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7KH� FU\VWDOV� RI� UDUH�HDUWK� �5(�� JDOOLXP
JDUQHWV��**��5�$�*D�2����5� �1G��6P��*G�$� �*D� RU� 6F�� DUH� NQRZQ� WR� EH� SURPLVLQJ
OXPLQHVFHQFH� PDWHULDOV�� LQ� SDUWLFXODU�� IRU
89� UHJLRQ�� 7KH�89� OXPLQHVFHQFH� RI�5(**
FU\VWDOV� LV� REVHUYHG� XQGHU� H[FLWDWLRQ� ZLWK
;�UD\V� >����@�� FDWKRGH� UD\V� >�@�� DQG� RWKHU
KLJK�HQHUJ\� UDGLDWLRQ� NLQGV� >����@�� 7KH
ZLGH�EDQG� FRPSRQHQWV� WKHUHRI� DUH� FKDUDF�
WHUL]HG� E\� XOWUD�VKRUW� GHFD\� WLPHV� RI
QDQRVHFRQG� UDQJH� >����@�� 7KH� QDUURZ� OXPL�
QHVFHQFH�EDQGV�DFFRUGLQJ�WR��IQÜ�IQ�WUDQVL�
WLRQV� RI� WKH� 5(� LRQV� VKRZ� FKDUDFWHULVWLFV
GHFD\�FRQVWDQWV�RI�PLFURVHFRQG�UDQJH�EHLQJ
W\SLFDO� RI� LQWUD�LRQ� HOHFWURQ� WUDQVLWLRQV� LQ
WKH��IQ�VKHOO�RI�WULYDOHQW�5(�LRQV��+RZHYHU�
WKH� QDWXUH� RI� ZLGH� EDQGV� RI� 89� OXPLQHV�
FHQFH�LQ�5(**�LV�QRW�HVWDEOLVKHG�XQDPELJX�
RXVO\�DQG� LWV�PDLQ�UHJXODULWLHV� DUH� VWLOO� LQ�
VXIILFLHQWO\�VWXGLHG�

7KH� OXPLQHVFHQFH� VSHFWUD� RI
&D�*D�*H�2���1G���FU\VWDOV�RI�WKH�&D�JDOOR�JHUPDQDWH� �&**�� VWUXFWXUH� W\SH�ZHUH� VWXG�
LHG� EHIRUH� >����@� RQO\� LQ� WKH� ,5� UHJLRQ� LQ
FRQQHFWLRQ�ZLWK�WKH�SRWHQWLDO�ODVHU�HPLVVLRQ
IURP� WKH� FRUUHVSRQGLQJ� WUDQVLWLRQV� RI�1G��
LRQV��,W�LV�WR�QRWH�WKDW�WKH�DFHQWULF�FU\VWDOV

RI� WKH� &**� W\SH� DUH� XQGHU� FRQVWDQW� DWWHQ�
WLRQ� RI� UHVHDUFKHUV� LQ� FRQQHFWLRQ� ZLWK� WKH
XQLTXH� SLH]RHOHFWULF� SURSHUWLHV� WKHUHRI� DQG
ZLWK� DQRPDORXV� EHKDYLRU� RI� VRPH� FKDUDF�
WHULVWLFV� XQGHU� WHPSHUDWXUH� YDULDWLRQV� >�@�
2I� FRQVLGHUDEOH� LQWHUHVW� DUH� DOVR� WKH� VSHF�
WURVFRSLF� FKDUDFWHULVWLFV� RI� 1G��� LQ� WKRVH
FRPSRXQGV�>����@�

,Q�WKLV�ZRUN�DUH�FRQVLGHUHG�WKH�OXPLQHV�
FHQFH� VSHFWUD� RI� FRPSOH[� R[LGH� FU\VWDOV� EH�
ORQJLQJ�WR�WKH�VWUXFWXUH�W\SH�RI�JDUQHW�DQG
1G���GRSHG�&**�LQ�WKH����Ü����QP�UHJLRQ
XQGHU� H[FLWDWLRQ� ZLWK� VKRUW� ;�UD\� SXOVHV�
7KH� FU\VWDOV� RI� 1G±*D� JDUQHW� �1**�
1G�*D�2��� DQG� 1G� DFWLYDWHG� &**
&D�*D�*H�2���1G� JURZQ� IURP� WKH� PHOW� E\&]RFKUDOVNL�WHFKQLTXH�ZHUH�VWXGLHG��7KH�OX�
PLQHVFHQFH� ZDV� H[FLWHG� E\� VKRUW� ;�UD\
SXOVHV� RI� ���� QV� GXUDWLRQ� DW� ���� N+]� IUH�
TXHQF\�� 7KH� OXPLQHVFHQFH� VSHFWUD� ZHUH� UH�
FRUGHG�XVLQJ�D�0'5���PRQRFKURPDWRU��7KH
VORW� VSHFWUDO� ZLGWK� GLG� QRW� H[FHHG� �� QP�
7KH� PHDVXUHPHQWV� ZHUH� GRQH� DW� ��� .� DQG
����.��7KH�H[SHULPHQWDO�SURFHGXUH�DQG�WKH
HVWLPDWLRQ� RI� WKH� IDVW� OXPLQHVFHQFH� FRQ�
VWDQWV� KDYH� EHHQ� GHVFULEHG� EHIRUH� >����@� LQ
PRUH�GHWDLO�
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)LJ���� SUHVHQWV� WKH� 1**� OXPLQHVFHQFH
VSHFWUXP�DW����.��$�VHULHV�RI�QDUURZ�EDQGV
ERWK� LQ�89� DQG� YLVLEOH� UDQJH� DUH� REVHUYHG
LQ� WKH� VSHFWUXP��7KRVH� EDQGV� FDQ�EH� LQWHU�
SUHWHG� DV� WUDQVLWLRQV� EHWZHHQ� WKH� FRUUH�
VSRQGLQJ�OHYHOV�RI��I��FRQILJXUDWLRQ�RI�1G��
LRQV�LQ�1**��7KRVH�PD\�EH�PDLQO\�HPLVVLYH
HOHFWURQ� WUDQVLWLRQV� IURP� WKH� �)����� OHYHOWKDW�DUH�IRUELGGHQ�LQ�WKH�GLSROH�DSSUR[LPD�
WLRQ�� 7KH� HQHUJ\� GLVWDQFH� IURP� WKH� JURXQG
OHYHO���,�����WR�WKH�PHQWLRQHG�H[FLWHG�RQH�LVDERXW� ���� H9� >��@�� 7KH� SUREDEOH� LGHQWLILFD�
WLRQ� RI� WKH� REVHUYHG� WUDQVLWLRQ� LV� JLYHQ� LQ
WKH� 7DEOH�� 7KH� 89� HPLVVLYH� WUDQVLWLRQV� RI
1G��� LRQV� LQ� \WWULXP�DOXPLQXP� JDUQHW
�<$*��DUH�LGHQWLILHG�DOVR�DV�WKRVH�IURP�WKH
KLJK�HQHUJ\� �)����� OHYHO� WR� WKH�JURXQG�RQH>��Ü��@�� ,W� LV� WR� HPSKDVL]H� WKDW� WKH� 1G��
LRQV�LQ�1**�DUH�ORFDWHG�LQ�WKH�R[\JHQ�FRRU�
GLQDWHG� GRGHFDKHGUDO� SRVLWLRQV� RI� WKH� FU\V�
WDO� FXELF� VWUXFWXUH� DV� D� PDMRU� FRPSRQHQW
DQG�IRUP�WKH�5(� LRQ�VXEODWWLFH��6XFK�FU\V�
WDOV� DUH� FODVVLILHG� DV� FRQFHQWUDWHG� V\VWHPV
UHODWLYHO\� WR�5��� LRQV�� 7KH� VSDFLQJ� WKHUHRI
LQ�5(**�LV�DERXW�����QP��7KHVH�IHDWXUHV�RI
5(**�DUH�D�UHDVRQ�IRU�FRQVLGHUDEOH�LQWHUDF�
WLRQ�EHWZHHQ�WKH�5��� LRQV��WKDW�� LQ�WXUQ��LV
UHIOHFWHG� LQ� WKH� OXPLQHVFHQFH� VSHFWUD
WKHUHRI�� 6R� LW� LV� ZK\� WKH� LQWHQVLW\� RI� WKH
5(**�89�OXPLQHVFHQFH�LV�ORZ��WKH�SUREDEOH
FRQFHQWUDWLRQ� TXHQFKLQJ�� DQG� LQFUHDVHV� DW
ORZ�WHPSHUDWXUHV�

7KH�HYDOXDWLRQ�RI�WKH�1**�OXPLQHVFHQFH
GHFD\� FRQVWDQW� W� IRU� WKH� IDVW� FRPSRQHQW
JLYHV�D�YDOXH�RI�W�����QV��7KLV�YDOXH�LV�FORVH
WR� WKH� FRUUHVSRQGLQJ� GHFD\� WLPH� RI� WKH
ZLGH�EDQG� 89� OXPLQHVFHQFH� LQ�*G±*D� JDU�
QHW� >����@�� 6LPLODUO\�� WKH� ZLGH� EDQG� VKRZQ
FRQYHQWLRQDOO\� DV� WKH� GDVKHG� OLQH� LQ� )LJ���
SHDNHG�QHDU�����QP�PD\�EH�GXH�WR�WKDW�IDVW
OXPLQHVFHQFH�� 7KH� HQHUJHWLFDOO\� ORZHVW� RE�

VHUYHG�OXPLQHVFHQFH�EDQG�SHDNHG�DW�����QP
LV�DVFULEHG�WR�WKH�FKDUJH�WUDQVIHU�WUDQVLWLRQ
RI� �I��G� FRQILJXUDWLRQ� RI� 1G� LRQ� LQ� <$*
DFWLYDWHG�ZLWK�1G���>��@�

7KH� 89� OXPLQHVFHQFH� VSHFWUXP� RI
&**�1G� �1G� FRQFHQWUDWLRQ� DERXW� ���� DW���
LV� VKRZQ� LQ� )LJ����� $V� LQ� WKH� 1**�� WKH
OXPLQHVFHQFH� LV� REVHUYHG� LQ� D� ZLGH� UHJLRQ
����� WR�����QP���7KH� VSHFWUXP� LV� WDNHQ�DW
���� .� DORQJ� WKH� PDLQ� RSWLFDO� D[LV� ]�� 7KH
OXPLQHVFHQFH� LQWHQVLW\� LQ�WKH�&**�1G�FU\V�
WDO�H[FHHGV�WKDW�RI�*G±*D�JDUQHW�>���@�E\�D
IDFWRU� RI� ����� WKH� UHFRUGLQJ� FRQGLWLRQV� RI
WKH� IDVW� 89� FRPSRQHQWV� EHLQJ� WKH� VDPH�
7KH�PD[LPXP�LQWHQVLW\�LQ�1**�LV�RQH�GHFL�
PDO�RUGHU�ORZHU�WKDQ�WKDW�LQ�*G±*D�JDUQHW�
,Q� WKH� ODWWHU� FDVH�� WKH� IDVW� 89� FRPSRQHQW
FRQWDLQV� RYHUODSSHG� SHDNV� ZLWK� PD[LPD� DW
����������DQG�����QP�>�@��

$� VHULHV� RI� QDUURZ� OXPLQHVFHQFH� EDQGV
DJDLQVW� WKH� EDFNJURXQG� RI� WKH� ZLGH� EDQG
�VKRZQ�FRQYHQWLRQDOO\�DV�WKH�GDVKHG�OLQH�LQ
)LJ�����FRUUHVSRQGV��DV�LQ�WKH�FDVH�RI�1**�
WR�WUDQVLWLRQV�RI�1G���LRQ�IURP�WKH�KLJK�HQ�
HUJ\� �)����� OHYHO� �VHH� 7DEOH��� 7KH� ZLGH� OX�PLQHVFHQFH� EDQG� �WKH� IDVW� FRPSRQHQW�� LV
SHDNHG�QHDU�����QP�

7KH� GHFD\� WLPH� HVWLPDWLRQ� RI� WKH� IDVW
OXPLQHVFHQFH� FRPSRQHQW� LQ� &**�1G� KDV
EHHQ�UHVXOWHG�LQ�W�a�����QV��7KLV�IDVW�FRPSR�
QHQW�FRUUHVSRQGV�WR�WKH��EDFNJURXQG��OXPL�
QHVFHQFH� �GDVKHG� OLQH� LQ� )LJ������:KHQ� DW�
WHPSWLQJ� WR� VHOHFW� WKH� RSWLPXP� FRQGLWLRQV
IRU� &**�1G� OXPLQHVFHQFH� UHFRUGLQJ� � E\
YDU\LQJ� WKH� UHJLVWUDWLRQ� �WLPH� ZLQGRZ�
>��@�� LW� ZDV� UHYHDOHG� WKDW� WKH� LQWHQVLW\� RI
VORZ� FRPSRQHQWV� GHFUHDVHV� DV� WKH� UHJLVWUD�
WLRQ� �WLPH� ZLQGRZ�� LV� VKRUWHQHG�� WKH� IDVW

)LJ����� /XPLQHVFHQFH� VSHFWUXP� RI
&D�*D�*H�2���1G��� FU\VWDO� DW� ���� .�� 7KHGDVKHG� OLQH� GHQRWHV� FRQYHQWLRQDOO\� WKH� IDVW
FRPSRQHQW�

)LJ�����/XPLQHVFHQFH�VSHFWUXP�RI�1G�*D�2��FU\VWDO�DW����.��7KH�GDVKHG�OLQH�GHQRWHV�FRQ�
YHQWLRQDOO\�WKH�IDVW�FRPSRQHQW�

9�1�6KHYFKXN���/XPLQHVFHQFH�RI�JDOOLXP�FRQWDLQLQJ����

��� )XQFWLRQDO�PDWHULDOV�������������



FRPSRQHQW� UHPDLQLQJ� HVVHQWLDOO\� XQ�
FKDQJHG�

:KHQ� FRPSDULQJ� WKH� OXPLQHVFHQFH� VSHF�
WUD� RI�1**� DQG� &**�1G�� LW� LV� WR� QRWH� WKH
VLPLODULW\� RI� WKH� VSHFWUDO� VKDSHV�� 6LPLODU
VHULHV� RI� HPLVVLYH� WUDQVLWLRQV� LQ� 1G��� LRQV
DUH� REVHUYHG� LQ� ERWK� FDVHV��$� FRPPRQ� IHD�
WXUH�FRQVLVWV�DOVR�LQ�WKDW�DW�OHDVW�WZR�OXPL�
QHVFHQFH� FRPSRQHQWV� DUH� UHJLVWHUHG�ERWK� LQ
1**� DQG� &**�1G�� QDPHO\�� WKH� IDVW� ZLGH�
EDQG�RQH��SHDNHG�DW�����DQG�����QP��UHVSHF�
WLYHO\�� DQG� VORZ� RQH� ��IQÜ�IQ� WUDQVLWLRQV��
7KH� ODWWHU�ZDV� UHSRUWHG� WR� EH� GXH� WR� WUDQVL�
WLRQV�RI�WKH��I��FRQILJXUDWLRQ�RI�1G���LRQV�

$V� WR� &**�1G�� VRPHZKDW� EURDGHQHG
EDQGV�RI�WKH��I��WUDQVLWLRQV�RI�1G���LRQV�DUH
REVHUYHG�� 7KDW� EURDGHQLQJ� PD\� EH� GXH� WR
IHDWXUHV�RI�WKH�&**�PDWUL[�VWUXFWXUH�ZKHUH
1G��� VXEVWLWXWHV� IRU�&D���� ,W� LV� NQRZQ� >�@
WKDW� &**� FU\VWDOV� DUH� FKDUDFWHUL]HG� E\� D
SDUWLDO� FRPSRVLWLRQ� GLVRUGHULQJ� GXH� WR� VWD�
WLVWLFDO�RFFXSDWLRQ�RI�WKH�FRUUHVSRQGLQJ�FDW�
LRQLF�VLWHV��D�DQG��I�ZLWK�*D�DQG�*H�DWRPV
LQ� WKH� UDWLR� RI� ���� DQG� ����� UHVSHFWLYHO\�
7KXV��WKH� ORFDO�SRVLWLRQV�RI�1G���FHQWHUV�LQ
WKH� &**� ODWWLFH� PD\� KDYH� GLIIHUHQW� VXU�
URXQGLQJV�� 7KH� GHIHFW� IRUPDWLRQ� SURFHVVHV
XQGHU� DFWLYDWLRQ� RFFXU� DFFRUGLQJ� WR� WKH

VFKHPH�&D�����*H���o��1G�����*D���DQG�DUH
FDXVHG�E\�DQ�XQFRPSHQVDWHG�SRVLWLYH�FKDUJH
ZKHQ� DQ�1G��� LRQ� HQWHUV� WKH� &**� FU\VWDO�
6LPXOWDQHRXVO\�� WKH� UHGLVWULEXWLRQ� RI� *D
DQG�*H�LRQV�RYHU��D�DQG��I�SRVLWLRQV��7KHVH
IHDWXUHV�FDXVH�WKH�PHQWLRQHG�EURDGHQLQJ�RI
WKH�1G���QDUURZ�OLQHV�LQ�&**�1G��7KH�IDVW�
ZLGH�EDQG�OXPLQHVFHQFH�LV�PRUH�SURQRXQFHG
LQ�&**�1G�DV�FRPSDUHG�WR�1**��DV� LV�VHHQ
LQ�)LJV����DQG���

7KH� ZLGH� EDQGV� RI� IDVW� OXPLQHVFHQFH� RI
WKH�VWXGLHG� � FU\VWDOV� DUH� ORFDWHG� LQ� WKH�89
UHJLRQ�� 7KH� EURDG� QRQ�HOHPHQWDU\� EDQGV� RI
WKH� LQWULQVLF� HPLVVLRQ� DW� DERXW�����QP�DUH
REVHUYHG� DOVR� LQ� VRPH� JDUQHW� FU\VWDOV� >��@
RI�YDULRXV�FDWLRQLF�FRPSRVLWLRQ��ERWK�LQ�XQ�
GRSHG�DQG�1G���GRSHG�RQHV��,Q�SDUWLFXODU��D
EURDG�LQWULQVLF�OXPLQHVFHQFH�EDQG�SHDNHG�DW
DERXW�����QP�LV�REVHUYHG�LQ�&D±*D�JHUPD�
QDWH� >����@�� 7KH� W� YDOXHV� RI� WKH� ZLGH�EDQG
89�OXPLQHVFHQFH�LQ�1**�DQG�&**�1G�FU\V�
WDOV�DUH�VLPLODU�IRU�ERWK�FU\VWDOV�DV�ZHOO�DV
FORVH�WR�WLPH�FKDUDFWHULVWLFV�RI�WKH�LQWULQVLF
89� OXPLQHVFHQFH� IRU� RWKHU� JDUQHWV� PHQ�
WLRQHG� >��������@�� 7KLV� PD\� HYLGHQFH� WKDW
WKH�IDVW�OXPLQHVFHQFH�QDWXUH�LQ�WKH�FU\VWDOV
VWXGLHG� KHUHLQ� DQG� LQ� WKH� JDUQHWV� LQYHVWL�
JDWHG�EHIRUH�LV�RI�WKH�VDPH�W\SH�

7KH� DXWKRU� WKDQNV� VLQFHUHO\� 3URI�
$�6�9RORVKLQRYVN\� IRU� WKH� VXSSRUW� DQG� LQ�
WHUHVW�LQ�WKLV�ZRUN�

7KLV�ZRUN�LV�VXSSRUWHG�ILQDQFLDOO\�E\�WKH
0LQLVWU\� IRU� (GXFDWLRQ� DQG� 6FLHQFH� RI
8NUDLQH� ZLWKLQ� WKH� IUDPH� RI� WKH� 6XEMHFW
1R�)/����)�XQGHU�WKH�6WDWH�%XGJHW�

5HIHUHQFHV
� ���$�(�1RVHQNR�� 9�1�6KHYFKXN�� $�6�9RORVK\�

QRYVNLL�� LQ��3URF��,QW��&RQI��6&,17�����'HOIW�
7KH� 1HWKHUODQGV�� 'HOIW� 8QLYHUVLW\� 3UHVV
��������S�����
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DO��� 3K\VLFV� DQG� 6SHFWURVFRS\� RI� /DVHU� &U\V�
WDOV��1DXND��0RVFRZ��������>LQ�5XVVLDQ@�
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-��GH�3K\V������&�������������

� ���%�9�0LOO�� %�$�0DNVLPRY�� <X�9�3LVDUHYVN\� HW
DO���.ULVWDOORJUDILD����������������

� ���$�9�%XWDVKLQ�� /�(�/L�� $�)�.RQVWDQWLQRYD� HW
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����6�.K�%DW\JRY�� <X�.�9RURQ±NR�� 1�*�0DUJLDQL
HW�DO��� LQ��6SHFWURVFRS\�RI�2[LGH�&U\VWDOV�IRU

7DEOH��(PLVVLRQ�OLQHV�RI�1G�*D�2����,��DQG&D�*D�*H�2���1G��� �,,�� FU\VWDOV� IURP� WKH�)�����OHYHO�RI�1G���LRQV��7KH�PD[LPD�FRU�UHVSRQG�WR�)LJV����DQG���
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4XDQWXP� (OHFWURQLFV� �&ROO�� RI� ,2)$1�� Y����
1DXND��0RVFRZ���������S�����>LQ�5XVVLDQ@�

����$�1LNODV�� :�(OHQVNL�� 3K\V��6WDW��6RO��D��� ���
�����������

����,�6�*RUEDQ±�� $�)�*XPHQ\XN�� 9�<D�'HJRGD�
2SWLND�L�6SHNWU������������������

����$�6�9RORVKLQRYVN\��6�9�0\DJNRWD��$�9�*ORVN�
RYVN\��=K��)L]��'RVOLG]K�����������������

�
äLÓË°�ËÓ�L«�}¯Ò°�ÈãLm��ÈãL®mäL°ÓÒ²�°}ãÈ�ÓÒ²�º}°Ò�Lm
{�s�bËm��}�

cºÏ�ã«�È
�	°«�°¹Ë}�¯Ò�ã
äLÓË°�ËÓ�L��}¯Ò°�ÈãLm��¯ÈÓÈ���1G�*D�2����È�È�ËÓ�¯Ò�Óº�º&D��Èãº�Ë¯äÈÓÈ��� &D�*D�*H�2���1G��� ¹¯Ò� Ï��ÎËÓÓL� }º¯º�}ÒäÒ� Lä¹�ã	°ÈäÒ� �a���� QV�¯ËÓ��ËÓ�m°	}º�º� mÒ¹¯ºäLÓ
mÈÓÓ«� m� ºãÈ°�L� ���Ü���� Óä�� {ÒäL¯
mÈÓÓ«� ¹¯ºmË�ËÓº� ¹¯Ò
���z��È�����z�mL�¹ºmL�Óº��|�LÓËÓº��È°ºmL�²È¯È}�Ë¯Ò°�Ò}Ò��mÒ�}Ò²��a��Ó°��}ºä¹ºÓËÓ�
mÒ¹¯ºäLÓ
mÈÓÓ«�}¯Ò°�ÈãLm��{�Ï	}L�°ä��Ò�ã
äLÓË°�ËÓ�L�� �¹ºmLã	ÓL�}ºä¹ºÓËÓ�Ò��¹¯Ò¹Ò�
°�
�	°«�¹Ë¯Ë²º�Èä�Ï�¯LmÓ«��)�����LºÓÈ�1G���

9�1�6KHYFKXN���/XPLQHVFHQFH�RI�JDOOLXP�FRQWDLQLQJ����

��� )XQFWLRQDO�PDWHULDOV�������������


