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� ,QVWLWXWH RI 0ROHFXODU 3K\VLFV� 3ROLVK $FDGHP\ RI 6FLHQFHV� 6PROXFKRZVNLHJR ��� ������ 3R]QD�� 3RODQG

�0RVFRZ 3K\VLFDO 7HFKQLFDO ,QVWLWXWH� ��� ��� 'ROJRSUXGQLL� 5XVVLD

�)DFXOW\ RI &KHPLVWU\ 8QLYHUVLW\ RI :URFáDZ� �� )� -ROLRW�&XULH� ������ :URFáDZ� 3RODQG

7KH FURVVRYHU SKHQRPHQRQ LQ 1D>)H�7K�6D��@� D UHSUHVHQWDWLYH RI D ODUJH FODVV RI WKH )H�,,,� WKLR�

VHPLFDUED]RQDWHV� ZDV H[DPLQHG E\ ;�EDQG (35 LQ WHPSHUDWXUH UDQJH RI ��±��� . DQG PDJQHWLVDWLRQ RI

D SRO\FU\VWDOOLQH VDPSOH ZDV FROOHFWHG LQ WKH WHPSHUDWXUH UDQJH RI ���±��� .� 7KH PDLQ UHVXOWV DUH DV

IROORZV� 7KH DSSHDUDQFH RI ORZ�VSLQ �/6� FRPSOH[HV UHTXLUHV WKH WKHUPDO SRSXODWLRQ RI WKH
�$ WHUP EXW

WKH WUDQVLWLRQ SURFHVV LV UXOHG E\ RWKHU IDFWRUV� 7KH /6 FRPSOH[HV IRUPHG DUH QRW VWDWLVWLFDOO\ GLVWULEXWHG

DPRQJ WKH KLJK�VSLQ �+6� RQHV EXW WHQG WR DVVHPEOH LQ UHVWULFWHG VSDFHV RI WKH FU\VWDO ODWWLFH �GRPDLQV� LQ

ZKLFK ERWK VKRUW�UDQJH DQG ORQJ�UDQJH LQWHUDFWLRQV RI WKH FRPSOH[HV RFFXU� 7KH LQFUHDVH RI FR�RSHUDWLYH

LQWHUDFWLRQV EHWZHHQ WKH /6 FRPSOH[HV DQG WKH HQODUJHPHQW RI GRPDLQV RFFXU JUDGXDOO\ ZLWK WZR DEUXSW

FKDQJHV� (DFK RI WKH MXPSV KDV D GLIIHUHQW FKDUDFWHU� WKH ILUVW RQH LV UHODWHG WR D UHGLVWULEXWLRQ RI WKH

FRPSOH[HV LQ WKH GRPDLQV DQG WKH RWKHU WR D UDSLG LQFUHDVH RI WKH /6 SKDVH YROXPH�

���,QWURGXFWLRQ

6SLQ WUDQVLWLRQV LQ FRPSRXQGV FRQWDLQLQJ �G�±�G� LRQV DUH FRQGLWLRQHG E\ WKH

FORVHQHVV RI HOHFWURQLF WHUPV RI GLIIHUHQW PXOWLSOLFLW\� ZKLFK LV GHWHUPLQHG E\ WKH

OLJDQG ILHOG VWUHQJWK DQG V\PPHWU\� 7KH FRQGLWLRQV DOORZLQJ WKH DSSHDUDQFH RI ORZ�

VSLQ �/6� FRPSOH[HV FDQ EH DFKLHYHG E\ LQGXFLQJ WKH WKHUPDO SRSXODWLRQ RI WKH UHOH�

YDQW WHUP� OLJKW LQGXFWLRQ RI WKH PHWDVWDEOH VWDWH RI /6 RU E\ RWKHU PHDQV VXFK RI /6

VWDELOLVDWLRQ� OLNH H�J� H[WHUQDO K\GURVWDWLF SUHVVXUH�

BBBBBBBBB


 7KH SDSHU ZDV SUHVHQWHG DW WKH ��WK :LQWHU 6FKRRO RQ &RRUGLQDWLRQ &KHPLVWU\� .DUSDF]� 3RODQG�

�±�� 'HFHPEHU� �����


&RUUHVSRQGLQJ DXWKRU� H�PDLO� \DEORNRY#LIPSDQ�SR]QDQ�SO�
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$Q HVVHQWLDO ILUVW UHTXLUHPHQW IRU WKH VSLQ WUDQVLWLRQ LV WR SRSXODWH /6 PXOWLSOHW

VWDWHV� 7ZR SKHQRPHQD DUH GLVFXVVHG LQ WKH OLWHUDWXUH DV WKH LPSRUWDQW IHDWXUHV RI WKH

SURFHVV RI WKH VSLQ WUDQVLWLRQ� WKH FRUUHODWLRQV EHWZHHQ WKH VWDWHV RI D GHILQLWH PXOWL�

SOLFLW\ EHLQJ WKH ILUVW VWDJH RI FRRSHUDWLYH LQWHUDFWLRQ >�� �@ DQG WKH DSSHDUDQFH RI

GRPDLQV RI WKH /6 FRPSOH[HV >�@ DV DQ HOHPHQW RI WKH RULJLQ RI D QHZ SKDVH� 7KH

UHVHDUFK LQWR WKH VSLQ WUDQVLWLRQV KDV D ORQJ KLVWRU\ DQG PHFKDQLVPV RI WKH VSLQ WUDQ�

VLWLRQV KDYH EHHQ WKH VXEMHFW RI PDQ\ H[SHULPHQWDO DQG WKHRUHWLFDO VWXGLHV >�� �@�

+RZHYHU� WKH PHFKDQLVPV KDYH QRW EHHQ IXOO\ UHFRJQLVHG \HW >�@ DQG GRPDLQV KDYH

QRW EHHQ REVHUYHG GLUHFWO\� WKHLU SUHVHQFH EHLQJ LQIHUUHG IURP D TXDOLWDWLYH FRQIRUPLW\

RI WKH REVHUYHG LQQHU K\VWHUHVLV ORRSV WR WKH FRPPRQ WKHRU\ RI WKH K\VWHUHVLV SKH�

QRPHQD >�@�

0HDVXUHPHQWV RI WKH PDJQHWLF VXVFHSWLELOLW\� ;�UD\ DQDO\VLV� 0|VVEDXHU VSHFWURV�

FRS\ DUH WUDGLWLRQDOO\ DSSOLHG IRU WKH VWXG\ RI WKH VSLQ WUDQVLWLRQV� (35 KDV DOVR EHHQ

DSSOLHG EXW XS WR QRZ LWV UROH KDV EHHQ OLPLWHG WR WKH GHWHFWLRQ RI WKH FURVVRYHU SKH�

QRPHQRQ� $V WKH SRVVLELOLWLHV RI WKLV YHU\ VHQVLWLYH DQG VHOHFWLYH PHWKRG DUH

HVVHQWLDOO\ ODUJHU ZH KDYH XVHG WKH (35 PHWKRG IRU WKH VWXG\ RI WKH VSLQ WUDQVLWLRQV LQ

WKH YDVW FODVV RI WKH WKLRVHPLFDUED]RQDWHV RI DURPDWLF DOGHK\GHV RI 0
�
>)H�7K�5�6D��@

W\SH >�@� 7KH GLVWRUWHG )H>2�1�6�@ RFWDKHGURQ UHSUHVHQWV WKH FRRUGLQDWLRQ SRO\KHGURQ

LQ WKHVH FRPSRXQGV� 7KH FKDQJHV RI 0
�
DQG 5 OHDG WR GLYHUVH W\SHV RI WKH VSLQ WUDQVL�

WLRQ� ,Q WKLV SDSHU� ZH SUHVHQW WKH UHVXOWV RI WKH PDJQHWLF VXVFHSWLELOLW\ DQG (35 VWXG\

RI WKH FRQWLQXRXV VSLQ WUDQVLWLRQ LQ 1D>)H�7K�6D��@�

���'HVFULSWLRQ�RI�H[SHULPHQWDO�UHVXOWV

6\QWKHVLV RI WKH 1D>)H�7K�6D��@� $ VWRLFKLRPHWULF DPRXQW RI D KRW DTXHRXV VR�

OXWLRQ RI )H�12�����+�2� ZDV DGGHG WR D ERLOLQJ DTXHRXV VROXWLRQ RI 1D�WKLRVH�

PLFDUED]RQDWH� 7KH VROXWLRQ ZDV UDSLGO\ ILOWHUHG DQG WKH PRWKHU VROXWLRQ ZDV OHIW IRU

FRROLQJ� 7KH ILOWHUHG RII FU\VWDOOLQH SUHFLSLWDWH ZDV ZDVKHG ZLWK ZDWHU� DOFRKRO DQG

HWKHU�

0DJQHWLF VXVFHSWLELOLW\� 7KH PDJQHWLF VXVFHSWLELOLW\ RI WKH SRZGHUHG VDPSOH RI

1D>)H�7K�6D��@ ZDV PHDVXUHG RYHU WKH WHPSHUDWXUH UDQJH RI ���±��� . XVLQJ D

4XDQWXP 'HVLJQ 648,'�EDVHG 0306;/���W\SH PDJQHWRPHWHU� 7KH VXSHUFRQGXFW�

LQJ PDJQHW ZDV JHQHUDOO\ RSHUDWHG DW D ILHOG VWUHQJWK UDQJLQJ IURP ��� WR � 7� 7KH

648,' PDJQHWRPHWHU ZDV FDOLEUDWHG ZLWK D SDOODGLXP URG VDPSOH IRU ZKLFK WKH JUDP

PDJQHWLF VXVFHSWLELOLW\ ZDV WDNHQ DV ����u��
±�
FP

�
J
±�
DW 7  ����� .� 7KH FRUUHFWLRQV

IRU GLDPDJQHWLVP ZHUH HVWLPDWHG IURP WKH 3DVFDO FRQVWDQWV >�@� 7KH WHPSHUDWXUH GH�

SHQGHQFH RI PDJQHWLF PRPHQW RI 1D>)H�7K�6D��@ SUHVHQWHG LQ )LJ� � VKRZV WKDW WKH

GHFUHDVH RI WKH PDJQHWLF PRPHQW VWDUWV DW DERXW ��� . DQG LWV YDOXH JUDGXDOO\ DQG

YHU\ VORZO\ GLPLQLVKHV GRZQ WR DERXW �� .� WKHQ VKDUSO\ GHFUHDVHV� 7KH +6±/6 VSLQ

WUDQVLWLRQ RFFXUV LQ D YHU\ ZLGH WHPSHUDWXUH LQWHUYDO DQG FDQ EH VXEGLYLGHG LQWR WZR

LQWHUYDOV� ���±�� . DQG ��±��� . EXW HYHQ DW WKH ORZHVW WHPSHUDWXUHV LW LV QRW FRP�



6SLQ WUDQVLWLRQ SURFHVV LQ 1D>)H�7K�6D��@ E\ HOHFWURQ SDUDPDJQHWLF UHVRQDQFH ���

SOHWHG� ,Q WKLV SDSHU� ZH SUHVHQW WKH UHVXOWV RI RXU (35 VWXGLHV RI WKH LQLWLDO SURFHVVHV

WDNLQJ SODFH LQ WKH KLJK�WHPSHUDWXUH LQWHUYDO�

)LJ� �� 7KH WHPSHUDWXUH GHSHQGHQFH RI WKH PDJQHWLF PRPHQW

RI 1D>)H�7K�6D��@� $UURZV LQGLFDWH GLUHFWLRQV RI WKH WHPSHUDWXUH FKDQJHV�

,Q WKH LQVHUW� WKH UHVXOWV LQ WKH PDJQHWLF VFDOH DUH VKRZQ

IRU WKH WHPSHUDWXUH UDQJH VWXGLHG E\ (35

(OHFWURQ SDUDPDJQHWLF UHVRQDQFH� (35 PHDVXUHPHQWV RI 1D>)H�7K�6D��@ SRZ�

GHU VDPSOH ZHUH SHUIRUPHG ZLWK DQ ;�EDQG 5$',23$1 6(�;����� VSHFWURPHWHU

ZLWK ��� N+] PDJQHWLF ILHOG PRGXODWLRQ DQG D KRPH�PDGH QLWURJHQ FU\RVWDW LQ WKH

WHPSHUDWXUH UDQJH RI ��±��� D� $ ZHDN EURDG VLJQDO ZLWK '% a ��� P7 ZDV REVHUYHG

DW D URRP WHPSHUDWXUH� :KHQ WKH WHPSHUDWXUH LV ORZHUHG� D QDUURZHU VLJQDO DSSHDUV�

7KLV VLJQDO LV GHILQLWHO\ GXH WR /6 )H�,,,� FRPSOH[HV� :H EHJLQ WR GHWHFW LW IURP

7  ��� . ZKHQ LWV ZLGWK EHFRPHV '%  �� P7 �VHH )LJ� ���

)LJ� �� 7UDQVIRUPDWLRQ RI WKH (35 VSHFWUXP RI WKH 1D>)H�7K�6D��@

FRPSOH[HV DW WKH +6±/6 WUDQVLWLRQ ZLWK GHFUHDVLQJ WHPSHUDWXUH
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:LWK GHFUHDVLQJ WHPSHUDWXUH� WKH LQWHQVLW\ RI WKLV VLJQDO LQFUHDVHV DQG LWV OLQH�

ZLGWK GHFUHDVHV� +HUHDIWHU ZH UHIHU WR WKH ZLGWK RI DQ LQGLYLGXDO (35 OLQH REWDLQHG LQ

WKH SURFHGXUH RI ILWWLQJ RI WKH REVHUYHG H[SHULPHQWDO DQLVRWURSLF VSHFWUXP� 7KH SD�

UDPHWHUV RI WKH ILW DUH WKH J�IDFWRU FRPSRQHQWV� WKH OLQH VKDSH DQG WKH ZLGWK RI

LQGLYLGXDO FRPSRQHQWV DV ZHOO DV WKH FRQWURO SDUDPHWHU ± D IXOO ZLGWK DW D KDOI PD[L�

PXP PHDVXUHG IRU WKH ORZ ILHOG VLGH RI WKH VLJQDO� $ OLQH ZLGWK '%SS PHDVXUHG

EHWZHHQ WKH PD[LPXP DQG PLQLPXP RI WKH ILUVW GHULYDWLYH RI (35 VLJQDO KDV EHHQ

FKRVHQ WR FKDUDFWHULVH ZLGH V\PPHWULFDO (35 VLJQDOV DW KLJK WHPSHUDWXUHV� 7R DVVHVV

WKH DEXQGDQFH RI WKH /6 FRPSOH[HV� ZH KDYH HVWLPDWHG WKH UHODWLYH YDOXHV RI LQWHJUDO

LQWHQVLWLHV RI WKH VLJQDOV� 7KHUHIRUH� WKH QDWXUH RI WKH VSLQ WUDQVLWLRQ SURFHVV FDQ EH

LQIHUUHG IURP H[DPLQDWLRQ RI WKH WHPSHUDWXUH GHSHQGHQFLHV RI '%� WKH VLJQDO LQWHJUDO

LQWHQVLW\ , DQG WKH J�WHQVRU�

7DEOH �� 3DUDPHWHUV RI WKH (35 VLJQDO DW VHOHFWHG WHPSHUDWXUHV�

L '%jj� P7 '%LQGLYLG� P7 JA J
¸¸
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�$ OLQHZLGWK '%SS LV PHDVXUHG EHWZHHQ WKH PD[LPXP DQG PLQLPXP RI WKH ILUVW GHULYDWLYH WKH ZLGH V\P�

PHWULFDO (35 VLJQDOV DW KLJK WHPSHUDWXUH� WKH '%LQGLYLG FRUUHVSRQGV WR WKH ZLGWK RI DQ LQGLYLGXDO (35 OLQH REWDLQHG

LQ WKH SURFHGXUH RI ILWWLQJ RI WKH REVHUYHG H[SHULPHQWDO DQLVRWURSLF VSHFWUXP�

6HOHFWHG GDWD DUH VKRZQ LQ 7DEOH � DQG LQ )LJV� ���� ,Q WKH WHPSHUDWXUH UDQJH RI

���±��� . D QHDUO\ V\PPHWULFDO VLJQDO LV REVHUYHG ZLWK LWV ZLGWK FRQVWDQWO\ GH�

FUHDVLQJ RQ GHFUHDVLQJ WHPSHUDWXUH� 6WDUWLQJ IURP 7 a ���±��� . WKH VLJQDO EHFRPHV

DV\PPHWULF� 6KDUS GHFUHDVHV RI '%�7� DUH REVHUYHG LQ WKH 7�LQWHUYDO ���±��� . �ZH

VKDOO FDOO LW WKH ILUVW FULWLFDO WHPSHUDWXUH LQWHUYDO DQG FKDUDFWHULVH LW E\ WKH PHDQ

7�YDOXH� 7F

���
 ��� .� DQG DW 7 QHDU ��� . �WKH VHFRQG FULWLFDO 7�LQWHUYDO� FKDUDFWHU�

LVHG E\ 7F

���
�� 0RUHRYHU� WKH FKDQJHV RI '%�7� DUH DFFRPSDQLHG E\ FKDQJHV LQ

J�WHQVRU FRPSRQHQWV� LQ WKH YLFLQLW\ RI 7F

���
WKH JA FKDQJHV IURP �����r����� WR

�����r����� DQG J¸» FKDQJHV IURP �����r����� WR �����r������ $W ��� . JA  �����

DQG J¸»  ����� DQG WUDQVIRUPV FRUUHVSRQGLQJO\ WR ����� DQG ����� EHORZ 7F

���
� ,Q WKH

WHPSHUDWXUH LQWHUYDOV RI ���±��� . DQG ���±�� . WKH OLQH ZLGWK '% �7� FRQWLQXHV WR

GHFUHDVH� 7KHVH LQWHUYDOV GLIIHU LQ WKH VORSHV RI WKH w�'%��w7 GHSHQGHQF\ �FI� )LJ� ���



6SLQ WUDQVLWLRQ SURFHVV LQ 1D>)H�7K�6D��@ E\ HOHFWURQ SDUDPDJQHWLF UHVRQDQFH ���

)LJ� �� 7KH WHPSHUDWXUH GHSHQGHQFH RI WKH (35 OLQH ZLGWK LQ /6 FRPSOH[HV

)LJ� �� 7KH WHPSHUDWXUH GHSHQGHQFH RI WKH LQWHJUDO

LQWHQVLW\ RI WKH (35 VLJQDO LQ /6 FRPSOH[HV

7KH LQWHQVLW\ RI WKH (35 VLJQDO RI WKH /6 FRPSOH[HV� ZKLFK� DV D ZKROH� LQFUHDVHV

ZLWK GHFUHDVLQJ WHPSHUDWXUH� VKRXOG DOVR EH VHQVLWLYH WR WKH DERYH�PHQWLRQHG FKDQJHV

DQG SHFXOLDULWLHV LQ WKH '%�7� GHSHQGHQFH� )LJ� � VKRZV D GLVWLQFW GLVFRQWLQXLW\ LQ ,�7�

DW 7  ��� .� +RZHYHU� ZH ZHUH QRW DEOH WR GHWHFW DQ\ SHFXOLDULWLHV LQ WKLV GHSHQG�

HQFH QHDU ��� .�
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���'LVFXVVLRQ

7KH PDLQ VRXUFH RI WKH LQIRUPDWLRQ LQ RXU VWXG\ LV WKH OLQHZLGWK '% RI WKH (35

VLJQDO� $V WKH /6 FRPSOH[ KDV WKH HOHFWURQ VSLQ 6  ���� WKH OLQH ZLGWK LV GHWHUPLQHG�

LQ JHQHUDO� E\ WKUHH IDFWRUV� WLPH RI SDUDPDJQHWLF UHOD[DWLRQ� GLSROH�GLSROH LQWHUDF�

WLRQV ZLWK PDJQHWLF QHLJKERXUV DQG H[FKDQJH LQWHUDFWLRQV ZLWK WKH /6 DQG +6

SDUWQHUV� 2XU SUHOLPLQDU\ H[SHULPHQWV XQGHU WKH K\GURVWDWLF SUHVVXUH >�@ VKRZHG WKDW

'% LQFUHDVHV ZKHQ WKH SUHVVXUH LV DSSOLHG WR WKH VDPSOH MXVW DW ORZ WHPSHUDWXUHV� )RU

H[DPSOH DW 7  ��� .� '% LQFUHDVHV IURP a �� P7 DW DWPRVSKHULF SUHVVXUH WR �� P7

DW 3  ��� 03D� 7KLV VKRZV GLUHFWO\ WKDW ZH GR QRW QHHG WR DQDO\VH KHUH D SRVVLELOLW\

RI D UHOD[DWLRQ EURDGHQLQJ RI WKH (35 OLQH�

/RZ�VSLQ )H�,,,� FRPSOH[HV DSSHDU DPRQJ WKH KLJK�VSLQ RQHV� 7KH GLVWDQFH EH�

WZHHQ WKH LURQ LRQV LV RI ����±���� QP� 0DJQHWLF PRPHQW RI +6 )H�,,,� LV ���� P%�

6XSSRVLQJ D VL[IROG HQYLURQPHQW RI /6 FRPSOH[ DQG UHJDUGLQJ WKDW WKH YDOXH RI LWV

KLJK WHPSHUDWXUH '% a �� P7� WKH /6 FRPSOH[HV DUH FRQVLGHUHG DV VXEMHFW WR VWURQJ

HQRXJK GLSROH�GLSROH LQWHUDFWLRQV ZLWK WKH +6 FRPSOH[HV DQG WR UHODWLYHO\ ZHDN H[�

FKDQJH LQWHUDFWLRQV� 7KHVH WZR W\SHV RI LQWHUDFWLRQV DUH WHPSHUDWXUH LQGHSHQGHQW�

+RZHYHU� 7DEOH � DQG )LJV� � DQG � VKRZ WKDW '% HVVHQWLDOO\ GHFUHDVHV ZLWK WHP�

SHUDWXUH� )RU H[DPSOH� '%  �� P7 DW ��� .� L�H� WKH OLQH ZLGWK GHFUHDVHV E\ �� P7

ZLWK WKH 7 GHFUHDVLQJ E\ �� .� 7KH RQO\ UHDVRQ IRU WKLV '% QDUURZLQJ FDQ EH D

VWUHQJWKHQLQJ RI WKH H[FKDQJH LQWHUDFWLRQV EHWZHHQ WKH /6 FRPSOH[HV�

$Q HVWLPDWLRQ RI WKH (35 VLJQDO LQWHQVLW\ VKRZV WKDW DW 7  ��� . WKH FRQFHQWUD�

WLRQ RI WKH /6 FRPSOH[HV GRHV QRW H[FHHG ������±����� PRO � DQG� DV IROORZV IURP

)LJ� �� WKH FRQWHQW RI WKH /6 FRPSOH[HV LQFUHDVHV QR PRUH WKDQ ILYH WLPHV DIWHU WKH

WHPSHUDWXUH ORZHULQJ GRZQ WR ��� .� 6XFK D VPDOO LQFUHDVH RI WKH /6 FRPSOH[HV FRQ�

FHQWUDWLRQ FDQQRW OHDG WR WKH REVHUYHG LQFUHDVH LQ WKH H[FKDQJH LQWHUDFWLRQV LI WKH /6

FRPSOH[HV DUH GLVWULEXWHG HYHQO\� 7KLV DOORZV XV WR GUDZ DQ LPSRUWDQW FRQFOXVLRQ WKDW

WKH DSSHDULQJ /6 FRPSOH[HV DUH QRW GLVWULEXWHG VWDWLVWLFDOO\ LQ WKH FU\VWDO ODWWLFH RI WKH

FRPSRXQG EXW KDYH D WHQGHQF\ WR DJJUHJDWH LQ OLPLWHG DUHDV �GRPDLQV�� 7KLV SURFHVV

RI DJJUHJDWLRQ VWDUWV VLPXOWDQHRXVO\ ZLWK WKH RQVHW RI WKH +6 WR /6 WUDQVLWLRQ� 1H�

JOHFWLQJ SRVVLEOH GHIHFWV LQ WKH FU\VWDO ODWWLFH� ZH FDQ FRQVLGHU WKH DSSHDULQJ /6

FRPSOH[HV DV QRW DWWDFKHG WR DQ\ IL[HG SRVLWLRQV LQ WKH VWUXFWXUH� 0RUH WKDQ WKDW� ZH

FDQ VXSSRVH WKDW LQ WKH FRQGLWLRQV RI D GHILQLWH EDODQFH EHWZHHQ WKH WKHUPDO HQHUJ\

DQG VWDELOLVLQJ IDFWRUV DQG GXH WR WKH WUDQVODWLRQDO V\PPHWU\ RI WKH FU\VWDO ODWWLFH� WKH

/6 VWDWH FDQ PLJUDWH EHWZHHQ WKH LURQ FRPSOH[HV� $V ZDV VKRZQ E\ WKH H[SHULPHQW�

WKH DJJUHJDWLRQ RI WKH /6 FRPSOH[HV LQ GRPDLQV LV HQHUJHWLFDOO\ HIILFLHQW� DQG WKHLU

DPRXQW LQ VRPH OLPLWHG DUHDV RI WKH VWUXFWXUH LQFUHDVHV ZLWK GHFUHDVLQJ WHPSHUDWXUH�

7KH HQKDQFHPHQW RI WKH H[FKDQJH LQWHUDFWLRQV DOORZV D FRQFOXVLRQ WKDW WKH /6 FRP�

SOH[HV GR QRW RFFXS\ WKH QHLJKERXULQJ SRVLWLRQV LQ WKH VWUXFWXUH� :H FDQ RQO\ VD\ WKDW

WKH PHDQ GLVWDQFH EHWZHHQ WKH /6 )H�,,,� FRPSOH[HV GHFUHDVHV� $Q DYDLODELOLW\ RI WKH

VWUXFWXUDO EULGJHV ± K\GURJHQ ERQGV ± EHWZHHQ FRPSOH[HV SURPRWHV WKH VWUHQJWKHQLQJ

RI H[FKDQJH LQWHUDFWLRQV�
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$ VKDUS LQFUHDVH LQ WKH /6 FRPSOH[HV GHQVLW\ LQ GRPDLQV WDNHV SODFH DW 7F

���
� ,W LV

DFFRPSDQLHG QRW RQO\ E\ D VKDUS LQFUHDVH LQ WKH H[FKDQJH LQWHUDFWLRQV� EXW DOVR E\

D FKDQJH LQ SDUDPHWHUV RI LVRODWHG /6 FRPSOH[HV� DOUHDG\ GLIIHUHQW IURP WKRVH RI WKH

+6 FRPSOH[HV� DQG LQ WKH YLFLQLW\ RI 7F XQGHUJRLQJ IXUWKHU FKDQJHV GXH WR WKH FR�

RSHUDWLYH LQWHUDFWLRQV EHWZHHQ WKH FRPSOH[HV LQ GRPDLQV� 8QIRUWXQDWHO\� QR VWUXFWXUDO

GDWD DUH DYDLODEOH IRU 1D>)H�7K�6D��@ EXW ZH FDQ XVH VRPH SDUDPHWHUV NQRZQ IRU

UHODWHG FRPSRXQGV� )RU H[DPSOH� WKH OHQJWK RI WKH )H�6 DQG )H�1 ERQGV LQ .>)H�7K�

����&O�6D��@ FKDQJHV DW WKH WUDQVLWLRQ IURP +6 FRPSRXQG WR /6� IURP ����� QP DQG

����� QP WR ����� QP DQG ����� QP� UHVSHFWLYHO\ >�@� 7KH VWUXFWXUDO SDUDPHWHUV RI WKH

LURQ FRPSOH[HV FKDQJH DW WKHLU WUDQVIRUPDWLRQ IURP +6 LQWR /6 VWDWH� :H FDQ VXSSRVH

WKDW WKH VWUXFWXUDO SDUDPHWHUV RI WKH /6 FRPSOH[HV LQ GRPDLQV FDQ GLIIHU IURP WKRVH LQ

WKH EXON FU\VWDO EHLQJ LQ /6 VWDWH� $V D UHVXOW DW 7F

���
WKH OLJDQG ILHOG RQ WKH )H�,,,� LRQ

LV FKDQJHG� 7KH VXSSRVLWLRQ LV FRQILUPHG E\ WKH DERYH�PHQWLRQHG FKDQJHV LQ WKH JL�

YDOXHV� ,W VKRXOG EH HPSKDVLVHG WKDW WKLV WUDQVIRUPDWLRQ RFFXUV DV D UHVXOW RI UHGLVWUL�

EXWLRQ RI WKH /6 FRPSOH[ ZLWKRXW FKDQJLQJ WKHLU TXDQWLW\� ZKLFK LV LQGLFDWHG E\ WKH

IDFW WKDW QR DQRPDO\ LV REVHUYHG LQ WKH VLJQDO LQWHQVLW\ QHDU 7F

���
�VHH )LJ� ���

7KH FKDQJHV RI WKH SURSHUWLHV RI WKH FRPSRXQG VWXGLHG DW 7  7F

���
DUH RI D FRP�

SOHWHO\ GLIIHUHQW FKDUDFWHU� $W WKLV WHPSHUDWXUH� D QHZ VKDUS LQFUHDVH LQ WKH H[FKDQJH

LV DFFRPSDQLHG E\ D VWURQJ LQFUHDVH LQ WKH QXPEHU RI /6 FRPSOH[HV� FRQILUPHG E\ DQ

LQFUHDVH LQ WKH VLJQDO LQWHQVLW\ VKRZQ LQ )LJ� �� 7KH SURFHVV LQ TXHVWLRQ FDQ EH WUHDWHG

DV UHODWHG WR DQ HQODUJHPHQW RU DJJUHJDWLRQ RI GRPDLQV OHDGLQJ WR WKH H[WHQVLRQ RI WKH

SKHQRPHQD UHVSRQVLEOH IRU WKH DUUDQJHPHQW RI /6 DQG +6 FRPSOH[HV LQ GRPDLQV DQG

WKH HOHFWURQ VWUXFWXUH RI GRPDLQV LQ ODUJH YROXPHV RI WKH FU\VWDO� 7KH UHODWLYH FRQFHQ�

WUDWLRQ RI WKH /6 FRPSOH[HV UHPDLQV QRW WRR KLJK DQG ZH FDQ VWDWH� LQ WKH DFFRUGDQFH

WR WKH PDJQHWLF VXVFHSWLELOLW\ GDWD WKDW RQO\ D VPDOO SDUW RI WKH FRPSOH[HV DUH LQ WKH

/6 VWDWH� ,Q WKH WHPSHUDWXUHV DERYH 7F

���
� EHWZHHQ 7F

���
DQG 7F

���
� DQG EHORZ 7F

���
WKH

LQFUHDVH LQ WKH /6 FRPSOH[HV QXPEHU DQG H[FKDQJH LQWHUDFWLRQV LQ GRPDLQV� KDV

D FRQWLQXRXV FKDUDFWHU EXW LWV UDWH LV GLIIHUHQW�

7KH HYROXWLRQ RI WKH (35 VSHFWUD RI WKH /6 FRPSOH[HV REVHUYHG LQ WKH SURFHVV RI

WKH VSLQ WUDQVLWLRQ DOORZV D FRQFOXVLRQ WKDW WKH H[FKDQJH LQWHUDFWLRQV EHWZHHQ /6

FRPSOH[HV EHFRPH DSSDUHQW DOUHDG\ DW WKHLU VPDOOHVW FRQFHQWUDWLRQV� 2Q WKH RWKHU

KDQG� WKH H[FKDQJH LQWHUDFWLRQV DUH SRVVLEOH RQO\ DIWHU WKH DSSHDUDQFH RI VRPH /6

DJJUHJDWHV LQ WKH FU\VWDO ODWWLFH� L�H� WKH H[FKDQJH RQO\ DOORZV D GHWHFWLRQ RI FRQJORP�

HUDWLRQ RI /6 FRPSOH[HV LQ GRPDLQV� 7KH H[LVWHQFH RI GRPDLQV KDV QRW EHHQ SURYHG

HDUOLHU >�@� KRZHYHU� DQ HYROXWLRQ RI WKH /6 VWDWH LQ WKH FURVVRYHU SURFHVV ZDV FHU�

WDLQO\ DQDO\VHG ERWK H[SHULPHQWDOO\ DQG WKHRUHWLFDOO\ >�@� :H VKDOO PHQWLRQ VRPH RI

WKH ZRUNV� ,Q >�� �@ WKH PRGHO RI WKH VWDWLF LQWHUPROHFXODU LQWHUDFWLRQV WDNLQJ LQWR DF�

FRXQW WKH PROHFXODU YLEUDWLRQV ZDV GHYHORSHG� 6SLHULQJ� :LOOHQEDFKHU HW DO� >�� ��@

GLVFXVVHG WKH HODVWLF LQWHUDFWLRQ EHWZHHQ WKH /6 LRQV YLD WKH LPDJH SUHVVXUH� 7KH

VWDUWLQJ SRLQW RI DOO FRQVLGHUDWLRQV ZDV WKH REVHUYHG YROXPH FKDQJH DQG GHIRUPDWLRQV

RI WKH ODWWLFH DFFRPSDQ\LQJ WKH WUDQVLWLRQ RI WKH LRQV IURP WKH +6 WR WKH /6 VWDWH� :H

DVVXPH WKDW WKHVH DSSURDFKHV FDQ EH XVHG IRU DQDO\VLV RI WKH SKHQRPHQD LQ GRPDLQV

WR VKRZ DQ LPSRUWDQW UROH RI WKH VKRUW�UDQJH FRUUHODWLRQV EHWZHHQ /6 FRPSOH[HV� $W
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SUHVHQW ZH FDQQRW LQIHU DERXW WKH FKDUDFWHU RI WKHVH FRUUHODWLRQV� 7KH /RUHQW] OLQH

VKDSH REVHUYHG IRU (35 RI WKH /6 FRPSOH[HV FRQILUPV WKDW D ODUJH QXPEHU RI /6

FRPSOH[HV DUH LQYROYHG LQWR H[FKDQJH LQWHUDFWLRQV LQ GRPDLQV� 7KH H[LVWHQFH RI WKH

LQWHUPROHFXODU FRQWDFWV LQ WKH VWUXFWXUH RI 1D>)H�WK�6D��@ H[SODLQV ERWK SRVVLELOLW\ RI

WKH PXWXDO LQIOXHQFH EHWZHHQ WKH LURQ FRPSOH[HV EHLQJ LQ D GHILQLWH VSLQ VWDWH DQG WKH

H[FKDQJH LQWHUDFWLRQV EHWZHHQ DOO FRPSOH[HV �/6±/6� +6±+6 DQG /6±+6�� $W WKH

VDPH WLPH� ORQJ�UDQJH LQWHUDFWLRQV KDYH DOVR EHHQ SURYHG WR EH VLJQLILFDQW� DV GHPRQ�

VWUDWHG E\ WKH DQRPDOLHV DW 7F
���
DQG 7F

���
�

���&RQFOXVLRQV

7KH VWXG\ RI WKH GLIIXVH +6²/6 WUDQVLWLRQ LQ 1D>)H�7K�6D��@ E\ (35 DOORZHG D

GLUHFW REVHUYDWLRQ RI VRPH LPSRUWDQW IHDWXUHV RI WKH WUDQVLWLRQ� ZKLFK KDYH KLWKHUWR

EHHQ TXHVWLRQDEOH�

7KH SURFHVV RI WUDQVLWLRQ RI )H�,,,� FRPSOH[HV WR WKH ORZ VSLQ VWDWH LV VKRZQ WR LQ�

YROYH WKH IRUPDWLRQ RI GRPDLQV FRPSULVLQJ D ILQLWH QXPEHU RI WKH /6 FRPSOH[HV� 7KH

FRPSOH[HV GR QRW QHFHVVDULO\ RFFXS\ WKH QHDUHVW�QHLJKERXU SRVLWLRQV LQ WKH FU\VWDO

ODWWLFH� -XVW RSSRVLWH� LW LV VKRZQ WKDW WKH PHDQ GHQVLW\ RI WKH /6 FRPSOH[HV LQ D GR�

PDLQ LQFUHDVHV ZLWK WKHLU WRWDO FRQFHQWUDWLRQ�

:H FRQVLGHU WKH SURFHVV RI WKH JURZWK RI GRPDLQV �L�H�� LQFOXVLRQ RI QHZ /6 FRP�

SOH[HV LQWR D GRPDLQ� DV EHLQJ UXOHG E\ VKRUW�UDQJH LQWHUDFWLRQV� 7KHVH LQWHUDFWLRQV� DW

WKH EHJLQQLQJ RI WKH +6±/6 WUDQVLWLRQ� KDYH D FKDUDFWHU RI SDLU FRUUHODWLRQV DQG FDQ

VKRZ VRPH WKH IHDWXUHV LQKHUHQW WR WKH FR�RSHUDWLYH V\VWHP� �,Q WKH VDPH ZD\ WKH SDLU

-DKQ±7HOOHU FRUUHODWLRQV LQ WKH GRSHG SDLU RI -7 FRPSOH[HV DUH VKRZQ WR PRGHO WKH FR�

RSHUDWLYH LQWHUDFWLRQV LQ WKH FRQFHQWUDWHG -7 FU\VWDO >��� ��@�� $QG LQGHHG� WKH PHUJLQJ

RI GRPDLQV� RU WKHLU JURZWK DQG UHRUJDQLVDWLRQ DUH FRRSHUDWLYH SURFHVV DQG VWLPXODWHG

E\ ORQJ� UDQJH LQWHUDFWLRQV� $GGLWLRQDO ZHDN FKDQJHV LQ WKH /6 FRPSOH[HV SDUDPHWHUV

DFFRPSDQ\ WKH WUDQVIRUPDWLRQ RI WKH GRPDLQ VWUXFWXUH RI WKH +6±/6 V\VWHP�

$OO WKH DERYH�PHQWLRQHG REVHUYDWLRQV VKRXOG EH D VXEMHFW RI IXUWKHU LQYHVWLJDWLRQ�
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