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7KH�OLJKW�FROOHFWLRQ�SURFHVV�LQ�D� ORQJ�SRO\VW\UHQH�VFLQWLOODWRU�VWULS�WR�D�ORQJLWXGLQDOO \SODFHG�ZDYHOHQJWK�VKLIWLQJ�OLJKW�JXLGH�LV�FRQVLGHUHG��%\�PHDQV�RI�0RQWH�&DUOR�PHWKRG��WKHGHSHQGHQFH�RI�OLJKW�\LHOG�RQ�VWULS�SDUDPHWHUV��GLPHQVLRQV��EXON�DWWHQXDWLRQ�OHQJWK��%$/��GLIIXVH� UHIOHFWLRQ� FRHIILFLHQW�KDYH� EHHQ� FDOFXODWHG�� 7KH� RSWLPXP�QXPEHU� RI� OLJKW� JXLGHVDQG� WKHLU� GLPHQVLRQV� DUH� HVWLPDWHG��7KH� UHVXOWV� DUH� FRPSDUHG� WR� WKHRUHWLFDO� HVWLPDWLRQVZLWKLQ�WKH�LQWHJUDWLQJ�VSKHUH�PRGHO��,W�LV�VKRZQ�WKDW�LQ�VSLWH�RI�WKH�VPDOO�VWULS�WUDQVYHUVHGLPHQVLRQV��WKH�OLJKW�\LHOG�GHSHQGV�VXEVWDQWLDOO\�RQ�WKH�PDWHULDO�WUDQVSDUHQF\�DQG�DWWDLQVLWV�PD[LPXP�YDOXH�DW�%$/�RI�DERXW���P�
èjxxuvzént�wév|nxx� xknzvxviqéjtq¹�k�lsqttvu�wvsqxzqévs�tvu� x|qtzqss¹|qvttvuxzéqwn�tj�wévlvs�tv�éjoun�ntt�p�xwnrzévxun�jí�qp�xknzvkvl��Înzvlvu�Îvtzn�Çjésvéjxx·qzjtj� ojkqxquvxz�� xknzvkvmv� k�}vlj� vz� wjéjunzévk� xzéqwj�� nmv� éjounévk��vi~nu�tvp� lsqt�� vxsjisntq¹� xknzj� �%$/��� rvë{{q|qntzj� lq{{yotvmv� vzéj ntq¹��Ívsy·nt�v|ntrq� vwzqujs�tvmv� ·qxsj� xknzvkvlvk� q� q}� éjounévk�� ènoys�zjz�� xéjktqkjízx¹� xznvénzq·nxrquq� v|ntrjuq� k� uvlnsq� xknzvunétvmv� ¡jéj�� Ívrjojtv�� ·zv� tnxuvzé¹� tjujs�n� wvwnén·t�n� éjouné�� xzéqwj�� xknzvkvp� k�}vl� xy�nxzknttv� ojkqxqz� vz� wévoéj·�tvxzq�ujznéqjsj�q�lvxzqmjnz�ujrxqujs�tvmv�otj·ntq¹�wéq�%$/ a���u�

,Q� PRGHUQ� KLJK� HQHUJ\� SK\VLFV� H[SHUL �PHQWV�� LQ� VFLQWLOODWRU� WUDFNLQJ� GHWHFWRUV�FHOO� KDGURQ� DQG� HOHFWURPDJQHWLF� FDORULPH �WHUV�� SODVWLF� VFLQWLOODWRUV� DUH� RIWHQ� XVHGZKHUH� WKH� OLJKW� FROOHFWLRQ� LV� SURYLGHG� E\� DZDYHOHQJWK�VKLIWLQJ�RSWLFDO�ILEHU��:/6��>����@�,Q�VXFK�GHWHFWRUV�� OLJKW�FROOHFWLRQ�KDV�VRPHSHFXOLDULWLHV� >����@� HYHQ� DW� D� VLPSOHVW� JH �RPHWU\��F\OLQGHU��SDUDOOHOHSLSHG���7KLV�LV�HV �SHFLDOO\� SURQRXQFHG� ZKHQ� WKH� OLJKW� SDWKOHQJWK�LV�VPDOO�DV�FRPSDUHG�WR�WKH�EXON�DW �WHQXDWLRQ� OHQJWK� �%$/�� RI� WKH� LQWULQVLF� OX�PLQHVFHQFH�OLJKW�$V� DQ� H[DPSOH�� OHW� XV� ORRN� DW� GHWHFWLQJGHYLFH� RI� WKH� 23(5$� VHW� >�@�� ,WV�PDLQ� HOH �PHQW�LV�D�ORQJ�VWULS�RI�VFLQWLOODWLQJ�SRO\VW\ �UHQH� RI� ��×��×�����PP� VL]H�� ZLWK� D� GLI�IXVHO\� UHIOHFWLQJ� FRDWLQJ�� 7KH� OLJKW� FROOHF �WLRQ�LV�SURYLGHG�E\�D�:/6�ILEHU�SODFHG�LQ�DJURRYH�FXW�DORQJ�WKH�VWULS�ORQJ�VLGH��'HVSLWH

