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&��<� (GZDUG 7RQJD� -RQDWKDQ .DZDPXUDE� 7RGG 5� +XQWHUD�

'� &RVPR 3DSDD� 5D\PRQG %OXQGHOOD� 0LFKDHO 6PLWKD

)HUGLQDQG 3DWWF� *UHJRU\ *RO
WVPDQG� DQG (XJHQH *HUVKHQ]RQG

$EVWUDFW

$ SKRQRQ�FRROHG 1E1 VXSHUFRQGXFWLYH KRW�HOHFWURQ ERORPHWHU UHFHLYHU FRYHU�

LQJ WKH IUHTXHQF\ UDQJH ��� � ���� 7+] KDV VXFFHVVIXOO\ EHHQ XVHG IRU DVWURQRPLFDO

REVHUYDWLRQ DW WKH 6XE�0LOOLPHWHU 7HOHVFRSH 2EVHUYDWRU\ RQ 0RXQW *UDKDP� $UL�

]RQD� 7KLV ZDYHJXLGH KHWHURG\QH UHFHLYHU LV D PRGLnHG YHUVLRQ RI RXU n[HG�WXQHG

��� *+] +(% UHFHLYHU WR DOORZ IRU RSHUDWLRQ EH\RQG � 7+]� 7KH PHDVXUHG QRLVH

WHPSHUDWXUH RI WKLV UHFHLYHU LV DERXW ���� . DW ���� 7+]� ��� . DW ���� 7+]� DQG

���� . DW ����� 7+]� ,W KDV D � *+] ZLGH ,) EDQGZLGWK� FHQWHUHG DW ��� *+]� 7KLV

UHFHLYHU KDV UHFHQWO\ EHHQ XVHG WR GHWHFW WKH &2 �� � �� PROHFXODU OLQH HPLVVLRQ

DW ����� 7+] LQ WKH 2ULRQ QHEXOD� 7KLV LV WKH nUVW WLPH D JURXQG�EDVHG KHWHURG\QH

UHFHLYHU KDV EHHQ XVHG WR GHWHFW D FHOHVWLDO VRXUFH DERYH � 7+]�

D +DUYDUG�6PLWKVRQLDQ &HQWHU IRU $VWURSK\VLFV� �� *DUGHQ 6W�� &DPEULGJH� 0$ ������

E &DOLIRUQLD ,QVWLWXWH RI 7HFKQRORJ\� ������� 3DVDGHQD� &$ ������

F 6XEPLOOLPHWHU 7HOHVFRSH 2EVHUYDWRU\� ��� 1� &KHUU\ $Y�� 7XVFRQ� $= ������

G 0RVFRZ 6WDWH 3HGDJRJLFDO 8QLYHUVLW\� 0RVFRZ� ������� 5XVVLD�
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$V VXSHUFRQGXFWLQJ UHFHLYHU WHFKQRORJ\ KDV PDWXUHG LQ UHFHQW \HDUV� ORZ�QRLVH

KHWHURG\QH UHFHLYHUV KDYH EHHQ GHYHORSHG IRU WKH 7+] IUHTXHQF\ EDQG� 7KH nUVW

ODERUDWRU\ VXSHUFRQGXFWLQJ KHWHURG\QH PL[HU RSHUDWLQJ DERYH � 7+] ZDV UHSRUWHG

LQ ���� >�@� 7KLV UHFHLYHU XVHG DQ 6,6 PL[HU� ZKLFK FDQ RmHU QHDUO\ TXDQWXP�OLPLWHG

QRLVH SHUIRUPDQFH XS WR � 7+]� EXW ZKLFK EHFRPHV YHU\ QRLV\ DERYH � 7+]� 6LQFH

WKHQ� VHYHUDO JURXSV KDYH UHSRUWHG ORZ QRLVH SHUIRUPDQFH DW 7+] IUHTXHQFLHV XVLQJ

UHFHLYHUV WKDW HPSOR\ VXSHUFRQGXFWLYH KRW�HOHFWURQ ERORPHWHU �+(%� PL[HUV >���@�

7KH 6XEPLOOLPHWHU 5HFHLYHU /DERUDWRU\ DW WKH +DUYDUG�6PLWKVRQLDQ &HQWHU

IRU $VWURSK\VLFV KDV EHHQ FROODERUDWLQJ ZLWK WKH 0RVFRZ 6WDWH 3HGDJRJLFDO 8QL�

YHUVLW\ VLQFH ���� WR GHYHORS SKRQRQ�FRROHG +(% ZDYHJXLGH PL[HUV� 7KLV HmRUW

KDV EHHQ YHU\ IUXLWIXO� DQG ZH KDYH EHHQ DEOH WR URXWLQHO\ SURGXFH VXEPLOOLPHWHU

DQG WHUDKHUW] UHFHLYHUV KDYLQJ QRLVH WHPSHUDWXUHV LQ WKH UDQJH RI �� b ��Ky N� DW

RSHUDWLQJ IUHTXHQFLHV XS WR ���� 7+] LQ RXU ODERUDWRU\ >���@� ,Q WKH ZLQWHUV RI �����

DQG ������ ZH LQVWDOOHG RXU ��� *+] +(% UHFHLYHU RQ WKH ���P +HLQULFK +HUW] 7HOH�

VFRSH RQ 0W� *UDKDP� $UL]RQD� 7KLV UHFHLYHU ZDV WKH nUVW VXSHUFRQGXFWLYH +(%

UHFHLYHU GHSOR\HG RXWVLGH D ODERUDWRU\ HQYLURQPHQW >�@� ,W ZDV XVHG VXFFHVVIXOO\ WR

GHWHFW PROHFXODU HPLVVLRQ OLQHV IURP D QXPEHU RI DVWURQRPLFDO VRXUFHV DW ��� DQG

��� *+] >�@�

,Q WKLV SDSHU� ZH UHSRUW RQ LPSURYHPHQWV WR WKLV UHFHLYHU WKDW H[WHQG LWV IUH�

TXHQF\ RI RSHUDWLRQ WR EH\RQG � 7+]� (DUOLHU WKLV \HDU� WKLV UHFHLYHU ZDV VXFFHVVIXOO\

XVHG WR GHWHFW WKH PROHFXODU HPLVVLRQ RI &2��� �� DW ����� 7+] LQ WKH 2ULRQ 1HE�

XOD �0���� 7KLV PDUNV WKH nUVW WLPH D JURXQG�EDVHG KHWHURG\QH LQVWUXPHQW KDV

HYHU GHWHFWHG D FHOHVWLDO VRXUFH DERYH � 7+]�
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$� +RW (OHFWURQ %RORPHWHU (OHPHQWV

7KH PL[HU HOHPHQWV DUH PDGH IURP KLJK�SXULW\ 1E1 nOP GHSRVLWHG RQ D KHDWHG

����PP�WKLFN ]�FXW FU\VWDOOLQH TXDUW] VXEVWUDWH� 7KH nOP LV DERXW � QP WKLFN� 7KH

FULWLFDO WHPSHUDWXUH� 7F� RI WKH nOP LV DERXW � .� DQG LW KDV D WUDQVLWLRQ ZLGWK RI

DERXW ��� .� 7KH DFWLYH DUHD RI WKH ERORPHWHU� O\LQJ EHWZHHQ WZR QRUPDO�FRQGXFWLQJ

7L$X HOHFWURGHV� LV DERXW � xP ZLGH E\ ��� xP ORQJ� 7KH QRUPDO�VWDWH UHVLVWDQFH

�51 � RI WKH ERORPHWHUV LV IDLUO\ XQLIRUP RYHU D VLQJOH ZDIHU�



7KH TXDUW] ZDIHU LV nUVW GLFHG LQWR VPDOO EORFNV RI DERXW � PP VTXDUH EHIRUH

EHIRUH ODSSHG DQG SROLVKHG WR D WKLFNQHVV RI ��xP� $IWHU ODSSLQJ� WKH LQGLYLGXDO

PL[HU FKLSV PHDVXUH ��xP ZLGH DQG ��� PP ORQJ DUH GLFHG IURP WKHVH VTXDUH

EORFNV� (YHQ ZLWK WKHVH VPDOO GLPHQVLRQV WKH PL[HU FKLSV DUH TXLWH UREXVW DQG DUH

UDWKHU HDV\ WR KDQGOH� 7KH SDUWLFXODU GHYLFH XVHG LQ WKH DVWURQRPLFDO UHFHLYHU KDV

D URRP WHPSHUDWXUH UHVLVWDQFH RI DERXW ���l DQG D FULWLFDO FXUUHQW RI �� x$� 7KH

XVHIXO XSSHU OLPLW WR WKH ,) EDQGZLGWK RI WKHVH GHYLFHV LV DERXW ��� *+]�

%� 0L[HU $VVHPEO\ 'HVLJQ

7KH PL[HU DVVHPEO\ LV DGDSWHG IURP WKH GHVLJQ RI WKH KLJKO\ VXFFHVVIXO n[HG�

WXQHG 6,6 PL[HU ZH GHYHORSHG IRU WKH 6XEPLOOLPHWHU $UUD\ >�@� ,W LV PDGH LQ WZR

VHFWLRQV� 7KH IURQW VHFWLRQ FDUULHV WKH FRUUXJDWHG IHHG KRUQ� ZKLFK LV HOHFWURIRUPHG

DQG VKUXQN�nW LQWR D FRSSHU PRXQWLQJ EORFN� 7KH KRUQ WHUPLQDWHV LQ D VHFWLRQ RI

KDOI�KHLJKW UHFWDQJXODU ZDYHJXLGH� PHDVXULQJ ���d ��xP� 7KH EDFN VHFWLRQ RI WKH

PL[HU DVVHPEO\ KRXVHV D VKRUWHG VHFWLRQ RI ZDYHJXLGH� PHDVXULQJ ���d��d ��xP�

7KH TXDUW] FKLS LV VXVSHQGHG DFURVV WKH ZDYHJXLGH DQG LV FODPSHG EHWZHHQ WKH WZR

KDOYHV RI WKH PL[HU DVVHPEO\� ,W LV HOHFWULFDOO\ FRQWDFWHG E\ WZR ��xP GLDPHWHU

ZLUHV� RQH WR WKH ,) FRQQHFWRU� WKH RWKHU LV JURXQGHG LQ WKH PL[HU EORFN�

&� 5HFHLYHU /D\RXW

7KH OD\RXW RI WKH UHFHLYHU LV VKRZQ LQ )LJ� �� 7KH PL[HU DVVHPEO\ LV PRXQWHG

WR WKH FROG SODWH RI D OLTXLG KHOLXP�FRROHG FU\RVWDW WKDW KDV D OLTXLG QLWURJHQ FRROHG

UDGLDWLRQ VKLHOG� 7KH FRUUXJDWHG IHHG KRUQ LOOXPLQDWHV D ��p Rm�D[LV SDUDEROLF PLU�

URU �I  ��PP� SRVLWLRQHG QHDU WKH FHQWHU RI WKH GHZDU FROG SODWH� 7KH EHDP

UHoHFWHG Rm WKH SDUDERORLG SDVVHV WKURXJK WZR OD\HUV RI SRURXV 7HoRQ VKHHW WKHU�

PDOO\ DQFKRUHG WR WKH FROG SODWH� 7KHVH DUH IROORZHG E\ D � PP WKLFN FU\VWDOOLQH

TXDUW] LQIUDUHG EORFNLQJ nOWHU PRXQWHG RQ WKH �� . UDGLDWLRQ VKLHOG� �� xP GHHS

JURRYHV DUH PDFKLQHG LQWR ERWK VLGHV RI WKH TXDUW] IRU WKH SXUSRVHV RI HOLPLQDWLQJ

VXUIDFH UHoHFWLRQV� $ ��� PP�WKLFN 7HoRQ VKHHW LV XVHG DV WKH YDFXXP ZLQGRZ�

5DGLDWLRQ IURP WKH /2 DVVHPEO\ LV FROOLPDWHG E\ D ��p Rm�D[LV SDUDEROLF

PLUURU EHIRUH LW LV FRPELQHG ZLWK WKH VLJQDO EHDP IURP WKH VLJQDO SRUW LQ D 0DUWLQ�

3XSOHWW LQWHUIHURPHWHU �03,�� ZKLFK LV SODFHG LQ IURQW RI WKH FU\RVWDW YDFXXP ZLQ�

GRZ� ,Q WKH ODERUDWRU\� WKH LQWHUIHURPHWHU HPSOR\V IUHH�VWDQGLQJ ZLUH JULG SRODU�

L]HUV ZLWK ��xP GLDPHWHU ZLUH� 2Q WKH WHOHVFRSH� ZLUH JULG SRODUL]HUV ZLWK ��xP
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)LJ� � /D\RXW RI WKH 5HFHLYHU� 7KH PL[HU DVVHPEO\� SDUDEROLF PLUURU DQG WKH

+(07 DPSOLIHU DUH PRXQWHG RQ WKH ��� . FROG SODWH� 7KH 03, LV SODFHG LQ IURQW

RI WKH FU\RVWDW YDFXXP ZLQGRZ� 7KH RSWLFDO SDWK IURP WKH YDFXXP ZLQGRZ WR WKH

VLJQDO SRUW LV DSSUR[LPDWHO\ ��� P�

GLDPHWHU ZLUH DUH XVHG� 7KH LQVHUWLRQ ORVV RI WKH 03, LV HVWLPDWHG WR EH z � G%�

7KH RXWSXW RI WKH PL[HU LV FRQQHFWHG WR D ���b��� *+] KLJK�HOHFWURQ PRELOLW\

WUDQVLVWRU �+(07� DPSOLnHU� PRXQWHG RQ WKH VDPH ��� . FROG SODWH� WKURXJK D ELDV

WHH� 1R LVRODWRU LV XVHG EHWZHHQ WKH PL[HU EORFN DQG WKH DPSOLnHU� $IWHU VHFRQG�

VWDJH URRP WHPSHUDWXUH DPSOLnFDWLRQ� WKH ,) VLJQDO LV IHG WKURXJK DQ HTXDOL]HU

WR oDWWHQ WKH UHFHLYHU RXWSXW DFURVV WKH HQWLUH ,) EDQG� 'XULQJ DFWXDO WHOHVFRSH

RSHUDWLRQV� WKH XVDEOH ,) EDQGZLGWK LV � *+] ZLGH� ���b��� *+]� ,Q RXU ODERUDWRU\�

D ��� 0+] ZLGH ,) nOWHU� FHQWHUHG DW ��� *+]� ZDV HPSOR\HG IRU KRW�FROG ORDG

UHFHLYHU QRLVH PHDVXUHPHQW�

'� /RFDO 2VFLOODWRU 6RXUFHV

:H HVWLPDWH WKDW WKH LQFLGHQW /2 SRZHU DW WKH /2 SRUW RI WKH 03, LV OHVV

WKDQ � x:� ZKHQ WKH PL[HU LV ELDVHG DW LWV RSWLPDO RSHUDWLQJ SRLQW� :LWK VRPH

FDUH LQ WKH RSWLFV GHVLJQ� ZH ZHUH DEOH WR SURYLGH VXpFLHQW /2 SRZHU XVLQJ DOO

VROLG�VWDWH /2 XQLWV� HDFK FRPSULVHG RI D *XQQ RVFLOODWRU IROORZHG E\ � VWDJHV RI

YDUDFWRU PXOWLSOLFDWLRQ >��@�

7ZR /2 XQLWV ZHUH DYDLODEOH IRU RSHUDWLRQ DW WKH WHOHVFRSH� 7KH nUVW RQH



FRYHUV ���^��� *+]� 7KLV XQLW XVHV D ��� � ��� *+] *XQQ RVFLOODWRU DQG D FDVFDGHG

IUHTXHQF\ GRXEOHU DQG WULSOHU� 7KH VHFRQG /2 XQLW FRYHUV �����^����� 7+]� ZLWK D

��� � ��� *+] *XQQ RVFLOODWRU DQG D FDVFDGH RI WZR WULSOHUV� ,Q DGGLWLRQ� D WKLUG

XQLW FRYHULQJ ��� � ��� *+] ZDV DYDLODEOH LQ WKH ODERUDWRU\� 7KLV XQLW LQFRUSRUDWHV D

*XQQ RVFLOODWRU RSHUDWLQJ EHWZHHQ ��� DQG ��� *+]� OLQNHG WR D nUVW�VWDJH GRXEOHU

DQG D VHFRQG�VWDJH TXDGUXSOHU�
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)LJ� � &XUUHQW�YROWDJH FKDUDFWHULVWLFV RI WKH +(% PL[HU� ZLWK DQG ZLWKRXW /2 GULYH

DW ����� 7+]� $OVR VKRZQ LV WKH UHFHLYHU ,) SRZHU DV D IXQFWLRQ RI ELDV YROWDJH LQ

UHVSRQVH WR WKH KRW ���� .� DQG FROG ��� .� ORDGV� $ PD[LPXP <�IDFWRU LV UHFRUGHG

DW D ELDV YROWDJH RI ��� P9 DQG D ELDV FXUUHQW RI �� x$�

,,,� 0($685(' 3(5)250$1&(

7KH FXUUHQW�YROWDJH �, b 9 � FKDUDFWHULVWLFV RI WKH PL[HU DUH SORWWHG LQ )LJ� ��

6KRZQ LQ WKH VDPH nJXUH DUH WKH FXUYHV RI UHFHLYHU ,) RXWSXW SRZHU LQ UHVSRQVH

WR KRW DQG FROG ORDGV SODFHG DW WKH VLJQDO SRUW� WKH /2 IUHTXHQF\ ZDV ����� 7+]�

7KH JUDSK VKRZV WKDW D < �IDFWRU RI ���� ZDV REWDLQHG DW D ELDV YROWDJH RI ��� P9

DQG D ELDV FXUUHQW RI �� x$� 7KH GRXEOH�VLGH�EDQG �'6%� FRQYHUVLRQ ORVV DW WKLV



RSHUDWLQJ SRLQW LV HVWLPDWHG WR EH DERXW �� G%� 7KH FKRLFH RI WKLV RSHUDWLQJ SRLQW

LV DOVR GLFWDWHG LQ SDUW E\ VWDELOLW\ FRQVLGHUDWLRQ� $W VOLJKWO\ ORZHU ELDV YROWDJH�

WKH FRQYHUVLRQ HpFLHQF\ RI WKH PL[HU LV KLJKHU DQG WKH < �IDFWRU LV FRPSDUDEOH EXW

WKH VWDELOLW\ LV QRW DV JRRG� $W RXU RSWLPDO RSHUDWLQJ SRLQW� WKH UHFHLYHU ,) RXWSXW

SRZHU oXFWXDWHV E\ OHVV WKDQ ���� RYHU DERXW � PLQXWH�
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)LJ� � 'RXEOH�VLGH�EDQG UHFHLYHU QRLVH WHPSHUDWXUH FDOFXODWHG IURP WKH <�IDFWRU

IRU ERWK KRW�FROG ORDG PHDVXUHPHQWV LQ WKH ODERUDWRU\ DQG RQ WKH WHOHVFRSH� $OVR

VKRZQ LV WKH GDWD IRU WKH FDVH ZKHQ WKH 03, ZDV UHSODFHG E\ D EHDP VSOLWWHU LQ WKH

ODERUDWRU\�

,Q )LJ� �� ZH KDYH SORWWHG WKH UHFHLYHU QRLVH WHPSHUDWXUH FDOFXODWHG IURP WKH

PHDVXUHG < �IDFWRU DV D IXQFWLRQ RI /2 IUHTXHQF\� 7KH UHFHLYHU LV PRVW VHQVLWLYH

DW DURXQG ��� *+] ZKHUH D '6% QRLVH WHPSHUDWXUH RI ��� . ZDV PHDVXUHG LQ RXU

ODERUDWRU\� :KHQ WKH 03, ZDV UHSODFHG E\ D ZLUH JULG GLSOH[HU ZLWK ��� FRXSOLQJ�

WKH < �IDFWRU LPSURYHG WR ����� FRUUHVSRQGLQJ WR D UHFHLYHU QRLVH WHPSHUDWXUH RI

���.� RU ����Ky N� 7KH UHFHLYHU QRLVH WHPSHUDWXUHV PHDVXUHG RQ WKH WHOHVFRSH

ZHUH IRXQG WR EH FRPSDUDEOH WR WKRVH PHDVXUHG LQ WKH ODERUDWRU\� GHPRQVWUDWLQJ

WKDW ORZ QRLVH SHUIRUPDQFH LV UHSHDWDEOH LQ GUDVWLFDOO\ GLmHUHQW HQYLURQPHQWV� DQG



ZLWK GLmHUHQW RSHUDWRUV�

7KH UDGLR EHDP HPHUJLQJ IURP WKH FU\RVWDW ZDV PHDVXUHG DQG DOLJQHG LQ RXU

ODERUDWRU\ XVLQJ D QHDU�nHOG YHFWRU PHDVXUHPHQW VHW�XS >�����@� ,Q WKLV SURFHGXUH�

WKH 03, ZDV nUVW UHSODFHG E\ D P\ODU EHDP VSOLWWHU� $ *XQQ RVFLOODWRU SXPSLQJ

D KDUPRQLF JHQHUDWRU ZDV PRXQWHG RQ D QHDU�nHOG PHDVXUHPHQW ;�< VWDJH� 0HD�

VXUHPHQWV ZHUH FDUULHG RXW DW ����� *+]� $ :5���� SUREH ZDV HPSOR\HG WR JLYH

D VSDWLDO UHVROXWLRQ RI ��� PP� 2Q WKH PHDVXUHPHQW SODQH� WKH GLDPHWHU RI WKH

EHDP DW WKH b�� G% SRLQWV LV DERXW �� PP� 7KHUHIRUH� WKH UDWLR EHWZHHQ WKH EHDP

VL]H WR WKH FURVV�VHFWLRQDO DUHD RI WKH ZDYHJXLGH SUREH LV DERXW ����� (YHQ VR� D

VLJQDO�WR�QRLVH UDWLR LQ H[FHVV RI �� G% ZDV REWDLQHG DW WKH FHQWHU RI WKH EHDP� :H

EHOLHYH WKDW WKLV LV WKH KLJKHVW IUHTXHQF\ QHDU�nHOG YHFWRU VFDQ WKDW KDV HYHU EHHQ

SHUIRUPHG�

6XFFHVVLYH VFDQV ZHUH SHUIRUPHG� 7KH UHVXOWDQW YHFWRULDO EHDPPDSV ZHUH XVHG

WR GHWHUPLQH WKH RSWLFDO D[LV RI WKH UHFHLYHU� 8VLQJ WKHVH GDWD� WKH YDULRXV RSWLFDO

HOHPHQWV RI WKH UHFHLYHU VHWXS ZHUH DGMXVWHG� $V D UHVXOW RI GHIHFWV RI WKH GHZDU�

WKH ��p Rm�D[LV SDUDERORLG LQVLGH WKH FU\RVWDW KDG WR EH VKLPPHG VXEVWDQWLDOO\ WR

REWDLQ D VWUDLJKW EHDP� )LQDOO\� WKH 03, ZDV LQVHUWHG� DQG WKH RXWSXW EHDP RI

WKH UHFHLYHU ZDV PDSSHG DJDLQ� %RWK WKH DPSOLWXGH DQG SKDVH PDSV RI WKH EHDP

DUH SORWWHG LQ )LJ� �� 1RWH WKHUH DUH QR VLGH OREHV DERYH b�� G%� 7KH nQDO EHDP

VL]H LV ODUJHU WKDQ WKH GHVLJQ YDOXH� 7KLV LV SUREDEO\ FDXVHG E\ WKH VKLPPLQJ RI

WKH SDUDEROLF PLUURU� ZKLFK UHVXOWV LQ D FKDQJH RI WKH HmHFWLYH IRFDO OHQJWK RI WKH

PLUURU� 2XU FDOFXODWLRQ VXJJHVWV WKDW WKLV VORZHU EHDP ZRXOG SURGXFH DQ HGJH WDSHU

RI DERXW ���� G% RQ WKH WHOHVFRSH
V VHFRQGDU\ LQVWHDG RI WKH �� G% GHVLJQHG WDSHU�

7KH UHFHLYHU LV QRW DmHFWHG E\ VDWXUDWLRQ DQG GLUHFW GHWHFWLRQ HmHFWV� )URP

WKH WRWDO SRZHU � YROWDJH FXUYH LQ )LJ� � DQG RXU HVWLPDWH IRU WKH FRQYHUVLRQ ORVV�

ZH HVWLPDWH WKDW WKH PL[HU ZRXOG UHTXLUH DERXW �� Q: DW LWV LQSXW WR EH GULYHQ LQWR

RXWSXW VDWXUDWLRQ� 7KLV YDOXH LV VLJQLnFDQWO\ KLJKHU WKDQ WKH SRZHU GXH WR LQFLGHQW

WKHUPDO UDGLDWLRQ IURP DQ DPELHQW ORDG ZLWK DQ ,) EDQGZLGWK RI DERXW � *+]�

)URP WKH QRLVH WHPSHUDWXUH SORW RI )LJ� �� ZH HVWLPDWH WKDW WKH 5) EDQGZLGWK

RI WKH UHFHLYHU LV DERXW ��� *+]� 7KH LQFLGHQW UDGLDWLRQ IURP DQ DPELHQW ORDG

ZLWK ��� *+] EDQGZLGWK LV PRUH WKDQ DQ RUGHU RI PDJQLWXGH VPDOOHU WKDQ WKH /2

SRZHU XVHG WR RSHUDWH WKH UHFHLYHU� 7KXV� GLUHFW GHWHFWLRQ HmHFWV DUH DOVR H[SHFWHG

WR EH PLQLPDO� $W WKH RSWLPDO RSHUDWLQJ SRLQW JLYHQ LQ )LJ� �� WKH ELDV FXUUHQW

FKDQJHV E\ �� Q$� RU DERXW ����� ZKHQ VZLWFKLQJ EHWZHHQ KRW DQG FROG ORDGV�



)LJ� � $PSOLWXGH �G%� DQG SKDVH �GHJ� PDSV RI WKH UHFHLYHU EHDP DW WKH VLJQDO

SRUW RI WKH 03, DW ����� *+]� �� [ �� GDWD SRLQWV DUH WDNHQ DW D VWHS VL]H RI ��� PP�

$W WKH FHQWHU RI WKH EHDP� D VLJQDO�WR�QRLVH UDWLR RI PRUH WKDQ �� G% ZDV REWDLQHG�

7KH SKDVH PDS VKRZV WKDW WKHUH LV D UHVLGXDO EHDP WLOW RI ��� GHJUHHV Rm ERUHVLJKW�

7KLV UHVLGXDO PLVDOLJQPHQW ZDV WDNHQ RXW GXULQJ LQVWDOODWLRQ RQ WKH WHOHVFRSH�

XQGHU FRQVWDQW YROWDJH ELDV� :KHQ WKH 03, LV UHSODFHG E\ D EHDP�VSOLWWHU� WKH

FKDQJH LQ ELDV FXUUHQW LV DSSUR[LPDWHO\ GRXEOHG EHFDXVH WKH 03, DGPLWV RQO\ KDOI

RI WKH EDQGZLGWK RI WKH LQFLGHQW WKHUPDO UDGLDWLRQ IURP WKH KRW DQG FROG ORDGV�

,Q DOO RXU PHDVXUHPHQWV� ELDV FXUUHQW FKDQJHV GXH WR GLUHFW GHWHFWLRQ DUH OHVV WKDQ

��� 7KHUHIRUH� WKH HmHFWV RI GLUHFW GHWHFWLRQ RQ WKH DFWXDO KHWHURG\QH VHQVLWLYLW\

DUH YHU\ VPDOO� 7KLV LV FRQnUPHG E\ WKH IDFW WKDW WKH FDOLEUDWLRQ RI DVWURQRPLFDO

VSHFWUDO OLQHV UHFRUGHG E\ WKLV UHFHLYHU PDWFKHV WKDW RI WKH VDPH VSHFWUDO OLQHV

UHFRUGHG E\ RWKHU WHOHVFRSHV�
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,Q -DQXDU\ WKLV \HDU� ZH WRRN DGYDQWDJH RI D SHULRG RI H[FHOOHQW ZHDWKHU

