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&HVLXP� LRGLGH� FU\VWDOV� DUH� NQRZQ� WR� KDYHWKH� KLJKHVW� UHVLVWDQFH� DJDLQVW� LRQL]LQJ� UDGLD �WLRQ�DPRQJ�DONDOL�KDOLGHV�FU\VWDOV� �$+&���7KHHIILFLHQF\�RI�UDGLDWLRQ�LQGXFHG�GHIHFWV�DFFXPX�ODWLRQ� LQ� D� FU\VWDO� LV� GHILQHG� WR� D� VLJQLILFDQWH[WHQW�E\� WKH�PDWHULDO� SXULW\��DQG��DFFRUGLQJWR� >�@�� WKH� UDGLDWLRQ� UHVLVWDQFH� RI� WKRVH� FU\V �WDOV� PD\� DWWDLQ� ��� 0UDG�� 7KH� UHVLVWDQFH� RIPDVV�SURGXFHG� FU\VWDOV� LV� VXEVWDQWLDOO\� ORZHUDV� D� UXOH��$FWXDO� FU\VWDOV� FRQWDLQ�XVXDOO\� H[ �WULQVLF�&2��±�LRQV� LQ� DPRXQWV� VXIILFLHQW� WR� EHGHWHFWHG�E\�,5�VSHFWURPHWU\��≥ �⋅���� PRO����DV�ZHOO�DV�2+± LRQHV��WKH�FRQWHQW�RI�WKH�ODWWHUPD\�DWWDLQ��⋅���� PRO�����DFFRUGLQJ�WR�FKHPL�FDO� DQDO\VLV� GDWD�� 7KH� SUHVHQFH� RI� K\GUR[\OLRQV�LV�NQRZQ�WR�IDYRXU�WKH�IRUPDWLRQ�RI�VWD �EOH�FRORU�FHQWHUV�ERWK�LQ�&V, >�@�DQG�LQ�RWKHU$+&� XQGHU� LUUDGLDWLRQ� >�@��0DQ\� UHVHDUFKHUVEHOLHYH� WKDW� WKH� UDGLDWLRQ� LQVWDELOLW\� RI� &V,EDVHG�VFLQWLOODWRUV�LV�DVVRFLDWHG�ZLWK�WKH�SUHV �HQFH�RI��&2��± LPSXULW\��VHH�H�J��>�@��� 2Q�WKHRWKHU�KDQG��&V,�&2��� FU\VWDOV�DUH�NQRZQ�WR�EH

DQ� HIIHFWLYH� VFLQWLOODWLRQ� PDWHULDO�� L�H�� WKHSUHVHQFH� RI� �&2��± LRQV UHVXOWV�LQ�DQ�HQKDQFHGHPLVVLYH� UHFRPELQDWLRQ� RI� UDGLDWLRQ�LQGXFHGGHIHFWV� >�@�� ,W� UHPDLQV� VWLOO� XQFOHDU� ZKDW� WKHLPSXULW\� �FDUERQDWH� RU� K\GUR[\O�� VWLPXODWHVWKH� UDGLDWLRQ�LQGXFHG� GHIHFW� IRUPDWLRQ�� 7KHGRXEOHG�GRSDWLRQ�RI�FU\VWDOV�E\�DERYH�LPSXUL �WLHV� PD\� FDXVH� VSHFLILF� UDGLDWLRQ�VWLPXODWHGSURFHVVHV�LQYROYLQJ�ERWK�RI�WKHP��7KLV�ZRUN�LVDLPHG�DW�WKH�VWXG\�RI�UDGLDWLRQ�LQGXFHG�GHIHFWVIRUPDWLRQ� LQ�&V, FU\VWDOV� FRQWDLQLQJ�H[WULQVLF&2��± DQG�2+± LRQV�&V, FU\VWDOV� JURZQ� E\� .LURSRXORV� WHFK �QLTXH�LQ�D�SODWLQXP�FUXFLEOH�XQGHU�LQHUW�JDV�DUJRQ��DWPRVSKHUH�ZHUH�XVHG�LQ�WKLV�LQYHV �WLJDWLRQ�� 7KH� LQLWLDO� VSHFLDO� SXULW\� JUDGHVDOW� �WRWDO� FDUERQ� FRQWHQW� � ⋅���� PRO����ZDV�GHK\GUDWHG�SUHYLRXVO\�LQ�D�YDFXXP�GU\ �LQJ� FKDPEHU� DW� ��� �&� DQG� WKHQ� LQ� WKHJURZWK�IXUQDFH�DW���� �&��&U\VWDOV�ZHUH�QRWGRSHG�LQWHQWLRQDOO\�E\�DQ\�DGGLWLYHV��QHYHU �WKHOHVV�� WKH� JURZQ� FU\VWDOV� FRQWDLQHG� PR �
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OHFXODU�&2��± DQG�2+± DQLRQV�GXH�WR�UHVLGXDOPRLVWXUH�SUHVHQW�LQ�WKH�UDZ�PDWHULDO�DQG�WRVRPH� R[\JHQ� DPRXQW� LQ� WKH� JURZWK� DWPRV �SKHUH�DV�ZHOO�DV�WR�WKH�K\GUR[\O�FDUERQL]D �WLRQ� UHDFWLRQ� RFFXUULQJ� LQ� WKH� PHOW� >�@�6DPSOHV� RI� ��� PP� LQ� GLD�� DQG� ��� PP� LQKHLJKW�FXW�RXW�RI�JURZQ�FU\VWDOV�ZHUH� LUUD �GLDWHG� E\� D� ��&R VRXUFH� RI� γ�UDGLDWLRQ� DWWKH�GRVH�RI����.UDG��7KH�SUHVHQFH�RI�DERYH�PHQWLRQHG� R[\JHQ�FRQWDLQLQJ� LPSXULWLHVZDV� FRQWUROOHG� E\� ,5� VSHFWURVFRS\� �XVLQJFKDUDFWHULVWLF�YLEUDWLRQDO�VSHFWUD�RI�PROHFX �ODU�DQLRQV�� DV�ZHOO� DV�E\�FKHPLFDO� DQDO\VLV�,Q� ZKDW� IROORZV�� WKH� LPSXULW\� FRQWHQW� YDO �XHV�DUH�SUHVHQWHG�LQ�PRODU�SHU�FHQW�$FFRUGLQJ� WR� SXEOLVKHG� GDWD�� WKH� PDLQ� YL�EUDWLRQV�RI�&2��± LRQV�LQ�WKH�&V, FU\VWDO�PDWUL[DUH�SRVLWLRQHG�LQ������ν���������������ν���DQG��������FP�� �ν��� >�@��WKH�FKDUDFWHULVWLF�YLEUD�WLRQ�IUHTXHQF\�IRU�2+± LRQ�LV������FP�� >�@�$QDO\VLV� RI� ,5� VSHFWUD� KDV� VKRZQ� WKDW&2��± LRQ� DEVRUSWLRQ� EDQGV� DUH� W\SLFDO� IRUSUDFWLFDOO\�DOO�FU\VWDOV�JURZQ��PRUHRYHU��2+±LRQ� DEVRUSWLRQ� LV� UHYHDOHG� LQ� VRPH� FDVHV�� ,Q)LJ�����WKH�,5�VSHFWUXP�RI�D�FU\VWDO�FRQWDLQLQJ�⋅���� ��RI�&2� DQG��⋅���� RI�2+ LV�VKRZQ�$V�LV�VHHQ�IURP�)LJ�����LQWHQVLW\�RI�EDQGFRUUHVSRQGLQJ� WR� WKH� PRVW� LQWHQVH� �ν��� YL�EUDWLRQ� RI� FDUERQDWH� LRQ� H[FHHGV� VLJQLIL �FDQWO\�WKDW�RI�K\GUR[\O�LRQ�WKXV�HYLGHQFLQJD� ORZ� RVFLOODWRU� VWUHQJWK� RI� WKH� ODWWHU� >�@�3HUKDSV� WKLV� LV� MXVW� WKH� UHDVRQ� H[SODLQLQJWKH�IDFW�WKDW�2+± LRQV�GR�QRW�UHYHDOHG�DV�DUXOH� E\� ,5� VSHFWURVFRS\�ZKLOH� WKH\� DUH� GH �WHUPLQHG�UHOLDEO\�E\�FKHPLFDO�PHWKRGV�,Q� HOHFWURQ� DEVRUSWLRQ� VSHFWUD� RI� &V,FU\VWDOV�FRQWDLQLQJ�K\GUR[\O�LRQV��D�FKDUDF �WHULVWLF�EDQG�RI�2+± LRQ� LV� SUHVHQW�QHDU� WR����QP�>�@��VHH�)LJ�����FXUYH����

,UUDGLDWLRQ� RI� FU\VWDOV� FDXVHV� WKH� RFFXU �UHQFH�RI�DQ�LQWHQVH�DEVRUSWLRQ�LQ�WKH�UHJLRQRI� )� DQG� )�DJJUHJDWH� FRORU� FHQWHUV� DQG� DKROH�EDQG�QHDU�WR�����QP��WKDW�LV�LQ�DJUHH �PHQW�ZLWK� >�@�� 7KH� DEVRUSWLRQ� VSHFWUXP� RIWKH� LUUDGLDWHG� FU\VWDO� LV� WLPH�YDULDQW�)�W\SH� FHQWHU� EDQGV� DQG� WKH� KROH� RQH�����QP��GLVDSSHDU�FRPSOHWHO\��ZKLOH�DQ�LQ �FUHDVH� RI� DEVRUSWLRQ� LQ� WKH� ����QP� W\SLFDOIRU�8�FHQWHUV�IDPLO\�DEVRUSWLRQ�LV�REVHUYHGDW� WKH� H[SHQVH� RI� DEVRUSWLRQ� GURS� LQ� WKH2+± EDQG�UHJLRQ��)LJ�����FXUYH����$�GHWHULRUDWLRQ�RI�WKH�2+± EDQG�LV�DOVRREVHUYHG� LQ� ,5� VSHFWUD� RI� FRORUHG� FU\VWDOV&V,�2+�&2���� WKH� EDQG� GHWHULRUDWLRQ� LV� DF�FRPSDQLHG�E\�DQ�LQWHQVLW\�GHFUHDVH�RI�EDQGVFKDUDFWHULVWLF�IRU��&2��± LRQV��)LJ�����FXUYH����7KHUHZLWK�� D� VHULHV�RI�QHZ�EDQGV� LV� DS �SHDUHG�� ����� ����� ����� ����� ����� ����������� ������ ����� FP���� 3RVLWLRQV� DQG� LQ�WHQVLWLHV� UDWLRV� RI� WKRVH� EDQGV� DOORZ� WR� DV �FULEH�WKHP�WR�WKH�ELFDUERQDWH�LRQ�DEVRUSWLRQ>�@�� 6LPLODU� UDGLDWLRQ�FKHPLFDO� WUDQVIRUPD �WLRQV�RFFXU�DOVR�LQ�LUUDGLDWHG�&V,�&2�� FU\V�WDOV��'HVSLWH�RI�WKH�IDFW� WKDW�2+± LRQ�DE�VRUSWLRQ�GRHV�QRW�PDQLIHVW�LWVHOI�LQ�,5�VSHF �WUD� RI� WKRVH� FU\VWDOV�� WKH� IRUPDWLRQ� RI� EL �FDUERQDWH� LRQ� DW� WKH� H[SHQVH� RI� FDUERQDWHRQH�LV�REVHUYHG�LQ�DOO�FDVHV�7R� GLVFULPLQDWH� FRQWULEXWLRQV� RI� VXUIDFHDQG� YROXPH� SURFHVVHV� WR� WKH� UDGLDWLRQ�VWLPXODWHG�ELFDUERQDWH�LRQ�IRUPDWLRQ��PHDV �XUHPHQWV� ZHUH� SHUIRUPHG� ERWK� RQ� VDPSOHVRI�GLIIHUHQW�WKLFNQHVVHV�����DQG����PP��DQGRQ� WKRVH� ZLWK� WKH� VXUIDFH� OD\HU� HOLPLQDWHGE\� SRVW�LUUDGLDWLRQ� SROLVKLQJ�� ,Q� DOO� FDVHV�WKH�DEVRUSWLRQ�FRHIILFLHQW�PHDVXUHG�IRU�WKH�PRVWLQWHQVH�EDQG�RI�+&2�± LRQV�������FP��� ZDV�WKHVDPH�� 7KH� FRLQFLGHQFH� RI� UHVXOWV� REWDLQHG

)LJ����� ,5� DEVRUEWLRQ� VSHFWUD� RI� &V,� �2+�&2��FU\VWDOV�EHIRUH������DQG�DIWHU������γ�LUUDGLDWLRQ� )LJ����� 89� DEVRUSWLRQ� VSHFWUD� RI� K\GUR[\O�GRSHG�&V, FU\VWDOV��EHIRUH�LUUDGLDWLRQ�����DQGDIWHU� LUUDGLDWLRQ� DQG� GLVFRORUDWLRQ� LQ� WKHFRXUVH�RI�UHGXFWLRQ�����
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DOORZV� WR� FRQVLGHU� WKH� REVHUYHG� HIIHFW� DVWKDW�UHODWHG�WR�WKH�FU\VWDO�YROXPH�,Q�FRQWUDVW�WR�WKH�FDVH�RI��FU\VWDOV�FRQWDLQ �LQJ�ELFDUERQDWH�DE�LQLWLR >�@��+&2�± LRQV�DURVHQGXH�WR�LUUDGLDWLRQ�DUH�XQVWDEOH��7KHLU�GHFD\�DQGUHFRYHU\�RI� LQLWLDO� FDUERQDWH� LRQ�FRQFHQWUDWLRQLV�REVHUYHG�LQ�FU\VWDOV�ZKHQ�VWRUHG�LQ�WKH�GDUN�)LJ���� SUHVHQWV� WKH� WLPH� GHSHQGHQFH� RI� WKH+&2�± DEVRUSWLRQ� GHFUHDVH�� VWDUWLQJ� IURP� WKHLUUDGLDWLRQ�FRPSOHWLRQ�PRPHQW�/HW�WKH�SRVVLEOH�PHFKDQLVP�RI�ELFDUERQDWHIRUPDWLRQ�EH�FRQVLGHUHG��8QGHU�LUUDGLDWLRQ�RI$+&�FRQWDLQLQJ�K\GUR[\O�LRQV��WKH�ODWWHU�XQ �GHUJR� WKH� GLVVRFLDWLRQ�� ,Q� WKLV� FDVH�� WKH� IRO �ORZLQJ� UDGLDWLRQ�VWLPXODWHG� UHDFWLRQ� EHFRPHSRVVLEOH�
(2+±)∗ → +L� + 2± ���

+L� + &2��± + 9D+ = +&2�± + ) ���7KH�UHDFWLRQ�����LV�ZHOO�NQRZQ�IRU�$+&>�@�� 7KH� ���� RQH� SURSRVHG� WR� H[SODLQ� WKHREVHUYHG� HIIHFW� LV� RI� D� JRRG� SUREDELOLW\GXH� WR� D� KLJK� GLIIXVLYLW\� RI� K\GURJHQDWRPV��6LPLODU��+L� UHDFWLRQV�ZLWK�&1± DQG+6± LQ�$+&�ZHUH�GHVFULEHG� LQ� >�@��$� VSH �FLILF� IHDWXUH� RI� WKH� UHDFWLRQ� ���� LV� WKDWSURGXFWV� IRUPHG� DUH� VHSDUDWHG� VSDWLDOO\�VLQFH�� LQ� &V, DW� URRP� WHPSHUDWXUH�� WKHFRPSHQVDWLRQ�RI�WKH�H[FHVV�&2��± LRQ�FKDU�JH� E\� DQLRQLF� YDFDQF\� RFFXUV� DV� D� UXOHLQORFDOO\�>�@��'LIIXVLRQ�RI�)�FHQWHUV�LQ�WKHFRXUVH� RI� FU\VWDO� VWRUDJH� UHVXOWV� LQ� ELFDU �ERQDWH� LRQ�GHFD\�
) + +&2�± = &2��± + +D� ���

UHVXOWLQJ� LQ� WKH� IRUPDWLRQ�RI�FDUERQDWH� LRQDQG�K\GURJHQ�DWRP��LQ��WKH�DQLRQLF�YDFDQF\�8� FHQWHU��$FFRUGLQJ� WR� WKH� PHFKDQLVP� SURSRVHG�WKH�+&2�± LRQ�GHFD\�LQ�LUUDGLDWHG�FU\VWDOV�LVOLPLWHG� QRW� E\� HOHFWURQ� SURFHVVHV� EXW� E\LRQLF�RQHV��GLIIXVLRQ�RI�)�FHQWHUV���,W�LV�MXVWWKH� HIIHFWLYH� WUDQVIRUPDWLRQ� RI� )� FHQWHUVLQWR� )�DJJUHJDWH� RQHV� >�@� WKDW� HYLGHQFHV� DUDWKHU� IDVW� GLIIXVLRQ�RI�)�FHQWHUV� LQ� &V, DWURRP�WHPSHUDWXUH�7KH�VFKHPH�SURSRVHG�H[SODLQV�WKH�PHFKD �QLVP�RI�VWDEOH�UDGLDWLRQ�LQGXFHG�GHIHFWV�IRU �PDWLRQ��VLQFH�+&2�± LRQ�LV�GHFD\HG�ZKHQ�DI�IHFWHG� E\�)� FHQWHU�� LW� FDQ� EH� FRQVLGHUHG� DVDQ�DQDORJXH�RI�KROH� FHQWHU��7KH�UHDVRQDELO �LW\�RI�WKDW�DQDORJ\�FDQ�EH�FKHFNHG�VWXG\LQJWKH� DGGLWLYH� FRORUDWLRQ� RI� WKH� FU\VWDO�� 6SH �FLDO� H[SHULPHQWV� KDYH� FRQILUPHG� WKDW� WKH+&2�± IRUPDWLRQ�WDNHV�SODFH�RQO\�XQGHU� &V,FRORUDWLRQ�LQ�KDORJHQH�YDSRU�RQO\�EXW�QRW�LQWKDW�RI�WKH�PHWDO�7KH� IDFW� WKDW� DOO� LUUDGLDWHG� &V,�&2��FU\VWDOV� H[KLELWHG�+&2�± IRUPDWLRQ�DW�WKHH[SHQVH�RI�&2��± LRQ�FRQFHQWUDWLRQ�DOORZVWR�SURSRVH� WKH�XVH�RI� WKH�HIIHFW� UHYHDOHGDV�D� WHVW� IRU� WKH�SUHVHQFH�RI�2+��LRQV� LQWKH�PDWUL[�DQG�IRU�D�URXJK�HVWLPDWLRQ�RIWKHLU� DPRXQW�� $W� WKH� VDPH� LUUDGLDWLRQGRVH��LQWHQVLW\�RI�ELFDUERQDWH�LRQ�DEVRUS �WLRQ� IRU� FU\VWDOV� JURZQ� LQ� SODWLQXP�FUX �FLEOHV� LV� KLJKHU� WKDQ� IRU� WKRVH� REWDLQHGLQ� TXDUW]� DPSRXOHV�� 7KLV� FDQ� EH� H[ �SODLQHG�E\�WKDW�TXDUW]�IDYRXUV�D�VXEVWDQ �WLDO�GHFUHDVH�RI� WKH�K\GUR[\O� LRQ�FRQFHQ �WUDWLRQ�LQ�WKH�FU\VWDO�GXH�WR�IRUPDWLRQ�RIVLOLFDWHV� LQVROXEOH� LQ� WKH� &V, PHOW�� WKLVSURFHVV�LQYROYHV�R[\JHQ�FRQWDLQLQJ�LPSX �ULWLHV� >�@� 5HIHUHQFHV���3�$YDNLDQ��$��6PDNXOD��3K\V�5HY�����������������������,�3�$QWRQLY��9�7�=LOEHUW��0�9�=RWRY��)L]LFKH�VND\D�(OHNWURQLND��ð������������������$�9�(JUDQRY�� (�$�5DG]KDERY�� 6SHFWURVFRS\� RI2[\JHQ� DQG�+\GURJHQ� &HQWHUV� LQ� $ONDOL� +DOLGH&U\VWDOV��1DXND��1RYRVLELUVN��������>LQ�5XVVLDQ@����<D�,�=DNKDULQ��/�9�.RYDOHYD�HW�DO���LQ��&U\VWDO*URZWK� DQG� 3URSHUWLHV�� 91,,�0RQRNULVWDOORY3XEO����WK�,VVXH���������S����>LQ�5XVVLDQ@����9�,�*RULOHWVN\�� /�*�(LGHOPDQ� HW� DO��� 1XFO�,QVWU��0HWK���3K\V��5HV���$�������������������$�,�0LWLFKNLQ��$�1�3DQRYD��/�9�8GRYLFKHQNR�.�9�6KDNKRYD��=K��3ULNO��6SHNWU���������������������,�=�*XG¶�� %�9�3DYO\N�� <D�$�6WUXN�� 8NU��)L]�=K�������������������

)LJ�����$EVRUSWLRQ�FRHIILFLHQW�RI�+&2�± LRQ�ORFDOYLEUDWLRQ������FP�� DV�D�IXQFWLRQ�RI�WKH�WLPHIURP�WKH�LUUDGLRQ�FRPSOHWLRQ�
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���1�1�6PLUQRY��9�5�/XELQVN\�� LQ��6LQJOH�&U\V�WDOV� DQG� (QJLQHHULQJ�� ��� ���� ,6&� 3XEO��.KDUNRY���������>LQ�5XVVLDQ@�
���$�9�*HNWLQ�� 1�9�6KLUDQ� HW� DO��� 2SWLND� L6SHNWU�������������������
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