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VDU\� WR�GHFUHDVH� WKH� UDWH� RI� $O�2� HYDSRUD�WLRQ�� 7KLV� PD\� EH� DFKLHYHG� ZLWK� KLJKHU�!��WRUU��SUHVVXUHV�RI�D�PHGLXP�ZKLFK�PDLQFRPSRQHQW� LV� D� JDV�QHXWUDO�ZLWK� UHVSHFW� WR$O�2� �H�J��$U RU�+H���6XFK�D�PHGLXP�LV�QRWRQO\� SURWHFWLYH� IRU�: DQG�0R �WKH� FUXFLEOHDQG� KHDWHU�PDWHULDOV��� LW� DOVR� DOORZV� WR� HV �VHQWLDOO\� LQFUHDVH� WKH� VHUYLFH� OLIH� RI� � WKHFDUERQ� JUDSKLWH� VFUHHQV�� +RZHYHU�� LQ� WKLVFDVH�WKH�RSWLFDO�FKDUDFWHULVWLFV�DQG�WKH�ILQHIDXOW\� VWUXFWXUH� RI� WKH� FU\VWDOV�PD\�EH� LQ �IOXHQFHG� E\� YLRODWLRQV� RI� WKH� PHOWVWRLFKLRPHWU\� LQ� WKH� SURFHVV� RI� FU\VWDO �OL]DWLRQ��GXH� WR� WKH�SUHVHQFH� �RI� WKH� UHGXF �LQJ� FRPSRQHQW� LQ� WKH�PHGLXP��7KH�SUHVHQWSDSHU� LV� GHYRWHG� WR� LQYHVWLJDWLRQ� RI� WKHPHQWLRQHG� FKDUDFWHULVWLFV� RI� WKH� VDSSKLUHVLQJOH�FU\VWDOV�JURZQ�LQ�$U ��&2 JDV�DWPRV�SKHUH��XQGHU����������WRUU�SUHVVXUH�([SHULPHQWDO� FU\VWDOV� PHDVXULQJ��×��×���PP� ZLWK� WKH� FU\VWDOORJUDSKLFRULHQWDWLRQ� �������ZHUH�JURZQ� LQ� �$U ��&2�DWPRVSKHUH�XQGHU����������WRUU�SUHVVXUH�E\WKH�PHWKRG�RI�+2&�XVLQJ�DQ�DSSDUDWXV�ZLWKFDUERQ� JUDSKLWH� KHDWLQJ� XQLW�� )RU� WKH� RE �WDLQLQJ� RI� WKH� FU\VWDOV�� WKHUH� ZDV� XVHG� DVWDUWLQJ�PDWHULDO�ZLWK�ORZ�LPSXULW\�FRQWHQW�7DEOH����7KH�FU\VWDOV�ZHUH�JURZQ�IURP�WKHVDPH� VWDUWLQJ� PDWHULDO� EDWFK� XQGHU� LGHQWL �FDO� WHFKQRORJLFDO� FRQGLWLRQV� �JURZWK� UDWH�WHPSHUDWXUH�JUDGLHQW��HWF����7KH�UHFWDQJXODUH[SHULPHQWDO� VDPSOHV� PHDVXULQJ��×��×��PP� ZLWK� WKH� VXUIDFH� RULHQWDWLRQ�������� ����__��� DQG� ����__��� ZHUH� FXW� RXWDORQJ� WKH� JURZWK� GLUHFWLRQ� IURP� WKH� VDPHWDLO� SDUWV� RI� WKH� JURZQ� FU\VWDOV�� 7KH� VDP �SOHV� ZHUH� RULHQWHG� WR� DQ� DFFXUDF\� RI� ±����DQG� VXEMHFWHG� WR� WKH� IROORZLQJ� WUHDWPHQW�IODW� SROLVKLQJ� E\� ERXQG� DEUDVLYH�� SUHFLVLRQJULQGLQJ�E\�ERURQ�FDUELGH�SRZGHUV�ZLWK�GLI �IHUHQW� JUDLQ� VL]H��PHFKDQLFDO� DQG� FKHPLFR�PHFKDQLFDO� ILQLVK� SROLVKLQJ�� 7KH� URXJKQHVV5$ RI� WKH� VDPSOH� VXUIDFHV�SUHSDUHG�IRU� WKHPHDVXUHPHQWV�ZDV�a��� Å ��DQG�WKLV�IDFW�GLGQRW� H[HUW� HVVHQWLDO� LQIOXHQFH� RQ� WKH� FRQWUL �EXWLRQ� RI� WKH� GDPDJHG� VXUIDFH�DGMDFHQWOD\HU� LQWR� WKH� UHVXOWV� RI� ;�UD\� GLIIUDFWLRQDQG�RSWLFDO�PHDVXUHPHQWV��7KH�WUDQVPLVVLRQVSHFWUD�RI�WKH�VDPSOHV��7�λ������ZHUH�UHJLV�WHUHG� RQ� �63(&25'�89�9,6�� VSHFWUR�SKRWRPHWHU�LQ�����������QP�VSHFWUDO�UHJLRQ�7KH� DEVRUSWLRQ� VSHFWUD� �.�λ��� FP���� ZHUH

EXLOW� DIWHU� D� FRUUHFWLRQ� IRU� UHIOHFWLRQ� DQGUHGXFWLRQ�WR�WKLFNQHVV��XQLWV�7KH� FRQFHQWUDWLRQ� RI� )�FHQWHUV� LQ� WKHVDPSOHV� ZDV� HVWLPDWHG� IURP� WKH� 6PDNXOODIRUPXOD�XVLQJ�WKH�YDOXHV�RI�RVFLOODWRU�IRUFHREWDLQHG� LQ� >�@�� 7R� HVWLPDWH� WKH� FRQFHQWUD �WLRQ�RI�PLFUR�SDUWLFOHV�LQ�WKH�VDPSOHV��WKHUHZDV�XVHG�0,&���RSWLFDO�PLFURVFRSH�DQG� WKHGDWD�RQ� WKH� FU\VWDOV¶� DEVRUSWLRQ� LQ� WKH� YLV �LEOH� UHJLRQ� RI� WKH� VSHFWUXP�� 7KH� GHJUHH� RIVWUXFWXUH� SHUIHFWLRQ� RI� WKH� JURZQ� VDSSKLUHFU\VWDOV� ZDV� VWXGLHG� RQ� WKH� PXOWLSXUSRVHWKUHH�FU\VWDO�;�UD\�GLIIUDFWRPHWHU��7;'��LQ&X�.α UDGLDWLRQ��7KH�XVH�RI�7;'�LQYHVWLJD �WLRQ�PHWKRGV�DOORZHG�WR�H[FOXGH�WKH�FRQWUL �EXWLRQ� RI� LQVWUXPHQWDO� EURDGHQLQJ� LQWR� WKHGLIIUDFWLRQ� UHIOHFWLRQ� FXUYHV� �'5&��� WRDFKLHYH� DQ� DQJXODU� '5&� UHVROXWLRQ� RI� a�DUFVHF� DQG� WKH� URFNLQJ� FXUYH� KDOIZLGWKa������DUFVHF��WKH�HUURU�RI�WKH�GHWHUPLQDWLRQRI� WKH� LQWHJUDO� UHIOHFWLRQ� SRZHU� ,5 ≤ ����WKH� UHODWLYH� YDULDWLRQ� RI� FU\VWDO� ODWWLFH� SD �UDPHWHU� ∆G�G a��⋅���� >�@�� 7KH� VKDSH� DQGDQJXODU�SRVLWLRQ�RI�'5&�FXUYH��WKH�SDUDPH �WHUV�β� ,5��∆G�G DOORZHG�WR�HVWLPDWH�WKH�GH�JUHH� RI� VWUXFWXUH� SHUIHFWLRQ� RI� WKH� LQYHVWL �JDWHG� VDPSOHV� DGHTXDWHO\� HQRXJK�� 7R� HVWL �PDWH�WKH�VWUXFWXUH�SHUIHFWLRQ�LQ�WKH�EXON�RIWKH�FU\VWDOV��WKHUH�ZDV�UHDOL]HG�OLQHDU�VFDQ �QLQJ�RI�WKH�VDPSOH��DW�D�VWHS�RI���� �����PP�ZLWK�UHVSHFW�WR�LQFLGHQW�PRQRFKURPDWLF� ;�UD\EHDP�� DQG� WKH� FKDUDFWHULVWLFV� β�/��� ,5�/��
∆G�G�/��ZHUH�REWDLQHG��7KH�VKDSH�DQG�DQJX �ODU�'5&�SRVLWLRQ�ZHUH�HVWDEOLVKHG�DW�D�WHP �SHUDWXUH� RI� ���± ����&�� 7KH� FU\VWDO� ODWWLFHSDUDPHWHUV� �D�� F��ZHUH�GHWHUPLQHG�XVLQJ� WKH%RQG� PHWKRG� DQG� WKH� PHWKRG� GHYHORSHG� E\WKH�DXWKRUV�>�@�7KH� SHUIRUPHG� RSWLFDO� LQYHVWLJDWLRQVVKRZ�WKDW��LQ�FRQWUDVW�WR�WKH�RSWLFDO�VSHFWUDRI� VDSSKLUH� FU\VWDOV� JURZQ� LQ� &2 JDV� PH�GLXP� XQGHU� ���������� WRUU� SUHVVXUH� >�@�WKRVH� RI� WKH� FU\VWDOV� JURZQ� LQ� �$U ��&2�DWPRVSKHUH� XQGHU� D� SUHVVXUH� RI���������WRUU�KDYH�QR�7L�� DEVRUSWLRQ�EDQGV�DQG� WKLV� LV� FDXVHG� E\� KLJK�GHJUHH� RI� 7L UH�GXFWLRQ�� 'XH� WR� WKH� VDPH� IDFW� WKH� ODWWHUFU\VWDOV� SRVVHVV� HOHYDWHG� UHVLVWDQFH� WR� 89�LUUDGLDWLRQ��FRORU�FHQWHUV�DUH�QRW�IRUPHG�LQWKHP��� 7KH� VSHFWUD� RI� DOO� WKH� FU\VWDOV� FRQ �WDLQ�RQO\� WKH�DEVRUSWLRQ�EDQGV�RI� )�FHQWHUV����� QP�� ZKLFK� LQWHQVLW\� LQFUHDVHV� DV� WKHSURWHFWLYH�PHGLXP� SUHVVXUH� JURZV� �)LJ�����
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7KH� FRQFHQWUDWLRQ� RI� )�FHQWHUV� LQ� WKH� VDP�SOHV� HVWLPDWHG� IURP� WKH� 6PDNXOOD� IRUPXODLQFUHDVHV� IURP� a���� FP�� LQ� WKH� FU\VWDOJURZQ� XQGHU� D� SUHVVXUH� RI� ��� WRUU�� XS� WRa�����⋅���� FP�� LQ� WKRVH� JURZQ� DW����������WRUU��)LJ���G���7KHUH� LV� DOVR� REVHUYHG� ORZ� WUDQVSDUHQF\RI� WKH� FU\VWDOV� JURZQ� XQGHU� D� SUHVVXUHKLJKHU�WKDQ����WRUU�LQ�WKH�YLVLEOH�UHJLRQ�RIWKH� VSHFWUXP��6XFK�D� IDFW� LV� FDXVHG�E\� WKHSUHVHQFH�RI�PLFUR�SDUWLFOHV��OLJKW�VFDWWHULQJFHQWHUV��ZKLFK� IRUPDWLRQ� LV� FRQQHFWHG�ZLWKYLRODWLRQ� RI� WKH� PHOW� VWRLFKLRPHWU\� >����@�

7KH� PLFUR�SDUWLFOH� FRQFHQWUDWLRQ� DOVR� GH �FUHDVHV� ZKHQ� WKH� SUHVVXUH� RI� WKH� PHGLXPJURZV�IURP�a��� FP�� LQ�WKH�FU\VWDOV�JURZQXQGHU����WRUU�SUHVVXUH��XS�WR������⋅��� FP��LQ� WKH� FU\VWDO� REWDLQHG�XQGHU�D�SUHVVXUH�RI���� WRUU� �)LJ���G��� 7KH� LQIOXHQFH� RI� WKHVHGHIHFWV� �ZKLFK� DUH� QRW� W\SLFDO� RI� WKH� VDS �SKLUH� FU\VWDOV� JURZQ� LQ� D� PHGLXP� QHXWUDOZLWK� UHVSHFW� WR� $O�2� PHOW�� RQ� WKH� IRUPD�WLRQ�RI�ILQH�IDXOW\�VWUXFWXUH�RI�WKH�FU\VWDOV�LV�RI�FRQVLGHUDEOH�LQWHUHVW�7R� VWXG\� WKH� FU\VWDOV¶� VWUXFWXUH� SHUIHF �WLRQ�� WKHUH� ZHUH� XVHG� WKH� UHIOH[HV� RI� WKHUHIOHFWLRQ� RI� WKH� FU\VWDOORJUDSKLF� SODQHV�������� ����__���� ����__���� ����__����3UHVHQWHG� LQ)LJ���� DUH� WKH� VWUXFWXUH� SHUIHFWLRQ�SDUDPH �WHUV�β
__ DQG��,5___ IRU� WKH� UHIOH[HV� ^�����`�DQG^���__�`� DYHUDJHG�RYHU� WHQ�PHDVXUHPHQWV� �DWVFDQQLQJ� WKH� VDPSOHV� DORQJ� WKH� JURZWK� GL �UHFWLRQ�� GHSHQGLQJ� RQ� WKH� SUHVVXUH� RI� WKHJURZWK� PHGLXP� $U ��&2 �FXUYHV� ���� $V� LVVHHQ�� WKH� JURZQ� FU\VWDOV� VKRZ� WHQGHQF\� WRDQ�LQFUHDVH�RI�WKH�SDUDPHWHU�β

__��'5&�VPHDU�LQJ� LV� PDLQO\� FDXVHG� E\� WKH� SUHVHQFH� RIPLFUR�EORFNV� ZLWK� ORZ�DQJOH� GLVORFDWLRQERXQGDULHV� DQG� ������� DUFVHF� GLVRULHQWDWLRQDQJOHV�� )RU� WKH� UHIOH[� ^���__�`� �)LJ���E�� WKHSDUDPHWHU� YDOXHV� DUH� KLJKHU� WKDQ� IRU� WKHUHIOH[� ^�����`� �)LJ��D��� DQG� WKLV� LV� HYL �GHQWO\� ERXQG� XS� ZLWK� WKH� FRQWULEXWLRQ� RIH[WHQVLRQ�FRPSUHVVLRQ� VWUHVVHV� LQ� WKH� EXONRI�WKH�FU\VWDO��

)LJ�����%HKDYLRU�RI�WKH�URFNLQJ�FXUYH�KDOIZLGWK�β �D��E��DQG�WKH�LQWHJUDO�UHIOHFWLRQ�SRZHU� ,5 �F��G�GHSHQGLQJ�RQ� WKH�JURZWK�PHGLXP�SUHVVXUH� DIWHU� WKH�JURZWK��FXUYHV� ���DQG�DIWHU�DGGLWLRQDO�KLJK�WHPSHUDWXUH�DQQHDOLQJ��FXUYHV����

)LJ����� 7�λ�� VSHFWUD� RI� VDSSKLUH� FU\VWDOVJURZQ� LQ� $U ��&2 PHGLXP�� &XUYHV� �� ��� �FRUUHVSRQG�WR�WKH�FU\VWDOV�REWDLQHG�DW��������DQG� ���� WRUU�� UHVSHFWLYHO\�� &XUYH� � LV�PHDV�XUHG�DIWHU�KLJK�WHPSHUDWXUH�DQQHDOLQJ�RI�WKHFU\VWDOV� JURZQ� DW� ���� WRUU� SUHVVXUH�� 7KHVDPSOHV�WKLFNQHVV�LV���PP�
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7KH�'5&�VSOLWWLQJ��)LJ�����DOORZV�WR�HVWL �PDWH�WKH�FURVV�VHFWLRQ�RI�PLFUR�EORFNV�IURPWKH� DUHD�RI� WKH� LUUDGLDWHG�SDUW�RI� WKH�FU\V �WDO�� LWV� FURVV�VHFWLRQ�� WKH� TXDQWLW\� RI� WKHSHDNV� DQG� WKHLU� LQWHQVLW\� LQ� WKH�PD[LPXP�)RU�LQVWDQFH��IRU�WKH�UHIOH[�RI�^���__�`�UHIOHF�WLRQ� WKH� FURVV�VHFWLRQ� RI� PRQRFKURPDWLFEHDP�RQ�WKH�VDPSOH�LV�a���µP�DQG�WKH�'5&KDV� QRW� OHVV� WKDQ� �� VHSDUDWHG� UHIOH[HV� RI

GLIIHUHQW� LQWHQVLW\� �)LJ���D��� 7KH� PLFUR�EORFNFURVV�VHFWLRQ�YDULHV�ZLWKLQ�WKH�OLPLWV������µP�5RXJK� PLFUR�EORFN� VWUXFWXUH� ZLWK� GLVRULHQWD �WLRQ� DQJOHV�!���� ZDV�QRW� REVHUYHG� LQ� DOO� WKHLQYHVWLJDWHG�VDPSOHV�7KH�UHVXOWV�RI�WKH�PHDVXUHPHQWV�RI�WKH�FU\VWDOODWWLFH�SDUDPHWHUV�F��Å �±�⋅���� Å��DQG�D��Å �±�⋅���� Å��LQ�WKH�JURZQ�FU\VWDOV DUH�SUHVHQWHG LQ�)LJ����D��E���FXUYHV����$V�LV�VHHQ��WKH�SDUDPHWHU

)LJ�����&KDQJHV�LQ�WKH�ODWWLFH�SDUDPHWHUV�DQG�WKH�FRQFHQWUDWLRQ�RI�GHIHFWV��YDFDQFLHV�DQG�P LFUR�SDU�WLFOHV��LQ�WKH�FU\VWDOV�GHSHQGLQJ�RQ�WKH�JURZWK�PHGLXP�SUHVVXUH���D��²�WKH�SDUDPHWHU� F���E��²�WKHSDUDPHWHU�D�� �F��²� WKH� HOHPHQWDU\� FHOO� YROXPH� 9�� FXUYHV��� DQG��� DUH�PHDVXUHG�EHIRUH�DQG�DIWHUKLJK�WHPSHUDWXUH� DQQHDOLQJ�� UHVSHFWLYHO\�� �G��²� WKH� FRQFHQWUDWLRQV� RI� )�FHQWHUV� EHIRUH� �FXUYH� ��DQG�DIWHU��FXUYH����KLJK�WHPSHUDWXUH�DQQHDOLQJ�DQG�WKH�FRQFHQWUDWLRQ�RI�PLFUR�SDUWLFOHV��FXUYH� ���

)LJ����� &KDUDFWHULVWLF� VKDSHV� RI� URFNLQJ� � FXUYH� IRU� ^���__�`� UHIOH[�� �D��²� DIWHU� WKH� JURZWK�� �E��²DIWHU�DGGLWLRQDO�KLJK�WHPSHUDWXUH�DQQHDOLQJ�
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F LQFUHDVHV �a�⋅���� Å� DQG�WKH�SDUDPHWHU�DVOLJKWO\� GLPLQLVKHV� �a��� ⋅���� Å �� ZKHQ� WKHSUHVVXUH� LQFUHDVHV� IURP� ��� WR� ���� WRUU� LQWKH� SURFHVV� RI� FU\VWDO� JURZWK�� 7KH�GHSHQG �HQFH� RI� WKH� HOHPHQWDU\� FHOO� YROXPH� 9�� Å��±�⋅���� Å �� SUHVHQWHG� LQ� )LJ���F� �FXUYH� ��ZDV� FDOFXODWHG� IURP� WKHVH� SDUDPHWHUV�� 7KHREVHUYHG� LQFUHDVH� RI� 9 FRUUHODWHV� ZLWK� WKHGHSHQGHQFH� RI� WKH� FRQFHQWUDWLRQ� RI� DQLRQLF� YD �FDQFLHV�DQG�PLFUR�SDUWLFOHV�LQ�WKH�FU\VWDOV�RQ�WKHJURZWK� PHGLXP� SUHVVXUH� �)LJ���G�� FXUYHV� ����REWDLQHG�IURP�RSWLFDO�PHDVXUHPHQWV��)LJ�����$V� PHQWLRQHG� DERYH�� )LJ����� �� SUHVHQWWKH�GDWD�DYHUDJHG�RYHU�WHQ�PHDVXUHPHQWV�DWVFDQQLQJ� WKH� VDPSOHV� DORQJ� WKH� JURZWK� GL �UHFWLRQ��7KH�GHSHQGHQFHV� β�/��DQG�,5�/��IRUWKH� UHIOH[� ^�����`� DQG� F�/�� REWDLQHG� ZKLOHVFDQQLQJ�WKH�VDPSOH�DORQJ�WKH�JURZWK�GLUHF �WLRQ��IRU�WKH�FU\VWDO�JURZQ�DW�����WRUU�SUHV �VXUH� RI� WKH�PHGLXP� $U ��&2�� DUH� VKRZQ� LQ)LJ���� �FXUYHV� ���� $QDORJRXV� GHSHQGHQFHV�PRUH�RU�OHVV�SURQRXQFHG��DUH�W\SLFDO�RI�DOOWKH�LQYHVWLJDWHG�VDPSOHV��DW�WKH�FU\VWDO�WDLOWKH� DPRXQW� RI� GHIHFWV� LQFUHDVHV� �WKHUH� DUHREVHUYHG�'5&�ZLGHQLQJ� DQG�JURZWK�RI� ,5��PRUHRYHU�� IRU� DOO� WKH� FU\VWDOV� WKH� ODWWLFHSDUDPHWHU� F LQFUHDVHV�� ,W� VKRXOG� EH� QRWHGWKDW� URXJK�PLFUR�EORFN� VWUXFWXUH� LV�QRW� UH �YHDOHG� HYHQ� LQ� WKLV� SDUW� RI� WKH� FU\VWDO�7KHUH� RQO\� SUHYDLO� ORZ�DQJOH� �� ����� DUFVHF�URWDWLRQV�� WKRXJK� WKH� LQFUHDVH�RI� � ,5 XS� WR����� WHVWLILHV� WKDW� WKH� GLVORFDWLRQ� GHQVLW\DQG� RWKHU� GHIHFWV� �LQFOXGLQJ� SRVVLEOH� LPSX �ULWLHV�ZLWK�. �����LQFUHDVH�

7KXV�� LQYHVWLJDWLRQV� RI� WKH� VWUXFWXUH� RIVDSSKLUH� FU\VWDOV� JURZQ� LQ� UHGXFLQJ� $U �&2 JDV�PHGLD�XQGHU� SUHVVXUHV� KLJKHU� WKDQ�� WRUU� DOORZHG� WR�HVWDEOLVK� WKH� LQIOXHQFH�RIWKH�SUHVVXUH�RQ� WKH� VWUXFWXUH�SHUIHFWLRQ� RIWKH�FU\VWDOV��7KH�RSWLFDO�FKDUDFWHULVWLFV�DQGVWUXFWXUH� SHUIHFWLRQ� RI� WKH� VDPSOHV� JURZQXQGHU�D�SUHVVXUH�RI���������WRUU�DUH�FORVH�WRWKRVH� REVHUYHG� IRU� WKH� FU\VWDOV� JURZQ� LQYDFXXP� RU� LQ� &2 PHGLXP� XQGHU���������� WRUU� SUHVVXUH� >�@�� 7KHVH� FKDUDF �WHULVWLFV� ZRUVHQ� DV� WKH� SUHVVXUH� LQFUHDVHV�:KLOH� DQDO\]LQJ� WKHVH� GDWD�� WKHUH�PXVW� EHWDNHQ� LQWR�DFFRXQW�QRW�RQO\� REYLRXV�HIIHFWVRI�GLVORFDWLRQ�GHQVLW\��VWUHVVHV�DQG�QRQ�XQL �IRUP�LPSXULW\�GLVWULEXWLRQ��EXW�DOVR�VSHFLILFGHIHFWV� FKDUDFWHULVWLF�RI� WKH� FU\VWDOV�JURZQLQ� UHGXFLQJ� PHGLD�� &RPSDULVRQ� RI� WKH� UH �VXOWV� RI� VWUXFWXUH� LQYHVWLJDWLRQV� ZLWK� WKHGDWD�RI�RSWLFDO�PHDVXUHPHQWV�VKRZV�D�FRUUH �ODWLRQ�RI� WKH� SDUDPHWHUV� FKDUDFWHUL]LQJ� WKHVWUXFWXUH�SHUIHFWLRQ�ZLWK�WKH� FRQFHQWUDWLRQRI� GHIHFWV� ZKLFK� SUHVHQFH� LV� FDXVHG� E\� WKHLQWHUDFWLRQ� RI� $O�2� PHOW� ZLWK� WKH� UHGXFLQJFRPSRQHQW�RI�&2 PHGLXP��L�H��DQLRQLF�YDFDQ�FLHV�DQG�PLFUR�SDUWLFOHV��)LJ���F��+LJK�WHPSHUDWXUH� DQQHDOLQJ� RI� WKH� FU\V �WDOV� FKDQJHV� ERWK� WKH� FRQFHQWUDWLRQ� RI� DQ �LRQLF� YDFDQFLHV� �LQFUHDVHV� RU� GLPLQLVKHV� LW�GHSHQGLQJ� RQ� WKH� DQQHDOLQJ�PHGLXP�SRWHQ �WLDO��DQG�WKH�FKDUJH�VWDWH�RI�WKH�LPSXULWLHV�$V� HVWDEOLVKHG� HDUOLHU�� VSHFLDOO\� FKRVHQ� SD �UDPHWHUV� RI� WKH�DQQHDOLQJ�PHGLXP�DOORZ� WRHTXDOL]H� WKH� RSWLFDO� FKDUDFWHULVWLFV� FRQ �QHFWHG� ZLWK� WKH� SUHVHQFH� RI� WKHVH� GHIHFWV�RYHU�WKH�OHQJWK�DQG�WKLFNQHVV�HYHQ�RI�ODUJH�VL]H� ����×���×���PP��� FU\VWDOV� >�@�� ,Q� WKHSUHVHQW�SDSHU�ZH�LQYHVWLJDWHG�WKH�LQIOXHQFHRI�KLJK�WHPSHUDWXUH�DQQHDOLQJ�RQ�WKHLU�WKLQGHIHFW�VWUXFWXUH��7R�GLPLQLVK�WKH�FRQFHQWUDWLRQ�RI�DQLRQLFYDFDQFLHV�� DQQHDOLQJ�ZDV� UHDOL]HG� LQ� &2 ²WKH�PHGLXP�ZLWK�D�UHGXFLQJ�SRWHQWLDO�ORZHUWKDQ� WKH�RQH�XVHG� IRU�JURZLQJ� WKH�FU\VWDOV²� XQGHU� D� SUHVVXUH� RI� DERXW� ���� WRUU� DW�����&�GXULQJ����KRXUV��7\SLFDO�FKDQJHV�LQWKH� RSWLFDO� FKDUDFWHULVWLFV� RI� WKH� VDPSOHVFDXVHG�E\�DQQHDOLQJ�DUH�SUHVHQWHG�LQ�)LJ����$V� LV� VHHQ�� IRU� WKH� FU\VWDO� JURZQ� XQGHU����WRUU�SUHVVXUH�RI�$U ��&2��DQQHDOLQJ�HV�VHQWLDOO\� GLPLQLVKHV� WKH� DEVRUSWLRQ� LQ� WKHUHJLRQ�RI�)�FHQWHUV��LQ�WKH�YLVLEOH�UHJLRQ�RIWKH�VSHFWUXP�QRWLFHDEOH�FKDQJHV�DUH�QRW�RE �VHUYHG� �)LJ����� FXUYHV� ������ ,Q� DOO� WKH� VDP �SOHV� WKH� FRQFHQWUDWLRQ� RI� YDFDQFLHV� GH �FUHDVHG� GRZQ� WR� WKH� OHYHO� RI� a� ⋅���� FP���LQ�DFFRUGDQFH�ZLWK�WKH�YDOXH�RI�WKH�DQQHDO �LQJ�PHGLXP�SRWHQWLDO���WKH�FRQFHQWUDWLRQ�RIPLFUR�SDUWLFOHV� UHPDLQLQJ� XQFKDQJHG� �)LJ�

)LJ����� %HKDYLRU� RI� WKH� URFNLQJ� FXUYHKDOIZLGWK�β �D���WKH� LQWHJUDO�UHIOHFWLRQ�SRZHU,5 �E��DQG�WKH�ODWWLFH�SDUDPHWHU�F�DW�VFDQQLQJWKH� VDPSOH� DORQJ� WKH� JURZWK� D[LV� �DW� D� GLV�WDQFH�RI����PP�IURP�WKH�FHQWHU�WR�WKH�WDLO�RIWKH� FU\VWDO�JURZQ�DW�����WRUU�SUHVVXUH�RI� $U��&2 PHGLXP�� DIWHU� WKH� FU\VWDO� JURZWK�FXUYH� ��� DQG� DIWHU� DGGLWLRQDO� KLJK�WHPSHUD�WXUH�DQQHDOLQJ��FXUYH����
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)XQFWLRQDO�PDWHULDOV������������� ���



�G��FXUYHV�����������7KH�UHVXOWV�RI�WKH�SHU �IRUPHG� VWUXFWXUH� LQYHVWLJDWLRQV� VKRZ� WKDWIRU� DOO� WKH� FU\VWDOV� WKH� KDOIZLGWK� RI� WKHURFNLQJ�FXUYH�GLPLQLVKHV��LWV�VKDSH�FKDQJHV�)LJ���D��E��FXUYHV����)LJ���E��DQG�WKHUH�DOVRGHFUHDVH� WKH� LQWHJUDO� UHIOHFWLRQ�SRZHU� �)LJ��F�� G�� FXUYHV� ��� DQG� WKH� HOHPHQWDU\� FHOOYROXPH��)LJ�����FXUYHV�����:LWKLQ�WKH�OLPLWVRI� WKH� PHDVXUHPHQW� HUURU�� QR� QRWLFHDEOHFKDQJHV�RI�WKHVH�SDUDPHWHUV�DUH�HVWDEOLVKHGDW�VFDQQLQJ�WKH�DQQHDOHG�VDPSOHV�DORQJ�WKHJURZWK�GLUHFWLRQ��)LJ�����FXUYHV�����$QDO\VLV� RI� WKH� GDWD� SUHVHQWHG� DERYHVKRZV� WKDW� WKH� SUHVHQFH� RI� PLFUR�SDUWLFOHVDQG� QRQ�XQLIRUP� LPSXULW\� GLVWULEXWLRQ� GRQRW�H[HUW�QRWLFHDEOH� LQIOXHQFH�RQ�WKH�VWUXF �WXUH� SHUIHFWLRQ� RI� WKH� FU\VWDOV��'HVSLWH� WKHIDFW� WKDW� WKH� FRQFHQWUDWLRQ� RI� PLFUR�SDUWL �FOHV� DQG� WKH� LPSXULW\� GLVWULEXWLRQ� UHPDLQXQFKDQJHG�� KLJK�WHPSHUDWXUH� DQQHDOLQJOHDGV� WR� QRWLFHDEOH� UDLVH� RI� WKH� FU\VWDOV¶VWUXFWXUH� SHUIHFWLRQ� �SUDFWLFDOO\�� XS� WR� WKHOHYHO�FKDUDFWHULVWLF�RI�WKH�FRQGLWLRQV�RI�KLJKYDFXXP�>�@��DV�ZHOO�DV�WR�HTXDOL]DWLRQ�RI�WKHVWUXFWXUDO� FKDUDFWHULVWLFV� RYHU� WKH� FU\VWDOOHQJWK��7KHUHDW��WKHUH�LV�REVHUYHG�D�FRUUHOD �WLRQ� RI� WKHVH� FKDUDFWHULVWLFV� ZLWK� WKH� FRQ �FHQWUDWLRQ�RI�DQLRQLF�YDFDQFLHV��6XFK�D�IDFWDOORZV� WR� DVVXPH� WKDW� FKDQJHV� LQ� ERWK� WKHVWUXFWXUDO�DQG�WKH�RSWLFDO�FKDUDFWHULVWLFV�RIWKH� FU\VWDOV� DUH� FORVHO\� FRQQHFWHG�ZLWK�YLR �ODWLRQ� RI� WKH� FU\VWDO� ODWWLFH� VWRLFKLRPHWU\ZLWK� UHVSHFW� WR� R[\JHQ�� 'LUHFW� HVWLPDWLRQVKRZV��WKDW�LI�WKH�YDFDQF\�FRQFHQWUDWLRQV�LVORZHU� WKDQ� ���� FP���� OHVV� WKDQ� �⋅���� YD�FDQFLHV�FRUUHVSRQG�WR�RQH�HOHPHQWDU\�FHOO��,WLV�REYLRXV�WKDW�VXFK�DQ�HIIHFW�LV�EH\RQG�WKHOLPLWV� RI� PHDVXUHPHQW� VHQVLWLYLW\�� WKHUH �IRUH��WKH�REVHUYHG�FKDQJH�LQ�WKH�HOHPHQWDU\FHOO� YROXPH� RI� WKH� RUGHU� RI� � ⋅���� Å� �)LJ��F�� FDQQRW� EH� GHILQHG� E\� WKH� SUHVHQFH� RIHOHYDWHG�YDFDQF\�FRQFHQWUDWLRQ�RQO\��7KRXJK� LQ� WKH� SURFHVV� RI� JURZLQJ� WKHFU\VWDOV� E\� WKH�PHWKRG� RI� +2&� LQ� YDFXXPWKH�YDFDQF\�PHFKDQLVP�RI�IRUPDWLRQ�RI�GLV �ORFDWLRQV� DQG� ORZ�DQJOH� GLVORFDWLRQ� ERXQGD �ULHV� LV�FRQVLGHUHG�VFDUFHO\�SUREDEOH�>�@��RQHPD\�DVVXPH�WKDW�DW�WKH�JURZWK�RI�WKH�FU\V �WDOV�LQ�UHGXFLQJ�PHGLD�WKH�DFWLRQ�RI�WKH�VDLGPHFKDQLVP� EHFRPHV� PRUH� HVVHQWLDO�� VLQFHWKHVH�FRQGLWLRQV�UHTXLUH�FRQVLGHUDEO\�KLJKHUYDFDQF\�FRQFHQWUDWLRQV��7DNLQJ�LQWR�DFFRXQWVXFK� D�PHFKDQLVP� DOORZV� WR� RIIHU� D� SODXVL �EOH�H[SODQDWLRQ�IRU�WKH�REWDLQHG�H[SHULPHQ �WDO� UHVXOWV�� )URP� WKLV� SRLQW� RI� YLHZ�� WKHIDFW� WKDW� ZKLOH� JURZLQJ� WKH� FU\VWDOV� IURPWKH� VDPH� UDZ� PDWHULDO� EDWFK� DQG� XQGHULGHQWLFDO� FRQGLWLRQV� �JURZWK� UDWH�� WHPSHUD �WXUH� JUDGLHQW� HWF��� WKH� VWUXFWXUH�SHUIHFWLRQ

SDUDPHWHUV� β
__�� ,5___ DQG� WKH� HOHPHQWDU\� FHOOYROXPH� QRWLFHDEO\� LQFUHDVH� DV� WKH� UHGXFLQJPHGLXP� SUHVVXUH� JURZV�� FDQ� EH� DWWULEXWHGWR� WKH� LQFUHDVH� RI� YDFDQF\� FRQFHQWUDWLRQDQG� WR� WKH� IRUPDWLRQ� RI� GLVORFDWLRQ� VWUXF �WXUH� E\� WKH� YDFDQF\� PHFKDQLVP�� 1RQ�XQL �IRUP�GLVWULEXWLRQ�RI�YDFDQFLHV�LQ�WKH�FU\VWDOEXON� FDXVHG� E\� LQVXIILFLHQW� FRQYHFWLRQ� LQWKH� PHOW� DQG� E\� WKH� GXUDWLRQ� RI� DIWHU�JURZWK� DQQHDOLQJ� LQVXIILFLHQW� IRU� HTXDOL]D �WLRQ� RI� WKLV� QRQ�XQLIRUPLW\��PD\� EH� ERXQGXS�ZLWK�WKH�IDFW�WKDW�WKH�YDOXHV�RI�β IRU�WKHUHIOH[� ^���__�`� �)LJ���E�� DUH� KLJKHU� WKDQ� IRU^�����`� �)LJ���D��� L�H�� ZLWK� WKH� SUHVHQFH� RIH[WHQVLRQ�FRPSUHVVLRQ� VWUHVVHV� LQ� WKH� FU\V �WDO�EXON��1RQ�XQLIRUPLW\�RI�WKH�SDUDPHWHUV

β DQG�,5 DORQJ�WKH�OHQJWK�RI�WKH�FU\VWDOV�PD\DOVR�EH�H[SODLQHG�E\�QRQ�XQLIRUP�YDFDQF\�GLV �WULEXWLRQ��:KHQ� WKH� FRQFHQWUDWLRQ� RI� YDFDQ �FLHV� LQ� WKH� FU\VWDOV� LV� UHGXFHG� GRZQ� WR� WKHVDPH� OHYHO� XQGHU� WKH� LQIOXHQFH� RI� KLJK�WHP �SHUDWXUH� DQQHDOLQJ�� VLPLODU� GHFUHDVH� LV� RE �VHUYHG�IRU�WKH�VWUXFWXUH�VHQVLWLYH�SDUDPHWHUV�7KH� SHUIRUPHG� RSWLFDO� DQG� ;�UD\� VWUXF �WXUH� LQYHVWLJDWLRQV� RI� VDSSKLUH� FU\VWDOVJURZQ�LQ�$U ��&2 SURWHFWLYH�PHGLXP�XQGHU��������� WRUU� SUHVVXUHV� VKRZ� WKDW� WKH� FU\V �WDOV� JURZQ� XQGHU� �������� WRUU� SUHVVXUHVKDYH�KLJK�RSWLFDO�FKDUDFWHULVWLFV�DQG�VWUXF �WXUH� SHUIHFWLRQ�� WKXV� FRPSDULQJ� IDYRUDEO\ZLWK� WKH� FU\VWDOV� JURZQ� LQ� &2 PHGLXPXQGHU� ������ ���� WRUU��:LWK� WKH� LQFUHDVH� RIWKH� SUHVVXUH� � WKH� FU\VWDO� SHUIHFWLRQ� ZRUV �HQV�� DQG� WKH� LQFUHDVH� RI� WKH� VWUXFWXUH� SHU �IHFWLRQ�SDUDPHWHUV�β
__��,5___ WKH�HOHPHQWDU\�FHOOYROXPH�WHVWLILHV�WR�WKLV�IDFW��+LJK�WHPSHUD �WXUH�DQQHDOLQJ�LQ�WKH�PHGLXP�ZLWK�D�UHGXF �LQJ�SRWHQWLDO� ORZHU�WKDQ�WKH�FU\VWDO�JURZWKSRWHQWLDO�OHDGV�WR�GHFUHDVH�RI�WKHVH�SDUDPH �WHUV� GRZQ� WR� WKH� VDPH� OHYHO�� WKH� FU\VWDOVDFTXLUH� WKH� VWUXFWXUH� SHUIHFWLRQ� FRPSDULQJIDYRUDEO\�ZLWK�WKDW�RI�WKH�FU\VWDOV�JURZQ�XQGHUWKH� FRQGLWLRQV� RI� GHHS� YDFXXP �a���� WRUU��7DNLQJ�LQWR�DFFRXQW�WKH�YDFDQF\�PHFKDQLVPRI� GLVORFDWLRQ� IRUPDWLRQ� DQG� ORZ�DQJOH� GLV �ORFDWLRQ�ERXQGDULHV�DOORZV�WR�RIIHU�D�SODXVL �EOH�H[SODQDWLRQ�IRU�WKH�REWDLQHG�UHVXOWV�5HIHUHQFHV���1�3�.DWULFK�� $�<D�'DQNR�� <X�3�0LURVKQLNRYHW��DO���3DWHQW�RI�8NUDLQH�1R������$������������$�<D�'DQNR�� 1�6�6LGHOQRNRYD�� *�7�$GRQNLQHW�DO���LQ���)XQFWLRQDO�0DWHULDOV�IRU�D�6FLHQFHDQG�(QJLQHHULQJ���HG��9�3��6HP\QR]KHQNR��,Q�VWLWXWH� IRU� 6LQJOH� &U\VWDOV� 3XEO��� .KDUNRY��������S�����>LQ�5XVVLDQ@����$�<D�'DQNR�� 9�)�7NDFKHQNR�� *�7�$GRQNLQ� HWDO���6XUIDFH��;�UD\��6\QFKURWURQ�DQG�1HXWURQ,QYHVWLJDWLRQV�����������������
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���%�'�(YDQV�� 0�6WDSHOEURHN�� 3K\V��5HY��� %����������������������9�)�7NDFKHQNR��0�$�5RP��$�$�%LELFKHQNR�HWDO���3ULE�7KHNKQ��(NVS��������������������9�)�7NDFKHQNR�� 0�$�5RP�� ,QYHQWRU¶V� FHUWLIL�FDWH�1R�����������8665��������

���$�<D�'DQNR��1�6�6LGHOQLNRYD��*�7�$GRQNLQ�HWDO���)XQFWLRQDO�0DWHULDOV���������������������(�5�'REURYLQVND\D�� /�$�/LWYLQRY�� 9�9�3LVK�FKLN�� &RUXQGXP� 6LQJOH� &U\VWDOV�� 1DXNRYD'XPND��.LHY��������>LQ�5XVVLDQ@�
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