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!2A0/�?*36A078HE14HO78Z0=6/N?3QFE9O-[;:9�;>=6=�9D-4/NFO/�L03 a«/)HO/)Ab9W/)1_7cP<-0F�;>HG/TFO`01v/NHG1_78FG/NL � ;>F¡FG/N/)A}3QAm¹�3QR0w_�4wÀ� Å �nz�;:A0LSa/2A0/N/)L�;�?�/)9O-07ML*7>JKL0/)10HO7º�G/NP)9O3QA0R&9D-0/)?gw{i�/E-0;�5>/E9D-0;:9C36A*9O-0/�J�78HG? 7>J�Y2781410=Q/)HaFG-036Jª9OFNzc36J�;>A*78Zc�G/)P)9.-[;:F?�/X;>FG`0HD;>Z4=Q/¡=Q36A0/NF|;:A0L�36J¢9D-0/¡78Zb�G/NP)9�3QA��b`0/)FG9O3Q78A�3QF.FG` ��PN3Q/)AB9D=6I�Z4HO3QR>-b9C9D-[;:9|Sa/WPX;>Ag; a_78HOL�9D7�L036FO1v/NHGFO/W369OF
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z = 1.5log10
SFR

z

¹�3QR8`0HG/��4w½�:È4µTrc9D;>HWJ�78HO?*;:9D3678A!HD;\9D/*;>F�;�J�`0A0Pn9D3Q7>A}7>JHG/NL0FG-036Jª9Nw�!2Z0FO/)HG5:;:9D3678A0FT;\9T78149O3QPX;:=�SC;X58/N=6/NA0R:9D-0FT36AM¨L43QPX;\9D/�;g1_/N;>h@z�Z0`49^9O-0/NFG/�?*;�IkA0/)/NLtP)78HOHG/NP)9O3Q78A�J�78H;:Z0FO78HG149D3678A�ZBI�L0`0FG9Nw

1/λlog

log Iλ

BVRI

¹�3QR8`0HG/u�4w½�:�4µ S�I�78Z0FO/)HG5c3QA4R^;WZ0=~;>P<hbZv7MLMIT3QA�L03 a_/NHG/NAB9´0=69D/)HOF)z[78A0/WPX;>A�L0/n9D/NHG?*36A0/¡369OFe9D/)?*1v/NHO;:9D`0HG/>w

10-07:9D78A0F)w � AB9O3Q=0A07�S�Y2781010=6/NH(FO-436Jª9DF(-0;�5>/�Zv/N/)A*7>Z49<;>36A0/NL�;>=6?*7>FG9(/©l4P)=Q`0FG365>/N=6IT;:9�78149O3QPX;:=[;>A0L�A0/N;>H�3QA4J�HO;>HO/)LSC;�5>/N=6/NA0R>9O-0FNw
§oA�9D-0/2P)78`0HGFO/¡7>J�78`4He/ a_78HG9OFCSa/¡-[;X58/¡`0A0L4/NHOFy9D7c7ML�;�Ab`0?�Z_/)H.7>JKSe;XIcF|3QA�S|-43QP<-�9D-4/¡1[;>FG9CSe;>F.L43 a_/NHO/)AB9J�HO7>? 9D-4/�14HO/NFG/NAB9Xw�,.-0/)HO/WSe;>F|=6/NFOF|P)=Q`0Fy9D/NHG3QA0RT7:J{RB;:=~;\lM3Q/)Fe3QA�9O-0/W1[;>FG9u;:A0L�9O-0/NHG/¡SC/)HO/�?�;>ABI�?*78HG/W;>P)9O365>/RB;>=Q;>P)9O3QP2Ab`0P)=Q/)3 z0�b`[;>FO;>HOF�;>A0L�HO;>L03Q7TR8;>=~;\lM36/NFNw(,.-4/NHO/&;>HG/¡7>9D-0/)H.Se;XIcFE;:F|Sa/N=6= w
,.-0/mJ�`0A0L[;>?�/NAB9D;>=210=Q;>A0/$J�78H�/)=Q=Q36149D36PX;>=uRB;>=Q;\lM3Q/)Fm� rM/)P)9O3Q78A	�8w �B�*Se;:F�36A 9D-0/m1[;>Fy9g;:9�-03QR>-0/NH�FG`0HGJ�;>P)/Z0HG3QR8-B9DA4/NFOFTJ�78H^´Ml4/)L / a«/)P)9D3�58/�HD;:L03Q`0F ! ��;>A0Lt58/)=Q7cPN369oIjL03QFG1_/)HOFO3678A + w�,.-0/�78Z0FG/NHy5>;\9D3Q7>A0F�;>HO/�P)78A0FO36FG9O/NAB9S|369O-�9D-0/¡58/)HGI�/N;>HO=�I�J�78HO?*;:9O3Q78A�7:J�9O-0/WFG9<;:HOF|3QA�/N=6=Q36149D36PX;>=6FC;>A4L�9O-0/WFO=Q7�S J�;>L036A0R�7>J�9O-0/WFG9O/N=Q=Q;>HeP)78?*1v78A0/)AB9;>F|FG9D;>HOF|/n5878=�58/�7Na$9D-4/�?*;>36A�FO/N�b`0/)A0PN/:w
,.-0/W=Q`0?�3QA478FO3�9oITJ�`0A0P)9O3Q78A�J�7>HCRB;>=Q;\lM3Q/)Fe-[;>Fe=63Qh:/)S|3QFG/2/)5>78=65>/NL�S|369O-�9D3Q?�/>zcFO7>?*/nS|-[;:9|L03 a«/)HO/NAB9O=6I�J�78HeHO/)L;>A0LqZ0=6`0/�RB;>=Q;\lM3Q/NF)wt,.-0/�P<-[;>A0R8/)F*-0;�5>/gZv/N/)A·?�7cL0/NFy9�J�7>H^9D-0/�HO/)L0L0/)H*Z0`4=QR8/�L07>?*36A[;:9D/)LtFGIcFG9O/N?�F�?�78HO/L0HO;>?�;\9D3QP�J�78HT9O-0/�Z0=6`0/NH�L036FOhtL078?�3QA0;:9D/)L·FyIMFy9D/)?*F)w�§oA 10;>HG9O3QPN`4=~;>H)za9D-4/gAb`0?^Zv/NH*7>J2J�;>36AB9*Z4=Q`0/�RB;>=Q;\lM3Q/NF3QA4PNHO/N;>FO/)FEL0HO;>?*;:9D36PX;>=6=6I*=Q7c78hb3QA0R�Z[;>P<hBSC;>HOL!36Ag9O3Q?�/>we,.-0/&78ZB5c3Q78`0Fu3QAB9O/NHO14HO/)9D;:9D3678A�3QF�;>A�36A0PNHG/X;>FG/NL$HO;:9D/�7>JFG9D;>H�J�7>HO?*;:9D3678Aj� r4¹�%��nzvHO36FO3QA4R�FG9O/X;>L43Q=6I�Z0;>P<hBSe;>HGLm3QAg9O3Q?�/&`4Ab9O3Q=¢HO/)L0FO-03�Jª9 / ® �8¿ÀÂ$��FO/N/^¹{3QR0wv�4wÀ�>ÈB�©w�i -[;\9-[;>141_/)A0Fe;:9�I8/n9C-43QR8-0/)HaHG/NL0FG-036Jª9a3QF�Fy9D3Q=6=@;�?*;:9G9D/NH�7>J«L0/NZ[;\9D/>w � J�HD;:P)9D3678A�7>J«9O-0/E781M9D3QPN;>=@;>A0L � �°=Q36R8-B9(J�HO78?FG9D;>H�J�7>HO?*;:9D3678A�3QF�;>Z0FO7>HOZv/NL$ZBIgL0`0FG92;>A0L$HG/NHO;>L03~;\9D/NLg3QA�9D-0/&?*36LM¨o36A4J�HD;>HG/NL³wai -0/)9O-0/NHE9O-0/�Fy9<;>H|J�78HG?�;:9O3Q78AHD;\9D/^J�;>=6=QF¡;:9 / I �8¿ÀÂ�7>H¡PN78AB9D36Ab`0/NF¡9D7�HO36FO/T78H�$[;:9O9O/NA0FW78`49WL4/N1v/NA0L0F&`01v78AmPN78HGHO/NPn9D3678A0F¡J�78H29D-4/�;>Z0FO7>HOZv/NL

