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Ëj�vxtvkjtqq�{véu���¡qéqt���ëtnémnzq·nxrvmv�wvsv ntq¹�q�qtznméjs�tvp�qtznt�xqktvxzq�éntzmntvkxrq}�xwnrzévk�kxn}�xnéqp��j�zjr n�rkjtzvkvmv�k�}vlj�{vzvëuqxxqqxlnsjtj�wvw�zrj�vi~¹xtqz��wéqévly�qovzqwqouj�xqsq|qlvk�wnén}vlt�}�unzjssvk�tj·j�sj�q�rvt|j�wnékvmv�ivs�¡vmv�wnéqvlj���

,Q�VLOLFRQ�WHFKQRORJLHV�� LW� LV�RIWHQ�QHFHV �VDU\�WR�VHOHFW�D�VSHFLILFV�PHWDO�WKDW��ZLWKLQOLPLWV�RI�DQ�LVRVWUXFWXUH��ZLOO�SURYLGH�D�FHU �WDLQ� GLVWULEXWLRQ� RI� HOHFWURQV� DQG� YDOHQFHVWDWHV� RYHU� WKH� YDOHQFH� EDQG� XQGHU� IRUPD �WLRQ�RI�VXLWDEOH�ELQGLQJV�EHWZHHQ�WKH�PHWDODQG� VLOLFRQ� DWRPV� >����@�� 7KH� UHODWLRQVKLSEHWZHHQ� WKH� VWUXFWXUDO� LVRW\SLVP� DQG� WKHHOHFWURQ� VWUXFWXUH� LV�QRZ�XQGHU� LQWHQVH� LQ �YHVWLJDWLRQ�� $V� WR� VLOLFLGHV�� WKH� IHDWXUHVPHQWLRQHG�ZHUH�FRUUHODWHG� LQ�SDUW�ZLWK�WKHFU\VWDO� FKHPLVWU\� RQHV� >�@�� )HZ� PHWDOVLOLFLGHV� RI� 0H�6L FRPSRVLWLRQ� DUH� NQRZQ�7KRVH� DUH� IRUPHG� E\� PHWDOV� EHORQJLQJ� WRWKH�EHJLQQLQJ�RI�WKH�WUDQVLWLRQ�PHWDOV��70��G URZ� RU�� LQ� FRQWUDVW�� ORFNLQJ� WKH� URZ�$PRQJ�WKUHH�NQRZQ�VLOLFLGHV�RI�WKDW�JURXS�&D�6L KDV�WKH�FXELF�VWUXFWXUH�RI� 3E&O� W\SHDQG� PHOWLQJ� SRLQW� RI� ����&�� 7ZR� RWKHUVLOLFLGHV�� &R�6L DQG� 1L�6L�� DUH� RI� WKH� VDPH
σ�1L�6L VWUXFWXUH�W\SH�DQG�KDYH�WKH�PHOWLQJSRLQWV������DQG������&��UHVSHFWLYHO\�>�@��,QWKLV�ZRUN�� WKH�;�UD\�VSHFWURVFRS\�KDV�EHHQXVHG�WR�VWXG\��D��HPLVVLRQ�. VHULHV�DQG�DE�VRUSWLRQ�. HGJHV�RI�IUHH�&D��&R��1L DQG�WKHVDPH�HOHPHQWV�LQ�VLOLFLGHV�DQG��E��WKH�. DQG/ HPLVVLRQ�VSHFWUD�DQG�WKH�/ HGJH�RI�VLOLFRQTXDQWXP�\LHOG�LQ�WKH�FRPSRXQGV�7KH�. VHULHV� RI�PHWDOV� DQG� VLOLFRQ�ZHUHVWXGLHG� XVLQJ� D� VWDQGDUG� '56��0� VSHFWUR �JUDSK��:KHQ�WDNLQJ�WKH�. VSHFWUD��WKH�VHF�

RQGDU\�SKRWRQ�PHWKRG�LV�XVHG�WKDW�SURYLGHVDQ� LPSURYHG� VLJQDO�WR�QRLVH� UDWLR� DV� FRP�SDUHG� WR� WKH� HOHFWURQ� EHDP� H[FLWDWLRQ�� $VHDOHG�%.K9���WXEH�ZLWK�JROG�DQRGH�LV�XVHGDV�WKH�VHFRQGDU\�SKRWRQ�VRXUFH��7KH�WXEH�LVRSHUDWHG� DW� ��� N9� DQG� ��� P$�� 6LOLFRQ� LVXVHG� DV� WKH� DQDO\]HU� FU\VWDO�� 7KH� FU\VWDOKDYLQJ� WKH� ������� SODQH� DV� WKH� UHIOHFWLQJRQH� ZLWK� WKH� SODQH� VSDFLQJ� G  �������Å LVXVHG� WR� H[DPLQH� WKH�. VSHFWUD� RI� &R��1L�DQG� WKH� HPLVVLRQ� . VSHFWUD� RI� 6L�� ZKLOHWKDW�ZLWK�WKH��������RQH�DW�WKH�SODQH�VSDF �LQJ� G  �������Å LV� XVHG� WR� REWDLQ� WKH� .VSHFWUD�RI�&D�7KH�6L/� TXDQWXP�\LHOG�VSHFWUD�ZHUH�RE�WDLQHG� XVLQJ� D� 560����� ;�UD\� VSHFWURPH �WHU�PRQRFKURPDWRU�� 7R� H[SDQG� WKH� VSHF �WUXP�� D� GLIIUDFWLRQ� JUDWLQJ� ZLWK� ���� OLQHVSHU�PP�ZDV�XVHG��WKH�EHQGLQJ�UDGLXV�EHLQJ�����PP��7KH�VSHFWUD�ZHUH�WDNHQ�LQ�WKH��VWUHIOHFWLRQ� RUGHU�� 7KH� VSHFWUXP� WDNLQJ� SD �UDPHWHUV�ZHUH�FKRVHQ�VR�WKDW�WKH�UHVROXWLRQZDV� QRW� ZRUVH� WKDQ� ���� H9�� 7KH� VSHFWUDZHUH� SURFHVVHG� XVLQJ� WKH� SURFHGXUH� SUR �SRVHG�LQ�>�@�/LWHUDWXUH� GDWD� >����@� FRQFHUQLQJ� WKH;�UD\� VSHFWUD� RI� WKH� SKDVHV� PHQWLRQHG� DVZHOO�DV� LQIRUPDWLRQ�REWDLQHG�E\�XV�PDGH� LWSRVVLEOH� WR� FRQVLGHU� WKH� HOHFWURQ� VWUXFWXUHWKHUHRI�LQ�D�VXIILFLHQW�GHWDLOHG�IDVKLRQ��7KHHPLVVLRQ�DQG�DEVRUSWLRQ�VSHFWUD�IRU�. DQG�/
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VHULHV� IRU� ERWK� FRPSRQHQWV� RI� WKRVH� SKDVHVDUH�FRPSDUHG�LQ�WKH�)LJXUH��7R�DQDO\]H�WKHFXUYHV��LW�LV�SRVVLEOH�WR�DGRSW��LQ�DFFRUGDQFHZLWK� WKH� H[LVWLQJ� FRQFHSWV� RI� ;�UD\� VSHF �WUXP� LQIRUPDWLRQ� GHQVLW\�� WKDW� WKH� .β�β�HPLVVLRQ�EDQG�RI�70�UHSUHVHQWV�PDLQO\�WKHG�OLNH� �S VWDWHV� RI� WKH�PHWDO�ZLWK� DGGLWLRQRI� �V VWDWHV� RI�6L �.β���� WKH�. HGJH�RI�70DEVRUSWLRQ� UHSUHVHQWV� WKH� GLVWULEXWLRQ� RIIUHH�G�OLNH�DQG��S VWDWHV�ZLWKLQ�WKH�FRQGXF�WLRQ�EDQG�DQG�FRQWLQXXP�RI�WKH�QS VWDWHV�RIWKH� FU\VWDO�� .β[�/α��� HPLVVLRQ� EDQGV� RIVLOLFRQ� UHSUHVHQW� WKH� RFFXSLHG� 6L S DQG� VVWDWHV�� UHVSHFWLYHO\�� WKH� SKRWRHPLVVLRQTXDQWXP� \LHOG� FXUYH� �3(4<&�� LQ� WKH� UHJLRQRI�6L / HGJH� UHIOHFWV� WKH� GLVWULEXWLRQ� RI� WKHIUHH�V VWDWHV�RI�6L ZLWKLQ�WKH�FRQGXFWLRQ�EDQG�,W� IROORZV� IURP� WKH� FU\VWDO� FKHPLVWU\GDWD� WKDW� 6L DWRPV� LQ� 0H�6L GR� QRW� IRUPFRQWLQXRXV� FKDLQV� RU� QHWZRUNV� EXW� DUHERXQG� LQ� SDLUV� �OLQNV��� 7KXV�� WKH� HOHFWURQGHQVLW\� RI� WKH� VSHFWUXP� UHJLRQV� UHSUH �VHQWLQJ�WKH�6L±6L ERQGV�PXVW�EH�UDWKHU�ORZ�$V�LV�HYLGHQFHG�E\�QXPHURXV�ZRUNV�FLWHG�LQ>�@�� WKLV� LV� WKH� ORZHVW�HQHUJ\� UHJLRQ� RI� WKHYDOHQFH� EDQG� DQVZHULQJ� WR� WKH� ORQJ�ZDYH �OHQJWK� WDLOV� RI� DOO� HPLVVLRQ� EDQGV�� ,Q� IDFW�WKH�WDLO�UHJLRQV�RI�0H .β� DQG�6L .β[ HPLV�VLRQ�EDQGV� �VHH�)LJXUH��DQVZHU�WR�D�IHDWXUHWKDW� LV� LQWHUSUHWHG� LQ� .β� EDQGV� DV� WKH�FURVV��WUDQVLWLRQ�>�@�IURP�WKH�QRQ�PHWDO�QVOHYHO�WR�WKH��V RQH�RI�WKH�70�XQGHU�SDUWLDOFDSWXULQJ� RI� LWV� �S VWDWHV� �.β� VDWHOOLWH��7KLV� VXEEDQG� LV� DW� D� GLVWDQFH� RI� �� WR� �� H9IURP�WKH�PDLQ�RQH��LW�LQFUHDVHV�LQ�LQWHQVLW\DV� WKH� 6L FRQWHQW� ULVHV� DQG� WKH� VWUXFWXUHHOHPHQWV� FRQVLVWLQJ� RI� 6L DWRPV� EHFRPHVWURQJHU�� WKDW� LV�� WKH� VXEEDQG� UHSUHVHQWVWKH�6L±6L ERQGV��7KHVH�ERQGV�FDQQRW�EH�SUR �YLGHG� E\� WKH� V HOHFWURQV� �VSKHULFDOO\� V\P�PHWULF�� DQG� UHTXLUH� DQ� DGGLWLRQ� RI� S VWDWHVLQ� D� SDUW� RI� WKH� EDQG� �6L .β[ EDQG�� LQVLOLFLGHV��,Q�WKH�)LJXUH��WKHUH�DUH�QR�DSSUH �FLDEOH� GHQVLW\� RI� �S VWDWHV� LQ� WKH� 6L DWRPVSKHUH� IRU� DOO� WKH�0H�6L ZKLOH� WKH� �V VWDWHGHQVLW\�LV�KLJK�,W� FDQ� EH� VXSSRVHG� DOVR� WKDW� LQ� &D�6L��GVWDWHV� DUH� �VWLOO�� QRW� H[FLWHG� E\� FKHPLFDOELQGLQJ� ZKLOH� EHLQJ� �DOUHDG\�� QRW� H[FLWHGWKHUHE\�LQ�&R�6L DQG�1L�6L��VLQFH�WKHLU�PRVWULJLG� FRPSRQHQW�� Gγ
��OJ��� LV� ORZHUHG� DQG� DW�RPL]HG�XS�WR�WKH�SHULRG�HQG�ZKLOH�WKH�UHVLG �XDO� RQH�� Gε

� �W�T��� LV� NQRZQ� WR� EH� DOPRVWXQDEOH� WR� EH� LQYROYHG� LQWR� ORFDO� ELQGLQJV�7KLV�H[SODQDWLRQ��KRZHYHU��LV�VXLWDEOH�ZKHQWKH� GLUHFWLRQDO� ERQGV� LQ� 0H�6L DUH� K\EULG�L]HG� DFFRUGLQJ� WR� WKH� GVS W\SH� DQG� QRW� WRWKH�VS RQH�

7KH�ODWWHU�FDVH�LV�PRVW�SUREDEOH�IRU�&D6LWKDW�LV� OHVV�VWDEOH� WKDQ�RWKHUV�>�@��7KH�WKLQVWUXFWXUH�RI�PHWDOOLF�&D LV�PRUH�VLPSOH�WKDWWKDW�RI�WKH�QH[W��G PHWDOV�DQG�LV�VLPLODU�WRWKH�6L EDQG�VWUXFWXUH�IRUP��7KH�VLPSOH�GLV �SHUVLRQ� VKDSH� RI� WKH�&D .β� HPLVVLRQ� EDQGLV�GXH�WR�WKDW�RQO\�RQH� ORZ�GHQVLW\�EDQG� LVRFFXSLHG�LQ�PHWDOOLF�&D DW�WKH�KRPRJHQHRXVGLVWULEXWLRQ� RI� WKH� GHQVLW\� RYHU� WKH� ZLGWK�7KH�FHQWUDO�SDUWV�RI�YDOHQFH�EDQG�LQ�DOO�WKH0H�6L DUH� IRUPHG� E\� WKH� RYHUODS� UHJLRQ� RI.��/�� DQG�0 HPLVVLRQ�EDQG�FRQWRXUV�� DV� LVVKRZQ� LQ� WKH� )LJXUH�� 7KRVH� UHSUHVHQW� WKH0H±6L ERQGV� DQG� DUH� VLPLODU� WR� HDFK� RWKHUQRW� RQO\� LQ� D�KLJK�K\EULGL]DWLRQ� H[WHQW� �RIQR� GRXEW� GVS W\SH��� DV� LV� HYLGHQFHG� E\� WKHODUJH�RYHUODS�RI�WKRVH�EDQGV��EXW�DOVR�LQ�WKHKLJK�VWDWH�GHQVLW\�WKHUHLQ��7KH�ERWK�FKDUDF �WHULVWLFV� DUH�PRUH� SURQRXQFHG� LQ� WKH�PHWDODWRP�VSKHUH��$V�WR�WKH�6L DWRP�VSKHUH��WKHORFDO� ERQG� EDQG� VKRZV� RQH� KXPS� �PD[L �PXP�� IRU� &D�6L�� WZR� IRU� &R�6L DQG� WKUHHIRU� 1L�6L�� SHUKDSV� WKLV� LV� GXH� WR� FU\VWDOVWUXFWXUH�FRPSOLFDWLRQ��IURP�FXELF�WR�UKRP�ELF� RQH�� DQG� WKXV� WR� LQFUHDVH� LQ� KHWHURG\V �PLFLW\� RI� 0H±6L ERQGV� LQ� FRQILJXUDWLRQSRO\KHGURQV� RI� WKH� QHDUHVW� HQYLURQPHQW� RIWKH�HPLWWLQJ�DWRP�3HUKDSV� WKH� PDLQ� GLVWLQFWLRQ� LQ� WKH� HQ �HUJ\�VSHFWUXP�VWUXFWXUH�RI�0H�6L LV�WKH�SR�VLWLRQ� DQG� VKDSH� RI� WKH� 6L .β[ HPLVVLRQEDQG�� ,Q�&D�6L�� LW� LV� FRPSOHWHO\� V\PPHWULFDQG� GLIIHUHQW� HQRXJK� IURP� SXUH� 6L .β[

)LJ��;�UD\�HPLVVLRQ�DQG�DEVRUSWLRQ�EDQGV�RI�WKHHOHPHQWV�&D�&R�1L�6L DQG�RI�WKH�DOOR\V�0H�6L �0H &D�&R�1L��
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EDQG�� $OPRVW� WKH� VDPH� V\PPHWU\� �ZLWKVRPHZKDW�EURDGHQHG�SHDN�DQG�GLVWRUWHG�WDLOVKDSH��LV�REVHUYHG�IRU�WKH�LVRW\SLF�&R�6L��,QERWK� FDVHV�� WKH� IDFW� FDQ� EH� H[SODLQHG� E\� DOLPLWHG� SHQHWUDWLRQ� RI� WKH� PHWDO� G VWDWHVLQWR�WKH�6L DWRP�VSKHUH�IRU�WKH�UHDVRQ�PHQ�WLRQHG� DERYH� �VS K\EULGL]DWLRQ� W\SH� LQVWHDGRI�GVS RQH��0D\�EH�WKH�LQYROYHPHQW�RI�G HOHFWURQV�LQWKH�VS K\EULGL]DWLRQ�LV�D�QHFHVVDU\�SUHFRQGL �WLRQ�IRU�WKH�PXOWLSOH�EDQG�HQHUJ\�VWUXFWXUHRI�WKH�S VXEEDQG�LQ�WKH�6L DWRP�VSKHUH��WKLVLV�FRQILUPHG�E\�VSHFWUD�RI�QXPHURXV�VLOLFLGHSKDVHV� >�@�� &RQVLGHUDWLRQ� RI� 6L VSHFWUD� UH�YHDOV� DQRWKHU� LQWHUHVWLQJ� UHJXODULW\� LQ� WKH0H�6L HOHFWURQ�VWUXFWXUH��7KH�6L .β[ EDQG�LVDOZD\V� GLVSODFHG� LQ� HQHUJ\� EH\RQG� WKHERXQGV�RI�6L /α��� E\���WR�����H9�DQG�RQO\RQH�RI�VLOLFRQ�EDQGV�LV�FURVVHG�E\�WKH�)HUPLVXUIDFH�� 7KXV�� LW� LV� IRUPHG�� IURP� WKH� 6LDWRP� VLGH�� PDLQO\� E\� WKUHH� DWRPV� WKHUHRI�ZLWKRXW� �V DGGLWLRQ��� )RU� WKDW� UHDVRQ�� WKHH[FLWDWLRQ� RI� �G HOHFWURQV� RI� 6L FKHPLFDOERQG� LV� XQOLNH�� 7KDW� IDFW� H[SODLQV� WKH� PH �WDOOLF� FKDUDFWHU� DQG� HOHFWURSK\VLFDO� SURSHU �WLHV� RI�0H�6L�� LQ�SDUWLFXODU� >�@�� WKH�QDUURZKLJK�GHQVLW\�EDQG�SUHVHQFH�QHDU�()��WDNLQJLQWR� DFFRXQW� WKDW� WKH� �G DQG� �S VWDWHV� RI70�DUH�LQ�WKH�)HUPL�VXUIDFH��,I� ZH� DVVXPH� WKDW� WKH� VSOLW� .β[ EDQGDSH[� LV� GXH� WR� GHJHQHUDWLRQ� RI� WKH� PHWDODWRP� G OHYHOV�� WKHQ� LQ� WKLV� FDVH�� WZR� VXE�JURXSV� RI� WKH� VWDWHV� DUH� IRUPHG� �FROOHFWLYH�Sα ��Gγ�� DQG� ORFDO�ELQGLQJ� �Sα ��Gγ�α RQHV�ZLWK�GLIIHUHQW�FKHPLFDO�ERQG�IXQFWLRQV��'XHWR� ORZHULQJ�DQG�DWRPL]DWLRQ�RI� WKH� Gγ FRP�SRQHQW� LQ� &R DQG� 1L DWRPV�� LW� LV� MXVW� WKH�Sα ��Gγ�π VXEJURXS�RI� OHYHOV� WKDW� LV�PDLQO\DYDLODEOH� IRU� WKH� ERQG� IRUPDWLRQ� LQ� 0H�6L�,Q� FRQVLVWHQFH� ZLWK� WKH� V\PPHWU\� SURSHU �WLHV�� WKLV� VXEJURXS� LV� SRRUO\� VXSHUSRVDEOHZLWK� YDOHQFH� VS RUELWDOV� RI� 6L�� $� VLPLODUVLWXDWLRQ� WDNHV� SODFH� RQO\� LQ� &D�6L ZKHUHWKH�Gγ FRPSRQHQW�LV�DEVHQW�IRU�RWKHU�UHDVRQV�LW� LV� GLIILFXOW� WR� H[FLWH� E\� FKHPLFDO� ERQG��3HUKDSV�WKLV�IDFW�PLJKW�H[SODLQ�WKH�VLPLODU �LW\�EHWZHHQ�WKHUPRG\QDPLF�SURSHUWLHV�RI�DOOWKH�0H�6L >�@� DV� ZHOO� DV� WKH� IDFW� WKDW� WKH70�IURP�PLGGOH�SDUW�RI�WKH�SHULRG��IURP� 7LWKURXJK�)H��GR�QRW�IRUP�0H�6L�&RQVLGHUDWLRQ� RI� &D DQG� &R DEVRUSWLRQVSHFWUD�LQ�0H�6L HYLGHQFHV�WKH�SUHVHQFH�RI�GW\SH�YDFDQFLHV�DQG�DQ�DSSUHFLDEOH�FRPSOLFD �WLRQ�RI�WKH�FRQGXFWLRQ�EDQG�VWUXFWXUHV�ZKHQSDVVLQJ�IURP�&D�6L WR�&R�6L��2WKHU�SDUDPH�WHUV�RI�WKRVH�HGJHV�DUH�VLPLODU�WR�HDFK�RWKHU�VORSH��WKH�SRVLWLRQ�DQG�ZLGWK�RI�WKH�DEVRUS �WLRQ� LQLWLDO� UHJLRQ� DQG� PDLQ�PD[LPXP��� $UDWKHU� LPSRUWDQW� GDWD� RQ� WKH� QHDUHVW� HQYL �

URQPHQW� FKDUDFWHU� RI� DEVRUELQJ� 6L DWRP� LVSURYLGHG� E\� FRPSDULVRQ� RI� WKH� 3(4<FXUYHV�� :KHQ� SDVVLQJ� IURP� SXUH� 6L ZLWKWHWUDKHGUDO�VS� FRRUGLQDWLRQ�RI�GLDPRQG�ODW�WLFH� WR�PRUH� FRPSOH[� UKRPELF� VWUXFWXUH� RI&R�6L�� WKH�3(4<�FXUYH�LV�FKDQJHG�VXEVWDQ�WLDOO\��RQO\�WKH�LQLWLDO�DEVRUSWLRQ�UHJLRQ�UH �PDLQV� VXEVWDQWLDOO\� XQFKDQJHG�� ZKLOH� WKHFXUYH�EHFRPHV�GRXEOH�KXPSHG��7UDQVLWLRQ�WRWKH� LVRW\SLF� 1L�6L SUHVHUYHV� LQ� JHQHUDO� WKHGRXEOH�KXPSHG�3(4<�FXUYH�VKDSH�DV�ZHOO�DVWKH�HQHUJ\�SRVLWLRQ�RI�ERWK�WKRVH�DEVRUSWLRQPD[LPD� LQ� WKH� 6L �V VWDWH�� DOWKRXJK� VRPHVHFRQGDU\�DEVRUSWLRQ�IOXFWXDWLRQV�DSSHDU�LQWKH�FXUYH�� ,Q�SULQFLSOH�� VXFK�D�FXUYH� VKDSHPXVW�EH�W\SLFDO�RI�WKH�LVRW\SLF�&D�6L�7KXV�� WKH� WKLQ� VWUXFWXUH� RI� . DQG� /;�UD\� HPLVVLRQ� DQG� DEVRUSWLRQ� VSHFWUD� IRULVRW\SLF� 0H�6L VLOLFLGHV� KDV� EHHQ� VWXGLHGFRPSUHKHQVLYHO\�XQGHU�XQLTXH�H[SHULPHQWDOFRQGLWLRQV��7KH�UHODWLYH�SRVLWLRQ�RI�. DQG�/HPLVVLRQ�EDQGV� IRU��G PHWDOV� VKRZV�D�KLJKGHQVLW\� RI� RFFXSLHG� VWDWHV� QHDU� WKH� )HUPLERXQGDU\� DQG� D� ORZ� SRODUL]DWLRQ� H[WHQW� RI0H±6L ERQGV� DW� DSSUR[LPDWHO\� WKH� VDPHZLGWKV� RI� WKH� EDQG� UHJLRQV� UHYHDOHG� LQ� WKHPHWDO� DQG�VLOLFRQ� DWRPLF� VSKHUHV�� ,Q� WKH� 6LDWRP� VSKHUH�� WKH� KLJK�HQHUJ\� UHJLRQ� LVIRUPHG� E\� S VWDWHV� ZKLOH� LQ� WKH� WUDQVLWLRQPHWDO�DWRP�RQH��E\�S DQG�G VWDWHV��WKH�ORZ�HQHUJ\� EDQG� UHJLRQ� LQ� ERWK� DWRPLF� VSKHUHVLV� IRUPHG� E\� V VWDWHV�� )RU� 0H�6L W\SHVLOLFLGHV�� LW� LV� MXVW� WKH� KLJK� HQHUJ\� EDQGIRUPHG�E\�WKH�Gτ�OLNH�ZDYH�IXQFWLRQV�RI�WKHPHWDO�DQG�Sπ RQHV�RI�VLOLFRQ�WKDW� LV�UHVSRQ�VLEOH�IRU�WKH�0H±0H ELQGLQJ��7KH�LQWHUPHGL�DWH� HQHUJ\� EDQG� IRUPHG� E\� Gζ�OLNH� ZDYHIXQFWLRQV�RI�WKH�PHWDO�DQG�Sσ RQHV�RI�VLOLFRQLV� UHVSRQVLEOH� IRU� GLUHFWLRQDO� ORFDO� 0H±6LELQGLQJV� RI� FRYDOHQW� RU� VHPL�FRYDOHQW� W\SH�7KH�ORZ�HQHUJ\�EDQG�LV�IRUPHG�PDLQO\�E\� VZDYH� IXQFWLRQV� RI� 6L ZLWK� DGGLWLRQ� RI� WKHPHWDO� DQG� VLOLFRQ� S IXQFWLRQV� WKDW� SURYLGHPDLQO\� WKH� 6L±6L ERQGV�� &RQVLGHUDWLRQ� RIHPLVVLRQ� OLQH� HQHUJ\�YDULDWLRQV�DQG� WKH�DE �VRUSWLRQ� HGJHV� KDV� VKRZQ� WKDW� WKH� FKDUJHWUDQVIHU� RFFXUV� WRZDUGV� WKH� PHWDO� DWRPV�WKXV� HYLGHQFLQJ� WKH� DFFXPXODWLRQ�RI�H[FHVVVPDOO�FKDUJH�RQ�WKH�PHWDO�DWRPV�DQG�DJUHH �LQJ� ZHOO� ZLWK� WKH� VPDOO� HOHFWURQHJDWLYLW\GLIIHUHQFH�EHWZHHQ�WKH�PHWDOV�DQG�VLOLFRQ�5HIHUHQFHV���9�3�9RURQNRY�� 9�,�*DPDQ�� 0�2�'XFKHQNR�9�0�.DO\JLQD��3RYHUNKQRVW±��1R�����������������Ì�,�%RPN��/�*�� ,O¶FKHQNR��9�9�� ,O¶FKHQNR��6HQ�VRUV�DQG�DFWXDWRUV��Æ����������������(�$�=KXUDNRYVN\��3�9�*HOµ��'RNO��$1�8NU6656HU��%��1R����������������
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