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2� 7KH FRPSOH[ ZDV FKDUDFWHUL]HG E\

HOHPHQWDO DQDO\VLV� PDJQHWLF PRPHQW PHDVXUHPHQW� LQIUDUHG� (65 DQG HOHFWURQLF VSHFWURVFRS\�

7KH H[SHULPHQWDO HYLGHQFHV LQGLFDWH WKDW FRPSOH[ LV OLNHO\ WR KDYH PHWDO ERQGLQJ� 7KH WKHUPDO

GHFRPSRVLWLRQ RI WKH FRPSOH[ SURGXFHG 1L2 LQ DLU DW DERXW ���
R
& DQG LQ QLWURJHQ DW DERXW ���

R
&

DV WKH ILQDO SURGXFW� 6RPH RI WKH LQWHUPHGLDWHV SURGXFHG GXULQJ WKH WKHUPRO\VLV ZHUH LVRODWHG E\

WHPSHUDWXUH DUUHVW WHFKQLTXH DQG LGHQWLILHG E\ DQDO\WLFDO DQG VSHFWURVFRSLF PHWKRGV� $ WHQWDWLYH

UHDFWLRQ PHFKDQLVP LV SURSRVHG IRU WKH WKHUPDO GHFRPSRVLWLRQ RI WKH FRPSOH[ LQ DLU DQG QLWURJHQ�

.H\ZRUGV� GHFRPSRVLWLRQ� GHK\GUDWLRQ� PHWDO±PHWDO ERQG� WDUWUDWH FRPSOH[

,QWURGXFWLRQ

7KH V\QWKHVLV� FKDUDFWHUL]DWLRQ DQG WKHUPDO GHFRPSRVLWLRQ RI D ODUJH QXPEHU RI WDU�
WUDWR FRPSOH[HV RI WUDQVLWLRQ DQG QRQ�WUDQVLWLRQ PHWDOV KDYH EHHQ UHSRUWHG E\ GLIIHUHQW
ZRUNHUV >�−�@� 7KH SUHSDUDWLRQ DQG WKHUPDO GHFRPSRVLWLRQ RI D VHULHV RI R[DODWR FRP�
SOH[HV KDYH DOUHDG\ EHHQ UHSRUWHG >�−��@ IURP WKHVH ODERUDWRULHV� 7KH SKRWRGHFRPSR�
VLWLRQ RI SRWDVVLXP IHUULR[DODWH E\ QHDU XOWUDYLROHW DQG YLVLEOH OLJKW LQ ���1 +�62� LV H[�
SORLWHG IRU IROORZLQJ WKH SKRWRFKHPLFDO UHDFWLRQV E\ FKHPLFDO DFWLQRPHWHU >��@� ,W
VKRXOG EH LQWHUHVWLQJ WR UHSODFH SRWDVVLXP IHUULR[DODWH E\ D FRPSOH[ OLNH QLFNHO�,,�
ELV�WDUWUDWR� QLFNHODWH�,,� VLQFH RQO\ 1L2 LV H[SHFWHG WR UHPDLQ LQ WKH UHVLGXH RI WKH FRP�
SOH[ DIWHU LUUDGLDWLRQ� 7KH FRPSOH[PD\ EH WULHG IRU SKRWRLQLWLDWLRQ RI SKRWRSRO\PHUL]DWLRQ
UHDFWLRQ DV GRQH ZLWK LURQ�,,,� WULV�R[DODWR� IHUUDWH�,,,� WHWUDK\GUDWH )H>)H�&�2���@⋅�+�2
DW URRP WHPSHUDWXUH >��@ VLQFH WKH FRPSOH[ LV VWDEOH DW URRP WHPSHUDWXUH� 7KLV SD�
SHU UHSRUWV WKH V\QWKHVLV� FKDUDFWHUL]DWLRQ DQG WKHUPDO GHFRPSRVLWLRQ RI WKH KLWKHUWR
XQNQRZQ 1L>1L�WDUW��@⋅�+�2 LQ ERWK DLU DQG QLWURJHQ DWPRVSKHUH�

([SHULPHQWDO

3UHSDUDWLRQ RI WKH FRPSRXQGV

1LFNHO�,,� K\GUR[LGH� SUHSDUHG IURP QLFNHO FKORULGH ZDV PDGH IUHH IURP FKOR�
ULGH� ,W ZDV GLVVROYHG LQ JODFLDO DFHWLF DFLG DQG KHDWHG RQ D VWHDP EDWK� 7KH VROXWLRQ
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ZDV ILOWHUHG DQG D JUHHQLVK FRPSRXQG ZDV SUHFLSLWDWHG E\ GURSZLVH DGGLWLRQ RI
VWRLFKLRPHWULF DPRXQW RI KRW VDWXUDWHG VROXWLRQ RI /��� WDUWDULF DFLG LQ JODFLDO DFHWLF
DFLG� 7KH FRPSRXQG ZDV ILOWHUHG RII DQG UHSHDWHGO\ ZDVKHG ZLWK KRW GLVWLOOHG ZDWHU�
HWKHU DQG DFHWRQH WR UHPRYH IRUHLJQ VXEVWDQFHV� )LQDOO\� WKH FRPSRXQG ZDV GULHG
RYHU &D&O� LQ YDFXXP >�@� 7KH ZDWHU FRQWHQW ZDV GHWHUPLQHG JUDYLPHWULFDOO\ DQG WKH
QLFNHO FRQWHQW ZDV DOVR HVWLPDWHG JUDYLPHWULFDOO\ DV ELV�GLPHWK\O JO\R[LPDWR�
QLFNHO�,,�� &DUERQ DQG K\GURJHQ ZHUH HVWLPDWHG E\ 7KRPDV &+ DQDO\VHU� $QDO\VLV�
FDOFXODWHG IRU >1L��&�+�2���@⋅�+�2� 1L� ������ &� ������� +� ������ +�2�
������� IRXQG 1L� ������� &� ������� +� ������ +�2� �������

1L&�2� ZDV SUHSDUHG E\ WKH UHDFWLRQ EHWZHHQ 1L�2+�� DQG R[DOLF DFLG LQ KRW
ZDWHU� 7KH JUHHQLVK \HOORZ FRPSRXQG ZDV ZDVKHG UHSHDWHGO\ ZLWK FROG GLVWLOOHG
ZDWHU DQG WKHQ E\ DFHWRQH DQG ILQDOO\ LW ZDV GULHG RYHU &D&O� LQ YDFXXP� $QDO\VLV�
FDOFXODWHG IRU 1L&�2�� 1L� ������� &� ������� IRXQG� 1L� ������� &� �������

6SHFWURVFRSLF DQG WKHUPDO PHDVXUHPHQWV

7KH LQIUDUHG VSHFWUD RI WKH JDVHV HYROYHG GXULQJ WKH FRPSOHWH GHFRPSRVLWLRQ RI WKH
FRPSOH[ ZHUH UHFRUGHG DV GHVFULEHG HDUOLHU >�@� 7KH ,5 VSHFWUD �����−���� FP−�� SHO�
OHW LV .%U� RI FRPSOH[ DQG RI WKH LQWHUPHGLDWHV ZHUH UHFRUGHG ZLWK D 3HUNLQ (OPHU
VSHFWURSKRWRPHWHU� 7KH ORZ�IUHTXHQF\ ,5 VSHFWUD ����−��� FP−�� ZDV UHFRUGHG
ZLWK %20(1 '$�� )7,5 VSHFWURSKRWRPHWHU� 'LIIXVH UHIOHFWDQFH VSHFWUD ZHUH UH�
FRUGHG ZLWK D 6KLPDG]X 89 ��� VSHFWURSKRWRPHWHU XVLQJ %D62� DV WKH UHIHUHQFH
PDWHULDO� $ YDULDQ (�OLQH FHQWXU\ VHULHV (65 VSHFWURPHWHU ZDV XVHG WR UHFRUG WKH
(65 VSHFWUD RI WKH FRPSOH[ ZLWK 7&1( DV PDUNHU� 7KH WKHUPRJUDYLPHWULF DQDO\VLV
�7*�� GLIIHUHQWLDO WKHUPDO DQDO\VLV �'7$�� GLIIHUHQWLDO VFDQQLQJ FDORULPHWU\ �'6&�
ZHUH FDUULHG RXW ZLWK 3HUNLQ (OPHU WKHUPDO DQDO\VHU RSHUDWLQJ DW D KHDWLQJ UDWH RI
��R& PLQ−�� 7* DQG '7$ ZHUH FDUULHG RXW ERWK LQ DLU DQG QLWURJHQ PHGLD� EXW '6&
ZDV FDUULHG RXW RQO\ LQ QLWURJHQ PHGLXP� )RU 7* LQ DLU DQG QLWURJHQ� WKH DPRXQW RI
WKH VDPSOHV ZHUH ���� DQG ���� PJ� UHVSHFWLYHO\� )RU '7$ LQ DLU DQG QLWURJHQ� WKH
DPRXQWV ZHUH ����� DQG ����� PJ� UHVSHFWLYHO\� 0DJQHWLF PRPHQW RI WKH FRPSOH[
ZDV PHDVXUHG WKURXJK YLEUDWLQJ VDPSOH PDJQHWRPHWHU 0RGHO 1R� ��� XVLQJ FREDOW
PHUFXULF WKLRF\DQDWH &R>+J�6&1��@ DV UHIHUHQFH� ;�UD\ SRZGHU GLIIUDFWLRQ VSHF�
WUXP ZDV WDNHQ XVLQJ &X.α UDGLDWLRQ� 7KH RSHUDWLRQ YROWDJH ZDV �� N9 DQG FXUUHQW
�� P$� 7KH VFDWWHULQJ DQJOH ZDV � WR ���R ZLWK D VWHS DQJOH ����R�

5HVXOWV�DQG�GLVFXVVLRQ

7KH JUHHQLVK SRZGHU\ WDUWUDWR FRPSRXQG ZDV LQVROXEOH LQ KRW ZDWHU DQG LQ FRP�
PRQ RUJDQLF VROYHQWV� +RZHYHU� LW FRXOG EH GHFRPSRVHG E\ VWURQJ DFLGV DQG DONDOLV�
7KH HOHFWURQLF VSHFWUXP �)LJ� �� RI WKH VROLG VDPSOH VKRZHG VRPH FRPSOH[ PXOWL�
FRPSRQHQW EDQGV FHQWUHG DURXQG ������ FP−� �������� ������� ������� ������ DQG
������ FP−��� 2XW RI WKHVH EDQGV� WKH EDQGV DW ������� ������ DQG ������ FP−� ZHUH
DVVLJQHG DSSUR[LPDWHO\ DV �

$�J → �7�J(3)� �$�J → �7OJ()) DQG �$�J → �7�J WUDQVL�
WLRQV LQ RFWDKHGUDO QLFNHO�,,� FRPSOH[� UHVSHFWLYHO\ >��@� 7KH VSHFWUXP LV WRR FRP�
SOH[ WR H[DFWO\ ILW D UHJXODU RFWDKHGUDO RU VTXDUH SODQDU JHRPHWU\� 6R D GLVWRUWHG
VWUXFWXUH IRU WKH FRPSOH[ PD\ EH SUHGLFWHG >�@�
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*UDYLPHWULF DQDO\VLV LQGLFDWHG WKH DVVRFLDWLRQ RI VHYHQ PROHFXOHV RI ZDWHU ZLWK
HDFK PROHFXOH RI WKH FRPSRXQG� 7KH EURDG EDQG REVHUYHG LQ WKH UHJLRQ
����−���� FP−� LQ WKH ,5 VSHFWUD �7DEOH �� RI WKH FRPSRXQG ZDV GXH WR WKH V\P�
PHWULF DQG DV\PPHWULF VWUHWFKLQJ IUHTXHQFLHV RI ZDWHU >��@ DV ZHOO DV GXH WR K\GUR�
JHQ ERQGLQJ� 7KH PHGLXP VKDUS SHDN DURXQG ��� FP−� ZDV GXH WR URFNLQJ PRGH
>��@ RU WR FRRUGLQDWHG ZDWHU DQG FU\VWDO ZDWHU >��@� 7KH QLFNHO WDUWUDWH FRPSOH[
VKRZHG WZR VWURQJ DEVRUSWLRQV DW ���� DQG ���� FP−�� 7KHVH WZR DEVRUSWLRQV ZHUH

)LJ� � (OHFWURQLF VSHFWUXP �VROLG VWDWH� RI 1L>1L�&�+�2���@⋅�+�2

7DEOH � 6HOHFWHG EDQGV LQ WKH ,5 VSHFWUXP RI WKH FRPSOH[ 1L>1L�&�2�+���@⋅�+�2
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DVVLJQHG WR WKH DV\PPHWULF DQG V\PPHWULF &22− VWUHWFKLQJ IUHTXHQFLHV� UHVSHF�
WLYHO\ >��@� 7KHVH FDUER[\ODWH VWUHWFKLQJV REVHUYHG IRU QLFNHO WDUWUDWR FRPSOH[
VWURQJO\ VXJJHVWHG WKDW ERWK R[\JHQ DWRPV DUH FRRUGLQDWHG WR QLFNHO >�@� 7ZR RWKHU
SURPLQHQW DEVRUSWLRQV IRU QLFNHO WDUWUDWR FRPSOH[ RFFXUUHG DW ���� DQG ���� FP−�

ZKLFK ZHUH DVVLJQHG WR VWUHWFKLQJ YLEUDWLRQ RI DOFRKROLF K\GUR[\O JURXSV >�@� 7KHVH
EDQGV REVHUYHG LQ ,5 VSHFWUD VWURQJO\ VXSSRUWHG WKH SUHVHQFH RI FRRUGLQDWHG WDUWUDWR
JURXS >�@� 7KH PHGLXP VKDUS EDQG DW ��� FP−� LQ WKH IDU LQIUDUHG VSHFWUXP RI WKH
FRPSOH[ PLJKW EH GXH WR PHWDO−PHWDO L�H� 1L−1L ERQG LQ WKH FRPSOH[ >�@� 7KH SUHV�
HQFH RI D YHU\ ZHDN VLJQDO LQ WKH (65 VSHFWUXP RI WKH FRPSOH[ LQGLFDWHG ZHDN
SDUDPDJQHWLF QDWXUH RI WKH FRPSOH[�

$W URRP WHPSHUDWXUH� WKH PDJQHWLF PRPHQW RI WKH FRPSOH[ ZDV IRXQG WR EH
���� %0� 7KH ORZHULQJ RI µHII IURP WKH VSLQ�RQO\ PDJQHWLF PRPHQW YDOXH IRU LVR�
ODWHG 1L�� LRQ PLJKW EH DWWULEXWHG WR WKH SUHVHQFH RI PHWDO−PHWDO ERQG LQ WKH FRPSOH[
>��� �−�@� ,Q DEVHQFH RI 1L−1L ERQG� WKH PDJQHWLF PRPHQW ZRXOG KDYH EHHQ IURP ���
WR ��� %0 >��@ DQG ZRXOG QRW VKRZ WKH SHDN DW ��� FP−� LQ WKH IDU ,5 VSHFWUXP�

7KH SUHOLPLQDU\ LQYHVWLJDWLRQ E\ DQDO\WLFDO PHWKRG� H[WUHPH LQVROXELOLW\ RI WKH
FRPSRXQG� IDU ,5 GDWD DQG PDJQHWLF PRPHQW GHWHUPLQDWLRQ LQGLFDWHG WKH SRVVLELOLW\
RI H[LVWHQFH RI 1L−1L ERQG� EXW LW FRXOG QRW EH HVWDEOLVKHG FRQFOXVLYHO\� 7KH FRP�
SRXQG FRXOG EH LVRODWHG RQO\ LQ WKH SRZGHU IRUP DQG WKH LVRODWLRQ RI WKH VLQJOH FU\V�
WDO FRXOG QRW EH DFKLHYHG� 6R� WKH PLFUR VWUXFWXUH RI WKH FRPSRXQG FRXOG QRW EH HV�
WDEOLVKHG� +RZHYHU� WKH PROHFXODU IRUPXOD RI WKH FRPSRXQG ZDV HVWDEOLVKHG FRQFOX�
VLYHO\�

7KH ZDWHU YDSRXU� &2� &2� DQG &�+� HYROYHG GXULQJ GHFRPSRVLWLRQ ZHUH LGHQ�
WLILHG E\ ,5 VSHFWURVFRS\ >�@�

7KHUPDO VWXGLHV

7KH WKHUPDO GHFRPSRVLWLRQ RI QLFNHO WDUWUDWH KHSWDK\GUDWH LQ DLU RFFXUUHG LQ
WKUHH GLVWLQFW VWHSV� 7KH 7* FXUYH LQ DLU �)LJ� �D� VKRZHG WKDW WKH FRPSOH[ VWDUWHG WR
ORVH ZDWHU PROHFXOHV DW DERXW ��R DQG WKLV SURFHVV ZDV FRPSOHWHG DW DERXW ���R&�
����� RI WKH PDVV ZDV ORVW ZKLFK FRUUHVSRQGHG WR WKH ORVV RI ILYH PROHFXOHV RI
ZDWHU �FDOFXODWHG PDVV ORVV �������� )RU WKHVH WZR GHK\GUDWLRQ SURFHVVHV WZR RYHU�
ODSSLQJ '7* SHDNV ZHUH REWDLQHG EHWZHHQ ��−���R& �)LJ� �E��

7ZR VPDOO HQGRWKHUPLF SHDNV ZHUH REWDLQHG DW �� DQG ���R& LQ '7$ FXUYH LQ DLU
�)LJ� �D�� 7KH RYHUODSSLQJ '7* SHDNV DQG WZR HQGRWKHUPLF SHDNV LQ '7$ FXUYH
VXJJHVWHG WKDW WKH ZDWHU PROHFXOHV ZHUH HOLPLQDWHG LQ WZR GLIIHUHQW VWHSV� 7KH VHF�
RQG VWHS RI GHFRPSRVLWLRQ VWDUWHG DW ���R& DQG FRQWLQXHG XSWR ���R&� 7KH PDVV ORVV
DW WKH HQG RI WKLV VWHS ZDV ��� ZKLFK FRUUHVSRQGHG WR WKH VLPXOWDQHRXV GHK\GUDWLRQ
DQG GHFRPSRVLWLRQ RI WKH FRPSOH[ WR D PL[WXUH RI 1L&�2�� 1L2 DQG & �FDOFXODWHG
�������� ,W ZDV QRW SRVVLEOH WR LVRODWH WKH FRPSOHWHO\ DQK\GURXV IRUP DV WKH ODVW
WUDFHV RI ZDWHU JRW UHPRYHG RQO\ GXULQJ WKH WLPH RI IXUWKHU GHFRPSRVLWLRQ RI WKH
FRPSRXQG >�@� 7KH SUHVHQFH RI D ZHDN EDQG DW ����−���� FP−� LQ WKH ,5 VSHFWUXP
RI WKH FRPSRXQG SUHKHDWHG WR ���R& LQGLFDWHG WKH SUHVHQFH RI ZDWHU PROHFXOH� 7KH
SUHVHQFH RI WKH SHDNV LQGLFDWHG WKDW WKH FKHODWLQJ FKDUDFWHU RI WKH WDUWUDWR JURXS ZDV
UHWDLQHG� 7KH IDLQW JUHHQ FRPSRXQG VR SURGXFHG DEVRUEHG PRLVWXUH LPPHGLDWHO\ RQ
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H[SRVXUH WR KXPLG DWPRVSKHUH UHVXOWLQJ LQ WKH UHIRUPDWLRQ RI WKH RULJLQDO FRPSRXQG
DV HYLGHQFHG E\ WKH UHDSSHDUDQFH RI WKH EURDG EDQG LQ WKH UHJLRQ ����−���� FP−��
7KH UHPRYDO RI ZDWHU DW KLJK�WHPSHUDWXUH VXSSRUWHG WKH IRUPDWLRQ RI PHWDO−R[\JHQ
FRRUGLQDWLRQ ERQG ZLWK ZDWHU DV ZHOO DV K\GURJHQ ERQGLQJ >�@�

,Q 1� DWPRVSKHUH� WKH PDVV ORVV VWDUWHG IURP ��R& �)LJ� �D� DQG FRPSOHWHG DW
���R& ZLWK PDVV ORVV ���� FRUUHVSRQGHG WR WKH HOLPLQDWLRQ RI RQH ZDWHU PROHFXOH
�FDOFG� ������ 7KH VHFRQG VWHS RI GHK\GUDWLRQ ZDV EHWZHHQ ��� WR ���R& ZLWK PDVV
ORVV ������ ZKLFK LQGLFDWHG WKH ORVV RI ILYH PROHFXOHV RI ZDWHU �FDOFG� ��������

7KHVH WZR GHK\GUDWLRQ SURFHVVHV ZHUH FRQILUPHG E\ '7$ LQ 1� ZKHUH WZR HQ�
GRWKHUPLF SHDNV ZHUH REWDLQHG DW ��� DQG ���R& �)LJ� �E�� )RU WKHVH SURFHVVHV� D
EURDG SHDN ZDV REWDLQHG EHWZHHQ ��−���R& LQ '7* FXUYH �)LJ� �E�� ,Q 1� DWPRV�
SKHUH� WKH SDUWO\ GHK\GUDWHG FRPSRXQG ZDV DOPRVW VWDEOH XSWR ���R&� $ JUHHQLVK
\HOORZ PL[WXUH ZDV REWDLQHG DV LQWHUPHGLDWH LQ DLU DURXQG ���R&� 7KH LQWHUPHGLDWH

)LJ� � 7* �D�� '7* FXUYH RI WKH FRPSOH[ LQ DLU PHGLXP �E�

)LJ� � 7* �D�� '7* FXUYH RI WKH FRPSOH[ LQ QLWURJHQ PHGLXP �E�
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ZDV D PL[WXUH RI 1L2� 1L&�2� DQG & ZLWK PDVV ORVV ��� �FDOFG� �������� 7KH FRQ�
VWLWXHQWV ZHUH VHSDUDWHG E\ KRW ZDWHU ZLWK GLIILFXOW\ >�@� 7KH JUHHQLVK FRPSRXQG
ZDV LGHQWLILHG WR EH 1L2 DQDO\WLFDOO\ �1L� IRXQG ������� FDOFG� ������� DQG VSHF�
WURVFRSLFDOO\ ZLWK D EURDG EDQG DURXQG ��� FP−� LQ WKH ,5 VSHFWUXP >��� �@� 7KH ;�
UD\ SRZGHU GLIIUDFWLRQ SDWWHUQ RI WKLV FRPSRXQG ZDV VLPLODU WR WKDW RI 1L2 >�@�
1LFNHO FRQWHQW ZDV HVWLPDWHG IRU WKH JUHHQLVK \HOORZ FRPSRXQG DQG IURP WKLV LW ZDV
FRQILUPHG WKDW WKH FRPSRXQG ZDV 1L&�2� �IRXQG ������� FDOFG� �������� 7KH ,5
VSHFWUXP RI WKLV FRPSRXQG ZDV VLPLODU WR WKDW RI WKH FRPSRXQG UHSRUWHG E\ 7DQDND
HW DO� >��@�

7KH ;5' VSHFWUD RI WKLV FRPSRXQG ZDV DOVR VLPLODU WR WKDW RI 1L&�2� SUHSDUHG
LQ WKH ODERUDWRU\� 6RPH ZRUNHUV DOVR HVWDEOLVKHG WKDW WKH WKHUPDO GHFRPSRVLWLRQ RI
WDUWUDWR FRPSOH[HV WRRN SODFH WKURXJK WKH LQWHUPHGLDWH IRUPDWLRQ RI R[DODWHV
>��� ��@� 1L&�2� GHFRPSRVHG LPPHGLDWHO\ EHIRUH LWV QRUPDO GHFRPSRVLWLRQ WHP�
SHUDWXUH ZDV UHDFKHG EHFDXVH RI WKH KHDW SURGXFHG GXULQJ WKH GHFRPSRVLWLRQ SURF�
HVV� 1L2 PD\ KDYH DQ DFFHOHUDWLQJ HIIHFW RQ WKH UDSLG GHFRPSRVLWLRQ RI 1L&�2� >�@�
7KH IRUPDWLRQ RI D PL[WXUH RI 1L2 DQG 1L&�2� LQGLFDWHG WKDW WKH RXWHU QLFNHO LQ WKH
FRPSOH[ SURGXFHG QLFNHO R[LGH DQG WKH LQQHU QLFNHO� 1L&�2� >�@� 7KH ODVW GHFRPSR�
VLWLRQ VWHS LQ DLU ZDV FRPSOHWHG DW ���R& ZLWK PDVV ORVV ��� ZKLFK LQGLFDWHG WKH
IRUPDWLRQ RI D VWDEOH FRPSRXQG 1L2 DQG & �FDOFG� PDVV ORVV ������� RU D PL[WXUH
RI 1L2� 1L�2� DQG &� 7KH ODUJH H[RWKHUPLF SHDN UHFRUGHG LQ '7$ FXUYH LQ DLU
DURXQG ���R& FRUUHVSRQG WR WKLV RYHUDOO GHFRPSRVLWLRQ VWHS� 7KH EODFN UHVLGXH �1L�
������� ZDV IRXQG WR EH SDUDPDJQHWLF LQ QDWXUH LQ WKH (65 VSHFWUXP� 7KH ,5 VSHF�
WUXP VKRZHG D EURDG EDQG DW ��� FP−� DQG D ZHDN EDQG DW ��� FP−� >��@� 7KH UHVXOWV
REWDLQHG IURP DQDO\WLFDO GDWD VXJJHVWHG WKDW WKH UHVLGXH FRXOG EH D QRQ�VWRLFKLRPHW�
ULF IRUP RI WKH R[LGHV >�� �@� ,Q '7* FXUYH� WZR GLVWLQFW SHDNV ZHUH REWDLQHG EH�
WZHHQ ���−���R& DQG ���−���R&� 7KH ODVW WZR GHFRPSRVLWLRQ VWHSV ZHUH FRQ�
ILUPHG E\ WKH DSSHDUDQFH RI WKHVH SHDNV�

7KH SDUWO\ GHK\GUDWHG FRPSOH[ ZDV VWDEOH XSWR ���R& LQ QLWURJHQ PHGLXP DQG LW
FRXOG EH VHSDUDWHG E\ WHPSHUDWXUH DUUHVW WHFKQLTXH� 7KH DQDO\WLFDO GDWD DQG ,5 VSHF�
WUXP LQGLFDWHG WKH H[LVWHQFH RI FKHODWHG WDUWUDWR JURXS DQG WZR PROHFXOHV RI ZDWHU�
7KH UHPDLQLQJ ZDWHU PROHFXOHV ZHUH UHPRYHG IURP ���R& LQ QLWURJHQ DWPRVSKHUH

)LJ� � '7$ FXUYH RI WKH FRPSOH[ LQ DLU �D� DQG QLWURJHQ PHGLXP �E�
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DQG ZLWK WKH HOLPLQDWLRQ RI ZDWHU PROHFXOHV� WKH FRPSOH[ GHFRPSRVHG� $W ���R& DQ
LQWHUPHGLDWH RI WKH W\SH 1L�&�+�2��⋅1L&2� ZDV IRUPHG �REVHUYHG PDVV ORVV ����
FDOFXODWHG �������� 7KH LQWHUPHGLDWH RI WKLV W\SH ZDV UHSRUWHG HDUOLHU IRU VRPH WDU�
WUDWR FRPSRXQGV >��@� 7KH LQWHUPHGLDWH FRXOG QRW EH LVRODWHG DV LW GHFRPSRVHG EH�
\RQG ���R&� 7KH FRQWLQXRXV PDVV ORVV IURP ��� WR ���R& ZLWK D PDVV ORVV ���
PLJKW EH GXH WR WKH IRUPDWLRQ RI PL[WXUH RI 1L2 DQG FDUERQ �FDOFXODWHG PDVV ORVV
�������� ,Q '7$ LQ QLWURJHQ� DQ HQGRWKHUPLF SHDN ZDV REWDLQHG DW ���R& FRUUH�
VSRQGLQJ WR WKH IRUPDWLRQ RI WKH LQWHUPHGLDWH 1L�&�+�2��⋅1L&2�� $QRWKHU HQGR�
WKHUPLF SHDN DW ���R& FRUUHVSRQGHG WR WKH ILQDO GHFRPSRVLWLRQ RI WKH FRPSOH[� 7ZR
RYHUODSSLQJ '7* SHDNV �)LJ� �E� ZHUH REWDLQHG EHWZHHQ ���−���R& LQ QLWURJHQ IRU
WKLV WZR�VWHS GHFRPSRVLWLRQ RI WKH FRPSOH[� 7KH H[RWKHUPLF SHDN UHFRUGHG LQ '7$
DW ���R& ZLWKRXW DQ\ PDVV ORVV LQ 7* FXUYH PLJKW EH DVFULEHG WR VRPH SKDVH WUDQV�
IRUPDWLRQ ZLWK WKH IRUPDWLRQ RI D PL[WXUH RI WKH R[LGHV RI QLFNHO >��@ RU GXH WR WKH
LQWHUDFWLRQ RU WKH VROLG±VROLG UHDFWLRQ RI WKH SURGXFWV >�@� 7KH WKHUPDO DQDO\VLV UH�
VXOWV DUH VXPPDUL]HG LQ 7DEOH ��

'HSHQGLQJ XSRQ WKH UHVXOWV RXWOLQHG DERYH� D WHQWDWLYH PHFKDQLVP PD\ EH SUR�
SRVHG IRU WKHUPDO GHFRPSRVLWLRQ RI WKH FRPSOH[�

,Q DLU

,Q QLWURJHQ

  