FRQGLWLRQV RQ 0RXQW *UDKDP WR RSHUDWH WKH UHFHLYHU DERYH � 7+]� 7KH ]HQLWK

RSDFLW\ RI WKH VN\ DW ��� *+] GURSSHG WR EHORZ ����� DV LQGLFDWHG E\ D WLSSLQJ

UDGLRPHWHU QHDU WKH WHOHVFRSH� 1HDU ����� 7+]� WKH UHFHLYHU QRLVH WHPSHUDWXUH ZDV

���� .� DQG WKH WRWDO V\VWHP VLQJOH�VLGHEDQG QRLVH WHPSHUDWXUH ZDV DERXW �d���.�

7KH ]HQLWK DWPRVSKHULF WUDQVPLVVLRQ ZDV DSSUR[LPDWHO\ ��� DQG WRZDUGV WKH VRXUFH



)LJ� � 6SHFWUXP UHFRUGHG E\ WKH +(% UHFHLYHU DW DQ /2 IUHTXHQF\ RI ������ 7+]

IURP WKH 2ULRQ QHEXOD� 7KH UHVROXWLRQ RI WKH ,) VSHFWURPHWHU ZDV � 0+]� 7KH VROLG

OLQH VKRZV D VPRRWKHG VSHFWUXP DW D UHVROXWLRQ RI �� 0+]� 7KH WHPSHUDWXUH VFDOH

RI WKH VSHFWUXP LV FDOLEUDWHG E\ WDNLQJ LQWR DFFRXQW WKH UHFHLYHU QRLVH WHPSHUDWXUH�

HVWLPDWHG DWPRVSKHULF RSDFLW\ DQG HVWLPDWHG HpFLHQF\ RI WHOHVFRSH�

ZH REVHUYHG� ZKLFK LV DW DQ HOHYDWLRQ DQJOH RI ��p� WKH WUDQVPLVVLRQ ZDV DERXW

��� +RZHYHU� ZLWK MXVW � PLQXWHV RI LQWHJUDWLRQ WLPH DQG D VSHFWUDO UHVROXWLRQ RI

� 0+]� ZH UHFRUGHG D IXOO\ UHVROYHG� FOHDU VSHFWUXP RI WKH &2��� �� PROHFXODU OLQH

HPLVVLRQ DW ����� 7+] LQ WKH 2ULRQ 1HEXOD� )LJ� � VKRZV WKH VSHFWUXP UHFRUGHG E\

WKH DFRXVWR�RSWLFDO VSHFWURPHWHU RI WKH WHOHVFRSH� 7KH SHDN DQWHQQD WHPSHUDWXUH�

7 e

$
� ZKLFK LV FRUUHFWHG IRU DWPRVSKHULF DEVRUSWLRQ� LV DERXW �� . DQG WKH EDVHOLQH

UPV QRLVH OHYHO LV DERXW � .� DW D UHVROXWLRQ RI � 0+]�

6LQFH QR REVHUYDWLRQV RI SODQHWV ZHUH SRVVLEOH� ZH KDYH QR UHOLDEOH PHDVXUH�

PHQW IRU QHLWKHU WKH WHOHVFRSH DSHUWXUH HpFLHQF\ QRU WKH PDLQ�EHDP HpFLHQF\�

+RZHYHU� E\ H[WUDSRODWLQJ WKH GDWD WKDW ZH REWDLQHG QHDU ��� *+] ZLWK WKH VDPH

UHFHLYHU� ZH HVWLPDWH WKH HpFLHQF\ RI WKH WHOHVFRSH WR EH DERXW ���� :H WKHUHIRUH

LQIHU WKDW WKH EULJKWQHVV WHPSHUDWXUH� 70%� RI WKH HPLVVLRQ OLQH LV z ���. ZLWKLQ

WKH ��� GLDPHWHU EHDP RI WKH WHOHVFRSH� 1RWH WKDW WKH VLJQDO�WR�QRLVH UDWLR LV LQ

H[FHVV RI �� IRU D VSHFWUDO UHVROXWLRQ RI �� 0+]�
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$ ZDYHJXLGH�PRXQWHG SKRQRQ�FRROHG 1E1 KRW�HOHFWURQ ERORPHWHU UHFHLYHU KDV

VXFFHVVIXOO\ EHHQ LQVWDOOHG IRU RSHUDWLRQ DW WKH 6XEPLOOLPHWHU 7HOHVFRSH 2EVHUYDWRU\

RQ 0RXQW *UDKDP� $UL]RQD� 7KH UHFHLYHU FRYHUV WKH IUHTXHQF\ UDQJH ��� � ���� 7+]�

DQG LW KDV EHHQ XVHG LQ WKH nUVW JURXQG�EDVHG KHWHURG\QH GHWHFWLRQ RI D VSHFWUDO

HPLVVLRQ IURP D FHOHVWLDO VRXUFH DERYH � 7+]� :H KDYH GHPRQVWUDWHG WKH IHDVLELOLW\

RI PDNLQJ 7+] REVHUYDWLRQV HYHQ IURP JURXQG�EDVHG LQVWUXPHQWV� 5HFHQW )76

PHDVXUHPHQWV DW RWKHU� KLJKHU DOWLWXGH VLWHV FRQnUP WKDW WKHUH DUH DWPRVSKHULF

ZLQGRZV ZLWK VXpFLHQWO\ KLJK WUDQVPLVVLRQ DERYH � 7+] >��@ WR MXVWLI\ D JURXQG�

EDVHG IDFLOLW\ IRU 7+] UDGLR�DVWURQRP\�

$FNQRZOHGJHPHQWV

:H ZRXOG OLNH WR WKDQN 3HWHU 6WULWWPDWWHU DQG 7RP :LOVRQ RI 6XEPLOOLPHWHU

7HOHVFRSH 2EVHUYDWRU\ �6072� IRU WKHLU VXSSRUW� DV ZHOO DV %LOO 3HWHUV DQG %RE

6WXSDN RI 6072� IRU WKHLU YDOXDEOH KHOS LQ WKH REVHUYDWLRQ RI 2ULRQ QHEXOD DW �����

7+]� :H DUH DOVR JUDWHIXO WR &KULVWLDQ +HQNHO IURP 03,I5� *HUPDQ\� IRU DJUHHLQJ

WR JLYH XS KLV DOORFDWHG REVHUYLQJ WLPH IRU WKH 7+] RSSRUWXQLW\�

5HIHUHQFHV
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�����
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QLFNHQNR� %� 9RURQRY� DQG (� *HUVKHQ]RQ� ?$Q ��� *+] 1E1 SKRQRQ�FRROHG KRW�HOHFWURQ

ERORPHWHU PL[HU UHFHLYHU�� ,((( 7UDQV� $SSO� 6XSHUFRQGXFWLYLW\� YRO� ����� SS� ����������
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7+] (OHFWURQLFV 3URF�� 1DUD� -DSDQ� ������ 1RY� ���
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ERORPHWHU PL[HU UHFHLYHU IRU ��� *+] RSHUDWLRQ�� ,((( 7UDQV� 0LFURZDYH 7KHRU\ 7HFK��
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7�.� 6ULGKDUDQ� ?)LUVW LPDJH ZLWK WKH &I$ VXSHUFRQGXFWLYH +(% UHFHLYHU� WKH SURWRVWHOODU

RXWoRZ IURP ,5$6 ���������� LQ &2 �- ������ 3XE� RI WKH $VWURQRPLFDO 6RF� RI WKH 3DFLnF�

YRO� ���� SS� ���� � ����� 6HSW� ���

>�@ 5� %OXQGHOO� &�(� 7RQJ� '�&� 3DSD� 5�/� /HRPEUXQR� ;� =KDQJ� 6� 3DLQH� -�$� 6WHUQ� +�*�

/H'XF� DQG %� %XPEOH� ?$ ZLGHEDQG n[HG�WXQHG 6,6 UHFHLYHU IRU ����*+] RSHUDWLRQ�� ,(((

7UDQV� 0LFURZDYH 7KHRU\ 7HFK�� YRO� ��� SS� �������� $SU� ���

>��@ &�(� 7RQJ� 5� %OXQGHOO� '�&� 3DSD '�&�� 0� 6PLWK� -� .DZDPXUD� *� *RO
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]RQ� DQG %� 9RURQRY� ?$Q DOO VROLG�VWDWH VXSHUFRQGXFWLQJ KHWHURG\QH UHFHLYHU DW 7HUDKHUW]

IUHTXHQFLHV�� ,((( 0LFURZDYH 	 *XLGHG :DYH /HWW�� YRO� ����� SS� �������� 6HSW� ���

>��@ &�(� 7RQJ� 6� 3DLQH� DQG 5� %OXQGHOO� ?1HDU�nHOG FKDUDFWHUL]DWLRQ RI ��' EHDP SDWWHUQV RI

VXEPLOOLPHWHU VXSHUFRQGXFWLQJ UHFHLYHUV�� LQ 3URF� �WK ,QW� 6\PS� 6SDFH 7+] 7HFK�� $QQ
$UERU� 0, SS� �������� 0D\� ���

>��@ &�(� 7RQJ� 0�7� &KHQ� '�&� 3DSD� DQG 5� %OXQGHOO� ?$ QRYHO UDGLR�ZDYH DOLJQPHQW WHFKQLTXH

IRU PLOOLPHWHU DQG VXE�PLOOLPHWHU UHFHLYHUV�� LQ 3URF� �WK ,QWO� 6\PS� 6SDFH 7+] 7HFK��

3DVDGHQD� &$ SS� �������� 0DU� ���

>��@ 6� 3DLQH� 5� %OXQGHOO� '�&� 3DSD� -�:� %DUUHWW� DQG 6�-�(� 5DGIRUG� ?$ )RXULHU WUDQVIRUP

VSHFWURPHWHU IRU PHDVXUHPHQW RI DWPRVSKHULF WUDQVPLVVLRQ DW VXEPLOOLPHWHU ZDYHOHQJWKV��

3XE� RI WKH $VWURQRPLFDO 6RF� RI WKH 3DFLnF� YRO� ���� SS� ��� � ���� -DQ� �����
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