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9DULDWLRQV� RI� HGJH� SKRWROXPLQHVFHQFH� FKDUDFWHULVWLFV� RI� KLJK� FRPSHQVDWHG� XQGRSHG

JDOOLXP� DUVHQLGH� VLQJOH� FU\VWDOV� XQGHU� LQIOXHQFH� RI� DQ� HOHFWULFDO� ILHOG� �()�� KDV� EHHQ
LQYHVWLJDWHG�� ,W� LV� HVWDEOLVKHG� WKDW� DW� OLTXLG� QLWURJHQ� WHPSHUDWXUH�� WKH� GHFUHDVLQJ� RI
H[FLWRQ� UDGLDWLRQ� LQWHQVLW\� LQ� WKH� PDWHULDO� WDNHV� SODFH� DW� DEQRUPDO� ORZ� YDOXHV� RI� ILHOG
VWUHQJWK�LQ�FRPSDULVRQ�ZLWK�XQFRPSHQVDWHG�PDWHULDO��,W�LV�VKRZQ�WKDW�WKH�UHVXOW�REWDLQHG
FDQQRW�EH�H[SODLQHG�E\�NQRZQ�PHFKDQLVPV�RI�H[FLWRQ�VWDWH�GHFD\�LQ�()��$�QHZ�PHFKDQLVP
RI�()�LQIOXHQFH�RQ�GHFUHDVLQJ�RI�WKH�H[FLWRQ�SKRWROXPLQHVFHQFH�LQWHQVLW\�LV�SURSRVHG��7KLV
PHFKDQLVP�LV�GXH�WR�*D$V�VWUXFWXUDO�IHDWXUHV�DVVRFLDWHG�ZLWK�LWV�FKDUJH�FRPSHQVDWLRQ�
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���,QWURGXFWLRQ
7KH� WKHRUHWLFDO� VWDWHPHQWV� DOORZLQJ� WR

DQDO\]H� WKH� H[FLWRQ� VSHFWUD� RI� VHPLFRQGXF�
WRUV�LQ�HOHFWULF�ILHOGV��()��RI�GLIIHUHQW�IRUFH
KDYH�EHHQ�ZRUNHG�RXW�ORQJ�DJR�>�Ü�@��6R��LQ
VWDWLRQDU\�FRQGLWLRQV��WKH� LQWHQVLW\�RI�H[FL�
WRQ� SKRWROXPLQHVFHQFH� �3/�� LQ� D� ILHOG�ZLWK
HOHFWULF� VWUHQJWK�(� LV� GHILQHG� E\� WKH� SURE�
DELOLW\� LPSDFW� LRQL]DWLRQ� 4�(�� DQG� H[FLWRQ
GHFD\�SUREDELOLW\� ���W�� UHVXOWLQJ� IURP�RWKHUV
UDGLDWLYH�DQG�QRQ�UDGLDWLYH�SURFHVVHV�>�@�

,�(�� �,�>����4�(�W@��� ���
ZKHUH� ,�� LV� WKH� 3/� LQWHQVLW\�� ,Q� WKLV� FDVH�4�(��FDQ�EH�IRXQG�DV
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,Q� WKH� ODWWHU� H[SUHVVLRQ�� 4H�:�� LV� WKH
SUREDELOLW\� RI� LRQL]DWLRQ� ZLWK� RQH� HOHFWURQ
GHWDFKHPHQW��U�:���GHQVLW\�RI�VWDWHV� LQ�WKH
FRQGXFWLYLW\� EDQG�� I�:��� WKH� HQHUJ\� GLVWUL�
EXWLRQ�IXQFWLRQ� IRU�HOHFWURQV��DQG�WKH� LQWH�
JUDO� LV�WDNHV�RYHU�DOO�HQHUJ\�YDOXHV�H[FHHG�
LQJ� WKH� LRQL]DWLRQ� HQHUJ\�:L�� $W� WKH� VDPHWLPH��LW� LV�NQRZQ�WKDW�WKH�H[SHULPHQWDO�GDWD
IRU�VWUXFWXUDOO\�LQKRPRJHQHRXV�FU\VWDOV�>����@
PD\� GLIIHU� HVVHQWLDOO\� IURP� WKH� FDOFXODWHG
YDOXHV� JLYHQ� E\� H[SUHVVLRQV� ����� ����
7KH�ELQDU\�XQGRSHG�VHPLFRQGXFWRUV��VXFK�DV
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XQGRSHG� JDOOLXP� DUVHQLGH�� VKRZ� DQ� HVVHQ�
WLDOO\� LQKRPRJHQHRXV� GLVWULEXWLRQ� RI� WKH
EDFNJURXQG�LPSXULW\�DQG�LQWULQVLF�SRLQW�GH�
IHFWV� �,3'�� >�@�� 1RZ�� IHZ� LQYHVWLJDWLRQV� RI
HGJH�UHFRPELQDWLRQ�LQ�*D$V�FU\VWDOV�LQ�UHOD�
WLYHO\�ORZ��(�������9�FP��()�XQGHU�VLPLODU
H[SHULPHQWDO� FRQGLWLRQV� DUH� FKDUDFWHUL]HG
E\� VLJQLILFDQW� GLVFUHSDQF\� RI� UHVXOWV�� 7KLV
FRQFHUQV� ERWK� WKH� ILHOG� SDUDPHWHUV� FDXVLQJ
WKH�HGJH�HPLVVLRQ�VXSSUHVVLRQ��DQG�LQWHUSUH�
WDWLRQ�RI�WKH�UHVXOWV�REWDLQHG�>�Ü�@�

7KHUHIRUH�� LW� LV� H[SHGLHQW� WR� VWXG\� WKH
()� LQIOXHQFH� RQ� WKH� HGJH� HPLVVLRQ� RI� XQ�
GRSHG�*D$V� FU\VWDOV�ZLWK� WKH� SUHVHW� VWUXF�
WXUH� IHDWXUHV�� ,Q� WKLV� ZRUN�� FKDQJH� RI� WKH
HGJH� HPLVVLRQ� FKDUDFWHULVWLFV� RI� KLJK� FRP�
SHQVDWHG� XQGRSHG� JDOOLXP� DUVHQLGH� VLQJOH
FU\VWDOV�DW�SUHVHQFH�RI�()�LV�LQYHVWLJDWHG�DW
WHPSHUDWXUH� RI� OLTXLG� QLWURJHQ�� 7KH� PRVW
SUREDEOH� PHFKDQLVPV� FDXVLQJ� VXSSUHVVLRQV
RI� H[FLWRQ� UDGLDWLRQ� LQ� VXFK� FU\VWDOV� XQGHU
LQIOXHQFH� RI� ORZ� HOHFWULF� ILHOGV� DUH� FRQVLG�
HUHG�� 7KH� QHZ� PHFKDQLVP� RI� ()� LQIOXHQFH
RQ�GHFUHDVLQJ�RI�H[FLWRQ�3/�LQWHQVLW\�LV�RI�
IHUHG��

���([SHULPHQWDO�
7KH� &]RFKUDOVNL�JURZQ� VHPL�LQVXODWLQJ

XQGRSHG� �6,8�� *D$V� ������ VLQJOH� FU\VWDOV
ZLWK�WKH�Q�W\SH�RI�FRQGXFWLYLW\�DQG�WKH�FDU�
ULHU� FRQFHQWUDWLRQ� RI� Q� ������Ü������FPÜ�
ZHUH�VWXGLHG��7KHLU�GDUN�FRQGXFWLYLW\�LV�GXH
WR�WKH�GHHS�GRQRUV�Û�WKHUPDOO\�LRQL]HG�(/�
GHIHFWV� �WKH�GHIHFW�EDVLV� LV�DQ�DUVHQLF�DWRP
LQ� WKH� SRVLWLRQ� RI� JDOOLXP��$V*D� >��@��� 7KHPDLQ� EDFNJURXQG� LPSXULWLHV� ZHUH� VKDOORZ
DFFHSWRUV�Û�FDUERQ�DWRPV�RFFXS\LQJ�DUVHQLF
YDFDQFLHV� DQG� VKDOORZ� GRQRUV� Û� VLOLFRQ
DWRPV�LQ�JDOOLXP�YDFDQFLHV��7KHLU�FRQFHQWUD�
WLRQ�UDWLR�LV�16L� �����Ü�����1&��&RQFHQWUDWLRQRI� WKHVH� LPSXULWLHV� �WR�ZLWKLQ�r�������ZDV
GHWHUPLQHG� E\� SKRWROXPLQHVFHQFH� PHWKRG
FRQVLGHUHG� LQ� >��@��3DUDPHWHUV� RI� WKH� VWXG�
LHG� FU\VWDOV� DW�7� �����.� DUH� SUHVHQWHG� LQ
7DEOH� �1(/�� LV� WRWDO� FRQFHQWUDWLRQ� RI� GHHSGRQRU�FHQWHUV�(/����$Q�RSWLFDO�PHWKRG�ZDV
XVHG�WR�GHWHUPLQH�1(/���WR�ZLWKLQ�r�������

FRQVLGHUHG� LQ� >��@��U��Q�DQG�PQ�YDOXHV�ZHUHGHWHUPLQHG� E\� +DOO� PHWKRG��� )RU� DOO� FU\V�
WDOV�� VSHFLILF� UHVLVWDQFH�DW����.�U�o�f�� WKH
PDMRULW\� FDUULHU� PRELOLW\� PQ|��Ü�������FP��9�V�� 7KH� VDPSOHV� ZHUH� VL]HG� DV
��u�u��PP��)RXU�LGHQWLFDO�SRLQW�QLFNHO�FRQ�
WDFWV�RI�d����PP�GLDPHWHU�ORFDWHG�DORQJ�RQH
OLQH� DQG� VSDFHG� E\� d��PP�ZHUH� IRUPHG� RQ
WKH� VDPSOH� VXUIDFH�� $IWHU� DQQHDOLQJ� RI� WKH
FRQWDFWV��WKH�VXUIDFH�RI�FU\VWDOV�ZDV�WUHDWHG
LQ� SROLVKLQJ� HWFKDQW� +�62��+�2��+�2��������

$�GLUHFW� FRQVWDQW�YROWDJH�ZDV�DSSOLHG�WR
WKH�RXWHU�FRQWDFWV��7KH�ZKROH�SDUW�EHWZHHQ
LQQHU� FRQWDFWV� �d���� PP�� ZDV� LOOXPLQDWHG
HYHQO\�E\�D�ODVHU��7KH�YROWDJH�GURS�8�LQ�WKH
LOOXPLQDWHG� DUHD� RI� WKH� VDPSOH� ZDV� GHWHU�
PLQHG�E\�WKH�FRPSHQVDWLRQ�PHWKRG��$V�DW�7
 ����.�� WKH� QRQHTXLOLEULXP� FDUULHU� FRQFHQ�
WUDWLRQ�LQ�VXFK�D�SDUW�GQ�!!�Q�|���WKHQ�WKHYROWDJH� DSSOLHG� WR� RXWHU� FRQWDFWV� RI� WKH
FU\VWDO� H[FHHGHG� E\� WZR� RUGHU� WKH� YDOXHV
UHJLVWHUHG�LQ�WKH�ODVHU�LOOXPLQDWHG�SDUW��7KH
YROWDJH�GURS�GHWHUPLQDWLRQ�HUURU�GLG�QRW�H[�
FHHG� ����� 7R� HOLPLQDWH� WKH� DGGLWLRQDO� FDU�
ULHU� LQMHFWLRQ� IURP� FRQWDFWV�� WKRVH� ZHUH
FRDWHG�ZLWK�DQ�RSWLFDOO\�RSDTXH�ODFTXHU��

$�+H±1H�ODVHU��TXDQWXP�HQHUJ\������H9�
DEVRUSWLRQ� IDFWRU� F� �������FPÜ��� ZLWK� UD�
GLDWLRQ�VWUREELQJ�DW�D�IUHTXHQF\�RI�Q� ���N+]
ZDV� XVHG� WR� H[FLWH� WKH� FU\VWDO� 3/� DW� 7� 
��� .�� 7KDW� KDV� SHUPLWWHG� WR� UHGXFH� HVVHQ�
WLDOO\� WKH� SRVVLEOH� ZDUPLQJ�XS� RI� WKH� VDP�
SOH�� VLQFH� LQ� GDUN� SKDVH� RI� VWUREELQJ�� WKH
FXUUHQW�LV�FORVH�WR�]HUR��HOHFWURQ�OLIHWLPH
WQ�a���Ü��V�����Q� >��@��� ,QWHQVLW\� RI� ODVHULUUDGLDWLRQ�ZDV�,��a������FPÜ��VÜ���3/�VSHF�
WUD�ZHUH�UHJLVWHUHG�E\�D�VWDQGDUG�WHFKQLTXH
>��@� ZLWK� XVLQJ� RI� 0'5��� PRQRFKURPDWRU
DW� WKH� VSHFWUDO� UHVROXWLRQ� QRW� ZRUVH� WKDQ
����PH9��3/�LQWHQVLW\�LQ�HQHUJ\�UDQJH�KQ�!���H9
ZDV� GHWHUPLQHG� ZLWK� WKH� KHOS� RI� FRROHG
)(8���� �WKUHVKROG� VHQVLWLYLW\� LQ� WKH� UDQJH
RI������H9�a���Ü���OP���DQG�DW�KQ�����H9�Û
E\� FRROHG� )'��*� SKRWR� GLRGH�� ,QWHJUDO� LQ�

7DEOH��3DUDPHWHUV�RI�6,8�*D$V�VDPSOHV�DW�7� �����.

6DPSOH�1R� U�������:�FP� PQ��FP��9�V� 1(/����������FPÜ�� 1&���������FPÜ��
� ��� ���� ��� �
� ���� ���� ��� �
� ��� ���� ��� �
� ���� ���� ��� ��
� ��� ���� ��� ��

$�'�6KWDQ�NR�HW�DO����'HFUHDVH�RI�H[FLWRQ�UDGLDWLRQ����

)XQFWLRQDO�PDWHULDOV������������� ��



WHQVLW\�RI�3/�ZDV�DV�DQ�DUHD��OLPLWHG�LQ�WKH
VSHFWUXP�E\�WKH�FRUUHVSRQGLQJ�OXPLQHVFHQFH
EDQGV�

7KH� QDUURZ� VXUIDFH� RI� FU\VWDO� ZDV� D
VRXUFH� RI� HIIHFWLYH�3/� �PRUH� WKDQ������RI
UHFRPELQDWLRQ� LV� JHQHUDWHG� LQ� WKLV� DUHD��
([WHQVLRQ� RI� WKLV� DUHD� LQ� WKH� VDPSOH�GHSWK
ZDV�V� ���F�� LI� OG���F� �OG�EHLQJ�WKH�HOHFWURQGLIIXVLRQ� SDWK� DW�7� ����.��� DQG� V� �OG�� LIOG�tF�� $FFRUGLQJO\�� WKH� DYHUDJH� YDOXH� RIHOHFWULF� ILHOG� VWUHQJWK� LQ� WKH� LOOXPLQDWHG
FU\VWDO� DUHD�� VWDUWLQJ� IURP� H[SRQHQWLDO� GH�
FUHDVLQJ� RI� HOHFWULF� VWUHQJWK� GHHS� LQWR� WKH
VDPSOH��ZDV�GHWHUPLQHG�DV�

(� ��V³��V (����H�\�e�VG\� ���

ZKHUH�\� LV�WKH�FRRUGLQDWH� LQ�WKH�OLJKW�SDVV�
LQJ�GLUHFWLRQ��(���WKH�HOHFWULF�ILHOG�VWUHQJWKRQ� WKH� VSRW��8VLQJ� FULWHULRQ�RI� ORZ� HOHFWULF
ILHOG�>��@�

(�����N���7�e��H���OH� ���
ZKHUH� H� LV� WKH� HOHFWURQ� FKDUJH�� OH�� DYHUDJHHOHFWURQ� IUHH� SDWK� �LW� LV� DFFHSWHG� WR� EH
OH#����Ü��FP�DW�7� ����.��WKDW�LV�W\SLFDO�RIVXIILFLHQWO\� �SXUH�� FU\VWDOV� >�@�� GHWHULRUD�
WLRQ� RI� WKH� FU\VWDO� TXDOLW\� UHGXFHV� WKLV
YDOXH� DQG�� UHVSHFWLYHO\�� LQFUHDVHV� (FU��� ZH
JHW� WKH� FRQGLWLRQ� (���(FU#����9�FPÜ�
ZKLFK�ZHOO�KROG�IRU�DOO�HOHFWULF�VWUHQJWK�YDO�
XHV�LQ�WKLV�ZRUN�

���5HVXOWV
7KH�PDLQ�FRQWULEXWLRQV�WR�WKH�3/�VSHFWUXP

RI�6,8�*D$V� VLQJOH� FU\VWDOV�DW�7� ����.
DUH�� WKH� HGJH� OXPLQHVFHQFH� EDQG� ZLWK� D
PD[LPXP� LQ� HQHUJ\� UDQJH� KQP� ������Ü������H9��WKH�PD[LPXP�SRVLWLRQ�GHSHQGV�RQ
FRQFHQWUDWLRQ�RI�HOHFWULFDOO\�DFWLYH�LPSXULW\

>��@��� WKH� H[WULQVLF� OXPLQHVFHQFH� EDQG�ZLWK
KQP� ������� H9� FDXVHG� E\� WKH� VKDOORZ� DF�FHSWRU� FHQWHUV� Û� FDUERQ� DWRPV� RFFXS\LQJ
WKH� DUVHQLF� YDFDQFLHV� &$V� LQYROYHG� LQ� WKHHPLVVLYH� WUDQVLWLRQV�� DQG� WKH� EDQG� ZLWK
KQP|����� H9� LQGXFHG� E\� HPLVVLYH� WUDQVL�WLRQV� WKURXJK� (/�� GHHS� GRQRU� FHQWHUV� >��@
�)LJ�����

$�GHFUHDVH�RI�WKH�HGJH�3/� LQWHQVLW\�ZDV
REVHUYHG� DW� HOHFWULF� VWUHQJWK� YDOXHV
(t���9�FPÜ�� �LQVHW� LQ� )LJ������ $W
(t���9�FPÜ��� WKHUH� ZDV� QR� HPLVVLRQ� ZLWK
WKH� PD[LPXP� DW� KQP�� ������Ü������H9�DQG� WKH� HGJH� EDQG� PD[LPXP� IHOO� RQ� WKH
HQHUJ\� UDQJH� KQP�� ������Ü������ H9� �)LJ�����$W�WKH�VDPH�WLPH��WKH�HQHUJ\�GLIIHUHQFH
'KQ� �KQP�ÜKQP�� ZDV� ���r���� PH9� IRU� DOOVWXGLHG� VDPSOHV�� 9DOXHV� RI� (*� �WKH� SURFH�GXUH� RI� (*� GHWHUPLQDWLRQ� LV� VKRZQ� LQ� WKHLQVHW� LQ� )LJ����� ZHUH� YDULHG� QRQ�WULYLDOO\
ZLWK�FKDQJH�RI�1&��LQVHW�LQ�)LJ�����,Q�DFFRUGDQFH�ZLWK�GHFUHDVLQJ�LQWHQVLW\�RI
OXPLQHVFHQFH� EDQG� ZLWK� D� PD[LPXP� KQP��
WKH�LQWHQVLWLHV�RI�EDQGV�ZLWK�KQP� �������H9
DQG� KQP|����� H9� LQFUHDVHG�� VR� WKDW� WKHHPLVVLRQ� LQWHQVLW\� ,LQ� LQWHJUDWHG� RYHU� WKHZKROH�VSHFWUDO�EDQG�ZDV�SUDFWLFDOO\�FRQVWDQW
�)LJ������ 7KH� IXUWKHU� LQFUHDVH� RI� HOHFWULF

)LJ����� *HQHUDO� YLHZ� RI� 3/� VSHFWUD� RI� 6,8
*D$V�VLQJOH�FU\VWDOV�

)LJ����� (GJH� UDGLDWLRQ� RI� FU\VWDO� �VDPSOH
1R���� ZLWKRXW� ���� DQG� ZLWK� ���� ()�� 'RWWHG
OLQHV� DUH� H[SDQVLRQ� RI� D� FXUYH� ���� RQ� WKH
UDGLDWLRQ� FRPSRQHQWV� FDXVHG� E\� H[FLWRQ� ���
DQG� IUHH� HOHFWURQV� DQG� KROHV� UHFRPELQDWLRQ
����� ,QVHW�� 'HSHQGHQFH� RI� H[FLWRQ� UDGLDWLRQ
LQWHQVLW\�RQ�()�VWUHQJWK��VDPSOH�1R����

$�'�6KWDQ�NR�HW�DO����'HFUHDVH�RI�H[FLWRQ�UDGLDWLRQ����

�� )XQFWLRQDO�PDWHULDOV�������������



VWUHQJWK� XS� WR� ��� 9�FP� GLG� QRW� FDXVH� DQ\
HVVHQWLDO�FKDQJHV�LQ�WKH�3/�VSHFWUD�

���'LVFXVVLRQ
$FFRUGLQJ� WR� WKHRUHWLFDO� VWDWHPHQWV� >��@

DQG� FRUUHVSRQGLQJ� FDOFXODWLRQV� >��@�� WKH
HGJH� HPLVVLRQ� EDQG� RI� XQGRSHG� *D$V� DW
���.�FDQ�EH�H[SDQGHG�LQWR�WZR�FRPSRQHQWV�
7KH� ILUVW� RQH�� ZLWK� D� PD[LPXP� DW� KQP� ������ H9�� LV� GXH� WR� UHFRPELQDWLRQ� RI� IUHH
HOHFWURQV� DQG�KROHV� �)LJ���� ������ 7KH� VHFRQG
FRPSRQHQW�RI�D�KLJKHU�LQWHQVLW\�ZKLFK�VKRZ
D�ORQJ�ZDYH�VKLIW�RI�PD[LPXP�ZLWK�LQFUHDV�
LQJ� &$V� FRQFHQWUDWLRQ� >��@� �KQP� �������Ü�������H9��� LV�FDXVHG�E\�UDGLDWLYH�DQQLKLOD�
WLRQ�RI�IUHH�H[FLWRQV��)LJ����������:KHQ�FRP�
SDULQJ� WKH� FXUYHV� �� DQG� �� LQ� )LJ����� LW� LV
VHHQ� WKDW� H[FLWRQ� UDGLDWLRQ� LV� TXHQFKHG� LQ
HOHFWULF�ILHOG�DW�(t���9�FPÜ���DQG�WKH�UHVLG�
XDO� HGJH� UDGLDWLRQ� �IURP� KHUH� RQ�� WKH� HGJH
UDGLDWLRQ� LQ� ILHOG�� LV� GHWHUPLQHG� E\� �EDQG�
WR�EDQG��FDUULHU�UHFRPELQDWLRQ�

7KH� IROORZLQJ� PHFKDQLVPV� FDXVLQJ� WKH
TXHQFKLQJ� RI� H[FLWRQ� OXPLQHVFHQFH� DUH
NQRZQ�� �L�� WKHUPDO�GLVVRFLDWLRQ�RI�H[FLWRQV�
�LL�� LQFUHDVLQJ� SUREDELOLW\� RI� WKH� QRQUDGLD�
WLYH�H[FLWRQ�UHFRPELQDWLRQ���LLL��LPSDFW�LRQL�
]DWLRQ�� �LY�� WXQQHOLQJ� RI� DQ� HOHFWURQ� IURP
WKH�ERXQG�VWDWH�LQWR�WKH�FRQGXFWLYLW\�EDQG�
/HW� WKH� UHDOL]DWLRQ� SUREDELOLW\� RI� HDFK
PHFKDQLVP� EH� FRQVLGHUHG�� �L�� 7KH� WKHUPDO
GLVVRFLDWLRQ�RI�H[FLWRQV��DV�D�UHVXOW�RI�VDP�
SOH� KHDWLQJ�� FDQ� EH� H[FOXGHG� IURP� UHYLHZ�
LQJ�� RQ� WKH� RQH� KDQG�� GXH� WR� ORZ� FXUUHQWV
DQG� WKH� FRUUHVSRQGLQJ� H[SHULPHQWDO� WHFK�
QLTXH� �VHH� VHFWLRQ� �([SHULPHQWDO��� DQG�� RQ
WKH� RWKHU� KDQG�� GXH� WR� DEVROXWHO\� DQRWKHU
FKDQJLQJ�FKDUDFWHU�RI�WKH�HGJH�UDGLDWLRQ�SD�
UDPHWHUV�DW�7|���.�>��@���LL��7KH�DEVHQFH�RI
DQ\�HVVHQWLDO�FKDQJLQJ�RI�WKH�LQWHJUDWHG�3/
LQWHQVLW\� LQ� ()� �)LJ����� WHVWLILHV� WR� D� FRQ�
VWDQW�YDOXH�RI�LQWHJUDWHG��RYHU�DOO�WKH�ZDYH�
OHQJWKV�� TXDQWXP�HIILFLHQF\�RI� UDGLDWLRQ� LQ
WKH� FU\VWDOV�� 7KLV� LPSOLHV� WKDW� WKH� SURE�
DELOLW\�RI�QRQ�UDGLDWLQJ�HOHFWURQ�KROH�UHFRP�
ELQDWLRQ� LQ� ORZ� ()� LV� QRW� LQFUHDVHG�� �LLL��
�LY��7KH�(*�YDOXHV�REWDLQHG�LQ�WKLV�ZRUN�DUHWRR�ORZ�IRU�UHDOL]DWLRQ�RI�ERWK�PHFKDQLVPV�
5HDOO\��DGGLWLRQDO�HQHUJ\�ZKLFK�WKH�HOHFWURQ
JHWV�LQ�()�LQ�WKH�IUHH�SDWK

:� �H���(���OH ���
LQ� WKH� SUHVHQWHG� H[SHULPHQW� GRHV� QRW� H[FHHG
����PH9��VHH�1RWH�����7KLV�YDOXH�LV�PXFK�OHVV
WKDQ�WKH�H[FLWRQ�ELQGLQJ�HQHUJ\�:H� �����PH9�WKDW�PDNHV�LPSRVVLEOH�LWV�LPSDFW�LRQL]DWLRQ�
7KH�WXQQHOLQJ�SUREDELOLW\�RI�HOHFWURQ�WR�WKH
FRQGXFWLYLW\� EDQG� LV� 3�a�H[S�Ü(W�(�� >��@�

ZKHUH�(W� LV� D� WXQQHOLQJ�FRQVWDQW�ZKLFK�GH�SHQGV�RQ�WKH�FU\VWDO�SDUDPHWHUV�
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7KH� HTXLYDOHQW� HIIHFWLYH� HOHFWURQ� DQG
KROH�PDVV� LQ�*D$V�PU#PH� �PHEHLQJ� WKH� HI�IHFWLYH� PDVV� RI� HOHFWURQ��� 7KHUH� IURP�
(W|���� 9�FP�� 7KH� H[SHULPHQWDO� YDOXHV(*��(W�� KHQFH�� WKH� SUREDELOLW\� RI� WXQQHOSURFHVV�FDQ�EH�QHJOHFWHG�

7KXV��LQ�YHU\�ORZ�()��DQ\�PHFKDQLVP�RI
H[FLWRQ� OXPLQHVFHQFH� TXHQFKLQJ� PHQWLRQHG
DERYH� FDQQRW� EH� UHDOL]HG�� 0RUHRYHU�� LW� LV
NQRZQ� IURP� >����@� WKDW� (� YDOXHV� FDXVLQJ� D
GURS� RI� H[FLWRQ� UDGLDWLRQ� LQWHQVLW\� LQ� XQ�
FRPSHQVDWHG� *D$V� H[FHHG� FRQVLGHUDEO\� WKH
(*� REWDLQHG� LQ� WKLV�ZRUN� �(�YDOXHV�FDXVLQJWKH�3/�TXHQFKLQJ� LQ�()�IRU�XQFRPSHQVDWHG
*D$V�DOVR�H[FHHG�(*�FRQVLGHUDEO\���,W�ZRXOGEH� DVVXPHG� WKDW� WKH� UHVXOWV� REWDLQHG� DUH
FDXVHG�E\�VWUXFWXUDO�IHDWXUHV�RI�*D$V�DVVR�
FLDWHG�ZLWK�LWV�FKDUJH�FRPSHQVDWLRQ�

7KH��IDWDO��FDXVH�HOLPLQDWLQJ�DOO�GLVSOD\V
RI� H[FLWRQ� VWDWHV� LQ� EXON� FU\VWDOV� LV� NQRZQ
WR�EH�WKH�VFUHHQLQJ�RI�WKH�&RXORPE�HOHFWURQ�
KROH� LQWHUDFWLRQ� WKXV� SUHYHQWLQJ� WKH� HOHF�
WURQ�KROH�PXWXDO�DWWUDFWLRQ��7KH�GHVWUXFWLRQ
RI� H[FLWRQ� VWDWHV� EHJLQV� ZKHQ� WKH� GLVWDQFH
EHWZHHQ� WKH� FKDUJHG� LPSXULWLHV
G|�����1����t5%��ZKHUH�1�LV�WKH�FRQFHQWUD�WLRQ� RI� HOHFWULFDOO\� DFWLYH� LPSXULW\�� 5%�%RKU� UDGLXV� RI� WKH� H[FLWRQ��� ,Q� *D$V�
5%� ���� QP� DQG� WKH� DERYH� UHTXLUHPHQW� LVVDWLVILHG�DW�1t�������FPÜ���+RZHYHU��VXFK�D
SURFHVV�LV�VWRFKDVWLF�DQG�WKH�FRPSOHWH�GHFD\
RI� H[FLWRQ� VWDWHV� WDNHV� SODFH� RQO\� DW
1t�������FPÜ��>��@�

)LJ����� 'HSHQGHQFH� RI� WKH� WRWDO� LQWHJUDWHG� 3/
LQWHQVLW\�RQ�()�VWUHQJWK� �VDPSOH�1R����� ,QVHW�
'HSHQGHQFH� RI�(*� RQ� FRQFHQWUDWLRQ� RI� HOHFWUL�FDOO\�DFWLYH�FDUERQ�LQ�6,8�*D$V�FU\VWDOV�

$�'�6KWDQ�NR�HW�DO����'HFUHDVH�RI�H[FLWRQ�UDGLDWLRQ����

)XQFWLRQDO�PDWHULDOV������������� ��



,Q� KLJKO\� FRPSHQVDWHG� 6,8� *D$V�� WKH
VWDWH�GHQVLW\��WDLOV��DUH�IRUPHG�HYHQ�DW�ORZ
GRSLQJ�GXH� WR� VSDWLDO� IOXFWXDWLRQV�RI� LPSX�
ULW\� GHQVLW\� �QHJDWLYH� FDUERQ� 1&�� SRVLWLYHVLOLFRQ�16L��GHHS�GRQRUV�1(/���HWF���>������@�7KH�SRWHQWLDO�ZHOO�SDUDPHWHUV�RI�WKH�ODUJHVW
VFDOH� IRU� WKH� VSHFLILHG� FRQGLWLRQV� �L�H�� VSD�
WLDO� ZLGWK� UL� DQG� WKH� ZHOO� HQHUJ\� GHSWK� J�DUH�GHILQHG�E\�WKH�UHODWLRQV�>��@�
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$W� 7� ���� .� DQG� 16�  �1&���1(/����16L
�ZKHUH�1(/�� ��������FPÜ���1&� ��������FPÜ��
16L|����1&���U�#������Ü��FP�DQG�J�#����PH9�6XFK� SDUDPHWHUV� SURYLGH� WKH� ORFDOL]DWLRQ
FRQGLWLRQ�IRU�KHDY\�KROHV
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ZKLOH� KDUGO\� SURYLGLQJ� WKH� ORFDOL]DWLRQ� RI
HOHFWURQV� �WKH� ZLGWK� DQG� JHRPHWU\� RI� YDUL�
RXV� ZHOOV� FDQ� GLIIHU� HVVHQWLDOO\�� VR� WKH
U�P�V��YDOXH�J�H[SHULPHQWDOO\�GHWHUPLQHG�LQ
>��@�ZDV� a����PH9��� ,W� LV� WR� QRWH� WKDW� FRQ�
FHQWUDWLRQ� RI� WKH� FKDUJHG� 2''� �1&2''�� LQ*D$V�� GHSHQGLQJ� RQ� WKH� )HUPL� OHYHO� SRVL�
WLRQ��FDQ�PDNH�D�FRQVLGHUDEOH�SURSRUWLRQ�RI
WKH� WRWDO� 2''� FRQFHQWUDWLRQ� >��@� ZKLFK
UHDFKHV� �����FPÜ��� 7KHUHIRUH�� WKH� XQKRPR�
JHQHRXV� GLVWULEXWLRQ� RI�1&2''� LQ� D� FU\VWDOFDQ� FRQWULEXWH� WR� WKH� SURFHVVHV� FRQVLGHUHG
EHORZ��+RZHYHU��IRU�FRPSHQVDWHG�PDWHULDOV�
LQ�SDUWLFXODU� IRU�6,8�*D$V�� WKH�SUREOHP�RI
WKH� UDWLR� EHWZHHQ� WKH� FKDUJHG� DQG� QHXWUDO
2''� LV� LQYHVWLJDWHG� LQVXIILFLHQWO\�� 7KDW� LV
ZK\� WKH� VSDWLDO� IOXFWXDWLRQ� RI�1&2''� ZLOOQRW�EH�WDNHQ�LQWR�DFFRXQW�LQ�WKLV�ZRUN�

7KXV�� LQ� DUHDV� RI� a��Ü�� FP� VL]H� �ZLWK
KLJKHU� YDOXH� RI�1� WKDQ� DQ� DYHUDJH� LQ� WKH
FU\VWDO�� H[FLWRQV� FDQQRW� H[LVW�� 7KRVH� H[LVW
LQ�LQWHUPHGLDWH�DUHDV�ZKHUH�1�LV�ORZHU�WKDQ
DYHUDJH�YDOXH�

,Q�()��DQ�H[FLWRQ�KDV�WKH�GLSROH�PRPHQW
3� �H�D(�� ����

ZKHUH� D� LV� WKH� H[FLWRQ� SRODUL]DELOLW\�� $
TXDQWXP�PHFKDQLFDO� FDOFXODWLRQ� VKRZV� >��@
WKDW� WKH� QRQGHJHQHUDWH� OHYHO�ZLWK�Q� ���
-� ����P-� ����-��P-�DUH�TXDQWXP�QXPEHUVRI�WKH�DWRP�WRWDO�PRPHQWXP�DQG�LWV�SURMHF�

WLRQ�RQWR�WKH�DOORFDWHG�D[LV��LV�QRW�VSOLW��DQG
D� GLVSODFHPHQW� GHSHQGLQJ� RQ� WKH� ILHOG
VWUHQJWK�LV�REVHUYHG�IRU�WKLV�OHYHO�

7KH� FRPSRQHQW� RI� WKH� FXUUHQW� FDUULHU
VSHHG�FDXVHG�E\�ILHOG�IRUFH�LV�

'Q� �P���(� ����
DQG� LQ� RXU� H[SHULPHQW� LWV� YDOXH� UHDFKHV
a���� FP�V�� $FFRUGLQJO\�� WKH� HOHFWURQ� GLV�
SODFHPHQW�DORQJ�WKH�ILHOG�GXULQJ�WKH�H[FLWRQ
OLIHWLPH��W|��Ü���V��PD\�DPRXQW�'U�a���Ü��FP�
7KLV� YDOXH� H[FHHGV� WKH� HOHFWURQ� IUHH� SDWK
OH�a���Ü��FP��WKHUHIRUH��LW�LV�QHFHVVDU\�WR�EHOLPLWHG�E\� WKH� OH� YDOXH��$OWKRXJK� WKH� DGGL�WLRQDO� HQHUJ\� UHFHLYHG�E\� HOHFWURQ� LQ�()�DW
OHQJWK� OH� LV� LQVXIILFLHQW� IRU� WUDQVLWLRQ� RIH[FLWRQ� LQWR� D� TXDQWXP� VWDWH� ZLWK� Q� ���
WKH� H[FLWRQ� JHWV� D� GLSROH� PRPHQW� DQG� LWV
RUELW� EHFRPHV� H[WHQGHG� DORQJ� WKH� ILHOG�� ,I
ZH� DFFHSW� WKDW� WKH� VL]HV� RI� DUHDV� ZLWK� WKH
ORZHUHG�FRQFHQWUDWLRQ�RI�DQ�LPSXULW\�H[FHHG
U�� QR�PRUH� WKDQ�E\�RQH�RUGHU� >��@�� WKHQ� LQ()� H[FLWRQ� RUELWV� ZLOO� JHW� LQWR� DUHDV� ZLWK
LQFUHDVHG�1� �DUHDV� RI� �WDLOV���� 7KLV� UHVXOWV
LQ�WKH�H[FLWRQ�GHFD\��7KH�LQFUHDVH� LQ�LPSX�
ULW\� FRQFHQWUDWLRQ� UHVXOWV� LQ� LQFUHDVHG� U��GHFUHDVHG�DFWLYDWLRQ�HQHUJ\�RI�VXFK�GHFD\�DV
ZHOO� DV� WKH� (*� YDOXH� �VHH� LQVHW� LQ� )LJ�����+RZHYHU�� ZLWK� LQFUHDVLQJ� LPSXULW\� FRQFHQ�
WUDWLRQ��WKH�FDUULHU�VFDWWHU�LV�LQFUHDVHG��WKH
OH� YDOXH� LV� UHGXFHG�� WKXV� UHVXOWLQJ� LQ� LQ�FUHDVHG�(*�� 7KHVH� WZR� FRPSHWLQJ� SURFHVVHVFDXVH� QRQ�WULYLDO� GHSHQGHQFH� (*�1&�� �LQVHWLQ�)LJ������$OVR�LW�LV�WR�QRWH��WKDW�DW�7� �����.�
U��|�����U��� DQG� J�|����J�� IURP� H[SUHVVLRQV����� ����� 7KHUHIRUH�� WKH� ORFDOL]DWLRQ� FRQGL�
WLRQ� ���� LV� UHDOL]HG� ZRUVH� DQG� LQIOXHQFH� RI
�WDLOV��FDQ�EH�PXFK�ZHDNHU������

7KH� IRUPDWLRQ� SUREDELOLW\� RI� WKH� ORFDO�
L]HG� HOHFWURQ� VWDWHV� LQ��WDLOV��RI� FRQGXFWLY�
LW\� EDQG� LV� ORZ��0RUHRYHU�� WKH�PDMRULW\� RI
HOHFWURQV�DQG�KROHV� LQ� WKH�SDLUV�DUH�GLVWDQW
DW�U��DQG�WKH�UDGLDWLYH�UHFRPELQDWLRQ�SURE�DELOLW\�IRU�HOHFWURQV�DQG�KROHV�LV�QHJOLJLEOH�
7KDW�LV�ZK\�WKH�HOHFWURQ�HQWUDSSHG�LQ��WDLO�
DUHD� LV� WKURZQ�RXW� WKHUPDOO\� LQWR�WKH�EDQG
>��@��9DOXH�RI�N7�DW�7� ����.�LV�a����PH9�
WKDW� FRUUHVSRQGV� WR� DQ� HQHUJ\� GLIIHUHQFH
'KQ� EHWZHHQ�SRVLWLRQV� RI� WKH� HGJH�3/�EDQG
PD[LPXP� REVHUYHG� IRU� DOO� LQYHVWLJDWHG
FU\VWDOV�LQ�()�DQG�LQ�DEVHQFH�RI�()�

���&RQFOXVLRQV
,Q� WKH� FU\VWDOV� RI� KLJK� FRPSHQVDWHG� XQ�

GRSHG� JDOOLXP� DUVHQLGH� SODFHG� LQ� ORZ� HOHF�
WULF� ILHOG� �()��DW�7� ����.��WKH�H[FLWRQ�UD�

$�'�6KWDQ�NR�HW�DO����'HFUHDVH�RI�H[FLWRQ�UDGLDWLRQ����

�� )XQFWLRQDO�PDWHULDOV�������������



GLDWLRQ� LQWHQVLW\�GHFUHDVHV�DW� DEQRUPDO� ORZ
HOHFWULF�VWUHQJWK�LQ�FRPSDULVRQ�ZLWK�XQFRP�
SHQVDWHG�FU\VWDOV��6XFK�D�GHFUHDVH�FDQQRW�EH
H[SODLQHG� EDVLQJ� RQ� NQRZQ� H[FLWRQ� VWDWH
GHFD\�PHFKDQLVPV�LQ�()��7KH�PRVW�SUREDEOH
UHDVRQ�IRU�WKH�REWDLQHG�HIIHFW�LV�DV�IROORZV�
,Q� ()�� WKH� H[FLWRQ� GLSROH� PRPHQW� LV� RUL�
HQWHG�DORQJ�WKH�ILHOG��,Q�FRPSHQVDWHG�PDWH�
ULDO�� HYHQ� DW� ORZ� FRQFHQWUDWLRQ� RI� HOHFWUL�
FDOO\� FKDUJHG� EDFNJURXQG� LPSXULWLHV�� WKH
�WDLOV�� RI� VWDWH�GHQVLW\� DUH� IRUPHG�DV� D� UH�
VXOW�RI�IOXFWXDWLRQV�RI�WKH�LPSXULW\�FRQFHQ�
WUDWLRQ��7KH�VFUHHQLQJ�RI�WKH�&RXORPE�LQWHU�
DFWLRQ� EHWZHHQ� HOHFWURQV� DQG� KROHV� ZKHQ
JHWLQJ� LQ� DUHD� RI� VXFK� �WDLOV�� GHVWUR\V� WKH
H[FLWRQ� VWDWHV� LQ� WKH� FU\VWDO� SODFHG� LQ� ORZ
HOHFWULF�ILHOG�

5HIHUHQFHV
� ���'�)�%ORVVH\��3K\V��5HY��%�����������������
� ���9�'�.DJDQ��=K��7HNKQ��)L]������������������
� ���0�$�-DNREVRQ�� 9�'�.DJDQ�� 5�.DWLOXV� HW� DO��

3K\V��6WDW��6RO���E�������������������
� ���'�.�1HOVRQ��0�-�-DNREVRQ��9�'�.DJDQ�HW�DO��

)L]��7YHUG��7HOD�� ���� ����� �������� *�1�$OLHY�
1�9�/XN�MDQRYD��5�3�6HMVMDQ��)L]��7YHUG��7HOD�
���������������

� ���0�*�0LO�YLGVNLM�� 9�%�2VYHQVNLM�� 6WUXFWXUDO
'HIHFWV� LQ� 6HPLFRQGXFWRU� 6LQJOH� &U\VWDOV�
0HWDOOXUJLD��0RVFRZ��������>LQ�5XVVLDQ@�

� ���3�'�6RXWKJDWH�� *�6�+DOO�� $�%�'UHHQEHQ�� -�
$SSO��3K\V�������������������

� ���7HWVXR�0RUL\D��7DNDVKL�.XVKLGD��6ROLG�6WDWH
&RPPXQ������������������

� ���:�%OXGD\�� (�:DJQHU�� 3K\V��5HY��%�� ���� ����
�������

� ���.�'�*OLQFKXN�� 9�,�*XURVKHY�� $�9�3URN�
KRURYLFK�� 2SWRHOHNWURQLND� L� 3ROXSURY��7HNKQ��
��������������

����.�'�*OLQFKXN�� 1�0�/LWRYFKHQNR�� $�9�3URN�
KRURYLFK� HW� DO��� 2SWRHOHNWURQLND� L� 3ROXSURY�
7HNKQ�����������������

����1�0�/LWRYFKHQNR�� 1�0�6KHSHO��� 2SWRHOHN�
WURQLND�L�3ROXSURY��7HNKQ�������������������

����*�3�3HND��9�)�.RYDOHQNR��9�1�.XWVHQNR��/X�
PLQHVFHQW�0HWKRGV�RI�&RQWURO�RI�WKH�3DUDPH�
WHUV�RI�6HPLFRQGXFWRU�0DWHULDOV�DQG�'HYLFHV�
7HNKQLND��.\LY��������>LQ�5XVVLDQ@�

����9�/�%RQFK�%UXMHYLFK��6�*�.DODVKQLNRY��6HPL�
FRQGXFWRU�3K\VLFV��1DXND��0RVFRZ��������>LQ
5XVVLDQ@�

����.�'�*OLQFKXN�� 1�0�/LWRYFKHQNR�� $�9�3UR�
KRURYLFK� HW� DO��� 2SWRHOHNWURQLND� L� 3ROXSURY�
7HNKQ�����������������

����$�1�/HYDQ\XN�� 9�9�2VLSRY�� 8VS��)L]��1DXN�
�����������������

����(�*ULOOL��0�*X]]L��*�3DYHVL��3K\V��5HY��%�����
������������

����9�)�.RYDOHQNR�� 0�%�/LWYLQRYD�� 6�9�6KXWRY�
6HPLFRQGXFWRUV�����������������

����'�7�-�+XUOH�� -��&U\VWDO� *URZWK�� ���Ü����
������������

����.�'�*OLQFKXN�� 1�0�/LWRYFKHQNR�� $�9�3URN�
KRURYLFK��6HPLFRQGXFWRUV�����������������

����$�6�'DY\GRY�� 6ROLG�6WDWH� 7KHRU\�� 1DXND�
0RVFRZ��������>LQ�5XVVLDQ@��

����9�/�%RQFK�%UXHYLFK�� LQ�� 6WDWLVWLFDO� 3K\VLFV
DQG� 4XDQWXP� )LHOG� 7KHRU\�� 1DXND�� 0RVFRZ
�������>LQ�5XVVLDQ@��
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