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3KRWROXPLQHVFHQFH�DQG�3KRWROXPLQHVFHQFH�([FLWDWLRQ

IURP�3RURXV�6LOLFRQ�&DUELGH

.L�+ZDQ /HH�
 <LQJ�/HL 'X�� DQG 7DH�+R /HH

'HSDUWPHQW RI &KHPLVWU\ DQG 5HVHDUFK ,QVWLWXWH IRU %DVLF 6FLHQFH�

.RQJMX 1DWLRQDO 8QLYHUVLW\� .RQJMX� &KXQJQDP �������� .RUHD
�)XQGDPHQWDO 3K\VLFV &HQWHU� 8QLYHUVLW\ RI 6FLHQFH DQG 7HFKQRORJ\ RI &KLQD� +HIHL ������ &KLQD

5HFHLYHG 6HSWHPEHU ��� ����

7KH GHSHQGHQFH RI SKRWROXPLQHVFHQFH �3/� DQG SKRWROXPLQHVFHQFH H[FLWDWLRQ �3/(� RQ SUHSDUDWLRQ FRQGL�

WLRQV DQG WKH DJLQJ RI SRURXV VLOLFRQ FDUELGH �36&� KDYH EHHQ LQYHVWLJDWHG� 7KH ILEHU VL]H RI WKH PDWHULDO SUH�

SDUHG XQGHU GDUN�FXUUHQW PRGH� ODEHOHG '&0� ZDV ODUJHU WKDQ WKDW RI WKH SKRWRDVVLVWHG �3$� SURFHVV� 7KH

LQWHQVLW\ RI WKH 3/ VSHFWUXP IRU WKH 3$ FRQGLWLRQ ZDV KLJKHU WKDQ WKDW RI WKH '&0 FRQGLWLRQ� 7KH 3$ FRQGLWLRQ

JLYLQJ VPDOO ILEHU VL]H H[KLELWHG D PRUH SURPLQHQW KLJK�HQHUJ\ FRPSRQHQW EXW WKH HPLVVLRQ EDQGV RI ERWK FRQ�

GLWLRQV REVHUYHG ZHUH UDWKHU VLPLODU� 7KH RULJLQ RI WKH 3/ PD\ KDYH SOD\HG DQ LPSRUWDQW UROH LQ WKH VXUIDFH

GHIHFW FHQWHU LQWURGXFHG E\ WKH UHDFWLRQ FRQGLWLRQV RI +) DW WKH VXUIDFH RI WKH VLOLFRQ FDUELGH� 6HOHFWLYH H[FLWD�

WLRQ RI WKH 3/ EDQGV XVLQJ GLIIHUHQW H[FLWDWLRQ ZDYHOHQJWKV KDV EHHQ XVHG WR LGHQWLI\ GLVWLQFW FRPSRQHQWV ZLWK�

LQ WKH 3/ EDQGZLGWK� 7ZR PDLQ 3/ EDQGV ZLWK SHDN ZDYHOHQJWK RI ��� DQG ��� QP ZHUH FOHDUO\ UHVROYHG� 2Q

WKH RWKHU KDQG� VHOHFWLYH HPLVVLRQ RI WKH 3/( EDQGV XVLQJ GLIIHUHQW HPLVVLRQ ZDYHOHQJWKV KDV EHHQ XVHG WR

LGHQWLI\ GLVWLQFW FRPSRQHQWV ZLWKLQ WKH 3/( EDQGZLGWK� 7KH KLJKHU HQHUJ\ EDQG ZLWK SHDN ZDYHOHQJWK RI ���

QP DQG WKH ORZHU HQHUJ\ EDQGV LQYROYLQJ ���� ��� DQG ��� QP ZHUH FOHDUO\ UHVROYHG� $FFRUGLQJ WR WKH SUR�

ORQJHG DJLQJ LQ DLU� 3/ VSHFWUD DSSHDUHG DV RQH EDQG� 7KLV HPLVVLRQ SUREDEO\ RULJLQDWHG IURP VWDWHV ORFDOL]HG

WR WKH EDQG�WR�EDQG UHFRPELQDWLRQ GXH WR WKH R[LGDWLRQ RQ WKH FU\VWDOOLWH VXUIDFH�

,QWURGXFWLRQ

'XULQJ WKH SDVW VHYHUDO \HDUV VLOLFRQ FDUELGH �6L&� KDV DWWUDFWHG

PXFK LQWHUHVW EHFDXVH LW H[KLELWV ZLGH EDQG�JDS ���� H9�� KLJK

PHOWLQJ SRLQW �������� KLJK WKHUPDO FRQGXFWLYLW\ ������ :�

FP� DQG D ODUJH EUHDNGRZQ HOHFWULF ILHOG� DOORZLQJ 6L& WR EH

XVHG DW XOWUD KLJK WHPSHUDWXUH���� ,Q DGGLWLRQ� DQRGL]HG SRURXV

6L& H[KLELWV LQWHUHVWLQJ RSWLFDO SURSHUWLHV� ZKLFK DUH XVHG LQ

EOXH OLJKW HPLWWLQJ GLRGHV DQG XOWUDYLROHW SKRWRGHWHFWRUV��

)RU RWKHU VHPLFRQGXFWRU PDWHULDOV� VSHFLILFDOO\ 6L� SRURXV

VLOLFRQ KDV EHHQ VWXGLHG LQ D QXPEHU RI SDSHUV���� 7KH OLJKW

YLVLEOH OXPLQHVFHQFH HIILFLHQF\ REVHUYHG LQ SRURXV VLOLFRQ�

EDVHG OLJKW�HPLWWLQJ GLRGHV KDV EURXJKW FRQVLGHUDEOH DWWHQ�

WLRQ WR WKLV SKHQRPHQRQ� +RZHYHU� WKLV PDWHULDO ODFNV OXPL�

QHVFHQFH VWDELOLW\� 3RURXV VLOLFRQ FDUELGH �36&� LV D FDQGLGDWH

ZLWK KLJKHU EDQG HQHUJLHV� ZLGHU EDQG JDS DQG EHWWHU VWDEL�

OLW\ WKDQ SRURXV VLOLFRQ��

7R RXU EHVW NQRZOHGJH� WKHUH DUH QR UHSRUWV RQ WKH SRO\�

W\SHV� �+� �+� ��5�α�6L&� ZKHUH α LV WKH KH[DJRQDO FU\VWDO�

ORJUDSKLF VWUXFWXUH� DOWKRXJK WKHUH DUH VHYHUDO UHSRUWV RQ WKH

VLQJOH FU\VWDOOLQH β �FXELF� 6L&� DQG �+�6L&�����

,Q WKLV SDSHU� ZH SUHVHQW WKH SKRWROXPLQHVFHQFH �3/� DQG

WKH SKRWROXPLQHVFHQFH H[FLWDWLRQ �3/(� RI 36& IRUPHG XQGHU

YDULRXV SUHSDUDWLRQ FRQGLWLRQV� :H REWDLQHG LQWHQVH EOXH�

JUHHQ OXPLQHVFHQFH RI WZR RUGHUV RI PDJQLWXGH VWURQJHU

WKDQ WKDW SURGXFHG E\ VXEVWUDWH 6L&� $OVR� ZH REWDLQHG VWD�

EOH 3/ ZLWK 36& VDPSOHV DJHG LQ DPELHQW FRQGLWLRQV IRU

PRUH WKDQ � \HDU�

([SHULPHQWDO 6HFWLRQ

7KH VDPSOHV VWXGLHG LQ WKLV ZRUN ZHUH SXUFKDVHG IURP

(OHFNWURVFKPHO]ZHUN .HPSWHQ *PE+ LQ *HUPDQ\� 7KHVH

VDPSOHV FRQVLVWHG RI α�6L&� VLQJOH FU\VWDO SRO\W\SHV �+� �+
DQG ��5� 6L& WDNHV WKH IRUP RI PDQ\ GLIIHUHQW FU\VWDO VWUXF�

WXUHV �FDOOHG SRO\W\SHV�� ZKLFK DUH FODVVLILHG E\ WKH VWDFNLQJ

VHTXHQFH DQG F\FOH DORQJ WKH F�D[LV GLUHFWLRQ� 7KH VDPSOH

XVHG LV D VWDFNLQJ VHTXHQFH �+ KH[DJRQDO �RU α� ����$%�
&%$%&%����� �+ KH[DJRQDO ����$%&$&%���� DQG ��5 UKRP�

ERKHGUDO ����$%&$&%&$%$&$%&%���������� :H GHWHUPLQHG

S�W\SH �� × ��−�� FP−�� E\ D KDOO HIIHFW PHDVXUHPHQW E\ WKH

9DQ GHU 3DXZ PHWKRG� 7KH FU\VWDO ZDV FOHDQHG ILUVW ZLWK

WULFKORURHWK\OHQH ����� ZW��� DW WHPSHUDWXUH UDQJH ����� R&

IRU �� PLQ� LPPHGLDWHO\ IROORZHG E\ D 1��JDV ���������

GU\LQJ DQG WKHQ ULQVHG ZLWK DFHWRQH EHIRUH ZDVKLQJ ZLWK

ZDWHU IRU � PLQ� DJDLQ IROORZHG E\ D 1��JDV GU\LQJ�

7KH VL]H RI WKH VDPSOHV ZHUH ��× �� RU � × � ZLWK D VTXDUHG
VKDSHG DUHD RI ��� PP� RU �� PP� H[SRVHG WR WKH HOHFWUR�

O\WH� ,Q RUGHU WR DFKLHYH RKPLF FRQWDFW� $J ZDV VSXWWHUHG RQ

WKH EDFN VLGH RI WKH 6L& FU\VWDO� 7KH VDPSOH ZDV PRXQWHG LQ

DQ HOHFWURFKHPLFDO FHOO PDGH IURP 7HIORQ DQG FRQQHFWHG WR D

SRWHQWLRVWDW�*DOYDQRVWDW �+RNXWR 'HQNR� +$����� ZLWK D 3W

ZLUH DV D FRXQWHU HOHFWURGH LQ �� YRO�� �+) � +�2 � &�+�2+

 � � � � �� +) VROXWLRQ� 7KH VDPSOHV ZHUH DQRGL]HG DW D FXU�

UHQW GHQVLW\ LQ WKH UDQJH ����� P:�FP�� ZLWK WKH XVH RI 89

SKRWR�DVVLVWDQFH �3$� ������� QP� �� P:�FP�� ���: ;HQRQ

ODPS ZLWK ������� QP EDQG SDVV ILOWHU� VDPSOH QDPH � %����
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DQG LQ WKH GDUN�FXUUHQW PRGH �'&0� VDPSOH QDPH � $����

ZLWK HWFKLQJ WLPH RI SHULRG �� PLQ�

7R LQYHVWLJDWH WKH SRUH IRUPDWLRQ RI WKH VXUIDFH OD\HU ZH

XVHG HOHFWURQ PLFURVFRS\ �6(0� 723&21� $%7����)�

-DSDQ��

7KH 3/( DQG 3/ VSHFWUD ZHUH UHFRUGHG RQ D 6/0����

VSHFWURIOXRURPHWHU ZLWK D ;H DUF ODPS OLJKW VRXUFH DQG � QP

EDQG SDVV H[FLWDWLRQ DQG HPLVVLRQ PRQRFKURPDWRUV� 7KH

IOXRUHVFHQFH RI D UKRGDPLQH % VROXWLRQ ZDV XVHG DV D UHIHU�

HQFH WR FRUUHFW IRU YDULDWLRQ RI WKH ;H OLJKW VRXUFH IRU WLPH

DQG ZDYHOHQJWK� 6DPSOH DJLQJ ZDV LQ DPELHQW FRQGLWLRQV�

7KH 3/( DQG 3/ VSHFWUD RI WKH DJHG VDPSOHV ZHUH REWDLQHG

H[DFWO\ DV LQ WKH IUHVK VDPSOHV�

5HVXOWV DQG 'LVFXVVLRQ

)LJXUHV � DQG � VKRZ WKH 3/ VSHFWUD REWDLQHG IURP WKH

36& RI '&0 DQG 3$ FRQGLWLRQV� UHVSHFWLYHO\� 7KH WZR VSHF�

WUD DUH TXLWH VLPLODU DQG DUH ZHOO GLVWLQJXLVKHG E\ WKH WZR

PDLQ EDQGV� 7KH 3/ SHDN YDOXHV RI WKH '&0 FRQGLWLRQ DUH

��� QP DQG ��� QP� UHVSHFWLYHO\� 7KH 3/ SHDN YDOXHV RI 3$

FRQGLWLRQ DUH ��� QP DQG ��� QP� UHVSHFWLYHO\� 7KHVH OXPL�

QHVFHQFH SHDN SRVLWLRQV DUH OHVV WKDQ WKH EDQG JDS RI WKH 6L&

FU\VWDO ���� QP�� 7KH LQWHJUDWLRQ UDWLR RI EDQGV GLIIHU VLJQLIL�

FDQWO\ ZLWK WKH VKRUWHU�ZDYHOHQJWK EOXH EDQG EHLQJ � WLPHV

ODUJHU WKDQ WKDW RI WKH ORQJHU�ZDYHOHQJWK JUHHQ EDQG LQ WKH

3$ FRQGLWLRQ� )RU WKH '&0 FRQGLWLRQ WKH LQWHJUDWLRQ DUHD RI

WKH VKRUWHU�ZDYHOHQJWK EOXH EDQG LV VLPLODU WR WKDW RI WKH

ORQJHU�ZDYHOHQJWK JUHHQ EDQG� ,Q ERWK FRQGLWLRQV� WKH VKRUWHU�

ZDYHOHQJWK EOXH EDQG RI WKH 3$ FRQGLWLRQ LV � WLPHV ODUJHU

WKDQ WKDW RI WKH '&0 FRQGLWLRQ�

7KLV LPSOLHV QRW RQO\ D GLIIHUHQFH LQ WKH EDVLF SK\VLFDO

QDWXUH RI WKH H[FLWDWLRQ VRXUFHV DQG HPLWWHUV EXW DOVR WKH

LPSRUWDQFH RI WKH VXUIDFH IRUPDWLRQ UHODWLRQVKLS EHWZHHQ

FU\VWDOOLWH VWUXFWXUHV GXH WR WKH GLIIHUHQW SUHSDUDWLRQ FRQGL�

WLRQV HPSOR\HG� ,W LQGLFDWHV WKDW WKH PDLQ VRXUFH RI HPLVVLRQ

LQ WKH R[LGL]HG OD\HUV RI 36& OLHV LQ WKH GLIIHUHQW VXUIDFH

GHIHFW FHQWHUV� ZKLFK FRQVLVW RI GLIIHUHQW JHRPHWULFDO VWUXF�

WXUHV GXH WR WKH SRO\W\SHV�

7KH RULJLQ RI 3/ VHOHFWLYH H[FLWDWLRQ RI WKH 3/ EDQGV XVLQJ

GLIIHUHQW H[FLWDWLRQ ZDYHOHQJWKV KDV EHHQ XVHG WR LGHQWLI\

GLVWLQFW FRPSRQHQWV ZLWKLQ WKH 3/ EDQG ZLGWK� 7KLV YDULD�

WLRQ LQ WKH H[FLWDWLRQ ZDYHOHQJWK DSSHDUV WR EH D XVHIXO WRRO

IRU WKH VHOHFWLYH H[FLWDWLRQ RI 3/ EDQGV DQG IRU WKH DQDO\VLV

RI WKH VSHFWUD VWUXFWXUH�

7KH WZR PDLQ 3/ EDQGV ZLWK SHDN YDOXHV RI ��� DQG ���

QP LQ WKH 3$ FRQGLWLRQ DUH FOHDUO\ UHVROYHG� 7KH VKDSHV RI

WKH 3/ VSHFWUD REVHUYHG DUH LQGHSHQGHQW RI WKH H[FLWDWLRQ

ZDYHOHQJWK XVHG� GHSHQGLQJ RQ RQO\ WKH H[FLWDWLRQ LQWHQVLW\�

7KH 3/ RI WKH 3$ FRQGLWLRQ KDV D UHODWLYHO\ KLJKHU HQHUJ\

FRPSRQHQW FRPSDUHG WR WKDW RI WKH '&0 FRQGLWLRQ� 7KLV

IDFW ZLOO EH DVVXPHG IRU WKH KLJKHU HQHUJ\ FRPSRQHQW�

ZKLFK LV HQKDQFHG XQGHU FRQGLWLRQV WKDW JLYH D VPDOOHU SRUH

VL]H� DV UHSRUWHG .RQVWDQWLQRY HW DO��� ,Q IDFW� ZH KDYH LQYHV�

WLJDWHG WKH FRUUHODWLRQ EHWZHHQ 3/ HQHUJ\ FRPSRQHQW DQG

SRUH VL]H RI 36&� 7KH 6(0 LPDJHV RI ERWK VDPSOHV RI WKH

3$ DQG '&0 FRQGLWLRQV DUH VKRZQ LQ )LJXUH �� 7KH LPDJHV

VKRZ D VLJQLILFDQW GLIIHUHQFH EHWZHHQ WKH VWUXFWXUHV RI WKH

WZR FRQGLWLRQV RI PDWHULDO� ,W DSSHDUV WKDW WKH SRUH VL]H RI

WKH 3$ FRQGLWLRQ LV PXFK VPDOOHU DQG WKH WKLFNQHVV LV PXFK

OHVV WKDQ WKDW REVHUYHG IRU WKH '&0 FRQGLWLRQ� $OVR� RXU 3/

VSHFWUD REVHUYHG DUH TXDOLWDWLYHO\ VLPLODU WR WKRVH UHSRUWHG

E\ WKHP��� +RZHYHU� WKH KLJKHU HQHUJ\ VLGH RI WKH HPLVVLRQ

ZLWK D SHDN YDOXH RI ��� QP LQ WKH SUHVHQW VWXG\ LV EOXH

VKLIWHG FRPSDUHG ZLWK WKDW RI WKH UHSRUWHG HPLVVLRQ ZLWK D

SHDN YDOXH RI ��� QP� 7KHLU VDPSOHV ZHUH GLIIHUHQW SRO\�

W\SHV� �+� �+ DQG �&� 7KLV DFFRXQWV IRU WKH GLIIHUHQFH

EHWZHHQ WKH EDQG JDS HQHUJ\ RI WKLV SRO\W\SH DQG WKDW RI WKH

GLIIHUHQW SRO\W\SHV�

)LJXUH �� 3KRWROXPLQHVFHQFH VSHFWUD RI $��� SRURXV 6L& LPPHGLDWHO\
DIWHU SUHSDUDWLRQ IRU YDULRXV H[FLWDWLRQ ZDYHOHQJWKV DW URRP
WHPSHUDWXUH�

)LJXUH �� 3KRWROXPLQHVFHQFH VSHFWUD RI %��� SRURXV 6L& LPPHGLDWHO\
DIWHU SUHSDUDWLRQ IRU YDURLXV H[FLWDWLRQ ZDYHOHQJWKV DW URRP
WHPSHUDWXUH�
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)LJXUHV � DQG � VKRZ WKH 3/( VSHFWUD REWDLQHG IURP WKH

36& RI WKH '&0 DQG 3$ FRQGLWLRQV� UHVSHFWLYHO\� RQ WKH

EDVLV RI DQ LQYHVWLJDWLRQ RI WKH 3/ VSHFWUD� 7KHVH 3/( VSHF�

WUD VKRZ DQ DV\PPHWULF VKDSH� ZKLFK LQGLFDWHV LQKRPRJH�

QHRXV EURDGHQLQJ GXH WR WKH PL[HG HQHUJ\ VWDWHV RI YDULRXV

ILEHU VL]H SRUHV�

:H KDYH UHVROYHG WKH GHSHQGHQFH RI WKH 3/( EDQG IURP

��� WR ��� QP ZLWK WKH YDULRXV HPLVVLRQ ZDYHOHQJWKV RI

SRURXV 6L&� DFFRUGLQJ WR WKH FRQGLWLRQV RI PDWHULDO SUHSDUD�

WLRQ� ,W FRQVLVWV RI WZR PDLQ H[FLWDWLRQ EDQGV� ��� QP����

QP DQG ��� QP���� QP� 7KH VKDSHV GHSHQG RQ WKH HWFKLQJ

FRQGLWLRQ DQG WKH H[FLWDWLRQ LQWHQVLW\ RI WKH ��� QP���� QP

EDQG LQ WKH 3$ FRQGLWLRQ LV ODUJHU WKDQ WKDW RI WKH ��� QP�

��� QP EDQG LQ '&0� 7KH ��� QP���� QP EDQG� LQFOXGLQJ

VHYHUDO VXE�EDQGV GHSHQGHQW RQ WKH HPLVVLRQ HQHUJLHV RI WKH

VDPSOH LQ 3$� LV FOHDUHU DQG VWURQJHU WKDQ WKDW RI '&0� 7KH

��� QP���� QP EDQG LQFOXGHV WKH WZR VXE�EDQGV� ��� QP

DQG ��� QP� DQG WKH H[FLWDWLRQ LQWHQVLW\ RI WKH ��� QP EDQG

LQ WKH 3$ FRQGLWLRQ LV ODUJHU WKDQ WKDW RI WKH ��� QP EDQG LQ

'&0� ,Q ERWK FDVHV� 3/( VSHFWUDO SHDN SRVLWLRQV WHQG WR

LQFUHDVH DV WKH 3/ SHDN HQHUJ\ VKLIWV WR KLJKHU HQHUJLHV� 7KLV

LQGLFDWHV WKDW 3/ VSHFWUD IURP 36&V DUH D UHVXOW RI WKH VHSD�

UDWH H[FLWDWLRQ SURFHVVHV�

$V RQH FDQ VHH IURP WKH DERYH UHVXOWV� WKH WZR PDLQ EDQGV

KDYH VHYHUDO GLVWLQJXLVKDEOH VXE�EDQGV� 7KHUHIRUH� WKH RULJLQ

RI 3/ PD\ SOD\ DQ LPSRUWDQW UROH RQ WKH VXUIDFH GHIHFW FHQ�

WHU LQWURGXFHG E\ WKH UHDFWLRQ FRQGLWLRQV RI +) DW WKH VXUIDFH

RI VLOLFRQ FDUELGH� :H KDYH LQYHVWLJDWHG WKH 3/ SHDN WR

GHWHUPLQH ZKHWKHU LWV RULJLQ OLHV ZLWKLQ WKH SRURXV OD\HU RU

VWHPV IURP H[FLWDWLRQ RI WKH 6L& VXEVWUDWH XQGHUQHDWK� ,Q

RUGHU WR VHSDUDWH WKH FRQWULEXWLRQV IURP WKH 6L& VXEVWUDWH

DQG WKH 36&V VXUIDFH� ZH SHUIRUPHG 3/ VSHFWUD PHDVXUH�

PHQW DV VKRZQ LQ )LJXUH �� )LJXUH � VKRZV RQO\ WKH OXPLQHV�

FHQFH EDQGV RI 36& RI ERWK FRQGLWLRQV� 7KLV LQGLFDWHV WKDW

WKH SRURVLW\ RQ WKH VXUIDFH VWDWHV RI 36& DUH UHODWHG WR WKH

RULJLQ RI 3/�

0DWVXPRWR HW DO�� FRQFOXGHG WKDW WKH LQFUHDVH LQ OXPLQHV�

FHQFH LQWHQVLW\ DQG WKH EOXH VKLIW RI WKH OXPLQHVFHQFH SHDN

DV D IXQFWLRQ RI FXUUHQW GHQVLW\ DUH UHODWHG WR WKH LQFUHDVH LQ

SRURVLW\� 7KDW LV� WKH VXUIDFH UHJLRQ RI SRURXV 6L& LV UHVSRQ�

VLEOH IRU WKH LQWHQVH EOXH�JUHHQ OXPLQHVFHQFH�

,Q DGGLWLRQ� LW LV LPSRUWDQW LQ UHVSHFW WR VWDELOLW\ WKDW WKH

FKDQJH WDNHV SODFH LQ WKH 3/ VSHFWUD DQG WKH 3/( VSHFWUD

GXULQJ DJLQJ RI 36& VDPSOHV LQ DPELHQW FRQGLWLRQV� +RZ�

)LJXUH �� 3KRWROXPLQHVFHQFH H[FLWDWLRQ VSHFWUD RI $��� SRURXV 6L&
LPPHGLDWHO\ DIWHU SUHSDUDWLRQ IRU YDULRXV HPLVVLRQ ZDYHOHQJWKV DW
URRP WHPSHUDWXUH�

)LJXUH �� 3KRWROXPLQHVFHQFH H[FLWDWLRQ VSHFWUD RI %��� SRURXV
6L& LPPHGLDWHO\ DIWHU YDULRXV HPLVVLRQ ZDYHOHQJWKV DW URRP
WHPSHUDWXUH�

)LJXUH �� 6(0 LPDJHV RI 36& OD\HUV LQ '&0 FRQGLWLRQ �$� DQG
3$ FRQGLWLRQ �%�� UHVSHFWLYHO\�
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HYHU� WKHUH KDV EHHQ QR UHSRUW FRQFHUQLQJ VWDELOLW\ DIWHU

DJLQJ IRU PRUH WKDQ � \HDU XVLQJ 36&�

)LJXUHV � DQG � VKRZ WKH 3/ VSHFWUD IRU WKH SURFHVV DIWHU �

\HDU RI DJLQJ RI WKH DV�SUHSDUHG VDPH VDPSOHV� FRQGXFWHG DW

URRP WHPSHUDWXUH LQ DLU DWPRVSKHUH� ,W ZDV IRXQG WKDW WKH

RYHUDOO 3/ LQWHQVLWLHV GHFUHDVHG XSRQ DJLQJ� $OVR� WZR PDLQ

EDQGV RI WKH DV�SUHSDUHG VDPSOHV KDYH FRPELQHG LQWR RQH

EDQG� DFFRUGLQJ WR WKH DJLQJ�

7KH VLJQLILFDQW EURDGHQLQJ RI WKH VSHFWUXP IROORZLQJ

DJLQJ LQGLFDWHV WKH SUHVHQFH RI R[LGDWLRQ E\ H[SRVXUH RI

LPSXULWLHV WR SRUH OD\HU� 7KLV HPLVVLRQ SUREDEO\ RULJLQDWHV

IURP VWDWHV ORFDOL]HG WR EDQG�WR�EDQG UHFRPELQDWLRQ GXH WR

WKH R[LGDWLRQ RQ WKH FU\VWDOOLWH VXUIDFH�

7R LGHQWLI\ GLVWLQFW FRPSRQHQWV ZLWKLQ WKH 3/ EDQGZLGWK�

3/ VSHFWUD ZHUH REWDLQHG DW GLIIHUHQW H[FLWDWLRQ ZDYH�

OHQJWKV� ,Q WKLV FDVH 3/ VSHFWUD VWLOO H[KLELWHG WKH VDPH UDQJH

RI EDQGV FRPSDUHG ZLWK WKDW RI IUHVK VDPSOHV� :H IRXQG WKDW

� \HDU RI DJLQJ XQGHU ERWK FRQGLWLRQV OHDGV WR D FRQVLGHUDEOH

GHFUHDVH LQ LQWHQVLWLHV LQ WKH ��� QP a ��� QP EDQG UDQJH�

ZKLFK GHFUHDVHV DERXW �� WLPHV FRPSDUHG ZLWK WKH IUHVK

VDPSOHV� $IWHU � \HDU RI DJLQJ� HPLVVLRQ EDQG LQWHQVLWLHV RI

3$ DUH � WLPHV KLJKHU WKDQ WKDW RI '&0 LQ VSLWH RI WKH IDFW

WKDW WKH UDWH RI GHFUHDVH RI 3$ LV IDVWHU WKDQ WKDW RI '&0�:H

FDQ UHVROYHG D QXPEHU RI VXE�EDQGV ZLWKLQ WKH PDLQ EDQG�

DFFRUGLQJ WR WKH VHOHFWLYH H[FLWDWLRQ ZDYHOHQJWKV� 7KLV IXU�

WKHU LQGLFDWHV WKDW WKH EOXH VKLIW RI WKH 3/ SHDN LV UHODWHG WR
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