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DW� δ� ����� SSP� �+��D�� DQG� δ� ����� SSP� �+��E�� KDG� FURVV�
SHDNV��0HDQZKLOH�+���DQG�WKH�SURWRQ�VLJQDO�DW�δ������SSP
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SUR[LPDWH�WR�+����+���ZDV�SUR[LPDWH�WR�+����DQG�+���DQG

+���ZHUH� SUR[LPDWH� WR�+��D� DQG�+��D�� UHVSHFWLYHO\��+���

ZDV� SUR[LPDWH� WR� +����� 7KH� +0%&� GDWD� VXSSRUWHG� WKH

VWUXFWXUH�HOXFLGDWLRQ�RI�FRPSRXQG������7KH�SURWRQ�VLJQDO�DW�δ
����� SSP� �G�� -� ������� DQG� FDUERQ� VLJQDO� DW�δ� ������ SSP
ZHUH� DVVLJQHG� WR� +��DQG� &���� UHVSHFWLYHO\�� 7KH� FDUERQ

VLJQDO�DW�δ�������SSP�FRUUHODWHG�ZLWK�WKH�SURWRQ�VLJQDO�DW�δ
�����SSP��G��-� ������+]��ZKLFK�VKRZHG�FURVV�SHDNV�ZLWK

WKH�FDUERQ�VLJQDOV�DW�δ�������SSP��&�����δ�������SSP��&�
�D���δ��������SSP��&������δ��������SSP��&������δ�������
SSP��&��D���δ��������SSP��&��$���δ��������SSP��&����DQG
δ��������SSP��&�����7KHVH�LQGLFDWHG�WKDW�ULQJ�)�ZDV�ORFDWHG
DW�WKH�&���SRVLWLRQ��7KH�FDUERQ�VLJQDO�DW�δ��������SSP��&���
FRUUHODWHG�ZLWK�WKH�SURWRQ�VLJQDO�DW�δ������SSP��+�����ZKLFK
VKRZHG�FURVV�SHDN�ZLWK�WKH�FDUERQ�VLJQDO�DW�δ��������SSP
�&����� 3URWRQ� VLJQDO� DW�δ� ����� SSP� �+���� KDG� FURVV�SHDNV
ZLWK�FDUERQ�VLJQDOV�DW�δ�������SSP��&�����δ��������SSP��&�
����δ��������SSP��&�����DQG�δ��������SSP��&��$���δ�������
SSP��&�����7KHVH�HYLGHQFHV�LQGLFDWHG�WKDW�WKH�PHWKHQHGLR[\

JURXS�ZDV�FRQQHFWHG�WR�&���DQG�&����0HDQZKLOH�WKH�+0%&

FRUUHODWLRQV�IURP�WKH�FDUERQ�VLJQDO�DW�δ�������SSP��&��D��WR
WKH�SURWRQ�VLJQDO�DW�δ������SSP���+��P��-� ������+]��+����
WKH�FDUERQ�VLJQDO�DW�δ�������SSP��&��D��WR�WKH�SURWRQ�VLJQDO
DW�δ������SSP���+��P��-� ������+]��+�����WKH�FDUERQ�VLJQDO�DW
δ�������SSP��&��E��WR�WKH�SURWRQ�VLJQDO�DW������SSP���+��P�
+��D���WKH�FDUERQ�VLJQDO�DW�δ�������SSP��&��E��WR�WKH�SURWRQ
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VSHFWUXP� LQGLFDWHG� WKDW� &��D� DQG� &��D� ZHUH� PHWK\OHQH

JURXS� UHVSHFWLYHO\� DQG� WKHVH� WZR� FDUERQV� FRQQHFWWHG� WR

PHWKR[\�JURXS�UHVSHFWLYHO\��+0%&�VSHFWUXP�DOVR�VKRZHG

WKDW�SURWRQ�VLJQDO�DW�δ������SSP���+��V��+���D��FRUUHODWHG�WR
WKH�FDUERQ�VLJQDO�DW�δ��������SSP��&������WKH�SURWRQ�VLJQDO
DW�δ������SSP���+��V��+���D��FRUUHODWHG�WR�WKH�FDUERQ�VLJQDO
DW�δ�������SSP��&������DQG�WKH�SURWRQ�VLJQDO�DW�δ������SSP
��+��V��+��E��FRUUHODWHG�WR�WKH�FDUERQ�VLJQDO�DW�δ�������SSP
�&�����7KHVH�HYLGHQFHV�DQG�'(37�VSHFWUXP�UHYHDOHG�WKDW�&�

���� &���� DQG� &��� FRQQHFWHG� ZLWK� PHWKR[\� JURXS� UHVSHF�

WLYHO\�� 7KH�+0%&� FRUUHODWLRQV� RI� SURWRQ� VLJQDO� DW� δ� ����
SSP���+��P��-� ������������+]��+�����WR�WKH�FDUERQ�VLJQDOV

DW�δ�������SSP��&�����δ��������SSP��&������δ��������SSP
�&�����DQG�WKH�SURWRQ�VLJQDO�DW�δ������SSP���+��G��-� �����
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�������SSP��&������δ��������SSP��&������δ��������SSP��&�
�����DQG��+��+�&26<�RI�+�����+����VKRZHG�WKDW�+����DQG

+���� ORFDWHG� DW� RUWKR� SRVLWLRQ�� +���� DQG� +���� DW� PHWD

SRVLWLRQ�LQ�ULQJ�)��7KH�FRXSOLQJ�FRQVWDQWV�RI�+����DQG�+���

�-� ������+]��DQG�RI�+����DQG�+�����-� ������+]��VXSSRUW

WKH�SURWRQ�ORFDWLRQV�DW�WKH�ULQJ�)��7KH�FRUUHODWLRQ�RI�SURWRQ

VLJQDO�DW�δ������SSP��+����ZLWK�FDUERQ�VLJQDO�DW�δ�������SSP
�&���� LQ� +0%&�� DQG� WKH� 12(6<� HYLGHQFHV� RI� SURWRQV

VLJQDOV�DW�δ������SSP��+����DQG�δ������SSP���D��FRQILUPHG

WKDW� WKH�FDUERQ�VLJQDO�DW�δ�������SSP�FRQQHFWHG� WR�&���DW
ULQJ�&��0HDQZKLOH�WKH�FRUUHODWLRQV�RI�WKH�SURWRQ�VLJQDO�DW�δ
�����SSP��+����ZLWK�WKH�FDUERQ�VLJQDO�DW�δ��������SSP��&�
����δ� ������� SSP� �&��$��� DQG� WKH� SURWRQ� VLJQDO� DW�δ� ����
SSP��+����ZLWK�WKH�FDUERQ�VLJQDO�DW�δ��������SSP��&����LQ
+0%&�LQGLFDWHG�WKDW�WKH�FDUERQ�VLJQDO�DW�δ�������SSP��&�
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DURPDWLF�FDUERQ�VLJQDO�DW�δ�����SSP��&��$��
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VSHFWUXP�HYLGHQFHV�VKRZHG�WKDW�+���DQG�+����+���DQG�+���
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,W�PHDQV�WKDW�+��D�ZDV�DW�WKH�SODQH��ZKLFK�FRQQHFWHG�WR�WKH

EHQ]HQH�ULQJ��7KH�SURWRQV�DW���������SRVLWLRQV�ZHUH�OLQNHG�WR

UHODWLYH�FDUERQV� LQ�HTXDWRU�RULHQWDWLRQ�� ,I�RQH�RI�+����+���

+���ZDV�DW�WKH�D[LDO�RULHQWDWLRQ�MXVW�DV�LQ�QLUWHWUDOLQ��WKH�WKUHH

K\GURJHQ�ZRXOG�QRW�KDYH�12(�HDFK�RWKHU��,W�ZDV�GHGXFHG

WKDW� +���� +���� +���� +��� OLQNHG� WR� FRUUHODWLYH� FDUERQV

UHVSHFWLYHO\�DW�WKH�HTXDWRU�RULHQWDWLRQ��7KH�12(6<�HYLGHQFH

RI�+���DQG�WKH�SURWRQ�VLJQDO�DW�δ������SSP��+����UHYHDOHG
WKH�IDFW�WKDW�WKH�DQRWKHU�RQO\�RQH�SURWRQ�KDG�WR�ORFDWH�DW��

SRVLWLRQ�LQ�ULQJ�&��7KH�FRXSOLQJ�FRQVWDQWV�RI�WKHVH�SURWRQV

VXSSRUWHG� WKH� IDFW��7KH�FRXSOLQJ�FRQVWDQW�EHWZHHQ�+��DQG

+���ZDV������+]��WKH�FRXSOLQJ�FRQVWDQWV�EHWZHHQ�+���DQG
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2Q�WKH�EDVLV�RI�DERYH�HYLGHQFHV��WKH�WKUHH�SURWRQV�DW�&����&�

��� &��� ZHUH� DVVLJQHG� WR� EH� LQ� WKH� β�� β�� β� RULHQWDWLRQ�
7KHUHIRUH�� QHRQLUWHWUDOLQ� ���� ZDV� HOXFLGDWHG� WR� EH� ��β��β�
�β������GLPHWKR[\PHWK\O�����PHWKHQHLR[\���PHWKR[\���
�������GLPHKWR[\SKHQ\O��QDSKWKDQOHQH��6WUXFWXUH�RI�QHRQLU�

WHWUDOLQ��DQG�LWV�FRQILJXUDWLRQ�ZDV�VKRZHG�LQ�)LJXUH����

&RPSRXQG�����ZDV�HOXFLGDWHG�DV�ZKLFK�VSHFWUDO�GDWD�ZDV

LQ� JRRG� DJUHHPHQW� ZLWK� WKRVH� RI� SUHYLRXV� UHSRUWHG� SK\O�

ODQWKLQ��� DQG� FRPSRXQG� ���� ZDV� HOXFLGDWHG� DV� K\SRSK\O�

DQWKLQ� RQ� WKH� EDVLV� RI� WKRVH� RI� UHSRUWHG� FRPSRXQG� IURP
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����� 0+]�� ZHUH� UHFRUGHG� RQ� D� %UXNHU� $0����� VSHFWUR�

PHWHU�� 6DPSOH� GLVVROYHG� LQ� &'&O�� IRU� 105� VWXGLHV�

&KHPLFDO� VKLIWV�ZHUH� UHSRUWHG� LQ�SSP��&RXSOLQJ� FRQVWDQWV

�-�9DOXHV��ZHUH� JLYHQ� LQ�+HUW]� �+]��� (,06� VSHFWUXP�ZDV

UHFRUGHG�XVLQJ�+3����%�0$66�VSHFWURPHWHU��(OHPHQWDU\

DQDO\VLV� ZDV� SHUIRUPHG� RQ� D� 3(����� &+1� HOHPHQWDO

DQDO\]HU�

3ODQW� PDWHULDO�� 7KH� SODQW� PDWHULDO� ZDV� FROOHFWHG� IURP

/RQJDQ�FRXQW\��*XDQJ[L�SURYLQFH�DW�$XJXVW������DQG�ZDV

LGHQWLILHG�DV�3KOODQWKXV�QLUXUL�/��$�YRXFKHU�VSHFLPHQ�ZDV
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ZDV�H[WUDFWHG�ZLWK�HWKDQRO��ZLWK�FRQVWDQW�PHFKDQLFDO�VWLUULQJ�

WKLV�SURFHGXUH�ZDV�UHSHDWHG�XQWLO�QR�IXUWKHU�H[WUDFW�EXG�ZDV

REWDLQHG��7KH�FRPELQHG�H[WUDFWV�ZHUH� ILOWHUHG�ZKLOH�ZDUP

WKURXJK�JODVV�ZRRO��FRQFHQWUDWHG��7KH�UHVLGXH������J��ZDV

H[WUDFWHG�VXFFHVVLYHO\�ZLWK�SHWUROHXP�HWKHU�DQG�HWK\O�DFHWDWH�

7KH�PL[WXUH� RI� SHWUROHXP� HWKHU� H[WUDFWV� DQG� HWK\O� DFHWDWH

H[WUDFWV� ZDV� FHQWULIXJHG�� DQG� FRQFHQWUDWHG� WR� GU\QHVV� DQG

JRW����J�UHVLGXH��&KURPDWRJUDSK\�RI�WKH����J�UHVLGXH�ZDV

DSSOLHG� LQ� VLOLFD� JHO� �������µP�� FROXPQ�XVLQJ� WKH� VROYHQW
V\VWHP�RI�SHWUROHXP�HWKHU�DQG�HWK\O�DFHWDWH�DV�HOXHQW��7KH

FKURPDWRJUDSK\� GLIIHUHQW� SRODULWLHV� V\VWHPV� GHPRQVWUDWHG

DIWHU��� î ����P/�HOXHQW�ZDV�DSSOLHG��7KH�IUDFWLRQ�REWDLQHG

DW� D� UDWLR� RI� �� � �� RI� SHWUROHXP� HWKHU� DQG� HWK\O� DFHWDWH

�YROXPH�UDWLR��JDYH�����PJ�OLTXLG�UHVLGXH�DQG��ZDV�SXULILHG

E\�YDFXXP�OLTXLG�FKURPDWRJUDSK\�DQG�SUHSDUDWLYH�7/&�WR

JLYH����PJ�RI�SXUH�FRPSRXQG������7KH�IUDFWLRQ�REWDLQHG�DW�D

UDWLR�RI� �� � ��RI� SHWUROHXP�HWKHU� DQG� HWK\O� DFHWDWH� JDYH� D

VROLG� UHVLGXH������PJ���7KLV�VROLG� UHVLGXH�ZDV�FU\VWDOOL]HG

UHSHDWHGO\�LQ�PHWKDQRO�WR�JLYH�����PJ�FRPSRXQG������7KH

IUDFWLRQ�REWDLQHG�DW� D� UDWLR�RI�� � ��RI�SHWUROHXP�HWKHU�DQG

HWK\O�DFHWDWH�JDYH�VROLG�UHVLGXH�������J���7KLV������J�UHVLGXH

ZDV� FU\VWDOOL]HG� LQ� PHWKDQRO� UHSHDWHGO\� WR� JLYH� ���� PJ

FRPSRXQG������

1HRQLUWHWUDOLQ��FRORUOHVV�RLO��(,06�P�]�������DQG�HOHPHQWDO

DQDO\VLV�&������+������FDOFG���������������&���+������

IRU� &��+��2���
�+�� ��&�� '(37� 105� VSHFWUDO� GDWD� DQG

SULQFLSDO� +0%&� DUH� OLVWHG� LQ� 7DEOH� ��� 0RVW� RI� 12(6<

FRUUHODWLRQV�DUH�LQ�)LJXUH���

$FNQRZOHGJPHQW�� 7KLV� ZRUN� ZDV� VXSSRUWHG� E\� WKH
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