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2SWLFDO�WUDQVPLVVLRQ�DQG�HOHFWULF�FRQGXFWLYLW\�ZHUH�PHDVXUHG�DV�D�IXQFWLRQ�RI�WHPSHUD�

WXUH� IRU� WKLQ� OD\HUV� RI� PXOWLZDOO� QDQRWXEHV� �0:17V�� GLVSHUVHG� LQ� D�PL[WXUH� RI� F\DQR�
ELSKHQ\O�QHPDWLF�OLTXLG�FU\VWDOV��/&��=K.�������$W�0:17�FRQFHQWUDWLRQV�RI�����Ü�����ZW���
FKDUDFWHULVWLF� FKDQJHV� LQ� WUDQVPLVVLRQ� DW� WKH�QHPDWLF�LVRWURSLF�SKDVH� WUDQVLWLRQ� WHPSHUD�
WXUH� HYLGHQFH� WKDW�0:17V� LQWHJUDWH� LQWR�/&�PDWUL[� LQ� D�PDQQHU� VLPLODU� WR� WKDW� RI� WKH
FRQYHQWLRQDO� QRQ�PHVRJHQLF� GRSDQWV�� 7KH� HOHFWULFDO� FRQGXFWLYLW\� VKRZV� D� SHUFRODWLRQ�OLNH
EHKDYLRXU� DW� XOWUD�ORZ� 0:17V� ORDGLQJ� RI� /&� PDWUL[� EHORZ� FRQFHQWUDWLRQ� OHYHOV� RI
a����� ZW�� �� �� ZKLFK� UHIOHFWV� WKH� KLJK� DVSHFW� UDWLR� RI� WKH� FRQGXFWLYH� ILOOHU� DQG� WKH
H[LVWHQFH�RI�VWURQJ�LQWHUDFWLRQV�EHWZHHQ�/&�PDWUL[�DQG�0:17V�
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0XOWL�� DQG� VLQJOH�ZDOO� FDUERQ� QDQRWXEHV
�0:17V� DQG� 6:17V�� UHVSHFWLYHO\�� VKRZ
PDQ\� XQLTXH� HOHFWURQLF�� WKHUPDO�� RSWLFDO�
DQG�PHFKDQLFDO�SURSHUWLHV�DQG�DUH�JHQHUDOO\
UHFRJQL]HG� DV� LQWHUHVWLQJ� REMHFWV� RI� QDQRV�
FLHQFH� DQG� QDQRWHFKQRORJ\� >�@�� 7KH� DSSOLFD�
WLRQV�RI�QDQRWXEH�EDVHG�ILOOHUV�VHHPV�WR�EH�YHU\
SURPLVLQJ�IRU�SURGXFWLRQ�RI�FRPSRVLWH�PDWHUL�
DOV� ZLWK� DWWUDFWLYH� FRQGXFWLYLW\� DQG� WHQVLOH
VWUHQJWK�SURSHUWLHV�>�Ü�@��7KH�0:17V�DUH�UH�
SRUWHG�WR�KDYH�D�UDWKHU�KLJK�HOHFWULFDO�FRQGXF�

WLYLW\� RI� DERXW����������6�FP�DORQJ�WKH�ORQJ
D[LV�� ZKLFK� DOORZV� WKHP� WR� FRXOG� FRQGXFW
FXUUHQWV� RI� HQRUPRXVO\� GHQVLW\� H[FHHGLQJ
����$�FPÜ�� >�@�� 2ZLQJ� WR� WKH� KLJK� DVSHFW
UDWLR� ����Ü������ DQG� VSHFLILF� VXUIDFH� DUHD
YDOXHV�� WKH� FRQGXFWLYH� SDWK� FDQ� DULVH� LQ
VXFK�FRPSRVLWHV�DW�YHU\�VPDOO�FRQFHQWUDWLRQ
RI�QDQRWXEHV��|���Ü��YRO����>����@��

$�SURPLVLQJ�DSSURDFK�WR�VWXG\�DQG�DSSOL�
FDWLRQV� RI� QDQRWXEHV� LV� WKHLU� FRPELQDWLRQ
ZLWK�OLTXLG�FU\VWDOV��/&���$Q�DQLVRWURSLF�OLT�
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XLG�FU\VWDO�RUJDQLF�PHGLD�FDQ�H[LVW�LQ�YDUL�
RXV�SKDVHV�ZLWK�GLIIHUHQW�FKDUDFWHU�DQG�GH�
JUHH� RI� RULHQWDWLRQDO� DQG� WUDQVODWLRQDO� RU�
GHULQJ�� 7KH� DELOLW\� RI� /&� VROYHQWV� WR� DOLJQ
DQLVRPHWULF� QDQRSDUWLFOHV�� VXFK� DV� RUJDQR�
SKLOLF� FOD\� PLQHUDOV� >�����@� RU� SRO\PHULF
>��@�SDUWLFOHV��ZDV�SUHYLRXVO\�UHSRUWHG��7KH
RULHQWDWLRQDO� RUJDQL]DWLRQ� LV� DVVXPHG� WR� EH
FRQWUROOHG� E\� WKH� HODVWLF� LQWHUDFWLRQV� EH�
WZHHQ� QDQRSDUWLFOHV� DQG� /&� KRVW� >��@�� 7KH
LQWHJUDWLRQ�RI�6:17V�LQWR�D�KLJKO\�RUGHUHG
KH[DJRQDO�O\RWURSLF�/&�PDWUL[�DQG�LQFUHDVH
RI�WKH�GHJUHH�RI�WKHLU�DOLJQPHQW�ZDV�GHPRQ�
VWUDWHG� HDUOLHU� >��@�� ([SHULPHQWDO� HYLGHQFH
ZDV� SUHVHQWHG� IRU� IRUPDWLRQ� RI� D� O\RWURSLF
QHPDWLF�OLTXLG�FU\VWDOOLQH�SKDVH�E\�0:17V
GLVSHUVHG� LQ� WKH� DTXHRXV�PHGLXP� >��@��7KH
SRVVLELOLW\� RI� LPSURYLQJ� WKH� RULHQWDWLRQDO
RUJDQL]DWLRQ� RI� 6:17V� DQG�0:17V�XVLQJ
WKHUPRWURSLF� /&� PHGLXP� ��&%� DQG� (��
0HUFN�� ZDV� DOVR� UHFHQWO\� UHSRUWHG� >��@�� ,W
ZDV�SURSRVHG� WR�DSSO\�/&V�DV�VROYHQW�KRVWV
FRQWUROOLQJ� RUGHULQJ� RI� WKH� QDQRWXEHV� DV
QDQRPHWHU�VFDOHG�EXLOGLQJ�EORFNV�ZKHQ�WKH\
VKRXOG� EH� GHSRVLWHG� RQ� D� VXSSRUWLQJ� VXE�
VWUDWH� >��@�� $GGLQJ� RI� FDUERQ� QDQRWXEHV
LQWR�/&��(���ZDV�IRXQG�WR� LQFUHDVH�WKH� LVR�
WURSLF� QHPDWLF� WUDQVLWLRQ� WHPSHUDWXUH� >��@�
7KH�VWUXFWXUDO�RUJDQL]DWLRQ�RI�QDQRWXEHV�LQ
WKH� QHPDWLF�/&�PDWUL[� FDQ� EH� HQKDQFHG�E\
DSSOLFDWLRQ� RI� WKH� H[WHUQDO� PDJQHWLF�� HOHF�
WULF� RU�PHFKDQLF� ILHOG� >������@��$�PDJQHWL�
FDOO\� VWHHUHG� HOHFWULFDO� VZLWFK� GHYLFH� EDVHG
RQ� /&�(���6:17� GLVSHUVLRQ� ZDV� UHFHQWO\
GHPRQVWUDWHG� >��@�� 7KH� 6:&17� ILOPV� ZHUH
XVHG� WR� SURGXFH� D� QRYHO� RSWLFDO� GHYLFH� ZLWK
SODQDU� RULHQWDWLRQ� RI� QHPDWLF� /&� �/LFULVWDO
.�����>��@��7KH�SRVVLELOLW\�RI�XVLQJ�RI�WKH�/&
SUHFXUVRUV� IRU� V\QWKHVLV� RI� WKH� KLJK�DVSHFW�
UDWLR�QDQRFDUERQV�ZDV�UHFHQWO\�VKRZQ�>��@�

,Q� WKLV� SDSHU�� ZH� UHSRUW� UHVXOWV� RI� WKH
VSHFWUDO� DQG� HOHFWULFDO� FRQGXFWLYLW\� PHDV�
XUHPHQWV� RI� /&�0:17� GLVSHUVLRQV�� ,W� LV
GHPRQVWUDWHG� WKDW�0:17V� FOHDUO\� LQWHJUDWH
LQWR�WKH�/&�PDWUL[��6XFK�GLVSHUVLRQV�H[KLELW
EHKDYLRXU� W\SLFDO� IRU� QHPDWLF� /&� FRQWDLQLQJ
QRQ�PHVRJHQLF� GRSDQWV� �10'�� LQ� ERWK� LVR�
WURSLF� DQG� QHPDWLF� SKDVHV� FORVH� WR� WKH� QH�
PDWLF�LVRWURSLF�WUDQVLWLRQ�WHPSHUDWXUH�

7KH� 0:17V� ZHUH� SUHSDUHG� IURP� HWK\O�
HQH� XVLQJ� WKH� FKHPLFDO� YDSRXU� GHSRVLWLRQ
�&9'��PHWKRG��)H$O0R�����ZDV�XVHG�DV�FDWD�O\VW� >��@�� )RU� SXULILFDWLRQ� RI� WKH� 0:17V
IURP�PLQHUDO� DGGLWLYHV� DQG� IRU� HOLPLQDWLRQ
RI� WKH� FDWDO\VW� HIIHFWV�� WKH� VDPSOHV� ZHUH
WUHDWHG� E\� FRQFHQWUDWHG� DONDOL� �1D2+�� DQG
DFLG� �+&O�� VROXWLRQV�� WKHQ� ILOWHUHG�� DQG� WKH
H[FHVV� DFLG� ZDV� UHPRYHG�� 7KH� UHPDLQLQJ
EODFN�SRZGHU�ZDV�ZDWHUHG�UHSHDWHGO\�E\�WKH

GLVWLOOHG� ZDWHU� XQWLO� WKH� S+� YDOXH� RI� WKH
ILOWUDWH�EHFDPH�WKH�VDPH�DV�WKDW�RI�WKH�GLV�
WLOOHG� ZDWHU�� 7KH� UHVLGXDO� PDVV� FRQWHQW� RI
WKH� PLQHUDO� DGGLWLYHV� ZDV� ��� ��� 7KH
0:17V� LQYROYHG� W\SLFDOO\� KDYH� WKH� RXWHU
GLDPHWHU� GH� DERXW� ��Ü��� QP�� ZKLOH� WKHLUOHQJWK�LV�DERXW�WHQV�RI�PLFURQV��PP���ZKLFK
UHVXOWV� LQ�WKH�DVSHFW�UDWLR�XS�WR����Ü�����
7KH�LQQHU�0:17�GLDPHWHU�GL�YDULHV�IURP��WR���QP��DQG�0:17�VSHFLILF�VXUIDFH�DUHD�6
LV� ����P��J� �r������� 7KH� VSHFLILF� HOHFWULF
FRQGXFWLYLW\�V�RI�WKH�FRPSUHVVHG�SRZGHU�RI
0:17V��DW����73D��ZDV�����6�P�DORQJ�WKH
D[LV�RI�FRPSUHVVLRQ�DQG�DSSHDUHG�WR�EH�VLJ�
QLILFDQWO\� ORZHU� WKDQ� WKDW� RI� JUDSKLWH� �V� 
���Ü���� 6�FP� >��@��� 7KH� GHQVLW\� RI� WKH
0:17�ZDOOV�ZDV�DVVXPHG�WR�EH�WKH�VDPH�DV
WKH� GHQVLW\� RI� SXUH� JUDSKLWH�� UF� �����NJ�P��� 7KH� OLTXLG� FU\VWDO� =K.�����
�1,23,.�� 5XVVLD�� XVHG� LQ� WKLV� ZRUN� ZDV� D
FRPPHUFLDO�PL[WXUH� RI� VHYHUDO� ��DON\O�� DQG
DONR[\��c�F\DQRELSKHQ\OV�DQG�QHPDWLF�F\FOR�
KH[\O�FRQWDLQLQJ�HVWHUV�� ,W�GLVSOD\V�QHPDWLF
SKDVH� DW� URRP� WHPSHUDWXUH� ZLWK� WKH� QH�
PDWLF�LVRWURSLF� SKDVH� WUDQVLWLRQ� DW
W1,�|����&� >��@��7KH�/&��0:17V� FRPSRVL�
WLRQV�ZHUH�REWDLQHG�E\�DGGLQJ�WKH�DSSURSUL�
DWH� ZHLJKWV� RI� 0:17V� �����Ü����� ��� WR
WKH� /&� VROYHQW� LQ� WKH� LVRWURSLF� VWDWH� ZLWK
WKHLU� VXEVHTXHQW� ��Ü��� PLQ� VRQLFDWLRQ
XVLQJ� D� 8='1��7� XOWUDVRQLF� GLVSHUVHU�� LQ
DFFRUGDQFH�ZLWK� SURFHGXUH� HVVHQWLDOO\� VLPL�
ODU�WR�WKH�SUHYLRXVO\�GHVFULEHG�>�����@��6DP�
SOHV� ZLWK� PLQLPXP� PDFURVFRSLF� LQFOXVLRQV
YLVLEOH� WKURXJK� DQ� RSWLFDO� PLFURVFRSH� ZHUH
VHOHFWHG� DPRQJ� WKH� REWDLQHG� GLVSHUVLRQV�
DQG�WKH�VXEVHTXHQW�SURFHGXUHV�ZHUH�VLPLODU
WR� WKRVH� FRQYHQWLRQDOO\� XVHG� LQ� VSHFWUR�
SKRWRPHWU\�DQG�FRQGXFWLYLW\�VWXGLHV�RI� OLT�
XLG�FU\VWDOOLQH�V\VWHPV��

7KH� RSWLFDO� WUDQVPLVVLRQ� VSHFWUD� ZHUH
PHDVXUHG�LQ�D����PP�WKLFN�FHOO�XVLQJ�D�+L�
WDFKL�����VSHFWURSKRWRPHWHU��7KH�GLVSHUVLRQ
ZDV� LQWURGXFHG� EHWZHHQ� WKH� FHOO� ZDOOV� E\
FDSLOODU\�IRUFHV�>��@�DW�D�WHPSHUDWXUH�DERYH
WKH� QHPDWLF�LVRWURSLF� WUDQVLWLRQ�� 7KH� FHOO
ZDOOV��VDSSKLUH�JODVVHV��ZHUH�SUH�WUHDWHG�E\
LPPHUVLRQ�LQWR�����ZDWHU�VROXWLRQ�RI�SRO\�
YLQ\O�DOFRKRO�DQG�VXEVHTXHQW�UXEELQJ�RI�WKH
GULHG� VXUIDFH� LQ� RQH� GLUHFWLRQ�� ,Q� OLTXLG
FU\VWDO� VWXGLHV�� VXFK� SURFHGXUH� KDV� EHHQ
ZLGHO\�XVHG�DV�D�FRQYHQWLRQDO�ZD\�WR�REWDLQ
SODQDU� WH[WXUH��7KH�PHDVXUHG�YDOXHV�RI�RS�
WLFDO� WUDQVPLVVLRQ� YDOXHV� ZHUH� REWDLQHG�� LQ
SDUDOOHO� H[SHULPHQWV�� IRU�D�/&�0:17�GLV�
SHUVLRQ� �7�� DQG� WKH� XQGRSHG� OLTXLG� FU\VWDO
�7/&��� �,W� VKRXOG� EH� NHSW� LQ� PLQG� WKDW� LQVWDQGDUG� SK\VLFR�FKHPLFDO� PHDVXUHPHQWV
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WKH�PHDVXUHG� WUDQVPLVVLRQ�YDOXHV�DUH�DXWR�
PDWLFDOO\� UH�FDOFXODWHG� E\� WKH� LQVWUXPHQW
VRIWZDUH� LQWR� DSSDUHQW� RSWLFDO� GHQVLW\� YDO�
XHV� '� �OJ���7���� 7KH� FRQGXFWLYLW\� RI� WKH
GLVSHUVHG�VDPSOHV�ZDV�PHDVXUHG�LQ�D�WKUHH�
HOHFWURGH� FHOO� �OD\HU� WKLFNQHVV� ���� PP�� WKH
WKLUG� HOHFWURGH� �JXDUG� ULQJ�� JURXQGHG� LQ
RUGHU�WR�HOLPLQDWH�WKH�FXUUHQWV�RQ�WKH�VDP�
SOH� VXUIDFH�� ZLWK� VLQXVRLGDO� YROWDJH� RI
��N+]�IUHTXHQF\�DQG���9�DPSOLWXGH�DSSOLHG
WR� WKH� FHOO�� 7KH� V� YDOXHV� ZHUH� FDOFXODWHG
IURP�WKH�GDWD�RQ�PHDVXUHG�FXUUHQW�WKURXJK
WKH�VDPSOH�DFFRXQWLQJ�IRU�WKH�DPSOLWXGH�RI
WKH� DSSOLHG� YROWDJH� DQG� WKH� FHOO� WKLFNQHVV�
7KH�KHDWLQJ�DQG�FRROLQJ�UDWH�ZDV���.�PLQ�

7KH�RSWLFDO� WUDQVPLVVLRQ�GDWD� DUH� VKRZQ
LQ� )LJ����� 7KH� LQWURGXFWLRQ� RI� 0:&17V
LQWR� WKH� /&� PDWUL[� UHVXOWV� LQ� VXEVWDQWLDO
LQFUHDVH� RI� WKH� RSWLFDO� GHQVLW\� DW� ZDYH�
OHQJWKV�DERYH�WKH�DEVRUSWLRQ�UHJLRQ�RI�WKH�OLT�
XLG�FU\VWDO�VROYHQW��VHH�WKH�,QVHUW�RQ�)LJ������,I
WKH� PHDVXUHG� WUDQVPLVVLRQ� RI� WKH
/&�0:&17V� V\VWHP� LV�7�� DQG� WKH�/&� VRO�
YHQW�WUDQVPLVVLRQ�LV�7/&��WKHQ�7/&�Ü�7�LV�DPHDVXUH�RI�WKH�FRQWULEXWLRQ�RI�WKH�GLVSHUVHG
QDQRWXEHV� WR� WKH� WRWDO� YDOXH� RI� ���Ü�7�� �DE�
VRUSWLRQ���UHIOHFWDQFH�VFDWWHULQJ��DW�D�JLYHQ
ZDYHOHQJWK��7KLV� FRQWULEXWLRQ�� LQ�D�JHQHUDO
FDVH�� VKRXOG� UHIOHFW� WKH� FXPXODWLYH� HIIHFWV
RI� DEVRUSWLRQ�� VFDWWHULQJ�� DQG� DQ� HYHQWXDO
GLFKURLVP� RI� WKH� /&� FRPSRVLWH�� 7KXV�� WKH
YDOXH�RI��7/&�Ü�7��PLJKW�VHUYH�DV�D�PHDVXUHRI� WKH� VWUXFWXUDO� RUGHULQJ� LQ� D� FRPSRVLWH�
)LJ���� VKRZV� �7/&�Ü�7�� DW� VHYHUDO� ZDYH�OHQJWKV� DV� D� IXQFWLRQ� RI� WHPSHUDWXUH�� 7KH
ZHOO�GHILQHG� VWHSZLVH� FKDQJHV� QHDU� WKH� QH�
PDWLF�LVRWURSLF� WUDQVLWLRQ� ZHUH� FOHDUO\� RE�

VHUYHG�� DQG� WKH� GLIIHUHQFH� LQ� WUDQVPLVVLRQ
EHWZHHQ� WKH�0:17�GRSHG� DQG� XQGRSHG�/&
VDPSOHV� LQFUHDVHG� ZLWK� WKH� ZDYHOHQJWK� LQ�
FUHDVLQJ� IDUWKHU� IURP� WKH� /&� DEVRUSWLRQ
EDQG�� 7KLV� EHKDYLRXU� XQDPELJXRXVO\� HYL�
GHQFHV� D� FKDQJH� LQ� VWUXFWXUDO� RUJDQL]DWLRQ
RI� WKH� /&���0:17V� FRPSRVLWH� DW� WKH� QH�
PDWLF�LVRWURSLF� WUDQVLWLRQ� �)LJ������ ,Q� WKH
LVRWURSLF� SKDVH�� WKH� VWUXFWXUDO� RUGHULQJ� LV
LQHVVHQWLDO�� DQG� 7/&�Ü�7� YDOXHV� DUH� PXFKVPDOOHU� WKDQ� LQ� WKH� LVRWURSLF� SKDVH�� ,Q� WKH
QHPDWLF� SKDVH�� WKH�7/&�Ü�7� YDOXH� LQFUHDVHVFRQVLGHUDEO\�� ZKLFK� UHIOHFWV� WKH� HIIHFWV� RI
VSDWLDO� RUJDQL]DWLRQ� RI�0:17V� LQ� WKH� RUL�
HQWDWLRQDOO\� RUGHUHG� SKDVH�� 7KXV�� WKH� H[�
SHULPHQWDO� GDWD� VXJJHVW� WKDW� WKH� GLVSHUVHG
0:17V�DUH�VWURQJO\�LQWHJUDWHG�LQWR�WKH�/&
PDWUL[�DQG�IRUP�D�V\VWHP�RI�ZHOO�GLVSHUVHG
LQGLYLGXDO�0:17V�RU�WKHLU�UHODWLYHO\�VPDOO
DJJUHJDWHV�LQ�WKH�/&�PHGLXP��,W�FDQ�EH�FRQ�
FOXGHG�WKDW�WKH�VWXGLHG�/&�0:17�V\VWHPV
ZHUH� SUHVXPDEO\� VLPLODU� WR� WKH� /&�QRQ�
PHVRJHQLF�GRSDQW�V\VWHPV��ZKLFK�DUH�JHQHU�
DOO\� FRQVLGHUHG� KRPRJHQHRXV� DW� WKH� PLFUR�
VFRSLF�OHYHO�>��@���

7KH� H[LVWHQFH� RI� VWURQJ� LQWHUDFWLRQV� EH�
WZHHQ�0:17V� DQG� /&� PDWUL[� LV� DOVR� VXS�
SRUWHG� E\� WKH� HOHFWULFDO� FRQGXFWLYLW\� GDWD
�)LJ������7KH�HOHFWULFDO�FRQGXFWLYLW\�V�VKRZV
D�YHU\�QRWLFHDEOH�ULVH��DV�FRPSDUHG�ZLWK�WKH
XQGRSHG� /&�� DW� XOWUD�ORZ� 0:17V� ORDGLQJ
RI� /&�� LQGLFDWLQJ� DQ� HOHFWULFDO� SHUFRODWLRQ
WKUHVKROG� DW� ZHLJKW� FRQFHQWUDWLRQV� VPDOOHU
WKDQ� ����� ��� ,W� VKRXOG� EH� QRWHG� WKDW� RXU
FRQGXFWLYLW\�YDOXHV�ZHUH� RI� WKH� VDPH�RUGHU
RI�PDJQLWXGH� DV� WKRVH� UHSRUWHG� LQ� >��@� IRU
VLPLODU� V\VWHPV� �F\DQRELSKHQ\O� /&�GLV�
SHUVHG� 0:17V� IRU� XQVSHFLILHG� VPDOO� FRQ�
FHQWUDWLRQV���7KLV�UHVXOW�FDQ�EH�H[SODLQHG�E\

