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4"5%/&)0//+')3+,%'4')&00/9+]+#(.4"/."$0+&1'&+;"%+.'))"&+&4%/&+(/+'+#(.4"/."$0+&1'&+(/+%)/%(&'5*0+-"4+
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#+7%&<6<7%'33-4%+3#+6&*&#"1%/'*"3.-'#"+*2%+0%-'2&0%'5-'#"+*%'*(%#$&0&54%#0'"*%/'1$"*&%-&'0*"*6%

a)

!

" #

Page 19 of 190 AUTHOR SUBMITTED MANUSCRIPT - JPPHOTON-100480.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt
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"

!"#$%&'()*)'+,$#-./0-1,.2'3&45607)"#$%&'()*'+$(,"-./01*2"(3."0,435*"($&135/0-2"60570"7()"/(8."(*9()/(&."1:"41/0"*1-(5)".;+.3/52."
(41%/"/0."-.(2%3.-.)/"+317.22"()*"+16.3:%$"*(/('*359.)"$.(3).*"+35132<"=052"71-45)(/51)"-(8.2"/0.-"41/0"(*(+/(4$."()*".::.7/59.<"

3$**+1"&#14&'$"$*+&35#66+1)+%&
C+C$*12(&0/")3$'*,#$3#F#&*1$".&41#3$9"0,"$,*+$)*K#$/"#)$,"*11#+20+2$/($*%%1-$0+$%&*,/0,#7$

!"#$%#&'("&)*'(+,(%-./J$V0K#$*1)(3/$*+-$(/"#&$&#,(+3/&.,/0(+$)#/"(45$C+C$*12(&0/")3$&#1-$(+$
*,,.&*/#$K+(91#42#$('$/"#$'(&9*&4$)#*3.&#)#+/$)(4#1$$%:&7$@'$/"03$'(&9*&4$)(4#1$03$)03<3%#,0'0#4$
3#F#&#$*&/0'*,/3$,*+$*%%#*&$0+$/"#$&#,(+3/&.,/0(+37$

0)1"+,)#'("&)*'(+,(%-./J$C+C$*12(&0/")3$/-%0,*11-$.3#$(''</"#<3"#1'$4#+(030+2$*12(&0/")35$9"0,"$
('/#+$*33.)#$/"#$+(03#$/"#-$*&#$&#)(F0+2$'(11(93$*+$*440/0F#$9"0/#$W*.330*+$403/&06./0(+7$@+$
2#+#&*15$"(9#F#&5$/"#$Q#''#,/0F#$+(03#R5$07#75$/"#$40''#&#+,#$6#/9##+$/"#$/&.#$302+*1$*+4$/"#$
0+/#&)#40*/#$3(1./0(+$'#4$0+/($/"#$4#+(03#&5$03$+#0/"#&$W*.330*+$+(&$9"0/#5$)*K0+2$#G03/0+2$4#+(030+2$
*12(&0/")3$3.6(%/0)*17$@+$*440/0(+5$4#+(03#&3$*&#$/&*0+#4$(+$*$3%#,0'0,$,1*33$('$4*/*$=#7275$+*/.&*1$
0)*2#3A$*+4$/"#0&$%#&'(&)*+,#$,*+$3.''#&$9"#+$*%%10#4$/($(/"#&$403/&06./0(+3$=#7275$>?@A7$
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2%#%()-)#'-31+14J$>(3/$C+C$*12(&0/")3$"*F#$).1/0%1#$"-%#&%*&*)#/#&3$=3/#%$30E#35$&#2.1*&0E*/0(+$
3/&#+2/"35$#/,7A7$!"#3#$%*&*)#/#&3$,*+$F*&-$0/#&*/0(+$/($0/#&*/0(+$*+4$3#//0+2$/"#)$,(&&#,/1-$03$,&0/0,*1$
/($2#//0+2$/"#$6#3/$%#&'(&)*+,#7$X+#$3(1./0(+$/($/"#$%*&*)#/#&$/.+0+2$%&(61#)$03$/($Q.+&(11R$*+$
0/#&*/0F#$C+C$*12(&0/")$0+/($*$'##4'(&9*&4$+#.&*1$+#/9(&K$='()$*+&,-2A5$9"(3#$%*&*)#/#&3$,*+$6#$
*./()*/0,*11-$/.+#4$90/"$/&*0+0+2$4*/*$*+4$6*,K%&(%*2*/0(+$NYP7$Z(9#F#&5$.+&(110+2$20F#3$.%$
'1#G06010/-5$/"#$+#/9(&K$03$+(9$3%#,0'0,$/($*$%*&/0,.1*&$'(&9*&4$(%#&*/(&$$%:&5$*+4$,()#3$90/"$0/3$(9+$
3#/$('$10)0/*/0(+37$

5)("#6'3,%4)J$!($/&*0+$*+$.+&(11#4$*12(&0/")5$(+#$+##43$/($6*,K<%&(%*2*/#$#&&(&3$/"&(.2"$).1/0%1#$
,(%0#3$('$/"#$4#+(03#&5$9"0,"$&#S.0&#3$3/(&0+2$)*+-$0+/#&)#40*/#$F*&0*61#37$["#+$4#*10+2$90/"$"02"<
40)#+30(+*1$4*/*5$#7275$/0)#<F*&-0+2$F(1.)#/&0,$4*/*5$/"#$)#)(&-$,(3/3$*33(,0*/#4$90/"$3/(&0+2$*11$
/"#3#$0+/#&)#40*/#$F*&0*61#3$,*+$6#,()#$%&("060/0F#$=3##$*13($!+/"(01&7A7$

"

!"#$%&'()8)'95&'$/%6,,"/#'1%6:&77)">)."7()"?%)31$$@"A"5/.3(/51)2"1:"("#)#"($&135/0-"5)/1"()"A'$(,.3":..*:136(3*").%3($")./6138<"B)31$$5)&"
($$162"1)."/1"%2."/3(5)5)&"*(/("/1"/%)."()*"1+/5-5C."5/2"-(),"+(3(-./.32"4%/"71-.2"(/"/0."712/"1:":$.;545$5/,D"=0."3.2%$/5)&")./6138"
4.71-.2"2+.75($5C.*":13"("+(3/57%$(3":136(3*"-.(2%3.-.)/"+317.22<"

