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/XPLQHVFHQFH� SURSHUWLHV� RI� &V,� FU\VWDOV
IDYRU� WKH� XVH� RI� &V,� FU\VWDOOLQH� PDWUL[� LQ
WKH� GHYHORSPHQW� RI� VFLQWLOODWLRQ� PDWHULDOV
IRU�YDULRXV�IXQFWLRQDO�DSSOLFDWLRQV��,QFRUSR�
UDWLRQ� RI� HLWKHU� D� FDWLRQ� RU� DQLRQ� LPSXULW\
SURYLGHV�WKH�SRVVLELOLW\�WR�PRGLI\�WKH�OXPL�
QHVFHQFH�FKDUDFWHULVWLFV�RI�&V,�EDVHG�VFLQWLO�
ODWRUV��'RSLQJ�RI�&V,�FU\VWDOV�ZLWK�GLYDOHQW
&D����6U����0Q����0J����&���Ü��PRO����LRQV
UHVXOWV�LQ�WKH�DSSHDUDQFH�RI�VR�FDOOHG��EOXH�
HPLVVLRQ� EDQG� SHDNHG� DW� ���� QP� >�@�� 7KH
HPLVVLRQ� RI� &V,±0H��� �0H��� �&D���� 6U���
0Q����0J����ZLWK�D�PD[LPXP�DURXQG�����QP
KDG�EHHQ�VKRZQ�WR�EH�FDXVHG�E\�WKH�HPLVVLYH
GHFD\�RI�H[FLWRQ�DW�WKH�FDWLRQ�YDFDQF\�DULV�
LQJ�GXH�WR�FRPSHQVDWLRQ�RI�D�GLYDOHQW�FDWLRQ
UHVLGXDO� FKDUJH� LQ� &V,� PDWUL[� DQG� LQGH�
SHQGHQW�RI�WKH�LPSXULW\�FKHPLFDO�QDWXUH��$

OXPLQHVFHQFH� ZLWK� D� VLPLODU� VSHFWUXP� ZDV
REVHUYHG� IRU� &V,±1D�� >�@� DQG� LQWHQWLRQDOO\
XQGRSHG�&V,� FU\VWDO�DIWHU� LWV�SODVWLF�VWUDLQ�
LQJ� >�@�� 7KH� OXPLQHVFHQFH� RI� WKRVH� FU\VWDOV
LV� EHOLHYHG� WR� EH� FDXVHG� E\� WKH� GHFD\� RI
H[FLWRQ�QHDU�D�9D��DQLRQ�YDFDQF\��7KH�VLPL�ODULW\� RI� WKH� OXPLQHVFHQFH� VSHFWUDO� FKDUDF�
WHULVWLFV� RI� &V,±0H���� &V,±1D�� DQG� LQWHQ�
WLRQDOO\�XQGRSHG�&V,�FU\VWDO�DIWHU�LWV�SODVWLF
VWUDLQLQJ� LQGLFDWH� D� UDWKHU� FRPSOH[� RULJLQ
RI�WKH�HPLVVLRQ�FHQWHUV�LQ�&V,±0H���FU\VWDOV
�0H��� �&D����6U����0Q����0J����� $Q� H[SOD�
QDWLRQ�RI�WKH�QDWXUH�RI�WKH�HPLVVLRQ�FHQWUHV
RI�&V,±0H��� FU\VWDOV� LV� RI� D�JUHDW�SUDFWLFDO
LQWHUHVW�VLQFH�LW�LQGLFDWHV�D�ZD\�WR�SXUSRVH�
IXO� PRGLILFDWLRQ� RI� WKH� OXPLQHVFHQFH� VSHF�
WUDO�FKDUDFWHULVWLFV�RI�&V,�EDVHG�VFLQWLOODWLRQ
PDWHULDOV�
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0RUHRYHU��ZRUWK� RI� DWWHQWLRQ� LV� D� SRVVL�
ELOLW\�RI�LPSXULW\�LRQV�DJJUHJDWLRQ�ZLWK�IRU�
PDWLRQ�RI� LPSXULW\�SKDVH� LQ�&V,�PDWUL[�� ,W
LV� NQRZQ� WKDW� &V�3E,�� DQG� &V3E,�� PLFUR�SKDVHV�DSSHDU�LQ�&V,±3E�FU\VWDO�DQG�1D,�RQH
LQ�&V,±1D� FU\VWDO�� 7R� YHULI\� WKH� IRUPDWLRQ
RI�&D,��RU�&V&D,��PLFURSKDVHV�HPEHGGHG� LQ&V,� PDWUL[�� ZH� KDYH� LQYHVWLJDWHG� &V,±&D
FU\VWDOV�ZLWK�D�FRQVLGHUDEO\�KLJKHU�FRQFHQWUD�
WLRQ�RI�&D�LRQV��&&D� ���PRO����WKDQ�LQ�>�@�:H� KDYH� LQYHVWLJDWHG� WKH� VSHFWUDO� OXPL�
QHVFHQFH� SURSHUWLHV� RI� &V,±&D� GRSHG� ZLWK
&V&D&O�� �&� ��� PRO���� DW� ��� DQG� ���� .
XQGHU�H[FLWDWLRQ�E\�OLJKW�TXDQWD�LQ��Ü���H9
HQHUJ\� UDQJH�� 7KH� VLPXOWDQHRXV� GRSLQJ� RI
&V,�PDWUL[�ZLWK�&D���DQG�&O±�LRQV�FDXVHV�DQ
LQFUHDVH� RI� ORFDO� GLVWRUWLRQV� LQ� &V,� PDWUL[
EHFDXVH� WKH� LRQ� UDGLL� GLIIHU� FRQVLGHUDEO\�
EHLQJ�HTXDO�WR������DQG������c�IRU�&V��DQG
&D���LRQV�DQG�����DQG������c�IRU� ,±�DQG�&O±
RQHV��UHVSHFWLYHO\��6XFK�GLVWRUWLRQV�RI�FU\V�
WDO� ODWWLFH� PD\� UHVXOW� LQ� VWDELOL]DWLRQ� �DW
URRP�WHPSHUDWXUH��RI�YDFDQF\� OXPLQHVFHQFH
LQ�&V,�EDVHG�FU\VWDOV�>����@�

&V,±&D�VLQJOH�FU\VWDOV��&&D� ���PRO���LQ
WKH� LQLWLDO� PL[WXUH�� ZHUH� JURZQ� LQ� HYDFX�
DWHG� TXDUW]� DPSRXOHV� XVLQJ� WKH� PRGLILHG
6WRFNEDUJHU� WHFKQLTXH�� 7KH� JURZQ� FU\VWDOV
ZHUH�DQQHDOHG��DERXW�����K�DW����Ü���Å&��
7KH�OXPLQHVFHQFH�H[FLWDWLRQ�DQG�HPLVVLRQ

VSHFWUD�DV�ZHOO�DV�GHFD\�NLQHWLFV�ZHUH�PHDV�
XUHG� DW� 'HXWVFKHV� (OHNWURQHQ� 6\QFKRWURQ
�'(6<�� +DPEXUJ�� XVLQJ� WKH� HTXLSPHQW� RI
683(5/80,� VWDWLRQ� DW�+$6</$%� >�@��+H�
OLXP� IORZ� W\SH� FU\RVWDW� ZDV� XVHG� WR� FDUU\
RXW� WKH� PHDVXUHPHQWV� ZLWKLQ� ��Ü���� .
WHPSHUDWXUH� UDQJH�� 7KH� OXPLQHVFHQFH� VSHF�
WUD�ZHUH�PHDVXUHG�DW� D� UHVROXWLRQ�RI� DERXW
���QP�LQ����Ü����QP�UDQJH�XVLQJ�D�VHFRQ�
GDU\�$5&� �6SHFWUD� 3UR� ����� ��� FP�PRQR�
FKURPDWRU�VSHFWURJUDSK�� &&'� GHWHFWRU� RU� D
+$0$0$768� 5����3� SKRWRPXOWLSOLHU�
7KH� WLPH�UHVROYHG� VSHFWURVFRS\� WHFKQLTXH
ZDV�XVHG��7KH�LQWHJUDWHG�VSHFWUD�FRUUHVSRQG
WR�WKH�WRWDO�VLJQDO�IRUPHG�E\�WKH�SKRWRPXO�
WLSOLHU��7KH�OXPLQHVFHQFH�GHFD\�NLQHWLFV�ZDV
UHFRUGHG�XS�WR�����QV�UDQJH��GHILQHG�E\�WKH
H[FLWDWLRQ� SXOVH� IUHTXHQF\� RI� D� '25,6� ,,,
VWRUDJH� ULQJ��7KH�H[FLWDWLRQ� HQHUJ\� IRU� WKH
NLQHWLFV�GHFD\�DFFXPXODWLRQ�ZDV�VHOHFWHG�WR
PLQLPL]H�WKH�RYHUODSSLQJ�RI�QHLJKERU�OXPL�
QHVFHQFH�EDQGV��7KH�OXPLQHVFHQFH�H[FLWDWLRQ
VSHFWUD� ZHUH� VFDQQHG� DW� WKH� UHVROXWLRQ� RI
����c� LQ� �Ü��� H9� UDQJH� XVLQJ� WKH� SULPDU\
��P�PRQRFKURPDWRU��7KH�OXPLQHVFHQFH�H[FL�
WDWLRQ� VSHFWUD� ZHUH� FRUUHFWHG� IRU� WKH� LQFL�
GHQW�SKRWRQ�IOX[�
)LJ���� VKRZV� OXPLQHVFHQFH� VSHFWUD� RI� D

&V,±&D� FU\VWDO� �7� ����.��DW�WKH�H[FLWDWLRQ

LQ� WUDQVSDUHQF\� HQHUJ\� UDQJH� �D�� E��� H[FL�
WRQLF� DEVRUSWLRQ� �F�� DQG� EDQG�WR�EDQG� WUDQ�
VLWLRQV�RI�&V,�PDWUL[��G���7KH�PDLQ�OXPLQHV�
FHQFH� EDQGV� RI� &V,±&D� FU\VWDO� DUH� DURXQG
����� ����� ���� QP�� )LJ���� VKRZV� H[FLWDWLRQ
VSHFWUD�IRU�WKRVH�EDQGV�
7KH� HPLVVLRQ� DURXQG� ���� QP� LV� H[FLWHG

ERWK�LQ�WKH�H[FLWRQ�JHQHUDWLRQ�DQG�LQ�WKH�EDQG�
WR�EDQG� WUDQVLWLRQ� UHJLRQV� RI� &V,� PDWUL[
�)LJ�����D���,WV�GHFD\�NLQHWLFV�LQFOXGHV�RQH�FRP�
SRQHQW� ZLWK� WKH� WLPH� FRQVWDQW� ���� PV� XQGHU
H[FLWDWLRQ� E\� TXDQWXP� ZLWK� (H[F� ������H9�OH[F� ����� QP�� 7KH� VSHFWUDO� OXPLQHVFHQFHFKDUDFWHULVWLFV�RI�WKH�����QP�HPLVVLRQ�FRU�
UHVSRQG� WR� WKRVH� IRU� S�FRPSRQHQW� RI� VHOI�
WUDSSHG�H[FLWRQ� OXPLQHVFHQFH� LQ�&V,�PDWUL[
>����@��7KH�GHFD\�WLPH�FRQVWDQW�IRU�WKH�VHOI�
WUDSSHG�H[FLWRQ�HPLVVLRQ�RI�&V,�LV�NQRZQ�WR
EH�RI�����PV�>�@��7KLV�YDOXH�LV�UHGXFHG�GRZQ
WR�����PV� IRU� WKH� FDVH� RI�&D��� SUHVHQFH� LQ
&V,±&D� FU\VWDO�� 6XFK� D� UHGXFWLRQ� ZDV� DOVR
REVHUYHG� LQ� &V,� FU\VWDOV� GRSHG� ZLWK� 1D��
3E����&O±�LRQV�>�������@�
7KH� HPLVVLRQ� DURXQG� ���� QP� LV� H[FLWHG

PDLQO\� ZLWKLQ� WUDQVSDUHQF\� UDQJH

)LJ�����(PLVVLRQ�VSHFWUD�RI�&V,±&D�FU\VWDO�DW�7� 
���.�� D� Ü� (H[F ����� H9�� OH[F� ����� QP�� E� Ü
(H[F �����H9��OH[F� �����QP��F�Ü�(H[F ������H9�
OH[F� �����QP��G�Ü�(H[F ������H9��OH[F� ����QP�
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�����H9�(H[F����� H9�� RI� &V,� PDWUL[� �)LJ���E��� 7KDW� OXPLQHVFHQFH� EDQG� DULVHV� DIWHU
&V,� DFWLYDWLRQ� ZLWK� &D��� LRQV�� EXW� LW� FDQ
KDUGO\� EH� DWWULEXWHG� WR� WKH� GLUHFW� WUDQVL�
WLRQV�EHWZHHQ�WKH�HOHFWURQ�VWDWHV�RI�D�VLQJOH
&D��� LRQ�� VLQFH� WKRVH� DUH� ORFDWHG� EH\RQG� WKH
WUDQVSDUHQF\� UDQJH� RI�&V,� PDWUL[�� +RZHYHU�
WKH� SUHVHQFH� RI� VLQJOH� &D��� LRQV� UHVXOWV� LQ
JHQHUDWLRQ� RI� D� FKDUJH�FRPSHQVDWLRQ� FDWLRQ
YDFDQF\�9FÜ�DQG�IRUPDWLRQ�RI�DQ�DSSURSULDWHFDWLRQ�YDFDQF\�GLSROH�&D��Ü9FÜ�RQ�ZKLFK� WKHHPLVVLYH�GHFD\�RI�VHOI�WUDSSHG�H[FLWRQ�RFFXUV�
7KH� IRUPDWLRQ� G\QDPLFV� RI�&D��Ü9FÜ� GLSROHVLQ�&V,±&D��&&D�a���Ü��PRO����FU\VWDO�ZDV�LQ�
YHVWLJDWHG�LQ�>�@��7KH�TXHQFKLQJ�IURP�����&
RU� DQQHDOLQJ� DW� WKH� VDPH� WHPSHUDWXUH� ZDV
VKRZQ� WR� UHVXOW� LQ� DQ� LQFUHDVHG� DPRXQW� RI
&D��Ü9FÜ� GLSROHV� EXW� QHZ� FHQWHUV�� H�J��&D��Ü9FÜ�Q� DJJUHJDWHV�� ZHUH� QRW� IRUPHG�7KLV�IDFW�ZDV�FRQFOXGHG�IURP�WKH�FRQVLGHUD�
WLRQ� RI� DEVRUSWLRQ� VSHFWUXP� RI� DQQHDOHG
&V,±&D� FU\VWDOV�� ,Q� VXFK� FU\VWDOV�� QR� QHZ
DEVRUSWLRQ� EDQGV� DSSHDU�� WKXV� VXJJHVWLQJ
WKH� DEVHQFH� RI� �&D��Ü9FÜ�Q� DJJUHJDWH� FRP�SOH[HV��7R� LQFUHDVH�WKH�QXPEHU�RI�&D��Ü9FÜFHQWHUV��WKH�FRQFHQWUDWLRQ�RI�LPSXULW\�&D��

LRQV� ZDV� DXJPHQWHG� VLJQLILFDQWO\� �XS� WR
&&D� ���PRO���LQ�WKH�LQLWLDO�PL[WXUH���7DN�
LQJ�LQWR�DFFRXQW�WKH�ORZ�LQFRUSRUDWLRQ�FRHI�
ILFLHQW� RI� &D��� LRQV� LQWR� &V,� PDWUL[�� WKH
UHVXOWDQW� FRQFHQWUDWLRQ� RI� &D��� ZRXOG� EH
ORZHU� WKDQ� LQ� LQLWLDO� PL[WXUH�� ,Q� DGGLWLRQ�
SURORQJHG� DQQHDOLQJ� ZDV� XVHG� DV� DQ� HIIHF�
WLYH� ZD\� WR� IRUP� WKH� LPSXULW\�YDFDQF\� GL�
SROHV��,Q�DQQHDOHG�VDPSOHV��DQ�LQFUHDVHG�LQ�
WHQVLW\� RI� WKH� OXPLQHVFHQFH� EDQG�SHDNHG�DW
����QP�ZDV�REVHUYHG��ZKLFK�FRQILUPV�GHIL�
QLWHO\� LWV� YDFDQF\� QDWXUH�� QDPHO\� WKH� H[FL�
WRQ�ORFDOL]DWLRQ�DURXQG�&D��Ü9FÜ�GLSROH��7KH� IRUPDWLRQ� RI� &D��±9FÜ� FRPSOH[� LVFRQILUPHG� E\� WKH� FKDUDFWHULVWLF� H[FLWDWLRQ
VSHFWUXP�KHUHRI��LQ�WKH�QHDU�H[FLWRQ�DEVRUS�
WLRQ�UHJLRQ�RI�&V,�PDWUL[��D�QRQ�HOHPHQWDU\
DEVRUSWLRQ� EDQG� ZDV� REVHUYHG� �O�� �������O�� �������QP��ZLWK�WKH�VSHFWUDO�SRVLWLRQ�LQDJUHHPHQW� ZLWK� UHVXOWV� IURP� >�@�� 7KH
&V,±&D� FU\VWDO� OXPLQHVFHQFH� EDQG� DURXQG
���� QP� LV� HVVHQWLDOO\� QRW� H[FLWHG� LQ� WKH
UDQJH� RI� &V,� PDWUL[� LQWULQVLF� DEVRUSWLRQ�
6XFK� FKDUDFWHULVWLF� VWUXFWXUH� RI� H[FLWDWLRQ
VSHFWUXP� FRQILUPV� WKH� YDFDQF\� HQWHULQJ
LQWR� WKH� HPLVVLYH� FRPSOH[�� 7KH� H[FLWLQJ
TXDQWD�DW�EDQG�WR�EDQG�H[FLWDWLRQ�SHQHWUDWH
WKH� FU\VWDO� WR� YHU\� VPDOO� GHSWK�� DERXW� VHY�
HUDO� WHQV�RI�QDQRPHWHUV��GXH� WR� WKH�FRQVLG�
HUDEOH� DEVRUSWLRQ� RI�PDWUL[��ZKLOH� WKH� FRQ�
FHQWUDWLRQ�RI�WKH�YDFDQFLHV� LQ�WKH�QHDU�VXU�
IDFH� OD\HU� LV� FRQVLGHUDEO\� OHVV� WKDQ� LQ� WKH
FU\VWDO� EXON� GXH� WR� GUDLQLQJ� RI� YDFDQFLHV
IURP� WKH� QHDU�VXUIDFH� OD\HU� GLUHFWO\� WR� WKH
FU\VWDO�VXUIDFH�LWVHOI�>��@��7KH�HIIHFWLYH�H[�
FLWDWLRQ�RI�WKH�����QP�OXPLQHVFHQFH�EDQG�LQ
WKH�&V,�PDWUL[�WUDQVSDUHQF\�UDQJH�DQG�LQHI�
IHFWLYH� H[FLWDWLRQ� LQ� WKH� UDQJH� RI� EDQG�WR�
EDQG� WUDQVLWLRQ� LQGLFDWHV� WKH� H[FLWRQ� ORFDO�
L]DWLRQ� MXVW� QHDU� D� FDWLRQ� YDFDQF\� EXW� QRW
QHDU�&D��� FDWLRQ��$� VLPLODU�PRGHO� RI� HPLV�
VLYH� FRPSOH[�ZLWK�9N� FHQWHU� ORFDOL]HG�QHDU�DYDFDQF\�KDV�EHHQ�SURSRVHG�LQ�>�@��7KLV�FRQFOX�
VLRQ�KDV�EHHQ�PDGH�EDVLQJ�RQ�LQGHSHQGHQFH�RI
OXPLQHVFHQFH� VSHFWUD� RI� &V,±0H��� �0H��� 
&D����6U����0Q����0J���� FU\VWDOV� RI� WKH� LP�
SXULW\� FKHPLFDO� QDWXUH�� 2XU� FRQFOXVLRQ� RQ
WKH�ORFDOL]DWLRQ�RI�VHOI�WUDSSHG�H[FLWRQ�QHDU
WKH�FDWLRQ�YDFDQF\�LV�EDVHG�RQ�FKDUDFWHULVWLF
H[FLWDWLRQ� VSHFWUXP� RI� WKLV� OXPLQHVFHQFH
EDQG� LQ� WKH� WUDQVSDUHQF\� UDQJH� DQG� IXQGD�
PHQWDO�DEVRUSWLRQ�RI�WKH�PDWUL[��7KH�PRGHO
RI�WKLV�UDGLDWLYH�FRPSOH[�LV�VKRZQ�LQ�)LJ����
8QGHU�H[FLWDWLRQ�RI�����QP�OXPLQHVFHQFH