)LJ����� 'LIIHUHQFH� EHWZHHQ� WUDQVPLVVLRQ� YDO�
XHV� RI� WKH� SXUH� /&��7/&�� DQG� WKH� V\VWHP� RI/&�0:17V�������ZW�����7�� �DV�IXQFWLRQ�RI
WHPSHUDWXUH�� W�� ,QVHUW� VKRZV� WKH� RSWLFDO
WUDQVPLVVLRQ� VSHFWUD� RI� WKH� SXUH� /&� VROYHQW
�=K.�������DQG�/&�0:17V�������ZW����FRP�
SRVLWLRQ�DW����&�

)LJ����� (OHFWULFDO� FRQGXFWLYLW\�V� YHUVXV� IUDF�
WLRQ�RI�QDQRWXEHV�&�ZW�����IRU�/&�0:&17
FRPSRVLWHV��PHDVXUHG�RQ�FRROLQJ�DW�W� �����W1,�
W1,|��Å&��
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WKH�YHU\�KLJK�DVSHFW�UDWLR�RI�WKH�FRQGXFWLYH
ILOOHU� DQG� WKH� H[LVWHQFH� RI� VWURQJ� LQWHUDF�
WLRQV� EHWZHHQ� QDQRWXEHV� DQG� /&� PDWUL[�
VLPLODUO\�DV�LW�ZDV�SUHYLRXVO\�FRQFOXGHG�IRU
QDQRWXEH�SRO\PHU�FRPSRVLWHV�>����@��

7KH� HOHFWULFDO� FRQGXFWLYLWLHV� DIWHU� WKH
SHUFRODWLRQ�WKUHVKROG�VWLOO�UHPDLQHG�E\�VHY�
HUDO� RUGHUV� ORZHU� WKDQ� IRU� SXUH� QDQRWXEHV
�a����6�P�LQ�RXU�FDVH���7KLV�HIIHFW�SUREDEO\
UHIOHFWV� D� GHFUHDVH� LQ� WKH� QXPEHU� RI� LQWHU�
VHFWLRQ� FRQWDFWV� DQG� LQFUHDVH� LQ� WKH� HQHUJ\
EDUULHU� IRU� WKH� HOHFWURQ� WUDQVIHU� UHTXLUHG
IRU� �EDOOLVWLF�� FRQGXFWLYLW\� EHWZHHQ� QDQR�
WXEH� LQWHUVHFWLRQV� LQ� WKH� /&� HQYLURQPHQW�
7KH� WHPSHUDWXUH� GHSHQGHQFLHV� RI� HOHFWULFDO
FRQGXFWLYLW\� LQ� /&�0:17V� VKRZ� D� YHU\
GLVWLQFW� K\VWHUHVLV� EHKDYLRU� �)LJ������ ,Q
WKHVH� H[SHULPHQWV�� WKH� FRPSRVLWHV� ZHUH
KHDWHG�IURP�URRP�WHPSHUDWXUH�WR�PD[LPXP
���&� DQG� WKHQ� FRROHG�� 7KH� H[SHULPHQWDO
GDWD� HYLGHQFH� WKDW� WHPSHUDWXUH� DIIHFWV� WKH
VSDWLDO� DUUDQJHPHQW� RI� 0:17V� LQ� WKH� /&
PDWUL[��7KH�REVHUYHG�HIIHFWV�ZHUH�PRUH�SUR�
QRXQFHG�DW�VPDOOHU�FRQFHQWUDWLRQV��L�H���LQ�D
FORVHU� YLFLQLW\� WR� WKH� HYHQWXDO� SHUFRODWLRQ
WKUHVKROG��7KH�FKDUDFWHULVWLF�GLVFRQWLQXLWLHV
�LQGLFDWHG� E\� GDVKHG� OLQHV� LQ� )LJ����� DUH
FOHDUO\� YLVLEOH� RQ� WKH� FRQGXFWLYLW\� YV�� WHP�
SHUDWXUH� SORWV� QHDU� WKH� WUDQVLWLRQ� SRLQW
W1,|���&�� 7KRXJK� WKHVH� HIIHFWV� DUH� QRW� VRHYLGHQW� DV� WKRVH� REVHUYHG� IRU� VSHFWUDO� GDWD
LQ� )LJ����� WKH\� DUH� TXLWH� XQDPELJXRXV� DQG
UHSURGXFLEOH�� 7KH� VKDSH� RI� WKHVH� VLQJXODUL�
WLHV� RQ� V� YV�� WHPSHUDWXUH� SORWV� DW� WKH� QH�
PDWLF�WR�LVRWURSLF�WUDQVLWLRQ�LV�TXLWH�VLPLODU
WR�WKH�SLFWXUH�FRPPRQO\�REVHUYHG�IRU�OLTXLG
FU\VWDOV� >������@�� ZKLFK� DOVR� VXSSRUWV� RXU
DVVXPSWLRQ�WKDW�GLVSHUVHG�0:17V��RU�WKHLU
VPDOO� DQLVRPHWULF� DJJUHJDWHV�� ZHUH� UHDOO\
LQFRUSRUDWHG� LQWR� WKH� OLTXLG� FU\VWDOOLQH
VWUXFWXUH��

7KXV�� LQ� WKLV� SDSHU� ZH� KDYH� SUHVHQWHG
UHVXOWV� RI� RSWLFDO� WUDQVPLVVLRQ� DQG� HOHFWULF
FRQGXFWLYLW\�VWXGLHV�RI�PXOWLZDOO�QDQRWXEH�
QHPDWLF�OLTXLG�FU\VWDO�V\VWHP��7KH�REWDLQHG
GDWD� VXSSRUW� H[LVWHQFH� RI� RUJDQL]DWLRQ� LQ
WKH� VWXGLHG� /&�0:17� V\VWHPV� RQ� WKH� VX�
SUDPROHFXODU� OHYHO��7KH� H[LVWHQFH�RI� VWURQJ
LQWHUDFWLRQV� EHWZHHQ� /&� PDWUL[� DQG
0:17V�LV�VXSSRUWHG�D�YHU\�ORZ�SHUFRODWLRQ
WKUHVKROG�FRQFHQWUDWLRQ�RI�RUGHU������ZW����
,W� FDQ� EH� H[SHFWHG� WKDW� IXUWKHU� VWXGLHV
DORQJ� WKH� OLQHV� RI� WKLV� DSSURDFK� �H[SHUL�
PHQWV�XVLQJ�GLIIHUHQW�/&�VROYHQWV�DQG�&17V
RI�GLIIHUHQW�W\SH�DQG�GLPHQVLRQV��DV�ZHOO�DV
VWXGLHV� XVLQJ� PRUH� DGYDQFHG� VSHFWURVFRS\
WHFKQLTXHV�WKDQ�VLPSOH�RSWLFDO�WUDQVPLVVLRQ
PHDVXUHPHQWV�� ZRXOG� SURYLGH� D� EHWWHU� LQ�
VLJKW� LQWR� WKH� VWUXFWXUDO� IHDWXUHV� DQG� FRQ�

GXFWLYLW\� PHFKDQLVPV� LQ� WKH� &17�FRQWDLQ�
LQJ�EOHQGV�DQG�FRPSRVLWHV������
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)LJ����� (OHFWULFDO� FRQGXFWLYLW\� V� RI
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