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$63 &RQIHUHQFH 6HULHV� 9RO� ���
$QGUHM 3UßVD DQG 0LORVODY =HMGD� HGV�
F©���� $VWURQRPLFDO 6RFLHW\ RI WKH 3DFLI F

%>H@ 3KHQRPHQRQ LQ D %LQDU\ 6\VWHP 9���� &\J

-� 3ROVWHU��,� '� .RUßF�DNRY�D�� 9� 9RWUXED��,� 3� .RXEVN�\�� 3� ß6NRGD���
0� ß6OHFKWD�� 3� +DGUDYD�� %� .XßFHURY�D� DQG -� .XE�DW�

� )DFXOW\ RI 6FLHQFH� 0DVDU\N 8QLYHUVLW\ LQ %UQR� .RWO�DßUVN�D �� ��� �� %UQR�
&]HFK 5HSXEOLF
� $VWURQRPLFDO ,QVWLWXWH $9 ß&5� )ULßFRYD ���� ��� �� 2QGßUHMRY� &]HFK 5HSXEOLF

$EVWUDFW� :H SUHVHQW D SUHOLPLQDU\ DQDO\VLV RI RXU I YH�\HDUV REVHUYDWLRQ FDPSDLJQ
RI WKH %>H@ VWHOODU V\VWHP 9���� &\J �0:& ����� 7KH WLPH YDULDELOLW\ RI VSHFWUDO
IHDWXUHV LV GHVFULEHG�

9���� &\J �0:& ���� EHORQJV WR WKH JURXS RI %>H@ VWDUV� 7KH GHSWK RI DEVRUS�
WLRQ OLQHV DQG DOVR I WWLQJ WKH SKRWRPHWULF FXUYH �=LFNJUDI 	 6WDKO� ����� LQGLFDWH WKDW
WKH VWDU LV D ELQDU\ ZLWK DQ HDUOLHU �%�,,,� DQG ODWHU �.�,,�,E� FRPSRQHQW� :H SUHVHQW
KHUH D SUHOLPLQDU\ DQDO\VLV RI VSHFWUD REWDLQHG GXULQJ RXU I YH�\HDU REVHUYDWLRQ FDP�
SDLJQ�

(TXLYDOHQW ZLGWKV: DUH PHDVXUHG E\ WUDSH]LDO VXP PHWKRG� (UURUV DUH FRPSXWHG
IROORZLQJ 9ROOPDQQ 	 (YHUVEHUJ ������� 5DGLDO YHORFLWLHV DUH PHDVXUHG E\ VHYHUDO
PHWKRGV� FXUYH I WWLQJ� SURI OH PLUURULQJ DQG FURVV�FRUUHODWLRQ�

'LVFXVVLRQ

2XU REVHUYDWLRQV VKRZ YDULDWLRQV RI WKH +α HPLVVLRQ� ZKLFK LV LQ FRUUHODWLRQ ZLWK LWV
HTXLYDOHQW ZLGWK �VHH )LJ� ��� 7KH SUHYLRXVO\ REWDLQHG +α UDGLDO YHORFLWLHV �=LFNJUDI�
����� DJUHH ZLWK RXU PHDVXUHPHQW �VHH )LJ� ��� 1HYHUWKHOHVV� WKH VLJQLI FDQW GHFUHDVH
DSSHDUHG LQ WKH ODWH QLQHWLHV�

7KH UDGLDO YHORFLW\ RI WKH . VWDU DEVRUSWLRQ FRPSRQHQWV VOLJKWO\ YDULHV �VHH )LJ� ���
+RZHYHU� QR VLJQLI FDQW YDULDWLRQV ZHUH REVHUYHG GXULQJ WKH SDVW WZHQW\ \HDUV� KHQFH
QR UHDVRQDEOH SHULRG ZDV IRXQG XS WR QRZ� $OVR WKH HTXLYDOHQW ZLGWKV RI WKH . VWDU
DEVRUSWLRQ OLQHV GR QRW VKRZ DQ\ VLJQLI FDQW YDULDWLRQV�

7KH +α SURI OH LQGLFDWHV D URWDWLQJ FLUFXPVWHOODU VWUXFWXUH� 7KH SURI OH DQG DOVR
UDGLDO YHORFLW\ YDULDWLRQV LPSO\ D ELQDU\ VHHQ LQ QHDU WR SROH�RQ GLUHFWLRQ� ,W LV� KRZHYHU�
LQ FRQWUDGLFWLRQ ZLWK SRODULVDWLRQ PHDVXUHPHQWV� ZKLFK VKRZ WKH LQFOLQDWLRQ DQJOH ∼
��◦ − ��◦ �=LFNJUDI 	 6FKXOWH�/DGEHFN� ������

7KH PDLQ LQGLFDWLRQ RI ELQDULW\ LV WKH SRVVLELOLW\ WR GHVFULEH WKH VSHFWUD DV D KRW
DQG FROG VWDU ZLWK FLUFXPVWHOODU GXVW DQG JDV �$UNKLSRYD 	 ,SDWRY� ����� =LFNJUDI 	
6WDKO� ������ 7KHVH PRGHOV GHVFULEH HYHU\ FRPSRQHQW VHSDUDWHO\� :H ZRXOG OLNH WR
IRFXV RQ WKH FRQVWUXFWLRQ RI D PRUH FRQVLVWHQW PRGHO�
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)LJXUH �� /HIW� (TXLYDOHQW ZLGWKV �GRWV� DQG LQWHQVLWLHV �VTXDUHV� RI +α
OLQH� ,QWHQVLW\ HUURU EDUV DUH RI WKH VL]H RI SORW SRLQWV� 5LJKW� 5DGLDO YH�
ORFLWLHV RI WKH +α OLQH� 2QGßUHMRY VSHFWUD DUH PHDVXUHG E\ I WWLQJ SRO\QRPLDO
D� + D�[ +

∑Q
L=� DL+� VLQ�Lπ[/∆O�� ZKHUH ∆O GHQRWHV OHQJWK RI WKH LQWHUYDO� 7KH SUH�

YLRXV =LFNJUDI¶V ������ UHVXOWV DUH GHSLFWHG DOVR WKHUH�
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)LJXUH �� /HIW� 5DGLDO YHORFLWLHV RI WKH . FRPSRQHQW� 2QGßUHMRY VSHFWUD DUH PHD�
VXUHG E\ FURVV�FRUUHODWLRQ PHWKRG DQG (/2',( �VHH 0RXOWDND HW DO�� ����� XV�
LQJ JDXVVLDQ I WWLQJ RI FKRVHQ OLQHV� 'RWV GHQRWH UHVXOWV IURP =LFNJUDI �������
5LJKW� /LQH LGHQWLI FDWLRQ DURXQG +α� (PLVVLRQ OLQHV DUH DGRSWHG IURP =LFNJUDI 	
6WDKO ������� :H LGHQWLI HG DEVRUSWLRQ OLQHV XVLQJ $7/$6� PRGHO �&DVWHOOL 	 .X�
UXF]� ����� DQG 6<163(& �+XEHQ\ 	 /DQ]� ������

$FNQRZOHGJPHQWV� 7KLV UHVHDUFK LV VXSSRUWHG E\ JUDQWV ���/��/3��� �*$ ß&5��
���/��/+��� �*$ ß&5� DQG /&����� �0ß607 ß&5�� 7KH $VWURQRPLFDO ,QVWLWXWH LV VXS�
SRUWHG E\ D SURMHFW $9�=��������� :H ZRXOG OLNH WR WKDQN $GHOD .DZND IRU REVHUYD�
WLRQV DQG ODQJXDJH FRUUHFWLRQV�

5HIHUHQFHV

$UNKLSRYD� 9� 3�� 	 ,SDWRY� $� 3� ����� 6RYLHW� $VWURQ� /HWW�� �� ���
&DVWHOOL� )�� 	 .XUXF]� 5� /� ����� ,$86� ���� $��
+XEHQ\� ,�� 	 /DQ]� 7� ����� $S-� ���� ���
0LURVKQLFKHQNR� $� 6� ����� $S-� ���� ���
0RXOWDND� /�� ,ORYDLVN\� 6� $�� 3UXJQLHO� 3�� 	 6RXELUDQ� &� ����� 3$63� ���� ���
9ROOPDQQ� .�� 	 (YHUVEHUJ� 7� ����� $1� ���� ���
=LFNJUDI� )��-� ����� $	$� ���� ���
=LFNJUDI� )��-�� 	 6FKXOWH�/DGEHFN� 5� (� ����� $	$� ���� ���
=LFNJUDI� )��-�� 	 6WDKO� 2� ����� $	$� ���� ���


