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/RQJ�OLYHG QHXWUDO RU FKDUJHG PDVVLYH SDUWLFOHV DSSHDU LQ PDQ\ H[WHQVLRQV RI WKH 0660� 7KHUH DUH WZR PDLQ
VFHQDULRV ZKLFK UHVXOW LQ D ORQJ OLIHWLPH RI VRPH RI WKH 686< SDUWQHUV� ,Q WKH PRGHOV WKDW SUHGLFW D GHJHQHUDWH
PDVV VSHFWUXP RI 686< SDUWLFOHV� OLJKW 686< SDUWQHUV PLJKW EH VWDEOH RU ORQJ�OLYHG� VLQFH WKH SKDVH VSDFH
ZRXOG QRW DOORZ IRU VWURQJ GHFD\V PRGHV� ,W LV SDUWLFXODUO\ LQWHUHVWLQJ LI WKH 1/63 LV ORQJ�OLYHG� VLQFH WKH
REVHUYDWLRQ RI VXFK DQ 1/63 PLJKW QRW EH GRDEOH YLD VWDQGDUG GHFD\ VLJQDWXUHV H[SHFWHG IRU VKRUW�OLYHG 686<
SDUWLFOHV� $V DQ H[DPSOH� PDQ\ 0660 H[WHQVLRQV SUHGLFW GHJHQHUDWH PDVV VSHFWUXP RI WKH QHXWUDOLQRV� LQ
ZKLFK FDVH WKH IROORZLQJ UDGLDWLYH GHFD\ FRXOG EH D GRPLQDQW GHFD\ PRGH RI WKH VHFRQG�OLJKWHVW QHXWUDOLQR�
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%HLQJ HOHFWURPDJQHWLF� WKLV GHFD\ PRGH LV VXSSUHVVHG� DQG IRU pQH VSOLWWLQJ EHWZHHQ WKH PDVVHV RI WKH WZR
OLJKWHVW QHXWUDOLQRV� WKH GHFD\ FRQVWDQW RXOG EH VPDOO HQRXJK WR UHVXOW LQ D ORQJ�OLYHG a��
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$PRQJ RWKHU PRGHOV ZKLFK DOORZ IRU D ORQJ�OLYHG 1/63� DUH WKH *06% VFHQDULRV LQ ZKLFK D QHXWUDO 1/63

�XVXDOO\ D QHXWUDOLQR� UDGLDWLYHO\ GHFD\V LQWR D JUDYLWLQR /63�
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RU D FKDUJHG 1/63 �XVXDOO\ WKH ULJKW�KDQGHG VWDX� a�5� GHFD\V LQWR D � DQG D JUDYLWLQR 1/63�
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,Q WKH *06% VFHQDULRV WKH JUDYLWLQR PDVV LV JLYHQ E\ �VHH� H�J�� >�@��
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ZKHUH ) LV WKH YDFXXP H[SHFWDWLRQ YDXH RI WKH G\QDPLFDO VXSHUV\PPHWU\ EUHDNLQJ� DQG 03 LV 3ODQFN PDVV�
6LQFH PRVW RI WKH *06% PRGHOV SUHGLFW ) | ��>��@ *H9�� DQG 03 | ���� *H9� WKH JUDYLWLQR LV H[SHFWHG WR
EH YHU\ OLJKW� 7KH IDFW WKDW WKH JUDYLWLQR LQWHUDFWV ZLWK PDWWHU RQO\ ZHDNO\� FRXOG PDNH WKH GHFD\V ��� DQG
��� YHU\ VORZ� )RU H[DPSOH� WKH F� IRU WKH GHFD\ ��� LV JLYHQ E\ >�@ �
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DQG FRXOG EH YHU\ ODUJH�
*HQHUDOO\ VSHDNLQJ� LQ GLoHUHQW 686< PRGHOV� WKH F� RI WKH FKDUJHG RU QHXWUDO 1/63 FDQ EH IURP VXEDWRPLF

GLVWDQFHV WR PDQ\ NLORPHWHUV�
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'HWHFWLRQ DQG LGHQWLpFDWLRQ RI ORQJ�OLYHG SDUWLFOHV GHSHQG RQ WKH GHFD\ SDWK DQG WKH FKDUJH RI WKLV SDUWLFOH�
$ W\SLFDO FROOLGHU GHWHFWRU� H�J� WKH XSJUDGHG '� DSSDUDWXV >�@� KDV DQ LQQHU 6LOLFRQ 0LFURVWULS 7UDFNHU �607��



FDSDEOH RI LGHQWLI\LQJ VHFRQGDU\ YHUWLFHV IURP ORQJ�OLYHG SDUWLFOH GHFD\V� 7KH VLOLFRQ GHWHFWRU LV VXUURXQGHG E\
D OHVV SUHFLVH &HQWUDO )LEHU 7UDFNHU �&)7�� ZKLFK LV HQFORVHG LQ WKH FDORULPHWHU� 7KH FDORULPHWHU LV VXUURXQGHG
E\ WKH PXRQ V\VWHP� 7\SLFDO RXWHU UDGLL RI WKH YHUWH[ GHWHFWRU� FHQWUDO WUDFNLQJ GHWHFWRU� FDORULPHWHU� DQG WKH
PXRQ V\VWHP DUH | ��� ���� ���� DQG ���� FP� UHVSHFWLYHO\�
,Q WKH FDVH RI WKH FKDUJHG ORQJ�OLYHG SDUWLFOHV� RQH FDQ LGHQWLI\ WKH VHFRQGDU\ GHFD\ YHUWH[ LQ WKH VLOLFRQ

YHUWH[ GHWHFWRU IRU qF� EHWZHHQ | ��� FP DQG | �� FP� 6LQFH ZH H[SHFW 686< SDUWLFOHV WR EH KHDY\� LQ ZKDW
IROORZV ZH ZLOO DVVXPH q } �� L�H� qF� } F� � %RWK WKH &') DQG '� H[SHULPHQWV ZLOO EH FDSDEOH RI LGHQWLI\LQJ
VXFK VHFRQGDU\ YHUWLFHV DQG SRVVLEO\ WULJJHU RQ WKHP� )RU �� FP � F� � ��� FP� WKH FKDUJHG ORQJ�OLYHG SDUWLFOH
ZLOO SUHGRPLQDQWO\ GHFD\ LQVLGH WKH RXWHU WUDFNLQJ YROXPH� 7KH UHVXOWLQJ FKDUDFWHULVWLF VLJQDWXUH LV D NLQN LQ
WKH RXWHU WUDFNHU DQG ODUJH G( G[ LQ WKH VLOLFRQ YHUWH[ WUDFNHU DQG WKH LQQHU OD\HUV RI WKH RXWHU WUDFNHU� W\SLFDO
IRU D VORZ�PRYLQJ FKDUJHG SDUWLFOH� :KLOH WULJJHULQJ RQ WKH NLQNV LQ WKH RXWHU WUDFNHU ZRQ
W EH SRVVLEOH LQ 5XQ
,,� WKHUH LV D JRRG FKDQFH WKDW VXFK NLQNV FDQ EH IRXQG RsLQH� LI WKH HYHQW LV DFFHSWHG E\ RQH RI WKH VWDQGDUG
WULJJHUV� 6LQFH D PDVVLYH VORZ PRYLQJ SDUWLFOH VWLOO KDV D VLJQLpFDQW PRPHQWXP� RQH ZRXOG OLNHO\ WULJJHU RQ
VXFK HYHQWV XVLQJ D VLQJOH KLJK�S7 WUDFN WULJJHU� RU D GHVLJQDWHG G( G[ WULJJHU� )RU ��� FP � F� � ��� FP�
WKH FKDUJHG ORQJ�OLYHG SDUWLFOH ZLOO GHFD\ LQVLGH WKH FDORULPHWHU� JLYLQJ D MHW�OLNH HQHUJ\ GHSRVLWLRQ LQVLGH LW�
,GHQWLpFDWLRQ RI WKHVH SDUWLFOHV ZLOO WKHUHIRUH UHO\ RQ WKH IDFW WKDW VXFK D MHW KDV RQO\ RQH WUDFN SRLQWLQJ WR LW
�VLPLODU WR RQH�SURQJ � �GHFD\V�� PRUHRYHU� WKLV WUDFN ZLOO KDYH KLJK G( G[� ,Q WKH FDVH RI WKH '� GHWHFWRU� DQ
DGGLWLRQDO G( G[ PHDVXUHPHQW LQ WKH SUHVKRZHU GHWHFWRU FDQ EH XVHG WR DLG WKH LGHQWLpFDWLRQ RI VXFK SDUWLFOHV
ERWK RsLQH DQG DW WKH WULJJHU OHYHO� $ VLQJOH KLJK�S7 WUDFN WULJJHU� D GHVLJQDWHG G( G[ WULJJHU� RU D � �WULJJHU
FRXOG EH XVHG WR WULJJHU RQ VXFK HYHQWV� )LQDOO\� IRU F� 	 ��� FP� WKH ORQJ�OLYHG SDUWLFOH ZLOO ORRN VWDEOH
IURP WKH SRLQW RI YLHZ RI WKH GHWHFWRU� DQG LWV LGHQWLpFDWLRQ ZLOO UHO\ RQ D KLJK G( G[ WUDFN LQ WKH VLOLFRQ
YHUWH[ GHWHFWRU� WKH RXWHU WUDFNHU� WKH FDORULPHWHU� DQG WKH PXRQ V\VWHP �LI WKH F� H[FHHGV LW RXWHU UDGLXV�� $Q
DGGLWLRQDO WLPH�RI�qLJKW �72)� LQIRUPDWLRQ IURP D GHVLJQDWHG 72) V\VWHP �&')� RU PXRQ V\VWHP VFLQWLOODWRUV
�'�� FRXOG EH XVHG WR WULJJHU RQ VXFK HYHQWV DQG LGHQWLI\ WKHP RsLQH� 7R VXPPDUL]H� ERWK WKH &') DQG '�
GHWHFWRUV ZLOO KDYH YHU\ JRRG FDSDELOLWLHV IRU VHDUFKHV IRU FKDUJHG ORQJ�OLYHG SDUWLFOHV ZLWK OLIHWLPHV IURP D IHZ
WHQV RI SLFRVHFRQGV WR LQpQLW\� ,GHQWLpFDWLRQ RI WKH VORZ�PRYLQJ SDUWLFOHV XVLQJ G( G[ WHFKQLTXHV LQ WKH FDVH
RI WKH '� GHWHFWRU LV GLVFXVVHG LQ PRUH GHWDLO LQ 6HFWLRQ ,9�

7KH VLWXDWLRQ LV PXFK PRUH FRPSOLFDWHG IRU D QHXWUDO ZHDNO\ LQWHUDFWLQJ SDUWLFOH� )LUVW RI DOO� LI VXFK D
SDUWLFOH GHFD\V RXWVLGH RI WKH FDORULPHWHU� LW FDQ QRW EH GHWHFWHG� DQG ZLOO ORRN OLNH D PLVVLQJ (7 LQ WKH HYHQW�
L�H� OLNH WKH /63� ,W
V XQOLNHO\ WKDW RQH FRXOG LGHQWLI\ WKH SUHVHQFH RI D ORQJ�OLYHG 1/63 LQ VXFK HYHQWV� EXW LW
VWLOO PLJKW EH SRVVLEOH WR LGHQWLI\ WKHVH HYHQWV DV WKH QRQ�60 RQHV� ,I HYHQWV ZLWK VXFK D VLJQDWXUH DUH IRXQG LQ
5XQ ,,� RQH FRXOG FRQFHLYDEO\ LQVWDOO D ZDOO RI VFLQWLOODWLQJ GHWHFWRUV IDU DZD\ IURP WKH PDLQ GHWHFWRU YROXPH
DQG WU\ WR ORRN IRU D SKRWRQ IURP WKH UDGLDWLYH GHFD\ LQ WKLV DGGLWLRQDO VFLQWLOODWRU >�@� )RU WKH SXUSRVH RI WKLV
UHSRUW� KRZHYHU� ZH ZLOO IRFXV RQO\ RQ WKH FDVH RI F� � � P� ZKLFK URXJKO\ FRLQFLGHV ZLWK WKH RXWHU UDGLXV RI WKH
'� FDORULPHWHU� 7KH GHWHFWLRQ WHFKQLTXH IRU VXFK GHFD\V UHOLHV KHDYLO\ RQ WKH pQH ORQJLWXGLQDO DQG WUDQVYHUVH
VHJPHQWDWLRQ RI WKH SUHVKRZHU GHWHFWRU DQG WKH FDORULPHWHU� ZKLFK LV DQ HVVHQWLDO DQG XQLTXH IHDWXUH RI WKH
'� GHWHFWRU�

7KH VLJQDWXUH IRU WKH UDGLDWLYH GHFD\ RI D ORQJ�OLYHG SDUWLFOH �H�J�� ��� RU ����� LV D SURGXFWLRQ RI D SKRWRQ ZLWK
D QRQ�]HUR LPSDFW SDUDPHWHU� ,I WKHUH ZDV D ZD\ WR LGHQWLI\ WKH SRLQW RI SKRWRQ RULJLQ� RQH FRXOG VLQJOH RXW
VXFK D GHOD\HG UDGLDWLYH GHFD\ FRUUHVSRQGLQJ WR D YHU\ GLVWLQFW DQG ORZ EDFNJURXQG WRSRORJ\� $V LV VKRZQ LQ
6HFWLRQ ,,,� WKH '� FDORULPHWHU LQIRUPDWLRQ� FRPELQHG ZLWK WKH SUHVKRZHU LQIRUPDWLRQ� FDQ EH XVHG WR DFKLHYH
D YHU\ SUHFLVH GHWHUPLQDWLRQ RI WKH SKRWRQ LPSDFW SDUDPHWHU� 7KLV WHFKQLTXH ZRXOG DOORZ WR LGHQWLI\ ORQJ�OLYHG
QHXWUDO SDUWLFOHV ZLWK �� FP � F� � ��� FP� LQ WKH FDVH RI WKH XSJUDGHG '� GHWHFWRU� 7KH GHWHFWDEOH F�
UDQJH FDQ EH IXUWKHU H[WHQGHG E\ D IDFWRU RI WZR E\ ORRNLQJ IRU WKH SKRWRQV IURP WKH UDGLDWLYH GHFD\ LQ WKH
'� KDGURQLF FDORULPHWHU� 7KH VLJQDWXUH IRU VXFK SKRWRQV ZRXOG ORRN OLNH D ?KRW FHOO�� L�H� DQ LVRODWHG HQHUJ\
GHSRVLW LQ RQH RU WZR KDGURQLF FDORULPHWHU FHOOV� 7KH UHDVRQ WKDW WKH (0 HQHUJ\ GHSRVLWLRQ LQ WKH FDORULPHWHU
LV VR LVRODWHG LV WKH IDFW WKDW HDFK KDGURQLF FDORULPHWHU FHOO FRQWDLQV PDQ\ UDGLDWLRQ OHQJWKV DQG FRPSOHWHO\
DEVRUEV DQ (0 VKRZHU� 7KH PDLQ EDFNJURXQG IRU WKLV VLJQDWXUH LV SURGXFWLRQ RI KLJK�S7 .�

6�PHVRQV ZKLFK
GHFD\ LQWR D SDLU RI }�
V FRUUHVSRQGLQJ WR WKH �q pQDO VWDWH� 6LQFH WKH .�

6 LV VLJQLpFDQWO\ ERRVWHG� WKHVH IRXU
SKRWRQV DUH KLJKO\ FROOLPDWHG DQG ZLOO EH LGHQWLpHG DV D VLQJOH (0 VKRZHU LQ WKH FDORULPHWHU� )RU D W\SLFDO .�

6

PRPHQWXP RI �� *H9� ZKLFK FRUUHVSRQGV WR | �� *H9 (7 RI WKH UHVXOWLQJ �q V\VWHP� WKH qF� LV DERXW ��� FP�
L�H� PRVW RI WKH .�

6 � �q GHFD\V ZLOO RFFXU LQ WKH KDGURQLF FDORULPHWHU� 7KLV EDFNJURXQG� KRZHYHU� FDQ EH
ZHOO SUHGLFWHG DQG DOVR KDV D ZHOO GHpQHG U�GHSHQGHQFH� ZKHUH U LV WKH UDGLDO GLVWDQFH RI WKH ?KRW FHOO� IURP
WKH GHWHFWRU FHQWHU� :H WKHUHIRUH H[SHFW WKLV EDFNJURXQG WR EH XQGHU FRQWURO LQ 5XQ ,,� 7KXV� WKH XSJUDGHG
'� GHWHFWRU ZLOO KDYH XQLTXH FDSDELOLWLHV IRU VHDUFKLQJ IRU QHXWUDO ORQJ�OLYHG SDUWLFOHV ZLWK �� FP � F� � � P�
%RWK WKH &') DQG '� FRXOG DOVR H[SORUH WKH ��� FP � F� � �� FP UDQJH E\ ORRNLQJ IRU D FRQYHUVLRQ RI



WKH SKRWRQ IURP D UDGLDWLYH GHFD\ LQ WKH VLOLFRQ YHUWH[ GHWHFWRU� ,I WKH SKRWRQ FRQYHUWV� RQH FDQ GHWHUPLQH LWV
GLUHFWLRQ DQG WKH LPSDFW SDUDPHWHU IDLUO\ SUHFLVHO\ E\ ORRNLQJ DW WKH WUDFNV IURP WKH H� Hb�SDLU� 2QH� KRZHYHU�
ZRXOG SD\ D VLJQLpFDQW SULFH IRU EHLQJ DEOH WR H[SORUH WKLV UHJLRQ RI F� � VLQFH WKH SUREDELOLW\ RI SKRWRQ FRQYHUVLRQ
LQ WKH VLOLFRQ YHUWH[ GHWHFWRU LV RQO\ D IHZ SHU FHQW� &') FRXOG LQ SULQFLSOH XVH WKH FRQYHUVLRQ WHFKQLTXH WR
H[SORUH KLJKHU YDOXHV RI WKH F� E\ ORRNLQJ IRU FRQYHUVLRQV LQ WKH RXWHU WUDFNLQJ FKDPEHU� +RZHYHU� GXH WR WKH
ORZ FRQYHUVLRQ SUREDELOLW\ WKH VHQVLWLYLW\ RI WKH &') GHWHFWRU LQ WKLV UHJLRQ LV E\ IDU ORZHU WKDQ WKDW RI WKH
'� GHWHFWRU�

$SDUW IURP EHLQJ FUXFLDO IRU WKH VWXG\ RI SK\VLFV ZLWK GHOD\HG UDGLDWLYH GHFD\V� WKH '� GHWHFWRU DELOLW\ IRU
SKRWRQ SRLQWLQJ LV YHU\ DWWUDFWLYH IURP RWKHU SRLQWV RI YLHZ� ,Q WKH KLJK OXPLQRVLW\ FROOLGHU HQYLURQPHQW WKH
DYHUDJH QXPEHU RI LQWHUDFWLRQV SHU FURVVLQJ H[FHHGV RQH� �,W FDQ EH DV KLJK DV pYH� IRU WKH ��� QV EXQFK VSDFLQJ
H[SHFWHG DW WKH EHJLQQLQJ RI 5XQ ��� 7KHUHIRUH� HDFK HYHQW ZLOO JHQHUDOO\ KDYH VHYHUDO SULPDU\ YHUWLFHV ZLWK
RQO\ RQH EHLQJ IURP WKH KLJK�S7 LQWHUDFWLRQ RI SK\VLFV LQWHUHVW� DQG WKH RWKHUV EHLQJ GXH WR PLQLPXP ELDV
SzS FROOLVLRQV� 7KH SUHVHQFH RI PXOWLSOH YHUWLFHV FUHDWHV D SUREOHP LQ FKRRVLQJ WKH ULJKW RQH IRU GHWHUPLQDWLRQ
RI WKH WUDQVYHUVH HQHUJLHV RI WKH REMHFWV� 3KRWRQ SRLQWLQJ FDQ VROYH WKLV SUREOHP� ,W LV HVSHFLDOO\ LPSRUWDQW
DW WKH WULJJHU OHYHO ZKHQ WKH LQIRUPDWLRQ DERXW DOO WKH REMHFWV LQ WKH HYHQWV LV QRW JHQHUDOO\ DYDLODEOH� DQG
WKHUHIRUH KLJK�S7 REMHFWV ZKLFK SURGXFH WUDFNV LQ WKH WUDFNLQJ FKDPEHUV FDQ QRW DOZD\V EH XVHG WR SLQSRLQW
WKH KDUG VFDWWHULQJ YHUWH[� ,Q VRPH FDVHV� IRU H[DPSOH WKH q � (�7 pQDO VWDWH� WKHUH DUH QR REMHFWV ZLWK
WUDFNV DW DOO� VR WKHUH LV QR ZD\ WR GHWHUPLQH ZKDW YHUWH[ WKH SKRWRQ RULJLQDWHG IURP ZLWKRXW XWLOL]LQJ WKH
FDORULPHWHU�EDVHG SRLQWLQJ� 1RW NQRZLQJ ZKLFK YHUWH[ LV WKH RQH IURP KLJK�S7 FROOLVLRQ UHVXOWV LQ WKH REMHFW
(7 PLVPHDVXUHPHQW� ZKLFK LV HVSHFLDOO\ SUREOHPDWLF IRU PLVVLQJ WUDQVYHUVH HQHUJ\ FDOFXODWLRQV� ,QGHHG� (�7
FDOFXODWLRQV UHO\ KHDYLO\ RQ WKH YHUWH[ SRVLWLRQ DQG SLFNLQJ WKH ZURQJ RQH PD\ UHVXOW LQ VLJQLpFDQW PLVVLQJ
WUDQVYHUVH HQHUJ\ FDOFXODWHG LQ WKH HYHQW ZKLFK LQ IDFW GRHV QRW KDYH DQ\ SK\VLFV VRXUFHV RI UHDO (�7 � 1RW GRHV
RQO\ WKLV DoHFW SK\VLFV DQDO\VHV IRU WRSRORJLHV ZLWK (�7 � HVSHFLDOO\ WKH q � (�7 RQH� EXW LW DOVR UHVXOWV LQ D
ZRUVHQLQJ RI WKH (�7 UHVROXWLRQ� KHQFH D VORZHU WXUQ�RQ RI WKH (�7 �WULJJHUV DQG HUJR KLJKHU WULJJHU UDWHV� ,W LV�
WKHUHIRUH� YHU\ LPSRUWDQW WR KDYH D ZD\ RI WHOOLQJ WKH KLJK�S7 SULPDU\ YHUWH[� DQG SKRWRQ SRLQWLQJ LV WKH RQO\
ZD\ RI GRLQJ WKLV LQ WKH q �(�7 FDVH�

6XEVHTXHQW VHFWLRQV FRQWDLQ WHFKQLFDO GHWDLO RQ WKH KLJK�G( G[ DQG GHOD\HG SKRWRQ LGHQWLpFDWLRQ�
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7KH LPSRUWDQFH RI SKRWRQ SRLQWLQJ ZDV DSSUHFLDWHG LQ VRPH 5XQ , DQDO\VHV� SDUWLFXODUO\ WKH VWXGLHV RI
=�{{�q >�@ DQG qq >�@� :H KDYH XWLOL]HG WKH pQH ORQJLWXGLQDO VHJPHQWDWLRQ RI WKH '� (0 FDORULPHWHU �ZKLFK
KDV IRXU ORQJLWXGLQDO OD\HUV� E\ FDOFXODWLQJ WKH F�R�J� RI WKH VKRZHU LQ DOO IRXU OD\HUV LQGHSHQGHQWO\ DQG WKHQ
pWWLQJ WKH IRXU VSDWLDO SRLQWV WR D VWUDLJKW OLQH LQ RUGHU WR GHWHUPLQH WKH LPSDFW SDUDPHWHU DQG WKH ]�SRVLWLRQ
RI WKH SKRWRQ SRLQW�RI�RULJLQ >�@ �VHH )LJ� ��� 7KH DOJRULWKP XVHG IRU WKH F�R�J� pQGLQJ LV EDVHG RQ D ORJDULWKPLF
ZHLJKWLQJ RI WKH HQHUJ\ GHSRVLWLRQ LQ WKH (0 FDORULPHWHU FHOOV ZKLFK EHORQJ WR WKH (0 VKRZHU� 7KH VSDWLDO
UHVROXWLRQ RI WKH F�R�J� pQGLQJ DOJRULWKP LQ IRXU FDORULPHWHU OD\HUV DYHUDJHG RYHU FHQWUDO �&&� DQG IRUZDUG
�(&� UDSLGLW\ UDQJH� DV ZHOO DV WKH JHRPHWULFDO SDUDPHWHUV RI WKH FDORULPHWHU OD\HUV DUH JLYHQ LQ 7DEOH ,,,� 7KLV
VWXG\ UHVXOWHG LQ DQ DOJRULWKP� (097; >�@� WKDW KDV EHHQ XVHG LQ VHYHUDO '� DQDO\VHV LQYROYLQJ SKRWRQV >���@�
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) ,*85( �� 6LGH �Y LH Z R I WKH ' � F D OR ULPH WH U LOOXVWUD WLQJ WKH D SSOLF D WLR Q R I WKH (097; D OJ R ULWKP�

,Q RUGHU WR VWXG\ WKH LPSURYHPHQW RI SKRWRQ SRLQWLQJ PDGH SRVVLEOH E\ WKH XWLOL]DWLRQ RI WKH pQH VSDWLDO
UHVROXWLRQ RI WKH SUHVKRZHU GHWHFWRU� ZH KDYH ZULWWHQ D WR\ 0RQWH &DUOR �0&� VLPXODWLRQ SDFNDJH ZKLFK
WDNHV LQWR DFFRXQW GHWHFWRU JHRPHWU\� SRVLWLRQ HUURU LQ FDORULPHWHU DQG SUHVKRZHU� DV ZHOO DV WKH SULPDU\
YHUWH[ GLVWULEXWLRQ� )LUVW� ZH FRPSDUH WKH UHVROXWLRQ REWDLQHG IURP WKH WR\ 0& ZLWK WKH DFWXDO GLVWULEXWLRQV
REWDLQHG IURP : � H{ HYHQWV FROOHFWHG LQ 5XQ �� )RU HOHFWURQV IURP : �HYHQWV LW LV SRVVLEOH WR GHWHUPLQH WKH
SRLQW RI RULJLQ E\ XVLQJ WUDFN LQIRUPDWLRQ� ZKLFK LV TXLWH SUHFLVH� 7KH GLoHUHQFH EHWZHHQ WKH ] SRVLWLRQ RI WKH
YHUWH[ REWDLQHG IURP WUDFNLQJ DQG IURP HOHFWURQ SRLQWLQJ DV ZHOO DV WKH VLJQHG LPSDFW SDUDPHWHU IRU WKH HOHFWURQ
REWDLQHG E\ SRLQWLQJ DUH VKRZQ LQ )LJ� �� IRU FHQWUDO HOHFWURQV� �7KH SRVLWLYH VLJQ FRUUHVSRQGV WR WKH LPSDFW
SDUDPHWHU WR WKH ULJKW RI WKH FHQWHU RI WKH GHWHFWRU REVHUYHG IURP WKH (0 FOXVWHU ORFDWLRQ�� 7KH GLVWULEXWLRQV
DUH pWWHG ZLWK *DXVVLDQ IXQFWLRQV ZLWK WKH ZLGWKV RI �]  ���� FP DQG �U  ��� FP� DV GHWHUPLQHG IURP WR\
0&� 7KH GDWD DJUHHV ZHOO ZLWK WKH 0& SUHGLFWLRQV DQG DOVR DSSHDUV *DXVVLDQ� $Q DQDORJRXV FRPSDULVRQ IRU
IRUZDUG HOHFWURQV LV VKRZQ LQ )LJ� �� 7KH FRUUHVSRQGLQJ UHVROXWLRQV DUH �]  ���� FP DQG �U  ��� FP� 7KH
UHVROXWLRQ RQ LPSDFW SDUDPHWHU LPSURYHV LQ WKH IRUZDUG UHJLRQ EHFDXVH WKH SK\VLFDO VL]H RI WKH FDORULPHWHU
FHOOV EHFRPHV VPDOOHU ZLWK DQ LQFUHDVH LQ MuM� ,Q WKH ]�GLUHFWLRQ� WKLV HoHFW LV FRPSHQVDWHG E\ WKH VPDOO DQJOH
RI WKH FOXVWHU SRLQWLQJ� ZKLFK GLOXWHV WKH ]�UHVROXWLRQ�

7KH FHQWUDO DQG IRUZDUG SUHVKRZHU GHWHFWRUV RI WKH '� 8SJUDGH SURYLGH D SUHFLVLRQ PHDVXUHPHQW RI WKH
SKRWRQ FOXVWHU SRVLWLRQ� 7KH UHVROXWLRQ IRU D W\SLFDO (0 VKRZHU SHUSHQGLFXODU WR WKH SUHVKRZHU VWULS LV
| � PP� 7DNLQJ LQWR DFFRXQW WKH FURVVLQJ DQJOH EHWZHHQ WKH X� DQG Y�SODQHV LQ WKH SUHVKRZHU GHWHFWRUV� WKH
IROORZLQJ UHVROXWLRQV LQ U� DQG ] �U� FDQ EH REWDLQHG� �U�  ��� PP� �]  ��� PP �&36� DQG �U�  ��� PP�
�U  ��� PP �&36�� $V RQH FDQ VHH� WKH SUHVKRZHU FOXVWHU SRVLWLRQ PHDVXUHPHQW LV VXSHULRU WR WKDW REWDLQHG
IURP WKH (0 FDORULPHWHU� LWV SRVLWLRQ LV DOVR VSDWLDOO\ VHSDUDWHG IURP WKDW LQ WKH FDORULPHWHU� DV VHHQ LQ )LJ� ��

:LWK WKH DGGLWLRQDO SRVLWLRQ PHDVXUHPHQW FRPLQJ IURP WKH SUHVKRZHU GHWHFWRUV� WKH IROORZLQJ SRLQWLQJ
UHVROXWLRQV FDQ EH REWDLQHG IRU FHQWUDO DQG IRUZDUG SKRWRQV LQ 5XQ �� �]  ��� FP� �U  ��� FP �&&� VHH
)LJ� �� DQG �]  ��� FP� �U  ��� FP �(&� VHH )LJ� ��� $ YHU\ VLJQLpFDQW LPSURYHPHQW LQ SKRWRQ SRLQWLQJ �E\
D IDFWRU RI VL[� LV DFKLHYHG E\ XWLOL]LQJ WKH DGGLWLRQDO SRVLWLRQ PHDVXUHPHQW SURYLGHG E\ SUHVKRZHU GHWHFWRUV�

7KH LPSOHPHQWDWLRQ RI WKH SKRWRQ�SRLQWLQJ DOJRULWKP FDQ EH GRQH DV HDUO\ DV DW WKH WULJJHU /HYHO �� $Q
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DSSUR[LPDWH DOJRULWKP WKDW XVHV RQO\ WKH F�R�J� RI WKH (0 VKRZHU LQ WKH SUHVKRZHU DQG LQ WKH WKLUG OD\HU
RI WKH (0 FDORULPHWHU FRXOG EH XVHG WR GHFUHDVH WKH DPRXQW RI FDOFXODWLRQV DQG� KHQFH� WKH GHFLVLRQ�PDNLQJ
WLPH� 0RQWH &DUOR VLPXODWLRQV VKRZ WKDW WKH LPSDFW SDUDPHWHU DQG ]�UHVROXWLRQV IRU D VLPSOLpHG DOJRULWKP
DUH RQO\ ��� ZRUVH WKDQ WKRVH REWDLQHG E\ FRPSOHWH pYH�SRLQW pW� ZKLFK LV TXLWH VDWLVIDFWRU\ IRU WULJJHU
SXUSRVHV� +DYLQJ WKH SUHFLVH YHUWH[ LQIRUPDWLRQ IURP SKRWRQ�SRLQWLQJ IRU SKRWRQ WULJJHUV DW /HYHO �� ZH ZLOO
DOVR UHFDOFXODWH WKH (�7EDVHG RQ WKLV YHUWH[� DQG WKDW ZRXOG VLJQLpFDQWO\ LPSURYH WKH WXUQ�RQ RI WKH (�7SDUW RI
OHVV LQFOXVLYH WULJJHUV ZKLFK ZRXOG UHTXLUH DQ (0 FOXVWHU DQG (�7 �
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$V GHVFULEHG LQ 6HFWLRQ ,,� ORQJ�OLYHG FKDUJHG SDUWLFOHV KDYH D YDULHW\ RI FKDUDFWHULVWLFV ZKLFK HQDEOH WKHLU
LGHQWLpFDWLRQ� SDUWLFXODUO\ LQ WKH DQDO\VLV VWDJH ZKHQ WKH HYHQW
V FRPSOHWH GDWD VHW LV DYDLODEOH� 'HSHQGLQJ RQ
WKH OLIHWLPH� D FRPELQDWLRQ RI WLPH�RI�qLJKW� LRQL]DWLRQ �G( G[� LQ VHYHUDO GLoHUHQW GHWHFWRUV� DQG WKH PXRQ�OLNH
SHQHWUDWLRQ RI D KLJK PRPHQWXP� LVRODWHG WUDFN DOO FDQ EH HPSOR\HG� ZLWK WKH DGGLWLRQDO SUHVHQFH RI D NLQN
ZKHUH WKHUH LV D GHFD\ ZLWKLQ WKH GHWHFWRU YROXPH� (YHQ WKRXJK GLVFRYHU\ DW WKH DQDO\VLV VWDJH VHHPV SRVVLEOH�
WULJJHULQJ LV UHDOO\ FUXFLDO� LI KHDY\ VWDEOH SDUWLFOHV SURGXFHG DW WKH 7HYDWURQ DUH WR EH GHWHFWHG� ,Q WKLV VHFWLRQ
ZH GLVFXVV WKH SRVVLELOLWLHV IRU WULJJHULQJ� DQG LQ SDUWLFXODU� WKH XVH RI G( G[ LQ WKH KDUGZDUH WULJJHU DV D WRRO
IRU GHWHFWLQJ WKHVH REMHFWV�
7KH '� WULJJHU V\VWHP LV KLHUDFKLDO� ZLWK � OHYHOV� HDFK OHYHO SDVVLQJ D VPDOO VXEVHW RI WKH HYHQWV LW H[DPLQHV

WR WKH QH[W OHYHO IRU IXUWKHU DQDO\VLV� 7KXV /HYHO � KDV D KLJK LQSXW UDWH DQG H[DPLQHV D OLPLWHG DPRXQW
RI LQIRUPDWLRQ LQ PDNLQJ LWV GHFLVLRQ� ZKLOH VXEVHTXHQW OHYHOV KDYH SURJUHVVLYHO\ ORZHU LQSXW UDWHV DQG VSHQG
ORQJHU DQDO\]LQJ PRUH GDWD� $W /HYHO �� DOO WKH GDWD GLJLWL]HG IRU WKH HYHQW LV DYDLODEOH DQG WKH VHOHFWLRQ LV
PDGH UXQQLQJ VRIWZDUH DOJRULWKPV ZULWWHQ LQ KLJK OHYHO FRGH DQG GHULYHG IURP WKH RsLQH DQDO\VLV� :H H[SHFW



Zvtx resolution, Run II
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WKDW WKH PDVVLYH VWDEOH SDUWLFOHV ZLOO EH VXrFLHQWO\ UDUH� DQG WKHLU FKDUDFWHULVWLFV FOHDU� VXFK WKDW VHSDUDWLQJ
FDQGLGDWHV DW /HYHO � ZLOO EH VWUDLJKW IRUZDUG� +RZHYHU� ZH QHHG WR XQGHUVWDQG KRZ WR LQGHQWLI\ WKHVH HYHQWV
LQ WKH KDUGZDUH WULJJHUV VR WKDW WKH\ VXUYLYH WR /HYHO ��

)RU /HYHO � VHYHUDO WRROV DUH DYDLODEOH WR GHWHFW D PDVVLYH VWDEOH SDUWLFOH� 7KH &HQWUDO )LEHU 7UDFNHU SURYLGHV
WUDFN FDQGLGDWHV ELQQHG LQ PRPHQWXP WR ZKLFK LW FDQ DSSO\ DQ LVRODWLRQ FULWHULD >�@� 7KH &)7 KDV �� WULJJHU
VHJPHQWV LQGHSHQGHQWO\ SURFHVVHG E\ WKH WULJJHU� )RU D KHDY\ VWDEOH SDUWLFOH RQH FDQ VHOHFW D KLJK S7 WUDFN



ZLWK QR RWKHU WUDFNV LQ WKH KRPH DQG DGMDFHQW VHJPHQWV� LPSRVLQJ DQ LVRODWLRQ RI h����r LQ D]LPXWKDO DQJOH >�@�
$VVRFLDWLRQ RI D PXRQ ZLWK VXFK D WUDFN ZRXOG SURYLGH DQ HrFLHQW /HYHO � WULJJHU IRU PDVVLYH VWDEOH SDUWLFOHV�
SURGXFHG FHQWUDOO\ DQG LQ LVRODWLRQ�
$Q DGGLWLRQDO WRRO >�@ DW /HYHO � LV WKH PHDVXUHPHQW RI WKH WLPH RI qLJKW �72)� IURP VFLQWLOODWRUV DVVRFLDWHG

ZLWK WKH PXRQ GHWHFWRU DQG XVHG SULPDULO\ WR UHGXFH EDFNJURXQG LQ WKH ODUJH DUHD PXRQ GHWHFWRU IURP FRVPLF
UD\ DQG EHDP DVVRFLDWHG DFFLGHQWDOV� 7KHVH FRXQWHUV FRYHU PXFK RI WKH DUHD MXVW RXWVLGH WKH FDORULPHWHU� LQVLGH
WKH pUVW �?$�� OD\HU RI PXRQ GHWHFWRUV� DQG FRPSOHWHO\ RXWVLGH WKH GHWHFWRU� RQ WRS RI WKH PXRQ ?&� OD\HU
SODQHV� (OHFWURQLFV DVVRFLDWHG ZLWK WKH VFLQWLOODWLRQ FRXQWHUV SURYLGHV ERWK D WULJJHU JDWH DQG D 72) JDWH�
WKXV JLYLQJ WLPH ZLQGRZV UHODWLYH WR WKH LQWHUDFWLRQ WLPH� 6FLQWLOODWRU KLWV UHFHLYHG ZLWKLQ WKH 72) JDWH ZLOO
KDYH WKH WLPH RI qLJKW PHDVXUHPHQW GLJLWL]HG DQG VDYHG ZLWK WKH GDWD� DVVXPLQJ WKH HYHQW RWKHUZLVH SDVVHV
/HYHO �� 7\SLFDOO\ WKH 72) JDWH ZLOO EH VHW VXrFLHQWO\ ZLGH WR DFFHSW VORZ PRYLQJ SDUWLFOHV� QDPHO\ DW OHDVW
��� QVHF� 7R FRQWULEXWH WR WKH /HYHO � WULJJHU� KRZHYHU� WKH VFLQWLOODWRU KLW PXVW RFFXU ZLWKLQ WKH WULJJHU JDWH�
ZKLFK LV QHFHVVDULO\ PXFK VKRUWHU �RI RUGHU �� QVHF� EHFDXVH RI WKH KLJK UDWH RI DFFLGHQWDOV� SDUWLFXODUO\ LQ WKH
?$� OD\HU FRXQWHUV� ,W PD\ EH SRVVLEOH WR UXQ ZLWK D FRQVLGHUDEOH ZLGHU WULJJHU JDWH IRU WKH ?&� OD\HU FRXQWHUV�
JLYHQ WKH ORZHU H[SHFWHG DFFLGHQWDO UDWH LQ WKHVH FRXQWHUV� ,Q WKLV FDVH� 72) IURP WKH PXRQ V\VWHP ZRXOG
SURYLGH D XVHIXO WRRO IRU /HYHO � WULJJHULQJ RQ VORZ SDUWLFOHV� *LYHQ D /HYHO � WULJJHU� JHQHUDWHG HLWKHU WKURXJK
72) RU WKURXJK DQ LVRODWHG VWLo &)7 WUDFN� WKH 72) GDWD ZLOO EH D XVHIXO WRRO IRU WKH /HYHO � DQG /HYHO �
WULJJHUV�
%H\RQG /HYHO �� WKH QHZ 6LOLFRQ 0LFURVWULS 7UDFNHU SURYLGHV LQWHUHVWLQJ SRVVLELOLWLHV IRU WULJJHULQJ RQ VORZ

PRYLQJ SDUWLFOHV� 6LQFH HQHUJ\ ORVV RI D VORZ PRYLQJ SDUWLFOH GURSV DV � p� DV D IXQFWLRQ RI LWV YHORFLW\� WKH
H[FHOOHQW G( G[ HQHUJ\ UHVROXWLRQ RI WKH VLOLFRQ FKLS SURYLGHV D JRRG KDQGOH IRU RsLQH LGHQWLpFDWLRQ� )RU
H[DPSOH� WKH HQHUJ\ GHSRVLWHG LQ RQH VLOLFRQ OD\HU LV VKRZQ LQ )LJ� �� DV PHDVXUHG LQ D WHVW EHDP >�@� 0RUH
LPSRUWDQWO\ IRU WKH GHWHFWLRQ RI VORZ PRYLQJ SDUWLFOHV� WKHUH DUH SRVVLELOLWLHV WR H[SORLW WKHVH PHDVXUHPHQWV DW
WKH WULJJHU OHYHO� ZLWK UHFHQW DSSURYDO RI WKH '� 6LOLFRQ 7UDFNHU 7ULJJHU �677� >��@ DV D FRPSRQHQW RI WKH /HYHO
� WULJJHU V\VWHP� 7KH KDUGZDUH GHVLJQ IRU WKH 677 PD\ DOORZ IRU WKH LQFOXVLRQ RI VHYHUDO DGGLWLRQDO EDFNSODQH
OLQHV WR FDUU\ G( G[ LQIRUPDWLRQ DORQJ ZLWK WKH RWKHU GDWD DVVRFLDWHG ZLWK HDFK FOXVWHU RI KLWV >��@� :H KDYH
VWXGLHG WKH EDVLF FDSDELOLWLHV RI VXFK WULJJHU KDUGZDUH WR H[SORUH LWV SRWHQWLDO IRU VORZ SDUWLFOH LGHQWLpFDWLRQ�
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2XU VLPXODWLRQ RI WKH 677 VORZ SDUWLFOH WULJJHU LV EDVHG RQ D VLPSOH 0RQWH &DUOR JHQHUDWRU ZKLFK UHWXUQV
DQ $'& YDOXH DSSURSULDWH IRU WKH VSHFWUXP VKRZQ LQ )LJ� �� :H DVVXPH WKDW WZR EDFNSODQH OLQHV SHU 607
KLW DUH DYDLODEOH� DQG ZH HQFRGH HDFK $'& YDOXH LQWR WKHVH WZR ELWV RI GDWD� RU IRXU ELQV� $IWHU WU\LQJ YDULRXV



YDOXHV IRU WKH WKUHH ELQ HGJHV� ZH KDYH FKRVHQ WR GHpQH WKH ELQV E\ WKRVH $'& YDOXHV EHORZ ZKLFK OLH ����
���� DQG ��� RI WKH GDWD� 7KHVH FXWRoV FRUUHVSRQG WR ��� ��� DQG ��� $'& FRXQWV �VHH )LJ� ��� 7KH 677
/HYHO � WULJJHU SURFHVVRU pQGV WUDFNV XVLQJ IRXU OD\HUV RI VLOLFRQ� VR� LQ RXU PRGHO� WKH KDUGZDUH ZRXOG SURYLGH
IRXU VDPSOHV RI WKLV WZR ELW G( G[ GDWD IRU HDFK WUDFN� $W WKLV SRLQW WKH WULJJHU ZRXOG XVH VRPH DOJRULWKP WR
FRPELQH WKH IRXU VDPSOLQJV PRVW DGYDQWDJHRXVO\� 7KH PDMRU FRQFHUQ IRU WKH FRUUHFW LGHQWLpFDWLRQ RI D VORZ
PRYLQJ SDUWLFOH LV WKH OLNHOLKRRG RI IDOVH VLJQDOV IURP D PLQLPXP LRQL]LQJ SDUWLFOH �0,3�� GXH WR DQ RFFDVLRQDO
UHVSRQVH LQ WKH YHU\ ORQJ WDLO RI WKH /DQGDX HQHUJ\ ORVV GLVWULEXWLRQ� %DVHG RQ D IHZ VWXGLHV� RXU SUHOLPLQDU\
VXJJHVWLRQ LV VLPSO\ WR VXP WKH WKUHH ORZHVW YDOXHV� UHMHFWLQJ WKH ODUJHVW $'& FRXQW RI WKH IRXU� 7KH GDWD WKHQ
ZRXOG SURYLGH D SDUDPHWHU� UHODWHG WR D G( G[ RI WKH SDUWLFOH LQ WKH VLOLFRQ WUDFNHU� ZKLFK ZH FDOO ?VORZQHVV��
DQG ZKLFK KDV �� SRVVLEOH YDOXHV ������� )URP RXU VLPXODWLRQ ZH GHULYH WKH GLVWULEXWLRQ LQ VORZQHVV IRU D p  �
SDUWLFOH �HTXLYDOHQW WR WKH WHVW EHDP SLRQ�� DV VKRZQ LQ )LJ� ��
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7KH $'& UHVSRQVH WR WKH SDVVDJH RI D VORZ PRYLQJ SDUWLFOH ZLOO EH VLPLODU WR WKH $'& GLVWULEXWLRQ RI
)LJ� � VFDOHG E\ WKH IDFWRU � p�� +RZHYHU� EHFDXVH RI WKH YHU\ GLoHUHQW NLQHPDWLFV �WKH VORZ PRYLQJ SDUWLFOH
LV PDVVLYH� W\SLFDOO\ ��� *H9� WKH HQHUJ\ ORVV GLVWULEXWLRQ ZLOO KDYH D OHVV SURQRXQFHG /DQGDX WDLO� :H PDNH
D YHU\ FRQVHUYDWLYH DVVXPSWLRQ DQG XVH RQO\ WKH *DXVVLDQ FRPSRQHQW LQ JHQHUDWLQJ $'& YDOXHV IRU PDVVLYH
VORZ PRYLQJ SDUWLFOHV� 6HYHUDO UHVXOWLQJ GLVWULEXWLRQV LQ RXU G( G[ WULJJHU SDUDPHWHU� ?VORZQHVV�� IRU SDUWLFOHV
ZLWK p  ��� DQG p  ���� DUH LQFOXGHG LQ )LJ� �� 7KHUH LV D FOHDU VHSDUDWLRQ LQ WKLV SDUDPHWHU FRPSDUHG WR
WKH p  � GLVWULEXWLRQ�
7R HVWLPDWH WKH HoHFWLYHQHVV RI WKH 677 G( G[ WULJJHU ZH FRQVLGHU D VHOHFWLRQ ZKLFK WDJV DV D VORZ SDUWLFOH

WKRVH ZKRVH ?VORZQHVV� LV JUHDWHU WKDQ RU HTXDO WR VRPH YDOXH� :H YDU\ WKLV VHOHFWLRQ WR VWXG\ WKH HrFLHQF\
IRU VORZ SDUWLFOHV �DW KLJKHVW SRVVLEOH p� ZKLOH PDLQWDLQLQJ D VWURQJ UHMHFWLRQ DJDLQVW p  � SDUWLFOHV� )LJXUH �
VKRZV WKH DFFHSWDQFH DV D IXQFWLRQ RI D SDUWLFOH
V YHORFLW\� IRU HYHQWV ZLWK VORZQHVV ! �� 7KH DSSHDUDQFH RI D
IHZ p  � SDUWLFOHV EXW QRW RWKHU KLJK p HYHQWV UHqHFWV WKH FRQVHUYDWLYH XVH� IRU PDVVLYH SDUWLFOHV� RI D *DXVVLDQ
$'& UHVSRQVH� UDWKHU WKDQ WKH /DQGDX GLVWULEXWLRQ� ZKLFK LV XVHG WR JHQHUDWH WKH $'& YDOXHV IURP D 0,3�
'HVSLWH WKH LQWHQW WR WULJJHU RQO\ RQ FHQWUDOO\ SURGXFHG REMHFWV� WUDFNV ZLOO WHQG WR EH LQFOLQHG WR WKH VLOLFRQ�

LQFUHDVLQJ DQG EURDGHQLQJ WKH G( G[ UHVSRQVH� ,Q IDFW� WKH 677 KDUGZDUH ZLOO VHDUFK IRU WUDFN FDQGLGDWHV IURP
DGMDFHQW EDUUHOV� VR WKDW WUDFNV PD\ EH LQFOLQHG WR WKH QRUPDO E\ DV PXFK DV ��r DOWKRXJK WKH 677 ZLOO KDYH
QR LQIRUPDWLRQ DERXW WKLV DQJOH� :H KDYH PRGHOHG WKH HoHFW RI LQFOLQHG WUDFNV E\ VFDOLQJ WKH DSSURSULDWH $'&
UHVSRQVH E\ � FRV v� ZKHUH FRV v LV JHQHUDWHG XQLIRUPO\ EHWZHHQ ���� DQG ���� RU E\ u� ZKHUH u LV JHQHUDWHG
XQLIRUPO\ EHWZHHQ � DQG ����� 7KH GLoHUHQFHV EHWZHHQ VPHDULQJ EDVHG RQ FRV v DQG WKDW EDVHG RQ u DUH
VPDOO� :H SUHVHQW KHUH UHVXOWV XVLQJ FRV v VPHDULQJ IRU WKH FHQWUDOO\ SURGXFHG PDVVLYH VWDEOH SDUWLFOHV DQG
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