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$ FURVVHG EHDP VFDWWHULQJ RI D 3E�=U[7L��[�2� SOXPH DQG DQ R[\JHQ MHW ZDV VWXGLHG E\ XVLQJ D WLPH�RI�IOLJKW

TXDGUXSROH PDVV VSHFWURVFRS\� %RWK VLPSOH FROOLVLRQV DQG UHDFWLYH VFDWWHULQJV KDG VLJQLILFDQW HIIHFWV RQ WKH

WUDQVSRUW DQG HQHUJHWLFV RI LRQV LQ WKH SOXPH� 5HODWLYH HQULFKPHQW RI PHWDO DQG PHWDO R[LGH LRQV ZDV DOVR

FKDQJHG ZLWK WKH R[\JHQ SXOVH EHFDXVH RI WKH GLIIHUHQFHV LQ WKH PDVV DQG FKHPLFDO SURSHUWLHV RI WKH LRQV� ,Q

SDUWLFXODU� DQ DQRPDORXV LQFUHDVH RI 3E� LRQV ZDV REVHUYHG DV WKH R[\JHQ MHW FURVVHG WKH SOXPH DW KLJK ODVHU

IOXHQFHV� ZKLOH WKH VLJQDO PDJQLWXGHV RI DOO RWKHU LRQV ZHUH UHGXFHG� 7KLV RULJLQDWHV IURP WKH IDFW WKDW 3E2�

LRQV GLVVRFLDWH HDVLO\ WR OLEHUDWH 3E� LRQV LQ WKH SOXPH VLQFH WKH ERQG HQHUJ\ RI 3E2� LV DV ORZ DV ��� H9�

,QWURGXFWLRQ

6LQFH WKH DGYHQW RI ODVHUV� WKHUH KDV EHHQ D JURZLQJ LQWHU�

HVW LQ SXOVHG ODVHU GHSRVLWLRQ �3/'� WHFKQLTXH DLPLQJ DW WKH

JURZWK RI WKLQ ILOPV RI VXSHUFRQGXFWRUV� IHUURHOHFWULFV� PHW�

DOV� DQG UHIUDFWRU\ PDWHULDOV��2QH RI WKH PDMRU DGYDQWDJHV

RI 3/' LV WKH VWRLFKLRPHWULF WUDQVIHU RI PXOWL�HOHPHQW WDUJHW

PDWHULDO WR D VXEVWUDWH� )RU PXOWL�HOHPHQW R[LGH WDUJHWV OLNH

<%D�&X�2��[ �<%&2� DQG 3E�=U[7L��[�2� �3=7�� KRZHYHU�

WKH VWRLFKLRPHWULHV RI WKH ILOPV GHSRVLWHG LQ YDFXXP RIWHQ

GR QRW UHSUHVHQW WKDW RI WKH EXON DV IDU DV R[\JHQ LV FRQ�

FHUQHG� ZKLFK UHVXOWV LQ D VHULRXV GHILFLHQF\ RI R[\JHQ LQ WKH

ILOPV�

%\ DGRSWLQJ D UHDFWLYH ODVHU DEODWLRQ LQ DQ R[\JHQ DWPR�

VSKHUH� VXFK SUREOHP KDV EHHQ FLUFXPYHQWHG LQ D FRQYHQ�

WLRQDO 3/'� ZKHUH WKH RSWLPDO SUHVVXUH RI R[\JHQ GXULQJ

ILOP JURZWK UDQJHV IURP ��� WR D IHZ 7RUU� %XW WKLV SUHVVXUH

LV WRR KLJK IRU LQ VLWX DQDO\VLV DQG HODERUDWH FRQWURO RI WKH

