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7KH� SUHVHQFH� RI� QXFOHDU� VSLQ� HFKR� RQ
��0Q� LQ� QHDUO\� VWRLFKLRPHWULF� 1L�0Q*D� DO�OR\V�>�Ü�@�DW�URRP�WHPSHUDWXUH�DQG�DERYH�LV
QRQWULYLDO� E\� LWVHOI�� ,W� LV� SRVVLEOH� RQO\� GXH
WR� D�KLJK� GHJUHH� RI� RUELWDO� ORFDOL]DWLRQ� >�@�
+HUH��ZH� UHSRUW� WKH� VWXG\� RI�PXOWLSOH� VSLQ
HFKRHV�DULVLQJ�DV�D�UHVXOW�RI�PXOWL�TXDQWXP
WUDQVLWLRQV� EHWZHHQ� ��0Q� =HHPDQ� OHYHOV
VSOLW�GXH�WR�TXDGUXSROH�LQWHUDFWLRQ�

7KH� 1L����0Q����*D����� DOOR\� ZDV� VWXGLHGXVLQJ� QXFOHDU� VSLQ� HFKR� WHFKQLTXH� RQ� ��0Q
DQG� ��*D� QXFOHL� DW� ���� .�� 7KH� SRZGHUHG
DOOR\� IRU� 105� H[SHULPHQWV� ZDV� SUHSDUHG
IURP� VLQJOH� FU\VWDO� E\� PLOOLQJ�� 7KHQ� WKH
SRZGHU� �DERXW� ���� PP� JUDLQ� VL]H�� ZDV
TXHQFKHG� IURP� �����.� GRZQ� WR� URRP� WHP�
SHUDWXUH�� )LQDOO\�� LW� ZDV� DQQHDOHG� DW
����� .� DQG� KRPRJHQL]HG� DW� ���� .� IRU
��� KRXUV�� 0HDVXUHPHQWV� RI� PDUWHQVLWH
WUDQVIRUPDWLRQ� DQG� &XULH� WHPSHUDWXUH� SHU�
IRUPHG�E\�ORZ�ILHOG�DF�PDJQHWLF�VXVFHSWLELO�
LW\� WHFKQLTXH�� WKH� VDWXUDWLRQ�PDJQHWL]DWLRQ
DV� ZHOO� DV� ;�UD\� GLIIUDFWLRQ� H[SHULPHQWV
KDYH�VKRZQ�WKDW�WKH�SRZGHU�SDUDPHWHUV�DUH
LGHQWLFDO�WR�WKRVH�IRU�WKH�EXON�DOOR\�

,W� KDV� EHHQ� VKRZQ� EHIRUH� >�Ü�@� WKDW� WKH
105�VSHFWUXP��RQ���0Q�QXFOHL��IRU�RUGHUHG
DOOR\V� RI� D� QHDUO\� VWRLFKLRPHWULF� FRPSRVL�

WLRQ� FRQVLVWV� RI� D� VLQJOH� OLQH� �Z��S�a
���� 0+]�� VOLJKWO\� EURDGHQHG� �'Z��S�a��Ü
��� 0+]�� GXH� WR� TXDGUXSROH� LQWHUDFWLRQ
FDXVHG�E\�GHYLDWLRQ�RI�WKH�ODWWLFH�V\PPHWU\
IURP� FXELF� RQH� EHORZ� 7P�� $� GHYLDWLRQ� LQFRPSRVLWLRQ� DV� ZHOO� DV� GLVRUGHU� PD\� UHVXOW
LQ� WKH� DSSHDUDQFH� RI� DGGLWLRQDO� ORZ�IUH�
TXHQF\�EURDG�VDWHOOLWH�OLQHV�>����@�

7KH� 105� VSHFWUXP� RI� WKH� RUGHUHG
1L����0Q����*D�����DOOR\�LV�SUHVHQWHG�LQ�)LJ����Q� �����,W�DOVR�FRQWDLQV�D�ORZ�IUHTXHQF\�VDW�
HOOLWH�OLQH��7KH�FKDUDFWHULVWLF�IHDWXUH�RI�QX�
FOHDU�VSLQ�HFKR�LQ�WKLV�FRPSRXQG�LV�WKH�SRV�
VLELOLW\� WR� REVHUYH� DGGLWLRQDO� HFKR� VLJQDOV
DULVLQJ� DW� WKH� WLPH�PRPHQWV� WzW� �KHUH� W� LV
WKH�WLPH�LQWHUYDO�EHWZHHQ�H[FLWLQJ�UI�SXOVHV
DQG� W� �QW�� W� LV� WKH� WLPH� DIWHU� WKH� VHFRQG
SXOVH��DQG�HVSHFLDOO\�WKH�IUDFWLRQDO�HFKR�VLJ�
QDOV� �W� ����W� DQG� ���W�� �VHH� )LJ������ 7KH
VSHFWUD� RI� WKHVH� VLJQDOV� DUH� DOVR� VKRZQ� LQ
)LJ���� �Qz���� 7KH� SDUDPHWHUV� RI� WKH� UI
SXOVHV� FRUUHVSRQG� WR� WKH� RSWLPDO� H[FLWDWLRQ
RI�HFKR�VLJQDOV�DW�Q� �����DQG�����

7KH�PXOWL�TXDQWXP�WUDQVLWLRQV�'P!��DUH
SRVVLEOH�IRU�QXFOHL�ZLWK�VSLQ�,!����EHWZHHQ
WKH�=HHPDQ�OHYHOV�,A]_P²� �P_P²��P�EHLQJ�WKH
PDJQHWLF� TXDQWXP� QXPEHU�� ,W� KDV� EHHQ
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VKRZQ� >�Ü�@� WKDW� VXFK� WUDQVLWLRQV�UHVXOW� LQ
IRUPDWLRQ� RI� PXOWLSOH� HFKR� VLJQDOV� W� �QW�
ZKHUH�Q� LV� LQWHJHU� DQG�Qd�,������7R� H[FLWH
RSWLPDOO\� WKH� PXOWL�TXDQWXP� WUDQVLWLRQ�� LW
LV� QHFHVVDU\� WR� XVH� DQ� LQFUHDVHG� SRZHU� RI
WKH� ILUVW� H[FLWLQJ� UI� SXOVH� DV� FRPSDUHG� WR
WKH�VHFRQG�RQH�>�@��4XDGUXSROH�LQWHUDFWLRQ�LQ
VRPH�FDVHV�FDQ�OHDG�WR�WKH�IRUPDWLRQ�RI�IUDF�
WLRQDO� HFKR� VLJQDOV� �Q� LV� QRQ�LQWHJHU�� >����@�
7KHVH� �IUDFWLRQDO�� HFKR� VLJQDOV� FDQ� EH
FDXVHG� ERWK� E\� VLQJOH�� �'P� ���� DQG�PXOWL�
TXDQWXP� �'P!��� WUDQVLWLRQV�� )RU� LQVWDQFH�
IRU� ,� ����� WKH� HFKR� VLJQDO� DULVLQJ� LQ� WKH
WLPH� PRPHQW� W� ����W� LV� FDXVHG� E\� PXOWL�
TXDQWXP�WUDQVLWLRQV��ZKLOH�WKH����W�VLJQDO�
E\�VLQJOH�TXDQWXP�RQHV�>�@�

7KH� 1L����0Q����*D����� DOOR\� LV� WKH� ILUVWPHWDO� PDJQHWLF� FRPSRXQG� ZKHUH� IUDFWLRQDO
HFKR� VLJQDOV� KDYH� EHHQ� REVHUYHG�� %HIRUH�
WKLV�ZDV�SRVVLEOH�RQO\�IRU�GLDPDJQHWLF�FU\V�
WDOV� >�����@� DQG� PDJQHWLF� VHPLFRQGXFWRU
&G&U�6H�� >�@�� ,W� VKRXOG� EH� QRWHG� WKDW� WKHIUDFWLRQDO�HFKR�VLJQDOV�ZHUH�REVHUYHG�LQ�WKH
RUGHUHG�1L����0Q����*D�����DOOR\�DIWHU�LWV�KR�PRJHQL]LQJ�DQQHDOLQJ�DW�����.�IRU����K�

$V� PHQWLRQHG� DERYH�� WKH� IUDFWLRQDO� VLJ�
QDOV�KDYH�TXDGUXSROH�RULJLQ��VR�DV�D�UHVXOW�
WKHLU� VSHFWUD� LQFOXGH� RQO\� TXDGUXSROH� FRP�
SRQHQWV�� %HVLGHV�� WKH� IROORZLQJ� FRQGLWLRQ
VKRXOG�EH�PHW�IRU�WKH�SRVVLELOLW\�WR�REVHUYH
WKH�VLJQDOV�LQ�H[SHULPHQW�

Z��!�ZT�t�'ZT�!�'Z�����'Z��o��� ���
ZKHUH�Z���ZT��'Z���'ZT�DUH�WKH�=HHPDQ�DQGTXDGUXSROH� LQWHUDFWLRQV� DQG� WKHLU� LQKRPR�

JHQHLWLHV��UHVSHFWLYHO\��7KH�VSHFWUXP�RI�WKH
���W� HFKR� VLJQDO� LV� HQWLUHO\� VLWXDWHG� LQ� WKH
VDWHOOLWH� UHJLRQ� RI� WKH� PDLQ� VLJQDO� �Q� ���
VSHFWUXP��+HQFH��RQO\�WKH�QXFOHL�ZKLFK�FRQ�
WULEXWH� WR� WKH� VDWHOOLWH� OLQH� VDWLVI\� WKH� FRQ�
GLWLRQ� ����� 7KH� DOOR\� XQGHU� VWXG\� FRQWDLQV
DQ�H[FHVV�RI�1L�LRQV�DQG�D�GHILFLW�RI�0Q�RQHV
�LQ�FRPSDULVRQ�ZLWK�VWRLFKLRPHWU\���$V�D�UH�
VXOW�� VRPH� RI� WKH� 0Q� SRVLWLRQV� VKRXOG� EH
RFFXSLHG� E\� QLFNHO�� )LUVW� RI� DOO�� WKLV� ZLOO
FDXVH� D� GHFUHDVLQJ� LQ� WKH� =HHPDQ� ILHOGV� RQ
QHLJKERULQJ�0Q�QXFOHL��ZKLFK�UHVXOWV�LQ�WKH
GHFUHDVLQJ�RI�105�IUHTXHQF\��7KLV�FDQ�EH�D
UHDVRQDEOH� H[SODQDWLRQ� RI� WKH� VDWHOOLWH� OLQH
DSSHDUDQFH�LQ�WKH�VSHFWUXP�REVHUYHG�H[SHUL�
PHQWDOO\�� 6HFRQG�� WKLV� VKRXOG� UHVXOW� LQ� D
ZLGH� GLVWULEXWLRQ� RI� ORFDO� ILHOGV� RQ� JDOOLXP
QXFOHL�� ZKLFK� ZDV� DOVR� FRQILUPHG� H[SHUL�
PHQWDOO\�� D� ZHDN� HFKR� VLJQDO� ZDV� REVHUYHG
RQ� ��*D� QXFOHL� LQ� D� ZLGH� IUHTXHQF\� UDQJH
���Ü���� 0+]�� >�@�� )LQDOO\�� WKH� RFFXSDWLRQ
RI�PDQJDQHVH�SRVLWLRQV�E\�QLFNHO�VKRXOG�UH�
VXOW� LQ� DSSHDUDQFH� RI� ODUJH� HOHFWULF� ILHOG
JUDGLHQWV� RQ� QHDUHVW� PDQJDQHVH� QXFOHL�
ZKLFK� UHVXOWV� LQ� IRUPDWLRQ� RI� IUDFWLRQDO
HFKR� VLJQDOV�� ,W� LV� WR� QRWH� WKDW� IRU� GLVRU�
GHUHG� DOOR\V�� ODUJH� HOHFWULF� ILHOG� JUDGLHQWV
VKRXOG�DULVH�RQ���0Q�QXFOHL��+RZHYHU��DV�LV
PHQWLRQHG�DERYH��QR�IUDFWLRQDO�HFKR�VLJQDOV
ZHUH�REVHUYHG�IRU�WKH�GLVRUGHUHG�FRPSRXQG�
7KLV�IDFW�FDQ�EH�HDVLO\�H[SODLQHG�WDNLQJ�LQWR
FRQVLGHUDWLRQ� WKH� LQKRPRJHQHLW\� RI� K\SHU�
ILQH�DQG�TXDGUXSROH�LQWHUDFWLRQ�LQ�VXFK�PD�
WHULDO�� )RU� WKH� GLVRUGHUHG� DOOR\� WKH� EURDG
GLVWULEXWLRQ�RI�K\SHUILQH�DQG�TXDGUXSROH�LQ�
WHUDFWLRQ�KDV�WR�EH�H[SHFWHG�GXH�WR�WKH�FKD�
RWLF� FKDUDFWHU� RI� ODWWLFH� DQG� VWDFNLQJ� GH�
IHFWV��7KLV�UHVXOWV�LQ�WKH�YLRODWLRQ�RI�FRQGL�
WLRQ� ���� DQG� LPSRVVLELOLW\� WR� REVHUYH
IUDFWLRQDO�HFKR�VLJQDOV��

)LJ����� 2VFLOORJUDP� RI� PXOWLSOH� HFKR� VLJQDOV
LQ� 1L����0Q����*D����� DOOR\� DW� ���� .�� 7KH� LQ�WHQVLWLHV� RI� H[FLWLQJ� SXOVHV� DQG� �XVXDO�� VSLQ
HFKR�DUH�VXEVWDQWLDOO\�GHFUHDVHG�

)LJ�������0Q�105�VSHFWUD�LQ�1L����0Q����*D����DOOR\� DW� ���� .� IRU� �XVXDO�� QXFOHDU� VSLQ� HFKR
W� �W� ���� DQG� DGGLWLRQDO� PXOWLSOH� VSLQ� HFKRHV
W� ����W� �R��� W� ��W� �'��� DQG� W� ��W� ����� 7KH
LQWHQVLWLHV� RI� WKH� DGGLWLRQDO� VLJQDOV� DUH� VXE�
VWDQWLDOO\�LQFUHDVHG��

9�9�.RWRY�HW�DO����0XOWLSOH�QXFOHDU�VSLQ�HFKRHV����

��� )XQFWLRQDO�PDWHULDOV�������������



$V� LV� PHQWLRQHG� DERYH�� WKH� UHSODFHPHQW
RI�0Q�LRQV�IRU�1L�RQHV�VKRXOG�FDXVH�HOHFWULF
ILHOG�JUDGLHQWV�RQ�QHLJKERULQJ�0Q�VLWHV��7KH
GLUHFWLRQ� RI� WKH� JUDGLHQWV� ZLWK� UHVSHFW� WR
WKH� PDUWHQVLWLF� D[HV� �D[HV� RI� PDJQHWLF� DQ�
LVRWURS\�� GHSHQGV� RQ� SRVLWLRQ� RI� SDUWLFXODU
0Q� QHLJKERUV��6XFK� DQJXODU� GLVWULEXWLRQ�RI
WKH� JUDGLHQWV� JLYHV� ULVH� WR� WKH� LQKRPR�
JHQHLW\� RI�'ZT� ����� ,Q� DQ� LGHDO� FU\VWDO�� WKHVXEVWLWXWLQJ� QLFNHO� LRQV� VKRXOG� EH� KRPRJH�
QHRXVO\�GLVWULEXWHG�WKURXJK�WKH�FU\VWDO� ODW�
WLFH�� L�H�� WKH� FU\VWDO� VKRXOG�KDYH� D�PRGXOD�
WLRQ� WUDQVODWLRQ� V\PPHWU\�� 7KH� YDOXH� RI
TXDGUXSROH� LQWHUDFWLRQ�ZT� ���� LV�PDLQO\� GH�ILQHG�E\�PDUWHQVLWLF�GLVWRUWLRQ�

)UDFWLRQDO�HFKR�VLJQDOV�DSSHDU�RQO\�DIWHU
WKH� KRPRJHQL]LQJ� DQQHDOLQJ�� L�H�� ZKHQ� LU�
UHJXODU�GLVWRUWLRQV�GXH� WR� WKH�GHIHFWV�SUDF�
WLFDOO\� GLVDSSHDU� DQG� WKH� ODWWLFH� SHUIHFWLRQ
LV� FORVH� WR� PD[LPXP�� 7KLV� PHDQV� WKDW� WKH
IUDFWLRQDO� HFKR� VLJQDOV� DULVH� DV� D� UHVXOW� RI
DQJOH� VFDWWHULQJ� RI� TXDGUXSROH� LQWHUDFWLRQ�
)RU�105�VSHFWUXP��WKLV�FRUUHVSRQGV�WR�VDW�
HOOLWH�OLQH��)LJ�����

7KH�105� VSHFWUD� RQ�*D� QXFOHL� VLWXDWHG
QHDU�1L�LRQV�RQ�0Q�VLWHV�ZHUH�REVHUYHG�ERWK
IRU�KRPRJHQHRXV�DQG�LQKRPRJHQHRXV�DOOR\V�
8QIRUWXQDWHO\�� GXH� WR� WKH� ORZ� VLJQDO�QRLVH

UDWLR�� LW� LV� LPSRVVLEOH� WR� UHYHDO� WKH� GLIIHU�
HQFH�EHWZHHQ�WKHP�

7KLV�ZRUN�ZDV�VXSSRUWHG�E\�67&8�*UDQW
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