
,QIOXHQFH�RI�LVRYDOHQW�GRSLQJRQ�WKH�FDWKRGROXPLQHVFHQFHRI�/L�%�2��$ �$  �.��&X��$J��VLQJOH�FU\VWDOV
9�7�$GDPLY��9�3�6DYFK\Q��3�9�6DYFK\Q�,�0�7HVO\XN��<D�9�%XUDN

,QVWLWXWH�RI�3K\VLFDO�2SWLFV�����'UDJRPDQRY�6WU���������/YLY��8NUDLQH'HSDUWPHQW�RI�(OHFWURQLFV��,�)UDQNR�1DWLRQDO�/YLY�8QLYHUVLW\�
���'UDJRPDQRY�6W���������/YLY��8NUDLQH3K\VLFDO�'HSDUWPHQW��,�)UDQNR�1DWLRQDO�/YLY�8QLYHUVLW\����.\U\OR�DQG

0HIRGLL�6W���������/YLY��8NUDLQH

5HFHLYHG�0DUFK���������
7KH� VWXG\� UHVXOWV� RI� FDWKRGROXPLQHVFHQFH� �&/�� RI� LVRYDOHQWO\� GRSHG� /L�%�2��$� VLQJOHFU\VWDOV� �$� �.�� &X�� $J�� DUH� UHSRUWHG�� 7KH� PDLQ� &/� HPLVVLRQ� PHFKDQLVP� RI� XQGRSHG

/L�%�2��LV�WKH�DQQLKLODWLRQ�RI�VHOI�WUDSSHG�H[FLWRQV��67(���7KH�&X�DQG�$J�LPSXULWLHV�KDYHWKHLU� LQWULQVLF� HPLVVLRQ� EDQGV� LQ� &/� VSHFWUD� ZKLFK� DUH� RYHUODLG� RQWR� /L�%�2�� 67(� EDQGDERXW������H9��7KH�PRGHOV�RI�&/�FHQWHUV�DQG�PHFKDQLVPV�LQ�/L�%�2��$�VLQJOH�FU\VWDOV�DUHSURSRVHG�

�¯Ë�°�ÈmãËÓ©�¯ËÏ�ã	�È�©�Ò°°ãË�ºmÈÓÒ®�}È�º�ºã
äÒÓË°�ËÓ�ÒÒ��z���ÒÏºmÈãËÓ�Óº�ÏÈ�
äË�ËÓÓ©²�äºÓº}¯Ò°�Èããºm�/L�%�2��$��$� �.��&X��$J���|°ÓºmÓ©ä�äË²ÈÓÒÏäºä�z��°mË�Ë�ÓÒ«�ÓËãË�Ò¯ºmÈÓÓº�º�/L�%�2�� «mã«Ë�°«� ÈÓÓÒ�Òã«�Ò«� Èm�ºãº}ÈãÒÏÒ¯ºmÈÓÓ©²� ª}°Ò�ºÓºm�k�w��� �¯ÒäË°Ò� &X� Ò� $J� ÒäË
�� °mºÒ� ¹ºãº°©� ÒÏã��ËÓÒ«� m� °¹Ë}�¯È²� z��� }º�º¯©Ë
ÓÈ}ãÈ�©mÈ
�°«� ÓÈ� ¹ºãº°�� k�w� ÓËãË�Ò¯ºmÈÓÓº�º� /L�%�2�� º}ºãº� ����� ª{�� �¯Ë�ãºÎËÓ©äº�ËãÒ��ËÓ�¯ºm�Ò�äË²ÈÓÒÏä©�z��°mË�ËÓÒ«�m�äºÓº}¯Ò°�ÈããÈ²�/L�%�2��$�

$QK\GURXV� ERUDWHV�� OLWKLXP� WHWUDERUDWH
LQ�SDUWLFXODU��DUH�FRQVLGHUHG�WR�EH�D�PDWHUL�
DOV�RI�JRRG�SURVSHFWV�IRU�UDGLDWLRQ�GHWHFWLQJ
>����@� DQG� GRVLPHWU\� EDVHG� RQ� WKHUPR�
VWLPXODWHG�OXPLQHVFHQFH��7/��>����@��7KH�DG�
GLWLRQDO�DGYDQWDJH�RI�OLWKLXP�ERUDWHV�LV�WKH
VHQVLWLYLW\�WKHUHRI�WR�WKHUPDO�QHXWURQV�WKDW
FDQ�EH�UHJXODWHG�FKDQJLQJ�WKH�LVRWRSLF�FRP�
SRVLWLRQ�LQ�/L�DQG�%�>�@��+RZHYHU��LW�LV�QHF�
HVVDU\� WR� PDNH� WKH� PRVW� H[WHQVLYH� VWXGLHV
FRQFHUQLQJ� WKH� OXPLQHVFHQFH� FKDUDFWHULVWLFV
RI� DQK\GURXV� ERUDWHV� VLQJOH� FU\VWDOV� WR� XVH
WKRVH�VXFFHVVIXOO\�DQG�ZLGHO\�LQ�WKH�ILHOG�RI
QXFOHDU� WHFKQLTXH�� $� VSHFLDO� DWWHQWLRQ
VKRXOG�EH�SDLG�WR�WKH�LQIOXHQFH�RI�GRSLQJ�RQ
WKH�OXPLQHVFHQFH�SURSHUWLHV�

1RZDGD\V�� WKH�PRVW� DWWHQWLRQ� LV� SDLG� WR
7/� LQYHVWLJDWLRQV�RI�/L�%�2��VLQJOH� FU\VWDOV

GRSHG�ZLWK�YDULRXV�FKHPLFDO�HOHPHQWV��VXFK
DV�&H��(X��DQG�7P�>�@��&X�>����@��&X��.��$J
DQG�*D� >�@��&X��0Q�DQG�0J� >��@��&H��,Q��1L�
&X�DQG�7L�>��@��HWF��$V�WR�7/�GRVLPHWU\��WKH
EHVW� UHVXOWV� KDYH� EHHQ� JRW� ZKHQ� GRSLQJ
/L�%�2�� VLQJOH� FU\VWDOV� ZLWK� &X� DQG� $JZKLOH� SURPLVLQJ� SUHOLPLQDU\� UHVXOWV� KDYH
EHHQ� JRW� ZKHQ� GRSLQJ� ZLWK� 0Q�� +RZHYHU�
WKHUH� LV� DOPRVW� QR� LQIRUPDWLRQ� DERXW� WKH
GRSLQJ�HIIHFW�RQ�VFLQWLOODWLRQ�SDUDPHWHUV�RI
ERUDWHV�� 7KH� ZRUN� LV� GRQH� WR� VWXG\� WKLV
SUREOHP� DQG� LV� GHGLFDWHG� WR� VSHFWURVFRSLF
LQYHVWLJDWLRQV� RI� FDWKRGROXPLQHVFHQFH� �&/�
RI�/L�%�2��VLQJOH�FU\VWDOV�GRSHG�ZLWK�.��&XDQG�$J�HOHPHQWV���VW�JURXS�RI�3HULRGLF�6\V�
WHP��VXEVWLWXWLQJ�/L��7KDW�LV�DQ�DFWXDO�TXHV�
WLRQ�� VLQFH� WKH�&/�H[FLWDWLRQ�GXH�PDLQO\� WR
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WKH�LPSDFW�PHFKDQLVP��ZKLFK�LV�LQKHUHQW�LQ
VFLQWLOODWRUV�

7KH� /L�%�2�� VLQJOH� FU\VWDOV� ZHUH� JURZQIURP� VWRLFKLRPHWULF� PHOW� XVLQJ� WKH� &]R�
FKUDOVNL� PHWKRG� IURP� 3W� FUXFLEOHV� LQ� DLU�
7KH�GRSLQJ�ZDV�GRQH�E\�DGGLQJ�.�&2���&X2RU� $J12�� WR� WKH� PHOW� GXULQJ� VROLG�SKDVHV\QWKHVLV� RI� /L�%�2�� XVLQJ� /L�&2�� DQG+�%2��� 6DPSOHV� RI� �u�u��PP�� ZHUH� PDGH
IURP� WKH� JURZQ� FU\VWDOV� RULHQWHG� SHUSHQ�
GLFXODU�WR�WKH�=�FU\VWDOORJUDSKLF�D[LV��6LQFH
/L�%�2�� VLQJOH� FU\VWDOV� KDYH� QR� VXUIDFHV� RIHDV\� FOHDYLQJ�� WKH� VDPSOH� VXUIDFH� FXW� RXW
XVLQJ� D� GLDPRQG� VDZ� ZDV� ZRUNHG� XS� WKRU�
RXJKO\�WR�PLQLPL]H�WKH�WKLFNQHVV�RI�EURNHQ
VXUIDFH�OD\HU��7R�WKDW�HQG��D�VHW�RI�DEUDVLYH
SRZGHUV�ZLWK�GHFUHDVLQJ�JUDLQ�VL]H�ZDV�XVHG
GXULQJ� WKH� PDFKLQLQJ� RSHUDWLRQV� �JULQGLQJ
DQG�SROLVKLQJ���,Q�WKH�ODVW�SURFHVV�VWDJH��WKH
PHFKDQRFKHPLFDO� SROLVKLQJ� XVLQJ� HOSOD]
ZLWK�JUDLQ�VL]H�QRW�PRUH�WKDQ������PP�ZDV
XVHG�� 7KLV� DOORZV�XV� WR� DVVHUW� WKDW� WKH� WKH
QHDU�VXUIDFH�EURNHQ�OD\HU�GHSWK�GLG�QRW�H[�
FHHG����QP��7KLV�LV�LPSRUWDQW�WR�HPSKDVL]H�
VLQFH�WKH�VXUIDFH�VWDWHV�PD\�LQIOXHQFH�KHDY�
LO\� WKH� REVHUYHG� &/� VSHFWUD� XQGHU� D� OLWWOH
DFFHOHUDWLQJ� YROWDJH�� 7R� DYRLG� LW�� WKH� LQFL�
GHQW�HOHFWURQ�EHDP�VKRXOG�KDYH�HQRXJK�HQ�
HUJ\� WR�SHQHWUDWH� WKURXJK� WKH� �GHDG�� OD\HU
FUHDWHG�E\�VXUIDFH�VWDWHV�DQG�WR�JHQHUDWH�&/
OXPLQHVFHQFH� IURP� WKH� FU\VWDO� YROXPH�� ,Q
VXFK� D� FDVH�� WKH� &/� LQWHQVLW\� FDQ� EH� GH�
VFULEHG�DV�,&/� �I�,H��G��7��8�Ü�8��P��ZKHUH8�LV�WKH�DFFHOHUDWLQJ�YROWDJH��8���WKH��GHDGYROWDJH��� 7�� WHPSHUDWXUH�� G�� WKH� HOHFWURQ
EHDP�GLDPHWHU���dPd���

7KH�VDPSOH�&/�ZDV�H[FLWHG�DW�URRP�WHP�
SHUDWXUH� RU� DW� OLTXLG� QLWURJHQ� WHPSHUDWXUH
LQ� D� SXOVHG� PRGH� �WKH� SXOVH� GXUDWLRQ� �� PV
ZLWK� WKH� UHSHWLWLRQ� UDWH� ��� +]��� 7KH� HOHF�
WURQ� EHDP� HQHUJ\� ZDV� ���� NH9�� WKH� EHDP
FXUUHQW�����P$��WKH�HOHFWURQ�EHDP�GLDPHWHU
DW�WKH�VDPSOH���PP��WKH�DQJOH�RI�LQFLGHQFH
�����7KH�HOHFWURQ�SHQHWUDWLRQ�GHSWK�ZDV�FDO�
FXODWHG�XVLQJ�DQ�HPSLULFDO�IRUPXOD�>��@

5� ������������$8��e��
U=��e�� �FRV�����PP�� ���

ZKHUH�=�LV�WKH�HIIHFWLYH�DWRPLF�QXPEHU��$��WKH
HIIHFWLYH�DWRPLF�PDVV�FRUUHVSRQGLQJ�WR�WKH�HI�
IHFWLYH�=��8�� DFFHOHUDWLQJ� YROWDJH��U�� GHQVLW\�
,Q�RXU�VFDVH��WKH�FDOFXODWLRQ�IRU�/L�%�2��FU\V�
WDOV� �ZLWK� =� ������ $� ����� U� ������J�FP��
KDV� VKRZQ� WKDW� WKH� SHQHWUDWLRQ� GHSWK�5� RI
H[FLWLQJ� HOHFWURQV� XQGHU� WKH� DFFHOHUDWLQJ
YROWDJH�����N9�DQG�DW�WKH�DQJOH�RI�LQFLGHQFH
����GLG�QRW�H[FHHG������PP��DQG�WKH�QXPEHU

RI�HOHFWURQ�KROH�SDLUV��H�K�SDLUV��IRU�RQH�LQ�
FLGHQW�HOHFWURQ�LV�DW�OHDVW������:H�FDQ�FRQ�
VLGHU�WKDW�WKH�IL[HG�&/�HPLVVLRQ�UHIHUUHG�WR
WKH�FU\VWDO�YROXPH��ZKLOH�WKH�VXUIDFH�FRQWUL�
EXWLRQ� FDQ� EH� QHJOHFWHG�� 7KH� OXPLQHVFHQFH
OLJKW� ZDV� SDVVHG� WKURXJK� WKH� GRXEOH� SULVP
PRQRFKURPDWRU��0'5�����UHJLVWHUHG�SKRWRPXO�
WLSOLHU� �307������ ZLWKLQ� WKH� VSHFWUDO� UDQJH
���Ü���� H9�� � DQG� FRUUHVSRQGLQJ� VSHFWUD
ZHUH�UHFRUGHG�XVLQJ�D�FRPSXWHU�V\VWHP�

7KH�UHFRUGHG�&/�VSHFWUD�IRU�XQGRSHG�DQG
GRSHG�/L�%�2��$��$� �.��&X��$J��VLQJOH�FU\V�WDOV�DW�����.�DUH�VKRZQ�LQ�)LJ�����WKRVH�DW
���.��LQ�)LJ�����DQG�IRU�WKRVH�IRU�D�/L.%�2�VLQJOH�FU\VWDO��LQ�)LJ�����7R�FRQVLGHU�WKH�&/
VSHFWUD�� LW� LV� UHDVRQDEOH� WR� FRPSDUH� WKHP
ZLWK� OXPLQHVFHQFH� VSHFWUD� RI� VLPLODU� VDP�
SOHV�GXH�WR�RWKHU�H[FLWLQJ�PHFKDQLVPV��HVSH�

)LJ�����&/�VSHFWUD�DW�����.�RI�/L�%�2��VLQJOHFU\VWDOV�XQGRSHG��D��DQG�GRSHG�ZLWK�.��E���&X
�F��DQG�$J��G��
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FLDOO\� 7/�� ;�UD\� OXPLQHVFHQFH� �;/��� SKR�
WROXPLQHVFHQFH� �3/�� DQG� UDGLROXPLQHVFHQFH
�5/��

$V�LV�VHHQ�LQ�)LJ���D��WKH�&/�VSHFWUXP�RI
XQGRSHG� /L�%�2�� VLQJOH� FU\VWDO� DW� ���� .ORRNV�OLNH�JDXVVLDQ�ZLWK�WKH�PDLQ�PD[LPXP
DW������H9������QP���EXW�WKH�FXUYH�LV�D�ELW
DV\PPHWULF� DW� WKH� ORZ�HQHUJ\� VLGH�� 7KLV
DV\PPHWU\� PD\� EH� FDXVHG� E\� WKH� HPLVVLRQ
EDQG� DW� ���� H9� ����� QP�� FOHDUO\� VHHQ� DW
��� .� �)LJ���D��� 7KH� PD[LPXP� SRVLWLRQ� RI
WKH�PDLQ�EDQG�VKLIWV�WR������H9������QP��DV
WKH�WHPSHUDWXUH�GHFUHDVHV�GRZQ�WR����.��$V
WKHVH� &/� VSHFWUD� DUH� FRPSDUHG� ZLWK� OXPL�
QHVFHQFH� VSHFWUD�XQGHU�RWKHU�H[FLWDWLRQV�� LW
LV�VHHQ�WKDW�WKRVH�DUH�DOPRVW�LGHQWLFDO�WR�5/
>�@��;/�VSHFWUD�DW�����.�>��@��DV�ZHOO�DV�WR
7/� VSHFWUXP� ZLWK� WKH� PDLQ� WHPSHUDWXUH
EDQG�DSSUR[LPDWHO\�����.�>�@�

7KH� &/� VSHFWUXP� RI� /L�%�2��.� FU\VWDO�����DW���.��DW�����.�GLIIHUV�IURP�WKH�&/
VSHFWUXP� RI� XQGRSHG� /L�%�2�� E\� D� VOLJKW

ULVH� RI� OXPLQHVFHQFH� LQWHQVLW\� �)LJ���E��
:KHQ�WKH�FRQFHQWUDWLRQ�.�UHDFKHV����DW���
ZH� GHDO� ZLWK� D� QHZ� FKHPLFDO� FRPSRXQG
/L.%�2�� >��@� DQG� WKH� &/� VSHFWUXP� RI� LWVVLQJOH� FU\VWDO� DW� ���� .� LV� YHU\� GLIIHUHQW
IURP�WKDW�VKRZQ�LQ�WKH�)LJ���E��ILUVW�RI�DOO
E\�D�VLJQLILFDQW�LQFUHDVH�RI�OXPLQHVFHQFH�LQ�
WHQVLW\��,Q�WKH�VSHFWUXP�RI�/L.%�2��FU\VWDO�DQRWKHU� OXPLQHVFHQFH� EDQG� DSSHDUV� DW
����� H9� ����� QP��� VLPLODU� WR� XQGRSHG
/L�%�2�� FU\VWDO� DW����.�� DQG�DOVR� WKH�PDLQEDQG� PD[LPXP� VKLIWV� WRZDUGV� ORZ�HQHUJ\
VLGH�WR������H9������QP���,I�WKHVH�&/�VSHF�
WUD�DUH�FRPSDUHG�ZLWK�OXPLQHVFHQFH�VSHFWUD
XQGHU�RWKHU�H[FLWDWLRQV��WKRVH�DUH�VHHQ�WR�EH
DOPRVW� LGHQWLFDO� WR� 7/� VSHFWUXP� ZLWK� WKH
PDLQ� WHPSHUDWXUH� EDQG� DSSUR[LPDWHO\
����.�DV�ZHOO�DV�WR�;/�VSHFWUD�������H9��DW
����.�>��@��7KH�OXPLQHVFHQFH�EDQG������H9
DSSHDUV�DOVR�LQ�;/�VSHFWUD�EHORZ�����.�

7KH� &/� VSHFWUXP� RI� /L�%�2��&X� VLQJOHFU\VWDO� ������� DW��� &X�� GLIIHUV� VOLJKWO\
IURP�OXPLQHVFHQFH�VSHFWUD�XQGHU�RWKHU�H[FL�
WDWLRQ�PHFKDQLVPV��7KH� HPLVVLRQ�PD[LPXP
SRVLWLRQ� GLIIHUHQFH� LV� LQVLJQLILFDQW�� IRU� H[�
DPSOH�� &/� PD[LPXP� DW� ���� .� �)LJ���F�� LV
VHHQ� DW� ����� H9� ����� QP���ZKLOH� DW� DOO� WKH
UHVW� H[FLWDWLRQV� LW� LV� DW� ����� H9� ����� QP�

)LJ�����&/� VSHFWUD�RI�/L.%�2�� VLQJOH� FU\VWDOVDW�����.��D��DQG����.��E��

)LJ�����&/� VSHFWUD� DW� ���.�RI�/L�%�2�� VLQJOHFU\VWDOV� XQGRSHG� �D�� DQG� GRSHG� ZLWK� &X� �E�
DQG�$J��F��
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>����������������@�� EXW� WKH� IRUPV� RI� WKH
FXUYHV�GLIIHU� FRQVLGHUDEO\�� ,Q�RXU�FDVH�� WKH
VXSHUSRVLWLRQ� RI� VRPH� OXPLQHVFHQFH� EDQGV
LQ� &/� VSHFWUD� FDQ� EH� FOHDUO\� VHHQ�� 7KH� &/
VSHFWUD� ZHUH� DQDO\]HG� XVLQJ� WKH� �/DE3ORW
������� SURJUDP�� 7ZR� *DXVVLDQ� OLNH� EDQGV
FDQ� EH� REWDLQHG� ZKHQ� GHFRPSRVLQJ� WKLV
VSHFWUXP�� 7KH� PD[LPD� SRVLWLRQV� DUH
����� H9� ����� QP�� DQG� ����� H9� ����� QP�
�)LJ���F���7KH�LQWHQVLW\�UHGLVWULEXWLRQ�LQ�WKH
OXPLQHVFHQFH� EDQGV� LV� QRWLFHDEOH� DW� ��� .
�)LJ���E��DQG�WKH�PD[LPD�SRVLWLRQV�VXEVWDQ�
WLDOO\�FRLQFLGH�DW������H9������QP��

7KH� &/� VSHFWUXP� RI� /L�%�2��$J� FU\VWDO������ DW�� �� $J�� LV� GLIIHUHQW� LQ� WKDW� WZR
OXPLQHVFHQFH�EDQGV�ZLWK�PD[LPD�DW������H9
����� QP�� DQG� ����� H9� ����� QP�� � DSSHDU
HYHQ�DW�����.��)LJ���G���$W����.��)LJ���F��
WKH� PD[LPXP� SRVLWLRQ� DW� ����� H9� UHPDLQV
SUDFWLFDOO\� WKH� VDPH� EXW� WKH� WRWDO� &/� OLJKW
\LHOG�LV�UHGXFHG�VLJQLILFDQWO\��7KLV�PDNHV�LW
LPSRVVLEOH� WR�GHWHUPLQH� WKH� SRVLWLRQ�RI� WKH
ILUVW�PD[LPXP�DOWKRXJK�LWV�SUHVHQFH�LQ�WKH
VSHFWUXP� LV� LQGXELWDEOH� �)LJ���F���$�VLPLODU
KLJK�HQHUJ\� OXPLQHVFHQFH� EDQG� ZLWK� PD[L�
PXP� DW� ����� H9� �����QP��ZDV� REVHUYHG� LQ
/L�%�2��$J� VLQJOH� FU\VWDOV� >��@� LQ� WKH� 3/VSHFWUD� XQGHU� H[FLWDWLRQ� IURP� WKH� ���� QP
EDQG�� %XW� LQ� 7/� VSHFWUD� /L�%�2��$J�� RQO\RQH� OXPLQHVFHQFH� EDQG� SHDNHG� DW� ����� H9
�����QP��ZDV�DOZD\V�REVHUYHG�>��@�

7KH� FRPSDUDWLYH� DQDO\VLV� RI� DOO� WKH� &/
VSHFWUD�SURYHV�WKH�SUHVHQFH�RI�WKH� OXPLQHV�
FHQFH� EDQG� WKDW� LV� FRQQHFWHG� ZLWK� VHOI�
WUDSSHG� H[FLWRQV� �67(�� QHDU� FU\VWDO� GHIHFWV
>����������@��%DVLQJ�RI�RXU�UHVHDUFK��WKH�&/
PHFKDQLVP� LV� VRPHZKDW� GLIIHUHQW� IURP� WKH
7/�PHFKDQLVP� EXW� LW� LV� FORVH� WR� WKH� 3/� RU
;/�RQHV��7KH�GLIIHUHQFH� LV� WKDW� LQ�FDVHV�RI
&/�� 3/� RU� ;/�� WKH� H�K� SDLUV� IRUPDWLRQ� LQ
WKH� VDPSOHV� SURFHHGV� VLPXOWDQHRXVO\� ZLWK
WKH� HPLVVLRQ� WKDW� FDQ� FDXVH� WKH� OXPLQHV�
FHQFH�RI�WKH�LPSXULW\�LWVHOI��,W�LV�HVSHFLDOO\
QRWLFHDEOH� LQ�WKH�&/�VSHFWUD�RI�/L�%�2��VLQ�JOH�FU\VWDOV�GRSHG�ZLWK�&X�DQG�$J��)LJV���F
DQG��G��ZKHUH�LW�PD\�RFFXU�LQ�WKLV�ZD\��$W
&/�H[FLWDWLRQ�RI�&X��DQG�$J��GRSHG�/L�%�2�VLQJOH�FU\VWDO�VDPSOHV�E\�����NH9�HOHFWURQV�
D�FHUWDLQ�DPRXQW�RI�KRW�H�K�SDLUV�LV�IRUPHG�
4XLFNO\�ORVLQJ�WKH�H[FHVV�HQHUJ\�GXH�WR�QRQ�
HODVWLF� FROOLVLRQV� ZLWK� DWRPV� RI� FU\VWDO� ODW�
WLFH�� WKHVH�VHFRQGDU\�FKDUJH�FDUULHUV��H�DQG
K��UXQ�GLIIHUHQW�GLVWDQFHV�EHIRUH�EHLQJ�FDS�
WXUHG��GHSHQGLQJ�RQ�WKHLU�PRELOLW\��7KH�LRQV
$�� �$�� �&X��� $J��� HWF��� FDSWXUH� TXLFNO\
PRVW�RI�WKHVH�VHFRQGDU\�HOHFWURQV�DQG�IRUP
VR�FDOOHG�$��FHQWHUV�>������@��$V�WKH�FRQFHQ�
WUDWLRQ� RI� KROHV�� ZKLFK� JR� RQ� EHLQJ� JHQHU�
DWHG� E\� WKH� H[FLWLQJ� HOHFWURQV�� H[FHHGV� WKH

QXPEHU�RI�KROH�WUDSV��DQ�HQRXJK�QXPEHU�LV
OHIW� IRU� WDNLQJ� SDUW� LQ� DERYH�PHQWLRQHG
PHFKDQLVP�RI�OXPLQHVFHQFH�WKURXJK�67(��

,Q� WKH� FROOLGLQJ� SURFHVV� RI� D� ODUJH� QXP�
EHU�RI�KRW�H�DQG�K�FDUULHUV��WKH�&X��DQG�$J�
LPSXULWLHV� EHFRPH� H[FLWHG� DV� ZHOO� DQG� JR
DJDLQ�WR�WKH�JURXQG�VWDWH�ZLWK�SKRWRQ�HPLV�
VLRQ�� 7KXV�� WKH� &/� OXPLQHVFHQFH� EDQG� RI
/L�%�2��DW������H9��)LJ����F��FDQ�EH�DVFULEHGWR��G��V�o��G���HOHFWURQ�WUDQVLWLRQV�LQ�&X�
LRQV��,Q�IUHH�&X��LRQV��WKHVH�WUDQVLWLRQV�DUH
SURKLELWHG�E\�SDLU�UXOH�EXW�LQ�FU\VWDOV�WKH\
PD\�RFFXU�DV�D�UHVXOW�RI�ZHDNHQLQJ�SURKLEL�
WLRQ�GXH�WR�QRQ�SDLUHG�RVFLOODWLRQV�RI�FU\VWDO
ODWWLFH� >��@�� 7KH� LQWHQVH� &/� HPLVVLRQ� EDQG
LQ� /L�%�2��$J� FU\VWDOV� DW� ����� H9� FDQ� ORJL�FDOO\� EH� DVFULEHG� WR� DOORZHG� �G��S�o��G��
WUDQVLWLRQV�LQ�$J�� LRQV��7KH�GLIIHUHQFH�FDQ
EH�H[SODLQHG�E\�WKH�IDFW�WKDW�WKH�YDOXH�RI
HOHFWURQ�SKRQRQ� LQWHUDFWLRQ� SDUDPHWHU� IRU
$J��LPSXULWLHV�LQ�WKH�/L�%�2��$J�FU\VWDO�GLI�IHUV� IURP� WKDW� IRU� &X�� LPSXULWLHV� LQ� WKH
/L�%�2��&X�FU\VWDO��+RZHYHU�� LQ�WKH�FDVH�RI/L�%�2��$J��ZH�FDQQRW�UHIXVH�WKH�PHFKDQLVPSURSRVHG�LQ�>��@�WR�H[SODLQ�WKH�OXPLQHVFHQFH
EDQG�DW������H9�IRU�5E&O�$J�VLQJOH�FU\VWDOV�
$FFRUGLQJ�WR�WKLV�PHFKDQLVP��WKH�KROHV�LRQ�
L]H� $J�� FHQWHUV� WUDQVIHUULQJ� WKHP� WR� WKH
$J��� VWDWH� ZLWK� WKH� VXEVHTXHQW� UHFRPELQD�
WLRQ�RI�HOHFWURQV�ZLWK�$J����$V�D�UHVXOW��WKH
VR�FDOOHG�$�OXPLQHVFHQFH� RI�$J�� FHQWHUV� DS�
SHDUV�

,W�LV�VRPHZKDW�SUREOHPDWLF�WR�H[SODLQ�WKH
OXPLQHVFHQFH�EDQG�LQ�&/�VSHFWUD�RI�XQGRSHG
/L�%�2�� FU\VWDOV� GLVFRYHUHG� DW����.�SHDNHGDW� DERXW� ���� H9� �)LJ���D��� 7KH� WHPSHUDWXUH
EHKDYLRU� DQG� *DXVVLDQ� IRUP� RI� WKH� ���� H9
OXPLQHVFHQFH�FXUYH�SURPSWV�WKDW�DQ�)� W\SH
FHQWHU� FRXOG� EH� UHVSRQVLEOH� IRU� LW�� $V� LW� LV
NQRZQ�� ,Q� R[LGH� FRPSRXQGV�� WKH� )�FHQWHUV
DUH� NQRZQ� WR� EH� IRUPHG� EDVLQJ� RQ� R[\JHQ
YDFDQFLHV�� +RZHYHU�� R[\JHQ� YDFDQFLHV� LQ
/L�%�2�� FU\VWDOV� FDQQRW� EH� IRUPHG� GXH� WRVWURQJ� FRYDOHQW� %±2� ELQGLQJ� LQ� ERURQ�R[\�
JHQ� FRPSOH[HV�� ZKLFK� LQ� WKHLU� WXUQ� DUH
XQLWHG� LQ� VWURQJ� IUDPHZRUN� IRUPLQJ� WKH
FU\VWDO�ODWWLFH�>��@��,Q�RXU�H[SHULPHQWV��WKH
HOHFWURQ�EHDP�HQHUJ\�GLG�QRW�H[FHHG����NH9
WKDW�LV�DOPRVW�WZR�RUGHUV�ORZHU�WKDQ�NLQHWLF
HQHUJ\� QHFHVVDU\� WR� GLVSODFH� WKH� R[\JHQ
DWRPV�RXW�RI�WKHLU�SRVLWLRQV�LQ�R[\JHQ�FRP�
SRXQGV��7KXV�� WKH� IRUPDWLRQ�RI� R[\JHQ�YD�
FDQFLHV� LQ� /L�%�2�� DV� ZHOO� DV� )�FHQWHUV� LVLPSRVVLEOH�LQ�RXU�FDVH��%XW�LI�ZH�DGPLW�WKDW
LQVWHDG� RI� WHWUDERUDWH� FRPSOH[� ��'�����
VRPH� RWKHU� GLIIHUHQW� RQH� JHWV� WKHUHLQ� GXU�
LQJ� WKH� VLQJOH� FU\VWDO� JURZWK�� WKHQ� WKH� DS�
SHDUDQFH�RI�)�FHQWHUV� LV�TXLWH�SRVVLEOH��7KH
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FRPSOH[HV� ��'����� ��'���� RU� ��'���� ZLOO� EH
VXFK�GLIIHULQJ�RQHV�>��@��)RU�D���'����FRPSOH[�
IRU�H[DPSOH�� WKH�WRWDO�DQLRQ�FKDUJHV�RI�WKH
WHWUDERUDW� FRPSOH[� >%�2�@�±� DQG� SHQWDERUDWRQHV� >%�2��@�±�GLIIHU�E\�RQH�XQLW��VR�VXFK�DVXEVWLWXWLRQ��ZKHQ�FRPSHQVDWLQJ�WKH�FKDUJH
DW� WKH� H[SHQVH� RI� OLWKLXP� FDWLRQ� YDFDQFLHV�
PD\�FDXVH�WKH�DSSHDUDQFH�RI�D�VLPLODU�R[\�
JHQ�YDFDQF\�LQ�/L�%�2��FU\VWDO�ODWWLFH�ZKLFKFDQ�EH�UHIHUUHHG�WR�DV�DQ��DQLRQ�SVHXGR�YD�
FDQF\��� 7KH� SUHVHQFH� RI� VXFK� DQ� DQLRQ
SVHXGR� YDFDQF\�� SURYLGHG� WKDW� HOHFWURQ� LV
FDSWXUHG�E\�LW��LV�D�SUHFRQGLWLRQ�IRU�DSSHDU�
LQJ� DQ� )�FHQWHU� DQDORJXH� ZKLFK� VKRXOG� EH
FDOOHG� �SVHXGR�)�FHQWHU��� 7KH� GLIIHUHQFH� RI
WKLV�SVHXGR�)�FHQWHU�IURP�FODVVLFDO�RQH�FRQ�
VLVWV� LQ� WKDW� LW� LV� LPSRVVLEOH� WR� GHILQH� WKH
SRVLWLRQ� RI� WKH� FDSWXUHG� HOHFWURQ� LQ� WKH
�DOLHQ�� FRPSOH[� DQLRQ� FRPSOH[� >%�2�@�±�6XFK�SVHXGR�)�FHQWHUV�LQ�WKH�/L�%�2��FU\VWDOODWWLFH� PD\� H[LVW� RQO\� DW� ORZ� WHPSHUDWXUHV
WKDW� LV� HYLGHQFHG� E\� WKH� DFWXDO� DEVHQFH� RI
WKH�����H9�EDQG�LQ�WKH�&/�VSHFWUD�DW�����.
�)LJ���D��

7DNLQJ� LQWR� DFFRXQW� WKDW� ERURQ�R[\JHQ
IUDPHZRUN� RI� /L.%�2�� LV� IRUPHG� E\� WZRERURQ�R[\JHQ� FRPSOH[HV� �'������ DQG� ��'���
>��@�� WKH� VWUHQJWKHQLQJ� RI� 67(� HPLVVLRQ� LQ
/L�%�2��.�VLQJOH�FU\VWDOV��)LJ���E��LV�HDV\�WRH[SODLQ��7KH�.�� LRQV�SURPRWH� REYLRXVO\� HQ�
WHULQJ� RI� WKH� ��'���� FRPSOH[HV� LQWR� WKH
/L�%�2��FU\VWDO�ODWWLFH�DQG�WKXV�LQFUHDVH�WKHFRQFHQWUDWLRQ�RI�DERYH�PHQWLRQHG�SVHXGR�)�
FHQWHUV��7KLV�LV�HVSHFLDOO\�QRWLFHDEOH�IRU�VLQ�
JOH� FU\VWDO� ZLWK� D� KLJK� .� FRQFHQWUDWLRQ�
WKDW�LV��/L.%�2���)LJ���D���7KLV�LV�FRQILUPHGDOVR� E\� WKH� DSSHDUDQFH� RI� DQRWKHU� OXPLQHV�
FHQFH�EDQG�ZLWK�PD[LPXP�DW������H9�LQ�WKH
&/� VSHFWUXP� RI� /L.%�2�� FU\VWDO� DW� ��� .�)LJ���E��� 7KLV� EDQG� LV� WKH� IXOO� DQDORJ� RI
WKDW� SHDNHG�DW� ���� H9� �)LJ���D�� IRU� WKH�XQ�
GRSHG�/L�%�2�� FU\VWDO�DV�ZHOO� DV�GXH� WR� WKHVDPH�HPLVVLRQ�PHFKDQLVP�

$�SDUDPHWHU� RI� LPSRUWDQFH� IRU� VFLQWLOOD�
WLRQ� DSSOLFDWLRQV� RI� VLQJOH� FU\VWDOV� LV� WKH
GHFD\� WLPH� W��2XU� HVWLPDWLRQV� RI� W� SDUDPH�
WHU�IRU�VORZ�FRPSRQHQW�RI�GHFD\�WLPH�DW�&/
KDYH�JLYHQ�UHVXOWV�VLPLODU�WR�WKRVH�REWDLQHG
E\� RWKHU� DXWKRUV� >������������@� XVLQJ� RWKHU
PHFKDQLVPV� RI� OXPLQHVFHQFH� H[FLWDWLRQ�
QDPHO\�W�!�����QV�IRU�XQGRSHG�FU\VWDOV�DQG
W�!����PV�IRU�GRSHG�/L�%�2��FU\VWDOV�7KXV��WKH�UHVXOWV�RI�RXU�UHVHDUFK�PDGH�LW
SRVVLEOH� WR�GHWHUPLQH� WKDW� WKH�PDLQ�PHFKD�
QLVP� RI� &/� OXPLQHVFHQFH� LQ� /L�%�2�� VLQJOHFU\VWDOV� LV� 67(� DQQLKLODWLRQ� ZLWK� HPLVVLRQ
LQGHSHQGHQW�RI�WKH�LPSXULW\�W\SH��$�FHUWDLQ
W\SH� RI� JURZLQJ� GHIHFWV� FRQQHFWHG� ZLWK

�DOLHQ�� ERURQ� DQG� DFLG� FRPSOH[HV� SURYLGHV
WKH�67(�ORFDOL]DWLRQ��6RPH�LPSXULWLHV��VXFK
DV�&X�DQG�$J��DUH�DGGHG�WR�WKH�PDLQ�EDQG�RI
67(�OXPLQHVFHQFH�ZKLOH�RWKHU��LQ�SDUWLFXODU
.�� RQO\� LQFUHDVH� OLJKW� \LHOG� LQ� WKH� PDLQ
EDQG� RI� OXPLQHVFHQFH�� 7KXV�� RXU� UHVHDUFK
KDV� HYLGHQFHG� WKH� JRRG� SURVSHFWV� RI� D� SXU�
SRVHIXO� LQIOXHQFH� RQ� VRPH� OXPLQHVFHQFH�SD�
UDPHWHUV� VXFK� DV� LQWHQVLW\� DQG� GHFD\� WLPH
RI� OLWKLXP� ERUDWH� VLQJOH� FU\VWDOV� E\� WKH
SURSHU� VHOHFWLRQ� RI� GRSLQJ� LPSXULWLHV� RU
FKDQJLQJ�GHIHFWQHVV�H[WHQW�E\�WHFKQRORJLFDO
FRQGLWLRQV�RI�VLQJOH�FU\VWDO�JURZLQJ�
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