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5HFHLYHG�1RYHPEHU���������
7KH�DEVRUSWLRQ�VSHFWUD�RI�WKLQ�ILOPV�RI�=Q,��DQG�.�=Q,��OD\HUHG�FRPSRXQGV�LQWHUFDODWHGZLWK�&2��PROHFXOHV�KDYH�EHHQ� LQYHVWLJDWHG�LQ�WHPSHUDWXUH� LQWHUYDO�IURP����WR�����.��,WLV�IRXQG�WKDW�WKH� LQWHUFDODWLRQ�UHVXOWV� LQ�KLJK�IUHTXHQF\�VKLIW�RI�H[FLWRQ�EDQGV�DQG�WKHLU

EURDGHQLQJ��&RQVLGHULQJ� WKH� VWUXFWXUH�RI�=Q,�� DQG�.�=Q,�� FU\VWDO� ODWWLFHV�� WKH�PRVW�SURE�DEOH� SRVLWLRQV� RI� &2�� PROHFXOHV� LQ� VSDFLQJV� EHWZHHQ� OD\HUV� RI� FRPSRXQGV� KDYH� EHHQHVWDEOLVKHG��,W�LV�VKRZQ�WKDW��LQ�.�=Q,��FRPSRXQG��XQOLNH�=Q,���WKHUH�DUH�WZR�SRVLWLRQ�W\SHVRI� LQWHUFDODQW� PROHFXOHV� ZLWK� PROHFXODU� D[HV� RI� GLIIHUHQW� RULHQWDWLRQ� UHODWLYH� WR� WKH
FRPSRXQG�FU\VWDOORJUDSKLF�D[HV�
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$FFRUGLQJ� WR� >�@�� =Q,�� LV� FU\VWDOOL]HG� LQWZR� VWUXFWXUDO� W\SHV�� 7KH� ILUVW� RQH� LV� �G
VWUXFWXUH�RI�&G,��SRO\W\SH��WKH�VSDFH�JURXS'�G� ��ZLWK�D� �������QP��F� �������QP��DQG
]� ����7KH�VHFRQG�W\SH�LV�WKDW�RI�&G&O��ZLWKD� �������QP��F� ������ QP�� DQG� ]� ��� �WKH
VSDFH� JURXS� '�G� �� >����@�� $W� ORZ� WHPSHUD�
WXUHV�� .�=Q,�� KDV� D� PRQRFOLQLF� ODWWLFH�6U�*H6�� VWUXFWXUH� W\SH�� WKH� VSDFH� JURXS3����P��ZLWK�SDUDPHWHUV�D� ��������QP�E� �������� QP�� F� �������� QP��E� ���������
]� ��� >�@�� 7KH� VWUXFWXUH� HOHPHQWV� RI� WKH
.�=Q,�� FU\VWDO� ODWWLFH� DUH� VOLJKWO\� GLVWRUWHG=Q,��WHWUDKHGURQV�VHSDUDWHG�E\�.��LRQV�>����@�� � � � ,W� LV�ZHOO�NQRZQ�WKDW� OD\HUHG�FRPSRXQGV
WHQG� WR� EH� LQWHUFDODWHG� ZLWK� YDULRXV� PROH�
FXOHV��7KH�LQWHUFDODQWV�SHQHWUDWH�EHWZHHQ�OD\�
HUV�DQG�IRUP�YDULRXV�FKHPLFDO�ERQGV�EHWZHHQ

WKRVH�� 7KH� LQWHUFDODQWV� PD\� VXEVWDQWLDOO\
DIIHFW� HOHFWURQ� DQG� RSWLFDO� SURSHUWLHV� RI� OD\�
HUHG� FU\VWDOV� >����@��:H� KDYH� VWXGLHG� LQ� H[�
SHULPHQW� WKH� WHPSHUDWXUH� GHSHQGHQFH� RI�89
VSHFWUD� IRU�=Q,��>�@�DQG�.�=Q,��>�@�DQG�KDYHIRXQG� WKDW�� ZKHQ� KHDWLQJ� WKLQ� ILOPV� RI
WKHVH�FRPSRXQGV� LQ�D�FU\RVWDW�FRQWDLQLQJ�D
FRDO� DEVRUEHQW�� VWDUWLQJ� IURP� ��� z�� WKHLU
DEVRUSWLRQ� VSHFWUD� FKDQJH� HVVHQWLDOO\� DW
WHPSHUDWXUHV�VOLJKWO\�H[FHHGLQJ�����z��7KH
WHPSHUDWXUH� ���� z� LV� MXVW� WKH� VXEOLPDWLRQ
WHPSHUDWXUH� RI�&2���7KLV� HYLGHQFHV� WKH� LQ�WHUFDODWLRQ� RI� WKH� FRPSRXQGV� ZLWK� &2�PROHFXOHV��7KH� LQWHUFDODQW�PD\� EH� UHPRYHG
E\� KHDWLQJ� ILOPV� XS� WR� URRP� WHPSHUDWXUH�
EXW�WKHLU�VSHFWUXP�LV�UHVWRUHG�DW�VXEVHTXHQW
FRROLQJ� ILOPV� GRZQ� WR� OLTXLG� QLWURJHQ� WHP�
SHUDWXUH��

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�
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,Q� WKLV�ZRUN�� VWXGLHG� LV� WKH� WUDQVIRUPD�
WLRQ� RI� VSHFWUXP� RI� WKH� DERYH�PHQWLRQHG
FRPSRXQGV�DV�D�UHVXOW�RI�LQWHUFDODWLRQ�ZLWK
&2�� PROHFXOHV�� 7KH� VKLIW� RI� DEVRUSWLRQEDQGV�LV�LQWHUSUHWHG��7KH�LPSODQWDWLRQ�PRG�
HOV� RI� LQWHUFDODQW� PROHFXOHV� LQWR� =Q,�� DQG.�=Q,��FU\VWDO�ODWWLFHV�DUH�SURSRVHG�DQG�GLV�FXVVHG�
7KLQ�=Q,��ILOPV�ZHUH�SUHSDUHG�E\�YDFXXPGHSRVLWLRQ� RI� =Q,�� SRZGHU� RQ� TXDUW]� VXE�VWUDWHV� KHDWHG� XS� WR� ���&�� 7R� REWDLQ� WKLQ

.�=Q,�� ILOPV��ZH� V\QWKHVL]HG� WKH� FRPSRXQGE\�IXVLQJ�FKHPLFDOO\�SXUH�.,� DQG�=Q,��SRZ�GHUV� LQ� YDFXXP� DW� VSHFLILHG� PRODU� FRQFHQ�
WUDWLRQV��7KH�DOOR\�ZDV�GHSRVLWHG�RQ�KHDWHG
TXDUW]� VXEVWUDWHV�� DQG� WKH� ILOP� ZDV� DQ�
QHDOHG�DW�����&�IRU�RQH�KRXU�
%RWK� WKH� FRPSRXQGV� DUH� K\JURVFRSLF�

7KHUHIRUH�� ZKHQ� EHLQJ� H[SRVHG� WR� DLU� DW
URRP� WHPSHUDWXUH�� WKH\� JDLQ� VWURQJ� OLJKW
VFDWWHULQJ� GXH� WR� PRLVWXUH� DEVRUSWLRQ�� ,Q
RUGHU� WR� SUHYHQW� VXFK� D� VFDWWHULQJ�� WKH
KHDWHG� VDPSOHV� ZHUH� WUDQVIHUUHG� WR� D� YDF�
XXP� FU\RVWDW� VXSSOLHG� ZLWK� D� FRDO� DGVRUS�
WLYH�SXPS��DQG�IDVWHQHG�RQ�D�FRSSHU�KROGHU
SUHKHDWHG�XS�WR����&��7KH�VDPSOHV�UHPDLQHG
WUDQVSDUHQW� DIWHU� DLU� HYDFXDWLRQ� IURP� WKH
FU\RVWDW� DQG� ILOOLQJ� RI� OLTXLG� QLWURJHQ��7KH
WUDQVSDUHQW� ILOPV� FDQ� EH� VWRUHG� LQ� YDFXXP
IRU�D�ORQJ�WLPH�
7KH� SKDVH� FRPSRVLWLRQ� RI� .�=Q,�� ILOPVZDV� FKHFNHG� E\� DEVRUSWLRQ� VSHFWUD� >�@�

7KRVH� ZHUH�PHDVXUHG� XVLQJ� DQ� 6)���� VSHF�
WURSKRWRPHWHU�LQ�WKH���WR���H9�UDQJH�DQG�DW
WHPSHUDWXUHV�RI����WR�����.��8VH�RI�DGVRUS�
WLRQ�SXPS�DOORZV�WR�FDUU\�RXW�PHDVXUHPHQWV
GXULQJ�RQH�KRXU�DW����z�ZLWKRXW�DQ\�DGGL�
WLRQDO� SXPSLQJ�RXW�� +LJKHU� WHPSHUDWXUHV

ZHUH�NHSW�VWDEOH��r��z��GXULQJ����PLQ��7KDW
LV� HQRXJK� WR� PHDVXUH� WKH� VSHFWUXP� LQ� WKH
UHJLRQ�RI�H[FLWRQ�EDQGV��7HPSHUDWXUH�PHDV�
XUHPHQWV� ZHUH� FDUULHG� RXW� XQGHU� FRROLQJ
VDPSOHV� VWDUWLQJ�IURP�URRP�WHPSHUDWXUH�RU
���� z� DQG� XQGHU� KHDWLQJ� VWDUWLQJ� IURP
���z�
7KH� ORQJ�ZDYH� ;�� ������ H9�� DQG� ;�������H9��H[FLWRQ�EDQGV�DUH�REVHUYHG� LQ�DE�

VRUSWLRQ�VSHFWUXP�RI�WKLQ�=Q,��ILOP��)LJ�����7KHVH� EDQGV� DUH� DVVRFLDWHG� ZLWK� GLUHFW� DO�
ORZHG� WUDQVLWLRQV� IURP� WKH� YDOHQFH� EDQG
IRUPHG�E\��S�VWDWHV�RI�,�DQG��G�VWDWHV�RI�=Q
WR� WKH� FRQGXFWLRQ� EDQG�� 6SHFWUDO� LQWHUYDO
EHWZHHQ� ;�� DQG� ;�� EDQGV� (;����(;�� 
�����H9�LV�GHILQHG�E\�VSLQ�RUELW�VSOLWWLQJ�RI
XSSHU�YDOHQFH�EDQG�RI�=Q,���7KH�&�EDQG�LV�RIORZ�VHQVLWLYLW\� WR� WKHUPDO�FKDQJHV�DQG�FRU�
UHVSRQGV� WR� RSWLFDO� WUDQVLWLRQV� EHWZHHQ� WKH
YDOHQFH� EDQG� FHQWHU� DQG� WKDW� RI� FRQGXFWLRQ
EDQG�>�@�
5HVXOW�RI�=Q,��VSHFWUXP�PHDVXUHPHQWV�LVVLPLODU�WR�GDWD�IURP�>�@��+RZHYHU��LW�VKRXOG

EH� QRWHG� WKDW� WKH� H[FLWRQ� EDQG� SRVLWLRQ� DW
��� .� GLIIHUV� VLJQLILFDQWO\� �E\� ������ H9�
IURP������H9�VWDWHG�LQ�>�@��7KLV�GLVWLQFWLRQ
VHHPV�WR�EH�GHWHUPLQHG�E\�WHQGHQF\�RI�=Q,�FU\VWDOOL]DWLRQ� LQ� WZR� PRGLILFDWLRQV� PHQ�
WLRQHG� DERYH�� &G,�� W\SH� DQG� &G&O�� W\SH>����@��+RZHYHU��D�VSHFLDO�UHVHDUFK�RI�SUHSD�
UDWLRQ�FRQGLWLRQV�DQG�;�UD\�VWUXFWXUH�DQDO\�
VLV� DUH� UHTXLUHG� WR� GHWHUPLQH� ZKDW� LV� WKH
VWUXFWXUH�FRUUHVSRQGLQJ�WR�WKH�VSHFWUXP��,W
LV�LPSRUWDQW�WKDW�ERWK�WKH�VWUXFWXUHV�EHORQJ
WR�OD\HUHG�GLHOHFWULFV�
7HPSHUDWXUH�LQFUHDVLQJ�WR�7�|�����.��;�ORQJ�ZDYH�H[FLWRQ�EDQG�LV�VKLIWHG�OLQHDUO\�WR

ORQJ�ZDYH� VSHFWUDO� UHJLRQ� ZLWK� G(�G7� 
Ü������Ü�� H9�.�� $W� WKH� VDPH� WLPH�� LW� LV

)LJ����� $EVRUSWLRQ� VSHFWUXP� RI� D� WKLQ� =Q,�ILOP� DW� �� ����z�� SULRU� WR� ���� DQG� DIWHU� ���
WKH�LQWHUFDODWLRQ�ZLWK�&2��PROHFXOHV�

)LJ�����/RQJ�ZDYH�H[FLWRQ�DEVRUSWLRQ�EDQG�LQ
=Q,��DW�GLIIHUHQW�WHPSHUDWXUHV�ZLWKLQ�WKH���Ü���� .� LQWHUYDO�� 7KH� VSHFWUD� ZHUH� REWDLQHG
XQGHU� KHDWLQJ� RI� WKH� VDPSOH�� )LOP� WKLFNQHVV
���QP�

2�1�<XQDNRYD�HW�DO����$EVRUSWLRQ�VSHFWUD�RI�OD\HUHG����
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ZHDNHQHG�VOLJKWO\�GXH�WR�H[FLWRQ�SKRQRQ�LQ�
WHUDFWLRQ��(3,���VHH�)LJ�����$W�WHPSHUDWXUHV
FORVH�WR�����.�DQG�VRPHZKDW�KLJKHU��D�FRQ�
VLGHUDEOH�VKRUW�ZDYH�VKLIW�DQG�ZHDNHQLQJ�RI
ORQJ�ZDYH� H[FLWRQ� EDQG� DUH� REVHUYHG�� 7KH
VXEVHTXHQW� FRROLQJ� RI� WKH� VDPSOH� GRHV� QRW
UHVXOW� LQ� UHVWRUDWLRQ� RI� LQLWLDO� DEVRUSWLRQ
VSHFWUXP� �)LJ������ 7KH� ORQJ�ZDYH�;�c� EDQGJHWV�QDUURZHG�DQG� VKLIWV� WR�KLJK�IUHTXHQF\
VSHFWUDO� UHJLRQ� GXH� WR� (3,�� $W� ORQJ�ZDYH
VORSH�RI�;�c�EDQG�������H9���D�ZHDN�;��EDQGEHFRPHV� DSSDUHQW� DW� ����� H9�� ,WV� SRVLWLRQ
FRLQFLGHV� ZLWK�;�� EDQG� SRVLWLRQ� LQ� WKH� LQ�LWLDO� VSHFWUXP�� 1R� VXFK� VSHFWUXP� FKDQJHV
WDNH� SODFH� DW� FRROLQJ� IURP�����.� WR� ���.�
,Q�WKH�ODWWHU�FDVH��WKH�ORQJ�ZDYH�H[FLWRQ�;�EDQG�VKLIWV� OLQHDUO\�WR�KLJK�IUHTXHQFH�VSHF�
WUDO�UHJLRQ�ZLWK�G(�G7� �Ü������Ü��H9�.�LQ
WKH�ZKROH�WHPSHUDWXUH�LQWHUYDO�
6LQFH� WKH� VSHFWUXP� FKDQJHV� RFFXU� DW

��a����� z�� ZH� VXSSRVH� WKDW� WKHVH� FKDQJHV
DUH� DVVRFLDWHG� ZLWK� LQWHUFDODWLRQ� RI� D� OD\�
HUHG� GLHOHFWULF� ZLWK� &2�� PROHFXOHV�� DV� WKH&2�� HYDSRUDWLRQ� WHPSHUDWXUH� LV� HTXDO� WR������ .�� $� UDSLG� UHOHDVH� RI� &2�� RFFXUVZKHQ�WKH�FRDO�SXPS�WHPSHUDWXUH�UHDFKHV
��a����� z�� 6RPH� RI� WKHVH� &2�� PROHFXOHVZHUH� LQWHUFDODWHG� LQ� =Q,�� ILOP� UHVXOWLQJ� LQWKH� REVHUYHG� KLJK�IUHTXHQF\� VKLIW� RI� t�EDQG� E\� ����� H9�� ,W� LV� DFFRPSDQLHG� E\� WKH
EDQG� ZLGHQLQJ�� $� VLPLODU� KLJK�IUHTXHQF\
VKLIW� RI� H[FLWRQ� EDQG� ZDV� REVHUYHG� LQ� OD\�
HUHG� GLHOHFWULF� 3E,�� LQWHUFDODWHG� ZLWK� S\UL�GLQH� PROHFXOHV� >�@�� 7KH� H[LVWHQFH� RI� ZHDN
;�� EDQG� HYLGHQFHV� DQ� LQFRPSOHWH� LQWHUFDOD�WLRQ�RI�=K,��ILOP�6LPLODU� UHVXOWV� DUH� REWDLQHG� IRU� IHUURH�
ODVWLF� .�=Q,��� $FFRUGLQJ� WR� >������@�� SKDVH

