
3KRWRHOHFWURFKHPLFDO�DQG�SKRWRFDWDO\WLF�SURFHVVHV�LQGXFHG�E\�VKRUW�ZDYHOHQJWK�OLJKW
$�,��.XODND DQG�6�.��3R]Q\DNE

D,QVWLWXWH�RI�*HQHUDO�DQG�,QRUJDQLF�&KHPLVWU\��1DWLRQDO�$FDGHP\�RI�6FLHQFHV�RI�%HODUXV��6XUJDQRY�6W�����0LQVN���������%HODUXV��NXODN#LJLF�EDV�QHW�E\
E,QVWLWXWH�RI�3K\VLFDO�&KHPLFDO�3UREOHPV��%HODUXVLDQ�6WDWH�8QLYHUVLW\��/HQLQJUDGVND\D�6W������0LQVN���������%HODUXV��HOFKHP#IKS�EVX�XQLEHO�E\

3KRWRFXUUHQW� VSHFWUD� LQ� WKH� SKRWRHOHFWURFKHPLFDO� VWXGLHV� DUH� FRQYHQWLRQDOO\� XVHG� IRU� GHWHUPLQLQJ� WKH�EDQGJDS� HQHUJ\� �(J��� WKH� W\SH� RI� LQWHUEDQG� WUDQVLWLRQV�� DQG� VRPHWLPHV� IRU� HVWLPDWLQJ� WKH� PLQRULW\�FDUULHU�GLIIXVLRQ�OHQJWK��/S��DQG�WKH�UDWH�FRQVWDQW�RI�VXUIDFH�UHFRPELQDWLRQ�>���@��7R�GHWHUPLQH�WKHVH�SDUDPHWHUV��WKH�ORQJ�ZDYHOHQJWK� HGJH� RI� VSHFWUXP�� ZKLFK� FRUUHVSRQGV� WR� LQWHUEDQG� RSWLFDO� WUDQVLWLRQV� ZLWK� D� PLQLPXP�FRQWULEXWLRQ� RI� RWKHU� W\SHV� RI� QRQ�DFWLQLF� DEVRUSWLRQ� �IRU� H[DPSOH�� IUHH� FKDUJH� FDUULHU� DEVRUSWLRQ� RI� KHDYLO\�GRSHG�VHPLFRQGXFWRUV�>�@��� LV�DQDO\]HG��,QWHUHVW�WR�WKH�ORQJ�ZDYHOHQJWK�HGJH�DQG�VXE�EDQGJDS�WUDQVLWLRQV�KDV�EHHQ�DOVR�DURXVHG�E\�D�VWHDG\�GHVLUH�WR�VKLIW�WKH�SKRWRUHVSRQVH�VSHFWUXP�RI�SKRWRFRUURVLRQ �VWDEOH�ZLGH�EDQGJDS�VHPLFRQGXFWRUV�WRZDUGV�ORQJHU�ZDYHOHQJWKV�7KH� VKRUW�ZDYHOHQJWK� SDUW� RI� VSHFWUXP� KDV� UHFHLYHG� FRQVLGHUDEO\� OHVV� FRQVLGHUDWLRQ�� +RZHYHU�� WKLV�VSHFWUDO� UHJLRQ� FDQ�EH� DOVR�DSSOLHG� IRU�REWDLQLQJ�XVHIXO� LQIRUPDWLRQ� >����@� DQG� IRU�REVHUYDWLRQ�RI� LQWHUHVWLQJ�HIIHFWV�>�@��7KLV�UHSRUW�IRFXVHV RQ�FRQVLGHUDWLRQ�RI�VXFK�SRVVLELOLWLHV��'HSHQGLQJ�RQ�WKH�QDWXUH�RI�D�VHPLFRQGXFWRU�XQGHU�LQYHVWLJDWLRQ�DQG�SDUDPHWHUV�RI�D�UHDFWLYH�PHGLXP��WKH�HIIHFWV�RI�WKH�VKRUW�ZDYHOHQJWK�OLJKW�DFWLRQ�FDQ�EH�FODVVLILHG�DV�IROORZV����7KH�HIIHFWV�DVVRFLDWHG�ZLWK�WKH�H[LVWHQFH�RI�VXE�VXUIDFH�OD\HUV�RQ�D�VHPLFRQGXFWRU�HOHFWURGH��VLQFH�WKH�OLJKW�SHQHWUDWLRQ�GHSWK�GHFUHDVHV����� 7KH�GHFUHDVH�LQ�SKRWRFXUUHQW�GXH�WR�WKH�VKLIW�RI�WKH�PDLQ�SKRWRJHQHUDWLRQ�UHJLRQ�WRZDUGV�RXWHU�OD\HUV�RI�DQ�HOHFWURGH��ZKLFK�PD\�EH�SRURXV��SHUPHDEOH WR�HOHFWURO\WH��DPRUSKRXV�RU�ZLWK�VWURQJO\�GLVWXUEHG�VWUXFWXUH����� 7KH� DSSHDUDQFH� RI� DQ� DGGLWLRQDO� SKRWRUHVSRQVH� IURP�D� IRUHLJQ� OD\HU� IRUPHG�DV� D� UHVXOW�RI� WKH� FKHPLFDO�LQWHUDFWLRQ�RI�HOHFWURGH�VXUIDFH�DWRPV�ZLWK�VSHFLHV�RI�D�UHDFWLYH�PHGLXP�RU�WKH�GHFUHDVH� LQ�SKRWRFXUUHQW�GXH�WR�WKH�ILOWHULQJ�DFWLRQ�RI�D�IRUHLJQ�OD\HU�ZKLFK�H[KLELWV�QR�SKRWRUHVSRQVH�LQ�JLYHQ�FRQGLWLRQV����� 7KH� IRUPDWLRQ� RI� LQWHUQDO� SRWHQWLDO� EDUULHUV� DW� WKH� LQWHUIDFH� EHWZHHQ� D� GLVWXUEHG� RU� IRUHLJQ� OD\HU� DQG�VHPLFRQGXFWRU�EXON����7KH�LQFUHDVH�LQ�WKH�HIILFLHQF\�RI�VHSDUDWLRQ�RI�SKRWRJHQHUDWHG�HOHFWURQ�KROH�SDLUV�LQ�VHPLFRQGXFWRUV�ZLWK�DQ�H[WUHPHO\�ORZ�FKDUJH�FDUULHU�PRELOLW\�GXH�WR�WKH�WUDQVIHU�RI�D�SRUWLRQ�RI�WKH�H[FHVV�HQHUJ\�RI�SKRWRQV�LQWR�WKH�NLQHWLF�HQHUJ\�RI�FKDUJH�FDUULHUV����7KH�SDUWLFLSDWLRQ�RI�FKDUJH�FDUULHUV��SKRWRJHQHUDWHG�LQ�KLJKHU�O\LQJ�VXE�EDQGV��LQ�3(&�SURFHVVHV��SURFHVVHV�LQYROYLQJ�KRW�FDUULHUV�>�@�����7KH�LQFUHDVH�LQ�LPSRUWDQFH�RI�WKH�VXUIDFH�UHFRPELQDWLRQ�GXH�WR�WKH�JDLQ�LQ�WKH�ORFDO�VXE �VXUIDFH�FRQFHQWUDWLRQ�RI�PDMRULW\�FDUULHUV���� )RU� QDQRSRURXV� DQG� QDQRVWUXFWXUHG� VHPLFRQGXFWRUV�� WKH� LQIOXHQFH� RI� WKH� OLJKW� SHQHWUDWLRQ� GHSWK� RQ� WKH�HIILFLHQF\�RI�WKH�PDMRULW\�FKDUJH�FDUULHU�WUDQVSRUW�IURP�WKHLU�JHQHUDWLRQ�SODFH�WR�D�FRQGXFWLQJ�VXEVWUDWH�E\�WKH�GLVSHUVLYH�PHFKDQLVP����)RU�SKRWRFDWDO\WLF�VXVSHQVLRQ�V\VWHPV��WKH�LQFUHDVH�LQ�WKH�FRQWULEXWLRQ�RI�GLUHFW�SKRWRO\VLV�RI�D�SROOXWDQW�LQ�FRPSDULVRQ�ZLWK� WKH�SKRWRFDWDO\WLF� UHDFWLRQ� LQ�JRLQJ� WR�VKRUWHU�ZDYHOHQJWKV�RI� OLJKW��ZKLFK�FDQ� LQIOXHQFH�VWURQJO\�WKH�FKHPLFDO�QDWXUH�RI�SURGXFWV�$�W\SLFDO�H[DPSOH�RI�WKH�HIIHFW�RI�GLVWXUEHG�DQG�RU�IRUHLJQ�OD\HUV�RQ�WKH�3(&�EHKDYLRU�LV�WKH�DSSHDUDQFH�RI� D� VKRUW�ZDYHOHQJWK� GLS� LQ� WKH� SKRWRFXUUHQW� VSHFWUXP� RI� %L�2� HOHFWURGHV� �Q�W\SH� VHPLFRQGXFWRU� ZLWK� D�UHODWLYHO\�ORZ�SKRWRFRUURVLRQ�VWDELOLW\��DIWHU�WKH�3(&�DJLQJ��)LJ� ����,Q�WKLV�FDVH��D�GLVWXUEHG�QRQ�SKRWRVHQVLWLYH�OD\HU� LV� IRUPHG��ZKLFK� DFWV� DV� DQ�RSWLFDO� ILOWHU� DEVRUELQJ� WKH� VKRUW�ZDYHOHQJWK� OLJKW��$OWHUQDWLYHO\��D� IRUHLJQ�OD\HU�IRUPHG�FDQ�EH�SKRWRDFWLYH��DV�IRU� LQVWDQFH�� WKLQ�&G6�ILOP�IRUPLQJ�LQ� WKH� FRXUVH�RI� WKH�3(&�UHDFWLRQ�DW�&G2� HOHFWURGH� LQ� VROXWLRQV� FRQWDLQLQJ� 6�� LRQV� >��� �@�� ,W� VKRXOG� EH� QRWHG� WKDW� LQ� ERWK� FDVHV�� WKH� DEVRUSWLRQ�
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