ILOP GHSRVLWLRQ E\ UHIOHFWLRQ KLJK HQHUJ\ HOHFWURQ GLIIUDFWLRQ

�5+(('�� ZKLFK LV RQH RI WKH PRVW SRZHUIXO DQG FRQYH�

QLHQW WHFKQLTXHV IRU PRQLWRULQJ RI WKH ILOP GHSRVLWLRQ� ,Q

WKLV UHVSHFW� XVH RI V\QFKURQL]HG SXOVHG MHW RI R[\JHQ KDV

EHHQ VXJJHVWHG E\ *XSWD HW DO�
� WR GHSRVLW <%&2 ILOPV DW

SUHVVXUHV EHORZ ��−�7RUU� ZKLFK LV ORZ HQRXJK IRU 5+(('�

7KH\ DOVR GHPRQVWUDWHG WKDW R[\JHQ LV HIIHFWLYH LQ IRUPLQJ

WKH <%&2 SKDVH RQO\ ZKHQ LW LV SURYLGHG GXULQJ DFWXDO

JURZWK RI WKH ILOP� 5HFHQWO\� :LOOPRWW HW DO�� HPSOR\HG WKH

UHDFWLYH FURVVHG EHDP 3/' DQG UHSRUWHG VXFFHVVIXO JURZWK

RI KLJK TXDOLW\ *D1 ILOPV XVLQJ D SXOVHG QLWURJHQ VRXUFH�

3/' LV LQKHUHQWO\ D GLJLWDO SURFHVV DQG 3/' FRPELQHG ZLWK

D SXOVHG VRXUFH RI UHDFWLYH JDV LV H[SHFWHG WR EHFRPH DQ

LGHDO WHFKQLTXH IRU D GLJLWDO ODVHU HSLWD[\ WR JURZ PRUH FRP�

SOLFDWHG PXOWL�OD\HUHG VWUXFWXUHV LQ XOWUDKLJK YDFXXP V\V�

WHPV�

,Q RUGHU WR REWDLQ RSWLPDO SDUDPHWHUV RI ILOP GHSRVLWLRQ E\

XVLQJ D SXOVHG UHDFWLYH JDV� D GHHS XQGHUVWDQGLQJ RI WKH

SK\VLFDO DQG FKHPLFDO LQWHUDFWLRQV LQ WKH ODVHU�LQGXFHG

SODVPD �SOXPH� DQG WKH WUDQVSRUW RI WKH DEODWHG VSHFLHV WR

WKH VXEVWUDWH LV HVVHQWLDO� )RU WKH ODVW IHZ \HDUV� GLYHUVH GLDJ�

QRVWLF WHFKQLTXHV LQFOXGLQJ RSWLFDO HPLVVLRQ�� LPDJLQJ��

ODVHU�LQGXFHG IOXRUHVFHQFH�� DQG SUREH EHDP GHIOHFWLRQ�

KDYH EHHQ HPSOR\HG WR LQYHVWLJDWH WKH SOXPH H[SDQVLRQ

G\QDPLFV DQG JDV SKDVH UHDFWLRQV LQ D VWDWLF EDFNJURXQG JDV�

+RZHYHU� YHU\ OLWWOH ZRUN KDV EHHQ GRQH WR HOXFLGDWH WKH

HIIHFWV RI V\QFKURQL]HG SXOVHG MHW RQ WKH HODVWLF DQG LQHODVWLF

VFDWWHULQJV LQ WKH SOXPH�����

+HUH� ZH SUHVHQW H[SHULPHQWDO UHVXOWV RQ D VFDWWHULQJ RI D

ODVHU�LQGXFHG 3=7 SOXPH E\ D SXOVHG R[\JHQ MHW� %\ GLUHFW

