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5HFHQWO\� ZH KDYH UHSRUWHG D VHULHV RI GLLVREXW\ODODQH

GHULYDWLYHV� VXFK DV $O�FKORUR�� $O�DONR[\�� DQG $O�GLDON\�

ODPLQRGLLVREXW\ODODQHV��a� DV VHOHFWLYH UHGXFLQJ DJHQWV� DOO

WKHVH UHDJHQWV VKRZ YHU\ KLJK VHOHFWLYLWLHV LQ WKH UHGXFWLRQ

RI α�β�XQVDWXUDWHG GLIIHUHQW FDUERQ\O FRPSRXQGV WR DOO\OLF

DOFRKROV DV ZHOO DV LQ WKH FRPSHWLWLRQ EHWZHHQ FDUERQ\O

FRPSRXQGV� ,Q DGGLWLRQ� $O�LVRSURSR[\GLLVREXW\ODODQH���F�G

RQH RI WKH $O�DONR[\ GHULYDWLYHV� FDQ DOVR FRQYHUW F\FOLF

NHWRQHV WR WKH FRUUHVSRQGLQJ WKHUPRG\QDPLFDOO\ PRUH VWD�

EOH DOFRKROV LQ KLJK VWHUHRVHOHFWLYLWLHV� ,Q FRQWLQXDWLRQ RI RXU

HIIRUWV WR H[SORUH QHZ UHGXFLQJ V\VWHPV IRU VXFK WUDQVIRUPD�

WLRQV� ZH H[DPLQHG WKH UHGXFLQJ DFWLRQ RI ��S\UURO\OGLLVREX�

W\ODODQH �',%$3\U�� DQ DURPDWLF GHULYDWLYH RI GLLVREXW\O�

DODQH� WRZDUG YDULRXV RUJDQLF IXQFWLRQDO JURXSV� ,Q WKH

FRXUVH RI D V\VWHPDWLF VWXG\� ZH KDYH IRXQG WKDW WKH UHDJHQW

VKRZV DQ H[FHOOHQW VWHUHRVHOHFWLYLW\ LQ WKH F\FOLF NHWRQH

UHGXFWLRQV WR SURYLGH WKH FRUUHVSRQGLQJ WKHUPRG\QDPLFDOO\

PRUH VWDEOH DOFRKROV� 7KLV SDSHU GHVFULEHV WKH VWHUHRVHOHF�

WLYH UHGXFWLRQ RI RXU QHZ UHDJHQW�

5HVXOWV DQG 'LVFXVVLRQ

��3\UURO\OGLLVREXW\ODODQH �',%$3\U� LV UHDGLO\ SUHSDUHG E\

D VLPSOH UHDFWLRQ RI GLLVREXW\ODOXPLQXP K\GULGH �',%$+�

ZLWK S\UUROH LQ HWK\O HWKHU �(T� ��� 7KH UHVXOWV RI WKLV UHDJHQW

WRZDUG UHSUHVHQWDWLYH F\FOLF NHWRQHV DW �� R& DUH VXPPD�

UL]HG LQ 7DEOH ��

7KH FKDUDFWHULVWLF IHDWXUHV RI WKH 7DEOH � DUH ��� WKH

UHDJHQW UHDGLO\ UHGXFHV RQH RU WZR HTXLYDOHQWV RI WKH F\FOLF

NHWRQHV H[DPLQHG H[FHSW FDPSKRU� HYHQ WKRXJK WKH VHFRQG

HTXLYDOHQW RI NHWRQH LV UHGXFHG LQ D UHODWLYHO\ VORZHU UDWH

WKDQ WKH ILUVW� ��� WKH VWHUHRFKHPLVWU\ RI WKH SURGXFW DOFRKRO

ZLWK RQH HTXLYDOHQW RI ',%$3\U LV XQFKDQJHDEOH GXULQJ WKH

FRXUVH RI WKH UHDFWLRQ� ZKHUHDV WKH VWHUHRFKHPLVWU\ ZLWK KDOI

HTXLYDOHQW RI WKLV UHDJHQW LV DSSDUHQWO\ GHSHQGHQW RQ WKH

UHDFWLRQ WLPH� 7KH VWHUHRVHOHFWLYLW\ LQFUHDVHV FRQVLVWHQWO\

ZLWK WKH LQFUHDVH RI UHDFWLRQ WLPH WR UHVXOW LQ WKH H[FOXVLYH

IRUPDWLRQ RI WKHUPRG\QDPLFDOO\ PRUH VWDEOH DOFRKRO �(T�

��� ZLWK WKH H[FHSWLRQ RI FDPSKRU ZKLFK LV UHVLVWDQW WR VXFK

LVRPHUL]DWLRQ XQGHU WKH UHDFWLRQ FRQGLWLRQV� 7KLV VHHPV WR

EH WKH SKHQRPHQRQ WKDW PXVW ULVH IURP WKH LVRPHUL]DWLRQ

ZKHUH WKH LQLWLDOO\ IRUPHG WKHUPRG\QDPLFDOO\ OHVV VWDEOH

LVRPHU� RQH RI WKH WZR LVRPHU SURGXFHG E\ UHGXFWLRQ ZLWK

',%$3\U� LV FRQYHUWHG WR WKH PRUH VWDEOH RQH LQ WKH FRXUVH

RI D 0HHUZHLQ�3RQQGRUI�9HUOH\ W\SH UHGXFWLRQ��F�� �(T� ���

,Q WKH FDVH ZKHUH RQH HTXLYDOHQW RI NHWRQH ZDV XVHG� DOO

WKH NHWRQHV LQ WKH UHDFWLRQ PL[WXUH ZHUH UDSLGO\ FRQVXPHG

E\ RQH RU WZR LVREXW\O JURXSV RI WKH UHDJHQW� 7KHUHIRUH�

WKHUH ZDV QR NHWRQH PROHFXOH WR EH LQYROYHG LQ WKH VORZ�

VHFRQG SURFHVV GLDJUDPHG LQ (T� � ZKLFK OHDGV WR WKH

LQFUHDVH RI LVRPHULF UDWLR� 2Q WKH RWKHU KDQG� LQ WKH FDVH RI

WZR HTXLYDOHQWV RI NHWRQH ZHUH XVHG D SDUW RI WKH VHFRQG

H[WUD NHWRQH UHPDLQHG LQ WKH UHDFWLRQ PL[WXUH XQWLO DOO WKH

LVREXW\O PRLHW\ ZDV UHPRYHG IURP WKH UHDJHQW YLD UHGXFWLRQ�

7KHUHIRUH� WKH LVRPHU HTXLOLEUDWLRQ SURFHVV EHFDPH HIIHFWLYH

DQG ODVWHG XQWLO WKH UHGXFWLRQ FRPSOHWHG�

,W LV QRWHZRUWK\ WKDW WKH S\UUROH PRLHW\� LQFUHDVHV WKH

/HZLV DFLGLW\ RI DOXPLQXP DWRP RI ',%$3\U� VR DV WR FDXVH

UHPDUNDEOH UHDFWLYLW\ HQKDQFHPHQW DQG KHQFH WKH UHDG\

LQYROYHPHQW RI ERWK WZR LVREXW\O JURXSV LQ WKH UHGXFWLRQ�

$OO RWKHU GHULYDWLYHV RI GLLVREXW\ODODQH DIRUHPHQWLRQHG FDQ

XWLOL]H RQO\ RQH RI WKH WZR LVREXW\O JURXS LQ WKH NHWRQH

UHGXFWLRQ� 7KLV LQGLFDWHV WKDW WKH UHDJHQW� ',%$3\U� FDQ DOVR

EH HIIHFWLYHO\ DSSOLFDEOH WR WKH UHGXFWLRQ RI RWKHU RUJDQLF

IXQFWLRQDO JURXSV� ,Q IDFW� RXU SUHOLPLQDU\ UHVXOWV VKRZ WKDW

',%$3\U UHGXFHV DFLG FKORULGHV DQG HSR[LGHV DV ZHOO DV

DOGHK\GHV DQG NHWRQHV� ZKHUHDV RWKHU GHULYDWLYHV FDQ UHGXFH

RQO\ DOGHK\GHV DQG NHWRQHV� :H DUH FXUUHQWO\ H[SORULQJ WKLV

VHOHFWLYLW\ LVVXH LQ D JUHDW GHWDLO�
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WHPSHUDWXUH XQGHU D VWUHDP RI QLWURJHQ DQG PDLQWDLQHG

XQGHU D VWDWLF SUHVVXUH RI QLWURJHQ� 7R WKLV IODVN ZDV DGGHG

����� J RI L�%X�$O+ ���� PPRO� DQG �� P/ RI HWK\O HWKHU�

DQG WKH IODVN ZDV PDLQWDLQHG DW �� R& E\ LPPHUVLRQ LQ D
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5HGXFWLRQ RI &\FOLF .HWRQHV� 7KH IROORZLQJ SURFHGXUH

ZDV XVHG WR H[SORUH WKH VWHUHRVHOHFWLYLW\ RI WKLV UHDJHQW� ,Q D

���P/� URXQG�ERWWRPHG IODVN ZDV SODFHG ��� P/ RI WKH ���

0 VROXWLRQ RI WKH UHDJHQW LQ HWK\O HWKHU ����� PPRO�� 7KH

IODVN ZDV PDLQWDLQHG DW �� R& E\ LPPHUVLRQ LQ D ZDWHU EDWK�

7R WKH IODVN ZDV DGGHG �� P/ RI ��PHWK\OF\FORKH[DQRQH

VROXWLRQ LQ HWK\O HWKHU ���� RU ��� 0 LQ NHWRQH�� DQG WKH UHDF�

WLRQ PL[WXUH ZDV VWLUUHG DW �� R&� $IWHU WKH DSSURSULDWH WLPH

LQWHUYDOV� WKH UHDFWLRQ DOLTXRW ZDV ZLWKGUDZQ DQG WKHQ

TXHQFKHG E\ DGGLWLRQ RI � 1 +&O� 7KH DTXHRXV OD\HU ZDV

VDWXUDWHG ZLWK 0J62�� DQG WKH RUJDQLF OD\HU ZDV GULHG RYHU

DQK\GURXV .�&2�� 7KH LVRPHULF UDWLR RI DOFRKRO SURGXFW

DQDO\]HG E\ *& XVLQJ D FDSLOODU\ FROXPQ DUH OLVWHG LQ 7DEOH
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$FNQRZOHGJPHQW� 7KH DXWKRUV ZLVK WR DFNQRZOHGJH WKH

ILQDQFLDO VXSSRUW RI WKH .RUHD 5HVHDUFK )RXQGDWLRQ PDGH LQ
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