7KH DXWKRUV WKDQN WKH 56,&� &'5,� /XFNQRZ IRU DQDO\WLFDO GDWD� WKH 56/&� ,�,�7� %RPED\ IRU

(65� WKH 56,&� 1(+8 IRU IDU�,5 VSHFWUD� WKH 56,&� 1DJSXU 8QLYHUVLW\ IRU '7$ DQG 7*� WKH

,$&6� &DOFXWWD� IRU PDJQHWLF PRPHQW DQG WKH 55/� -RUKDW IRU '6& GDWD�

5HIHUHQFHV

� 3� (� 5XVK� -� '� 2OLYHU� *� '� 6LPSVRQ DQG *� 2� &DUOLVOH� -� ,QRUJ� 1XFO� &KHP�� ��
������ �����

� 6� .LUVFKQHU DQG $� .LHVOLQJ� -� $P� &KHP� 6RF�� �� ������ �����
� 1� 'HQQLV &KDVWHHQ DQG 5� /LQQ %HOIRUG� ,QRUJ� &KHP�� � ������ ����
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� 5� ,� 9DOLXOOLQD DQG .� 3� 3ULE\ORU� 5XVV� -� ,QRUJ� &KHP�� �� ������ ����
� 7� .� 6DQ\DO DQG 1� 1� 'DVV� -� ,QRUJ� 1XFO� &KHP�� �� ������ ����
� 1� 'HE� 3� .� *RJRL DQG 1� 1� 'DVV� -� 7KHUPDO $QDO�� �� ������ ���
� 1� 'HE� 3� .� *RJRL DQG 1� 1� 'DVV� -� 7KHUPDO $QDO�� �� ������ ����
� 1� 'HE� 1� 1� 'DVV DQG 3� .� *RJRL� 7KHUPRFKLP� $FWD� ��� ������ ����
� 1� 'HE� 6� '� %DUXDK DQG 1� 1� 'DVV� 7KHUPRFKLP� $FWD� ��� ������ ����
�� 6� 6DUPDK DQG 1� 1� 'DVV� -� 7KHUP� $QDO� &DO�� �� ������ ����
�� .� .� 5RKDWJL�0XNKHUMHH� )XQGDPHQWDOV RI 3KRWRFKHPLVWU\� :LOH\� 1HZ 'HOKL �����

S� ����
�� )� $� &RWWRQ DQG *� :LONLQVRQ� $GYDQFHG ,QRUJDQLF &KHPLVWU\� :LOH\ 1HZ 'HOKL� �����

S� ����
�� 3� -� /XFFKHVL DQG :� $� *ODVVRQ� -� $P� &KHP� 6RF�� �� ������ �����
�� -� )XMLWD� .� 1DNDPRWR DQG 0� .DED\DVKL� -� $P� &KHP� 6RF�� �� ������ �����
�� .� 1DNDPRWR� ,QIUDUHG VSHFWUD RI LQRUJDQLF DQG FRRUGLQDWLRQ FRPSRXQGV� �QG (G�� :LOH\

1HZ <RUN� ����� S� ���
�� $� %� 3� /HYHU� -� /HZLV DQG 5� 6� 1\KROP� -� &KHP� 6RF�� ������ �����
�� 1� 7� 0F'HYLWW DQG :� /� %DXQ� 6SHFWURFKLP� $FWD� �� ������ ����
�� .� 1DJDVL� .� 6DWR DQG 1� 7DQDND� %XOO� &KHP� 6RF� -SQ�� �� ������ ����
�� 5� 0� 6KDUPD DQG 0� /� .DXO� -� 7KHUPDO $QDO�� �� ������ �����
�� 6� 5� 6DJH� 0� 6� 3� 5DR DQG .� 9� 5DPDQD� 3URF� RI WKH �WK ,&7$� 7KHUPDO $QDO\VLV�

:LOH\ 1HZ <RUN� 9RO� �� S� ����
�� $� *RVZDPL� 6� '� %DUXDK DQG 1� 1� 'DVV� 3RO\PHU %XOOHWLQ� �� ������ ����
�� 3� 1� .RUWX� 1� .� *XSWD� .� .� 5DLQD DQG ,� %� 6KDUPD� -� 0DWHULDO 6FL�� �� ������ ���
�� $� &� *ODW] DQG $� 3LQHOOD� $QDO� &DORULPHWU\� � ������ ����
�� -� 5� )HUUDUR� /RZ IUHTXHQF\ YLEUDWLRQ RI LQRUJDQLF DQG FRRUGLQDWLRQ FRPSRXQGV� 3OHQXP

3UHVV 1HZ <RUN� ����� S� ���
�� 1� 'HE� 3� .� *RJRL DQG 1� 1� 'DVV� 7KHUPRFKLP� $FWD� ��� ������ ���
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