
6XSSUHVVLRQ�PHFKDQLVP�RI�PLOOLVHFRQGDIWHUJORZ�LQ�&V,�7O FU\VWDOV�E\�(X�� LPSXULW\
$�0�.XGLQ��$�9�6KNRURSDWHQNR��1�9�2YFKDUHQNR�9�'�$OHNVHHY��/�1�7UHILORYD��$�/�6KSLOLQVND\D

,QVWLWXWH�IRU�6FLQWLOODWLRQ�0DWHULDOV��67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV���1DWLRQDO
$FDGHP\�RI�6FLHQFHV�RI�8NUDLQH�����/HQLQ�$YH���������.KDUNLY��8NUDLQH

5HFHLYHG�0DUFK���������
7KH� FDXVHV� RI�PLOOLVHFRQG� DIWHUJORZ� LQ�&V,�7O� FU\VWDOV� KDYH� EHHQ� FRQVLGHUHG�� 7KH� WZR

DIWHUJORZ� FRPSRQHQWV�ZLWK� DERXW� ��PV� DQG� DERXW� ���PV� FKDUDFWHULVWLF� WLPH� DW�57�KDYH
EHHQ�VKRZQ�WR�EH�UHODWHG�WR�WKH�WUDS�GLVUXSWLRQ�DW�����DQG�����.��7KH�WKHUPRVWLPXODWHG
OXPLQHVFHQFH� SHDN� DW� ����.� LV� RI� H[WULQVLF� QDWXUH� DQG� LV� DVVRFLDWHG�PRVW�SUREDEO\�ZLWK
EDULXP�FDWLRQV�LQ�WKH�IRUP�RI�VLQJOH�GLSROHV�%D��±9&±��,Q�FRQWUDVW�WR�%D����LQWURGXFWLRQ�RI(X���FDWLRQV�UHVXOWV�LQ�WKH�DIWHUJORZ�DWWHQXDWLRQ��7KH�DJJUHJDWLRQ�RI�(X��±9&±�GLSROHV�LQD�TXHQFKHG� VDPSOH�KDV� EHHQ� IRXQG� WR� RFFXU�GXULQJ� DOPRVW����PLQ�DW�57��7KH� DIWHUJORZ
VXSSUHVVLRQ�PHFKDQLVP� LQ�&V,�7O�(X� FU\VWDOV� FRQVLVWV� LQ� WKDW�QRW� RQO\� HXURSLXP� LRQV� EXW
DOVR� RWKHU�0H��� W\SH� LPSXULWLHV� DUH� LQYROYHG� LQ� WKH� DJJUHJDWLRQ�SURFHVV��$IWHU� WKH� VROLG
VROXWLRQ� GHFRPSRVLWLRQ� DQG� PHWDVWDEOH� DJJUHJDWH� IRUPDWLRQ�� QRW� PLOOLVHFRQG� EXW� PRUH
GXUDEOH�DIWHUJORZ�LV�REVHUYHG�LQ�WKH�FU\VWDOV�ZLWKLQ�WKH�VHFRQG�DQG�PLQXWH�WLPH�UDQJHV�
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7KH�&V,�7O�FU\VWDOV�DUH�XVHG�ZLWK�VXFFHVV
LQ� YLVXDOL]DWLRQ� V\VWHPV�� VXFK� DV� WR�
PRJUDSKV�� LQWURVFRSHV�� HWF�� >�@�� $� KLJK� DI�
WHUJORZ��$*��OHYHO�RI�WKRVH�FU\VWDOV�LV�H[WUH�
PHOW� XQGHVLUDEOH� IRU� VXFK� DSSOLFDWLRQV�� EH�
FDXVH� $*� GHWHULRUDWHV� FRQVLGHUDEO\� WKH
LPDJH�TXDOLW\� >�@��5HFHQWO\��QXPHURXV�SXE�
OLFDWLRQV�DUH�DSSHDUHG��H�J���>�Ü�@��GHGLFDWHG
WR�WKH�$*�DWWHQXDWLRQ� LQ�&V,�7O�FU\VWDOV�� ,Q
SDUWLFXODU�� FU\VWDOV� GRSHG� DGGLWLRQDOO\�ZLWK
(X��� >�Ü�@� RU�6P��� >�@� DUH� FRQVLGHUHG��7KH
LQWURGXFWLRQ� RI� WKRVH� GRSDQWV� SURYLGHV� D
FRQVLGHUDEOH� UHGXFWLRQ� RI� WKH� $*� OHYHO�

+RZHYHU�� WKH� FRQFOXVLRQV� PDGH� LQ� WKRVH
ZRUNV� DUH� LQ� FRQWUDGLFWLRQ� ZLWK� WKH� NQRZQ
FRQFHSWV�RI�WKH�HIIHFW�RI�GLYDOHQW�GRSDQWV�RQ
WKH�$*�RI�&V,�7O�FU\VWDOV��7KH�VDPH�DXWKRUV
VWDWHG� EHIRUH� >�@� WKDW� FDWLRQV� VXFK� DV�&D��
RU�%D��� FDXVH�D�QRWLFHDEO\� LQFUHDVHG�$*��$
VLPLODU� FRQFOXVLRQ� ZDV� GUDZQ� LQ� VRPH� SUH�
YLRXV� ZRUNV� >����@�� 7KH� 76/� FXUYHV� SUH�
VHQWHG� LQ� WKRVH� ZRUNV� VKRZ� FOHDUO\� WKDW
&G���RU�%D���FDWLRQV�IDYRU�WKH�9)�W\SH�KROHFRORU�FHQWHU�IRUPDWLRQ�DERXW�����.��WKDW�LV�
MXVW� LQ� WKH� WHPSHUDWXUH�UHJLRQ�ZKLFK� LV�DV�
VRFLDWHG�ZLWK�WKH�PLOOLVHFRQG�$*�>�@��

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�67&��,QVWLWXWH�IRU�6LQJOH�&U\VWDOV�
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&RQVLGHUDWLRQ� RI� 76/� FXUYHV� IURP� >�����
�@� KDV� VKRZQ� WKDW� WKH� DEVHQFH� RI� WKH� 76/
SHDN�QHDU�����.�LV�W\SLFDO�RI�&V,�7O�(X�FU\V�
WDOV�� 7KLV� VWDWHPHQW� LV� FRQILUPHG� IXOO\� E\
RXU� UHVXOWV�� ,Q� )LJ����� SUHVHQWHG� DUH� WKH
76/� GDWD� IRU�&V,�7O� FU\VWDOV� ZLWK� WKH� VDPH
7O� FRQFHQWUDWLRQ� �&7O� ������ �� PRO���� EXW
ZLWK� GLIIHUHQW� FR�GRSDQWV�� %D��� �FXUYH� ��
DQG�(X��� �FXUYH�����7KH�GRSLQJ�DGPL[WXUHV
%D,�� RU�(X,��ZHUH�DGGHG� WR� WKH�UDZ�PDWHUL�DOV� LQ� DQ� DPRXQW� SURYLGLQJ� WKH� FRQFHQWUD�
WLRQ�RI�WKH�FRUUHVSRQGLQJ�LRQV�LQ�WKH�FU\VWDO
RI�WKH�RUGHU�RI���Ü�����Ü����PRO��$�VSHFLDO
SXULILHG� VDOW� FRQWDLQLQJ� WKH� DERYH� LPSXUL�
WLHV� LQ� DPRXQWV� ORZHU� WKDW� WKH� GHWHFWLRQ
OLPLW� WKHUHRI� E\� FKHPLFDO�DQDO\VLV�KDV�EHHQ
XVHG�IRU�FU\VWDO�JURZWK��,W�LV�VHHQ�IURP�)LJ�
��WKDW�0H���LRQV�VWLPXODWH�DQ�LQWHQVH�����.
SHDN� LQ� RQH� FDVH� ZKLOH� LQ� WKH� RWKHU� RQH
�(X����WKLV�SHDN�LV�DEVHQW��LQVWHDG��D�UDWKHU
LQWHQVH�SHDN�LV�REVHUYHG�QHDU�����.�

,W� IROORZV� IURP� )LJ���� DQG� WKH� FRQFOX�
VLRQV� IURP� >�@� WKDW� WKH� PLOOLVHFRQG� DIWHU�
JORZ�LV�FRQQHFWHG�ZLWK�����DQG�����.�76/
SHDNV�GHWHULRUDWLRQ��6LQFH�WKH�$*�GHFD\�IRU
WKRVH�FU\VWDOV� LQ� WKH���WR�����PV�VKRZV�WZR
FRPSRQHQWV�ZLWK�W��a���PV�DQG�W��a����PV��LWLV�ORJLFDO�WR�DVVRFLDWH�W��ZLWK�WKH�����.�SHDNGHWHULRUDWLRQ�ZKLOH�W���ZLWK�WKH�����.�SHDN�7KH� PHQWLRQHG� EHKDYLRU� GLIIHUHQFH� RI
0H��� LPSXULWLHV�FDQ�EH�H[SODLQHG�EDVLQJ�RQ
>��@�DLPHG�DW�DJJUHJDWLRQ�RI�(X��±9&±�FHQ�WHUV�LQ�DONDOL�KDOLGH�FU\VWDOV��LQFOXGLQJ�&V,�
,W�LV�VWDWHG�LQ�WKH�ZRUN�FLWHG�WKDW�(X���LRQV
VKRZ� D� WUHQG� WR� DJJUHJDWLRQ�� HVSHFLDOO\
ZLWKLQ�WKH�&V,�ODWWLFH��7KH�DJJUHJDWLRQ�JRHV
HIILFLHQWO\�HYHQ�DW�WHPSHUDWXUHV�ORZHU�WKDQ

WKH� URRP� RQH� DQG� UHVXOWV� LQ� IRUPDWLRQ� RI
VR�FDOOHG� WULPHUV� ��(X��±9&±��� VHH� )LJ���D�$FFRUGLQJ�WR�(35�GDWD��WKH�QXPEHU�RI�LQGL�
YLGXDO�GLSROHV�DW�URRP�WHPSHUDWXUH�LV�QHJOL�
JLEOH�� VXEVWDQWLDOO\� DOO� WKH� (X��� DUH� JDWK�
HUHG�LQ�FRPSOH[HV�

7KH� FRQFOXVLRQV� JLYHQ� LQ� >��@� FDQ� EH
FKHFNHG� LQ� H[SHULPHQW� DOVR� IRU�&V,�7O� FU\V�
WDOV��)ROORZLQJ�WKH�JXLGHOLQHG�IURP�>��@��ZH
KDYH� TXHQFHG� D� &V,�7O�(X� FU\VWDO� IURP
����.��7KH�$*�OHYHO�ZDV�PHDVXUHG�XVLQJ�D
+HLPDQQ�13*��XQLW�� 7KH� DQRGH� FXUUHQW� RI
D� ;�UD\� WXEH� ZDV� ���� P$� DW� ���� N9� YROW�
DJH�� 7KH� $*���� ZDV� GHWHUPLQHG� ���� PVDIWHU�WKH���V� ORQJ�H[FLWLQJ�;�UD\�ZDV�RYHU�
WKH� VDPSOHV� ZHUH� VKDSHG� DV� ��u��u��PP�
SODWHV�� 7KH� $*� PHDVXUHPHQW� UHVXOWV� SULRU
WR�DQG�DIWHU�WKH�TXHQFKLQJ�DUH�SUHVHQWHG�LQ
)LJ����� 7KH� $*� YDOXH� DPRXQWHG� ������ IRU
WKH�XQTXHQFKHG�VDPSOH�DQG�LQFUHDVHG�XS�WR
������ LPPHGLDWHO\� DIWHU� WKH� TXHQFKLQJ�� ,W
LV� QRWDEOH� WKDW� WKH� UHOD[DWLRQ� RI� WKH
TXHQFKHG�VDPSOH�ZDV�YHU\�IDVW��WKH�$*�ZDV
UHGXFHG� WR� WKH� SUDFWLFDOO\� LQLWLDO� OHYHO� GXU�
LQJ���PLQ��7KLV�UHVXOW�DJUHHV�ZHOO�ZLWK�WKH
VWDWHPHQW� >��@�WKDW�WKH�(X�GLPHUV�DJJUHJD�
WLRQ�RFFXUV�HYHQ�DW�7�������.��7KH�TXHQFK�
LQJ� IURP� ORZHU� WHPSHUDWXUHV� ����� DQG
���� .�� GRHV� QRW� UHVXOW� LQ� DQ\� VXEVWDQWLDO
$*� LQFUHDVH�� RQO\� LWV� LQVLJQLILFDQW� DPSOLIL�
FDWLRQ� E\� ���Ü���� �� EHLQJ� REVHUYHG�� ,W� LV
MXVW�WKH�FU\VWDOV�ZLWK�76/�FRUUHVSRQGLQJ�WR
WKH�FXUYH���LQ�)LJ����WKDW�ZHUH�VXEMHFWHG�WR
TXHQFKLQJ�

/HW� WKH� UHVXOWV� REWDLQHG� EH� FRQVLGHUHG
IURP�DQRWKHU�YLHZSRLQW��7KH�LQLWLDO��VSHFLDO
SXULW\� IRU� FU\VWDO� JURZWK�� ��VSFJ��� JUDGH
&V,� LV� NQRZQ� WR� FRQWDLQ� DOZD\V� D� FHUWDLQ
DPRXQW� RI� 0H��� LPSXULWLHV� >��@�� WKH� %D��
�XS� WR� ����Ü�� ZW��� DQG�&D��� �XS� WR� ����Ü
����� EHLQJ� RQHV� RI� PRVW� LPSRUWDQFH�� ,W� LV
DSSURSULDWH�WR�PHQWLRQ�WKDW�%D�2+���LV�XVHGWR� SUHFLSLWDWH� VXOIDWHV� LQ� WKH�PRWKHU� OLTXLV
GXULQJ�WKH�VDOW�V\QWKHVLV��2XU�H[SHULHQFH�LQ
&V,�7O� FU\VWDO� JURZLQJ� IURP� WKH� �VSFJ�
JUDGH�VDOW�HYLGHQFHV�WKDW�WKH�JURZQ�VDPSOHV
VKRZ� DOZD\V� D� UDWKHU� LQWHQVH� $*���� DQG� DFOHDU� VWRUDJH� QHDU� ����.� DOWKRXJK� FDXVLQJ
QR�SURQRXQFHG�SHDN� �FI��&XUYHV��� DQG��� LQ
)LJ������$Q�REYLRXV�ZD\�WR�UHGXFH�$*���� LVD�GHHS�SXULILFDWLRQ�RI� WKH�UDZ� VDOW��$Q�DG�
GLWLRQDO�SXULILDFWLRQ�RI�WKH�PHOW�>��@�LV�ZHOO
NQRZQ� WR� SURYLGH� WKH� $*���� UHGXFWLRQ� E\VHYHUDO� WLPHV� >��@�� %DVLQJ� RQ� WKRVH� FRQVLG�
HUDWLRQV��WKH�LQLWLDO�VDOW�FRQWDPLQDWLRQ�ZLWK
0H��� FDWLRQV� FDQ� EH� VXJJHVWHG� WR� EH� D� VXE�
VWDQWLDO�IDFWRU�ZRUVHQLQJ�WKH�$*����FKDUDF�WHULVWLF��$PRQJ�WKRVH�FDWLRQV��%D���RQHV�DUH
PRVW� LVRPRUSKLF� WR� WKH�&V,� ODWWLFH� >��@�DQG

)LJ����� 76/� FXUYHV� IRU� &V,�7O�%D� ���� DQG
&V,�7O�(X� ���� FU\VWDOV�� ,UUDGLDWLRQ� ZLWK� J
VRXUFH� ���$P� ���� NH9�� ���� &L�� DW� ��� .� IRU
��� PLQ�� 7KH� KHDWLQJ� UDWH� E� ������.�V��)RU
FRPSDULVRQ�� 76/� RI� D� FRQYHQWLRQDO� &V,�7O
FU\VWDO�LV�VKRZQ�����
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OHDVW� WHQGLQJ� WR� DJJUHJDWLRQ�� EHFDXVH� %D��
LRQLF� UDGLXV� �U� ������c� IRU� FRRUGLQDWLRQ
QXPEHU� ��� LV� FORVH� WR� WKDW� IRU� &V�� �U� 
�����c��� 7KH� OXPLQHVFHQFH� RI� %D��±9&±� GL�SROHV�ZDV� VWXGLHG� LQ� >��@�� WKH� UHVXOWV� VKRZ
WKDW�WKH�GLSROH�GHFRPSRVLWLRQ� LV�VORZ��VLQFH
WKH�JUDGXDO�HYROXWLRQ�RI�OXPLQHVFHQFH�VSHF�
WUXP� FDQ� EH� REVHUYHG� GXULQJ� VHYHUDO
PRQWKV��,Q�FRQWUDVW��DV�LW�IROORZV�IURP�)LJ�
��DQG�GDWD� IURP� >��@�� WKH�(X��±9&±�GLSROHVDUH�GHFRPSRVHG�GXULQJ�VHYHUDO�PLQXWHV��7KH
GHFRPSRVLWLRQ� SURGXFWV� DUH� WULPHUV� VKRZQ
VFKHPDWLFDOO\� LQ�)LJ���D��7KH�GHFRPSRVLWLRQ
LV� FDXVHG� E\� D� FRQVLGHUDEOH� GLIIHUHQFH� EH�
WZHHQ�&V��DQG�(X����U� ������c��LRQLF�UDGLL�
WKDW� LV� SRLQWHG� LQ� QXPHURXV� ZRUNV� �VHH�
H�J���>������@�����

,W� LV� UDWKHU� UHDVRQDEOH� WR� VXSSRVH� WKDW
QRW� RQO\� (X��� EXW� DOVR� RWKHU�0H��� FDWLRQV
DUH� LQFOXGHG� LQ� WKH� WULPHUV�� )LJ���E� VKRZV
VFKHPDWLFDOO\� D� PL[HG� WULPHU� FRQVLVWLQJ� RI
WZR� HXURSLXP� DQG� RQH� EDULXP� LRQV�� ,Q� RXU
RSLQLRQ�� LW� LV� MXVW� WKH�PLJUDWLRQ� SURFHVV� RI
PRELOH�(X��±9&±� GLSROHV� WR� VWDEOH�%D��±9&±FRPSOH[�WKDW�UHVXOWV�LQ�GLVDSSHDUDQFH�RI�HQ�
HUJ\� VWRUDJH� QHDU� WKH� ���� .� SHDN� DQG� WKH
$*���� UHGXFWLRQ�� $IWHU� WKH� VROLG� VROXWLRQGHFRPSRVLWLRQ� DQG� IRUPDWLRQ� VLPSOH� DQG
PL[HG� DJJUHJDWHV� LQ� WKH� FU\VWDOV�� QRW� WKH
PLOOLVHFRQG�DIWHUJORZ�EXW�D�PRUH�SURORQJHG
RQH� �LQ� VHFRQG� DQG� PLQXWH� UDQJHV�� DVVRFL�
DWHG� ZLWK� WKH� GHWHULRUDWLRQ� RI� ���� .� 76/
SHDN�WKDW�ZDV�REVHUYHG�LQ�>�@��VHH�WKH�FXUYH
�� LQ� )LJ����� WRR�� ,W� LV� WR� QRWH� WKDW� RXU� UH�
VXOWV� UHIHU� WR� WKH� VHFRQG� FRPSRQHQW� RI� WKH
$*�GHFD\� �W��a����PV���7R�HOXFLGDWH�WKH�QD�WXUH� RI� WKH� W��a���PV�� WKDW� LV� FRQQHFWHG�� LQ

RXU�RSLQLRQ��ZLWK�WKH�LQWULQVLF�ODWWLFH�VWUXF�
WXUH� GHIHFWV�� DGGLWLRQDO� VWXGLHV� DUH� QHFHV�
VDU\�

7KH� FRQFOXVLRQV� FDQ� EH� IRUPXODWHG
EULHIO\� DV� IROORZV�� 7KH�&V,�7O� FU\VWDO� DIWHU�
JORZ� LV� LQFUHDVHG� GXH� WR�(X��� LRQV�� VLPLODU
RWKHU�0H���LPSXULWLHV��,I�WKH�LPSXWLW\�LV�LQ
WKH� (X��±9&±� VWDWH� �VLQJOH� GLSROHV��� VXFKFU\VWDOV� VKRZ� D� VXEVWDQWLDO� PLOOLVHFRQG� DI�
WHUJORZ�DVVRFLDWHG�ZLWK�GHFRPSRVLWLRQ�RI�9)
W\SH�KROH�FRORU�FHQWHU�QHDU�����.��$IWHU�WKH
VROLG� VROXWLRQ� GHFRPSRVLWLRQ� DQG� IRUPDWLRQ
RI� PHWDVWDEOH� DJJUHJDWHV�� WKH� DIWHUJORZ� LQ
VHFRQG�DQG�PLQXWH�UDQJH�LV�REVHUYHG�LQ�WKH
FU\FWDOV��$� GLVWLQFWLYH� IHDWXUH� RI�(X��� LRQV
LQ�WKH�&V,�ODWWLFH�LV�D�KLJK�DJJUHJDWLRQ�UDWH
WKDW�RFFXUV�HYHQ�DW�WHPSHUDWXUHV�ORZHU�WKDQ
URRP� RQH�� 7KH� WULPHU� IRUPDWLRQ� SURFHVV
IURP� VLQJOH� GLSROHV� DW� 57� ODVWV� PD[LPXP
���PLQ��7KH�SURSRVHG�DIWHUJORZ�VXSSUHVVLRQ
PHFKDQLVP� LQ�&V,�7O�(X� FU\VWDOV� FRQVLVWV� LQ

)LJ�����$IWHUJORZ� OHYHO� RI� D�&V,�7O�(X� FU\VWDO
SULRU�WR�DQG�DIWHU�TXHQFKLQJ�IURP�����.�

)LJ�����$�PRGHO� RI� WULPHU� �D�� LQ� WKH�&V,� ODWWLFH� DFFRUGLQJ� WR� >��@��$� VFKHPDWLF� LPDJH� RI� D�PL[HG
WULPHU��E��FRQVLVWLQJ�RI�WZR�(X���DQG�RQH�%D���FDWLRQV�

$�0�.XGLQ�HW�DO����6XSSUHVVLRQ�PHFKDQLVP�RI����
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WKDW�QRW� RQO\� HXURSLXP� LRQV�EXW� DOVR� RWKHU
0H��� LPSXULWLHV� DUH� LQYROYHG� LQ� WKH� DJJUH�
JDWLRQ�SURFHVV��)RU�H[DPSOH��WKH�WULPHU�FRUH
PD\�EH�IRUPHG�E\�ORZ�PRELOLW\�%D��±9&±�GL�SROHV�� 7KH� (X��� FRQFHQWUDWLRQ� H[FHHGLQJ
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