RI�WKH�ODUJH�VWULS�OHQJWK��WKH�PDLQ�WUDQVIHURI�WKH�OLJKW�HQHUJ\�RFFXUV�LQ�WKH�SODQH�SHU �SHQGLFXODU�WR�WKH�ILEHU��ZKLFK�LV�PRUH�FKDU �DFWHULVWLF� IRU� VKRUW� GHWHFWRUV�� ,Q� WKLV� FDVH�WKH� PRVW� HIILFLHQW� OLJKW� FROOHFWLRQ� WDNHVSODFH�ZLWK�GLIIXVHO\�UHIOHFWLYH�VXUIDFHV��PD �WHULDO�WUDQVSDUHQF\�QRW�SOD\LQJ�VXFK�D�JUHDWUROH��2Q�WKLV�EDVLV��LW�KDV�EHHQ�VXSSRVHG�>�@WKDW� VFLQWLOODWRUV� ZLWK� VDWLVIDFWRU\� RSHUD �WLRQDO�FKDUDFWHULVWLFV�FRXOG�EH�PDGH�RI�WHFK �QLFDO�SRO\VW\UHQH�ZLWK�UHODWLYHO\�VPDOO�OLJKWDWWHQXDWLRQ�OHQJWK�����WR����FP��6LQFH�WKH�LQIRUPDWLRQ�SUHVHQWHG�LQ�OLWHUD �WXUH�LV�UDWKHU�FRQWUDGLFWRU\��LW�VHHPV�XVHIXOWR�FDUU\�RXW�D�FRPSOH[�WKHRUHWLFDO� VWXG\�RIOLJKW�FROOHFWLRQ� LQ�GHWHFWRUV�RI�VXFK�D�W\SH�,Q�SDUWLFXODU�� LW� LV�QHFHVVDU\� WR� DQVZHU� WKHTXHVWLRQ�ZKHWKHU�LV�LW�QHFHVVDU\�WR�LQFUHDVHVFLQWLOODWRU� WUDQVSDUHQF\�� DQG� LI� \HV�� WKDQWR�ZKDW�H[WHQW�

)XQFWLRQDO�0DWHULDOV�����1R��������� �������²�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV

)XQFWLRQDO�PDWHULDOV������������� ���



7R� DQVZHU� WKLV� TXHVWLRQ�� OHW� XV� WU\� WRDSSO\� WKH�LQWHJUDWLQJ�VSKHUH�IRUPXOD� >�@�WRGHVFULEH� VXFK� D� VWULS�� 7DNLQJ� WKH� OLJKW� DW �WHQXDWLRQ� LQWR� DFFRXQW� DQG� QHJOHFWLQJ� WKHGLUHFW� LOOXPLQDWLQJ�� WKLV� IRUPXOD� FDQ� EHZULWWHQ�DV�
τ = 4 ⋅ 5 ⋅ H[S(−O ⁄ %$/)� − (� − 4) ⋅ 5H[S(−O ⁄ %$/)�4 = ΣRXW ⁄ Σ�

���
ZKHUH� 4 LV� WKH� RXWSXW� SRUW� UHODWLYH� DUHD�ΣRXW DQG� Σ EHLQJ� DUHDV� RI� WKH� RXWSXW� SRUW�OLJKW� JXLGH�� VXUIDFHV� DQG� VFLQWLOODWRU� WRWDOUHIOHFWLQJ� VXUIDFH�� UHVSHFWLYHO\��� 5�� WKHVWULS�VXUIDFH�UHIOHFWDQFH�� O��WKH�SKRWRQ�PHDQSDWK� EHIRUH� UHJLVWUDWLRQ�� %$/�� WKH� EXON� DW�WHQXDWLRQ�OHQJWK��,W�IROORZV�IURP�FRQVLGHUD �WLRQ�RI� ����WKDW�OLJKW�FROOHFWLRQ�WHQGV�WR� LQ �FUHDVH�ZLWK�%$/��5 DQG�4 �)LJ�����,W� LV� NQRZQ� WKDW�� XQGHU� VRPH� UHVWULF �WLRQV��HTXDWLRQ�����FDQ�EH�DSSOLHG�WR�VFLQWLO �ODWRUV� RI� DQ\� DUELWUDU\� VKDSH� LI� WKHLU� DOOWKUHH� GLPHQVLRQV� DUH� RI� WKH� VDPH� RUGHU� RIPDJQLWXGH� >�@�� ,WV� DSSOLFDELOLW\� WR� ORQJVWULSV� LV�QRW� HYLGHQW��7KHUHIRUH��WKHRUHWLFDOHVWLPDWLRQV�KDYH�EHHQ�FRPSDUHG�ZLWK�GLUHFW0RQWH� &DUOR� FDOFXODWLRQV�� +DYLQJ� VHW� WKHDERYH� VWULS� SDUDPHWHUV�� ZLWK� 5  ������ DQGFRUUHFWLRQ� RQ� GLIIHUHQFH� LQ� VWULS� DQG� ILEHUUHIUDFWLQJ� LQGH[HV�� ZH� REWDLQ� IURP� ���� WKHGHSHQGHQFH�SUHVHQWHG�E\�FXUYH����VROLG�OLQH�LQ�)LJ�����7KH�0RQWH�&DUOR� UHVXOWV�DUH�SUH �VHQWHG� E\� FXUYH� ��� 7KH� FXUYHV� DJUHHPHQWHYLGHQFHV� WKH� SRVVLELOLW\� WR� XVH� WKH� LQWH �JUDWHG�VSKHUH�IRUPXOD�WR�GHVFULEH�OLJKW�FRO �OHFWLRQ� LQ� WKH� VWULS�ILEHU� V\VWHP�� (TXDWLRQ���� DOVR� VKRZV� WKDW� DW� 5 FORVH� WR� XQLW\� LQWKH� UDQJH� RI� KLJK� WUDQVSDUHQF\�� WKH� OLJKWFROOHFWLRQ�YDOXH�GHSHQGV�KHDYLO\�RQ�WKH�GLI �IXVH� UHIOHFWLRQ� FRHIILFLHQW� 5�� ,QGHHG�� ZLWK%$/ → ∞��τ a�45����� 5��DQG�

τ�
τ� ≈

� − 5�� − 5�� ���
7KXV�� IRU� H[DPSOH�� WKH� FKDQJH� IURP5  ����� WR� 5  ������ FRUUHVSRQGV� WR� OLJKWFROOHFWLRQ� LQFUHDVH� E\� D� IDFWRU� RI� ����� $VLPLODU� EHKDYLRU� LV� REVHUYHG� LQ� ORZ�DEVRUE �LQJ�GLIIXVH�OLJKW�JXLGHV�>�@�7KH�0RQWH� &DUOR� FDOFXODWHG� OLJKW� FROOHF �WLRQ� GHSHQGHQFH� RQ� EXON� WUDQVSDUHQF\� LVVKRZQ� LQ� )LJ����� 7KH� FDOFXODWLRQ� KDV� EHHQPDGH� IRU� WKH� IROORZLQJ� LQLWLDO� FRQGLWLRQV������� SKRWRQV�0,3�� 307� FDWKRGH� HIIL �FLHQF\� ��� ��� :/6� ILEHU� <��� RI� .XUDUD\&R�������PP�GLDPHWHU�� WKH� OLJKW�FRQYHUVLRQ

FRHIILFLHQW� LQ�:/6� ������ WKH� FRHIILFLHQW� RIFRQYHUWHG�OLJKW�FDSWXUH�LQ�:/6�ILEHU�������WKH�:/6�ILEHU�WUDQVPLVVLRQ�FRHIILFLHQW�����WKH� UHIOHFWLRQ� RQ� WKH� VWULS� ZDOOV� LV� GLIIXVHZLWK�FRVLQH�GLVWULEXWLRQ�OLNH� π��FRVθ�,W� LV�VHHQ�IURP�WKH�)LJXUH�WKDW�WKH�OLJKW\LHOG� GHSHQGHQFHV� RQ� EXON� WUDQVSDUHQF\KDYH� D� VSHFLILF� VKDSH� ZLWK� VDWXUDWLRQ� �SOD �WHDX���7KH�YDOXH�RI�WKLV�SODWHDX��WKDW�LV��WKHPD[LPXP� OLJKW� \LHOG� YDOXH�� LV� HDV\� WR� RE �WDLQ�IURP�����OHWWLQJ�%$/ DSSURDFK�LQILQLW\�WKDW� LV�� VXSSRVLQJ� WKH� DEVHQFH� RI� EXON� DW �WHQXDWLRQ��$V�D�UHVXOW��ZH�REWDLQ�
τ∞ = 4 ⋅ 5� − (� − 4) ⋅ 5 < �� ���

EHFDXVH�HYHQ�IRU�WKH�ODUJH�%$/��OLJKW�FROOHF�WLRQ� LV� UHVWULFWHG� E\� VXUIDFH� ORVVHV�� $V� WKHFULWLFDO�%$/ YDOXH�� ZKLFK� LW� LV� LQH[SHGLHQWWR� H[FHHG�� RQH� FDQ� WDNH� WKH� RQH� DW� ZKLFKOLJKW� FROOHFWLRQ� HTXDOV� WR� D� VSHFLILHG� IUDF �WLRQ��'��RI�LWV�SRVVLEOH�PD[LPXP��WKDW�LV�
τ(%$/FULW) ⁄ τ∞ ≤ '� ���,W�IROORZV�IURP���������WKDW

%$/FULW = OOQ



'� − 5(� − 4 − ' + '4)




� ���
&ULWLFDO� YDOXHV� RI� WKH� EXON� WUDQVSDUHQF\IRU� GLIIHUHQW� GLIIXVH� UHIOHFWLRQ� FRHIILFLHQWVFDOFXODWHG�DFFRUGLQJ�WR� ����DUH�SUHVHQWHG�LQ7DEOH��7KH� HQKDQFH� RI� OLJKW� FROOHFWLRQ� VHHPV� WREH�GXH�WR�LQFUHDVH�RI�GLVWDQFH�� O!�SDVVHG�E\D� SKRWRQ� EHIRUH� LWV� DEVRUSWLRQ� DQG�� WKHUH �IRUH�� E\� LQFUHDVH� RI� LWV� FDSWXUH� SUREDELOLW\E\� WKH� OLJKW� JXLGH�� 0RQWH� &DUOR� FDOFXODWHGUHVXOWV�IRU��O!�DUH�SUHVHQWHG�LQ�)LJ�����7KHQXPEHU� RI� UHIOHFWLRQV� ZKLFK� SKRWRQ� XQGHU �
7DEOH��&ULWLFDO�YDOXHV�RI�EXON�WUDQVSDUHQF\5 %$/FULW��FP��'  ���� '  ���� '  ������ ����� ����� ��������� ����� ���� �������� ����� ���� �������� ����� ���� �������� ���� ���� �������� ���� ���� ������� ���� ���� ������� ���� ���� ������� ���� ���� ���
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JRHV�EHIRUH�GHWHFWLRQ�LV�SUHVHQWHG�LQ�)LJ����,W�LV�VHHQ�LQ�WKH�)LJXUH�WKDW�WKH�QXPEHU�RIUHIOHFWLRQV�LV�LQFUHDVHG�ZLWK�%$/ DQG�5 DQGDOVR�WHQGV�WR�D�PD[LPXP�YDOXH��,W�LV�WR�QRWHWKDW�PLUURU�UHIOHFWLRQ�JLYHV�QHDUO\�WKH�VDPH

UHVXOW� DV� WKH� GLIIXVLRQ� RQH� DW� KLJK� UHIOHF �WLRQ�FRHIILFLHQW�5  ������,W� IROORZV� IURP� )LJ���� WKDW� DW� KLJK� VXU �IDFH�UHIOHFWDQFH��WKH�PHDQ�SDWK�H[FHHGV�VLJ �QLILFDQWO\� WKH� VWULS� FKDUDFWHULVWLF� GLPHQ �VLRQV� ��� DQG� ���� FP���%XW� FRPSDULVRQ�ZLWK

)LJ����� /LJKW� \LHOG� WKHRUHWLFDO� GHSHQGHQFH� RQ� GLIIXVLRQ� UHIOHFWLRQ� FRHIILFLHQW� 5�� UHODWLYH� DUHD� RIRXWSXW�SRUW�4 DQG�EXON�WUDQVSDUHQF\�%$/�

)LJ�����7KH�GHSHQGHQFH�RI�SKRWRQ�PHDQ�SDWKSULRU� WR� UHJLVWUDWLRQ� RQ� EXON� DWWHQXDWLRQOHQJWK�IRU�GLIIHUHQW�5�
)LJ�����'HSHQGHQFH� RI� OLJKW� \LHOG�GLPHQVLRQVRQ� EXON� DWWHQXDWLRQ� OHQJWK� IRU� D��×��×����PP� VWULS��6ROLG�OLQH��FDOFXODWLRQVE\� LQWHJUDWLRQ� VSKHUH� IRUPXOD� ����� GDVKHGOLQH��0RQWH�&DUOR�FDOFXODWLRQV�

)LJ�����0RQWH�&DUOR�FDOFXODWLRQV�RI�OLJKW�\LHOGGHSHQGHQFH� RQ� EXON� DWWHQXDWLRQ� OHQJWK� IRUGLIIHUHQW�GLIIXVH�UHIOHFWLRQ�FRHIILFLHQWV�5 IRUD� ��×��×����PP� VWULS�� 'DVKHG� OLQH� FRUUH�VSRQGV� WR� LGHDO� PLUURU� UHIOHFWLQJ� �)UHVQHO�VXUIDFH�

)LJ����� 'HSHQGHQFH� RI� UHIOHFWLRQV� QXPEHU� RQEXON� DWWHQXDWLRQ� OHQJWK� DQG� VWULS� VXUIDFHTXDOLW\�� 5  ��� ����� ����� ����� ����� ����� ���������&XUYHV���DQG���FRUUHVSRQG�WR�PLUURU�UH�IOHFWLRQ�IURP�VXUIDFH�REWDLQHG�E\�SRO\PHUL]D�WLRQ� EHWZHHQ� JODVVHV� DQG� IURP� SROLVKHG� VXU�IDFH��UHVSHFWLYHO\���
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)LJ���� VKRZV� WKDW� WKH� PHDQ� SDWK� EHWZHHQUHIOHFWLRQV� FKDQJHV� RQO\� VORZO\�� DSSUR[L �PDWHO\� IURP� ���� WR� ���� FP�� 7KLV� LV� HVVHQ �WLDOO\� WKH�VDPH�DV�WKH�PHDQ�SDWK�FDOFXODWHGE\�VWDQGDUG�H[SUHVVLRQ�
O = �9 ⁄ Σ�� ���ZKHUH�9 LV� WKH�VWULS�YROXPH�� ,W�IROORZV�IURP����WKDW� O  ������FP��WKDW�DJUHHV�ZLWK�)LJ����,W� IROORZV� IURP� ���� DQG� )LJ���� WKDW� WKHOLJKW� FROOHFWLRQ� LQFUHDVHV� ZLWK� 4�� WKDW� LV�ZLWK�WKH�RXWSXW�SRUW�DUHD��7R�FKHFN�WR�ZKDWH[WHQW�WKLV�FRQFOXVLRQ�LV�YDOLG�LQ�WKH�FDVH�RID�VWULS��WKH�0RQWH�&DUOR�OLJKW�\LHOG�FDOFXOD �WLRQV� KDYH� EHHQ� PDGH� ZLWK� OLJKW� JXLGHV� RIGLIIHUHQW�GLDPHWHUV��7KH�FDOFXODWLRQ� UHVXOWVDUH� SUHVHQWHG� LQ�)LJ�����2QH�FDQ� VHH� LQ� WKH)LJXUH� WKDW� GHSHQGHQFH� RQ� GLDPHWHU� LV� HV �VHQWLDOO\� OLQHDU�� 7KH� OLJKW� JXLGH� GLDPHWHUEHLQJ� WKH� VDPH�� WKH� RXWSXW� SRUW� UHODWLYHDUHD� LV� FKDQJHG� ZLWK� VWULS� GLPHQVLRQV�� ,Q)LJ�����WKH�FDOFXODWHG�OLJKW�FROOHFWLRQ�YDOXHVDUH� SUHVHQWHG� LQ� VWULSV� RI� GLIIHUHQW� GLPHQ �

VLRQV��,W�LV�VHHQ�LQ�WKH�)LJXUH�WKDW�WKH�VWULSFURVV� VHFWLRQ� LQFUHDVH� �ZKLFK� LV� HTXLYDOHQWWR�RXWSXW�SRUW�DUHD�UHGXFWLRQ��UHVXOWV�LQ�WKHOLJKW�\LHOG�GHFUHDVH��DV�LV�SUHGLFWHG�E\�LQWH �JUDWHG� VSKHUH� IRUPXOD�� /HW� XV� QRWH� D� JRRGDJUHHPHQW�EHWZHHQ�H[SHULPHQWDO�DQG�FDOFX �ODWHG�UHVXOWV�REWDLQHG�IRU�23(5$�VWULS�ZLWK5  ������7KH� RXWSXW� SRUW� DUHD�DQG� WKXV� WKH� OLJKW\LHOG� FDQ� EH� LQFUHDVHG� E\�PHDQV� RI� DGGLQJ

)LJ����� 7KH� GHSHQGHQFH� RI� VWULS� OLJKW� \LHOG� RQ:/6�ILEHU�GLDPHWHU�DW�LWV�GLIIHUHQW�ORFDWLRQV��K�

)LJ�����'HSHQGHQFH�RI�OLJKW�\LHOG�RQ�WKH�:/6ILEHU�GHSWK�IRU���×��×����PP� VWULS�)LJ����� 'HSHQGHQFH� RI� OLJKW� \LHOG� RI� ORQJVWULSV�RQ�FURVV�VHFWLRQ�DUHD��'RWV��H[SHULPHQW�5  ��������&XUYHV��0RQWH�&DUOR�FDOFXODWLRQV�5  ������������������������������

)LJ������ 'HSHQGHQFH� RI� OLJKW� \LHOG� RQ� :/6ILEHU� SRVLWLRQ� �GHSWK  ��� PP� IURP� VXUIDFH�IRU���×��×����PP� VWULS�

)LJ����� 'HSHQGHQFH� RI� OLJKW� \LHOG� IRU� RQ� WKHQXPEHU� RI� :/6� ILEHUV� IRU� ��×��×����PP�VWULS�
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DGGLWLRQDO� OLJKW�JXLGHV�FROOHFWRUV��,Q�)LJ����WKH� OLJKW� \LHOG� GHSHQGHQFH� RI� 23(5$� VWULSRQ�WKH�QXPEHU�RI�OLJKW�JXLGHV�LV�SUHVHQWHG�,W� LV� VXSSRVHG� WKDW� OLJKW� JXLGHV� DUH� XQL �IRUPO\� GLVWULEXWHG� RYHU� WKH� VWULS� ZLGWK� DW��PP� GHSWK�� ,W� LV� VHHQ� LQ� WKH� )LJXUH� WKDWWKH� FXUYH� KDV� D�PD[LPXP� DW� Q≈��� )XUWKHULQFUHDVH� RI� OLJKW� JXLGH� QXPEHU� UHVXOWV� LQWKHLU�PXWXDO� VKLHOGLQJ�DQG�WKHUHIRUH� LV�QRWDGYLVDEOH�� +RZHYHU�� LW� LV� WR� QRWH� WKDW� WKHVKLHOGLQJ� HIIHFW� FRXOG� EH� UHGXFHG� WR� VRPHH[WHQW� E\� DSSURSULDWH�DUUDQJHPHQW� RI� OLJKWJXLGHV� �6KDVKO\N�� >�@�� 7KH� OLJKW� \LHOG� GH �SHQGHQFH�RQ�WKH�RXWSXW�SRUW�SRVLWLRQ�LV�QRWLQFOXGHG� LQ� WKH� LQWHJUDWHG� VSKHUH� IRUPXOD�7KLV�GHSHQGHQFH�KDV�EHHQ�VWXGLHG�E\�PHDQVRI� 0RQWH� &DUOR� FDOFXODWLRQV� IRU� GLIIHUHQWSRVLWLRQV�RI�OLJKW�JXLGH��7KH�FDOFXODWLRQ�UH �VXOWV� DUH�SUHVHQWHG� LQ�)LJV���� DQG� ���� ,W� LVVHHQ� LQ� WKH� )LJXUHV� WKDW� WKH� OLJKW� JXLGHSRVLWLRQ�GRHV�QRW�DIIHFW�HVVHQWLDOO\�WKH�OLJKW\LHOG�YDOXH�7KXV�� LW� LV� IRXQG� LQ� WKH� VWXG\� WKDW� WKHPD[LPXP�OLJKW�\LHOG�LQ�D�VWULS���:/6�ILEHUV\VWHP�LV�DWWDLQHG�ZLWK�GLIIXVH�W\SH�RI�VXU �IDFH�UHIOHFWLRQ��7KH�OLJKW�\LHOG�LV�LQIOXHQFHG

E\� WKH� VWULS� PDWHULDO� WUDQVSDUHQF\� �XS� WR��P��� LWV�GLPHQVLRQV�� WKH� GLIIXVH� UHIOHFWLRQFRHIILFLHQW�� :/6� GLDPHWHU�� DQG� QXPEHU� RIWKHVH� ILEHUV�� 7KH� PHDQ� QXPEHU� RI� UHIOHF �WLRQV� ZKLFK� SKRWRQ� XQGHUJRHV� EHIRUH� FDS �WXULQJ� E\� :/6� GHSHQGV� RQ� WUDQVSDUHQF\DQG� DWWDLQV� DERXW� ��� ZKHQ� %$/ !�����FPDQG�5  �������$Q�RSWLPXP�QXPEHU�RI�:/6�ILEHUV� H[LVWV� �DERXW� �� IRU� WKH� V\VWHPV� FRQ �VLGHUHG���ZKLFK�SURYLGHV�WKH�PD[LPXP�OLJKW\LHOG�� 7KH� G\QDPLFV� RI� OLJKW� FROOHFWLRQ� LQORQJ�VWULS���:/6�ILEHU�V\VWHP�FDQ�EH�VDWLVIDF �WRU\�GHVFULEHG�E\�LQWHJUDWHG�VSKHUH�IRUPXOD�5HIHUHQFHV���9�.�$QDQLHY�� ,QVW�� RI� +LJK� (QHUJ\� 3K\VLFV3UHSULQW��������������>LQ�5XVVLDQ@����$�9�.RVWULWVN\�� /�2�%DOLHY�� $�)�%X]XOXWVNRYHW�DO���3ULE��7HNKQ��(NVS���1R�����������������<X�$�7V\UOLQ��/LJKW�&ROOHFWLRQ�LQ�6FLQWLOODWLRQ&RXQWHUV��$WRPL]GDW��0RVFRZ��������>LQ�5XV�VLDQ@����1�=�*DOXQRY�� 7�$�7VLJDQNRY�� 3ULE�� 7HNKQ�(NVS���1R�����������������23(5$� SURSRVDO�� &(51�636&� ���������636&�3�����/1*6�3���������-XO\�����������
bvxsLl ntt¹�xkLzsvoiqéjtt¹�y�x|qtzqs¹|Lptq}xzéqwj}�oL�xwnrzévouL�yí·qu�xkLzsvkvlvu

{���vËÓ�Ò�ÒÓ��|�n�k�È��¯ºm��v�{��lËã	ÓÒ��}
èvoms¹tyzv� wév|nx� xkLzsvoiqéjtt¹� y� lvkmvuy� wvsLxzqévs�tvuy� x|qtzqs¹|LptvuyxzéqwL� tj� wvolvk t�v� évozj¡vkjtqp� xwnrzévouL�yí·qp� xkLzsvkvl�� Înzvlvu� ÎvtznÇjésv� vi·qxsntv� ojsn tLxz�� xkLzsvkvmv� kq}vly� kLl� wjéjunzéLk� xzéqwy�� pvmv� évouLéLk�vi¶�utv¢�lvk qtq�wvxsjisntt¹�xkLzsj��%$/���rvn{L|L�tzj�lq{yotvmv�kLliqzz¹��Ìzéqujtvv|Ltrq�vwzqujs�tv¢�rLs�rvxzL�xkLzsvkvlLk�zj�¢}tL}�évouLéLk��ènoys�zjzq�wvéLktííz�x¹�oznvénzq·tquq�v|Ltrjuq�y�uvlnsL�xkLzsvuLétv¢�rysL��Ívrjojtv���v�tnokj jí·q�tj�ujsLwvwnén·tL�évouLéq�xzéqwy��xkLzsvkqp�kq}Ll�xyzz�kv�ojsn qz��kLl�wévovévxzL�ujznéLjsy�Llvx¹mj��ujrxqujs�tvmv�otj·ntt¹�wéq�%$/ a���u�

9�*�6HQFK\VKLQ�HW�DO����/LJKW�FROOHFWLRQ�VWXG\����

)XQFWLRQDO�PDWHULDOV������������� ���


