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

���	���������������

,VDR 0XUDWD
��
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$NLWR 7DNDKDVKL
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�.HQWDUR 2FKLDL
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� )XMLR 0DHNDZD

��
DQG +LURVKL 7DNHXFKL

��

��
'HSDUWPHQW RI 1XFOHDU (QJLQHHULQJ� 2VDND 8QLYHUVLW\

<DPDGD�RND ���� 6XLWD� 2VDND ��������� -DSDQ

(�PDLO� PXUDWD#QXFO�HQJ�RVDND�X�DF�MS
��
-DSDQ $WRPLF (QHUJ\ 5HVHDUFK ,QVWLWXWH

7RNDL�PXUD� ,EDUDNL ��������� -DSDQ

7KH PHWKRG KDV EHHQ HVWDEOLVKHG WR PHDVXUH �Q��Q� UHDFWLRQ FURVV VHFWLRQ ZLWK WKH FRLQFLGHQFH

GHWHFWLRQ WHFKQLTXH XVLQJ D QHZO\ GHYHORSHG EHDP�W\SH '7 QHXWURQ VRXUFH DW )16� -$(5,� $ F\OLQGULFDO

PDQJDQHVH� WKH �Q��Q� FURVV VHFWLRQ RI ZKLFK ZDV PHDVXUHG SUHFLVHO\ ZLWK WKH IRLO DFWLYDWLRQ PHWKRG� ZDV

XVHG WR FKHFN WKH H[SHULPHQWDO PHWKRG� ,W ZDV FRQILUPHG IURP WKH H[SHULPHQWDO UHVXOWV WKDW WKH SUHVHQW QHZ

PHWKRG ZDV EDVLFDOO\ IXQFWLRQLQJ WR PHDVXUH RQO\ WZR QHXWURQV HPLWWHG WKURXJK �Q��Q� UHDFWLRQ� $OVR� IRU

PDQJDQHVH QRW VR VWURQJ DQJXODU GHSHQGHQFH ZDV REVHUYHG WKRXJK WKH VWDWLVWLFDO DFFXUDF\ ZDV QRW VXIILFLHQW�

&RQVHTXHQWO\� LW LV H[SHFWHG WKDW FRPSOHWH PHDVXUHPHQW IRU VWDEOH�LVRWRSH SURGXFLQJ HOHPHQW E\ �Q��Q�

UHDFWLRQ ZRXOG EHFRPH SRVVLEOH E\ VHYHUDO PHDVXUHPHQWV�

�� ,QWURGXFWLRQ

7KH �Q��Q� UHDFWLRQ SOD\V D YHU\ LPSRUWDQW UROH LQ WKH GHVLJQ RI IXVLRQ UHDFWRU� EHFDXVH LW LV D

QHXWURQ PXOWLSOLFDWLRQ UHDFWLRQ DQG KDV D ODUJH FURVV VHFWLRQ YDOXH RYHU � EDUQ H[FHSW IRU OLJKW DQG KHDY\

QXFOLGHV LQ WKH HQHUJ\ UDQJH RI VHYHUDO WR �� 0H9� ,Q WKH SUHYLRXV H[SHULPHQWV� WKH �Q��Q� UHDFWLRQ FURVV

VHFWLRQV ZHUH PHDVXUHG PDLQO\ E\ WKH IRLO DFWLYDWLRQ PHWKRG� 7KXV� WKH PHDVXUHPHQW EHFDPH GLIILFXOW XQOHVV

DSSURSULDWH UDGLRLVRWRSHV ZHUH SURGXFHG E\ WKH UHDFWLRQ� (YHQ QRZ� WKHUH DUH PDQ\ QDWXUDO HOHPHQWV OHIW WKH

H[SHULPHQWDO YDOXHV RI ZKLFK DUH QRW REWDLQHG>�@� $OVR� HVSHFLDOO\ IRU OLJKW HOHPHQWV PHDVXUHPHQWV RI WKH

QHXWURQ HQHUJ\ VSHFWUXP DQG WKH DQJXODU GLVWULEXWLRQ IRU WKH �Q��Q� UHDFWLRQ DUH LPSRUWDQW� KRZHYHU� WKH\

ZHUH QRW FDUULHG RXW VR IDU�

,Q WKH SUHVHQW VWXG\� XVLQJ D QHZO\ GHYHORSHG EHDP�W\SH '7 QHXWURQ VRXUFH DW IXVLRQ QHXWURQLFV

VRXUFH �)16�� -$(5,� WKH PHWKRG LV HVWDEOLVKHG WR PHDVXUH �Q��Q� UHDFWLRQ FURVV VHFWLRQ DQG LWV HQHUJ\ DQG

DQJXODU GLVWULEXWLRQ RI VLPXOWDQHRXVO\ HPLWWHG WZR QHXWURQV ZLWK WKH FRLQFLGHQFH GHWHFWLRQ WHFKQLTXH IRU

HOHPHQWV KDYLQJ QR H[SHULPHQWDO GDWD�

�� ([SHULPHQWDO

0HDVXUHPHQW RI �Q��Q� UHDFWLRQ FURVV VHFWLRQ LV SRVVLEOH LQ SULQFLSOH ZLWK WKH FRLQFLGHQFH GHWHFWLRQ

WHFKQLTXH IRU WZR QHXWURQV HPLWWHG VLPXOWDQHRXVO\� +RZHYHU� DQ DFFHSWDEOH VLJQDO WR QRLVH �6�1� UDWLR FRXOG



QRW EH REWDLQHG EHFDXVH LVRWURSLFDOO\ SURGXFHG VRXUFH QHXWURQV� WKH JUHDW PDMRULW\ RI ZKLFK GRHV QRW

ERPEDUG WKH VDPSOH� DFW DV D ODUJH DPRXQW RI EDFNJURXQG VLJQDOV LQ WKH PHDVXUHPHQW� 7KH QHZO\ GHYHORSHG

EHDP�W\SH �� FP φ�FROOLPDWHG� '7 QHXWURQ VRXUFH DW )16 FDQ UHDOL]H WKH PHDVXUHPHQW E\ XVLQJ WKH

FRLQFLGHQFH GHWHFWLRQ WHFKQLTXH� 7KH EHDP '7 QHXWURQ VRXUFH ZDV GHYHORSHG E\ PDNLQJ D QDUURZ ��FPφ�

KROH �FROOLPDWRU� WKURXJK WKH YHU\ WKLFN VKLHOG �～�P� EHWZHHQ WKH WDUJHW URRP DQG WKH PHDVXUHPHQW URRP�

7KH LQWHQVLW\ RI QHXWURQV LV ～�×��
�
Q�VHF�FP

�
DW WKH H[LW RI WKH FROOLPDWRU� 7KH QHXWURQ IOX[ UDSLGO\

GHFUHDVHV RXWVLGH WKH EHDP UHJLRQ� WKHUHIRUH GHWHFWRUV FDQ EH DUUDQJHG QHDU WKH EHDP OLQH� )RU WKLV UHDVRQ�

GLIIHUHQWLDO FURVV VHFWLRQV ZKLFK ZHUH GLIILFXOW WR EH PHDVXUHG FDQ EH PHDVXUHG�

7KH VFKHPDWLF H[SHULPHQWDO DUUDQJHPHQW LV VKRZQ LQ )LJ� �� $ VPDOO VDPSOH ZDV SRVLWLRQHG RQ WKH

EHDP OLQH DW ～�� FP IURP WKH FROOLPDWRU� WKDW PHDQV WKH VDPSOH ZDV SODFHG DW ～��� FP IURP WKH QHXWURQ

VRXUFH� 7KH GLPHQVLRQV RI WKH VDPSOH DUH ��� FPφ×� FP ORQJ� 7KH QHXWURQ IOX[ LQWHQVLW\ DW WKH VDPSOH�

GHWHUPLQHG E\ $O IRLO� ZDV �×��
�
� 7ZR 1(��� ��FPφ VSKHULFDO� GHWHFWRUV ZHUH DUUDQJHG DW VHYHUDO

SRVLWLRQV ��� FP IURP WKH VDPSOH��

7KH PHDVXUHPHQW ZDV FDUULHG RXW ZLWK WKH FRLQFLGHQFH GHWHFWLRQ WHFKQLTXH DQG Q�γ SXOVH VKDSH

GLVFULPLQDWLRQ WHFKQLTXH� 7KH IRUPHU LV D WHFKQLTXH WR PHDVXUH VHOHFWLYHO\ WZR QHXWURQV HPLWWHG

VLPXOWDQHRXVO\ IURP �Q��Q� UHDFWLRQ E\ FRLQFLGHQFH GHWHFWLRQ� 7KH �Q��Q� UHDFWLRQ FDQ EH GHWHFWHG E\ WKLV

PHWKRG� EXW LW FDQ EH QHJOHFWHG EHFDXVH WKH WKUHVKROG HQHUJ\ LV PRVWO\ ODUJHU WKDQ �� 0H9� 7KH ODWWHU

WHFKQLTXH ZDV HPSOR\HG WR H[FOXGH FRLQFLGHQW VLJQDOV RI Qγ SDLUV WKURXJK �Q�Q·γ�� �Q��Qγ� DQG VR RQ E\

GLVFULPLQDWLQJ WKH ULVH WLPH VSHFWUXP RI G\QRGH VLJQDOV� 7ZR GHOD\ OLQH DPSOLILHUV ZLWK GLIIHUHQW JDLQV ZHUH

XVHG WR H[WHQG WKH G\QDPLF UDQJH RI WKH GHWHFWRU IURP ��� NH9 WR �� 0H9� 7KH HOHFWURQLF FLUFXLW XVHG LQ WKH

SUHVHQW H[SHULPHQW LV VKRZQ LQ )LJ� �� )RUHJURXQG �)*� DQG EDFNJURXQG �%*� LQGLFDWHG LQ WKH ILJXUH

FRUUHVSRQG WR FRLQFLGHQW DQG WLPH�LQGHSHQGHQW VLJQDOV DV VKRZQ ODWHU LQ )LJ� �� UHVSHFWLYHO\� $V IRU WKH

QHXWURQ DQJXODU GLVWULEXWLRQ� LW LV NQRZQ WKDW D VOLJKWO\ IRUZDUG RULHQWHG GLVWULEXWLRQ FDQ EH REWDLQHG LI

VLPXOWDQHRXVO\ HPLWWHG WZR QHXWURQV DUH QRW GLVWLQJXLVKHG� +RZHYHU� LQ WKH SUHVHQW PHDVXUHPHQW� WKH DQJXODU

FRUUHODWLRQ RI WKH WZR QHXWURQV VKRXOG EH WDNHQ LQWR DFFRXQW WR \LHOG WKH FURVV VHFWLRQ EHFDXVH WKH WZR

QHXWURQV DUH PHDVXUHG VHSDUDWHO\ ZLWK WZR GHWHFWRUV� 7KXV VHYHUDO PHDVXUHPHQWV ZHUH FDUULHG RXW IRU RQH

VDPSOH FRQVLGHULQJ WKH V\PPHWULFDO DUUDQJHPHQW RI WKH GHWHFWRUV� $V WKH VDPSOH� D F\OLQGULFDO PDQJDQHVH

���� FPφ×� FP ORQJ�� WKH �Q��Q� FURVV VHFWLRQ RI ZKLFK ZDV PHDVXUHG SUHFLVHO\ ZLWK WKH IRLO DFWLYDWLRQ

PHWKRG� ZDV XVHG WR FKHFN WKH H[SHULPHQWDO PHWKRG� $OVR� VDPSOH�RXW PHDVXUHPHQWV ZHUH FDUULHG RXW WR

UHPRYH WLPH�GHSHQGHQW EDFNJURXQG�

�D� 6FKHPDWLF DUUDQJHPHQW RI WKH GHWHFWRUV� �E� 'HWDLOV RI WKH GHWHFWRU DUUDQJHPHQW�

)LJ� � ([SHULPHQWDO DUUDQJHPHQW�



�� 'DWD SURFHVVLQJ DQG FRUUHFWLRQ

7KH QHW UDZ QHXWURQ VSHFWUXP LV GHGXFHG E\ WKH IROORZLQJ HTXDWLRQ�

\ �\LQ�)*－α･\LQ�%*�－β�\RXW�)*－α･\RXW�%*�� ���

ZKHUH� \ LV WKH QHW UDZ )* VSHFWUXP� \LQ�)* DQG \LQ�%* WKH UDZ )* DQG %* VSHFWUD LQ VDPSOH�LQ PHDVXUHPHQW�

\RXW�)* DQG \RXW�%* WKH UDZ )* DQG %* VSHFWUD LQ VDPSOH�RXW PHDVXUHPHQW� α WKH UDWLR RI WKH JDWHG ZLGWK LQ

WKH WLPH GLIIHUHQFH VSHFWUXP RI WZR DQRGHV VLJQDOV RI WKH GHWHFWRUV� DQG β WKH QRUPDOL]DWLRQ IDFWRU EHWZHHQ

WKH VDPSOH�LQ DQG �RXW PHDVXUHPHQWV� UHVSHFWLYHO\� 7KLV HTXDWLRQ FDQ EH XVHG IRU VSHFWUD REWDLQHG E\ ERWK

GHWHFWRUV� 7KHQ WKH FURVV VHFWLRQ FDQ EH REWDLQHG E\ WKH QH[W HTXDWLRQV�

1σφη�GΩ���π��GΩ���π�I� I�
 5� \�� IRU GHWHFWRU �� ���

1σφη�GΩ���π��GΩ���π�I� I�
 5� \�� IRU GHWHFWRU �� ���

ZKHUH� 1 LV WKH QXPEHU RI PDQJDQHVH DWRPV� σ WKH �Q��Q� FURVV VHFWLRQ� φ WKH QHXWURQ IOX[ DW WKH VDPSOH�

η WKH QHXWURQ PXOWLSOLFLW\ RI �Q��Q� UHDFWLRQ�  �� GΩ� DQG GΩ� WKH VROLG DQJOHV RI WKH GHWHFWRUV �� DQG ��� I�

DQG I� WKH HIILFLHQFLHV RI WKH GHWHFWRUV� I�
 DQG I�
 WKH FRQGLWLRQDO HIILFLHQFLHV RI WKH GHWHFWRUV� 5� DQG 5� WKH

UHVSRQVH IXQFWLRQV RI WKH GHWHFWRUV� \� DQG \� WKH SXOVH KHLJKW VSHFWUD RI WKH GHWHFWRU �LGHQWLFDO WR \ LQ (T������

UHVSHFWLYHO\� $OVR� I�
 DQG I�
 DUH FDOFXODWHG E\ WKH HTXDWLRQV�

I�
�(��  Σ�ξ�→��(��(�� I� �(�� ���

I�
�(��  Σ�ξ�→��(��(�� I� �(�� ���

ZKHUH� ξ�→� LV D QRUPDOL]HG VSHFWUXP RI FRUUHODWHG QHXWURQV WR EH GHWHFWHG DW GHWHFWRU � ZKHQ D QHXWURQ

ZLWK WKH HQHUJ\ RI (� LV GHWHFWHG DW GHWHFWRU �� ξ�→� KDV D VLPLODU PHDQLQJ DVξ�→�� Σ� DQGΣ� PHDQ

VXPPDWLRQV RYHU (� DQG (�� UHVSHFWLYHO\� ,Q WKH SUHVHQW VWXG\� D VLPSOH FRQGLWLRQ ZDV DVVXPHG WKDW WKHUH ZDV

QR DQJOH GHSHQGHQFH LQ HQHUJ\ VSHFWUXP� DQG WKH ('; VSHFWUXP GDWD LQ WKH QXFOHDU GDWD ILOH ZHUH XVHG WR

GHGXFH WKH FRQGLWLRQDO HIILFLHQFLHV� I�
 DQG I�
� 7KH WHUPV� \�5�
��
DQG \�5�

��
� LQ HTV� ��� DQG ��� ZHUH FDOFXODWHG

E\ WKH )25,67>�@ XQIROGLQJ FRGH ZLWK WKH GHWHFWRU UHVSRQVH PDWUL[ HYDOXDWHG E\ WKH 6&,1)8/>�@ FRGH�

7KH REWDLQHG FURVV VHFWLRQ VKRXOG EH FRUUHFWHG IRU WKH IROORZLQJ SUREOHPV� 2QH LV QHXWURQ

PXOWLSOH�VFDWWHULQJ LQ WKH VDPSOH� 0XOWLSOH�VFDWWHULQJ GXH WR LQFLGHQW QHXWURQV DV ZHOO DV HPLWWHG QHXWURQV

WKURXJK �Q��Q� UHDFWLRQ VKRXOG

EH WDNHQ LQWR FRQVLGHUDWLRQ�

$QG WKH RWKHU LV LQWHU�GHWHFWRU

VFDWWHULQJ RI QHXWURQV SURGXFHG

LQ WKH VDPSOH� 7KLV PHDQV WKDW

VHTXHQWLDO GHWHFWLRQV RI D

QHXWURQ LQ WKH WZR GHWHFWRUV FDQ

EH UHFRJQL]HG DV FRLQFLGHQFH

VLJQDO� 1HXWURQV FRPLQJ IURP

PDWHULDOV RWKHU WKDQ WKH VDPSOH

FDQ EH DOVR VFDWWHUHG DW WZR

GHWHFWRUV VHTXHQWLDOO\� KRZHYHU

WKHLU FRQWULEXWLRQ FDQ EH

UHPRYHG E\ XVLQJ WKH

VDPSOH�RXW PHDVXUHPHQW� 7KHVH

FRUUHFWLRQ FDOFXODWLRQV ZHUH

FDUULHG RXW ZLWK WKH 0RQWH

&DUOR FRGH 0&13��%>�@ DQG
)LJ� � (OHFWURQLF FLUFXLW RI WKH PHDVXUHPHQW�



WKH FRUUHFWLRQ IDFWRU ZDV HVWLPDWHG WR EH DERXW ����

�� 5HVXOWV DQG GLVFXVVLRQ

)LJXUH � VKRZV WLPH GLIIHUHQFH VSHFWUXP EHWZHHQ DQRGH VLJQDOV RI WKH WZR 1(��� GHWHFWRUV� $

ODUJH SHDN FRUUHVSRQGLQJ WR WKH )* VLJQDOV LV IRXQG DW DURXQG ��� QV LQ WKH VDPSOH�LQ VSHFWUXP� 6LQFH

FRUUHODWHG VLJQDOV DUH GHWHFWHG DOPRVW VLPXOWDQHRXVO\� D ��� QV GHOD\ LV DUWLILFLDOO\ DGGHG WR RQH DQRGH VLJQDO�

,Q WKH VDPSOH�RXW VSHFWUXP� D YHU\ VPDOO SHDN DURXQG WKH VDPH SRVLWLRQ DV WKH )* SHDN LV VHHQ� 7KLV

FRUUHVSRQGV WR GHWHFWLRQ RI WZR FRLQFLGHQW QHXWURQV GXH WR �Q��Q� UHDFWLRQ LQGXFHG DW PDWHULDOV VXUURXQGLQJ

WKH VDPSOH DQG GHWHFWRUV RU LQWHU�GHWHFWRU VFDWWHULQJ RI QHXWURQ EHWZHHQ WKH WZR GHWHFWRUV� $OVR WKH %*

FRXQWV DUH VXFFHVVIXOO\ VXSSUHVVHG DQG D JRRG 6�1 UDWLR LV WKHUHIRUH DFKLHYHG�

)LJXUH � VKRZV UDZ QHXWURQ SXOVH KHLJKW VSHFWUD LQ )* DQG %* PHDVXUHPHQWV� ,W LV FRQILUPHG WKDW

WKH )* VSHFWUXP LV VXIILFLHQWO\ ODUJHU WKDQ WKDW RI %*� $OVR� WZR VSHFWUD IRU KLJK� DQG ORZ�JDLQ PRGHV

VPRRWKO\ RYHUODSSHG HDFK RWKHU DURXQG �～� 0H9� 7KLV PHDQV WKDW WKH WZR�JDLQ PHWKRG LV VXFFHVVIXOO\

IXQFWLRQLQJ�
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� 6DPSOH LQ

&KDQQHO �～� QVHF�FKDQQHO�

6DPSOH � 0Q����FPφ [ �FP ORQJ�

7DF � ���� QVHF

'HOD\ � ��� QVHF

)RUHJURXQG %DFNJURXQG ���� WLPHV
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+LJK JDLQ

/RZ JDLQ

)RUHJURXQG

%DFNJURXQG

6DPSOH � 0Q
7LPH � ～� KRXUV

θ� � �� GHJ�
θ � �� GHJ�
ψ � ��� GHJ�

� )*�/RZ JDLQ�
� )*�+LJK JDLQ�
� %*�/RZ JDLQ�
� %*�+LJK JDLQ�

1HXWURQ HQHUJ\ �0H9�

)LJ� � 7LPH VSHFWUXP EHWZHHQ DQRGH VLJQDOV RI WZR 1(��� GHWHFWRUV�

)LJ� � 5DZ QHXWURQ SXOVH KHLJKW VSHFWUD LQ )* DQG %* PHDVXUHPHQWV�



)LJXUH � VKRZV QHXWURQ VSHFWUXP REWDLQHG E\ XQIROGLQJ WKH SXOVH KHLJKW VSHFWUXP ZLWK )25,67� ,Q

WKH ILJXUH� WKH HUURU EDUV DUH QRW VSHFLILHG EHFDXVH WKH HUURU YDOXH LV VR ODUJH WKDW WKH VSHFWUD EHFRPH QRW

OHJLEOH LI VSHFLILHG� 7KH YDOXHV DUH DURXQG VHYHUDO WHQV SHUFHQWDJHV� $ VOLJKW IOXFWXDWLRQ LV REVHUYHG LQ HDFK

VSHFWUXP� +RZHYHU� D IDLUO\ JRRG DJUHHPHQW EHWZHHQ H[SHULPHQW DQG -(1'/ IXVLRQ ILOH LV VHHQ H[FHSW IRU

ORZ HQHUJ\ UHJLRQ� /DUJH GLVFUHSDQFLHV LQ WKH ORZ HQHUJ\ UHJLRQ DUH WKRXJKW WR EH FDXVHG E\ WKH GHWHFWRU

UHVSRQVH PDWUL[� ZKLFK LV WR EH UH�HYDOXDWHG�

)LJXUH � VKRZV DQJXODU GLVWULEXWLRQ IRU D[LDO GLUHFWLRQ FRPSDUHG ZLWK WKH QXFOHDU GDWD RI -(1'/

IXVLRQ ILOH� ,W VHHPV WKDW RQH FDQ VHH D VOLJKWO\ IRUZDUG RULHQWHG GLVWULEXWLRQ� +RZHYHU� WKH DFFXUDF\ LV QRW VR

JRRG DV WR FRQFOXGH LW� 1HYHUWKHOHVV� WKH LQWHJUDO YDOXH� WKDW LV �Q��Q� UHDFWLRQ FURVV VHFWLRQ� LV DFFHSWDEOH

HYHQ LI FRQVLGHULQJ WKH GLVFUHSDQF\ REVHUYHG EHORZ � 0H9 LQ )LJ� �� 7KLV LQGLFDWHV WKDW WKH SUHVHQW QHZ

PHDVXUHPHQW PHWKRG LV VLJQLILFDQWO\ VXFFHVVIXO� )LJXUH � VKRZV DQJXODU GLVWULEXWLRQ IRU FLUFXPIHUHQWLDO

GLUHFWLRQ� ,W VHHPV WKDW WKHUH LV QR DQJXODU GHSHQGHQFH� +RZHYHU� WKLV FDQQRW EH FRQFOXGHG EHFDXVH WKH

DFFXUDF\ LV QRW VR JRRG� )URP WKH UHVXOWV� LW ZDV FRQILUPHG WKDW WKH DQJXODU GHSHQGHQFH ZDV� LI DQ\� YHU\

ZHDN� 7KXV� LW LV H[SHFWHG WKDW RQH FRPSOHWH PHDVXUHPHQW IRU D PHGLXP�KHDY\ HOHPHQW ZRXOG EHFRPH

SRVVLEOH E\ VHYHUDO PHDVXUHPHQWV�

�� &RQFOXVLRQ

8VLQJ D QHZO\ GHYHORSHG EHDP�W\SH '7 QHXWURQ VRXUFH DW )16� -$(5,� WKH PHWKRG ZDV

HVWDEOLVKHG WR PHDVXUH �Q��Q� UHDFWLRQ FURVV VHFWLRQ DQG LWV HQHUJ\ DQG DQJXODU GLVWULEXWLRQV RI VLPXOWDQHRXVO\

HPLWWHG WZR QHXWURQV ZLWK WKH FRLQFLGHQFH GHWHFWLRQ WHFKQLTXH� ,Q WKH SUHVHQW PHDVXUHPHQW� D F\OLQGULFDO

PDQJDQHVH� WKH �Q��Q� FURVV VHFWLRQ RI ZKLFK ZDV PHDVXUHG SUHFLVHO\ ZLWK WKH IRLO DFWLYDWLRQ PHWKRG� ZDV

XVHG WR FKHFN WKH H[SHULPHQWDO PHWKRG� )URP WKH UHVXOWV� LW ZDV FRQILUPHG WKDW WKH SUHVHQW QHZ PHWKRG ZDV

EDVLFDOO\ IXQFWLRQLQJ WR PHDVXUH RQO\ WZR QHXWURQV HPLWWHG WKURXJK �Q��Q� UHDFWLRQ� KRZHYHU RQH SUREOHP

ZDV VWLOO OHIW WKDW WKH VWDWLVWLFDO DFFXUDF\ ZDV QRW VXIILFLHQW� 6RPH LPSURYHPHQW RI H[SHULPHQWDO DQG GDWD

SURFHVVLQJ SURFHGXUH DUH QHFHVVDU\ WR VROYH LW� $OVR� LW ZDV IRXQG WKDW IRU 0Q QRW VR VWURQJ DQJXODU

GHSHQGHQFH ZDV REVHUYHG� &RQVHTXHQWO\� LW LV H[SHFWHG WKDW FRPSOHWH PHDVXUHPHQW IRU D PHGLXP�KHDY\

� � � � �

���

���

���
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1
HX
WU
R
Q
VS
H
FW
UX
P

�P
E
�0

H9
� 0Q�Q��Q��θR ��GHJ�θ ��GHJ

�φ ��GHJ

�φ ���GHJ
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� -(1'/ IXVLRQ ILOH �����0H9�

)LJ� � 1HXWURQ VSHFWUXP REWDLQHG E\ XQIROGLQJ WKH SXOVH KHLJKW VSHFWUXP�



HOHPHQW DQG IRU VWDEOH�LVRWRSH SURGXFLQJ HOHPHQW E\ �Q��Q� UHDFWLRQ ZRXOG EHFRPH SRVVLEOH E\ VHYHUDO

PHDVXUHPHQWV�

$FNQRZOHGJPHQWV

7KH DXWKRUV ZLVK WR

DFNQRZOHGJH WKH )16 VWDII IRU

WKHLU H[FHOOHQW RSHUDWLRQ RI

)16�

5HIHUHQFHV
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