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1RUIOR[DFLQ� D EURDG�VSHFWUXP DQWLPLFURELDO� KDV EHHQ ZLGHO\ XVHG LQ WKH ILHOG RI
FOLQLFDO XUHWKUD LQIHFWLRQV� FOLQLFDO HQWHULF LQIHFWLRQV� HWF� ,W H[HUWV D PDUNHG FXUDWLYH
HIIHFW >�@� ,Q UHFHQW \HDUV� WKH LQWHUDFWLRQV EHWZHHQ QRUIOR[DFLQ DQG FHUWDLQ PHWDO
LRQV KDYH EHHQ H[DPLQHG ZLGHO\ >�−�@� 7KH IOXRUHVFHQFH VSHFWUXP DQG OLSRVROXELO�
LW\ RI WKH FRPSOH[ RI =Q�,,� ZLWK QRUIOR[DFLQ KDYH EHHQ UHSRUWHG >�� �@� EXW LWV QRQ�
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ZKLWH VROLG SURGXFHG ZDV LVRODWHG E\ ILOWUDWLRQ� ZDVKHG VXFFHVVLYHO\ ZLWK GHLRQL]HG
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FRPSRVLWLRQ HQGV DW ���R&� 7KH 7* FXUYH RI =Q>1)$@�⋅�+�2 UHYHDOV D WKUHH�VWDJH
GHFRPSRVLWLRQ SURFHVV� DV SUHGLFWHG E\ WKH '7* FXUYH �)LJ� ��� 7KH ILUVW VWDJH LV LQ
WKH WHPSHUDWXUH UDQJH ��−���R&� ZLWK D PDVV ORVV RI ������� ZKLFK FRUUHVSRQGV WR
WKH ORVV RI � PRO +�2 �WKHRUHWLFDO ORVV �������� $FWXDOO\� WKLV VWDJH RI GHK\GUDWLRQ
DQG GHFRPSRVLWLRQ LQYROYHV VHYHUDO VWHSV� 7KH VHFRQG VWDJH RI GHJUDGDWLRQ RFFXUV LQ
WKH UDQJH ���−���R&� ZLWK D PDVV ORVV RI ������� LQ ZKLFK � 1)$� &�+� DQG
&�+�1� DUH UHPRYHG� ZLWK D WKHRUHWLFDO ORVV RI ������� 7KLV GHJUDGDWLRQ ZDV IRO�
ORZHG E\ WKH WKLUG VWDJH RI GHFRPSRVLWLRQ LQ WKH WHPSHUDWXUH UDQJH ���−���R&� LQ
ZKLFK &��+�)2�1 ZDV UHPRYHG� ZLWK D PDVV ORVV RI ������ �WKHRUHWLFDO ORVV
�������� $W WKLV SRLQW� WKH =Q�,,� FRPSOH[ ZLWK QRUIOR[DFLQ ZDV FRPSOHWHO\ GH�
JUDGHG LQWR =Q2� ZLWK D WRWDO ORVV RI ����� �WKHRUHWLFDO ORVV �������� 7KH UHVXOWV LQ�
GLFDWH WKDW WKH WKHUPDO GHFRPSRVLWLRQ RI WKH =Q�,,� FRPSOH[ ZLWK QRUIOR[DFLQ FDQ EH
GHVFULEHG DV
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7KH '7$ FXUYH UHFRUGHG EHWZHHQ �� DQG ���R& DW D KHDWLQJ UDWH RI �R& PLQ−� RQ
D VDPSOH RI WKH WLWOH FRPSRXQG LV JLYHQ LQ )LJ� �� 7KH '7$ GDWD IRU WKH FRPSOH[ DUH
OLVWHG LQ 7DEOH �� 2QH HQGRWKHUPLF SHDN DQG IRXU H[RWKHUPLF SHDNV DUH DSSDUHQW� 7KH
ILUVW SHDN �HQGRWKHUPLF� OLHV EHWZHHQ ��� DQG ���R&� 7KUHH H[RWKHUPLF SHDNV DUH
IRXQG EHWZHHQ ��� DQG ���R&� UHSUHVHQWLQJ WKH ORVV RI RQH PROHFXOH RI 1)$�
RQH &�+� DQG RQH &�+�1� IURP WKH =Q>1)$@�� 7KH IRXUWK VWURQJ H[RWKHUP� ZKLFK
UHSUHVHQWV WKH ORVV RI RQH PROHFXOH RI &��+�)2�1 IURP =Q&��+�)2�1 WR \LHOG =Q2�
LV REVHUYHG EHWZHHQ ��� DQG ���R&�
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.LQHWLF VWXGLHV RI QRQ�LVRWKHUPDO GHFRPSRVLWLRQ

,Q WKH SUHVHQW ZRUN� ERWK WKH $FKDU DQG WKH 0.1 PHWKRGV KDYH EHHQ DSSOLHG WR
VWXG\ WKH NLQHWLFV RI WKH VHFRQG GHFRPSRVLWLRQ SURFHVVHV RI =Q>1)$@�⋅�+�2� 7KH
GLIIHUHQWLDO DQG LQWHJUDO HTXDWLRQV DUH DV IROORZV�
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ZKHUH N LV WKH %ROW]PDQQ FRQVWDQW� 7V LV WKH SHDN WHPSHUDWXUH� K LV WKH 3ODQFN FRQ�
VWDQW� N�7� LV WKH UDWH FRQVWDQW DV D IXQFWLRQ RI WHPSHUDWXUH� DQG ν LV WKH (LQVWHLQ YL�
EUDWLRQ IUHTXHQF\�

$OO WKH FRPSXWDWLRQDO ZRUN ZDV GRQH RQ DQ ,%0 FRPSXWHU ZLWK D %$6,& SUR�
JUDP� 7KH EDVLF SDUDPHWHUV α� 7 DQG Gα�G7 REWDLQHG IURP WKH 7*�'7* FXUYHV DUH
OLVWHG LQ 7DEOH �� 7KH DOJHEUDLF H[SUHVVLRQV RI J�α� DQG I�α� >��� ��@ IRU WKH PRVW
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��� N- PRO−� DQG OQ$ IURP ����� WR ����� V−�� >��@� ,W FDQ WKHQ EH FRQFOXGHG WKDW WKH
UHOHYDQW IXQFWLRQ LV WKH SUREDEOH WKHUPDO GHFRPSRVLWLRQ PHFKDQLVP RI WKH FRPSOH[�

)RU WKH VHFRQG VWDJH RI GHFRPSRVLWLRQ RI WKH WLWOH FRPSRXQG� LW FDQ EH VXJJHVWHG
WKDW WKH IXQFWLRQ RI WKH SRVVLEOH PHFKDQLVP LV IXQFWLRQ QR� � LQ 7DEOH �� EDVHG RQ WKH
GDWD LQ 7DEOH �� 7KHUHIRUH� WKH VHFRQG VWDJH RI WKH GHFRPSRVLWLRQ PHFKDQLVP LV FRQ�
WUROOHG E\ DVVXPHG UDQGRP QXFOHDWLRQ DQG LWV VXEVHTXHQW JURZWK �Q �� $YUDPL�(UR�
IHHY HTXDWLRQ�� 7KH NLQHWLF HTXDWLRQ RI WKLV SURFHVV LV Gα�GW $H[S�−(�57���−α��
)XUWKHU� LQ RUGHU WR DVVHVV WKH YDOXHV RI WKH PRVW SUREDEOH PHFKDQLVP REWDLQHG LQ WKH
SUHVHQW VWXG\� WKH 2]DZD >��@ PHWKRG ZDV XVHG WR FDOFXODWH WKH DFWLYDWLRQ HQHUJ\ RI
WKH VHFRQG GHFRPSRVLWLRQ VWHS �( ����� N- PRO−�� U �������� :H IRXQG WKDW WKH (
DQG U YDOXHV DUH FORVH WR WKH DYHUDJH YDOXH JLYHQ E\ WKH GLIIHUHQWLDO DQG LQWHJUDO
PHWKRGV�

&RQFOXVLRQV

7KH WKHUPDO GHFRPSRVLWLRQ RI =Q>1)$@�⋅�+�2 RFFXUV LQ WKUHH VWHSV� 7KH HOLPL�
QDWLRQ RI ZDWHU WDNHV SODFH DW WHPSHUDWXUHV EHORZ ���R&� 7KH VHFRQG VWHS RI WKH GH�
FRPSRVLWLRQ PHFKDQLVP LV FRQWUROOHG E\ DVVXPHG UDQGRP QXFOHDWLRQ DQG LWV VXE�
VHTXHQW JURZWK �Q �� $YUDPL�(URIHHY HTXDWLRQ�� 7KH NLQHWLF HTXDWLRQ RI WKLV SURFHVV
LV Gα�GW $H[S�−(�57���−α�� ,Q WKH VHFRQG VWDJH� WKH DFWLYDWLRQ HQHUJ\ LV
����� N- PRO−�� WKH HQWURS\ RI DFWLYDWLRQ �∆6� LV ����� - PRO−�� DQG WKH IUHH HQHUJ\
RI DFWLYDWLRQ �∆*� LV ����� N- PRO−��

5HIHUHQFHV

� =� -� 0RX� <� <� <X DQG -� <� -LDR� 3KDUPDFHXWLFDO ,QGXVWU\� �� ������ ����
� 1� 5� &� &DPSEHOO� 0� .DUD� %� %� +DVLQRII� :� 0� +DGGDUD DQG '� :� 0F.D\� %U� -�

&OLQ� 3KDUPDFRO�� �� ������ ����
� <� 2NDED\DVKL� )� +D\DVKL� <� 7HUXL DQG 7� .LWDJDZD� &KHP� 3KDUP� %XOO�� �� ������ ����
� &� 0� 5LOH\� '� /� 5RVV� 9� '� 9DQGHU DQG )� -� 7DNXVDJDZD� 3KDUP� %LRPHG� $QDO�� ��

������ ���
� +� 1� $OND\VL� 0� +� $EGHO�+D\� 0� 6� 6DOHP� $� 0� *KDUDLEHK DQG 7� (� 1DpZDV� ,QWHU�-�

3KDUP�� �� ������ ���
� 6� 3� +XDQJ� 0� 0� <DQJ DQG /� &KHQ� -� ,QVWUXP� $QDO�� �� ������ ���
� <� ;X� +� ;� 6KHQ DQG +� *� +XDQJ� -� $QDO� 6FL�� �� ������ ����
� %� 1� $FKDU� 3URF� ,QW� &OD\ &RQI�� -HUXVDOHP� � ������ ���
� 3� 0� 0DGKXVXGKDQDQ� .� .ULVKQDQ DQG .� 1� 1LQDQ� 7KHUPRFKLP� $FWD� �� ������ ����
�� 0� .� 0XUDOHHGKDUDQ DQG 1DLU� 3� .� 5DGKDULVKQDQ� 7KHUPRFKLP� $FWD� ��� ������ ����
�� -� 6WUDV]NR� 0� 2OVWDN�+XPLHQLN DQG -� 0R]HMNR� 7KHUPRFKLP� $FWD� ��� ������ ����
�� ;� *DR DQG '� 'ROOLPRUH� 7KHUPRFKLP� $FWD� ��� ������ ���
�� <� =� /L� 7KHUPDO $QDO\VLV� 7VLQJKXD 8QLYHUVLW\ 3UHVV� %HLMLQJ ����� S� ���
�� 5� =� +X� =� 4� <DQJ DQG <� -� /LDQJ� 7KHUPRFKLP� $FWD� ��� ������ ����
�� 7� 2]DZD� %XOO� &KHP� -DSDQ� �� ������ �����

��� =+$1* HW DO�� =Q�,,� &203/(; :,7+ 125)/2;$&,1

-� 7KHUP� $QDO� &DO�� ��� ����


