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1DQRFRPSRVLWH� PDWHULDOV� FRQVLVWLQJ� RI
XOWUDILQH�PDJQHWLF� SDUWLFOHV� HPEHGGHG� LQ� D
PHWDOOLF� RU� LQVXODWLQJ�PDWUL[�KDYH� UHFHQWO\
DWWUDFWHG� D� JUHDW� DWWHQWLRQ�� ,Q� SDUWLFXODU�
WKHUH� LV� DQ� H[WHQVLYH� LQWHUHVW� LQ� WKH� JLDQW
PDJQHWRUHVLVWDQFH� �*05�� HIIHFW� DQG� WKH
WXQQHOOLQJ� PDJQHWRUHVLVWDQFH� �705�� HIIHFW
>����@�� 7KH� 705� PDJQLWXGH� LV� GHILQHG� E\
WKH�VSLQ�SRODULVDWLRQ�RI�WKH�FRQGXFWLRQ�HOHF�
WURQV� DW� WKH� )HUPL� HQHUJ\� ()�� 7KH� RSWLFDO
DQG� PDJQHWR�RSWLFDO� SURSHUWLHV� DUH� NQRZQ
WR� EH� YHU\� VHQVLWLYH� WR� WKH� HOHFWURQ� VWDWH
GHQVLW\� QHDU� WKH� )HUPL� OHYHO�� 7UDQVSRUW
SURSHUWLHV� GHSHQG� PDLQO\� RQ� WKH� LQWUDEDQG
WUDQVLWLRQV� RI� WKH� FRQGXFWLRQ� HOHFWURQV�

ZKLFK� GRPLQDWH� WKH� GLHOHFWULF� SURSHUWLHV� LQ
WKH�LQIUDUHG��,5��VSHFWUDO�UHJLRQ��7KHUHIRUH�
,5�WUDQVPLVVLRQ�UHIOHFWLRQ�VSHFWURVFRS\�LQ�D
PDJQHWLF� ILHOG� SURYLGHV� D� GLUHFW� WRRO� IRU
SURELQJ�VSLQ�GHSHQGHQW�FRQGXFWLYLW\�>����@��

,Q�WKLV�ZRUN��WKH�PDJQHWR�RSWLFDO�SURSHU�
WLHV� RI� PHWDO�LQVXODWRU� )H±6L2�� JUDQXODUILOPV�DUH�VWXGLHG�DW�URRP�WHPSHUDWXUH�RYHU
D�ZLGH� UDQJH� RI�)H� FRQFHQWUDWLRQV��7KH� UH�
IOHFWLRQ�RI�)H±6L2��JUDQXODU�ILOPV�ZHUH� LQ�YHVWLJDWHG�LQ�,5�VSHFWUDO�UHJLRQ�LQ�WKH�PDJ�
QHWRUHIUDFWLYH� HIIHFW� �05(�� JHRPHWU\�� 7KH
PDJQHWRUHIUDFWLYH� HIIHFW� SUREHV� WKH� FKDQJH
RI� UHIOHFWLRQ� DQG� WUDQVPLVVLRQ� LQ� WKH� ,5
VSHFWUDO�UHJLRQ�GXH�WR�WKH�FKDQJH�LQ�HOHFWUL�
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FDO� FRQGXFWLYLW\� LQ� D� PDJQHWLF� ILHOG� >����@�
6LQFH�LWV�GLVFRYHU\��WKH�05(�KDV�EHHQ�PHDV�
XUHG� DW� WUDQVPLVVLRQ� DQG� UHIOHFWLRQ� IRU� D
OLPLWHG� UDQJH� RI� V\VWHPV� LQFOXGLQJ� ERWK
PXOWLOD\HUV�DQG�JUDQXODU�ILOPV�>�Ü�@��,W�ZDV
VKRZQ�WKDW�WKH�VKDSH�RI�WKH�05(�YV��ZDYH�
OHQJWK�FXUYH�LV�VHQVLWLYH�WR�WKH�VSLQ�GHSHQG�
HQW� VFDWWHULQJ� SDUDPHWHUV� RI�&R±$J� JUDQX�
ODU� PDJQHWLF� ILOPV� UDWKHU� WKDQ� MXVW� WKH
PDJQLWXGH� RI� WKH� *05� >�@�� :H� KDYH� DOVR
H[DPLQHG�WKH�HOHFWURQ�SURSHUWLHV�RI�)H±6L2�JUDQXODU� ILOPV� XVLQJ� ;�UD\� SKRWRHOHFWURQ
VSHFWURVFRS\��;36���

7KH� JUDQXODU� )H±6L2�� ILOPV� ZHUH� SUH�SDUHG� E\� UI� PDJQHWURQ� VSXWWHULQJ� DW
���P7RUU�$U� JDV� SUHVVXUH�� 7KH� ILOPV� ZHUH
GHSRVLWHG� RQ� JODVV� VXEVWUDWHV� WR� D� WRWDO
WKLFNQHVV� RI� DERXW� ���� QP� XVLQJ� WZR� WDU�
JHWV�RI�)H�DQG�6L2���7KH�FRPSRVLWLRQ�RI�WKHILOP� ZDV� GHWHUPLQHG� E\� HQHUJ\� GLVSHUVLRQ
DQDO\VLV� XVLQJ� ;�UD\� DQG� WKH� FU\VWDOOLQH
VWUXFWXUH�ZDV�LQYHVWLJDWHG�E\�;�UD\�GLIIUDF�
WLRQ�� 7KH� HOHFWULFDO� UHVLVWLYLW\� DQG� 705
ZHUH�PHDVXUHG�E\�D�FRQYHQWLRQDO�IRXU�SUREH
PHWKRG�

,5� UHIOHFWLRQ� VSHFWUD� ZHUH� UHFRUGHG� EH�
WZHHQ�����DQG����PP�XVLQJ�D�1LFROHW�1H[XV
���� )RXULHU� WUDQVIRUP� ,5� UHIOHFWLRQ� VSHF�
WURPHWHU�ZLWK� �� FPÜ�� UHVROXWLRQ� DQG� D� OLT�
XLG�QLWURJHQ�FRROHG� +J&G7H� GHWHFWRU�� 7KH
OLJKW�LQFLGHQFH�DQJOH�ZDV�����WR�WKH�QRUPDO
DQG�05(�PHDVXUHPHQWV�ZHUH�SHUIRUPHG�XS
WR�WKH�ILHOG�PD[LPXP�RI����N2H��7R�GHWHFW
DQ\� VPDOO�� PDJQHWLF� ILHOG�GHSHQGHQW� IHD�
WXUHV�� UHIOHFWDQFH� UDWLRV� >'5� ��5�+� ����Ü
5�+���5� �+� ���@�ZHUH�FDOFXODWHG��7KH�GDWD
ZHUH� FROOHFWHG� LQ� VHYHUDO� VHSDUDWH� UXQV�
ZKLFK� JHQHUDOO\� VKRZ� WKH� VDPH� ILHOG� GH�
SHQGHQFH�� GLIIHULQJ� PDLQO\� LQ� WKH� QRLVH
OHYHO�� 5HSHWLWLRQ� RI� WKH� H[SHULPHQW� VHYHUDO
WLPHV� HQDEOHV�XV� WR�FKHFN� WKH�PHDVXUHPHQW
UHSURGXFLELOLW\�DQG�WKH�FRUUHFWLRQ�RI�WKH�DE�
VRUSWLRQ� SHDN� SRVLWLRQV� GHWHUPLQDWLRQ�� )RU
FRPSDULVRQ�� $J� DQG� $O� UHIHUHQFH� PLUURUV
ZHUH�DOVR�PHDVXUHG�DQG�IRXQG�WR�GLVSOD\�QR
VXEVWDQWLDO�ILHOG�GHSHQGHQFH�

$�VWDQGDUG�0J�.D�H[FLWDWLRQ�VRXUFH��K�Q� �������H9��ZDV�XVHG�IRU�WKH�;36�LQYHVWLJD�
WLRQ�� ;36� DQDO\VLV� ZDV� FDUULHG� RXW� LQ� DQ
XOWUDKLJK� YDFXXP� V\VWHP� DW� D� EDFNJURXQG
SUHVVXUH�RI�����Ü���PEDU��7KH�VSHFWURPHWHU
KHPLVSKHULFDO� DQDO\]HU� ZDV� VHW� WR� ��� H9
FRQVWDQW�SDVV�HQHUJ\�DQG�XVHG�WR�GHWHUPLQH
WKH� NLQHWLF� HQHUJ\� RI� SKRWRHOHFWURQV� DW� WKH
VWHS�VL]H�RI�����H9��7KH�ELQGLQJ�HQHUJ\��%(�
VFDOH�ZDV�FDOLEUDWHG�E\�PHDVXULQJ�UHIHUHQFH
SHDN� RI� $X� �I���� �%(� ������ H9�� XVLQJ� DQ$X�ILOP��7KH�DFFXUDF\�RI�WKH�PHDVXUHG�ELQG�

LQJ� HQHUJLHV�ZDV�r����H9��)RU� WKUHH�RI�RXU
VDPSOHV��WKH�)H��S��2��V��DQG�6L��S�VLJQDOV
ZHUH� UHFRUGHG��$OO�PHDVXUHPHQWV�ZHUH�SHU�
IRUPHG�DW�DQJOH�M� �����EHWZHHQ�WKH�VDPSOH
QRUPDO�DQG�WKH�GHWHFWLRQ�GLUHFWLRQ��$W�WKLV
DQJOH�WKH��HOOLSWLFDOO\�VKDSHG��DQDO\]HG�DUHD
ZDV� DERXW� ���u��PP��� � 7KH�;�UD\� GLIIUDF�
WLRQ� SDWWHUQV� IRU� WKH�)H[�6L2���±[�PDJQHWLFJUDQXODU� ILOPV� VKRZ� D� EURDG� SHDN� DW� WKH
%UDJJ� DQJOH� FRUUHVSRQGLQJ� WR� WKH� ����!
GLIIUDFWLRQ�OLQH�DW��T� �������RI�EFF�)H�VROLG
VROXWLRQ�� LQGLFDWLQJ� WKH� QDQRFU\VWDOOLQH� QD�
WXUH�RI�WKH�ILOPV��7KH�DYHUDJH�JUDLQ�VL]H�RI
WKH�IHUURPDJQHWLF�SDUWLFOHV�YDU\LQJ�EHWZHHQ
�� DQG� �� QP�� DV� W\SLFDO� RI� PHWDO�LQVXODWRU
JUDQXODU� ILOPV�� ZDV� HYDOXDWHG� XVLQJ� WKH
6FKHOOHU�V�IRUPXOD�

7KH�705�UDWLR��U��Ü�U+��U��YDOXHV�RI�WKH)H[�6L2���±[�JUDQXODU�ILOPV�DV�D�IXQFWLRQ�RI[� PHDVXUHG� DW� +� ���� N2H� DW� URRP� WHP�
SHUDWXUH� DUH� SORWWHG� LQ� )LJ����� ,W� LV� VHHQ
WKDW�D�PD[LPXP�05�YDOXH�RI�DERXW������
LV� REWDLQHG� IRU�[� ������� )RU�[�!������� WKH
705�UDWLR�GHFUHDVHV�UDSLGO\�ZLWK�LQFUHDVLQJ
[�� 7KH� UHVLVWDQFH� FKDQJHV� RFFXUV�PDLQO\� DW
WKH� PDJQHWLF� ILHOG� YDOXHV� EHORZ� �� N2H�
$ERYH���N2H�� WKH� ILOP� UHVLVWLYLW\�GHFUHDVHV
VORZO\�� EXW� KDV� QRW� VDWXUDWHG� IRU�PDJQHWLF
ILHOGV� DSSURDFKLQJ� ��� N2H�� 7KH� HOHFWULFDO
UHVLVWLYLW\� DW�+� ��� 2H� LV� RI� WKH� RUGHU� RI
���P:�FP�IRU�WKH�ILOP�ZLWK�ODUJH�05�UDWLR�
7KLV� YDOXH� LV� H[WUHPHO\� ODUJH� DV� FRPSDUHG
ZLWK�WKH�PHWDO�UHVLVWLYLWLHV��7KH�SHUFRODWLRQ
WKUHVKROG� EHLQJ� DURXQG� [3�|�����Ü����ZKHUH�WKH�HOHFWULFDO�FRQGXFWLYLW\�PHFKDQLVP
LV� FKDQJHG�� 7KH� JUDQXODU� ILOPV� ZLWK� ORZ�[
DUH� LQVXODWLQJ�� H[FHSW� IRU� WXQQHOLQJ� DPRQJ
PHWDOOLF�JUDLQV��ZKLOH�LQ�VDPSOHV�ZLWK�ODUJH
[� YDOXHV�� WKH�PHWDO� JUDQXOHV� IRUP� DQ� LQIL�

)LJ����� 705� FXUYHV� RI� )H[�6L2���±[� JUDQXODUILOPV�PHDVXUHG�DW�URRP�WHPSHUDWXUH��IRU�GLI�
IHUHQW� )H� FRQFHQWUDWLRQV�� ���� Û� � [� ������
����Û�����������Û�������
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QLWH�QHWZRUN��H[KLELWLQJ�PHWDOOLF�FRQGXFWLY�
LW\� DQG� PDJQHWLF� FORVXUH� VWUXFWXUH�� 7KH
705�FXUYHV�DUH�ZHOO�SURSRUWLRQDO�WR�Ü��0�06���ZKHUH�0��06� DUH�PDJQHWL]DWLRQ�DQG�VDWX�UDWLRQ� PDJQHWL]DWLRQ� RI� WKH� ILOPV��� :KHQ
)H�FRQWHQW�GHFUHDVHV�IURP����WR�������WKH
705� LQFUHDVHV� DEUXSWO\�� EHFDXVH� WXQQHOLQJ
FXUUHQW� LV� GRPLQDQW� DW� WKH� )H� FRQWHQWV
ORZHU� WKDQ� WKH� SHUFRODWLRQ� WKUHVKROG� SRLQW
[3�,Q� LQVXODWLQJ� )H±6L2�� FRPSRVLWHV�� WKHHOHFWURQV�DUH�WUDQVIHUUHG�IURP�RQH�JUDLQ�WR
DQRWKHU� E\� WXQQHOLQJ� DW� DQ� DFWLYDWLRQ� HQ�
HUJ\� UHTXLUHG� WR� FUHDWH� HOHFWURQ�KROH� SDLUV
LQ�WKH�JUDLQV�>����@��7KH�KRSSLQJ�FRQGXFWLY�
LW\�FDQ�EH�ZULWWHQ�DV�IROORZV�>�@��

V�|�H[S���TV���(F�e�N%7�� ���
ZKHUH� T� LV� WKH� WXQQHOLQJ� SDUDPHWHU�� V�� WKH
LQWHUJUDLQ� SRWHQWLDO� EDUULHU� KHLJKW��(F�� WKHDFWLYDWLRQ� HQHUJ\�� N%�� WKH� %ROW]PDQQ� FRQ�
VWDQW��(F�a�H����SH�HGU��H�LV�HOHFWURQ�FKDUJH�
HG�LV�WKH�GLHOHFWULF�FRQVWDQW��DQG�U�LV�WKH�JUDLQUDGLXV�� )RU� H[DPSOH�� IRU� JUDLQV� RI� U� �����QP
DQG� HG� ����� LQ� 6L2��� WKH� &RXORPE� LRQL]D�WLRQ�SRWHQWLDO�LV�(F� ������H9�>����@��7KH�DF�WLYDWLRQ�HQHUJ\�LV�ORZHUHG�E\�PXWXDO�VFUHHQ�
LQJ�RI�JUDLQV�EH\RQG�WKH�SHUFRODWLRQ�UDGLXV�
L�H�� WKH� UDGLXV� RI� JUDLQV� SURYLGLQJ� DQ� LQIL�
QLWH� SHUFRODWLRQ� FOXVWHU� >����@�� 6LPLODUO\� WR
WKH� LQVXODWRU�PHWDO� WUDQVLWLRQ� DFFRUGLQJ� WR
>����@��ZH�JHW�
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,Q� RXU� VDPSOHV�� (F�N%� IRU� [� ������ LVDERXW� IRXU� WLPHV� DV�KLJK�DV� FRPSDUHG� WR
[� ������ >�@��2QH� FDQ�QRWLFH� WKDW� WKH�UHVLV�
WLYLW\� RI� WKH�)H�����6L2������� JUDQXODU� ILOPVLV�PXFK� ODUJHU� WKDQ� WKDW� IRU�[� �������7KH
PHDQ� GLDPHWHU� RI� )H� JUDLQ� �G!� GHFUHDVHV
DQG�WKH�PHDQ�LQWHUJUDLQ�GLVWDQFH��V!�LQFUHDVHV
ZLWK� LQFUHDVLQJ�[��6R��WKH�SRWHQWLDO�KHLJKW� RI
LQVXODWLQJ� WXQQHO� EDUULHU� IRU� [� ������ LV
PXFK�KLJKHU�WKDQ�WKDW�IRU�[� �������LQGLFDWLQJ
WKDW�(F�N%�IRU�[� ������LV�DOVR�PXFK�KLJKHUWKDQ� WKDW� DW� [� ������� %HFDXVH� RI� D� EURDG
GLVWULEXWLRQ�LQ�JUDLQ�VL]H��LW�LV�KLJKO\�SURE�
DEOH� WKDW� ODUJH� JUDLQV� DUH� VHSDUDWHG� IURP
HDFK�RWKHU�GXH�WR�WKHLU�ORZ�QXPEHU�GHQVLW\�
7DNLQJ� LQWR� DFFRXQW� WKH� WXQQHOLQJ� EHWZHHQ
ODUJH�JUDLQV� WKURXJK� LQWHUYHQLQJ�VPDOO�RQHV�
WKH� UHODWLYH� PDJQHWRUHVLVWLYLW\� LV� JLYHQ� E\
>����@�
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ZKHUH� 3� ��1)n�Ü�1)� p���1)n��� �1)p�� DQG
T� ���P
�9�Ü�()��K��������3� LV� VSLQ� SRODUL]D�WLRQ� RI� HOHFWURQV�� +HUH��1)n�p�� LV� WKH� VWDWHGHQVLW\�DW�WKH�)HUPL�HQHUJ\�()�IRU�HOHFWURQVZLWK�VSLQ�XS�DQG�GRZQ��DQG�V�a���QP��P
�a
���PH��DQG�9�a�����H9�DUH�WKH�EDUULHU�WKLFN�QHVV�� WKH� HIIHFWLYH� HOHFWURQ� PDVV�� DQG� WKH
EDUULHU� KHLJKW�� UHVSHFWLYHO\�� IRU
)H�����6L2������� >����@�� )RU� VDWXUDWLRQ� FDVH�P� �0�06� ����� WKH� UHODWLYH� SRODULVDWLRQRI� WKH�PDJQHWLF�PDWHULDOV�ZLOO� OHDG� WR�UHOD�
WLRQVKLS� ����� 7KH� )HUPL� HQHUJ\� YDOXH� IRU
FRQGXFWLRQ� HOHFWURQV�� DFFRUGLQJ� WR� >�@�� DS�
SUR[LPDWHV�()�|��� H9��8VLQJ� WKH� HVWLPDWHGYDOXHV� IRU� �TV� DQG� WKH� H[SHULPHQWDO� YDOXHV
RI�'U�U�|�������ZH�KDYH�FDOFXODWHG�WKH�UHOD�
WLYH� SRODUL]DWLRQ� RI� WKH� PDJQHWLF� JUDLQV
�)H���3�|�������7KLV�PDJQLWXGH�IRU�3�LV�UHD�
VRQDEOH� IRU� IHUURPDJQHWLF� )H� ZKHQ� FRP�
SDUHG� ZLWK� H[SHULPHQWV� RI� WKH� SRODUL]DWLRQ
RI� FRQGXFWLRQ� HOHFWURQV� >��@��1RWH� WKDW� WKH
PD[LPXP� PDJQHWRUHVLVWDQFH� YDOXH� LV� RE�
VHUYHG� MXVW� EHORZ� WKH� SHUFRODWLRQ� WKUHVKROG
DW�[�a������

)LJ���� VKRZV� WKH� UHODWLYH� FKDQJH� RI� ,5
UHIOHFWLRQ�IRU�)H[�6L2���±[�JUDQXODU�ILOPV�DVD� IXQFWLRQ� RI�ZDYHOHQJWK� IRU� QRQ�SRODUL]HG
LQFLGHQW�OLJKW�LQ�D�PDJQHWLF�ILHOG�RI����N2H�
7KH� PDJQHWRUHIUDFWLYH� HIIHFW� LQ� IHUURPDJ�
QHWLF� PHWDO�LQVXODWRU� JUDQXODU� QDQRVWUXF�
WXUHV� )H[�6L2���±[� ZDV� LQYHVWLJDWHG� LQ� ,5VSHFWUDO� UHJLRQ� LQ� WKH� ZDYHOHQJWK� UDQJH
IURP���WR����PP��7KH�HIIHFW�PDJQLWXGH�YDU�
LHV� IURP����� WR��������IRU�GLIIHUHQW�QDQR�
FRPSRVLWHV� DQG� GHSHQGV� VWURQJO\� RQ� WKH

)LJ�����05(�DV�D�IXQFWLRQ�RI�ZDYHOHQJWK�IRU
GLIIHUHQW� )H� FRQFHQWUDWLRQV� [�� ���� Û� [� 
����������Û�����������Û������
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OLJKW�IUHTXHQF\�DQG�PDJQHWRUHVLVWDQFH��)LJ�����
05(� VSHFWUD� H[KLELW� D� VLPLODU� VKDSH� ZLWK
RQH� ORFDO� PD[LPXP� DURXQG� O���a�����PP
DQG�WKH�KHLJKW�RI� WKH�05(�SHDNV� LQFUHDVHV
ZLWK�WKH�DSSOLHG�ILHOG�VWUHQJWK�

7KH� ,5�UHIOHFWLRQ�VSHFWUD� RI�)H[�6L2���±[JUDQXODU�ILOPV�VKRZ�D�FRPSOH[�FKDUDFWHU�RI
YLEUDWLRQ� PRGHV�� 7KH� VSHFWUD� VKRZ� D� SUR�
QRXQFHG�SHDN�DW�O���a�����PP�ZKLFK�FDQ�EH
DVVRFLDWHG�ZLWK�WKH�ORQJLWXGLQDO�RSWLFDO��/2�
YLEUDWLRQ� PRGH� RI� 6L2�� >��@�� )XUWKHUPRUH�WKH� SRVLWLRQ� RI� WKH� SURPLQHQW� IHDWXUHV� RI
05(� VSHFWUD� LV� VKLIWHG� WRZDUGV� ODUJHU
ZDYHOHQJWK�O�DV�WKH�YROXPH�FRQWHQW�RI�)H�LQ
JUDQXODU�ILOPV�ULVHV��)LJ������7KH�05(�VSHF�
WUD� IRU� )H[�6L2���±[� JUDQXODU� ILOPV� LQ� WKH���Ü����PP� UHJLRQ� VKRZ� D� VLPLODU� VKDSH� WR
WKRVH� REVHUYHG� LQ�&R$J� JUDQXODU� *05� ILOPV
>�@�� ZLWK� D� EURDG� SRVLWLYH� SHDN� LQ� WKH� 05(
ORFDWHG� EHWZHHQ� ���Ü���� PP�� FRQVLVWHQW� ZLWK
PDJQHWLFDOO\� LQGXFHG�PRGLILFDWLRQ�RI�WKH�VFDW�
WHULQJ�RI�'UXGH�OLNH�IUHH�HOHFWURQV�LQ�)H�PHWDO�

([SHULPHQWDO�UHVXOWV�VKRZ�WKDW�WKH�05(
HIIHFW� LQ� )H[�6L2���±[� JUDQXODU� ILOPV� WDNHVSODFH�RQO\�IRU�ILOPV�SRVVHVVLQJ�D�ODUJH�705
HIIHFW��$FFRUGLQJ�WR�WKH�+DJHQ�5XEHQV�UHOD�
WLRQ��WKH�705�DQG�05(�HIIHFWV�DUH�UHODWHG
WR� HDFK�RWKHU� >��@�� ,Q� WKLV� FDVH�� WKH� UHIOHF�
WLYLW\��5��LV�D�IXQFWLRQ�RI�WKH�GF�UHVLVWLYLW\
U���5� ���Ü�>�H�ZU�@�����ZKHUH�H��LV�WKH�SHU�PLWWLYLW\� RI� IUHH� VSDFH�� 7KH� FKDQJH� LQ� UH�
IOHFWLYLW\��'5�5��LV�WKHQ�JLYHQ�WR�ILUVW�RUGHU
E\�GLIIHUHQWLDWLQJ�5�ZLWK�UHVSHFW�WR�U��JLYLQJ

'5
5 � �������55 �u�'UU� �

�
���

ZKHUH�'U�U��LV�WKH�705�IRU�JUDQXODU�ILOPV�
,W�LV�HYLGHQW�IURP�(T�����WKDW�'5�5�GHSHQGV
GLUHFWO\� RQ� WXQQHO�PDJQHWRUHVLVWDQFH� 705�

,QFOXGLQJ� LQ� D� +DJHQ�5XEHQV� UHODWLRQ� WKH
GHSHQGHQFHV� RI�5�O�� DQG� 705�� RQH� FDQ� GH�
VFULEH� DFFXUDWHO\� WKH� 05(� HIIHFW� LQ� PHWDO
JUDQXODU�ILOPV�DQG�VKRZ�WKH�FRUUHODWLRQ�EH�
WZHHQ� WKH� PDJQHWRUHIUDFWLYH� DQG� PDJQH�
WRUHVLVWLYH� HIIHFWV�� 2XU� FDOFXODWLRQV� UHSUR�
GXFH� VXFFHVVIXOO\� WKH� YDULDWLRQ� RI� PDJQL�
WXGH� DQG� VKDSH� RI� WKH� 05(� FXUYHV� DV� D
IXQFWLRQ�RI�WKH�)H�YROXPH�FRQFHQWUDWLRQ��[�
DQG�705�EHKDYLRU�

,W�VKRXOG�EH�QRWHG�WKDW�WKH�ZDYHOHQJWK�DW
ZKLFK�WKH�PDLQ�IHDWXUH�LQ�'5�5�VSHFWUD�RF�
FXUV�ULVHV�ZLWK�LQFUHDVLQJ�YROXPH�FRQWHQW�RI
)H��%DVHG�RQ�WKH�H[SHULPHQWDO�DQG�WKHRUHWL�
FDO�LQYHVWLJDWLRQ�RI�05(�HIIHFW��ZH�FDQ�VXS�
SRVH� WKDW� WKH� VWURQJ� 705� UHGXFWLRQ� HYHQ
GRZQ� WR� ]HUR� FDQ� EH� JRYHUQHG� E\� WKH� VFDW�
WHULQJ� RI� HOHFWURQV� RQ� WKH� SKRQRQV� DW� WKH
LQWHUIDFH� EHWZHHQ�DOO� QHDUHVW�SDUWLFOHV��7KH
SK\VLFDO�PHFKDQLVP�RI�WKLV�HIIHFW�LV�UHODWHG
ZLWK� WKH� H[FLWDWLRQ� RI� /2� SKRQRQV� LQ� WKH
V\VWHP� �HOHFWURQ�SKRQRQ� LQWHUDFWLRQ��� 'XH
WR�WKHVH�SURFHVVHV��WKH�QHZ�FKDQQHOV�RI�HOHF�
WURQ�VFDWWHULQJ�DSSHDU�

)LJV����WKURXJK���VKRZ�W\SLFDO�;36�FRUH�
OHYHO�VSHFWUD�RI�)H��6L��DQG�2�LQ�)H[�6L2���±[JUDQXODU� ILOPV�� 7KH� )H� VSHFWUXP� H[KLELWV
WZR�SHDNV�DW�����DQG�����H9��FRUUHVSRQGLQJ
WR� WKH�)H��S����DQG��S����GRXEOHWV� �)LJ�����$FFRUGLQJ� WR� UHIHUHQFH� ;36� GDWD� >������@�
WKH�ELQGLQJ�HQHUJ\��%(��SRVLWLRQ�RI�WKH�GRX�
EOHWV�FRUUHVSRQGV�H[DFWO\�WR�WKDW�RI�PHWDOOLF
)H�� 7KH� %(� GLIIHUHQFH� EHWZHHQ� WKH� GRXEOHW
SHDNV� LV� LQ� WKH� UDQJH� RI� ����Ü����� H9� IRU
PHWDOOLF�)H� DQG���Ü����� H9� IRU�)H�2�� >�����@�� 7KH� %(� GLIIHUHQFH� IRU� RXU� VDPSOHV� LV
��� H9�� LPSO\LQJ� WKDW�PHWDOOLF�)H� KDV� EHHQ
IRUPHG��,Q�WKHVH�VSHFWUD��D�FOHDU�VPDOO�SHDN
LV� GHWHFWHG� DW� ������ H9� �VHH� )LJ������ ,W� LV
VXJJHVWHG�WR�EH�GXH�PDLQO\�WR�)H�2��KDYLQJ

)LJ�����;36� VSHFWUD� RI�)H� �S� LQ�)H[�6L2���±[JUDQXODU� ILOPV�� ����Û�[� ������� ����Û������
���Û������

)LJ����� ;36� VSHFWUD� RI� 2� �V� LQ� )H[�6L2���±[JUDQXODU�ILOPV������Û�[� �����������Û������
����Û������
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WKH�SHDN�DW�������H9� >��@��7KHVH�GDWD� VXJ�
JHVW� WKDW� )H� UHDFWV� ZLWK� R[\JHQ� UHOHDVHG
IURP� 6L2��� 7KH� LQWHQVLW\� DW� ������ H9� LVVPDOOHU�WKDQ�WKDW�DW�����H9��LQGLFDWLQJ�WKDW
WKH�R[LGDWLRQ�H[WHQW�RI�)H�LV�QRW�ODUJH��7KH
)H� R[LGDWLRQ� UDWH� EHFRPHV� ODUJHU� ZLWK� LQ�
FUHDVLQJ�6L2�� FRQFHQWUDWLRQ�� ,Q� FRQWUDVW� WRWKH� VDPSOHV� ZLWK� ORZHU� 705� YDOXHV�� WKH
������H9�SHDN�RI�WKH�)H�����6L2�������JUDQX�ODU� ILOP� LV� PXFK� ZHDNHU�� DOWKRXJK� WKHVH
VDPSOHV� KDYH� EHHQ� GHSRVLWHG� LQ� WKH� VDPH
FRQGLWLRQV� DQG� H[SRVHG� WR� DWPRVSKHULF� 2�IRU� WKH� VDPH� SHULRG� RI� WLPH�� 7KLV� OHDGV� WR
FRQFOXVLRQ� WKDW� WKH�)H� JUDLQV� LQ� ILOP�ZLWK
PD[LPXP�PDJQHWRUHVLVWDQFH�DUH�PRUH�UHVLV�
WDQW�DJDLQVW�R[LGDWLRQ�DQG�KDYH�PRUH�PHWDO�
OLF� EHKDYLRU� WKDQ� WKRVH� LQ� RWKHU� VDPSOHV�
7KLV� FRQFOXVLRQ� LV� FRQILUPHG� E\�;36� VSHF�
WUD� PHDVXUHPHQWV� IRU� WKH� 2� �V� DQG� 6L� �S
SHDNV�� ,Q� WKH� 2� �V� VSHFWUXP� �)LJ������ WKH
PDLQ� FRPSRQHQW� DW� �����Ü������ H9� LV� GXH
WR� 6L2�� DQG� D� YHU\� VPDOO� VKRXOGHU� DW������H9�UHVXOWV�IURP�)H�2��>��@��LQ�DJUHH�PHQW�ZLWK� WKH� UHVXOWV� RI� WKH�)H� �S� VSHFWUD
�)LJ������ 7KH� 2� �V� SHDN� RI� )H�����6L2������VDPSOH� LV� PRUH� LQWHQVH� DQG� VKLIWHG� E\
����H9�WR�KLJKHU�ELQGLQJ�HQHUJ\��7KH�QDWLYH
R[LGH� VKRZV�D� ODUJH�2��V�SHDN�DW�������H9
>������@��7KH�6L��S�������� VSHFWUXP�H[KLELWVD� PDLQ� SHDN� DW� ������ H9� DQG� D� VKRXOGHU
DURXQG�a������H9��)LJ������7KH�PDLQ�SHDN�LV
GXH� WR� 6L� LQ� 6L2��� LQ� DJUHHPHQW� ZLWK� WKHDFFHSWHG� YDOXHV� >��@�� 1R� HYLGHQFHV� IRU
VLOLFLGHV� DUH� REVHUYHG�� )RU� 6L� LQ� VLOLFLGHV�
WKH�6L� �S�%(� VKRXOG�EH�DERXW�����H9� ORZHU
WKDQ� WKDW� IRU�PHWDOOLF�6L� ������� GXH� WR� WKH
PRUH� QHJDWLYH� HOHFWURQ� HQYLURQPHQW� RI� WKH
VLOLFLGHV� DV� FRPSDUHG� WR� HOHPHQWDO� 6L�� L�H��

a����� H9� >������@��7KLV�SHDN� LV�PRUH� OLNHO\
GXH� WR�PHWDOOLF�6L��:H� FDQ� VHH� �)LJV����� ��
WKDW� WKH�SHDN�SRVLWLRQ�RI�ERWK�6L� �S� DQG�2
�V�VKLIWV�WRZDUG�KLJKHU�HQHUJ\�ZKHQ�WKH�)H
FRQFHQWUDWLRQ�LQ�)H[�6L2���±[�JUDQXODU�ILOPVGHFUHDVHV��

7KXV�� WKH� )H[�6L2���±[� JUDQXODU� ILOPVSRVVHVV�D� ODUJH�PDJQHWRUHVLVWDQFH�DWWDLQLQJ
DERXW� ���� �� PD[LPXP� IRU� [� ������� 7KH
WXQQHOOLQJ�705�HIIHFW�DSSHDUV�DW�[��������
7KH� [� GHSHQGHQFH� RI� 705� UDWLR� FRXOG� EH
H[SODLQHG� SKHQRPHQRORJLFDOO\� E\� WKH� GLV�
WDQFH� EHWZHHQ� WKH� QHDUHVW�QHLJKERU� JUDLQ
VXUIDFHV�� $� GLUHFW� UHODWLRQVKLS� KDV� EHHQ
IRXQG�EHWZHHQ�WKH�EHKDYLRU�RI�WKH�PDJQHWR�
RSWLFDO� SURSHUWLHV� DQG� WKH� PDJQHWRUHVLV�
WDQFH� HIIHFW� LQ� JUDQXODU� PDJQHWLF� ILOPV� DW
YDULRXV�FRQWHQW�RI�WKH�IHUURPDJQHWLF�SKDVH�
7KH� HQHUJ\� VKLIW� RI� 6L� �S� DQG� 2� �V� FRUH�
OHYHO�GHWHUPLQHG�E\�;36�VKRZV�WKDW�WKH�)H
JUDLQV�UHDFW�ZLWK�2�UHOHDVHG�IURP�6L2���7KHR[LGDWLRQ� UDWH� RI� )H� JUDLQV� LV� KLJKHU� LQ
ILOPV�ZLWK�VPDOOHU�705�YDOXHV�

5HIHUHQFHV
� ���6�0LWDQL�� 6�7DNDKDVKL�� .�7DNDQDVKL� HW� DO��

3K\V��5HY��/HWW�������������������
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�������
� ���-�&�-DFTXHW�� 7�9DOHW�� LQ�� 0DJQHWLF� 8OWUDWKLQ

)LOPV��0XOWLOD\HUV�DQG�6XUIDFHV��HG��E\�(�0D�
ULQHUR��0DWHULDOV�5HVHDUFK�6RFLHW\��3LWWVEXUJ
�������
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5HYLVLWHG�� E\� HG�� 3�3�(GZDUGV� DQG
&�1�5�5DR��7D\ORU	)UDQFLV��/RQGRQ���������
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������������
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�������

����+DQGERRN� RI�2SWLFDO� &RQVWDQWV� RI�6ROLGV�� HG�
E\�(�'�3DOLN��$FDGHPLF��1HZ�<RUN��������

����$�9�6RNRORY�� 2SWLFDO� 3URSHUWLHV� RI� 0HWDOV�
%ODFNLH��*ODVJRZ��������

����-�)�0RXOGHU�� :�)�6WLFNOH�� 3�(�6RERO�
.�'�%RPEHQ�� +DQGERRN� RI� ;�5D\� 3KRWRHOHF�
WURQ� 6SHFWURVFRS\�� 3K\VLFDO� (OHFWURQLFV��1HZ
<RUN���������

����&�'�:DJQHU�� :�0�5LJJV�� /�(�'DYLV� HW� DO��
+DQGERRN� RI� ;�5D\� 3KRWRHOHFWURQ� 6SHFWURV�
FRS\��3HUNLQ�(OPHU��(GHQ�3UDLUH��������

)LJ����� ;36� VSHFWUD� RI� 6L� �S� LQ� )H[�6L2���±[JUDQXODU� ILOPV�� ���� Û� [� ������� ���Û� �����
����Û������
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