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5HFHLYHG 0D\ ��� ����

+VO98 LV DQ $73 GHSHQGHQW SURWHDVH LQ (� FROL OLNH SUR�
WHDVHV /D �/RQ� DQG 7L �&OS$3�&OS;3��� ,W LV FRPSRVHG RI
WZR PXOWLPHULF FRPSRQHQWV� �� N'D +VO9 DQG �� N'D +VO8
SURWHLQV�� :KLOH +VO8 LWVHOI KDV DQ $73DVH DFWLYLW\� +VO9
KDV D ZHDN SHSWLGDVH DFWLYLW\ VR WKDW LW VORZO\ GHJUDGHV FHU�
WDLQ K\GURSKRELF SHSWLGHV� VXFK DV 1�FDUEREHQ]R[\�*O\�
*O\�/HX���DPLQR���PHWK\O�FRXPDULQ DQG SRO\SHSWLGHV VXFK
DV LQVXOLQ %�FKDLQ DQG FDVHLQ���� %XW WKH SURWHRO\WLF DFWLYLW\
RI +VO9 LV LQFUHDVHG VLJQLILFDQWO\ �XS WR ��� IROG� E\ DVVRFL�
DWLQJ ZLWK +VO8 LQ WKH SUHVHQFH RI $73�� 7KH SULPDU\ DPLQR
DFLG VHTXHQFH RI +VO9 LV VLPLODU WR FHUWDLQ β�W\SH VXEXQLWV RI
WKH ��6 SURWHDVRPHV RI DUFKDHEDFWHULXP 7KHUPRSODVPD DFL�

GRSKLOXP ZLWK ��� LGHQWLW\�� :KLOH β�W\SH VXEXQLWV RI WKH
��6 SURWHDVRPHV VKRZ ���SRLQW V\PPHWU\� +VO9 LV D GLPHU
RI KH[DPHUV ZLWK �� SRLQW V\PPHWU\� 7KH FU\VWDO VWUXFWXUH
RI +VO9 VROYHG DW ��� c UHVROXWLRQ VKRZV WKDW LQ VSLWH RI WKH
GLIIHUHQW V\PPHWU\� WKH IROGV DQG WKH FRQWDFWV EHWZHHQ VXE�
XQLWV DUH FRQVHUYHG� FRPSDUHG ZLWK β�W\SH VXEXQLWV RI WKH
��6 SURWHDVRPHV� � ,Q WKH FDVH RI +VO8� LW LV ��� LGHQWLFDO WR
WKH &OS; SURWHLQ RI (� FROL LQ DPLQR DFLG VHTXHQFH� $FFRUG�
LQJ WR WKH DQDO\VLV RI +VO8 XVLQJ HOHFWURQ PLFURVFRS\� +VO8V
PDNH ULQJ�VKDSHG IRUPV LQ WKH SUHVHQFH RI $73 RU $03�
313 �$73 DQDORJXH�� 7KLV ULQJ LV FRPSRVHG RI � RU � +VO8
PROHFXOHV WR IRUP KH[DPHULF RU KHSWDPHULF ULQJV�� +VO8
FRQWDLQV WZR &\V UHVLGXHV� &\V��� DQG &\V���� ,W KDV EHHQ
VXJJHVWHG WKDW &\V��� LV LQYROYHG LQ ROLJRPHUL]DWLRQ DQG
WKDW &\V��� LV UHODWHG WR WKH $73DVH IXQFWLRQ�� ,Q RUGHU WR
UHYHDO WKH WKUHH�GLPHQVLRQDO VWUXFWXUH� DQG WKH PHFKDQLVP
RI ROLJRPHUL]DWLRQ EHWZHHQ +VO8V� DQG EHWZHHQ +VO8 DQG
+VO9� WKH +VO8&���9 ZDV FU\VWDOOL]HG DQG VWXGLHG ZLWK ;�UD\
FU\VWDOORJUDSKLF PHWKRG�

([SHULPHQWDO 6HFWLRQ

7KH S*(0�7 YHFWRU �3URPHJD� FDUU\LQJ WKH KVO98 RSHURQ
�QDPHG S*(0�7�+VO98� ZDV FRQVWUXFWHG DV GHVFULEHG SUH�
YLRXVO\���� 6LWH�GLUHFWHG PXWDWLRQV ZHUH FUHDWHG E\ WKH 3&5
PHWKRG� ZKLFK FRQVLVWV RI WZR VHTXHQWLDO 3&5V� XVLQJ
S*(0�7�+VO98 IRU +VO8 PXWDQW DV WKH WHPSODWHV� 7KH SUL�
PDU\ 3&5 ZDV FDUULHG RXW XVLQJ PXWDJHQLF SULPHUV� ZKLFK
ZHUH GHVLJQHG WR UHSODFH &\V��� RI +VO8 ZLWK 9DO� DQG WKHQ
WKH VHFRQG 3&5 ZDV SHUIRUPHG� $IWHU WKH VHFRQGDU\ 3&5�
WKH PXWDWHG IUDJPHQWV ZHUH OLJDWHG LQWR S*(0�7 YHFWRU�

7KH UHVXOWLQJ SODVPLGV ZHUH GLJHVWHG ZLWK 1UX, DQG %JO,,�
IROORZHG E\ OLJDWLRQ RI WKH UHVWULFWLRQ IUDJPHQWV LQWR WKH
S*(0�7�+VO98&���9 SODVPLGV� 7KH UHVXOWLQJ SODVPLGV ZHUH
WUDQVIRUPHG LQWR (� FROL VWUDLQ ;/� %OXH� 6XEVWLWXWLRQ RI WKH
QXFOHRWLGH E\ PXWDJHQHVLVZDV FRQILUPHG E\ '1$ VHTXHQF�
LQJ�
(� FROL FHOOV KDUERULQJ S*(0�7�+VO98&���9 ZHUH JURZQ

RYHUQLJKW� O\VHG LQ �� �Z�Y� 6'6� DQG HOHFWURSKRUHVHG RQ
��� �Z�Y� SRO\DFU\ODPLGH VODE JHOV FRQWDLQLQJ 6'6 DQG ��
PHUFDSWRHWKDQRO� 7ZR PDMRU EDQGV UHSUHVHQWLQJ �� N'D
�+VO9� DQG �� N'D �+VO8&���9� SRO\SHSWLGHV ZHUH GHWHFWHG
LQ FHOOV FDUU\LQJ WKH UHFRPELQDQW SODVPLGV� EXW QRW LQ FHOOV
FRQWDLQLQJ RQO\ WKH YHFWRU� 7R SXULI\ +VO8&���9� WKH FUXGH
H[WUDFWV RI WKH (� FROL FHOOV KDUERULQJ S*(0�7�+VO98&���9

ZHUH ORDGHG RQWR D SKRVSKRFHOOXORVH FROXPQ HTXLOLEUDWHG
ZLWK �� P0 .+�32��.�+32� EXIIHU �S+ ���� FRQWDLQLQJ �
P0 0J&O�� ��� P0 ('7$� � P0 '77� DQG ��� �Y�Y�
JO\FHURO �UHIHUUHG WR DV EXIIHU $�� $IWHU FROOHFWLQJ WKH IORZ�
WKURXJK IUDFWLRQ� WKH FROXPQ ZDV ZDVKHG H[WHQVLYHO\ ZLWK
WKH VDPH EXIIHU� DQG WKH SURWHLQV ERXQG WR WKH FROXPQ ZHUH
HOXWHG ZLWK WKH VDPH EXIIHU FRQWDLQLQJ ��� 0 SKRVSKDWH�
+VO8&���9 ZDV UHFRYHUHG LQ WKH IORZ�WKURXJK DQG +VO9 LQ
WKH ��� 0 SKRVSKDWH HOXDWH� )RU SXULILFDWLRQ RI +VO8&���9�
WKH IORZ�WKURXJK IUDFWLRQ IURP WKH LQLWLDO SKRVSKRFHOOXORVH
FROXPQ ZDV GLDO\]HG DJDLQVW EXIIHU FRQWDLQLQJ �� P0 7ULV�
+&O �S+ ����� � P0 0J&O� � ��� P0 ('7$� � P0 '77�
DQG ��� JO\FHURO �UHIHUUHG WR DV EXIIHU %� DQG ORDGHG RQWR D
'($(�FHOOXORVH FROXPQ HTXLOLEUDWHG ZLWK WKH VDPH EXIIHU�
$IWHU ZDVKLQJ WKH FROXPQ ZLWK EXIIHU % FRQWDLQLQJ ���� 0
1D&O� SURWHLQV ZHUH HOXWHG ZLWK D OLQHDU JUDGLHQW RI ��������
0 1D&O� 7KH IUDFWLRQV FRQWDLQLQJ +VO8&���9 ZHUH SRROHG�
GLOXWHG � � � ZLWK EXIIHU %� DQG DSSOLHG WR D KHSDULQ�DJDURVH
FROXPQ HTXLOLEUDWHG ZLWK WKH VDPH EXIIHU� 3URWHLQV ERXQG WR
WKH FROXPQ ZHUH HOXWHG ZLWK D OLQHDU JUDGLHQW RI ������� 0
1D&O� 7KH +VO8&���9 FRQWDLQLQJ IUDFWLRQV ZHUH SRROHG� FRQ�
FHQWUDWHG E\ XOWUDILOWUDWLRQ XVLQJ D <0�� PHPEUDQH �$PL�
FRQ�� DQG FKURPDWRJUDSKHG RQ D 6HSKDFU\O 6���� FROXPQ
HTXLOLEUDWHG ZLWK EXIIHU % FRQWDLQLQJ ��� 0 1D&O� 7KHQ
+VO8&���9 ZDV FRQFHQWUDWHG�
7ZR FU\VWDO IRUPV WKDW EHORQJ WR GLIIHUHQW VSDFH JURXSV

ZHUH JURZQ ZLWK KDQJLQJ GURS�YDSRXU GLIIXVLRQ PHWKRG DW
URRP WHPSHUDWXUH ���� � � .�� 2QH IRUP RI +VO8&���9 FU\V�
WDOV �)LJXUH �$� ZDV JURZQ RQ D VLOLFRQL]HG FRYHU VOLS E\
HTXLOLEUDWLQJ D PL[WXUH FRQWDLQJ � µ/ RI SURWHLQ VROXWLRQ
����� PJ P/−�� FRQWDLQLQJ � P0 $73 LQ EXIIHU $ DQG � µ/
UHVHUYRLU VROXWLRQ ���� P0 7ULV�+&O S+ ���� ���� 3(* �.�

&RUUHVSRQGLQJ DXWKRU� 7HO� ���������������� )D[� �����������
����� (�PDLO� HRP#NMLVW�DF�NU
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������� P0 1D&O� �� P0 0J&O�� � P0 '77� DQG � P0
('7$� DJDLQVW � PO RI UHVRUYRLU VROXWLRQ� 7KH FU\VWDOV ZLWK
PD[LPXP GLPHQVLRQV RI ��� × ��� × ��� PP JUHZ LQ RQH
ZHHN� ;�UD\ GLIIDFWLRQ GDWD ZHUH FROOHFWHG RQ DQ 5�$;,6 ,9
LPDJH�SODWH V\VWHP DWWDFKHG WR D 5LJDNX URWDWLQJ�DQRGH JHQ�
HUDWRU �58����� SURYLGLQJ &X.α UDGLDWLRQ DQG UXQQLQJ DW ��
N9 DQG �� P$ ZLWK D ��� PP IRFXV FXS DW URRP WHPSHUDWXUH
���� � � .��
3UHOLPLQDU\ LQWHQVLW\ GDWD ZHUH FROOHFWHG ZKHUH WKH GLI�

IUDFWLRQ EH\RQG ��� c UHVROXWLRQ ZDV UHFRUGHG� DQG WKH FU\V�
WDOV EHORQJ WR WKH SULPLWLYH RUWKRUKRPELF VSDFH JURXS
�3����� RU 3�������� 7KH XQLW FHOO SDUDPHWHUV RI WKH FU\VWDO
ZHUH GHWHUPLQHG WR EH D ����� E ������ DQG F ����� c ZLWK

������� c� XQLW FHOO YROXPH� XVLQJ '(1=2��� $VVXPLQJ
WKDW DV\PPHWULF XQLW FRQWDLQV WKUHH PROHFXOHV ZLWK D PROHF�
XODU PDVV RI ���� N'D� 90 YDOXH LV FDOFXODWHG DV ���� c�'−��
UHVXOWLQJ LQ D VROYHQW FRQWHQW RI ������ 7KH RWKHU IRUP RI
FU\VWDOV �)LJXUH �%� ZDV JURZQ XQGHU WKH VDPH FU\VWDOOL]D�
WLRQ FRQGLWLRQ� DQG H[SHULPHQW ZDV SHUIRUPHG LQ WKH VDPH
PDQQHU� 7KH FU\VWDO GLIIUDFWHG EH\RQG ��� c� 7KH XQLW FHOO
SDUDPHWHUV ZHUH GHWHUPLQHG DV D E ���� DQG F ����� c�
DQG WKLV FU\VWDO EHORQJV WR SULPLWLYH KH[DJRQDO VSDFH JURXS
�3�� RU 3���� $VVXPLQJ WKDW DV\PPHWULF XQLW FRQWDLQV RQH
PROHFXOH� 90 YDOXH LV FDOFXODWHG DV ���� c�'−�� UHVXOWLQJ LQ
D VROYHQW FRQWHQW RI ������
7KLV ZRUN LV WKH LQLWLDO VWHS WRZDUG UHYHDOLQJ QRW RQO\ WKH

VWUXFWXUH RI +VO8 PXWDQW DQG LWV FRPSOH[ ZLWK +VO9 FRP�
SOH[ EXW DOVR WKH PHFKDQLVP RI ROLJRPHUL]DWLRQ� $ VHDUFK
IRU EHWWHU�GLIIUDFWLQJ FU\VWDOV LV FRQWLQXLQJ E\ YDU\LQJ WKH
FU\VWDOOL]LQJ FRQGLWLRQV�
$FNQRZOHGJPHQW� 7KLV ZRUN ZDV LQ SDUW VXSSRUWHG E\

JUDQWV RI WKH %UDLQ .RUHD �� SURMHFW DQG &ULWLFDO 7HFKQRORJ\
�� SURMHFW ����14�������$� IURP WKH 0LQLVWU\ RI 6FLHQFH
DQG 7HFKQRORJ\� .RUHD�
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)LJXUH �� 2UWKRUKRPELF �$� DQG KH[DJRQDO �%� FU\VWDOV RI +VO8
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