DQDO\VLV RI LRQV HVFDSLQJ IURP WKH SOXPH E\ XVLQJ D WLPH�RI�

IOLJKW �72)� TXDGUXSROH PDVV VSHFWURVFRS\� ZH KDYH H[DP�

LQHG WKH HIIHFWV RI VLPSOH FROOLVLRQV DQG FKHPLFDO UHDFWLRQV

LQ WKH SOXPH FDXVHG E\ LQMHFWLRQ RI WKH SXOVHG R[\JHQ PROH�

FXOHV ZLWK DQ DWWHPSW WR SURYLGH FULWLFDO LQIRUPDWLRQ UHTXLUHG

WR GHYHORS D UHDFWLYH GLJLWDO ODVHU HSLWD[\ WHFKQLTXH� 6LJQLIL�

FDQW FKDQJHV LQ WKH UHODWLYH HQULFKPHQW RI DWRPLF PHWDO DQG

R[LGH LRQV DQG WKHLU PHDQ NLQHWLF HQHUJLHV ZHUH REVHUYHG

ZLWK WKH SXOVHG R[\JHQ MHW FURVVLQJ WKH SOXPH�

([SHULPHQWDO 0HWKRGV

$ VFKHPDWLF GLDJUDP RI WKH H[SHULPHQWDO VHWXS LV VKRZQ

LQ )LJXUH �� 7KH DSSDUDWXV FRQVLVWV RI D WDUJHW FKDPEHU DQG

DQ DQDO\VLV FKDPEHU� ZKLFK DUH VHSDUDWHG E\ D VNLPPHU ZLWK

DQ RULILFH GLDPHWHU RI ���� PP� /DVHU DEODWLRQ DQG VXEVH�

TXHQW UHDFWLRQV RFFXU LQ WKH WDUJHW FKDPEHU� ZKHUH D ����

PP GLD� 3=7 WDUJHW ZDV URWDWHG E\ D VWDQGDUG URWDU\ PRWLRQ

IHHGWKURXJK WR DYRLG D WDUJHW DJLQJ HIIHFW� 7KH GLVWDQFH IURP

WKH WDUJHW WR WKH RULILFH RI WKH VNLPPHU ZDV ��� FP� 7KH ���

QP UDGLDWLRQ IURP D 1G � <$* ODVHU �6SHFWUD�3K\VLFV

*&5������� ZDV IRFXVHG RQWR WKH WDUJHW E\ XVLQJ D ��� PP

OHQV DW DQ LQFLGHQW DQJOH RI ��R� 7KH VSRW VL]H RI IRFXVHG

ODVHU EHDP RQ WKH WDUJHW ZDV ��� PP��

7R VWXG\ WKH UHDFWLYH VFDWWHULQJ RI LRQV ZLWK R[\JHQ PROH�

FXOHV� D SXOVHG YDOYH �*HQHUDO 9DOYH 6HULHV �� ZDV PRXQWHG

LQVLGH WKH WDUJHW FKDPEHU VXFK WKDW WKH SURSDJDWLRQ D[LV RI

WKH JDV MHW ZDV SHUSHQGLFXODU WR WKH GLUHFWLRQ RI SOXPH

H[SDQVLRQ� 7KH GLVWDQFH IURP WKH RULILFH RI WKH YDOYH WR WKH

D[LV RI WKH SOXPH ZDV ��� FP� 7KH EDFNLQJ SUHVVXUH RI WKH
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SXOVHG YDOYH ZDV KHOG DW � EDU� $ GHOD\ JHQHUDWRU ZDV XVHG

WR YDU\ WKH GHOD\ WLPH EHWZHHQ WKH ODVHU SXOVH DQG WKH HOHF�

WULF SXOVH WR RSHQ WKH SXOVHG YDOYH� 7KH SXOVH ZLGWK RI WKH

JDV MHW LV TXLWH FORVH WR WKH HOHFWULFDO SXOVH ZLGWK DSSOLHG WR

WKH YDOYH��� 7KH SXOVHG YDOYH DFWXDOO\ VWDUWHG WR RSHQ DW WKH

HOHFWULF SXOVH ZLGWK RI ��� µV�
7KH DQDO\VLV FKDPEHU ZDV HTXLSSHG ZLWK D TXDGUXSROH

PDVV VSHFWURPHWHU �9* 6;����� $ ER[FDU DYHUDJHU �65����

ZDV XVHG WR JHW ODVHU�FRUUHODWHG LRQ PDVV VSHFWUD� 7LPH�RI�

IOLJKW �72)� VSHFWUD DW IL[HG PDVV DV ZHOO DV WKH FRQYHQ�

WLRQDO PDVV VSHFWUD ZHUH REWDLQHG� 7KH IOLJKW GLVWDQFH RI

LRQV� ���� FP� ZDV GHILQHG DV WKH OHQJWK EHWZHHQ WKH WDUJHW

DQG DQ HQWUDQFH KROH WR D GHWHFWRU� 7KH UHJLRQ EHWZHHQ WKH

WDUJHW DQG WKH HQWUDQFH WR WKH TXDGUXSROH ZDV ILHOG IUHH� ,RQ

RSWLFV LQ IURQW RI WKH TXDGUXSROH KRXVLQJ ZHUH JURXQGHG DQG

WKH LRQL]HU ZDV WXUQHG RII GXULQJ WKH H[SHULPHQW WR GHWHFW

LRQV RQO\� 7KH VPDOO UDGLDO RVFLOODWLRQ ILHOG LQ WKH TXDGUXSROH

KDG QHJOLJLEOH HIIHFW RQ WKH PHDVXUHG 72) VSHFWUD IRU WKH

LRQ HQHUJLHV REVHUYHG KHUH�� 2QH KXQGUHG ODVHU VKRWV ZHUH

LUUDGLDWHG RQ WKH URWDWLQJ WDUJHW VXUIDFH� HDFK JLYLQJ D 72)

VSHFWUXP� 7KHVH VSHFWUD ZHUH DYHUDJHG LQWR D VLQJOH 72)

