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���,QWURGXFWLRQ
,W� LV� NQRZQ� >�Ü�@� WKDW� OD\HUHG� VHPLFRQ�

GXFWLQJ�PDWHULDOV�%L,���&G,���3E,��KDYH�VRPHSURSHUWLHV� >����@��ZKLFK�PDNH� LW� SRVVLEOH� WR
XVH� WKHVH� FU\VWDOV� DV� ;�UD\� GHWHFWRUV� ZLWK
KLJK� HQHUJ\� UHVROXWLRQ� SURSHUWLHV�� %HVLGHV�
WKRVH�FU\VWDOV�DUH�XVHG�VXFFHVVIXOO\�LQ�RSWL�
FDO� DQG� DFRXVWLF� GHYLFHV� EHFDXVH� RI� WKHLU
DQLVRWURSLF�SURSHUWLHV��7KH�HIILFLHQF\�RI�WKH
PDWHULDOV� EHLQJ� DSSOLHG� LQ� ;�UD\� GHWHFWRUV
LV�GHILQHG�E\�WKH�SUHVHQFH�RI�VWUXFWXUDO�GH�
IHFWV� DQG� LPSXULWLHV� LQIOXHQFLQJ� WKH� HOHF�
WURQ� SURSHUWLHV� DQG� GHILQLQJ� WKH� UDGLDWLRQ
UHVLVWDQFH�RI�WKH�PDWHULDOV�

,Q� WKLV� FRQQHFWLRQ�� RI� LPSRUWDQFH� LV� WR
VWXG\� WKH� SURSHUWLHV� RI� �%L,����±Q���3E,��Q
PL[HG�FU\VWDOV�DQG�WR�GHWHUPLQH�WKH�FRQFHQ�
WUDWLRQ� GHSHQGHQFHV� RI� FU\VWDO� SDUDPHWHUV
ZKLFK�PD\� FKDQJH� GHSHQGLQJ� RQ� WKH� LPSX�
ULW\� VWDWH�� 7KH� QXFOHDU� TXDGUXSROH� UHVR�
QDQFH� VSHFWUD� RI� ���,� QXFOHL� ����,� 145�� LQ
FKHPLFDOO\�SXUH�%L,�� FU\VWDOV� �Q� ���� DQG� LQ
WKH� 3E,��&G,�� PL[HG� OD\HUHG� FU\VWDOV� FRQ�
WDLQLQJ�LVRYDOHQW� LRGLQH�DWRPV�ZHUH�VWXGLHG
LQ� >����@�� 7KH� ���,� 145� VSHFWUD� RI� WKH
�%L,����±Q���3E,��Q� PL[HG� FU\VWDOV� DUH� VWXGLHG
LQ�WKLV�ZRUN�IRU�WKH�ILUVW�WLPH��
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���([SHULPHQWDO
7KH����,�145�VSHFWUD�RI�WKH��%L,����±Q���3E,��QFU\VWDOV�XQGHU�VWXG\�DW�WHPSHUDWXUH�7� ����.

LQ� WKH� IUHTXHQF\� UDQJH� �Ü���� 0+]� ZHUH
PHDVXUHG�XVLQJ�D�TXDVL�FRKHUHQW�145�VSHF�
WURPHWHU� ,66K������� $� GLJLWDO� DFFXPXODWRU
IRU� UHJLVWUDWLRQ� RI� ZHDN� DQG� ZLGH� OLQHV� LQ
WKH� 145� VSHFWUD� ZDV� XVHG�� WRR�� 7KH� %L,�FU\VWDOV� ZLWK� GLIIHUHQW� FRQFHQWUDWLRQV� Q� RI
3E,�� LPSXULW\� ZHUH� LQYHVWLJDWHG� �Q� ��������������������������������DQG��������7KH
PHDVXUHG�IUHTXHQF\�YDOXHV�X��DQG�X��RI�WKH���,� 145� FRUUHVSRQGLQJ� WR� WUDQVLWLRQV
r���lr���� DQG� r���lr����� SURYLGHG�� SUR�
FHHGLQJ�IURP� WKH� WDEXODU�GDWD� >�@��GHWHUPL�
QDWLRQ� RI� WKH� FRQFHQWUDWLRQ� GHSHQGHQFHV� RI
WKH� TXDGUXSROH� FRXSOLQJ� FRQVWDQW� H�4T]]�Q�DQG� DV\PPHWU\� SDUDPHWHU�K�Q�� RI� WKH� HOHF�
WULF� ILHOG� JUDGLHQW� WHQVRU� �K� ��T[[�ÜT\\��T]]��RQ����,�QXFOHDU�UHVRQDQFH��7KH�145GDWD�DUH�SUHVHQWHG�LQ�7DEOH��7KH�GHWHUPLQD�
WLRQ� DFFXUDF\� RI� WKH� DV\PPHWU\� SDUDPHWHU
DQG� TXDGUXSROH� FRXSOLQJ� FRQVWDQW� ZHUH� GH�
ILQHG� E\� WKH� OLQH�ZLGWK� DQG� GLG�QRW� H[FHHG
r���� �� DQG� r���� �� RI� DEVROXWH� YDOXHV
WKHUHRI�

���5HVXOWV�DQG�GLVFXVVLRQ
,W� ZDV� IRXQG� WKDW� IRU� FKHPLFDOO\� SXUH

%L,�� FU\VWDO� �Q� ���� DW� ��� .�� WKH� ���,� 145IUHTXHQFLHV� X��� DQG� X��� FRUUHVSRQGLQJ� WRWZR� WUDQVLWLRQV� PDNH� �������� DQG
��������r������� 0+]�� UHVSHFWLYHO\�� 7KH
SUHVHQWHG� IUHTXHQFLHV� X��� DQG� X��� FRUUH�VSRQG� WR� WKH� TXDGUXSROH� FRXSOLQJ� FRQVWDQW
H�4T]]�� ��������r������0+]�DQG�WKH�WHQVRUDV\PPHWU\� SDUDPHWHU� K�� �����r����� 7KH
UHVXOWV� REWDLQHG� DJUHH� ZLWK� H[SHULPHQWDO
GDWD�>�@�

,W� LV� WR� QRWH� WKDW� WKH� FRQVWDQW� H�4T]],DQG�DV\PPHWU\�SDUDPHWHU�K,�FKDQJH�LQVLJQL�
ILFDQWO\��ZKHQ�FRQFHQWUDWLRQ�YDOXH�Q�RI�3E,�LPSXULW\� LQ� WKH� EDVLF�%L,�� PDWUL[� LQFUHDVHVIURP� ����� WR� ����� �)LJ������ 7KH� REVHUYHG
FKDQJHV� IRU� WKH� IUHTXHQFLHV� X�,� DQG� X�,� GRQRW� H[FHHG� ��� �� RI� WKHLU� DEVROXWH� YDOXHV
�7DEOH���:KLOH� WKH�ZLGWK�'X,� RI� WKH�X�� OLQHLQ� WKH� ���,� 145� VSHFWUXP� FKDQJHV� E\� RQH
GHFLPDO� RUGHU� LQ� WKH� VDPH� FRQFHQWUDWLRQ� Q
LQWHUYDO�� 'X�_Q ��a������� 'X�_Q �����a�����0+]��)LJ������7KHVH�H[SHULPHQWDO�GDWD
HYLGHQFH� WKDW� LQ� FRQFHQWUDWLRQ� UDQJH
�dQd������ WKH� UHGXFWLRQ� RI� LQWUDOD\HU� V\P�

)LJ����� &RQFHQWUDWLRQ� GHSHQGHQFH� RI� WKH� WHQ�
VRU�DV\PPHWU\�SDUDPHWHU�K�RI�HOHFWULFDO�ILHOG
JUDGLHQW�

)LJ����� &RQFHQWUDWLRQ� GHSHQGHQFH� RI� WKH
ZLGWK�RI� ���,�145�VSHFWUXP� OLQH�FRUUHVSRQG�
LQJ�WR�WUDQVLWLRQ�r���lr����

7DEOH�

Q X���0+] X���0+] 'X���0+] K H�4T]]��0+] ,QWHUSUHWDWLRQ
145�6SHFWUD

� ������ ������ ���� ���� ������ X�
���� ����� ����� ���� ����� ������ X,
���� ������� ����� ��� ����� ������ X�
���� ����� ����� ��� ���� ����� X,
���� ������ ����� ��� ���� ������ X,,
���� ������� ����� ���� ���� ������� X,,
���� ����� ������ ��� ���� ������ X,,
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PHWU\� LV� LQVLJQLILFDQW� ZKLOH� WKH� LQWHUOD\HU
V\PPHWU\�GRHV�QRW�FKDQJH��7KH�&�L��V\PPH�WU\� IRU� FU\VWDO� �%L,����±Q���3E,��Q� LQ� WKH� FRQ�FHQWUDWLRQ� UDQJH� �dQd����� GRHV� QRW� FKDQJH
DV�D�ZKROH��7KLV�DVVXPSWLRQ�LV�EDVHG�RQ�WKH
IDFW� WKDW�[� DQG�\� D[HV� RI�T[[� DQG�T\\� FRP�SRQHQWV�RI� WKH�HOHFWULFDO�ILHOG�JUDGLHQW�WHQ�
VRU� OLH� LQ� WKH� SODQH� RI� FU\VWDO� OD\HUV� DQG
D[HV� ]� DUH� SHUSHQGLFXODU� WR� WKH� OD\HUV� >�@�
7KHUHIRUH�� WKH� OD\HUHG� VWUXFWXUH� RI
�%L,����±Q���3E,��Q�FU\VWDOV�FDQ�EH�VXSSRVHG�WREH�PDLQWDLQHG�IRU�WKH�FRQFHQWUDWLRQ�UDQJH
����Q�������� ZLWK� LPSXULW\� JURXSV� 3E,�EHLQJ� VLWXDWHG� ZLWKLQ� WKH� FU\VWDO� OD\HUV�
0RUHRYHU�� 3E,�� JURXSV� PD\� IRUP� LQWHUOD\HUFOXVWHUV�RI��LVODQG��W\SH�ZLWK�GLPHQVLRQV�LQ�
FUHDVLQJ�ZLWK�WKH�LQFUHDVH�RI�FRQFHQWUDWLRQ�Q�

)RU� WKH�%L,�� FU\VWDOV�ZLWK� WKH� FRQFHQWUD�WLRQ�Q�RI�3E,��LPSXULW\������������������DQG
������ZH�KDYH�UHYHDOHG�D�QHZ�OLQH�X,,�LQ�WKH
���,�145�VSHFWUXP�DW����.��6R��IRU�Q� ������
WKH� OLQH�X,,�DW����.�LV�FKDUDFWHUL]HG�E\�WKH
IROORZLQJ� SDUDPHWHUV�� X�,,� ���������X�,,� ��������� 0+]�� H�4T]],,� ��������0+]�K,,� ������� ,W� LV� LPSRUWDQW� WR� QRWH� WKDW� IRU
WKLV�QHZ� OLQH� RI�145�VSHFWUXP�RI����,�� WKH
DV\PPHWU\� SDUDPHWHU� K,,� EHFRPHV� DSSUR[L�
PDWHO\� KDOYHG�� K,� ������ DQG� K,,� ������
7KXV�� WKH� FRQVWDQW� H�4T]� RI� WKH� HOHFWULFILHOG� JUDGLHQW� RQ� ���,� QXFOHL� GRHV� QRW
FKDQJH� FRQVLGHUDEO\�� H�4T]],� �������� DQGH�4T]],,� ��������0+]�� 7KLV� DOORZV� WR� FRQ�FOXGH� WKDW� ZLWK� JURZLQJ� Q�� WKH� FU\VWDO� LQ�
WHUOD\HU�V\PPHWU\�LQFUHDVHV��

,Q�DGGLWLRQ��DW�LQFUHDVLQJ�FRQFHQWUDWLRQ�Q�RI
3E,�� LPSXULW\� LQ� WKH� LQWHUYDO��������Q��������WKH� ZLGWK� 'X,,� RI� WKH� QHZ� X,,� OLQH� LQ� WKH
���,� 145� VSHFWUXP� UHPDLQV� HVVHQWLDOO\� XQ�
FKDQJHG� �'X,,�a�'X,_Q ����a������0+]��� ,W� LVDOVR� RI� LQWHUHVW� WKDW� WKH� OLQH� X,� LQ� WKH
���,� 145� VSHFWUXP� ZLWK� WKH� SDUDPHWHUV
H�4T]],� ��������0+]� DQG�K,� ������ LQ� WKHQ� �������Q��������UDQJH� LV�QRW�REVHUYHG�� ,W
LV� NQRZQ� >�@� WKDW� IRU� WKH� FKHPLFDOO\� SXUH
VDPSOHV� ZLWK� D� UDWKHU� KLJK� SHUIHFWLRQ� RI
FU\VWDO� ODWWLFH�� WKH� ZLGWK� RI� UHVRQDQFH� OLQH
'X� RI� WKH�145�VSHFWUXP�PXVW�DV�D�UXOH�EH
YHU\� VPDOO� DV� FRPSDUHG� WR� IUHTXHQF\� X� RI
WKH�145�OLQH��'X�X�a���Ü���,QGHHG��WKH�SUHV�
HQFH� RI� GLVWRUWLRQV� LQ� WKH� ODWWLFH� UHVXOWV� LQ
WKDW� WKH� LQWHUPROHFXODU� GLVWDQFHV� U� RI� WKH
VDPH� W\SH� LQ� WKH� FU\VWDO� DUH� QRW� VWULFWO\
LGHQWLFDO�� 7KHUH� DSSHDUV� VRPH� YDULDWLRQ� 'U
RI� U� GLVWDQFHV�� 7KLV� PD\�� LQ� WXUQ�� FDXVH
VRPH� YDULDWLRQ� RI� WKH� ILHOG� WHQVRU� FRPSR�
QHQWV� 'T[[�� 'T\\� DQG� 'T]]� RI� WKH� HOHFWULF

ILHOG�JUDGLHQW�T]]�DQG�LQFUHDVLQJ�ZLGWK�'X�,,RI�145�VSHFWUXP�OLQH��,W�ZDV�DOVR�VKRZQ�LQ
>�@� WKDW� IRU�'X�X�a�'U�U�a���Ü��� WKH� QXFOHDU
TXDGUXSROH� UHVRQDQFH� VLJQDOV� EHFRPH� XQRE�
VHUYDEOH�

,W� LV� NQRZQ� >�@� DOVR� WKDW� WKH� SURGXFW� RI
ZLGWK� DQG� LQWHQVLW\�RI�145� OLQH� LV� SURSRU�
WLRQDO� WR� WKH� QXPEHU� RI� UHVRQDQW� QXFOHL
ZKLFK� IRUP� WKLV� OLQH�� 7KHUHIRUH�� WKH� IDFW
WKDW� LQ� WKH� FRQFHQWUDWLRQ� UDQJH� �������Q��
������WKH�OLQH�X��RI����,�145�VSHFWUXP�ZLWK
WKH� SDUDPHWHUV� H�4T]],� �������� 0+]� DQGK,� ������ EHFRPHV� XQREVHUYHG�� FDQ� WHVWLI\
DERXW� FRQVLGHUDEOH� UHGXFWLRQ� RI� QXPEHU� RI
���,�UHVRQDQW�QXFOHL�ZKLFK�IRUP�WKH�OLQH�X��
:H�KDYH�IRXQG�WKDW� LQ�WKH� LQWHUYDO�RI�3E,�LPSXULW\� FRQFHQWUDWLRQV� �������Q�������� LQ
WKH�%L,�� FU\VWDO�� WKH�ZLGWK�'X�,,� RI� WKH� OLQHX�,,� LQ� ���,�145� VSHFWUXP� GRHV� QRW� FKDQJHHVVHQWLDOO\�� 7KH� UDWLR� 'X�,,�X�,,� LV� LQGH�SHQGHQW� RI� WKH� FRQFHQWUDWLRQ� Q� DQG� PDNHV
a��Ü��� 7KLV� HQDEOHV� WR� UHFRUG� WKH� UDWKHU
ZLGH�OLQHV�X�,,�RI����,�145�VSHFWUXP�LQ�WKHFRQFHQWUDWLRQ�UDQJH��������Q��������

$QDO\VLV� RI� WKH� REWDLQHG� H[SHULPHQWDO
FRQFHQWUDWLRQ� GHSHQGHQFHV� ERWK� RI� WKH
DV\PPHWU\� SDUDPHWHU� DQG� RI� WKH� X�� OLQHZLGWK� �)LJV���� DQG� ��� LQGLFDWHV� WKDW� DW� WKH
FRQFHQWUDWLRQ� Q�a������� WKH� VR�FDOOHG� �FRQ�
FHQWUDWLRQ�� SKDVH� WUDQVLWLRQ� RFFXUV� LQ� WKH
�%L,����±Q���3E,��Q�FU\VWDO��7DNLQJ�LQWR�DFFRXQWWKDW�WKH�WRWDO�QXPEHU�RI�UHVRQDQW����,�QXFOHL
LQ� WKH� �%L,����±Q���3E,��Q� FU\VWDO� VKRXOG� EHFRQVWDQW�� WKH� QHZ� OLQH� X,,� LQ� WKH� ���,� 145
VSHFWUXP� DW� Qt����� LV� IRUPHG� DW� WKH� H[�
SHQVH� RI� UHVRQDQW� QXFOHL� IRUPLQJ� WKH� OLQH
X,�� ,Q� DGGLWLRQ�� DW�Q�a������� WKH� FRQFHQWUD�
WLRQ� GHSHQGHQFHV� RI� IUHTXHQFLHV� X�� DQG� X�VKRZ�D�MXPS��7DEOH���

���&RQFOXVLRQV
7KXV� WKH� UHVXOWV� REWDLQHG� VKRZ� WKDW� LQ

WKH� FRQFHQWUDWLRQ� UDQJH� �����t�Q�t������
3E,�� LPSXULW\� LVODQGV� RU� FOXVWHUV� FDQ� EHIRUPHG� LQ� WKH� �%L,����±Q���3E,��Q� VWUXFWXUHZKLFK� DUH� GLVSRVHG� ZLWKLQ� %L,�� FU\VWDO� OD\�HUV�� 7KH� V\PPHWU\� RI� LPSXULW\�%L,�� FU\VWDODV�D�ZKROH�GRHV�QRW�FKDQJH��,W�LV�VKRZQ�WKDW
LQ�WKH�FRQFHQWUDWLRQ�UDQJH������t�Q�t�������
WKH� �%L,����±Q���3E,��Q�FU\VWDO�XQGHU�VWXG\�H[�KLELWV� WKH� SURSHUWLHV� RI�%L,��3E,�� VROLG� VROX�WLRQ�RI�VXEVWLWXWLRQ�W\SH��7KH�DSSHDULQJ�YLU�
WXDO�FU\VWDO�%L,��3E,��LV�FKDUDFWHUL]HG�E\�LVR�WURSLF�JODVV\�SURSHUWLHV��$V�D�UHVXOW��GXH�WR
GLVWRUWLRQ� RI� WUDQVPLVVLRQ� V\PPHWU\�RI� WKH
LVRWURSLF� PL[HG� FU\VWDO� %L,��3E,��� WKH� ���,

<X�3�*QDWHQNR�HW�DO����,QYHVWLJDWLRQ�RI����
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145�VSHFWUXP�LV�QRW�REVHUYHG��$W�WKH�FRQ�
FHQWUDWLRQ� YDOXH� Q�a������� WKH� PL[HG
�%L,����±Q���3E,��Q�FU\VWDO�XQGHUJRHV�D�FRQFHQ�WUDWLRQ� SKDVH� WUDQVLWLRQ�� $Q� HYLGHQFH
WKHUHRI� LV�� IRU� H[DPSOH�� WKH� GLVDSSHDUDQFH
RI� ORZ�FRQFHQWUDWLRQ�X,� OLQH�DQG�DSSHDUDQFH
RI� D� QHZ� KLJK�FRQFHQWUDWLRQ� X,,� RQH� LQ� WKH
���,�145�VSHFWUXP�� ,Q� WKLV� FDVH�� WKH� LPSX�
ULW\� FU\VWDO� �%L,����±Q���3E,��Q� �DW� Qt�����
FKDQJHV� LQWR� WKH� PL[HG� FU\VWDO
�%L,����±Q���3E,��Q�� ZKHUH� WKH� WUDQVODWLRQDOV\PPHWU\� RI� FU\VWDO� DV� D� ZKROH� FDQ� EH
UHWDLQHG�

5HIHUHQFHV
� ���9�0�.RVKNLQ�� 9�9�.XNRO�� $�3�0LOQHU�� )L]�

7YHUG��7HOD������������������
� ���0�:DWDQDEH��$�,VKLEDVKL��7�+D\DVKL��-��/XPL�
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