EDQG� LQ�&V,±&D�ZLWK������H9�DQG�7� ����.
�)LJ����� FXUYH� ���� WZR� FRPSRQHQWV� RI� WKH
GHFD\�NLQHWLF�ZHUH�REWDLQHG��D�IDVW�RQH�ZLWK
GHFD\� WLPH� FRQVWDQW� �� QV� DQG� D� VORZ� RQH
ZLWK�WKH�GHFD\�WLPH�FRQVWDQW�LQ�PLFURVHFRQG

)LJ����� /XPLQHVFHQFH� H[FLWDWLRQ� VSHFWUD� RI
&V,±&D�FU\VWDO�DW�7� ����.��OOP��QP��D�Ü�����E�Ü������F�Ü������7KH� HQHUJ\� SRVLWLRQ� RI�&V,DQLRQ�H[FLWRQ�DEVRUSWLRQ�LV�LQGLFDWHG�ZLWK�WKH
DUURZ�DQG�GDVKHG�OLQH�
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UDQJH�� 6XFK� FRQVWDQWV� DUH� SHFXOLDU� IRU� WKH
VHOI�WUDSSHG� H[FLWRQ� OXPLQHVFHQFH� LQ� LRGLGH
PDWUL[�>�����@�
(IIHFWLYH� H[FLWDWLRQ� RI� WKH� OPD[�����QPEDQG� LQ� WKH� WUDQVSDUHQF\� UDQJH� ����� H9Ü

���� H9��� H[FLWRQ� DQG� EDQG�WR�EDQG� DEVRUS�
WLRQ� RI�&V,� PDWUL[� �(H[F!���� H9��)LJ����� F�VXJJHVWV� D� UHVHPEODQFH� RI� WKH� H[FLWDWLRQ
PHFKDQLVPV�IRU�WKDW�EDQG�DQG�IRU�S�FRPSR�
QHQW� RI� WKH� VHOI�WUDSSHG� H[FLWRQ� OXPLQHV�
FHQFH� RI�&V,�PDWUL[� �)LJ����� D�� F��� ,Q� DGGL�
WLRQ�� WKH� FKDUDFWHULVWLF� WLPH� FRQVWDQWV� RI
WKH�����QP�EDQG�GHFD\�NLQHWLFV�ERWK�DUH�LQ
PLFURVHFRQG�UDQJH��6XFK�FKDUDFWHULVWLFV�DUH
W\SLFDO� RI� WKH� S�FRPSRQHQW� RI� VHOI�WUDSSHG
H[FLWRQ�OXPLQHVFHQFH��WRR��7KH�VLPLODULW\�LQ
WKH� WLPH� IHDWXUHV� RI� ���� QP� EDQG� DQG
S�FRPSRQHQW� DV� ZHOO� DV� D� UHVHPEODQFH� RI
WKHLU� H[FLWDWLRQ� VSHFWUD� DOORZ� WR� DWWULEXWH
WKH�OXPLQHVFHQFH�ZLWK�PD[LPXP�DW�����QP
WR�HPLVVLRQ�RI�DQ�H[FLWRQ�ORFDOL]HG�QHDU�WKH
PDWUL[�GHIHFW�� DOWKRXJK�QRW� RI�YDFDQF\�QD�
WXUH�� &D��� LRQ� ZLWK� LQWHUVWLWLDO� &O±� LRQ
ZRXOG�EH� VXFK�D�GHIHFW��%\� WKH�ZD\�� LQ� >�@
WKLV�EDQG�ZDV�QRW�REVHUYHG�XQGHU�DFWLYDWLRQ

RI�&V,�PDWUL[�E\�&D���LRQV��7KH�IDVW�FRPSR�
QHQW������QV��LQ�GHFD\�NLQHWLFV�RI�WKDW�OXPL�
QHVFHQFH� EDQG� �)LJ����� FXUYH� ��� DSSHDUV
PRVW�SUREDEO\�GXH�WR�UHFRUGLQJ�RI�VFDWWHUHG
H[FLWLQJ�OLJKW�
7KH� OXPLQHVFHQFH� RI� HPLVVLYH� &D��Ü9FÜGLSROHV� ZLWK�PD[LPXP� DW� ���� QP� DW� URRP

WHPSHUDWXUH� LV� TXHQFKHG� >�@�� LQ� RWKHU
ZRUGV�� WKH�ZLGH�EDQGV�ZLWK�PD[LPD�DW����
DQG� ���� QP� �)LJ����� D� DQG� E�� LQ� &V,±&D
FU\VWDO�OXPLQHVFHQFH�VSHFWUXP�DW�URRP�WHP�
SHUDWXUH�DUH�QRW�DVVRFLDWHG�ZLWK�HPLVVLRQ�RI
�&D��Ü9FÜV�� GLSROHV��7KH� VKRUW�ZDYH�VLGH�RI����QP�EDQG�LV�H[FLWHG�PDLQO\�LQ�WKH�WUDQV�
SDUHQF\� UDQJH� RI� &V,� PDWUL[� ����� H9Ü
���� H9�� �)LJ����� FXUYH����� 6XFK� D� VWUXFWXUH
RI�H[FLWDWLRQ�VSHFWUXP�LV�W\SLFDO�RI�OXPLQHV�
FHQFH� EDQGV� RI� YDFDQF\� QDWXUH� DQG� FDQ� EH
DVFULEHG�WR�WKH�OXPLQHVFHQFH�RI�H[FLWRQV�OR�
FDOL]HG� QHDU� WKH� DQLRQ� YDFDQFLHV�� DSSHDUHG
GXH� WR� WKH� SUHVHQFH� RI�&O±� LRQV� LQ�&V,�PD�
WUL[�>���������@�
7KH�����QP�EDQG��)LJ�����FXUYH���� LV�HI�

IHFWLYHO\� H[FLWHG� ERWK� LQ� WKH� &V,� PDWUL[
WUDQVSDUHQF\�UDQJH�DQG� LQ� IXQGDPHQWDO�DG�
VRUSWLRQ� RQH� �)LJ����E��� $V� VWDWHG� DERYH�
VXFK� H[FLWDWLRQ� VSHFWUXP� LV� W\SLFDO� RI� WKH
GHIHFW�OXPLQHVFHQFH�EDQG�RI�&V,±&D�FU\VWDO�
EXW�QRW�RI�WKH�YDFDQF\�QDWXUH�
$W� URRP� WHPSHUDWXUH�� VORZ� FRPSRQHQWV

RI� GHFD\� NLQHWLFV� FRQVWDQWV� LQ� PLFURVHFRQG

)LJ�����(PLVVLRQ�VSHFWUD�RI�&V,±&D�FU\VWDO�DW
7� �����.�� �D�Ü�(H[F �����H9��OH[F� �����QP�
E�Ü�(H[F� ������H9��OH[F� �����QP�

)LJ����� 'HFD\� NLQHWLFV� RI�&V,±&D� OXPLQHVFHQFH
DW�7� ����.�����Ü�(H[F� ������H9��OH[F� �����QP�
��Ü�(H[F� ������H9��OH[F� �����QP���� Ü� (H[F� 
�����H9��OH[F� �����QP�

)LJ�����0RGHO�RI� HPLVVLYH�FRPSOH[� LQ�&V,±&D
FU\VWDOV�
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UDQJH� DUH� SUHYDLOHG�� 7KLV� IDFW� FRQILUPV� D
FRQFOXVLRQ� RQ� WKH� SRVVLEOH� DWWULEXWLRQ� RI
ERWK� OXPLQHVFHQFH� EDQGV� ZLWK� ���� DQG
����QP�PD[LPD�WR�WKH�VHOI�WUDSSHG�H[FLWRQ
ORFDOL]HG�QHDU� WKH�GHIHFW��7KLV� LV� W\SLFDO�RI
D�VHOI�WUDSSHG�H[FLWRQ�LQ�&V,�PDWUL[�
7KXV�� LQ� VSLWH� RI� D� FRQVLGHUDEOH� FRQFHQ�

WUDWLRQ�RI�&D���LRQV��&&D� ���PRO����LQ�WKH
LQLWLDO� PL[WXUH��� DQ\� OXPLQHVFHQW� SKHQRP�
HQD�ZHUH�QRW�REVHUYHG�ZKLFK�FRXOG�VKRZ�WKH
IRUPDWLRQ� RI�&D�FRQWDLQHG� LPSXULW\� SKDVHV
LQ�&V,�PDWUL[��7KH�UHVXOWV�RI�RXU�ZRUN�FRQ�
ILUP� WKH� PRGHO� RI� HPLVVLYH� FRPSOH[� WKDW
KDG� EHHQ� RIIHUHG� LQ� >�@�� WKH� FRPSOH[� FRQ�
WDLQLQJ�&D��Ü9FÜ� GLSROH� DQG� ORFDOL]HG� H[FL�

WRQ�QHDU�FDWLRQ�YDFDQF\��7KH�ORFDOL]DWLRQ�RI
H[FLWRQ�QHDU�FDWLRQ�YDFDQF\�RI�&D��Ü9FÜ�GL�SROH� LV� FRQILUPHG�E\�FKDUDFWHULVWLF� IHDWXUHV
RI�H[FLWDWLRQ�VSHFWUXP�VWUXFWXUH�RI�OXPLQHV�
FHQFH� EDQG�SHDNHG� DW�����QP��7KH�����QP
EDQG� �7� ����.�� LV� FRQQHFWHG� ZLWK� WKH�PD�
WUL[�GHIHFW�RI�QRQ�YDFDQF\�QDWXUH�
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IRU� ���� QP� �FXUYH� ��� DQG� ���� QP� �FXUYH� ��
HPLVVLRQ�� &XUYH� �� SUHVHQWV� WKH� UHIOHFWLRQ
VSHFWUXP�RI�&V,±&D��7� �����.�

6�9�0\DJNRWD�HW�DO���6SHFWUDO�DQG�NLQHWLF�FKDUDFWHULFV���

)XQFWLRQDO�PDWHULDOV������������� ���


