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$V� LV� ZHOO�NQRZQ�� XQLTXH� SURSHUWLHV� RI.+�32� �.'3�� FU\VWDOV� PDNH� WKHP� JUHDWO\HIIHFWLYH� IRU� QRQOLQHDU� RSWLFV� DQG� TXDQWXPHOHFWURQLFV��1RZDGD\V� WKH\�DUH�ZLGHO\�XVHGLQ� YDULRXV� QRQOLQHDU� DQG� HOHFWUR�RSWLFDO� GH�YLFHV� VXFK� DV� IUHTXHQF\� JHQHUDWRUV�� RSWLFDOSDUDPHWULF� RVFLOODWRUV� DQG� HOHFWUR�RSWLFDOPRGXODWRUV�� 7KHVH� FU\VWDOV� DUH� DOVR� YHU\

SURPLVLQJ�IRU��'�RSWLFDO�GDWD�VWRUDJH��.'3XQGRXEWHGO\�EHORQJV�WR�WKRVH�FU\VWDOV�ZKLFKJURZWK� PHFKDQLVP� KDV� EHHQ� WKRURXJKO\VWXGLHG� DQG� PD\� VHUYH� DV� D� PRGHO� V\VWHPIRU� LQYHVWLJDWLQJ� JURZWK� PHFKDQLVPV� RIFU\VWDOV�� ,Q� SDUWLFXODU�� DV� UHFHQWO\� VKRZQ�.'3� FU\VWDOV� PD\� DGVRUE� YDULRXV� RUJDQLFG\HV�
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'\H�LQFOXVLRQ�FU\VWDOV�KDYH�EHHQ�VXFFHVV�IXOO\�XVHG�LQ�D�ZLGH�UDQJH�RI�DUHDV��LQFOXG�LQJ� VROLG�VWDWH� ODVHUV�� URRP�WHPSHUDWXUHSKRVSKRUHVFHQFH� HWF�� )RU� H[DPSOH�� G\HGFU\VWDOV�KDYH�EHHQ�IDVKLRQHG�LQWR�QHZ�NLQGVRI�ODVHU�JDLQ�PHGLD�DQG�XVHG�LQ�WKH�GHYHORS�PHQW� RI� QHZ� FU\VWDOV� ZLWK� SUHGHWHUPLQHGSK\VLFDO� SURSHUWLHV�� 9HU\� LQWHUHVWLQJ� DUHDOVR� WKRVH� FU\VWDOV�ZKLFK� SURSHUWLHV� FDQ� EHPRGLILHG� E\� LQWURGXFLQJ� YDULRXV� NLQGV� RIDGGLWLRQV�DQG�LPSXULWLHV��7KHUHDW��LW�LV�SRV�VLEOH�QRW�RQO\� WR� FKDQJH�SUDFWLFDOO\� VLJQLIL�FDQW� FU\VWDO� FKDUDFWHULVWLFV� EXW� DOVR� WR� FUH�DWH� QHZ� SURSHUWLHV�� ZKLFK� GR� QRW� PDQLIHVWWKHPVHOYHV� LQ� WKH�SXUH�FU\VWDOV� >�@��'XULQJWKH�SDVW�IHZ�\HDUV�WKHUH�KDYH�EHHQ�UHSRUWHGGHYHORSPHQWV�RI�YHU\�FRPSOH[�FRPELQDWLRQVRI� LQRUJDQLF� FU\VWDO� PDWUL[HV� ZLWK� RUJDQLFLPSXULWLHV�� 6XFK� GHYHORSPHQWV� DUH� JUHDWO\SURPLVLQJ�IURP�WKH�YLHZSRLQW�RI�WKH�JURZWKRI�G\H�LQFOXVLRQ�FU\VWDOV��',&V��DQG�FUHDWLRQRI� VROLG�VWDWH� G\H� ODVHUV� �66'/�� RQ� WKHLUEDVH�>�Ü�@��7KHUHIRUH��LQYHVWLJDWLRQ�RI�UHJX�ODULWLHV�LQ�WKH�LQWHUDFWLRQ�RI�RUJDQLF�LPSXUL�WLHV�ZLWK� WKH�PDWUL[�DQG�HOXFLGDWLRQ�RI� WKHPHFKDQLVP� RI� G\H� LQFRUSRUDWLRQ� LQWR� WKHFU\VWDO� DUH� WRSLFDO� SUREOHPV� RI� WKH� FRQVLG�HUHG� GLUHFWLRQ� RI� IXQFWLRQDO� PDWHULDOV� UH�VHDUFK�7KLV� SDSHU� SUHVHQWV� WKH� UHVXOWV� FRQFHUQ�LQJ� WKH� JURZWK� DQG� FRPSUHKHQVLYH� LQYHVWL�JDWLRQV� RI� WKH� SURSHUWLHV� RI� .'3� FU\VWDOVGRSHG� ZLWK� WKH� RUJDQLF� G\H� ;\OHQRO� 2U�DQJH��;2��7KH� LQYHVWLJDWLRQ� ZDV� SHUIRUPHG� RQ� WKHFU\VWDOV� RI� SRWDVVLXP� GLK\GURJHQ� SKRVSKDWH�.'3��ZLWK�;2��$V�D�VWDUWLQJ�PDWHULDO�IRU�WKHJURZWK�RI�WKH�FU\VWDOV��WKHUH�ZDV�XVHG�WKH�VDOWFRQWDLQLQJ� WKH� PDLQ� FU\VWDO�DFWLYH� LPSXULWLHVRQ�WKH�OHYHO�RI���Ü�Ü��Ü� PDVV����7KH�W\SLFDOWUDQVSDUHQW�.'3�VLQJOH�FU\VWDOV�PHDVXULQJ�XSWR� ��×��×���PP� DQG� ��×��×���PP� ZHUHJURZQ�E\�WKH�PHWKRG�RI�VROYHQW�HYDSRUDWLRQDW� URRP� WHPSHUDWXUH� XQGHU� WKH� FRQGLWLRQVRI�QDWXUDO�FRQYHFWLRQ�DQG�E\�WKH�PHWKRG�RIWHPSHUDWXUH� GHFUHDVH�� UHVSHFWLYHO\� �)LJ�����7KHUHDW�� WKH� JURZWK� UDWH� YDULHG� IURP�� PP�GD\� WR� �� PP�GD\� GHSHQGLQJ� RQ� WKHJURZWK� FRQGLWLRQV��([SHULPHQWDO� FRQGLWLRQVSURYLGHG� IUHH� FU\VWDO� JURZWK� LQ�[�� \�� ] GL�UHFWLRQV�� :KLOH� FKRRVLQJ� WKH� G\HV� WKH� IRO�ORZLQJ�FULWHULD�ZHUH�XVHG��VXIILFLHQW�VROXELO�LW\��WKH�DEVHQFH�RI�FKHPLFDO�LQWHUDFWLRQ�ZLWKWKH�PDLQ�VXEVWDQFH��G\HLQJ�RI�WKH�FU\VWDO�LQWKH�EXON��2Q�WKH�EDVH�RI�SUHOLPLQDU\�VWXGLHV�WKHUHZDV�FKRVHQ�;\OHQRO�2UDQJH��;2���WULSKHQLO�PHWDQH� G\H� RI� VXOSKRQHSKWKDOHLQ� UDQJH�)LJ������7KH�G\H�FRQFHQWUDWLRQ� LQ� WKH�VROX�

WLRQ� YDULHG� ZLWKLQ� WKH� OLPLWV� IURP� ���� WR����� SSP��7KH� FRQWHQW� RI�;2 LQ� WKH� FU\V�WDOV� ZDV� GHWHUPLQHG� E\� FRPSDULQJ� WKH� DE�VRUSWLRQ�VSHFWUD�RI�DTXHRXV�VROXWLRQV�RI�WKHVDPSOHV� DQG� WKH� VROXWLRQV� ZLWK� NQRZQ� G\HFRQWHQW��)RU�WKH�PHDVXUHPHQWV��WKH�VDPSOHVZLWK� WKH� VDPH� VL]H� RI� �×�×��PP� ZHUH� FXWIURP� .'3���;2 FU\VWDO� VWULFWO\� RULHQWHGDORQJ�WKH�FU\VWDOORJUDSKLF�D[HV�7KH� RSWLFDO� WUDQVPLVVLRQ� VSHFWUD� RI� WKHVROXWLRQV�DQG�WKH�FU\VWDOV�IURP�89�WR�,5�LQWKH�ZDYHOHQJWK�UDQJH�RI����Ü�����QP�ZHUHUHJLVWHUHG�E\�PHDQV�RI�D�6)���� �/202��UH�FRUGLQJ�VSHFWURSKRWRPHWHU�DW�URRP�WHPSHUD�WXUH�XVLQJ� WKH� FRQYHQWLRQDO� WZR�EHDP�WHFK�QLTXH�ZLWK� UHVSHFW� WR� DLU�� GLVUHJDUGLQJ� WKHORVV�E\�)UHVQHO�UHIOHFWLRQ��7KH� H[FLWDWLRQ� DQG� HPLVVLRQ� OXPLQHV�FHQFH� VSHFWUD� RI� ;2�FRQWDLQLQJ� .'3� FU\V�WDOV� ZHUH� PHDVXUHG� RQ� D� �+LWDFKL� )�����IOXRULPHWHU� LQ� WKH� UHJLRQ� RI� ���Ü���� QP�$V� DQ� H[FLWDWLRQ� VRXUFH�� WKHUH� ZDV� XVHG� DQLWURJHQ� ODVHU� �λ  ����� QP��� 7KH� SRODUL]D�WLRQ� FKDUDFWHULVWLFV� RI� .'3���;2 FU\VWDOVZHUH� LQYHVWLJDWHG� XVLQJ� D� XQLW� ZKLFK� FRP�SULVHG� D� KDORJHQ� OXPS� ZLWK� OHQV� DQG� GLD�SKUDJP��URWDWLQJ�SRODUL]HU�DQG�UDGLDWLRQ�UH�FHLYHU�,/'��0�7R� GHWHUPLQH� WKH� GHJUHH� RI� UDGLDWLRQKDUGQHVV� RI� WKH� G\H� LQFOXVLRQ� FU\VWDOV�� WKHHIIHFW� RI� LUUDGLDWLRQ� RQ� WKH� RSWLFDO� DEVRUS�WLRQ� RI� WKH� FU\VWDOV� ZDV� LQYHVWLJDWHG����&RUDGLRDFWLYH� LVRWRSH� VHUYHG� DV� D� VRXUFH� RI
γ�UD\V�7KH� ODVHU� GDPDJH� WKUHVKROG� ZDV� PHDV�XUHG�XVLQJ�1G�<$* ODVHU�DORQJ�[ DQG�\ FU\V�WDO� D[HV� �λ  ������QP��τ  ����QV�DQG�SXOVH
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HQHUJ\� XS� WR� ��P-�� IRFXV� OHQJWK�I  ���FP�IRFXV� DUHD� ����⋅��Ü� FP���� ,Q� WKH� ZD\� RI��RQ���� XVXDOO\� ��� SRVLWLRQV� RI� WKH� VDPSOHZHUH� LUUDGLDWHG� DW� WKH� VDPH� HQHUJ\�� 7KHEUHDN�GRZQ�ZDV�UHJLVWHUHG�YLVXDOO\�IURP�UH�VLGXDO� GHVWUXFWLRQ� REVHUYHG� DW� LOOXPLQDWLRQXVLQJ�+H�1H�ODVHU�UDGLDWLRQ��������QP��ZLWKD� ORZHU� SRZHU� ���� P:��� ,Q� WKH� SHUIRUPHGH[SHULPHQWV�� WKH� PD[LPXP� GHQVLW\� RI� WKHHQHUJ\�RI�WKH�UDGLDWLRQ�WUDQVPLWWHG�WKURXJKWKH� VDPSOH� ZLWKRXW� LWV� GHVWUXFWLRQ� ZDV� DV�VXPHG� WR� EH� WKH� WKUHVKROG� RI� EXON� ODVHUGDPDJH��%/'���'\HLQJ� RI�.'3� FU\VWDOV�� (DUOLHU� IRU� WKHJURZWK� RI� G\HG� .'3� FU\VWDOV� WKHUH� ZHUHXVHG� VXFK� G\HV� DV�&KLFDJR�6N\�%OXH� >����@�$PDUDQWK� >����Ü�@�� 6XQVHW� <HOORZ� >����@�7U\SDQ� %OXH� >�@�� 'LUHFW� %OXH� >����@�� )DVW5HG�([WUD�>����@��VWLOEHQH�>�@�HWF��+RZHYHU�SUDFWLFDOO\� LQ�DOO� WKH�FDVHV��ZLWK�WKH�H[FHS�WLRQ�RI�KHPDWHLQ�G\H�>�@��RQO\�WKH�S\UDPLGDOJURZWK� VHFWRU� ^���`� WXUQHG� RXW� WR� EH� FRO�RUHG��ZKHUHDV�WKH�SULVPDWLF�VHFWRU�^���`�UH�PDLQHG� WUDQVSDUHQW�� ,Q� WKH� RSLQLRQ� RI� WKHDXWKRUV�>�@��VXFK�D�SKHQRPHQRQ�LV�FDXVHG�E\WKH�HOHFWURVWDWLF�LQWHUDFWLRQ�RI�WKH�G\H�DQLRQVZLWK�WKH�SRVLWLYHO\�FKDUJHG�IDFH�^���`�8VLQJ�;2 ZH�REWDLQHG�WKH�FRORUHG�SULVP^���`� DQG� WKH� XQFRORUHG� S\UDPLG� ^���`�6XFK� D� UHVXOW� DJUHHV� ZLWK� WKH� VWUXFWXUH� RIWKLV� FRPSRXQG� �)LJ������ ,W� LV� LQWHUHVWLQJ� WRQRWH� WKDW�PXOWLSOH� LQFUHDVH� RI� WKH�G\H� FRQ�FHQWUDWLRQ�LQ�WKH�VROXWLRQ��XS�WR������SSP�SUDFWLFDOO\�GRHV�QRW�UHVXOW�LQ�LWV�LQFUHDVH�LQWKH� FU\VWDOV�� ,Q� SDUWLFXODU�� WKH� G\HG� ^���`DQG� ^���`� VHFWRUV� FRQWDLQ� �Ü��� SSP� DQG���� SSP� �WKDW� LV� FRPSDUDEOH� ZLWK� GHWHUPL�QDWLRQ�HUURU��RI�WKH�G\H��UHVSHFWLYHO\�+DELW� PRGLILFDWLRQ� RI� G\HG� .'3� FU\V�WDOV��$V�LV�NQRZQ��WKH�VKDSH�RI�.'3�FU\VWDOLV� D� FRPELQDWLRQ� RI� WHWUDJRQDO� SULVP� DQGGLS\UDPLG�ZLWK�WKH�ODWWLFH�SDUDPHWHUV�D  �E ������c�� F  ������c >�@�� WKH� IDFHV� ^���`DQG� ^���`� EHLQJ� FRPSOHWHO\� LGHQWLFDO�� L�H�WKH� UDWLR�[�\  ��� �VHH�)LJ������7KH� WKHRUHWL�FDO� LQYHVWLJDWLRQ� SHUIRUPHG� LQ� >��@� VKRZVWKDW�LQFRUSRUDWLRQ�RI�WKH�G\H�LQWR�WKH�FU\V�WDO�ODWWLFH�RI�WKH�PDWUL[��.'3���$PDUDQWK�PD\� EH� DFFRPSDQLHG� ZLWK� D� FKDQJH� RI� WKHHOHPHQWDU\� FHOO� SDUDPHWHUV� DQG� D� VKLIW� LQWKH�EDVDO�SODQH�:KLOH�XVLQJ�;2 DV� DQ�DGGLWLRQ�ZH�ZHUHWKH� ILUVW� WR� UHYHDO� D� YLRODWLRQ� RI� WKH� UDWLR[�\�� 7KHUHDW�� ZLWK� LQFUHDVLQJ� FRQWHQWV� RIWKH�G\HV�LQ�WKH�VROXWLRQ�WKH�GHYLDWLRQ�RI�[�\UDWLR� IURP� �� DOVR� LQFUHDVHV� DQG� UHDFKHV�����DW� WKH�PD[LPXP�FRQFHQWUDWLRQV��2XU;�UD\� H[DPLQDWLRQV� VKRZ� WKDW� LQ� WKLV� FDVHWKH�SDUDPHWHUV�D DQG�E UHPDLQ�XQFKDQJHG�

$W� WKH� VDPH� WLPH�� WKH� GLIIUDFWLRQ� SDWWHUQVREWDLQHG� IRU� WKH� G\HG� FU\VWDOV� DUH� FKDUDF�WHUL]HG�E\� WKH�SUHVHQFH� RI�DGGLWLRQDO�;�UD\UHIOH[HV� ZKLFK� FDQ� KDUGO\� EH� LGHQWLILHG�6XFK� D� FKDQJH� RI� WKH� FU\VWDO� PRUSKRORJ\VHHPV� WR� EH� ERXQG� XS� ZLWK� HVVHQWLDO� ORFDOGLVWRUWLRQV� ZKLFK� DULVH� GXH� WR� WKH� LQFRUSR�UDWLRQ� RI� RUJDQLF� PDFURPROHFXOHV� LQWR� WKHPDWUL[� FU\VWDO� ODWWLFH� DQG�� FRQVHTXHQWO\�ZLWK�WKH�IRUPDWLRQ�RI�HODVWLF�GRPDLQV��+RZ�HYHU�� WKH� ILQDO� FRQFOXVLRQ� FRQFHUQLQJ� WKHVDLG�SUREOHP�UHTXLUHV�DQ�DGGLWLRQDO�VWXG\��&RORUDWLRQ�RI�G\HG�.'3�DV�D�IXQFWLRQ�RIS+��$V�LV�NQRZQ��;2 LV�DQ�DFLG�EDVH�LQGLFD�WRU�� ,Q� WKLV� FRQQHFWLRQ�� FRORUDWLRQ� RI� WKHPRWKHU�VROXWLRQV� �DQG��FRQVHTXHQWO\��RI�WKHFU\VWDOV�� DW� GLIIHUHQW� YDOXHV� RI� DFLGLW\� LVGHILQHG� E\� WKH� SUHVHQFH� RI� GLIIHUHQW� IRUPVRI� LQGLFDWRU� GHSHQGLQJ� RQ� GLVVRFLDWLRQ� RIWKH�ODWWHU��,Q�SDUWLFXODU��DW�S+� �����;2 LVFRQWDLQHG� LQ� WKH� VROXWLRQ� LQ� WKH� PROHFXODU�QRQ�GLVVRFLDWHG��IRUP��WKH�VROXWLRQ�LV�SLQN�ZKHUHDV� WKH� JURZQ� FU\VWDOV� DUH� SUDFWLFDOO\FRORUOHVV��&;2FU\VW�  �����SSP��7KH� LQFUHDVH� RI� S+� OHDGV� WR� D� VWHSZLVHGHSURWRQL]DWLRQ�RI�;2 PROHFXOH��DW�S+� ����WKH� FU\VWDOV� DFTXLUH� RUDQJH�SLQN� FRORU�&;2FU\VW�  ����Ü����SSP��� DW�S+� ����� WKH\EHFRPH� SLQNLVK�YLROHW� �&;2FU\VW�  �����SSP��,W�VKRXOG�EH�QRWHG�WKDW�IRU�DOO�WKH�YDOXHV�RIDFLGLW\� WKH� UDWLR�[�\ LV� DOVR� GLIIHUHQW� IURP���6R��WKH�FKDUDFWHU�RI�WKH�LQFRUSRUDWLRQ�RIRUJDQLF� PROHFXOHV� LQWR� WKH� FU\VWDOV� DQGWKHLU� FRORUDWLRQ�DUH�GHILQHG�E\� WKH� IRUP� LQZKLFK�WKH�G\H�LV�SUHVHQW�LQ�WKH�VROXWLRQ�6SHFWURVFRSLF�LQYHVWLJDWLRQV��'XH�WR�WKHLURSWLFDO�FKDUDFWHULVWLFV��.'3�FU\VWDOV�DUH�LU�UHSODFHDEOH�PDWHULDOV�IRU�TXDQWXP�HOHFWURQ�LFV� DQG� QRQ�OLQHDU� RSWLFV�� 7KH\� DUH� SUDFWL�FDOO\� WUDQVSDUHQW� LQ� WKH� YLVLEOH� DQG� QHDULQIUDUHG� UHJLRQ� RI� WKH� VSHFWUXP�� 7KH� FU\V�WDOV��HGJH�RI�IXQGDPHQWDO�DEVRUSWLRQ�LQ�WKH89�UHJLRQ� FRUUHVSRQGV� WR� a���� QP� >��@�KRZHYHU�� VRPH� VDPSOHV� KDYH� QRWLFHDEOH� DE�VRUSWLRQ�EDQGV� DW�����DQG�����QP��7KLV� LVERXQG�XS�ZLWK�WKH� LPSXULW\�FRPSRVLWLRQ�RIWKH�FU\VWDOV�DQG�ZLWK�WKH�SUHVHQFH�RI�VWUXF�WXUH� GHIHFWV� LQ� WKHP�� 6KRZQ� LQ� )LJ���� DUHWKH� WUDQVPLVVLRQ� VSHFWUD� RI� .+�32� VROX�WLRQV�DQG�.'3�FU\VWDOV��ERWK�SXUH�DQG�FRQ�WDLQLQJ� ;2 DGGLWLRQV�� 7KH� VSHFWUD� FRUUH�VSRQGLQJ�WR�WKH�SXUH�VDPSOHV�KDYH�QR�SHFX�OLDULWLHV�DQG�DUH�W\SLFDO�RI�WKH�VROXWLRQV�DQGFU\VWDOV�ZLWK�KLJK�GHJUHH�RI�SXULW\�DQG�RS�WLFDO� SHUIHFWLRQ�� 7KHUHDW�� WKH� WUDQVPLVVLRQVSHFWUD�RI�WKH�XQGRSHG�FU\VWDOV�LQ�WKH�GLUHF�WLRQV�[ DQG�\ DUH�DEVROXWHO\�LGHQWLFDO�7KH� DEVRUSWLRQ� EDQGV� FKDUDFWHULVWLF� RIWKH� GRSHG� VROXWLRQV� �)LJ���D�� DQG� FU\VWDOV
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�)LJ���E�� OLH� ZLWKLQ� WKH� ZDYHOHQJWK� UDQJHIURP� ���� WR� ���� QP�� &RPSDULVRQ� RI� WKHVHVSHFWUD� VKRZV� WKDW� ZKLOH� SDVVLQJ� IURP� WKHVROXWLRQV�WR�WKH�FU\VWDOV�WKH�EDQGV�DW�����DQG���� QP� DUH� VKLIWHG� WRZDUGV� ORQJHU� ZDYH�OHQJWKV�� IRU� �DONDOLQH�� FU\VWDOV� WKLV� HIIHFW� LVPRUH�YLYLG������DQG�����QP�DW�S+� ���������DQG�����QP�DW�S+� �������,Q�RXU�RSLQLRQ��WKLVLV� FDXVHG�E\�GLIIHUHQW� IRUPV�RI� WKH�SUHVHQFHRI�WKH�G\H�LQ�WKH�OLTXLG�RU�VROLG�PDWUL[��7UDQVPLVVLRQ� DQLVRWURS\�� $V� QRWHGDERYH��WKH�WUDQVPLVVLRQ�VSHFWUD�RI�WKH�SXUHFU\VWDOV� LQ� WKH�GLUHFWLRQV�[ DQG�\ DUH� LGHQ�WLFDO��)RU�.'3���;2 FU\VWDOV�WKH�WUDQVPLV�VLRQ� LQ� WKH� GLUHFWLRQV� [ DQG� \ HVVHQWLDOO\GLIIHUV��)LJ������L�H��WKHUH�WDNHV�SODFH�WUDQV�PLVVLRQ� DQLVRWURS\�� ,Q� RXU� RSLQLRQ�� WKLV� LVERXQG� XS�ZLWK� GLIIHUHQW� RULHQWDWLRQ� RI� WKHG\H� SDUWLFOHV� LQ� WKH� SURFHVV� RI� LQWHUDFWLRQZLWK�GLIIHUHQW�FU\VWDO�IDFHV���,W�LV�IRXQG�WKDW�GXH�WR�WKH�LQFRUSRUDWLRQRI�WKH�RUJDQLF�G\H�LQWR�WKH�FU\VWDO�WKH�ODWWHUDFTXLUHV� SURQRXQFHG� GLFKURLF� SURSHUWLHV�7KLV�LV�FDXVHG�E\�WKH�IDFW�WKDW�WKH�G\H�SDU�WLFOHV� RFFXS\� GLIIHUHQW� IL[HG� SRVLWLRQV�ZLWKUHVSHFW�WR�WKH�FU\VWDOORJUDSKLF�D[HV��)LJ���DVKRZV� WKH� LQWHQVLW\� ,�,� RI� EOXH�JUHHQ� SR�ODUL]HG�OLJKW�SDVVLQJ�WKURXJK�WKH�FU\VWDO�GH�SHQGLQJ�RQ�WKH�DQJOH�θ EHWZHHQ�WKH�SODQH�RIYLEUDWLRQ� DQG� WKH� FU\VWDOORJUDSKLF� D[LV� ]�WKH�HOHFWULF�YHFWRU�( URWDWHV�LQ�WKH�SODQH�[]RI�WKH�FU\VWDO���7KH�GHSHQGHQFH�LV�GHVFULEHGE\�WKH�IROORZLQJ�HTXDWLRQ��
, = ,� + ,�FRV�θ�ZKHUH� ,� DQG� ,� DUH� FRQVWDQW� YDOXHV�� 7KHPLQLPXP�DQG�WKH�PD[LPXP�RI�OLJKW�DEVRUSWLRQDUH�REVHUYHG�ZKHQ�( __] DQG�(⊥ ]��UHVSHFWLYHO\�7KH� RSWLFDO� VSHFWUXP� RI� .'3���;2 LVKLJKO\�GLFKURLF��7KH�VSHFWUDO�FKDUDFWHULVWLFV

SUHVHQWHG� LQ�)LJ���E� VKRZ�GLFKURLVP�RI� WKHDEVRUSWLRQ�VSHFWUD�RI�.'3���;2 FU\VWDOV�LQSRODUL]HG�OLJKW�IRU�WKUHH�FU\VWDOORJUDSKLF�GL�UHFWLRQV��$V�VHHQ�IURP�WKH�ILJXUH��PDQLIHV�WDWLRQ� RI� GLFKURLVP� LQ� WKH� GRSHG� FU\VWDOVGHSHQGV�RQ�WKH�RULHQWDWLRQ��VXFK�D�IDFW�KDVEHHQ� HDUOLHU� QRWHG� IRU� WKH� DEVRUSWLRQ� VSHF�WUD�REWDLQHG�LQ�QRQ�SRODUL]HG�OLJKW��,QYHVWLJDWLRQ�RI�OXPLQHVFHQFH�VKRZV�WKDW;2 GRHV� QRW� HPLW� LQ�ZDWHU� DQG� LQ� DTXHRXVVROXWLRQV�RI�.+�32���/XPLQHVFHQFH�DSSHDUVRQO\�DIWHU�WKH�G\H�LQFRUSRUDWLRQ�LQWR�WKH�FU\V�WDO��3UHVHQWHG� LQ�)LJ����DUH�WKH�VSHFWUD�RI� OX�PLQHVFHQFH�����DQG�OXPLQHVFHQFH�H[FLWDWLRQ����PHDVXUHG�LQ����Ü����QP�ZDYHOHQJWK�UHJLRQ�7KH�PD[LPXP�YDOXH�RI�WKH�OXPLQHVFHQFHH[FLWDWLRQ�LQWHQVLW\�LV�REVHUYHG�DW�λ  �����QP�WKH� OXPLQHVFHQFH� PD[LPXP� FRUUHVSRQGV� WR
λ  �����QP��6R��WKH�6WRFN�V�VKLIW�LV�HTXDO�WR����QP�������FPÜ����7KH�ZLGWK�RI�WKH�RSWL�FDO� DEVRUSWLRQ� EDQG� LV� ∆λ��� a����QP������FPÜ���� ,W� VKRXOG� EH� HPSKDVL]HG� WKDWIRU� WKH� SXUH� FU\VWDOV� OXPLQHVFHQFH� DW� URRPWHPSHUDWXUH�LV�DEVHQW��

)LJ����� 7UDQVPLVVLRQ� VSHFWUD� RI� .'3���;2FU\VWDOV�LQ�WKH�GLUHFWLRQV�[ �����\ �����] ����

)LJ����� 7UDQVPLVVLRQ� VSHFWUD� RI� .+�32� VROXWLRQV� DQG� .'3� FU\VWDOV� �^���`� IDFH��� D�� � Û� SXUHVROXWLRQ��� Û� .+�32� ��;2 VROXWLRQ��&;2  ����SSP��E��� Û�.'3�FU\VWDO�ZLWKRXW�G\H��� Û�.'3��;2��&;2�FU\VW�  �����SSP��S+� ������� Û�.'3���;2��&;2 FU\VW�  �����SSP��S+� �����
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,Q� .'3���;2 FU\VWDOV� OXPLQHVFHQFH� LVKLJKO\�SRODUL]HG��([FLWDWLRQ�RI�OXPLQHVFHQFHE\�QLWURJHQ�ODVHU�DORQJ�WKH�FU\VWDOORJUDSKLFD[LV� [�\�� DQG� UHJLVWUDWLRQ� RI� WKH� HPLWWHGOLJKW�SDVVLQJ�WKURXJK�SRODUL]HU�DORQJ�WKH�D[LV\�[��VKRZ�WKDW�WKH�HPLWWHG�OLJKW�PD[LPXP�LVREVHUYHG� LQ� WKH� FDVH�ZKHQ� � WKH� WUDQVPLVVLRQD[LV� RI� WKH� SRODUL]HU� LV� SDUDOOHO� WR� WKH� D[LV[�\���7KH�HPLWWHG�OLJKW�PLQLPXP�LV�REVHUYHGLI�WKH�SRODUL]HU�LV�SDUDOOHO�WR�WKH�GLUHFWLRQ�]�([SHULPHQWDO� VWXGLHV� RI� WKH� DFWLRQ� RI
γ�LUUDGLDWLRQ� RQ� WKH� G\HG� FU\VWDOV� DOORZ� WRHVWDEOLVK� WKDW� GHVWUXFWLRQ� RI� WKH� G\H� LQ� WKHFU\VWDOV� LV� LQLWLDWHG� DW� D� GRVH� RI� �⋅��� *\�$IWHU�WKH�DFWLRQ�RI����⋅��� *\�LUUDGLDWLRQ�WKHRSWLFDO� VSHFWUD� RI� WKH� VDPSOHV� DUH� SUDFWLFDOO\VLPLODU�WR�WKRVH�RI�WKH�QRPLQDOO\�SXUH�FU\VWDOV�0HDVXUHPHQWV� RI� ODVHU� VWUHQJWK� LQ�.'3��;2 FU\VWDOV� IRU� GLIIHUHQW� FU\VWDOORJUDSKLFGLUHFWLRQV� VKRZ� WKDW� WKH� YDOXH� RI� %/'WKUHVKROG�LV����-�°P� DQG����-�°P� DW�LUUD�GLDWLRQ�RI�WKH�FU\VWDO�LQ�WKH�GLUHFWLRQ�SDUDO�OHO� DQG� SHUSHQGLFXODU� WR� WKH� RSWLFDO� D[LV�UHVSHFWLYHO\��7KH�REWDLQHG�GDWD�DUH�FORVH�WRWKH� YDOXHV� RI� %/'� WKUHVKROG� LQ� WKH� SXUHFU\VWDO��DQG�WKLV�LV�REYLRXVO\�FDXVHG�E\�WKHDEVHQFH� RI� WKH� G\H� DEVRUSWLRQ� EDQGV� DW� WKHLUUDGLDWLRQ�ZDYHOHQJWK�������QP��$V� HVWDEOLVKHG� LQ� WKH� FRXUVH� RI� WKH� SHU�IRUPHG�LQYHVWLJDWLRQV��;\OHQRO�2UDQJH �;2�

SUHIHUHQWLDOO\�G\HV�WKH�IDFHV�^���`�DQG�^���`RI�.'3�FU\VWDO��7KH�LQWURGXFWLRQ�RI�WKH�RU�JDQLF� G\H� LQWR� WKH� FU\VWDO� PDWUL[� RI� .'3OHDGV� WR� FKDQJHV� LQ� WKH� FU\VWDO�V� KDELW� DQGWR� WKH� DSSHDUDQFH� RI� DEVRUSWLRQ� DQLVRWURS\�λ  �����QP��DORQJ�WKH�D[HV�[ DQG�\��,Q�WKHG\HG�FU\VWDOV�WKHUH�LV�UHYHDOHG�OXPLQHVFHQFHDW� URRP� WHPSHUDWXUH�� ZKLFK� LV� DEVHQW� IRUWKH� G\H�� LWV� DTXHRXV� VROXWLRQV� DQG� SXUH.'3��.'3���;2 FU\VWDOV� DUH� FKDUDFWHUL]HGE\�GLFKURLVP�ZKLFK�GHSHQGV�RQ�WKH�RULHQWD�WLRQ�� 7KH� GDPDJH� WKUHVKROG� RI� WKH� GRSHGFU\VWDOV�LV�VKRZQ�WR�EH�RI�WKH�VDPH�RUGHU�RIPDJQLWXGH�DV�WKDW�IRU�WKH�SXUH�FU\VWDOV���)LQDOO\�� LW� VKRXOG� EH� QRWHG� WKDW� WKH� XVHRI� WKH� FRQVLGHUHG� PDWHULDO� LQ� SUDFWLFH� UH�TXLUHV� IXUWKHU� WKHRUHWLFDO�DQG�H[SHULPHQWDOLQYHVWLJDWLRQV���7KH�DXWKRUV�DUH�JUDWHIXO�WR1LNRORY�2�7��IRU�WKH�SHUIRUPHG�H[SHULPHQWVZLWK�γ�LUUDGLDWLRQ�RI�WKH�VDPSOHV��5HIHUHQFHV���%�+HOF]HU�� .H\� (QJLQHHULQJ� 0DW��� ���Ü�����������������-�$QDQG��6�-DQJ��%�.DKU��)HUURHOHFWULFV��������������������%�.DKU��5�:�*XUQH\��'\HLQJ�&U\VWDOV��&KHP�5HY����������������������%�.DKU��SULYDWH�FRPPXQLFDWLRQ�����������-�$�6XEUDPRQ\�� 3K�'�'LVVHUWDWLRQ�� 3XUGXH8QLYHUVLW\�����������1�=DLWVHYD�� /�&DUPDQ�� ,�6PROVN\� HW� DO��� -�&U\VW��*URZWK���������������������6�+LURWD�� +�0LNL�� .�)XNXL� HW� DO��� -��&U\VW�*URZWK��������������������%�.DKU��6�+�-DQJ��-�$�6XEUDPRQ\�HW�DO���$GY�0DWHU��������������������*�5DY\�� $�6�+DMD� +DPHHG�� 3�5DPDVDP\�� -�&U\VW��*URZWK����������������������6�9�*UDERYVN\�� ,�9�6KQDLGVKWHLQ�� %�$�6WUXNRY�5XV��6ROLG�6WDWH�3K\V�����������������������'�(LPHUO��)HUURHOHFWULFV�����������������

)LJ����� ([FLWDWLRQ� ���� DQG� HPLVVLRQ� ���� OXPL�QHVFHQFH�VSHFWUD�RI�.'3���;2 FU\VWDO�

)LJ�����D��3RODUL]DWLRQ�FKDUDFWHULVWLFV�RI�.'3��;2 FU\VWDO�� E��$EVRUSWLRQ� VSHFWUD� RI�.'3��;2 GHSHQGLQJ� RQ� SRODUL]DWLRQ� RI� LQFLGHQWUDGLDWLRQ� LQ� WKH� GLUHFWLRQV�� ] �� Û� ϕ  ����� Û�ϕ = 90����[ �� Û�ϕ  ������ Û�ϕ  �������\�� Û�ϕ  ������� Û�ϕ  �������
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