VSHFWUXP E\ D VWRUDJH RVFLOORVFRSH �/H&UR\ ����� ��� 0+]��

7KH W\SLFDO HTXLOLEULXP SUHVVXUH RI WKH WDUJHW FKDPEHU ZLWK

WKH ODVHU LPSLQJLQJ RQ WKH WDUJHW ZDV � Ó ��−� 7RUU ZKHQ WKH

SXOVHG YDOYH ZDV RSHQ ZLWK D SXOVH ZLGWK RI ��� µV�

5HVXOWV DQG 'LVFXVVLRQ

$V WKH SXOVHG R[\JHQ MHW FURVVHG WKH 3=7 SOXPH� WKH VLJ�

QDO PDJQLWXGH RI HDFK LRQ ZDV UHGXFHG VLJQLILFDQWO\� )LJXUH

� VKRZV QRUPDOL]HG VLJQDO PDJQLWXGHV RI DWRPLF DQG PROH�

FXODU LRQV DV D IXQFWLRQ RI WKH HOHFWULF SXOVH ZLGWK DSSOLHG WR

WKH YDOYH� 7KH DFFXUDWH ORFDO SUHVVXUH QHDU WKH WDUJHW UHJLRQ

DV WKH R[\JHQ MHW ZDV VXSSOLHG ZDV QRW PHDVXUDEOH� EXW WKH

PRPHQWXP IOX[ YV� ZLGWK RI WKH SXOVHG YDOYH KDV EHHQ IRXQG

WR VKRZ D VWURQJ FRUUHODWLRQ��� 7KH VLJQDO PDJQLWXGHV RI LRQV

ZKLFK DUH GHWHFWHG E\ WKH PDVV VSHFWURPHWHU DUH H[SHFWHG WR

EH FKDQJHG E\ HODVWLF DQG LQHODVWLF VFDWWHULQJV LQ WKH SOXPH

DV WKH SXOVHG YDOYH LV RSHQ� 7KH LQWHQVLWLHV RI WKH LRQV ZKLFK

SDVV WKURXJK WKH VNLPPHU ZLOO EH FKDQJHG E\ FROOLVLRQV ZLWK

R[\JHQ PROHFXOHV LQ WKH SOXPH� 6LQFH D VXEVWUDWH LV LQ JHQ�

HUDO PRXQWHG IDFLQJ WKH WDUJHW LQ 3/'� WKH GHIOHFWLRQ RI LRQV

FDXVHG E\ FROOLVLRQV ZRXOG FHUWDLQO\ DIIHFW WKH WUDQVSRUW RI

LRQV WR WKH VXEVWUDWH DQG WKH ILOP JURZWK� ,Q RXU H[SHULPHQW�

WKH LQWHQVLW\ RI 7L� LRQV ZKLFK KDG UHODWLYHO\ VPDOO NLQHWLF

HQHUJLHV FRPSDUHG ZLWK =U�DQG 3E� LRQV DV VKRZQ LQ 7DEOH �

DQG )LJXUH � ZDV UHGXFHG UHPDUNDEO\ E\ WKH R[\JHQ SXOVH�

%HFDXVH WKH OHVV HQHUJHWLF LRQV LQ WKH SOXPH DUH SHUWXUEHG

PRUH HDVLO\ WKDQ WKRVH RI PRUH HQHUJHWLF RQHV� WKH PHDQ

NLQHWLF HQHUJLHV RI LRQV ZKLFK XOWLPDWHO\ UHDFKHG WKH GHWHF�

WRU LQFUHDVHG DV WKH R[\JHQ SXOVH ZDV RQ�

,Q DGGLWLRQ WR WKH VLPSOH FROOLVLRQV� UHDFWLYH VFDWWHULQJV RI

LRQV DQG R[\JHQ PROHFXOHV ZRXOG FHUWDLQO\ FRQWULEXWH WR WKH

UHODWLYH HQULFKPHQW RI LRQV LQ WKH SOXPH� ,QWHQVLWLHV RI 7L2�

DQG 3E2� LRQV LQFUHDVHG DV WKH ZLGWK RI R[\JHQ SXOVH

LQFUHDVHG IURP ��� WR ��� µV DOWKRXJK WKHLU FRQFHQWUDWLRQV
LQ WKH SOXPH ZHUH QHJOLJLEOH� %XW WKH\ GHFUHDVHG VOLJKWO\ DW

SXOVH ZLGWK ORQJHU WKDQ ��� µV SUHVXPDEO\ GXH WR FROOLVLRQV�
8QOLNH 7L2� DQG 3E2� LRQV� D IDLU DPRXQW RI =U2� LRQV ZDV

GHWHFWHG LQ WKH SOXPH HYHQ ZLWKRXW WKH R[\JHQ MHW EHFDXVH

=U2� KDV ODUJHU GLVVRFLDWLRQ HQHUJ\ WKDQ 7L2� DQG 3E2� DQG

PD\ DYRLG GLVVRFLDWLYH FROOLVLRQV� 7KH ERQG GLVVRFLDWLRQ

HQHUJLHV RI 7L2�� =U2�� DQG 3E2� LRQV�� DUH ��� H9� ��� H9�

)LJXUH �� 6FKHPDWLF GLDJUDP RI WKH H[SHULPHQWDO VHWXS�

7DEOH �� 0HDQ NLQHWLF HQHUJLHV RI WKH LRQV GHWHFWHG E\ TXDGUXSROH PDVV VSHFWURPHWHU �H9�

/DVHU IOXHQFH

�-�FP��

3XOVH ZLGWK
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� ��� ���� ���� ���� − ���� −

��� ���� ���� ���� ���� ���� ���� ����

����
� ���� ���� ���� ���� − ���� −

��� ���� ���� ���� ���� ���� ���� ����

)LJXUH �� 7KH QRUPDOL]HG VLJQDO PDJQLWXGHV RI LRQV DV D IXQFWLRQ
RI WKH ZLGWK RI WKH HOHFWULF SXOVH DSSOLHG WR WKH SXOVHG YDOYH� 7KH
SXOVHG YDOYH VWDUWV WR RSHQ DW ��� µV� 7KH ODVHU IOXHQFH ZDV ���� -�
FP��
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DQG ��� H9� UHVSHFWLYHO\� 7KH LQWHQVLW\ RI =U2� LRQV

GHFUHDVHG DV WKH SXOVH ZLGWK LQFUHDVHG IURP ��� WR ��� µV�
ZKLFK OHDGV WR D FRQFOXVLRQ WKDW WKH GHIOHFWLRQ RI =U2� LRQV

E\ WKH R[\JHQ SXOVH LV PRUH VLJQLILFDQW WKDQ WKH IRUPDWLRQ RI

=U2� LRQV E\ FKHPLFDO UHDFWLRQV EHWZHHQ =U� LRQV DQG R[\�

JHQ PROHFXOHV�

$W ORZ ODVHU IOXHQFHV QHDU WKH DEODWLRQ WKUHVKROG� LRQV

KDYH VPDOO NLQHWLF HQHUJLHV DQG DUH HDVLO\ GHIOHFWHG E\ WKH

R[\JHQ SXOVH� 7KH R[\JHQ SXOVH EHFDPH OHVV HIIHFWLYH RQ WKH

VLJQDO PDJQLWXGH RI HDFK LRQ DV WKH ODVHU IOXHQFH ZDV

LQFUHDVHG� ZKLFK LV PDQLIHVWHG LQ )LJXUH �� 7KH UDWLR RI VLJ�

QDO PDJQLWXGHV ZLWK WKH R[\JHQ SXOVH RQ DQG RII IRU 2�� 7L��

=U�� DQG =U2� FRQYHUJHG WR � DV WKH ODVHU IOXHQFH ZDV

LQFUHDVHG IURP ���� WR ���� -�FP�� 7KH LQWHQVLW\ RI 3E� LRQV�

KRZHYHU� VKRZHG DQ DQRPDORXV HQULFKPHQW DV WKH R[\JHQ

MHW ZDV VXSSOLHG WR WKH SOXPH DW ODVHU IOXHQFHV DERYH ���� -�

FP�� 7KLV LQGLFDWHV WKDW D SDUWLFXODU IRUPDWLRQ FKDQQHO RI 3E�

LRQV ZKLFK LV DLGHG E\ WKH R[\JHQ SXOVH EHFRPHV RYHU�

ZKHOPLQJ DW KLJK ODVHU IOXHQFHV�

)LJXUH � LOOXVWUDWHV 72) VSHFWUD RI 3E� LRQV DW D ODVHU IOX�

HQFH RI ���� -�FP�� :KHQ WKH R[\JHQ SXOVH ZDV RII� WKH 72)

VSHFWUXP RI 3E� LRQV VKRZHG D ELPRGDO GLVWULEXWLRQ� 6LPLODU

SHDN VSOLWWLQJ ZDV UHSRUWHG LQ WKH ODVHU DEODWLRQ RI =Q2 E\

/HXFKWQHU��� ZKR SURSRVHG WKH SRVVLELOLW\ RI IRUPDWLRQ RI

GRXEO\ FKDUJHG PHWDO LRQV DQG WKHLU UHFRPELQDWLRQ ZLWK

HOHFWURQV JLYLQJ KLJK�HQHUJ\ SHDN LQ WKH 72) VSHFWUD RI =Q�

LRQV� ,Q RXU H[SHULPHQWDO FRQGLWLRQV� KRZHYHU� WKH IDVW SHDN

LV EHOLHYHG WR FRUUHVSRQG WR WKH 3E� LRQV SURGXFHG E\ D

GLUHFW ODVHU DEODWLRQ RU GLVVRFLDWLRQ RI 3E2� LRQV� 7KH XOWL�

PDWH DUULYDO WLPH RI WKH LRQV ZRXOG EH DIIHFWHG QRW RQO\ E\

WKH IRUPDWLRQ PHFKDQLVPV RI WKH LRQV EXW DOVR E\ WKH WLPH

DQG SODFH RI LRQL]DWLRQ LQ WKH SOXPH� 7KH LRQV IRUPHG DW WKH

LQLWLDO VWDJH RI ODVHU DEODWLRQ DUH PRUH DFFHOHUDWHG E\ WKH

ORFDO HOHFWULF ILHOG LQ WKH SOXPH SURGXFHG E\ D VSDFH FKDUJH

HIIHFW��� 2Q WKH RWKHU KDQG� WKH VORZ SHDN RULJLQDWHV SUHVXP�

DEO\ IURP WKH 3E� LRQV SURGXFHG E\ LRQL]DWLRQ RI 3E DWRPV�

$V WKH R[\JHQ MHW FURVVHG WKH SOXPH� WKH LQWHQVLW\ RI WKH IDVW

SHDN ZDV GUDVWLFDOO\ LQFUHDVHG ZKLOH WKDW RI WKH VORZ SHDN

UHPDLQHG DOPRVW XQFKDQJHG� $OVR� 3E2� LRQV SURGXFHG E\

WKH R[\JHQ MHW ZHUH VORZHU WKDQ WKH IDVW 3E� LRQV EXW WKH\

ZHUH IDVWHU WKDQ WKH VORZ 3E� LRQV� 7KLV LV VXJJHVWLYH RI WKH

IROORZLQJ IRUPDWLRQ PHFKDQLVP RI 3E� LRQV ZKHQ WKH R[\�

JHQ MHW LV VXSSOLHG WR WKH SOXPH�

3E�2� → 3E2�2 ���

3E��2� → 3E2��2 ���

3E2�0 → 3E2��H−�0 ���

3E2��0 → 3E��2�0� ���

ZKHUH 0 UHSUHVHQWV FROOLVLRQ SDUWQHUV OLNH H
B
� 2�� DQG RWKHU

FKHPLFDO VSHFLHV LQ WKH SOXPH�

7KH LQFUHDVH LQ PHWDO LRQ VLJQDO E\ WKH R[\JHQ MHW ZDV

REVHUYHG RQO\ IRU 3E� LRQV DV VKRZQ LQ )LJXUH �� 6LQFH WKH

LRQL]DWLRQ SRWHQWLDOV RI 3E�� 7L�� DQG =U� LRQV�� DUH ���� H9�

���� H9� DQG ���� H9� UHVSHFWLYHO\� LW LV XQOLNHO\ WKDW 3E��

LRQV DUH IRUPHG SUHIHUDEO\ LQ WKH SOXPH E\ FROOLVLRQDO LRQ�

L]DWLRQ� $OVR� QR GRXEO\ FKDUJHG LRQV ZHUH GHWHFWHG� 7KH

LQWHQVLW\ RI WKH IDVW SHDN ZRXOG QRW LQFUHDVH E\ WKH R[\JHQ

MHW LI WKH IDVW SHDN LQ WKH 72) VSHFWUD RI 3E� LRQV ZHUH

UHVSRQVLEOH IRU WKH 3E� LRQV IRUPHG E\ UHFRPELQDWLRQ RI

3E�� LRQV DQG HOHFWURQV� 7KH LRQL]DWLRQ SRWHQWLDOV RI 3E� 7L�

DQG =U DWRPV�� DUH ��� H9� ��� H9� DQG ��� H9� UHVSHFWLYHO\�

6R FROOLVLRQDO LRQL]DWLRQ RI 3E DWRPV E\ WKH R[\JHQ MHW LQ WKH

SOXPH LV QRW H[SHFWHG WR KDYH FRQWULEXWHG WR WKH LQFUHDVH RI

WKH IDVW SHDN EHFDXVH WKH VLJQDO PDJQLWXGHV RI 7L� DQG =U�

LRQV GHFUHDVHG E\ WKH R[\JHQ MHW� ,QVWHDG� WKH XQXVXDOO\

VPDOO ERQG GLVVRFLDWLRQ HQHUJ\ RI 3E2� �'��3E2
��  ���

H9� LV WKRXJKW WR KDYH FDXVHG WKH JURZWK RI WKH IDVW SHDN�

7KH PD[LPXP DYDLODEOH DPRXQW RI HQHUJ\� ∆( WKDW FDQ EH

WUDQVIHUUHG WR D 3E2� LRQ DV LQWHUQDO HQHUJ\ E\ DQ LQHODVWLF

FROOLVLRQ EHWZHHQ D VWDWLRQDU\ 2� PROHFXOH DQG D 3E2
� LRQ

ZLWK LQLWLDO NLQHWLF HQHUJ\ RI (�3E2�� LV

ZKHUH P�2�� DQG P�3E2�� DUH PDVV RI 2� DQG 3E2
�� UHVSHF�

WLYHO\�� )RU H[DPSOH� ZH JHW ∆(  ��� H9 IRU 3E2� LI ZH MXVW

∆(
P 2

�
( ) ( 3E2

�( )⋅
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)LJXUH �� 7KH UDWLR RI WKH VLJQDO PDJQLWXGHV RI LRQV ZLWK WKH
R[\JHQ SXOVH RQ ���� µV� DQG RII DV D IXQFWLRQ RI WKH ODVHU IOXHQFH�

)LJXUH �� 7KH WLPH�RI�IOLJKW VSHFWUD RI 3E� LRQV ZLWK WKH R[\JHQ
SXOVH RQ ���� µV� DQG RII DW WKH ODVHU IOXHQFH RI ���� -�FP��



��� %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � 6HXQJ 0LQ 3DUN DQG -L <RXQ 0RRQ

XVH WKH PHDQ NLQHWLF HQHUJ\ YDOXH RI 3E2� LRQV DW ���� -�FP�

JLYHQ LQ 7DEOH �� 6LQFH WKH ERQG GLVVRFLDWLRQ HQHUJ\ RI 3E2�

LV DV VPDOO DV ��� H9� PRVW RI 3E2� LRQV SURGXFHG E\ UHDFWLYH

VFDWWHULQJV RI 3E� LRQV DQG R[\JHQ MHW DUH WR EH HDVLO\ GLVVR�

FLDWHG E\ FROOLVLRQV LQ WKH SOXPH DQG XOWLPDWHO\ FRQWULEXWH WR

WKH HQULFKPHQW RI WKH IDVW 3E� LRQV�

6XPPDU\

(ODVWLF DQG LQHODVWLF VFDWWHULQJV RI WKH 3=7 SOXPH DQG WKH

R[\JHQ MHW KDG VLJQLILFDQW HIIHFWV RQ WKH WUDQVSRUW DQG HQHU�

JHWLFV RI LRQV� ,Q SDUWLFXODU� D IDLU DPRXQW RI LRQV ZDV

GHIOHFWHG E\ WKH R[\JHQ MHW DW ORZ ODVHU IOXHQFHV� 7KH NLQHWLF

HQHUJLHV RI LRQV ZKLFK SDVVHG WKURXJK WKH VNLPPHU

LQFUHDVHG ZKHQ WKH R[\JHQ SXOVH ZDV RQ EHFDXVH VORZ LRQV

DUH PRUH YXOQHUDEOH WR FROOLVLRQV� 3E� LRQV VKRZHG DQ DQRP�

DORXV HQULFKPHQW E\ WKH R[\JHQ SXOVH EHFDXVH RI WKH IRUPD�

WLRQ DQG VXEVHTXHQW GLVVRFLDWLRQ RI 3E2� LRQV LQ WKH R[\JHQ

DWPRVSKHUH� 'LVVRFLDWLRQ RI 3E2� LRQV DQG RWKHU FOXVWHU LRQV

FRQWDLQLQJ R[\JHQ SURGXFHG E\ GLUHFW ODVHU DEODWLRQ DOVR

FRQWULEXWHV WR WKH HQULFKPHQW RI 3E� LRQV DV WKH\ FROOLGH ZLWK

R[\JHQ PROHFXOHV� 7KH DPRXQW RI FHUWDLQ LRQV ZKLFK DUULYH

DW WKH GHWHFWRU LV GHWHUPLQHG E\ FROOLVLRQV DQG FKHPLFDO UHDF�

WLRQV LQ WKH SOXPH� ZKLFK DUH ODUJHO\ GHSHQGHQW RQ WKH PDVV

DQG FKHPLFDO SURSHUWLHV RI WKH LRQV� $OWKRXJK ZH KDYH

IRFXVHG RQ WKH LRQLF VSHFLHV LQ WKLV ZRUN� ZH H[SHFW VLPLODU

UHVXOWV IRU WKH QHXWUDOV� 7KHUHIRUH� D FRQWURO RI WKH IOX[ DQG

HQHUJHWLFV RI WKH FKHPLFDO VSHFLHV ZKLFK DUULYH DW WKH VXE�

VWUDWH PLJKW EH DFFRPSOLVKHG E\ DGRSWLQJ WKH SXOVHG R[\JHQ

VRXUFH LQ D UHDFWLYH SXOVHG ODVHU GHSRVLWLRQ�

$FNQRZOHGJPHQW� 7KLV ZRUN KDV EHHQ VXSSRUWHG E\ WKH

,QVWLWXWH RI ,QIRUPDWLRQ 7HFKQRORJ\ $VVHVVPHQW� 0LQLVWU\ RI

,QIRUPDWLRQ DQG &RPPXQLFDWLRQ�
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