$[`Ml_w
R(HO3Q7>H�9D7�9O-0/^?�3QLM¨D���8�8�:F�78Z4FO/NHy5:;:9D3678A0FE7:JaR8;>=~;\lM36/NF|SC/)HO/�=~;>HGR8/N=�I�=Q36?*3�9D/NL�9D7�HO/NL4FO-03�Jª9DF¡=Q/)FOFE9O-[;>A!`0A4369oI8w,eSa7&36A0L0/N1v/NA4L0/NAB9aL0/)5>/N=Q7>10?*/)AB9DF�10`0FG-0/NL�9D-078FG/|=Q3Q?�369OF�7>`49�9D7 / ® �4¿½Âcw{,.-0/.´[HGFG9�Se;:F�9O-0/|L0/)5>/N=67810?�/NAB9�ZbIrc9O/N3QL4/N=«7:J¢9O-0/�UO�³Ic?*;>A�Z0HO/N;>hb]^9D/)P<-0A03Q�b`0/:wa§¶J�9O-0/2FO1v/NPn9DHO;�7:J�Fy9<;>HGFCSa/NHO/WZ0=Q;>P<h�Z_7cL03Q/)FNzcSC/¡P)78`0=QL�?�/X;:FO`0HG/9D-4/N3QH|9D/)?*1v/NHO;:9D`4HO/NFuZBI�7>Z0FO/)HG5c3QA0R�9D-0/)?ÆS|369D-gZ0HO78;>L0Z[;>A4Lg´[=�9D/NHGF�;�J�78Hu/nl4;>?�10=Q/)">78-0A0FG78A³��F � ² � ² � ² 	 ² �

� ;$PN78?�10`49O3QA0R�9O-0/�HO/N=Q;:9D3�58/_$[`MlM/)F&36Ak9O-0/�L03 a_/NHG/NAB9&´0=69D/)HOF�;>FWFO-47ºS|A}3QAk¹{3QR>`0HO/��4wÀ�>�4w�§¶JCSa/�hcA4/)S 9O-0/N36H3QAB9OHO3QA4FO3QP&9D/N?�1v/NHD;\9D`0HG/NFNzKSa/�Sa78`0=6LmZ_/�;>Z0=6/�9D7�PN7>?*10`M9D/�;qUG10-07:9D78?�/)9OHO3QP)]�HO/)L0FO-03�Jª9Xw^i -036=Q/�9O-0/�FO1v/NPn9DHD;:=/NA4/NHOR:I L036FG9OHO3QZ4`49D3678A0F�7>JWRB;>=Q;\lM3Q/)F*;:HO/�A47>9Xz.36A R8/)A0/NHO;>= zC9O-078FG/$7>J¡Z0=Q;>P<h�Z_7cL036/NFNze9O-0/)IqA07>A0/)9O-0/N=6/NFOF�-0;�5>/J�/X;\9D`0HG/NFe9D-0;:9.1v/NHO?�369CFO`0P<-�10-47>9D78?�/)9OHO36PEHO/)L0FO-436Jª9|/NFy9D36?�;:9O/NF)zMS|369O-�3QA0P)HO/N;>FO36A0RT;>P)PN`0HO;>P)I�;:FC9D-0/¡Ab`0?�Z_/)He7>J
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log ν

916 A

UV B

νF
¹�3QR8`0HG/^�4w �8�4µ.,.-4/TFO1v/NP)9OHD;�7>J�-47>92Fy9<;>HGF2FO-07�S ;�10HG/n¨P)3Q103�9D78`4F�L0HO7>1�36A_$[`Ml�;\9(9D-0/|�³Ic?�;:A�=63Q?�369¢L0`0/.9O7W9O-0/36A0PNHG/X;>FG3QA0R�7810;>PN3�9oIm;:9W- � I ���4¿ �e/ ��w�,.-03QFWFO`4R8R8/NFy9DF;�FOP<-4/N?�/WJ�7>He´[A0L036A0R*-43QR8-�HG/NL0FG-036Jª9uRB;>=Q;\lM3Q/)FNw

´[=�9D/NHGF|3QA0P)HO/X;:FO/NF)w
§¶9�3QF¡78`0H¡R>7M7cLm=Q`0P<h�9O-[;:9WFy9D/N=6=~;>HEFO1v/NP)9OHD;�L0/)5c3Q;:9D/TJ�HO7>?9D-478FO/�7>JaZ0=~;>P<hgZ_7cL036/NF¡3QAk;�SC;�I!9O-[;:9W?*;>h>/)FHO/)L0FO-436Jª9�L0/)9O/NHG?*36A[;:9D3678AT/)5>/NA*/X;>FG3Q/NH)w�,.-0/uFG9O/N=Q=Q;>H(781[;:PN369oI�FO-07>HG9oSC;>HOL�7:J_9O-0/u�KIc?*;>A�=Q3Q?�369{;:9a�4�º� �� 3QF�5>/NHyI-036R8-³z[PX;:`0FO36A0R�;�FO-[;:HO1�L4HO781g3QA�9D-0/�$[`Ml_we,.-0/ � ´[=69O/NH|3QF|P)/NAB9D/)HO/NL$;:92�>�8�8� �� wv¹[78H|78Zc�G/)P)9DFE;:90/ ® �*;:A0LFO=63QR8-B9O=6I^-43QR8-0/)H(HO/)L0FO-03�Jª9�9D-0/)HO/u3QF�=Q3�9O9D=6/C78H�A07�$[`Ml�36AT9D-0/ � ´[=69O/NH(Z0`M9C10=6/NAB9oIT7>J $[`Ml�36A�9O-0/ � ;>A4L �¸´[=69O/NHGF;>FuFO/)/NA$36A$¹{36R8`0HO/W�MwÀ�8�Mwe,.-0/�R8;>=~;\lM36/NFu;>HO/�PX;:=Q=Q/)L�U � �	L0HO7>1_78`M9DFNw�]q,.-0/�FO;>?*/W9D/)P<-0A036�c`4/�PX;:A�Zv/&`0FG/NL!;\9I8/n9|-03QR>-0/NHeHG/NL0FG-036Jª9OF.ZBI�`0FG3QA0R^9OHO3Q14=Q/)9OFe7>JK´[=�9D/)HOFe9D-0;:9.=Q36/�J�`0Hy9D-0/)HC9D7^9O-0/¡HO/)L³warM1v/NP)9OHD;^-[;X5>/�Zv/N/)A�9<;>h:/NA�7>J9D-4/¡Z0HO36R8-B9D/NH � � L0HG781v78`49DF)z0FO-47ºS|36A0R�;>Z0FG78HO1M9D3Q7>A�=Q3QA4/NFa9oIc1036PX;>=«7>J�FG9O/N=Q=Q;>HaS|36A0L0F.36A � ;>A0L$� Fy9<;>HGFNw(,.-0/)FO/;>HG/�/n5c3QL0/)Ab9O=6I�R8;>=~;\lM36/NFCS|3�9D-�FO`0Z4FG9<;:Ab9O3~;>=¢rM¹�%uF)w
,.-0/�FO/)PN78A0LqL0/n58/N=67810?�/NAB9�Se;:F�FG7MP)3Q78=678R836PX;>= w$,.-0/NHG/�-[;X58/�;>=6SC;XIcF�Zv/N/)A�`0A0FO1v78h:/NA HG`0=Q/)F�;>Zv78`49T-07�S?^`0P<-!9O/N=Q/)FOP)781_/^9O3Q?�/&SC;>F¡9D7c7�?^`0P<-!9D36?*/�9D7�;>FGh�J�78H)w&§oAt���>�BÂ*9D-0/^9O-0/NAmL036HO/)P)9D7>H27>J�9D-0/�pu`0Z0Z0=6/�rM1[;>P)/,¢/N=Q/)FOP)781_/�rMP)3Q/NA4PN/�§oA4FG9D3�9D`49O/>z:SC78Z�i 3Q=6=Q3Q;>?*F)zML4/NPN36L0/NL�9D7*L0/)5>7>9D/&�8�8��78HOZ4369DF.9O7�J�78`4H|´0=69D/)H|10-07>9O78?*/n9DHyI�7>JS|-[;:9TSC;>FTPN;>=Q=6/NLj9D-4/�p�`0Z0Z4=Q/�Y2/)/N1q¹{3Q/)=QL³w R(-07>9O78?�/)9DHG3QP*HO/NL4FO-03�Jª9DF^Sa/NHO/�L0/n9D/)HO?�3QA0/)L�J�7>H�9D-07>`0FD;>A4L0FT7>JRB;>=Q;\lM3Q/)FNw�§oHG78A03QPN;>=Q=�I8zb78A0=�I�A47ºSWzMS|369D-�I>/)9uL0/)/N1v/NH.FO`4HG58/nIcFNz@-[;X58/¡Sa/¡Z_/)/NA�;>Z0=6/E9D7T78ZM9<;>36A�=~;>HGR8/2FO;>?*14=Q/NFa7>JRB;>=Q;\lM3Q/)Fu36A�9O-0/�HD;>A0R>/*��� / �°�Mwe,.-0/�Fy9DHG/NA0R>9O-�7>J{9D-0/&�³IM?*;>AgZ0HO/N;>h�?�;:L0/W369u1_7>FOFO36Z0=Q/¡9O7�=Q/N;>14J�HG78RT9D-036FHD;:A0R8/W3QAB9D7T-43QR8-0/)H.HO/)L0FO-03�Jª9DF)w
,.-0/NHG/¡3QFeFG78?�/EPN7>A0PN/)HOA�9D-[;\9|�³IM?*;>A�Z0HG/X;>h�FO`4HG58/nIcFE;>HG/E?�3QFGFO3QA4R�9D-07>FO/2RB;:=~;\lM3Q/)Fa9O-[;:9.;:HO/�KM032vJ�78HO?�3QA0RFG9D;>HOF2;>F�Sa/N=6={;>Fu9D-07>FO/^RB;:=~;\lM3Q/)F.9D-[;:92;>HO/�J�78HO?�3QA4R*Fy9<;>HGFE78A0=�I�3QAg9O-0/^L0/)149D-4F27>J(L[;:HOh�PN=Q7>`0L0FNz@S|-0/)HO/�9O-0/N36H=Q36R8-B9e36F.;>Z0FG78HOZv/NL�ZBI�L0`0Fy9u;>A0L�HO/©¨o/)?*3�9O9D/)L�3QA�9O-0/29D-0/)HO?*;>=«36A4J�HD;:HO/NL«w � 58/)HD;>R>3QA0RT7�58/)H|A0/X;>HGZBI�RB;>=Q;\lM3Q/NF)z4;\9?�78FG9{;|9O-03QHGL�7>J49D-0/)3QH�Z_7>=Q78?�/)9OHO3QP(=6`0?�3QA078FG369oIE3QF¢3QAW9D-0/a?*36LM¨o36A4J�HD;>HG/NL³w Sa`49{?�78Fy9{7>JM9D-036F�P)78?�/NF�J�HO78? ;uFO?*;>=Q=Ab`0?^Zv/NHe7:J�§\%°Z0HG3QR8-B9eR8;>=~;\lM36/NF�FG9<;:HCJ�78HO?�3QA4R�RB;>=Q;\lM3Q/)FNw{,.-4/NHO/¡36FeHO/N;>FO7>A�9D7�9O-03QA0h�9D-0;:9.;�=Q;>HOR>/NHaJ�HO;>P)9O3Q78A*7>J9D-4/�R8;>=~;\lM36/NF|;:9|-036R8-�HO/)L0FO-03�Jª9|SC78`4=QL�Z_/W§\%�Z0HG3QR8-B9NwCf�78FG9uFG9D;>HO=63QR8-B9|?*;XI�A0/n58/NHu/NFGPX;>1v/WJ�HO78?�9O-0/WRB;>=Q;\lM3Q/NF3QAgS|-03QP<-!3�923QF�/N?�369G9D/NL«wWrc9<;:HG9D36A0R�36A�9D-0/�=~;:9O/����8�>�>F�9O-0/^L0/n9D/NPn9D78HGF¡78A!FO`4Z0?*36=Q=63Q?�/)9D/)He9D/)=Q/NFGPN781v/NF¡Zv/NPN;>?�/FO`��*P)3Q/)Ab9O=6I!FG/NA0FG369O3658/T9O7�L4/)9D/)P)9 /�Á ��RB;:=~;\lM3Q/)F¡;:9�;>Am78Z4FO/NHy58/)L�SC;�5>/N=6/NA0R>9O-}7>JCÈBÂ>��� " wT,.-0/NFG/*78Zb�G/NP)9OF-[;X58/�5>/NHyIj-036R8-}Fy9<;>H�J�7>HO?*;:9D3678A�HO;:9D/)FT;>A0L}FO/N/)? 9O7�´[=Q=�3QA�9D-0/�L4/NPN=63QA0/*3QA�rM¹�%s36A4J�/NHGHO/)L}J�HO78? 781M9D3QPN;>=Q=�IFO/)=Q/)P)9D/)L�RB;>=~;ºl436/NF)z4;>=�9D-07>`0R8-*9O-0/2Ab`0?^Zv/NHGF|;>HO/EFG9D36=Q=@�b`0369O/2FO?*;>=6= w !¡Zb�G/NP)9OFeJ�78`0A0L�36A�9D-4/2?*36LM¨o36A4J�HD;:HO/NL�S|369O-9D-4/�rc10369OdN/NH|36A4J�HD;>HG/NL�9O/N=Q/)FOP)781_/�?*;�I�-[;X58/&;TFO3Q?�3Q=Q;>H�/ a_/NP)9Nw
� ?�;º�G7>HeFO-07>HG9DP)78?�3QA0RT7>J¢9D-4/�FG`0Z0?�3Q=6=Q3Q?�/)9O/NH�78Z0FG/NHG5:;:9O3Q78A4F.3QFe9D-4/N3QH.=67�S�HG/NFO7>=Q`49O3Q78A³w�Y23 a_HD;>Pn9D3Q7>A�=Q36?*3�9DF9D-4/&1v78FO3�9D3678A[;>=K;:PNPN`4HD;>PnI�9O7*HG78`0R8-4=6I!����;>HGPNFO/)PN78A4L0FNz_10HO7cL0`0P)3QA0R�/NHGHO78H|Zv7�lM/)F�9D-0;:9E36A0PN=6`0L0/W=~;:HOR8/¡Ab`0?^Zv/NHGF7>J«78149D36PX;>=[FG78`0HGPN/NF)w�,.-03QF�PX;>A*Z_/u3Q?�10HG7º5>/NL*ZbI�=67M7>hc36A0R¡J�78H�FO`0Z4?*36=Q=Q36?*/n9D/)H{FO7>`0HOP)/NFeZv/N-036A0L�=Q/NA4FO3QA4R&P)=Q`0Fy9D/NHGF7>J¢RB;>=Q;\lM3Q/)FNw"!2A0/¡PN;>A�;>=6FO7T`0FG/�<�¨oHO;XI�;>A4L�HD;>L0367^78Z0FG/NHy5>;\9D3Q7>A0FC9D7T36L0/NAB9O36JªI�S|-03QP<-�7>J�9O-0/¡?�;:AbI*PX;:A0L03QL0;:9D/)F3QA�;>A�/)HOHO7>HuZv7Xl�3QFe9O-0/WFO`0Z4?*36=Q=Q36?*/n9D/)HaRB;:=~;\lcI8w
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