
+,*+ 5(62/87,21 0($685(0(17 2)

727$/ 3+27218&/($5 &5266 6(&7,216

+LGHR +$5$'$� .D]X\RVKL )8587$.$

-DSDQ 1XFOHDU &\FOH 'HYHORSPHQW ,QVWLWXWH� 7RNDL�PXUD� ,EDUDNL�NHQ ��������

H�PDLO� KDUDGD#WRNDL�MQF�JR�MS

+LGHDNL 2+*$., DQG +LUR\XNL 72<2.$:$

(OHFWURWHFKQLFDO /DERUDWRU\� 8PH]RQR� ,EDUDNL�NHQ ��������

$ KLJK�UHVROXWLRQ SKRWR�DEVRUSWLRQ VSHFWURVFRSLF PHWKRG KDV EHHQ GHYHORSHG LQ

RUGHU WR LQYHVWLJDWH WKH ILQH VWUXFWXUHV LQ SKRWRQXFOHDU UHDFWLRQV� 7R DFKLHYH DQ

HQHUJ\ UHVROXWLRQ RI DERXW ���� IRU KLJK�HQHUJ\ SKRWRQV ������ 0H9�� D QHZ W\SH RI D

SKRWRQ VSHFWURPHWHU KDV EHHQ GHYHORSHG� 7R HQKDQFH D TXDOLW\ RI GDWD� WKH EHDP RI

ODVHU &RPSWRQ SKRWRQ KDV EHHQ XWLOL]HG� 5HFHQW SURJUHVV RI WKLV QHZ VSHFWURVFRSLF

PHWKRG LV UHYLHZHG�

�� ,QWURGXFWLRQ

)LQH VWUXFWXUHV LQ SKRWRQXFOHDU UHDFWLRQV DUH LPSRUWDQW TXDQWLWLHV IRU WKH

LQYHVWLJDWLRQ RI WKH LQQRYDWLYH DSSOLFDWLRQV RI SKRWRQXFOHDU UHDFWLRQV EHFDXVH WKH

SKRWRQXFOHDU FURVV VHFWLRQV RI VRPH VSHFLDO VWDWHV DUH H[SHFWHG WR KDYH KXJH YDOXHV

WKDW DUH FRPSDUDEOH WR WKH SKRWR�DWRPLF FURVV VHFWLRQV� +RZHYHU� YHU\ OLWWOH LV NQRZQ

DERXW WKH ILQH VWUXFWXUHV QHLWKHU H[SHULPHQWDOO\ QRU WKHRUHWLFDOO\�

1XFOHDU SKRWRDEVRUSWLRQ �13$� VSHFWURVFRSLF PHWKRG LV DQ LGHDO WRRO WR LQYHVWLJDWH

SKRWRQXFOHDU UHDFWLRQV� 7KH PHDVXUHPHQW JLYHV WKH FURVV VHFWLRQ RI WKH WRWDO

SKRWRQXFOHDU UHDFWLRQ WKDW LV WKH VXP RI DOO WKH γ�LQGXFHG UHDFWLRQ FKDQQHOV� 7KH

1D, VFLQWLOODWLRQ VSHFWURPHWHU� /'��72) VSHFWURPHWHU RU WKH PDJQHWLF VSHFWURPHWHU

KDV EHHQ DSSOLHG IRU WKH SKRWRQ DEVRUSWLRQ PHDVXUHPHQWV������ +RZHYHU� WKH HQHUJ\

UHVROYLQJ SRZHU RI WKHVH VSHFWURPHWHUV ZHUH DERXW D IHZ SHUFHQW� DQG ZHUH QRW HQRXJK

WR LQYHVWLJDWH ILQH VWUXFWXUHV LQ SKRWRQXFOHDU UHDFWLRQV�

5HFHQW SURJUHVV RQ *H GHWHFWRU IDEULFDWLRQ WHFKQRORJLHV PDNHV LW SRVVLEOH WR GHYHORS

D KLJK�UHVROXWLRQ KLJK�HQHUJ\ SKRWRQ VSHFWURPHWHU �++6�� ZLWK DQ H[FHOOHQW HQHUJ\

UHVROXWLRQ RI DERXW ���� IRU KLJK�HQHUJ\ SKRWRQV� W\SLFDOO\ ����� 0H9� ZLWK ZKLFK 13$

PHWKRG FDQ DFKLHYH D KLJK UHVROXWLRQ� $V D UHVXOW WKH ILQH VWUXFWXUH LQ SKRWRQXFOHDU

UHDFWLRQ FDQ EH VWXGLHG XS WR DERXW �� 0H9�

7KH EHDP RI ODVHU &RPSWRQ SKRWRQ �/&3�� LV QRZ VWURQJ HQRXJK WR EH XVHG LQ 13$

H[SHULPHQWV� 7KH XVH RI /&3 RYHUFRPHV WKH LQKHUHQW GLVDGYDQWDJH RI WKH XVH RI

EUHPVVWUDKOXQJ� WKDW LV� LWV KLJK EDFNJURXQG� HVSHFLDOO\ DW WKH ORZ HQHUJ\ VLGH� 7KH

ORZ HQHUJ\ WDLO RI WKH /&3 EHDP LV FXW RII ZLWK D FROOLPDWRU VLQFH WKH HQHUJ\ RI /&3 LV



GHWHUPLQHG E\ /&3·V VFDWWHULQJ DQJOH�

7KH H[SHULPHQWDO WHFKQLTXH RI 13$ XVLQJ ++6 DQG /&3 KDV EHHQ GHYHORSHG IRU

VHYHUDO \HDUV�� DQG UHFHQWO\ WKH HQHUJ\ UHVROYLQJ SRZHU RI ���� KDV EHHQ VXFFHVVIXOO\

GHPRQVWUDWHG�� 7KH SURJUHVV RI WKH QHZ VSHFWURVFRSLF PHWKRG LV EULHIO\ UHYLHZHG�

�� ([SHULPHQWV

��� 3ULQFLSOH RI D QHZ 13$ VSHFWURVFRSLF PHWKRG

,Q SULQFLSOH� WKH GHYHORSHG PHDVXUHPHQW PHWKRG LV VLPLODU WR HDUOLHU 13$

H[SHULPHQWV������ EXW LQ WKH SUHVHQW PHDVXUHPHQWV WZR SRZHUIXO GHYLFHV� ++6 DQG /&3�

KDYH EHHQ LQFRUSRUDWHG�

7KH WRWDO SKRWR QXFOHDU FURVV VHFWLRQ LV JLYHQ E\
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ZKHUH ρ DQG "  PHDQ WKH DWRPLF GHQVLW\ DQG WKH OHQJWK RI WKH WDUJHW� 7KH ( LV WKH

SKRWRQ HQHUJ\� 7KH 8 DQG 8� DUH WUDQVPLWWHG /&3 VSHFWUD REWDLQHG E\ XQIROGLQJ WKH

REVHUYHG /&3 VSHFWUD <�WDUJHW� DQG <�UHIHUHQFH�� UHVSHFWLYHO\� ZLWK WKH UHVSRQVH

IXQFWLRQV RI WKH ++6� 7KH F LQ HT� ��� LV D QRUPDOL]DWLRQ FRQVWDQW� 7KH σDWRP�(� LV

WKH SKRWR�DWRPLF FURVV VHFWLRQ WKDW LV WDEXODWHG LQ UHI� ����

��� 'HYHORSPHQW RI WKH VXSHU KLJK�UHVROXWLRQ SKRWRQ VSHFWURPHWHU� ++6

7KH ++6 ZDV GHVLJQHG WR GHWHFW KLJK�HQHUJ\ SKRWRQV LQ WKH HQHUJ\ UDQJH RI �����

0H9 ZLWK WKH HQHUJ\ UHVROXWLRQ RI DERXW ����� 7KH ++6 �)LJ� �� FRQVLVWV RI WZR ODUJH

1�W\SH *H GHWHFWRUV DQG WKLFN %*2 GHWHFWRUV� 7KH HQHUJ\ UHVROXWLRQ RI WKH ++6 LV

PRUH WKDQ �� WLPHV VXSHULRU WR WKH SUHYLRXVO\ GHYHORSHG KLJK�HQHUJ\ SKRWRQ

VSHFWURPHWHUV������ 7KLV LV WKH NH\ GHYLFH WKDW HQDEOHV LW WR REWDLQ VXSHU KLJK�UHVROXWLRQ

GDWD RI SKRWR�DEVRUSWLRQ FURVV VHFWLRQV� 7KH ++6 LV D QHZ W\SH RI D VXSHU KLJK�

UHVROXWLRQ SKRWRQ VSHFWURPHWHU WKDW HQDEOHV WKH KLJK�HQHUJ\ SKRWRQ VSHFWURVFRS\ ZLWK

WKH HQHUJ\ UHVROXWLRQ RI ��� ��

   6LJQDOV 6LJQDOV

&RROLQJ 5RG

)LJ� � $ VFKHPDWLF UHSUHVHQWDWLRQ RI WKH ++6

/&3 EHDP
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��� ,PSDFW RI /&3 RQ 13$ VSHFWURVFRS\

7KH NLQHPDWLFV RI WKH /&3 LV H[SUHVVHG E\ WKH QH[W HTXDWLRQ

( )��
�� PD[

γθ
θ

�

�
�

/&3 +
≅ � θ≪�� ���

ZKHUH (PD[  �γ�ωD� D  ������γω�P�� DQG γ (H�P� 7KH (H� P� DQG ω PHDQ

HOHFWURQ HQHUJ\� HOHFWURQ PDVV� DQG ODVHU �RQH SKRWRQ� HQHUJ\� UHVSHFWLYHO\� )RU

H[DPSOH� (PD[ LV ����� 0H9 LQ WKH FDVH RI (H  ��� 0H9 DQG ω  ���� H9 � ��� QP��

7KH /&3 HQHUJ\ DW VFDWWHULQJ DQJOH RI ����°LV GHFUHDVHG WR ����� 0H9 LQ WKLV FDVH�

7KHUHIRUH� WKH ORZ HQHUJ\ WDLO RI WKH /&3 SKRWRQ IOX[ LV HOLPLQDWHG ZLWK D FROOLPDWRU�

7KH HOLPLQDWLRQ RI QHHGOHVV SKRWRQV KHOSV WR UHGXFH WKH FRXQWLQJ UDWH RI WKH SKRWRQ

VSHFWURPHWHU� 7KH HQHUJ\ ZLGWK RI WKH /&3 EHDP LV DOVR YDULDEOH E\ FKDQJLQJ WKH

GLDPHWHU RI WKH KROH LQ WKH FROOLPDWRU� 7KHVH FKDUDFWHULVWLFV RI WKH /&3 PDNH WKH 13$

VSHFWURVFRS\ YHU\ SRZHUIXO VSHFWURVFRSLF PHWKRG FRPSDUHG WR WKDW XVLQJ

EUHPVVWUDKOXQJ EHDP WKDW KDV EHHQ WUDGLWLRQDOO\ XVHG�

��� 6HWXS

7KH H[SHULPHQWDO VHWXS LV VKRZQ LQ )LJ� �� $ ODVHU EHDP HQWHUV WKH ZLQGRZ RI D

YDFXXP FKDPEHU RI WKH HOHFWURQ VWRUDJH ULQJ 7(5$6� DIWHU EHLQJ UHIOHFWHG E\ D PLUURU

DQG SDVVLQJ WKURXJK D OHQV �I  � P�� DQG WKHQ LQWHUDFWHG ZLWK WKH VWRUHG HOHFWURQ EHDP

DW WKH VWUDLJKW VHFWLRQ� 7KH OHDG FROOLPDWRU LV SODFHG DORQJ WKH /&3 EHDP D[LV WR FXW

RII WKH ORZ HQHUJ\ WDLO RI WKH /&3 EHDP� 7KH GLVWDQFH EHWZHHQ WKH FHQWHUV RI WKH

LQWHUDFWLQJ UHJLRQ DQG WKH FROOLPDWRU LV ��� P�

)LJ�� 6FKHPDWLF RYHUYLHZ RI WKH 13$ H[SHULPHQWDO DUHD DW WKH /&3 IDFLOLW\

�� 5HVXOWV

6ROLG OLQH DQG GDVKHG OLQH LQ )LJXUH ��D� VKRZ WKH WUDQVPLWWHG /&3 VSHFWUD

REVHUYHG E\ ++6 IRU D ZDWHU WDUJHW HQULFKHG WR �� � LQ ��2 DQG D QDWXUDO ZDWHU WDUJHW�

UHVSHFWLYHO\� )LJXUH ��E� VKRZV WKH GLIIHUHQFH RI WKH WUDQVPLWWHG VSHFWUD� <���2� ²



<���2�� 7KH SUHYLRXV GDWD UHSRUWHG WKH RQO\ IRXU UHVRQDQFHV DW ���� ����� ����� DQG

���� 0H9 IRU ��2�γ� DEV� UHDFWLRQ LQ WKH REVHUYHG HQHUJ\ UHJLRQ� 7KH SUHVHQW GDWD

UHVROYHV WKH IRXU UHVRQDQFHV LQWR QLQH UHVRQDQFHV� 7KH GHWDLOV RI WKH DQDO\VLV DQG WKH

GHGXFHG FURVV VHFWLRQV DUH GHVFULEHG LQ UHI� ��

)LJXUH � VKRZV WKH WUDQVPLWWHG /&3 VSHFWUD REVHUYHG E\ ++6� <�●� DQG <�○�� IRU

D ��& WDUJHW DQG D EODQN WDUJHW� UHVSHFWLYHO\� $ VLJQLILFDQW VKDUS GLS LV VKRZQ DW �����

0H9 LQ WKH VSHFWUXP IRU ��&� 7KH LQWULQVLF ZLGWK RI WKH UHVRQDQFH DW ����� 0H9 LQ ��&

ZDV NQRZQ WR EH ��� NH9 IURP WKH �%H＋α UHDFWLRQ��� $VVXPLQJ WKH LQWULQVLF ZLGWK WR

EH ��� NH9� WKH HQHUJ\ UHVROXWLRQ RI ++6 LV �� NH9 IRU ����� 0H9 SKRWRQ HQHUJ\� WKDW LV�

���� �� 7KLV UHVROXWLRQ LV �� WLPHV VXSHULRU WR WKDW RI -XO\·V VWDWH RI DUW RI SUHVHQW GD\

SKRWR�QHXWURQ PHDVXUHPHQW���

�� &RQFOXVLRQV

1HZ PHDVXUHPHQW PHWKRG XVLQJ ++6 DQG /&3 KDV EHHQ GHYHORSHG WR LQYHVWLJDWH

ILQH VWUXFWXUHV LQ SKRWR�QXFOHDU UHDFWLRQV� 7KH HQHUJ\ UHVROXWLRQ KDV EHHQ

GHPRQVWUDWHG WR UHDFK ���� E\ PHDVXULQJ WKH ILUVW 7 ��� UHVRQDQFH SHDN DW ����� 0H9

LQ ��&� )LQH VWUXFWXUH SHDNV LQ WKH ��2�γ� DEV� UHDFWLRQ KDYH EHHQ REVHUYHG IRU WKH

ILUVW WLPH E\ XWLOL]LQJ WKLV PHWKRG� ,W LV UHTXLUHG WR REWDLQ V\VWHPDWLF GDWD RI

KLJK�UHVROXWLRQ SKRWRDEVRUSWLRQ FURVV VHFWLRQV WR VKHG OLJKW RQ WKH ILQH VWUXFWXUHV LQ

SKRWRQXFOHDU UHDFWLRQV�

$FNQRZOHGJPHQWV

&RQWULEXWLRQV RI 7� 1RJXFKL DQG <� 6KLJHWRPH GXULQJ WKH HDUO\ VWDJH RI WKH

H[SHULPHQWV DUH DFNQRZOHGJHG� 7KH H[SHULPHQWDO VXFFHVV ZRXOG KDYH EHHQ

LPSRVVLEOH ZLWKRXW WKH FRRSHUDWLYH HIIRUW RI (7/ DFFHOHUDWRU JURXS� 7KLV ZRUN KDV

EHHQ VXSSRUWHG E\ -DSDQ 1XFOHDU &\FOH 'HYHORSPHQW ,QVWLWXWH DQG (OHFWURWHFKQLFDO

/DERUDWRU\�
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