������$V�D�UHVXOW��RSWLFDO
DQG� HOHFWURQLF� SURSHUWLHV� RI� QDQRFHUDPLFV

DUH� VXEVWDQWLDOO\� GLIIHUHQW� LQ� FRPSDULVRQ
ZLWK� EXON� PDWHULDOV�� )RU� LQVWDQFH�
QDQRJUDLQHG�$O�2�� VKRZV� QHZ� OXPLQHVFHQFHEDQG� RULJLQDWHG� IURP� VXUIDFH� )6��FHQWHUV�KDV� IDVWHU� OXPLQHVFHQFH� GHFD\� DQG� KLJKHU
OXPLQHVFHQFH�\LHOG�FRPSDUHG�WR�FRUUHVSRQG�
LQJ� VLQJOH� FU\VWDOV� >�@�� 'LIIHUHQFHV� LQ� RSWL�
FDO� SURSHUWLHV� RI� WKH�QDQR�� DQG� VLQJOH�FU\V�
WDOOLQH� IRUP� RI� RWKHU� JDUQHW� PDWUL[
<�)H�2��� ZHUH� REVHUYHG� LQ� >�@�� 6WXGLHV� RIOXPLQHVFHQW�SURSHUWLHV�RI�<$*�QDQRFHUDPLFV
DUH� OLPLWHG� RQO\� E\� DFWLYDWHG�PDWHULDOV� >�Ü
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�@��/XPLQHVFHQW�SURSHUWLHV�RI�QRPLQDOO\�XQ�
GRSHG� <$*� QDQRFHUDPLFV� DUH� LQVXIILFLHQWO\
SUHVHQWHG� LQ�PRGHUQ� OLWHUDWXUH��5HFHQWO\� LQ
ZRUNV�>����@�ZH�KDYH�FRPSDUHG�WKH�OXPLQHV�
FHQW� SURSHUWLHV� RI� <$*�&H� VLQJOH� FU\VWDOV
�6&��� VLQJOH� FU\VWDOOLQH� ILOPV� �6&)��� QDQR�
SRZGHUV��13��DQG�WUDQVSDUHQW�PLFURFHUDPLF
�0&��XQGHU�H[FLWDWLRQ�E\�V\QFKURWURQ�UDGLD�
WLRQ��65��LQ�WKH�989�UDQJH��:H�VKRZHG�>��
�@� WKDW� WKH� GLIIHUHQFHV� LQ� WKH� VSHFWUDO�NL�
QHWLF� FKDUDFWHULVWLFV� RI� WKH� &H��� OXPLQHV�
FHQFH� LQ� <$*�&H� SKRVSKRUV� DUH� FDXVHG� E\
WKH� VLJQLILFDQW� GLIIHUHQFHV� LQ� SUHSDUDWLRQ
PHWKRGV�� QDPHO\� WKH� FRQFHQWUDWLRQ� RI� DQ�
WLVLWH�GHIHFWV� �$'��DQG�R[\JHQ�YDFDQFLHV�DV
PDLQ�W\SHV�RI�GHIHFWV�LQ�JDUQHW�FRPSRXQGV�
7KHVH� W\SHV� RI� GHIHFWV� FDQ� SOD\� WKH� UROH� DV
HPLVVLRQ� DQG� WUDSSLQJ� FHQWHUV� DQG�VWURQJO\
FRQWULEXWHG�WR�WKH�HQHUJ\�WUDQVIHU�SURFHVVHV
IURP�<$*�KRVW�WR�&H���HPLVVLRQ�FHQWHUV��,Q
WKLV� ZRUN� ZH� FRQWLQXH� RXU� UHVHDUFK� RI� WKH
OXPLQHVFHQW�SURSHUWLHV�RI�WKH�GLIIHUHQW�FU\V�
WDOOLQH�IRUPV�RI�<$*��7KH�DLP�RI�WKLV�ZRUN
LV� WR� FRPSDUH� WKH� LQWULQVLF� OXPLQHVFHQFH� RI
<$*� 1&� DQG� 6&� XQGHU� H[FLWDWLRQ� E\� V\Q�
FKURWURQ� UDGLDWLRQ� LQ� WKH� H[FLWRQ� UDQJH� RI
<$*� KRVW�� <$*� LV� QRW� RQO\� H[FHOOHQW� ODVHU
DQG� VFLQWLOODWLRQ� PDWHULDO�� EXW� DOVR� DQ� DW�
WUDFWLYH� PRGHO� REMHFW� IRU� LQYHVWLJDWLRQ� RI
RSWLFDO� SURSHUWLHV� LQ� QDQRFU\VWDOOLQH� IRUPV
GXH�WR�ZHOO�NQRZQ�RSWLFDO�SURSHUWLHV�IRU�WKH
EXON�6&�IRUP�>����@��

���([SHULPHQWDO
&XVWRP�PDGH� <�$O�2��� ORZ�DJJORPHUDWHGQDQRSRZGHUV� ZHUH� SURGXFHG� E\� UHYHUVH

VWULNH�FR�SUHFLSLWDWLRQ�PHWKRG�ZLWK�DGGLWLRQ
RI�VXOIDWH�LRQV�DV�D�GLVSHUVDQW��6XOIDWH�LRQV
DGVRUEHG�RQWR�WKH�SDUWLFOH�VXUIDFH�IRUP�GRX�
EOH�HOHFWULF�OD\HU�WKXV�LQFUHDVLQJ�LQWHUSDUWL�
FOH� UHSXOVLRQ� IRUFHV� DQG� LPSURYLQJ� SRZGHU
GLVSHUVLW\�� 7KH� VLQJOH�SKDVH� <$*� SRZGHUV
ZHUH� FRQVROLGDWHG� XQGHU� WKH� WKHUPREDULF
VWDWLF�FRQGLWLRQV�DW�D�WRURLG�W\SH�KLJK�SUHV�
VXUH� DSSDUDWXV�� 7KH� FRQVROLGDWLRQ� ZDV� FDU�
ULHG�RXW�XQGHU�����*3D�SUHVVXUH�LQ�WKH���Ü
����&�WHPSHUDWXUH�UDQJH�>������@��7KH�<$*
6&� ZHUH� FU\VWDOOL]HG� IURP� WKH� PHOW� DW
�����&�E\� WKH�&]RFKUDOVNL�PHWKRG�� 6LJQLIL�
FDQW� GLIIHUHQFH� LQ� WKH� SUHSDUDWLRQ� FRQGL�
WLRQV� RI� <$*� 6&� DQG� 1&� �IDEULFDWLRQ� WHP�
SHUDWXUH�� DWPRVSKHUH�� SUHVVXUH� HWF��� LV
VWURQJO\� UHIOHFWHG� RQ� WKH� FRQFHQWUDWLRQ� RI
<$O� $'� �<� FDWLRQV� LQ� WKH� SRVLWLRQV� RI� $OFDWLRQV�� DQG� R[\JHQ� YDFDQFLHV� DQG� UHODWHG
HPLVVLRQ�DQG�WUDSSLQJ�FHQWHUV�>��������Ü��@�
7KH� WRWDO� WUDQVPLWWDQFH�RI�<$*�6&�DQG�1&
VDPSOHV� LQ� WKH� ���Ü����� QP� ZDYHOHQJWK
UDQJH� ZDV� VWXGLHG� RQ� D� 3HUNLQ�(OPHU

�/DPEGD����� VSHFWURSKRWRPHWHU� XVLQJ� LQWH�
JUDWLQJ� VSKHUH�� 7KH� 76/� JORZ� FXUYHV� RI
<$*� 6&� DQG� 1&� ZHUH� UHFRUGHG� XVLQJ� D
KRPH�PDGH� VHWXS� HTXLSSHG� ZLWK� D� )(8���
307� DW� D� KHDWLQJ� UDWH� RI� �� .�PLQ�� 7KH
VDPSOHV� ZHUH� LUUDGLDWHG� ZLWK� ;�TXDQWD
�583������������� ;�UD\� XQLW�� &X� DQRGH�
8� ����� N9�� ,� ��� P$�� DW� URRP� WHPSHUD�
WXUH�� &RPSDUDWLYH� DQDO\VLV� RI� WKH� WLPH�UH�
VROYHG� LQWULQVLF� OXPLQHVFHQFH� RI� <$*� DQG
<$*�&H� 1&� DQG� 6&� KDV� EHHQ� SHUIRUPHG
XQGHU�H[FLWDWLRQ�E\�SXOVHG��������QV��65�DW
WKH�6XSHUOXPL�H[SHULPHQWDO�VWDWLRQ��+$6<�
/$%� DW� '(6<�� ZLWK� DQ� HQHUJ\� RI� ���Ü
��� H9��7KH� HPLVVLRQ� DQG� H[FLWDWLRQ� VSHFWUD
ZHUH� PHDVXUHG� ZLWK� PRQRFKURPDWRUV� $5&
DQG�307�+DPDPDWVX�5����3�� ERWK� LQ� WKH
LQWHJUDO�UHJLPH�DQG�LQ�WKH����Ü���DQG����Ü
����QV�WLPH�LQWHUYDOV��IDVW�DQG�VORZ�FRPSR�
QHQWV�� UHVSHFWLYHO\�� LQ� WKH� OLPLWV� RI� 65
SXOVH�ZLWK�D�UHSHWLWLRQ�WLPH�RI�����QV��7KH
GHFD\� NLQHWLFV� RI� OXPLQHVFHQFH� ZDV� PHDV�
XUHG� LQ� WKH� �Ü���� QV� WLPH� UDQJH� DW� ��� .�
7KH�H[FLWDWLRQ�VSHFWUD�ZHUH�FRUUHFWHG�IRU�WKH
VSHFWUDO�GHSHQGHQFH�DQG�LQWHQVLW\�RI�WKH�H[FL�
WDWLRQ� HQHUJ\�� WKH� HPLVVLRQ� VSHFWUD�ZHUH�QRW
FRUUHFWHG�

���5HVXOWV�DQG�GLVFXVVLRQ
+LJK�SUHVVXUH� VLQWHULQJ� LV� D� SRZHUIXO

WRRO� WR�SURGXFH�GHQVH�QDQRJUDLQHG�FHUDPLFV
GXH� WR�DFWLYDWLRQ�RI� WKH�FRQVROLGDWLRQ�SURF�
HVV� YLD� DFWLYH� PRYHPHQW� RI� SDUWLFOHV� DV� D
ZKROH��GHVWUXFWLRQ�RI�DJJORPHUDWHV�DQG�FORV�
LQJ� RI� ODUJH� SRUHV�� <$*� WUDQVOXFHQW
QDQRJUDLQHG� FHUDPLFV� ZLWK� D� GHQVLW\� RI
��r����KDV�EHHQ�SURGXFHG�XQGHU�3� �����*3D
DQG� WKH� WHPSHUDWXUH� RI� DERXW� ���� RI� <$*
PHOWLQJ� SRLQW�� 7KH� FHUDPLFV� KDV� DYHUDJH
JUDLQ�VL]H�RI���Ü���QP��FRPSDUDEOH�WR�WKDW
RI�WKH�LQLWLDO�QDQRSRZGHUV�������QP���7KLFN�
QHVV� RI� JUDLQ� ERXQGDULHV� RI� <$*� QDQR�
FHUDPLFV� UDQJHV� IURP� �� WR� �� QP�� 7KH� QDQR�
FHUDPLFV� FKDUDFWHUL]H� E\� QHJOLJLEOH� UHVLGXDO
SRURVLW\�ZLWK�D�W\SLFDO�SRUH�VL]H�LQ�WKH�QDQRV�
FDOH�UDQJH��a���QP��>������@�

)LJ���� VKRZV� WKH� WRWDO� WUDQVPLWWDQFH
VSHFWUXP� RI� URXJKO\�SROLVKHG� <$*
QDQRJUDLQHG�FHUDPLFV��7KH�WUDQVPLWWDQFH�RI
��� �� DW� O� ������ QP� DFKLHYHV� ��� �� RI
WKHRUHWLFDO�YDOXH�������LQ�WKH�YLVLEOH�ZDYH�
OHQJWK� UDQJH��� $V� NQRZQ�� UHVLGXDO� SRURVLW\
LV�D�PDLQ�IDFWRU�JRYHUQLQJ�WKH�WUDQVSDUHQF\
RI� FHUDPLFV� GXH� WR� ODUJH� GLIIHUHQFH� LQ� UH�
IUDFWLYH� LQGH[HV� EHWZHHQ� WKH� FHUDPLFV� DQG
JDV�ILOOHG�SRUHV��7KH�PD[LPDO�VFDWWHULQJ�RF�
FXUV� ZKHQ� WKH� SRUH� VL]H� LV� HTXDO� WR� WKH
ZDYHOHQJWK� RI� LQFLGHQW� OLJKW�� ,Q� RXU� FDVH
SRUHV�DUH�WRR�VPDOO� ����QP��WR�SURGXFH�VLJ�

<X�=RUHQNR�HW�DO����/XPLQHVFHQW�SURSHUWLHV�RI����
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QLILFDQW�VFDWWHULQJ�>��@��7KLV�PHDQV�WKDW�DQ�
RWKHU�PHFKDQLVP�RI�OLJKW�VFDWWHULQJ�H[LVW�LQ
RXU� VDPSOHV�� QDPHO\� OLJKW� DEVRUSWLRQ� E\
PLFUR�GHIHFWV� RU� DGGLWLRQDO� VFDWWHULQJ� RI
OLJKW� E\� URXJK� VXUIDFHV� RI� FHUDPLFV�� VLQFH
WKH� VL]H�RI� VWUXFWXUDO�XQLWV� IRUPLQJ�FHUDP�
LFV� �JUDLQV�� SRUHV� DQG� JUDLQ� ERXQGDULHV�� LV
PXFK�VPDOOHU�WKDQ�YLVLEOH�OLJKW��

7DNLQJ� LQWR� DFFRXQW� H[WUHPHO\� KLJK� H[�
WHQVLRQ� RI� JUDLQ� ERXQGDULHV� DQG� LQFUHDVHG
FRQFHQWUDWLRQ� RI� SRLQW� GHIHFWV� LQ
QDQRJUDLQHG� FHUDPLFV�� RQH� FDQ�DVVXPH� WKDW
GHIHFW� VWUXFWXUH� RI� FHUDPLFV� FRXOG� EH� UH�
YHDOHG� LQ� OXPLQHVFHQW� UHFRPELQDWLRQ� SURF�
HVVHV��VXFK�DV�WKHUPDOO\�VWLPXODWHG�OXPLQHV�
FHQFH� �76/��� )LJ���� VKRZV� 76/� JORZ� FXUYHV
RI�<$*�6&�DQG�1&�REWDLQHG�DW�KHDWLQJ�UDWHRI� �� .�PLQ� DIWHU� LUUDGLDWLRQ� ZLWK� ;�UD\
TXDQWD�������5�GRVH���7KH�GHFRQYROXWLRQ�RI
H[SHULPHQWDO� SORWV� LQWR� HOHPHQWDU\� SHDNV
ZDV� GRQH� E\� *ORZ)LW� VRIWZDUH� DVVXPLQJ
ILUVW�RUGHU�NLQHWLFV�>��@��7KH�76/�FXUYHV�RI
<$*�6&�DQG�1&�DUH�QRQ�HOHPHQWDU\�DQG�FRQ�VLVW� RI� JURXSV� RI� SHDNV� LQ� WKH� ���Ü���� .
WHPSHUDWXUH� UDQJH�� 76/� RI� VLQJOH� FU\VWDO
FRQWDLQV�VHYHUDO�SHDNV�DW�7� ��������������
DQG� ���� .�� LGLFDWLQJ� WKH� SUHVHQFH� RI� IRXU
WUDSV�RI�FKDUJH�FDUULHUV� �)LJ�����D���7KH�DF�
WLYDWLRQ� HQHUJ\� RI� PDLQ� 76/� SHDN� DW� 7� 
����.� LV������H9��7KH�JORZ�FXUYH�RI�QDQR�
FHUDPLFV� GHPRQVWUDWHV� VLJQLILFDQW� GLVWLQF�
WLRQV� DV� FRPSDUHG� WR� VLQJOH� FU\VWDOV� DQG
SUHVHQWV� VXSHUSRVLWLRQ� RI� QXPEHU� RI� SHDNV
TXDVL�FRQWLQXRXVO\� GLVWULEXWHG� LQ� WKH� 7� 
���Ü���� .� UDQJH�� $OWKRXJK� DW� OHDVW� VL[
SHDNV� FDQ� EH� UHYHDOHG� LQ� WKH� 76/� JORZ�
FXUYH��ZH� IDLOHG� WR� FRUUHFWO\� HVWLPDWH� WKHLU
HQHUJHWLFDO� SDUDPHWHUV� EHFDXVH� WKH� SHDNV
DUH� VWURQJO\� RYHUODSSHG� �)LJ����� E��� 7KH
OLJKW� VXP� VWRUDJHG� E\� QDQRFHUDPLFV� LV

���� WLPHV� KLJKHU� WKDQ� WKDW� RI� VLQJOH� FU\V�
WDOV�� VSHFLI\LQJ� WKH�KLJKHU�FRQFHQWUDWLRQ�RI
SRLQW�GHIHFWV�WUDSSHG�WKH�FKDUJH�FDUULHUV�

$V� NQRZQ�� HQHUJ\� RI�;�UD\� TXDQWD� �(� 
��� NH9�� LV� LQVXIILFLHQW� WR� FUHDWH� VWDEOH� UD�
GLDWLRQ� GHIHFW� LQ� FRPSOH[� R[LGHV� E\� LPSDFW
PHFKDQLVP�� EHFDXVH� UHODWLYHO\� KLJK� WKUHVK�
ROG� GLVSODFHPHQW� HQHUJ\�� )RUPDWLRQ� RI� GLV�
SODFHPHQW�GHIHFWV�LQ�<$*�DQLRQLF�VXEODWWLFH
UHTXLUHV�HQHUJ\�RI����H9�>��@��)RU�WKLV�UHD�
VRQ� REVHUYHG� 76/� LV� PRVW� OLNHO\� FRQQHFWHG
ZLWK� �UHFKDUJLQJ�� RI� JHQHWLF� �LQWULQVLF� RU
JURZWK�� GHIHFWV� RU� LPSXULW\� LRQV�� 6WULFWO\
VSHDNLQJ�� WKH� SUHVHQFH� RI� WKHUPDOO\� VWLPX�
ODWHG�OXPLQHVFHQFH�DOORZV�RQO\�PDNH�FRQFOX�
VLRQV�DERXW�QXPEHU�RI�GHIHFWV�DQG�WKHLU�DF�
WLYDWLRQ�HQHUJ\��ORFDWLRQ�RI�OHYHOV�RI�GHIHFWV
LQ�EDQG�JDS���QRW�RQ�WKHLU�QDWXUH��$VVXPLQJ
LGHQWLFDO� UDGLDWLYH� UHFRPELQDWLRQ� PHFKD�
QLVPV�IRU�ERWK�<$*�6&�DQG�1&�VLQJOH�FU\V�
WDOV�DQG�QDQRJUDLQHG�FHUDPLFV��RQH�FDQ�FRQ�
FOXGH�WKH�KLJKHU�GHILFLHQF\�RI�QDQRFHUDPLFV�
7KH� VKDSH� RI� 76/� FXUYH� RI� QDQRFHUDPLFV
GHPRQVWUDWHV� VLPLODULW\� ZLWK� R[LGH� JODVVHV
KDYLQJ� TXDV\�FRQWLQXRXV� GLVWULEXWLRQ� RI

)LJ����� 76/� JORZ� FXUYHV� RI� <�$O�2��� VLQJOHFU\VWDO� �D�� DQG�<�$O�2��� QDQRJUDLQHG� FHUDPLFV�E��LUUDGLDWHG�ZLWK�;�UD\�TXDQWD�������5�GRVH��
7KH� RSHQ� FLUFOHV� GHQRWH� H[SHULPHQWDO� SRLQWV�
WKH�VROLG�OLQHV�Û�ILWWLQJ�E\�ILUVW�RUGHU�NLQHWLFV�

)LJ�� ��� 7RWDO� WUDQVPLWWDQFH� RI� �� PP� WKLFN
<�$O�2��� VLQJOH� FU\VWDO� ���� DQG� QDQRJUDLQHGFHUDPLFV�����VLQWHUHG�IRU����V�DW�D�SUHVVXUH�RI
a����*3D�DQG�WHPSHUDWXUH�RI�����&�
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WUDSV�� 1XPHURXV� JUDLQ� ERXQGDULHV�� VXUIDFH
VWDWHV� DQG� PLFURVWUDLQV� SUHVHQWHG� LQ� QDQR�
FHUDPLFV� OHDGV� WR� UHGLVWULEXWLRQ� RI� H[LVWLQJ
DQG�WR�FUHDWLRQ�RI�QHZ�WUDSV�QRW�W\SLFDO�IRU
VLQJOH�FU\VWDOV��

7KH� OXPLQHVFHQFH� VSHFWUD�RI�<$*�1&��D�
DQG� 6&� �E�� DW� �� .� XQGHU� H[FLWDWLRQ� E\� 65
ZLWK� GLIIHUHQW� HQHUJLHV� LQ� WKH�<$*� H[FLWRQ
UDQJH� DUH� VKRZQ� LQ� )LJ����� 7KH� QRUPDOL]HG
HPLVVLRQ� VSHFWUD� RI� <$*� 1&� �)LJ���D�� FRQ�
VLVW�RI�WKH�VHW�RI�EURDG�EDQGV�LQ�WKH�89�DQG
EOXH� UDQJHV� SHDNHG� DW� ����� ����� ����� ���
DQG� ���� QP�� %\� DQDORJ\� ZLWK� WKH� ZHOO�
NQRZQ� VWUXFWXUH� RI� WKH� LQWULQVLF� OXPLQHV�
FHQFH�RI�<$*�6&��)LJ���E��>��Ü��@��WKH�PHQ�
WLRQHG� HPLVVLRQ� EDQGV� RI� <$*� 1&� DUH
FDXVHG� E\� WKH� UDGLDWLRQ� GHFD\� RI� D� VHOI�
WUDSSHG� H[FLWRQV� �67(�� DQG� H[FLWRQV�� ORFDO�
L]HG� DURXQG� <$O� $'� �/(�$'�� FHQWHUV��� WKHUHFRPELQDWLRQ�HPLVVLRQ�RI�<$O�$'��WKH�OXPL�QHVFHQFH�RI�)��FHQWHUV��R[\JHQ�YDFDQF\�ZLWK
RQH� WUDSSHG� HOHFWURQ��� ORFDOL]HG� DURXQG� <$O$'� DQG� WKH� HPLVVLRQ� RI�)� FHQWHUV� �R[\JHQ

YDFDQF\�ZLWK� WZR� WUDSSHG�HOHFWURQ���UHVSHF�
WLYHO\�� 7KH� OXPLQHVFHQFH� EDQGV� RI�<$*�1&
LQ� WKH�RUDQJH�UHG�UDQJH�DUH�FDXVHG�E\�(X��
WUDFH�LPSXULW\��)LJ���D���

7KH�LQWHQVLW\�RI�WKH�OXPLQHVFHQFH�RI�67(
DQG�<$O�$'�UHODWHG�FHQWHUV�LV�DW�OHDVW�E\�RQHRUGHU� RI�PDJQLWXGH� ORZHU� LQ�<$*�1&� �)LJ�
�D�� WKDQ� WKDW� LQ� WKH� 6&� FRXQWHUSDUW� �)LJ�
�D��� 6SHFLILFDOO\�� DW� �� .� WKH� 67(� OXPLQHV�
FHQFH� LQ� WKH�����QP�EDQG� LV�GRPLQDWLQJ� LQ
WKH�VSHFWUD�RI�<$*�6&��)LJ���D��ZKHUHDV�IRU
<$*� 1&� WKH� LQWHQVLW\� RI� 67(� HPLVVLRQ� LV
FRPSDUDEOH�ZLWK�WKH�LQWHQVLW\�RI�$'�UHODWHG
EDQGV� DQG�)�� FHQWHUV� �)LJ���E��� 7KLV� UHVXOW
VKRZV� WKDW�<$O�$'� DQG� FKDUJHG� R[\JHQ�YD�FDQFLHV�VWURQJO\�FRQWULEXWH�WR�WKH�WRWDO�RXW�
SXW� RI� WKH� LQWULQVLF� OXPLQHVFHQFH� RI� <$*
1&��7KH�FRQFHQWUDWLRQ�RI�WKHVH�LQWULQVLF�GH�
IHFWV� LV� YHU\� KLJK� DW� WKH� ERXQGDULHV� RI�1&
JUDLQV� DQG� VWURQJO\� GHFUHDVHV� LQ� WKH� PDLQ
YROXPH�RI�<$*�1&�>����@��

7KH� H[FLWDWLRQ� VSHFWUD� RI� WKH� GLIIHUHQW
LQWULQVLF� HPLVVLRQ� FHQWHUV� LQ� <$*� 1&� �D�

)LJ�����([FLWDWLRQ�VSHFWUD�RI�WKH�GLIIHUHQW�HPLVVLRQ�FHQWHUV�LQ�<$*�1&��D��DQG�6&��E��DW����.�

)LJ����� /XPLQHVFHQFH� VSHFWUD� RI� <$*� 1&� �D�� DQG� 6&� �E�� DW� ��� .� XQGHU� H[FLWDWLRQ� E\� 65� ZLWK
HQHUJLHV�LQGLFDWHG�LQ�OHJHQG�RI�ILJXUHV��LQ�WKH�H[FLWRQ�UDQJH�RI�<$*�KRVW�
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DQG� 6&� �E�� DW� ��� .� DUH� VKRZQ� LQ� )LJ����
$SDUW� IURP� WKH� JHQHUDOO\� WKH� VDPH� VWUXF�
WXUH� RI� H[FLWDWLRQ� EDQGV��ZH� ILQG� VRPH� LP�
SRUWDQW� GLIIHUHQFHV� LQ� WKH� H[FLWDWLRQ� VSHF�
WUXP�RI�<$*�1&�ZLWK�UHVSHFW�WR�WKH�H[FLWD�
WLRQ� VSHFWUD� RI� WKH� VLPLODU� FHQWHUV� LQ� <$*
6&�� 1DPHO\�� SRVLWLRQV� RI� WKH� H[FLWDWLRQ
EDQGV� RI� 67(� HPLVVLRQ� LQ�<$*�1&� DW� ����
DQG�����H9�GLIIHU�IURP�WKH�SRVLWLRQV�RI�WKH
VDPH�EDQGV�DW�����DQG�����H9�LQ�WKH�H[FLWD�
WLRQ�VSHFWUXP�RI�WKH�6&�FRXQWHUSDUW��6XFK�D
VLJQLILFDQW� ORZ�HQHUJ\� VKLIW� �a����� H9�� RI
WKH�PDLQ� H[FLWDWLRQ� EDQG� RI� WKH� 67(� HPLV�
VLRQ� LQ�<$*� 6&�ZLWK� UHVSHFW� WR� WKH� H[FLWD�
WLRQ�VSHFWUXP�RI�<$*�1&�UHIOHFWV�WKH�GRPL�
QDQW� FRQWULEXWLRQ� RI�<$O� $'� WR� WKHLU� OXPL�QHVFHQW� SURSHUWLHV�� $V� RSSRVH� WR� <$*� 6&�
SRVLWLRQ�RI� WKH�PDLQ�H[FLWDWLRQ�EDQG�RI� WKH
67(� OXPLQHVFHQFH� RI� <$*� 1&� �ZLWK� ORZHU
WKDQ�LQ�6&�FRQFHQWUDWLRQ�RI�$'�LQ�WKH�PDLQ
YROXPH�>�@�� LV�FORVHU�WR�SRVLWLRQ�RI�WKH�67(
EDQGV� LQ� <$*� VLQJOH� FU\VWDOOLQH� ILOPV� DW
����� H9� >������@�� ZKHUH� WKH� $'� DUH� FRP�
SOHWHO\�DEVHQW��

7KH� PDLQ� EDQG� LQ� WKH� H[FLWDWLRQ� VSHF�
WUXP�RI�WKH�<$O�$'�OXPLQHVFHQFH�DW�����QPLQ� <$*� 1&� �)LJ���D�� FXUYH� ��� LV� VLJQLIL�
FDQWO\� EURDGHU� DQG� VWURQJO\� ORZ�HQHUJ\
VKLIWHG�WR�����H9�ZLWK�UHVSHFW�WR�SRVLWLRQ�RI
WKH�QDUURZ�SHDN�DW������H9�IRU�$'�HPLVVLRQ
LQ� <$*� 6&� �)LJ���E�� FXUYH� ���� 7KLV� UHVXOW
UHIOHFWV� VWURQJ� LQYROYLQJ� RWKHU� GHIHFW� FHQ�
WHUV�� QDPHO\�� WKH� R[\JHQ� YDFDQFLHV�� LQ� WKH
IRUPDWLRQ�RI�HQHUJ\�VWUXFWXUH�RI�<$O�FHQWHUVLQ�<$*�1&��7KH�ODVW�FRQFOXVLRQ�LV�DOVR�VXS�
SRUWHG�E\�YHU\�FORVH�VWUXFWXUH�RI�WKH�H[FLWD�
WLRQ� VSHFWUD� RI� WKH� HPLVVLRQ� RI�<$O�$'� DQG)��$'�� FHQWHU� LQ� <$*� 1&� LQ� WKH� H[FLWRQ
UDQJH� �)LJ���D�� FXUYHV� �� DQG� ��� UHVSHF�
WLYHO\��� 7KH� H[FLWDWLRQ� VSHFWUXP� RI� WKH� )�
�$'�� FHQWHU� OXPLQHVFHQFH� LQ�<$*� 1&� �)LJ�
�D�� FXUYH� ��� LV� DOVR� QRWDEO\� EURDGHU� LQ� WKH

H[FLWRQ� UDQJH� DQG� LV� VKLIWHG� WR� ���� H9� LQ
FRPSDULVRQ�ZLWK�WKH�H[FLWDWLRQ�VSHFWUXP�RI
WKH� )�FHQWHU� OXPLQHVFHQFH� LQ� <$*� 6&
�)LJ�� �E�� FXUYH� ��� ZLWK� PDLQ� PD[LPXP� DW
�����H9�DQG�EXPSV�DW������DQG������H9��7KHUH�
IRUH��WKH�VWURQJ�FRXSOLQJ�RI�WKH�$'�DQG�R[\JHQ
YDFDQF\�UHODWHG�FHQWHUV�LV�H[SHFWHG�LQ�<$*�1&�
PDLQO\�DW�WKH�ERXQGDULHV�RI�JUDLQV�>����@�

7KH�GHFD\�NLQHWLFV�RI�WKH�OXPLQHVFHQFH�RI
67(� DQG� GLIIHUHQW� GHIHFWV� FHQWHUV� LQ� <$*
1&� DQG� 6&� LV� VKRZQ� LQ� )LJ����� $OO� RI� WKH
GHFD\� FXUYHV� SUHVHQW� WKH� W\SLFDO� VXSHUSRVL�
WLRQ� RI� IDVW� �LQ� UDQJH� RI� IHZ� QV�� DQG� VORZ
�LQ� WKH� UDQJH� RI� KXQGUHG� QV�PV�� HPLVVLRQ
FRPSRQHQWV�� SUHVXPDEOH� FRUUHVSRQGLQJ� WR
WKH�VLQJOHW�VLQJOHW� DQG� WULSOHW�VLQJOHW� UDGLD�
WLRQ�WUDQVLWLRQV�>������@��6XFK�D�W\SH�RI�WKH
GHFD\� NLQHWLFV� LV� FKDUDFWHULVWLF� IRU� WKH� UD�
GLDWLRQ� GHFD\� RI� 67(� RU� H[FLWRQV� ORFDOL]HG
DURXQG� DOO� LQWULQVLF� GHIHFWV� DV� ZHOO� DV� IRU
WKH�OXPLQHVFHQFH�RI�H[FLWRQV�ERXQG�ZLWK�WKH
PHQWLRQHG� GHIHFWV� RI� <$*� KRVW� >���������
��@��)URP� FRPSDULVRQ�RI� WKH� FRUUHVSRQGLQJ
GHFD\� FXUYHV� LQ� )LJ����� ZH� ILQG� WKDW� WKH
GHFD\�NLQHWLFV�RI�WKH�VDPH�FHQWHUV�LV�IDVWHU
LQ�<$*�1&� �)LJ���D�� WKDQ� LQ�<$*� 6&� �)LJ�
�E���0RVW�SUREDEO\� WKDW� VXFK�GLIIHUHQFHV� LQ
WKH�VKDSH�RI�WKH�GHFD\�FXUYHV�IRU�WKH�VDPH
FHQWHUV�UHIOHFW�WKH�GLIIHUHQFH�LQ�WKH�UHODWLYH
FRQFHQWUDWLRQV�RI�<$O�$'��)���)�FHQWHUV�DQGWKHLU� DJJUHJDWHV� LQ� WKH� VDPSOHV� XQGHU
VWXG\��

���&RQFOXVLRQV
,W�KDV�EHHQ�VKRZQ�WKDW�<$*�QDQRJUDLQHG

FHUDPLFV� KDV� PXFK� PRUH� GHIHFW� VWUXFWXUH
FRPSDUHG� WR� FRUUHVSRQGLQJ� VLQJOH� FU\VWDOV
UHVXOWLQJ� LQ� KLJKHU� LQWHQVLW\� RI� WKHUPDOO\
VWLPXODWHG� OXPLQHVFHQFH�� 7KH� DQDO\VLV� RI
WKH� OXPLQHVFHQW� SURSHUWLHV� RI� <$*� QDQR�
FHUDPLFV� � LQ�FRPSDULVRQ�ZLWK�VLQJOH�FU\VWDO

)LJ����� 'HFD\� NLQHWLFV� RI� GLIIHUHQW� HPLVVLRQ� FHQWHUV� LQ� <$*� 1&� �D�� DQG� 6&� �E�� DW� ��� .� XQGHU
H[FLWDWLRQ�E\�65�ZLWK�HQHUJLHV��LQGLFDWHG�LQ�ILJXUHV������
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DQDORJXHV� DOORZV� XV� WR� FRQFOXGH� WKDW� WKH
EHKDYLRU� RI� 1&� LV� VLWXDWHG� FORWKH� WR� WKH
SURSHUWLHV� RI� 6&� ZLWK� ODUJH� FRQWHQW� RI� <$ODQWLVLWH� GHIHFWV�� 7KH� FRPSOH[� LQWULQVLF� 89
OXPLQHVFHQFH� RI� <$*� 1&� LQ� ���Ü���� QP
UDQJH� DV�ZHOO� DV� WKDW� RI�<$*� 6&� LV� FDXVHG
E\� WKH� UDGLDWLRQ�GHFD\�RI� VHOI�WUDSSHG�H[FL�
WRQV� DQG� H[FLWRQ�� ORFDOL]HG� DURXQG� <$O� DQ�WLVLWH�GHIHFWV��WKH�UHFRPELQDWLRQ�HPLVVLRQ�RI
<$O�$'� WKHPVHOYHV�� WKH� OXPLQHVFHQFH� RI�)�FHQWHUV�� ORFDOL]HG� DURXQG�<$O�$'�DV�ZHOO� DVWKH� LQWULQVLF� HPLVVLRQ�RI�)� FHQWHUV��<$O�$'DQG� FKDUJHG� R[\JHQ� YDFDQFLHV� VLJQLILFDQWO\
FRQWULEXWH�WR�WKH�WRWDO�RXWSXW�RI�WKH�LQWULQ�
VLF� OXPLQHVFHQFH� RI� <$*� 1&�� 7KH� UHODWLYH
LQWHQVLW\� RI� )�� FHQWHUV� LV� VLJQLILFDQWO\
KLJKHU�LQ�<$*�1&�WKDQ�WKDW�IRU�6&�FRXQWHU�
SDUW�� 7KLV� SUHVXSSRVHV� WKH� VWURQJ� FRXSOLQJ
RI� WKH�$'� DQG� R[\JHQ� YDFDQF\�UHODWHG� FHQ�
WHUV�LQ�<$*�1&��PDLQO\�DW�WKH�ERXQGDULHV�RI
JUDLQV��7KH�SRVLWLRQ�RI� WKH�PDLQ� H[FLWDWLRQ
EDQG�RI�WKH�67(�OXPLQHVFHQFH�LQ�<$*�1&�DW
�����H9� LV� VLJQLILFDQWO\� �a�����H9��KLJK�HQ�
HUJ\� VKLIWHG�ZLWK� UHVSHFW� WR� WKH� VDPH�EDQG
LQ� WKH� <$*� 6&� FRXQWHUSDUW� LQGLFDWLQJ
VWURQJ�GHFUHDVH�WKH�FRQFHQWUDWLRQ�RI�<$O�$'LQ�WKH�PDLQ�YROXPH�RI�<$*�1&�ZLWK�UHVSHFW
WR�WKH�6&�DQDORJXHV�

$FNQRZOHGJPHQWV��7KH�LQYHVWLJDWLRQ�ZLWK
V\QFKURWURQ�UDGLDWLRQ�DW�WKH�6XSHUOXPL�VWD�
WLRQ� ZDV� SHUIRUPHG� LQ� WKH� IUDPHZRUN� RI
,���������� (&� SURMHFW�� $XWKRUV� DOVR� DUH
JUDWHIXO� IRU� WKH� VXSSRUW� IURP�7DUJHW� &RP�
SOH[� 3URJUDP� RI� )XQGDPHQWDO� 5HVHDUFK� RI
1$6�RI�8NUDLQH� �)XQGDPHQWDO� SUREOHPV�RI
1DQRVWUXFWXUHG�6\VWHPV��1DQRPDWHULDOV�DQG
1DQRWHFKQRORJLHV���3URMHFW�1R�������+�DQG

0LQLVWU\� RI� (GXFDWLRQ� DQG� 6FLHQFH� RI
8NUDLQH��3URMHFW�1R��6/�����)���

5HIHUHQFHV
� ���9�6�.RUWRY�� $�(�(UPDNRY�� $�)�=DWVHSLQ� HW

DO���3K\V��6ROLG�6WDWH�����������������
� ���$�$�0DNKQHY��%�$�*L]KHYVNLL��/�9�1RPHURYDQ�

QD\D��-��([S��7KHRU��3K\V��/HWW�����������������
� ���'�+UHQLDN�� :�6WUHN�� 3�*OXFKRZVNL� HW� DO��� -�

$OOR\V�&RPSG��������������������
� ���'�+UHQLDN��0�%HWWLQHOOL��$�6SHJKLQL�HW�DO���-�

1DQRVFL��1DQRWHFKQRO�������������������
� ���:�=KDR��'�+UHQLDN��*�%RXORQ� HW� DO���5DGLDW�

0HDV�������������������
� ���9�3DQNUDWRY�� /�6KLUPDQH�� 7�&KXGRED� HW� DO��

5DGLDW��0HDV������������������
� ���<X�=RUHQNR��7�9R]Q\DN��9�*RUEHQNR�HW�DO���-�

/XPLQ������������������
� ���<X�=RUHQNR�� (�=\FK�� $�9RORVKLQRYVNLL�� 2SW�

0DWHU�������������������
� ���-�/X��.�8HGD��+�<DJL�HW�DO���-��$OOR\V�&RPSG��

�����������������
����,�.DPHQVNLNK�� 0�&KXJXQRYD�� 6�7�)UHGULFK�

7KRUQWRQ� HW� DO��� ,(((� 7UDQV��1XFO��6FL��� ���
������������

����(�$�9RYN�� 7�*�'HLQHND�� $�*�'RURVKHQNR� HW
DO���-��6XSHUKDUG�0DWHU�������������������

����5�3�<DYHWVNL\��(�$�9RYN��$�*�'RURVKHQNR�HW
DO���&HUDP��,QW�������������������

����<X�=RUHQNR�� $�9RORVKLQRYVNLL�� 9�6DYFK\Q� HW
DO���3K\V��6WDWXV�6ROLGL�%�������������������

����<X�=RUHQNR�� 9�*RUEHQNR�� (�0LKRNRYD� HW� DO��
5DGLDW��0HDV������������������

����$�3XMDWV�� 0�6SULQJLV�� 5DGLDW��(II��� 'HIHFWV
6ROLGV�����������������

����0�3XFKDOVND��3�%LOVNL��5DGLDW��0HDV����������
�������

����6�%�8EL]VNLL��$�2�0DWNRYVNLL��1�0LURQRYD�8O�
PDQH� HW� DO��� 3K\V��6WDWXV� 6ROLGL� $�� ����� ���
�������
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