FKDQJH�WR�IHUURHODVWLF�SKDVH�RFFXUV�DW�����z
DQG�����z��+RZHYHU��ZKHQ�FRROLQJ�VDPSOHV�
ZH�KDG�QRW�REVHUYHG�DQ\�VSHFLDO�IHDWXUHV�DW
WHPSHUDWXUHV�QHDU�����z��$W����z��WKH�DE�
VRUSWLRQ�VSHFWUXP�RI�.�=Q,��ILOPV�FRQWDLQV�DUDWKHU� QDUURZ� H[FLWRQ� EDQG�k�� ZLWK� PD[L�PXP� DW� ����� H9� DQG� KDOI�ZLGWK� RI� DERXW
����� H9�� D� ZHDN� $�� EDQG� ��V� H[FLWRQ�� DW����� H9� DQG�%� EDQG� DW� ���� H9� �)LJ������ ,W
KDV�EHHQ�HVWDEOLVKHG�>�@�WKDW�H[FLWRQ�H[FLWD�
WLRQV�LQ�.�=Q,��DUH�ORFDOL]HG�LQ�=Q,��±�VWUXF�WXUDO� HOHPHQWV� RI� WKH� FRPSRXQG� ODWWLFH��$W
VXFK�ORFDOL]DWLRQ��WKH�XSSHU�SDUW�RI�YDOHQFH
EDQG�LQ�.�=Q,���MXVW�DV�LQ�=Q,���LV�IRUPHG�E\�S�VWDWHV�RI� ,�DQG��G�VWDWHV�RI�=Q�ZKLOH�WKH
FRQGXFWLRQ� EDQG� LV� IRUPHG� E\� �V� VWDWHV� RI
=Q�� 7KH� VSHFWUDO� LQWHUYDO� EHWZHHQ�$� DQG�%
EDQGV� LV� GHILQHG� E\� VSLQ�RUELW� VSOLWWLQJ� RI
XSSHU�YDOHQFH�EDQG�LQ�.�=Q,��7KH� VDPSOH� KHDWLQJ� DW� D� WHPSHUDWXUH
FORVH�WR�����z�UHVXOWV�LQ�DQ�DEUXSW�ZHDNHQ�
LQJ�RI�k��EDQG�DV�ZHOO� DV� IRU�=Q,�� �)LJ�����7KH� VXEVHTXHQW� FRROLQJ� GRZQ� WR� ��� z� UH�
VXOWV�LQ�D�VSHFWUXP�ZKHUH�LQLWLDO�k��EDQG�LVDWWHQXDWHG� HVVHQWLDOO\�� EXW� WKHUH� DUH� QHZ
DEVRUSWLRQ� EDQGV� SHDNHG� DW� ������ H9� �$�c
EDQG�� DQG� ����� H9� �$�c� EDQG��� $OO� WKHVH
IDFWV�HYLGHQFH�WKH�.�=Q,�� LQWHUFDODWLRQ�ZLWK&2��PROHFXOHV�LQVWHDG�RI�WKH�SKDVH�WUDQVIHUPHQWLRQHG�LQ�>������@�
7KH�LQWHUFDODWLRQ�ZLWK�&2��PROHFXOHV�UH�VXOWV� LQ� D� VKLIW� RI� k�� EDQG� WR� KLJKHU� IUH�TXHQFLHV�� DV� ZHOO� DV� LQ� =Q,��� ($�c���($�� 

�����H9�DQG�($�c���($�� ������H9��7KH�EDQG
VKLIW�PXVW� EH� FDXVHG� E\� GLVWRUWLRQ� RI�=Q,���
WHWUDKHGURQV� GXH� WR� LQVHUWLRQ�RI�&2��PROH�FXOHV� LQWR� LQWHUODPLQDU� VSDFLQJV�� $SSHDU�
DQFH� RI� WZR� EDQGV�ZLWK� GLIIHUHQW� VKLIWV� UH�

)LJ�����$EVRUSWLRQ�VSHFWUXP�RI�D�.�=Q,�� WKLQILOP� DW� �� ����z�� SULRU� WR� ���� DQG� DIWHU� ���
WKH�LQWHUFDODWLRQ�ZLWK�&2��PROHFXOHV�

)LJ�����/RQJ�ZDYH�H[FLWRQ�DEVRUSWLRQ�EDQG�LQ
.�=Q,�� DW� GLIIHUHQW� WHPSHUDWXUHV� ZLWKLQ� WKH��Ü����.�LQWHUYDO��7KH�VSHFWUD�ZHUH�REWDLQHG
XQGHU� KHDWLQJ� RI� WKH� VDPSOH�� )LOP� WKLFNQHVV
����QP�
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YHDOV� WKH� H[LVWHQFH� RI� WZR� LQWHUFDODWLRQ
W\SHV�LQ�WKLV�FRPSRXQG�
7KH�DUUDQJHPHQW�RI�&2��PROHFXOHV�LQ�FU\V�WDO� ODWWLFHV� RI� WZR� FRPSRXQGV� LV� RI� LQWHUHVW�

/LQHDU�KHWHURSRODU�&2��PROHFXOH�KDV�D�FHUWDLQSDUW� RI� LRQLFLW\� LQ� WKH� RYHUDOO� LRQ�FRYDOHQW
ERQG��$FFRUGLQJ�WR�3DXOLQJ�>��@��WKH�VKDUH�RI
LRQLFLW\� I� LV� GHILQHG�E\�HOHFWURQHJDWLYLW\�GLI�
IHUHQFH�EHWZHHQ�R[\JHQ��[2� ������DQG�FDUERQ�[&� ������DQG�HTXDOV��LQ����

I� �����^����H[S>�����[2���[&��@`�
�7KXV�� I�|�������7KLV�VSHFLILHV�DQ�HIIHF�

WLYH�QHJDWLYH�FKDUJH�RQ�R[\JHQ�DWRP�DQG�D
SRVLWLYH� RQH� RQ� FDUERQ� DWRP�� 7KH� LQWHQVH
DEVRUSWLRQ� EDQG� RI�&2�� JDV� LQ� LQIUDUHG� UH�JLRQ�DOVR�HYLGHQFHV�WKH�FRQVLGHUDEOH�LRQLFLW\
RI�&2���7KLV�EDQG� LV�DVVRFLDWHG�ZLWK�DV\P�PHWULFDO�YDOHQFH�YLEUDWLRQV�RI�WKH�PROHFXOH�
,W� LV�QDWXUDO� WR�DVVXPH�WKDW�DW� LQVHUWLRQ�RI
WKDW�PROHFXOH� LQWR� LQWHUODPLQDU� VSDFLQJV�RI
WKH�LRQLF�FU\VWDO��WKH�D[LV�RI�OLQHDU�PROHFXOH
LV� RULHQWHG� DORQJ� WKH� OLQH� SDVVLQJ� WKURXJK
FHQWHUV�RI�SRVLWLYHO\�FKDUJHG�LRQV��DQG�FDUE�
RQ� LRQ� LV� VLWXDWHG� RQ� WKH� OLQH� FRQQHFWLQJ
QHJDWLYHO\�FKDUJHG�LRQV�RI�WKH�FU\VWDO�
$V� =Q,�� KDV� D� &G,�� W\SH� FU\VWDO� ODWWLFHZLWK� KH[DJRQDO� XQLW� FHOO�� HDFK� =Q��� LRQ� LV

VXUURXQGHG�E\�VL[�,±�LRQV��8VLQJ�SDUDPHWHUV
D� ������� QP�� � � F� ������� QP� DQG� G=Q�,� ������ QP� DQG� IRU� WKH� FHOO�� ZH� KDYH� FDOFX�
ODWHG� FRRUGLQDWHV� RI� QRQHTXLYDOHQW� DWRPV� ,
LQ� WKH� FHOO�� DQG� KDYH� GHWHUPLQHG� WKDW� ,
DWRPV� DUH� VLWXDWHG� LQ� =<� SODQH� ZKHUH� =__&
DQG�D[LV�<� LV�SDUDOOHO� WR� WKH� ORQJ�D[LV�RI�D
UKRPEXV� ZLWK� G=Q�=Q� ��CC�D� �)LJ������ ,W� IRO�ORZV�IURP�WKH�)LJXUH�WKDW�WKH�PLQLPXP�SR�
WHQWLDO� HQHUJ\� RI� &RXORPE� ERQG� EHWZHHQ

&2�� PROHFXOH� ZLWK� G� ������� QP� DQG� VXU�URXQGLQJ� =Q��� DQG� ,±� LRQV� LV� DWWDLQHG� DW�&
DWRP� FRRUGLQDWHV� RI� ��CC����D� DQG� F���� WKH
PROHFXOH�D[LV�EHLQJ�VLWXDWHG�LQ�WKH�=<�SODQH
DW�DQJOH�D�WR�D[LV�<��D� �DUFWJ�F��CC�D��
7KHUH�DUH�WKUHH�VXFK�SODQHV�DW�KH[DJRQDO

V\PPHWU\� RI� =Q,��� 7KH� SODQHV� DUH� RULHQWHGDW� DQJOH� S��� WR� HDFK� RWKHU�� ,Q� D� SHUIHFW
FU\VWDO��&2��PROHFXOHV�PD\�SHQHWUDWH�DORQJWKUHH� GLUHFWLRQV� DW� HTXDO� SUREDELOLWLHV�� %XW
LQ�UHDO�FU\VWDO�DQG�LQ�WKLQ�ILOPV��D�FRPSHWL�
WLRQ�EHWZHHQ�GLUHFWLRQV�RI�PROHFXOH�SHQHWUD�
WLRQ�DSSHDUV�GXH� WR�GHIHFWV��7KLV� UHVXOWV� LQ
GLVRUGHULQJ� RI� FU\VWDOV� DQG� EURDGHQLQJ� RI
VKLIWHG�t�c�EDQGV�LQ�=Q,��7KH� FRQVLGHUDWLRQ� RI� &2�� PROHFXOHV� LQ�VHUWLRQ� LQWR�.�=Q,�� ODWWLFH� LV�PRUH� GLIILFXOWEHFDXVH�RI�SUHVHQFH�RI�WZR�.�=Q,��PROHFXOHVLQ� D� XQLW� FHOO� DQG� H[LVWHQFH� RI�.�� LRQV� EH�
WZHHQ� WKH� OD\HUV� IRUPHG� E\� =Q,���� WHWUDKH�
GURQV��7R� ILQG� FRRUGLQDWHV� RI� ,� DQG�.� LRQV�
ZH�KDYH�XVHG� SDUDPHWHUV� RI� WKH�PRQRFOLQLF
ODWWLFH� FHOO� D� �������� QP�� E� ��������QP�
F� �������� QP�� E� ���������� 7KH� DUUDQJH�
PHQW� RI� ,� DQG� D� DWRPV� LV� XQNQRZQ�� EXW� WR
GHWHUPLQH�WKHLU�FRRUGLQDWHV��LW�LV�SRVVLEOH�WR
XVH� UHODWLYH� FRRUGLQDWHV� RI� 5E� DQG� ,� LQ� D
5E�&R,�� FU\VWDO� ZLWK� FU\VWDOOLQH� VWUXFWXUHVLPLODU� WR� WKDW� RI� .�=Q,�� DQG� VLPLODU� XQLWFHOO� SDUDPHWHUV� >��@��:KHQ� FDOFXODWLQJ� WKH
FRRUGLQDWHV�� FRLQFLGHQFH� RI� UHODWLYH� FRRUGL�
QDWHV� LQ�5E�&R,�� DQG�.�=Q,�� ZDV� VXSSRVHG�WDNLQJ� LQWR� DFFRXQW� GLIIHUHQFH� RI� SDUDPH�
WHUV�RI�WKHLU�FHOOV��,Q�)LJ�����WKH�SURMHFWLRQV
RI�DWRPV�LQ�.�=Q,��FHOO�RQ�WKH�������SODQH�RIWKH� ODWWLFH�DUH�VKRZQ�ZLWK� WKH�DWRPLF�FRRU�
GLQDWHV� FDOFXODWHG� E\� WKH� PHQWLRQHG� SURFH�

)LJ����� 3URMHFWLRQV� RI�=Q,�� XQLW� FHOO� RQWR� =<SODQH�ZKHUH�=__&�DQG�D[LV�<�LV�SDUDOOHO�WR�WKH
UKRPEXV�ORQJ�D[LV�ZLWK�G�=Q�=Q�� ��CC�D���

)LJ����� $� SURMHFWLRQ� RI�.�=Q,�� XQLW� FHOO� RQWRWKH�DF�SODQH��7KH�ILJXUH�VFDOH�LV�LQGLFDWHG�WR
ILQG�WKH�DWRPLF�FRRUGLQDWHV� LQ�WKH�D�F�SODQH�
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GXUH��=Q� DWRPV�DUH�SODFHG� LQ� DSH[HV� RI� WKH
XQLW� FHOO�� 7KH� VHFRQG� DWRP� =Q� LV� ORFDWHG
XQGHU� WKH� SODQH� �D�°�� DW� FRRUGLQDWHV� ������
������DQG������QP��7KH�VKDGHG� ,�DWRPV�DUH
DOVR� XQGHU� WKH� SODQH� �D�°�� VSDFHG� E\� E��� 
������ QP�� %XW� SDLUV� RI� DWRPV� ,���� DQG� ,����LQ� WKH� SURMHFWLRQ�� WKH\� DUH� LPSRVHG�� KDYH
WKH�IROORZLQJ�FRRUGLQDWHV�RQ�E�D[LV��Ü������
������DQG��������������QP�DFFRUGLQJO\��7KH
VKDGHG�.� DWRPV�KDYH� WKH� FRRUGLQDWHV� DORQJ
E� D[LV� HTXDO� WR� E���� &RRUGLQDWHV� RI� DOO� WKH
DWRPV�LQ�WKH�SODQH��D�°��VHH�LQ�)LJ����
7KH�SODQH��D�E�c�VHSDUDWLQJ�WKH�XSSHU�DQG

ORZHU� OD\HUV� LQ� .�=Q,�� LV� ORFDWHG� DORQJ� DQRUPDO� WR� WKH� SODQH� �D�E�� DW� D� GLVWDQFH� RI
'� �������QP��,W� LV�QDWXUDO�WR�DVVXPH�WKDW
LQWHUFDODWHG� &2�� PROHFXOHV� DUH� EXLOW� LQWRLQWHUODPLQDU� VSDFLQJV� RI� .�=Q,�� LQ� VXFK� DZD\� WKDW� &� DWRPV� DUH� LQ� WKH� SODQH� �D�E�c
RSSRVLWH� WR� ,±� LRQV�� DQG�&2��PROHFXOH� D[HVDUH� RULHQWHG� DORQJ� WKH� OLQHV� FRQQHFWLQJ� WKH
SUR[LPDWH� SRVLWLYHO\� FKDUJHG� .�� LRQV�� ,Q
)LJ����� SURMHFWLRQV� RI� DWRPLF� FRRUGLQDWHV� LQ
&2��PROHFXOHV�RQ�WKH�SODQH��D�°��DUH�VKRZQ�,W�LV�VHHQ�IURP�WKH�)LJXUH�WKDW�WZR�W\SHV�RI
LQWHUFDODWLRQ�DUH�SRVVLEOH��,Q�WKH�OHIW�SDUW�RI
)LJ�����LW�LV�VHHQ�WKDW�WKH�LRQ�&��LV�DWWUDFWHG
E\���LRQV�,±�� ,��� ,��DQG� ,��� ,��GXH�WR�&RXORPEIRUFHV��EXW� WKH�ULJKW� LRQ�&�� LV�DWWUDFWHG�E\
WZR�LRQV�,±��'LVWLQFWLRQ�LQ�OHQJWKV�RI�SURMHF�
WLRQV� RQ� WKH� �D�°�� SODQH� RI� ULJKW�KDQG� DQG
OHIW�KDQG�PROHFXOHV�LV�GHILQHG�E\�GLVWLQFWLRQ
LQ�G.�.�IRU�WKH�ULJKW�DQG�OHIW�.��LRQ�SDLUV�,Q� WKH� VSHFWUXP� RI� LQWHUFDODWHG� .�=Q,��H[LVWHQFH�RI�WZR�DEVRUSWLRQ�EDQGV�VKLIWHG�DV
FRPSDUHG�WR�$��EDQG�LV�DVVRFLDWHG�ZLWK�WZRGHVFULEHG�W\SHV�RI�&2�� LQVHUWLRQ�LQWR�LQWHU�ODPLQDU� VSDFLQJ�� 3UHVXPDEO\�� WKH�PRUH� LQ�
WHQVH� $�c� EDQG� DW� ���� H9� LV� FDXVHG� E\� WKH
PROHFXOHV� LQWHUDFWLQJ� ZLWK� �� ,±� LRQV� ZKLOH
WKH� OHVV� LQWHQVH� $�c� RQH� DW� ����� H9� LV� GH�
ILQHG�E\�PROHFXOHV�&2��LQWHUDFWLQJ�ZLWK�WZR,±�LRQV�
7KH� VPDOOHU� IUHTXHQF\� VKLIW� RI�$�c� EDQG

VHHPV� WR� EH� FDXVHG� E\� ODUJHU� LQWHUYDO� G.�.EHWZHHQ�.��LRQV�LQ�WKH�OHIW�SDLU�LQ�FRPSDUL�
VRQ�ZLWK�WKDW�LQ�WKH�ULJKW�SDLU��WKDW�LV�VHHQ
GLUHFWO\�IURP�)LJ�����7KH�GLPLQXWLRQ�RI�G.�.LQ� WKH� ULJKW�SDLU�SURPRWHV� D�JUHDWHU�GHIRU�
PDWLRQ�RI�WKH�ODWWLFH�LQ�.�=Q,��DW�&2��PROH�

FXOH� LPSODQWDWLRQ� DQG� D� JUHDWHU� IUHTXHQF\
VKLIW�RI�$�c�EDQG�
7KXV��FRQVLGHUDWLRQ�RI�DEVRUSWLRQ�VSHFWUD

IRU� WKLQ� =Q,�� DQG�.�=Q,�� ILOPV� LQ� WHPSHUD�WXUH� LQWHUYDO� ��� .d7d���� .� UHYHDOV� WKDW
VSHFWUDO� FKDQJHV� DW�7t����.�DUH�FDXVHG�E\
LQWHUFDODWLRQ� RI� &2�� PROHFXOHV� LQWR� WKHILOPV��7KH�LQWHUFDODWLRQ�LV�SURPRWHG�E\�OD\�
HUHG� VWUXFWXUH� RI� WKH� FRPSRXQGV� DQG�ZHDN
9DQ� GHU� :DDOV� ERQGV� EHWZHHQ� OD\HUV�� :H
KDYH�FDOFXODWHG�FRRUGLQDWHV�RI�&2��PROHFXOHEXLOW� LQ� ODWWLFHV� RI�=Q,�� DQG�.�=Q,��� ,Q�=Q,�XQLW�FHOO��D�&2��PROHFXOH�PD\�RFFXS\�WKUHHHTXLYDOHQW� SRVLWLRQV�� 7KH� LQWHUFDODWLRQ� UH�
VXOWV� LQ� D� VWURQJ� DWWHQXDWLRQ� RI� EDVLF� t�H[FLWRQ� EDQG� LQ� =Q,�� DQG� DSSHDUDQFH� RI� DQLQWHQVH� KLJK�IUHTXHQF\� ;�c� EDQG�� ,Q� WKH
PRUH� FRPSOH[� .�=Q,�� XQLW� FHOO�� &2�� PROH�FXOH�FDQ�RFFXS\�WZR�QRQHTXLYDOHQW�SRVLWLRQV
WKDW�LV�HYLGHQFHG�LQ�DEVRUSWLRQ�VSHFWUXP�E\
DSSHDUDQFH� RI� KLJK�IUHTXHQF\� $�c� DQG� $�c
EDQGV�� 7KXV�� LQWHUFDODWLRQ� LQ� ERWK� FRP�
SRXQGV� UHVXOWV� LQ� KLJK�IUHTXHQF\� VKLIW� RI
H[FLWRQ�EDQGV�
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