849#1/+%&(1&!/(+1/+&#14&:+/51060);&"0&<++"&35#66+1)+%&
H$"(3/$('$3(1./0(+3$"*F#$6##+$%./$'(&9*&4$/($*44&#33$/"#$*6(F#$,"*11#+2#37$$

!"#$%#&'("&)*'(+,(%-./J$@'$(+#$03$4#*10+2$90/"$*$%*&*)#/&0,$'(&9*&4$)(4#1$$)%:&5$(+#$,*+$I(0+/1-$
&#,(F#&$/"#$/*&2#/$0)*2#$!$*+4$/"#$'(&9*&4$)(4#1$%*&*)#/#&3$?$/"&(.2"$*1/#&+*/0+2$)0+0)0E*/0(+7$
\%#,0'0,*11-5$0+$*440/0(+$/($/"#$.3.*1$C+C$3/#%35$(+#$,*+$*13($)0+0)0E#$/"#$(6I#,/0F#$'.+,/0(+$90/"$
&#3%#,/$/($/"#$'(&9*&4$)(4#1$%*&*)#/#&37$]*&0*/0(+3$(+$/"03$04#*$"*F#$6##+$*%%10#4$3.,,#33'.11-$/($
^<&*-$,()%./#4$/()(2&*%"-$N_P5$>?@$N`P5$*+4$"(1(2&*%"-$NaP7$

0)1"+,)#'("&)*'(+,(%-./J$b#+(03#&$)(4#1$)03)*/,"$,()#3$0+$/"#$'(&)$('$)03)*/,"#4$+(03#$
403/&06./0(+3$*+4$)03)*/,"#4$4*/*$403/&06./0(+37$!"#$'(&)#&$%&(61#)$,*+$6#$*44&#33#4$/"&(.2"$
.+&(110+2$NYP$(&$6-$,*&#'.1$,"*&*,/#&0E*/0(+$('$/"#$%#&$0/#&*/0(+$+(03#$403/&06./0(+$NcP7$!"#$1*//#&$
%&(61#)$03$1*&2#1-$3/011$(%#+5$/"(.2"$4#+(03#&3$/#+4$/($6#$&#1*/0F#1-$&(6.3/$/($/"03$)03)*/,"$0+$
%&*,/0,#7$

2%#%()-)#'-31+14J$["01#$.+&(110+2$03$/"#$)(3/$3/&*02"/'(&9*&4$9*-$/($%#&'(&)$%*&*)#/#&$/.+0+2$NYP5$
.+&(11#4$*12(&0/")3$1*&2#1-$=/"(.2"$+(/$#+/0&#1-$N`PA$20F#$.%$/"#$*6010/-$/($*4*%/$/($+#9$)#*3.&#)#+/$
(%#&*/(&37$H1/#&+*/0F#$%*&*)#/#&$/.+0+2$)#/"(435$3.,"$*3$&#0+'(&,#)#+/$1#*&+0+2$NdP5$"*F#$&#,#+/1-$
6##+$%./$'(&9*&4$/($*F(04$/"03$/&*4#<(''7$

5)("#6'3,%4)J$X+#$,*+$&#4.,#$/"#$)*330F#$)#)(&-$,(3/3$*33(,0*/#4$90/"$/&*0+0+2$*+$.+&(11#4$
*12(&0/")$6-$./010E0+2$0+F#&/061#$+#/9(&K$*&,"0/#,/.&#35$9"0,"$*11(9$(+#$/($&#,()%./#$0+/#&)#40*/#$
*,/0F*/0(+$'&()$*$+#/9(&Ke3$(./%./$NfP7$H1/#&+*/0F#1-5$(+#$,*+$0)%&(F#$)#)(&-$.3*2#$6-$&#1-0+2$
.%(+$3/(,"*3/0,$*%%&(G0)*/0(+3$('$/"#$4*/*$'04#10/-$.%4*/#$3/#%$NOgP7$
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301/6$4(1)&=+>#*?%&
C+C$*12(&0/")3$%&(F04#$*$,(+F#+0#+/$'&*)#9(&K$/($,()60+#$/"#$*4*%/*6010/-$*+4$0+/#&%&#/*6010/-$('$
,1*330,*1$(%/0)0E*/0(+<6*3#4$,()%./*/0(+*1$0)*20+2$&#,(+3/&.,/0(+$)#/"(43$90/"$/"#$%(9#&'.1$
%&0(&3$*+4$#''0,0#+,-$('$4##%$1#*&+0+27$Z#&#5$9#$"*F#$"02"102"/#4$3()#$('$/"#$&#,#+/$4#F#1(%)#+/3$
0+$C+C$&#,(+3/&.,/0(+$*+4$"*F#$4#3,&06#4$3()#$('$/"#$%0/'*113$/($*F(04$9"#+$*%%1-0+2$1#*&+0+2<6*3#4$
C+C$*12(&0/")37$

8/?10@6+4)+>+1"%&
7/+,'$"#8'$%,',399"#-)&':6'-/)';!<=>'?"314'@1A),-+4%-"#'2#"4#%(';$%#&'!;BCCDEFFEGEDFDHI'

=+A+*+1/+%&&
NOP$$ \7$]7$]#+K*/*K&03"+*+5$D7$H7$h(.)*+$*+4$h7$[("16#&25$QC1.2<*+4<%1*-$%&0(&3$'(&$)(4#1$6*3#4$

&#,(+3/&.,/0(+5R$0+$FDGJ'@KKK'L*":%*'M"1N)#)1.)'"1'=+41%*'%1&'@1N"#(%-+"1'2#".),,+145$TgOY7$$
NTP$$ ?7$H")*45$D7$H7$h(.)*+5$W7$!7$h.EE*&45$\7$D"*+5$\7$V0.5$i7$!7$?##"(&3/$*+4$C7$\,"+0/#&5$QC1.2<

*+4<%1*-$)#/"(43$'(&$)*2+#/0,$&#3(+*+,#$0)*20+2J$L30+2$4#+(03#&3$'(&$0)*2#$&#,(F#&-5R$@KKK'
=+41%*'2#".),,+14'5%4%O+1)$7B=OA5$Og`jOOa5$TgTg7$$

NYP$$ ;7$W&#2(&$*+4$k7$V#D.+5$QV#*&+0+2$'*3/$*%%&(G0)*/0(+3$('$3%*&3#$,(40+25R$0+$2#".))&+14,'"N'-/)'
FP!"'@1-)#1%-+"1%*'M"1N)#)1.)'"1'5%./+1)'Q)%#1+145$TgOg7$$

N_P$$ >7$^0#5$l7$V0.5$k7$\.+5$[7$W*+5$h7$[("16#&2$*+4$L7$;*)01(F5$Ql(0+/$?#,(+3/&.,/0(+$*+4$
D*106&*/0(+$L30+2$?#2.1*&0E*/0(+$6-$b#+(030+2$90/"$H%%10,*/0(+$/($D()%./#4$!()(2&*%"-5R$0+$
2#".))&+14,'"N'-/)'@KKKRMS!'@1-)#1%-+"1%*'M"1N)#)1.)'"1'M"(93-)#'S+,+"1'T"#8,/"9,5$
>(+/&#*15$TgTO7$

N`P$$ b7$W01/(+5$W7$X+20#$*+4$?7$[011#//5$Q>(4#1$H4*%/*/0(+$'(&$@+F#&3#$C&(61#)3$0+$@)*20+25R$@KKK'
7#%1,%.-+"1,'"1'M"(93-%-+"1%*'@(%4+14$B5$aaOjac_5$TgTO7$

NaP$$ D7$l7$C#110EE*&05$>7$B7$\%#+,#&$*+4$D7$H7$h(.)*+5$QD("#&#+/$%1.2<*+4<%1*-J$4020/*1$"(1(2&*%"0,$
0)*20+2$/"&(.2"$*/)(3%"#&0,$/.&6.1#+,#$.30+2$)(4#1<6*3#4$0/#&*/0F#$&#,(+3/&.,/0(+$*+4$
,(+F(1./0(+*1$+#.&*1$+#/9(&K35R$@KKK'7#%1,%.-+"1,'"1'M"(93-%-+"1%*'@(%4+14$C5$OagcjOaTO5$
TgTg7$$

NcP$$ \7$;7$\"*3/&05$?7$H")*45$D7$H7$>#/E1#&$*+4$*7$C7$\,"+0/#&5$Qb#+(030+2$W#+#&*10E#4$iG%#,/*/0(+<
D(+303/#+/$H%%&(G0)*/0(+$'(&$>?$@)*2#$?#,(F#&-5R$@KKK'U"3#1%*'"1'=)*).-)&';#)%,'+1'
@1N"#(%-+"1'7/)"#65$TgTT7$$

NdP$$ ;7$[#05$H7$HF01#3<?0F#&(5$l7$V0*+25$k7$B.5$D7<h7$\,"m+10#6$*+4$Z7$Z.*+275$Q!.+0+2<'&##$%1.2<*+4<
%1*-$%&(G0)*1$*12(&0/")$'(&$0+F#&3#$0)*20+2$%&(61#)35R$0+$@1-)#1%-+"1%*'M"1N)#)1.)'"1'
5%./+1)'Q)%#1+145$C>V?5$TgTg7$$

NfP$$ >7$;#11)*+5$;7$n"*+25$i7$>*&K1#-5$l7$!*)0&5$i7$h(3/*+5$>7$V.3/02$*+4$V7$[*11#&5$Q>#)(&-<
#''0,0#+/$1#*&+0+2$'(&$1*&2#<3,*1#$,()%./*/0(+*1$0)*20+25R$@KKK'7#%1,%.-+"1,'"1'M"(93-%-+"1%*'

@(%4+14$C5$O_gYjO_O_5$TgTg7$$
NOgP$$ l7$V0.5$k7$\.+5$[7$W*+5$^7$^.5$h7$[("16#&2$*+4$L7$\7$;*)01(F5$Q\24<+#/J$i''0,0#+/$)(4#1<6*3#4$

4##%$1#*&+0+2$90/"$/"#(&#/0,*1$2.*&*+/##35R$@KKK'7#%1,%.-+"1,'"1'M"(93-%-+"1%*'@(%4+14$B5$
`fdjaOg5$TgTO7$
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!

!

!"#"$%%&'&()*+,-".+/0')*+1,."12"13*+%)'"21(%&."

!"##$%&'%()*+,*!"#-%.#/0*#%1230*"4+)0*5'2*/,6#"$"%%
!"! #$%&'&(&)*+,*-.')$.)*/$0*1).2$+3+45*6(%&7'/*8#-169:*;3+%&)7$)(<(74*=>??:*6(%&7'/*
@"! -.2++3*+,*A/&2)B/&'.%*/$0*C25%'.%:*12)*D$'E)7%'&5*+,*F())$%3/$0:*G7'%</$)*>?H@:*6(%&7/3'/*
="! 6(%&7/3'/$*I)%)/7.2*J+($.'3*J)$&7)*+,*KL.)33)$.)*,+7*K$4'$))7)0*F(/$&(B*-5%&)B%:*12)*D$'E)7%'&5*+,*F())$%3/$0:*

G7'%</$)*>?H@:*6(%&7/3'/*

!"#"$%&
!"#$%&'(#)**+*,-(.!/0(&,*(&("1)*,23'(#11'(21,(4&5$"3'&#$56(&57(8&57'$56(4$%,1-%1"$%(-&4"'*-9(

)8*#8*,($5('$:3$7-9($5(6&-*-9(1,($5(;&%334(<=>?(@$5%*(#8*$,($5;*5#$15(AB(C,#83,(C-8D$5(<E>9(!/(8&;*(

7*;*'1"*7(&-(&(,1A3-#(#11'(#8&#($-(,13#$5*'B(*4"'1B*7($5(43'#$"'*(7$-%$"'$5*-(<F>?(!/(3-*(#8*(1"#$%&'(

21,%*(12('$68#(#1(#,&"(&57(4&5$"3'&#*(1AG*%#-H($5(#8*$,(-$4"'*-#(21,4(!/(%&5(A*(#81368#(12(&-(&5(

!"#$%&'()&*+!,$%(-"*$,.9()8$%89(357*,(#8*(,$68#(%$,%34-#&5%*-9(%&5(&''1)(&("&,#$%'*(#1(A*(8*'7($5(&''(

#8,**(7$4*5-$15-(&57(41;*7(&,1357(AB(-$4"'B(41;$56(#8*(1"#$%&'(A*&4(21%3-?(/8*(-#,*56#8(12(#8*(

-",$56($-(",1"1,#$15&'(#1(#8*(A*&4I-(1"#$%&'("1)*,?(J8*5(#8*(1"#$%&'(#,&"($-()*''(%8&,&%#*,$-*79($?*?9(

#8*(-#$225*--(12(#8*(-",$56($-()*''(D51)59(1"#$%&'(#)**+*,-(A*%14*(&("1)*,23'(4*#817(21,(4*&-3,$56(

"$%15*)#15(-%&'*(21,%*-9(5&514*#,*(7$-"'&%*4*5#-9(&57(#1,:3*-(AB(7$,*%#'B(415$#1,$56(81)(#8*(

"&,#$%'*(41;*-()8$'*(8*'7($5(#8*(#,&"?(

@$43'&#$15-(&57(417*'-(12(!/(8&;*(12#*5(&$7*7(#8*$,(7*;*'1"4*5#9(&57(%&5(A*(3-*23'(21,(;*,$2B$56(

&57(357*,-#&57$56(*K"*,$4*5#&'(1A-*,;&#$15-(<L>?(M1,($5-#&5%*9()8*5(#,B$56(#1(357*,-#&57(#8*(

1A-*,;*7(7B5&4$%-(12(&5(1"#$%&''B(#,&""*7(41#$'*(A&%#*,$349(&(#81,1368(357*,-#&57$56(12(#8*(

1"#$%&'(21,%*-(%&5(8*'"(#1(-8*7('$68#(15(#8*(515N1"#$%&'(21,%*-($5;1';*7($5(#8*(A&%#*,$34I-(41#$'$#B?(

O*"*57$56(15(#8*(-$+*(&57(-8&"*(12(#8*("&,#$%'*9(7$22*,*5#(7*-%,$"#$15-(12(#8*(#,&"(&,*(12#*5(5**7*79(

,&56$56(2,14(-$4"'*(4*#817-(&5&'1613-(#1(15*(1,(41,*(8&,415$%(-",$56-9(#8,1368(#1(4*#817-(

-1';$56(P&K)*''I-(*:3&#$15-?(/8*(4&$5('$4$#&#$15(8&-(12#*5(A**5(#8*(&A$'$#B(#1(3-*(#8*-*(417*'-(#1(

4&D*(",*7$%#$15-(&A13#(*K"*,$4*5#-?(/8$-(%&5(A*(*$#8*,(73*(#1(%14"3#&#$15&'(%15-#,&$5#-9()8*5(

&7;&5%*-($5(%14"3#$56("1)*,(&,*(5**7*7(#1(*;&'3&#*(417*'-(<Q>(1,(73*(#1(81)(*&-BN#1N3-*(&57(

)*''N71%34*5#*7(&;&$'&A'*(%17*-(&,*?(R14"'*K(417*'-(12#*5(8&;*(4&5B("&,&4*#*,-(&57(;*,$2B$56(

#8&#(#8*-*(417*'-(&%%3,&#*'B(7*-%,$A*(&(6$;*5(*K"*,$4*5#(%&5(A*(7$22$%3'#?(

P&%8$5*('*&,5$56(.PS09()8$%8(*5%14"&--*-(&(,&56*(12(#*%85$:3*-($5%'37$56(7**"('*&,5$56(&57(

%14"3#*,N*5&A'*7(-#&#$-#$%&'($52*,*5%*9(8&-(-**5(&(836*(6,1)#8($5("1"3'&,$#B($5(,*%*5#(B*&,-?(C$7*7(

AB(&(,$-*($5(%14"3#&#$15&'("1)*,(&57(-$43'#&5*13-'B(&5($5%,*&-*($5(#8*(534A*,(12(*&-$'B(&%%*--$A'*(

&'61,$#84-9(PS(8&-(A**5(&71"#*7($5#1(4&5B(2$*'7-?(T5(#8*("&-#(2*)(B*&,-9()*(8&;*(-**5(PS(

#*%85$:3*-(&""'$*7(#1(1"#$%&'(#)**+*,-(,*'&#*7(",1A'*4-9($5%'37$56(417*''$56(1"#$%&'(21,%*-(<U9(V>(

&57(*K#,&%#$56(,*'*;&5#($521,4&#$15(2,14(*K"*,$4*5#-(<W9(X>?(/8*-*(*&,'B()1,D-(&,*(;*,B(",14$-$56(

&57(-366*-#(PS(%13'7(-$65$2$%&5#'B(&%%*'*,&#*(!/(-$43'&#$15-9()8$'*(-$43'#&5*13-'B(4&D$56(&%%3,&#*(

417*'-(41,*(&%%*--$A'*(21,(,*-*&,%8*,-()&5#$56(#1(417*'(&57(357*,-#&57(#8*$,(*K"*,$4*5#-?((

'$(()*"&#*+&,$"$()&'-#..)*/)%&
P3'#$"'*(%8&''*56*-('$4$#(#8*(&""'$%&#$15(12(&%%3,&#*(!/(417*'-($5%'37$56(&;&$'&A'*(%14"3#&#$15&'(

"1)*,9(;*,$2B$56(417*'-(&%%3,&#*'B(,*",*-*5#(,*&'$#B9(&57(&%%*--$A$'$#B(12(417*'-(#1(,*-*&,%8*,-?(

/%%0*&#1'2(+!31''$,.('&*.14(%!+"'15("&*#$%'1-4(&,3(-#*0%#0*13('$.)#(6$1'3-(%&5(A*(7$22$%3'#?(C'#81368(
%14"3#*,-(8&;*(-$65$2$%&5#'B($4",1;*7($5(-"**7(&57(4*41,B(%&"&%$#B(.*K#*57$56(#8*(,&56*(12(%&-*-(

#8&#(%&5(A*(417*''*709(21,(4&5B(,*-*&,%8*,-($#($-(-#$''(7$22$%3'#(#1(417*'(*;*5('&,6*(-"8*,$%&'("&,#$%'*-(
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3-$56(&;&$'&A'*(8&,7)&,*!9('*#(&'15*(#8*(41,*(%14"'*K(6*14*#,$*-(12(A&%#*,$&(1,(7*21,4&A'*(%*''-(

12#*5(-#37$*7(3-$56(!/?(/1(-$43'&#*(#8*(7B5&4$%-(12(#8*-*("&,#$%'*-($5(!/9(#8*(-$43'&#$15-(43-#(A*(

-322$%$*5#'B(2&-#?(!5*(-1'3#$15(#1(417*''$56('&,6*(&57(%14"'*K("&,#$%'*-YA*&4-($-(#1(",*N%14"3#*(#8*(

21,%*-(3-$56(&(41,*("1)*,23'(%14"3#*,(1,(%14"3#*,(%'3-#*,?(T5#*,"1'&#$15(%&5(#8*5(A*(3-*7(#1(

&"",1K$4&#*(#8*(21,%*-(&#($5#*,4*7$&#*("1$5#-(51#($5%'37*7($5(#8*(7&#&(-*#?(Z1)*;*,9(#8$-(-$4"'B(

#,&5-2*,-(#8*(",1A'*4(2,14(A*$56(&(",1%*--1,N'$4$#*7(",1A'*49(#1(&(4*41,BY-#1,&6*(",1A'*4?((C5(

&'#*,5&#$;*(1"#$15($-(#1(3-*(PS(#1(*5%17*(&''(#8$-($521,4&#$15($5(&(43%8(-4&''*,(,*",*-*5#&#$15?(!5*(

12(#8*(4&$5(%8&''*56*-($5(3-$56($5#*,"1'&#$15(1,(#8$-(D$57(12(PS($-(6*5*,&#$56(-322$%$*5#(#,&$5$56(7&#&(

-"&55$56(&(,*",*-*5#&#$;*(,&56*(12("&,&4*#*,-(.A*&4(-8&"*9("&,#$%'*(-$+*9(*#%?0?(

!5*(12(#8*(4&$5(7$22$%3'#$*-()$#8(7*;*'1"$56(%14"3#&#$15&'(417*'-(21,(!/($-(31#1*+$,$,.(7)1#)1*(
#)1-1(+!31'-(&%%0*&#1'2(31"$%#(*1&'$#2?([1#(&''(417*'-()1,D()*''(15(7$22*,*5#(-$+*(-%&'*-\(21,($5-#&5%*9(

#8*(7$"1'*(&"",1K$4&#$15(%&5(A*(;*,B(*22*%#$;*(21,(7$"1'*N-$+*7("&,#$%'*-(A3#(6$;*(35,*'$&A'*(,*-3'#-(

21,('&,6*,("&,#$%'*-H(-$4$'&,'B9(6*14*#,$%(1"#$%-(%&5(A*(6,*&#(21,('&,6*("&,#$%'*-9(A3#(",173%*(

*,,15*13-(,*-3'#-(21,(-4&''("&,#$%'*-?(@14*#$4*-($#(%&5(A*(5*%*--&,B(#1(%14A$5*(43'#$"'*(417*'-9(

&57(%&,*(43-#(A*(#&D*5(21,()8*5(&("&,#$%3'&,(417*'(-813'7(A*(3-*7Y$-(;&'$7?(!2#*5($#($-(3"(#1(#8*(3-*,(

#1(&--*--($2(#8*(417*'($-(-3$#&A'*Y&%%3,&#*(21,(#8*("&,#$%3'&,(*K"*,$4*5#(#8*B(&,*(#,B$56(#1(417*'?(

R&,*(43-#(A*(#&D*5()8*5(3-$56(A1#8(#,&7$#$15&'(417*'-(&57(PS(*5&A'*7(417*'-(#8&#(#8*(417*'(

",*7$%#$15-(&%%3,&#*'B(7*"$%#(,*&'$#B?(

/8*(2$5&'(%8&''*56*($-(0-&8$'$#2(&,3(&%%1--$8$'$#2?(/8*,*(&,*(4&5B(*K%*''*5#(417*'-(21,(1"#$%&''B(

#,&""*7("&,#$%'*-9(81)*;*,(4&5B(12(#8*4(&,*(51#(#8*(*&-$*-#(#1(3-*(1,(&%%*--?(T5(-14*(%&-*-9(3-*,-(

5**7(-"*%$2$%(1"*,&#$56(-B-#*4-(1,(2&4$'$&,$#B()$#8(%*,#&$5(",16,&44$56('&563&6*-(#1(3-*Y,35(%17*-(

.-14*(12()8$%8(4&B(A*(",1",$*#&,B0?(!5%*(#8*(3-*,(8&-(&(,355$56(417*'9(#8*B(5**7(#1('*&,5(81)(#1(

3-*($#(&57(&--*--($#-(;&'$7$#B?(M1,(*K&4"'*9(#8*(7$-%,*#*(7$"1'*(&"",1K$4&#$15($-(*K#,*4*'B(3-*23'($5(

417*''$56(&(,&56*(12("&,#$%'*-(A3#(#8*(%81$%*(12(;1K*'("'&%*4*5#9(-$+*9(&57(-"&%$56(%&5(8&;*(836*(

*22*%#-(15(#8*(-$43'&#$15(,*-3'#-(&57(%&,*(43-#(A*(#&D*5(#1(%811-*(#8*(&"",1",$&#*("&,&4*#*,-(&57(

;*,$2B(,*-3'#-?(/8$-(,*:3$,*-(6117(71%34*5#&#$15($5%'37$56(6117(,*'*&-*(51#*-(8$68'$68#$56(

7$22*,*5%*-(A*#)**5(;*,-$15-(12(#8*(%17*?(/8$-(*K#,&()1,D(-14*#$4*-(%,*&#*-(&(A&,,$*,(A*#)**5(

,*-*&,%8*,-()81(7*;*'1"(%17*-(&57(3-*,-()&5#$56(#1(&""'B(#8*-*(%17*-(#1(#8*$,(*K"*,$4*5#-?(

M3,#8*,(-#$''9($5(-14*(%&-*-(,*-*&,%8*,-(&,*(8*-$#&5#(#1(,*'*&-*(%17*($5(#8*(2*&,(#8&#($#(4$68#(A*(3-*7(

$5%1,,*%#'B?(

!
!!&'()'*'(+,-.(/0-'(1+(2345-/1'(6/*137-'2(56(1+(/0+51(!88!94(/,:(!(44()31;(346-'4',1/13+,2(+<(=','*/-3>':(?+*',1>@A3'(1;'+*.(/,:(
='+4'1*37(+61372(B3/(1;'(+6137/-(1)''>'*2(1++-0+C(/,:(+6137/-(1)''>'*2(2345-/13+,2(2+<1)/*'(6/7D/='2E(&'(+,-.(1'21':(3<(1;'2'(4'1;+:2(
)+5-:(*5,(3,(/(<'/230-'(/4+5,1(+<(134'(<+*(1;'2'(23>'2E(F+(7;'7D2()'*'(4/:'(1+(2''(3<(1;'(*'25-12(<+*(1;'2'(23>'2()'*'(/775*/1'E!
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(

!"#$%&'()*)'+,-./%"0,1',2'34&'5$%%&13'56/00"5/67'-/54"1&'6&/%1"1#'&1/86&9'/19'.%,0.&53":&'5/./8"6"3"&0',2'9"22&%&13'-&34,90'$0&9'3,'
-,9&6',.3"5/6'3;&&<&%0)'G;/:':(*'=3+,2(3,:37/1'(;+)()'--(1;'(4'1;+:2()+*D(3,(1'*42(+<(134'"(52/03-31."(4'4+*."(/,:(6*+0-'4(
7+46-'C31.H(-/*='*(*'=3+,2(7+**'26+,:(1+(0'11'*(6'*<+*4/,7'I52/03-31.E(J-+12(0*+/:-.(=*+56(:3<<'*',1(4'1;+:37/-(/66*+/7;'2(1+(4+:'--3,=(
+6137/-(1)''>'*2H(K/L'0/232(<5,713+,(4'1;+:2(K257;(/2(M@4/1*3C(/,:(:36+-'(/66*+C34/13+,(0/2':(4'1;+:2L"(K8L(:327*'1'(4'1;+:2(K3,7-5:3,=(
:327*'1'(:36+-'(/66*+C34/13+,(/,:(<3,31'(:3<<'*',7'(0/2':(4'1;+:2L"(K5L(='+4'1*37(+61372"(/,:(K9L'1;'(6*+26'713B'(/:B/,7'4',12(',/0-':(
0.(/(7+403,':(A?(/66*+/7;(K/2(:'27*30':(3,(1;'(1'C1LE(

0+1#*2)%&3*&!23)*2)&#*+&4)2-*5.5/6&"5&7))"&'-#..)*/)%&
/8*,*($-(51(-81,#&6*(12(6117(&'61,$#84-(21,(417*''$56(!/?(J8$'*(#8*,*(&,*(-#$''("'*5#B(12(&%#$;*(

%8&''*56*-(.21,(*K&4"'*9(-**(-*%#$15-(VN==(12(<=]>09(21,(4&5B(,*-*&,%8*,-()1,D$56()$#8(!/(#8*(

",1A'*4-(&,*(,&#8*,($5(&%%*--$A$'$#BY3-&A$'$#B?(T5(-14*(%&-*-(#8$-($-(73*(#1(%14"3#&#$15&'('$4$#-9(

35%*,#&$5#$*-(&A13#(&""'$%&A$'$#B(#1(&("&,#$%3'&,(",1A'*49(1,(-$4"'B(81)(*&-B(#8*(4*#817($-(#1(

71)5'1&7Y$5-#&''?(/1(-344&,$-*(#8$-(",1A'*49(,3/$()&89:(-81)-(&(%3,,*5#(;*,-$15(12(#8*(4*#817-I(

%14"&,$-15($5(^*2?(<L>()$#8(#8*(&77$#$15(12(&(3-&A$'$#B(&K$-?(J*(8&;*(6,13"*7(4*#817-($5#1(#8,**(

A,1&7(%&#*61,$*-?(/,&%#&A'*(",1A'*4(%14"'*K$#B($-(,*",*-*5#*7(AB(&(-$56'*(&K$-(.-14*)8&#(

,*",*-*5#$56(4$5$434Y4&K$434(-$+*(&57(A*&4Y"&,#$%'*(%14"'*K$#B0?(

PS(8&-(&',*&7B("3-8*7(#8*(A1357&,$*-(12()8&#(#,&7$#$15&'(#*%85$:3*-(%&5(&%8$*;*?(M1,(*K&4"'*9($5(

13,()1,D(<U>9()*(-81)*7(81)(&5(&,#$2$%$&'(5*3,&'(5*#)1,D(.$?*?9(&(-"*%$2$%(PS(#*%85$:3*0(7*"$%#*7($5(

,3/$()&89;#(%&5(A*(3-*7(#1(-$65$2$%&5#'B(,*73%*(-$43'&#$15(4*41,B(&57(#$4*(,*:3$,*4*5#-?(/8$-(

5*#)1,D($-(#,&$5*7(15(,*",*-*5#&#$;*(21,%*(;&'3*-(21,(&("&,#$%3'&,(A*&4Y"&,#$%'*(%14A$5&#$15(&57(%&5(

,&"$7'B(",*7$%#(;&'3*-(&#(1#8*,('1%&#$15-()8$'*(3-$56(-$65$2$%&5#'B('*--(4*41,B(%14"&,*7(#1(

$5#*,"1'&#$15?(J*(7*415-#,&#*7(#8*(#*%85$:3*(21,(#8*(/N4&#,$K(4*#817(&57(&(-$4$'&,(&"",1&%8(8&-(

-$5%*(A**5(7*415-#,&#*7(21,(&%%*'*,&#$56(6*14*#,$%(1"#$%-(-$43'&#$15-(<V>?(/8*(#*%85$:3*(8&-(#8*(

"1#*5#$&'(#1($5%,*&-*(&%%*--$A$'$#BY3-&A$'$#B(-$5%*(#8*(,*-3'#$56(5*#)1,D-(&,*(12#*5(-4&''(&57(2&-#(

*51368(#1(A*(*4A*77*7($5(&5($5#*,&%#$;*()*ANA,1)-*,(A&-*7(-$43'&#$15?(/8*(4&$5(-81,#%14$56(12(

#8*-*(D$57-(12(417*'-($-(6*5*,&'$-&A$'$#B\($?*?9(&(417*'(#,&$5*7(15(-"8*,$%&'("&,#$%'*-($-(51#()*''(-3$#*7(

#1(",*7$%#$56(21,%*-(&57(#1,:3*-(15(*''$"-1$7&'("&,#$%'*-?(T7*&''B9()*()13'7()&5#(&(417*'(#8&#('11D-(

41,*('$D*(,3/$()&89;<\(#&D$56(&(A*&4(&57("&,#$%'*(&-($5"3#(&57(",*7$%#$56(#8*(%1,,*-"157$56(21,%*(

2$*'7"?(/8$-()13'7(A*(&(-$65$2$%&5#(357*,#&D$569()$#8(4&5B(%8&''*56*-($5%'37$56(#8*(6*5*,&#$15(12(

!
"!N+*(,+,@26;'*37/-(6/*137-'2"(1;32()+5-:(0'(/(O@:34',23+,/-(26/7'(26/,,3,=(6+2230-'(6+2313+,2(/,:(+*3',1/13+,2(+<(1;'(6/*137-'E!
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-322$%$*5#(#,&$5$56(7&#&9(7*;*'1"4*5#(12(*22$%$*5#()&B-(#1(,*",*-*5#(#8*(",1A'*4(&57($7*5#$2$%&#$15(12(

#8*(%3,,*5#('$4$#&#$15-($5(534*,$%&'(#*%85$:3*-(21,(417*''$56(!/?(M1,(#8$-(#1(A*(&%8$*;*79(-322$%$*5#(

#,&$5$56(7&#&(43-#(A*(6*5*,&#*7(&57(%1''&#*7?(/8$-()$''('$D*'B($5;1';*(%811-$56(&(5*#)1,D(&,%8$#*%#3,*(

)8$%8(6*5*,&'$-*-()*''(#1('*&,5(2*&#3,*-()$#8(43%8('*--(#,&$5$56(7&#&?(M1,($5-#&5%*9(&(%15;1'3#$15&'(

5*#)1,D(4$68#("*,21,4(A*##*,()8*5(6$;*5($4&6*-(12(#8*(1"#$%&'(2$*'7(&57("&,#$%'*(&-(%14"&,*7(#1(

#8*(5*#)1,D($5(,3/$()&89;<?(!#8*,(#*%85$:3*-(-3%8(&-(#,&5-2*,('*&,5$56(1,(417*'(,*N#,&$5$56(4$68#(

&'-1(A*(D*B(#1(,*73%$56(#8*(,*:3$,*7(;1'34*(12(#,&$5$56(7&#&?(J8$'*($#($-(35'$D*'B(#8&#(PS(3-*7($5(#8$-(

%15#*K#()$''($7*5#$2B(5*)("8B-$%-9($#(4&B(8*'"(#1(,*;*&'(*4*,6*5#(A*8&;$13,(2,14(#8*(7B5&4$%-(12(

"&,#$%'*-(41;$56($5(!/(_(A*8&;$13,-(#8&#(&,*(7$22$%3'#(#1(",*7$%#()$#8(#,&7$#$15&'(417*'-(73*(#1(

%14"3#&#$15&'('$4$#&#$15-?(

PS(&'-1(122*,-(&("1#*5#$&'(-1'3#$15(#1(;&'$7&#$56(417*'-(%1,,*%#'B(7*-%,$A*(*K"*,$4*5#-?(PS(

#*%85$:3*-(8&;*(A**5(3-*7(#1(&5&'B-*(*K"*,$4*5#&'(4*&-3,*4*5#-9(&57(%&5(A*(3-*79(21,($5-#&5%*9(

#1(*K#,&%#("1#*5#$&'-(2,14("&,#$%'*(#,&G*%#1,$*-(<W>(.-**(&'-1(!)2"35*%&:=>;?0?(,3/$()&89;2(-81)-(&(
7*"$%#$15(12(&(,*%3,,*5#(5*3,&'(5*#)1,D(.&51#8*,(PS(#*%85$:3*0()8$%8(%15;*,#-(&(#$4*(-*,$*-(

4*&-3,*4*5#($5#1(&("1#*5#$&'?(`B(%14"&,$56(#8*-*("1#*5#$&'-()$#8(417*'(",*7$%#*7(1"#$%&'(21,%*-9(

)*(%&5(;*,$2B(#8*(&%%3,&%B(12(13,(417*'-(_()8$'*(#8$-(;*,$2$%&#$15(%13'7(%15%*$;&A'B(A*("*,21,4*7(

)$#813#(PS9(#8*(3-*(12(PS(-$65$2$%&5#'B(-$4"'$2$*-(#8*(",1%*--?(C(*K#*5-$15(#1(#8$-($7*&($-(7*"$%#*7($5(

,3/$()&89;+9(-81)$56(&(5*#)1,D(#8&#(7$-%,$4$5&#*-(A*#)**5($2(&(417*'(.A*&4Y"&,#$%'*(7*-%,$"#$150($-(

-322$%$*5#(#1(7*-%,$A*(&("&,#$%3'&,(*K"*,$4*5#&'(1A-*,;&#$15()$#8(-14*(%152$7*5%*('*;*'?(!5*(

&7;&5#&6*(12(#8$-(",1A'*4(21,43'&#$15($-(#8&#()*(%&5(&""'B(#8*(-&4*(1"#$4$-&#$15(235%#$15-()*(3-*7(

#1(#,&$5(#8*(5*#)1,D(&'-1(21,(1"#$4$-$56(#8*(417*'("&,&4*#*,-(.A*&4Y"&,#$%'*(-8&"*0?(

C-(&(2$5&'(51#*9(#8*(PS(A114(8&-(%1$5%$7*7()$#8(4&5B(1#8*,(&7;&5%*-($5(&;&$'&A'*(#11'-(21,(-8&,$56(

&57(%1''&A1,&#$56(15(%17*(&57(PS(417*'(#,&$5$56?(a&,#$%3'&,(#11'-(12(51#*($5%'37*\((

=?! b*,-$15(%15#,1'(-12#)&,*(.-3%8(&-(c$#(&57(@b[0(&57(,*'&#*7(81-#$56(-$#*-(.-3%8(&-(c$#Z3A(&57(

c$#S&A0()8$%8(",1;$7*(#11'-(21,(#,&%D$56(A1#8(%17*(&57(D51)5($--3*-Y2*&#3,*-Y7*;*'1"4*5#-?((

E?! a&"*,-()$#8(R17*\(&()*A-$#*()8*,*(&5B15*(%&5(-8&,*($4"'*4*5#&#$15-(12(&'61,$#84-(7*-%,$A*7($5(

"&"*,-?(

F?! R15#&$5*,-(.-3%8(&-(O1%D*,(&57(@$563'&,$#B0(122*,(&()&B(#1("&%D&6*(51#(G3-#(#8*(%17*(A3#(#8*(

*5#$,*()1,D$56(*5;$,154*5#(.$?*?9(-"*%$2$%(-12#)&,*(;*,-$15-(&57(7*"*57*5%$*-0?((

L?! ^*&7(#8*(O1%-\(&5(15'$5*(71%34*5#&#$15(81-#$56(-$#*()8$%8(%&5(A*(-*#3"(#1(&3#14&#$%&''B(811D(

$5#1("1"3'&,(-13,%*(7$-#,$A3#$15(#11'-(&57(&3#14&#$%&''B(6*5*,&#*(&57("3A'$-8(71%34*5#&#$15(

)8*5(&(5*)(;*,-$15(12(#8*(%17*($-(,*'*&-*7?(

/8*(&;&$'&A$'$#B(12(*&-BN#1N3-*(#11'-($-(15'B("&,#(12(#8*(-1'3#$15?(T5(&77$#$159(#8*,*(5**7-(#1(A*(&(

%3'#3,&'(-8$2#(#1(*5%13,&6*(#8*("3A'$%&#$15(12(PS(!/(417*'-(&57(&%D51)'*764*5#(12(#8*(&77$#$15&'(

)1,D(,*:3$,*7(7*;*'1"$56(71%34*5#&#$159(4&$5#&$5$56(417*'-(&57(,*-"157$56(#1(3-*,(

,*:3*-#-Y2**7A&%D?(

(
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A&G,$%&#$.)( #*%4).'.67( ).-( &''.-( A.,( '.-K'.00( &):( '&,6*K0%&'*( RU( "4.#.)$%( $)#*6,&#$.)( .A( ."#$%&'(

%.+"'*,0(C;;F(;LD8(
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0.+64#( -$#4( 0*5*,&'( $)).5&#$5*( &"",.&%4*0( *?*,6$)6( &0( ".#*)#$&'( 0.'+#$.)0( C;RD8( M$?$'&,'7F( #4*(

*@"*,$?*)#&'(:&#&(#4,.+64"+#(&):('*&,)$)6(0"**:(.A("470$%&'(070#*?0(G&0*:(.)(."#$%&'(4&,:-&,*(&'0.(

)**:(A+,#4*,(&:5&)%*0(#.(*)&G'*(A&0#(&):("*,$.:$%(#,&$)$)6(A.,("*,A.,?&)%*(&00+,&)%*(1$8*8F(X+&'$#7(

%.)#,.'3(.A(."#$%&'()*#-.,/($)A*,*)%*($)(#4*(&+#.).?.+0(:*"'.7?*)#(0#&6*(.A(#4*(070#*?8(E4*0*()**:0(

,*X+$,*(&(G'*):(.A($)).5&#$.)0($)(G.#4(."#$%&'(:*5$%*0(&):(&'6.,$#4?0F(-.,/$)6(4&):($)(4&):(#.(&::,*00(

0.?*(.A(#4*0*(*?*,6$)6(%4&''*)6*08(

+
5'<*)=2&/3;&*"%!
E4*( &+#4.,0( &%/).-'*:6*( #4*( 0+"".,#( .A( #4*( c.'/0-&6*)( `.+):&#$.)F( #4*( ,*6$.)( .A( d.+,6.6)*(

`,&)%4*KQ.?#*F(#4*(P+,."*&)(Q.??$00$.)F(&):(#4*(^M(I,?7(e*0*&,%4(!AA$%*(1Ie!3(&):(#4*(2&#$.)&'(

M%$*)%*(`.+):&#$.)8(

(

(

:&>&.&*'&%+
C;D( 28(B8(`&,4&#F(U8([0&'#$0F(I8([,&#&F(&):(P8([&*/F(\!"#$%&'($?"'*?*)#&#$.)(.A(#4*(B."A$*':(?.:*'F](

I""'$*:(!"#$%0(LSF(;ST<(1;<=>3F(:.$H(;Y8;RTSfI!8LS8YY;ST<8(

CLD( B8(M8(g$F(O8(Z$&.F(&):(U8([0&'#$0F(\!"#$%&'()*#-.,/(A.,(,*&'K#$?*(A&%*(,*%.6)$#$.)F](I""'$*:(!"#$%0(

RLF(>YLT(1;<<R3F(:.$H(;Y8;RTSfI!8LS8YY;ST<8(

CRD( O8(M4*)F(*#(&'8F(\U**"(g*&,)$)6(-$#4(Q.4*,*)#(2&)."4.#.)$%(Q$,%+$#0F](2&#+,*([4.#.)$%0(;;F(

SS;(1LY;V3F(:.$H(;Y8;YR=f)"4.#.)8LY;V8<R8(

CSD( h8(g$)(*#(&'8F(\I''K."#$%&'(?&%4$)*('*&,)$)6(+0$)6(:$AA,&%#$5*(:**"()*+,&'()*#-.,/0F](M%$*)%*(RT;F(

;YYS(1LY;=3F(:.$H(;Y8;;LTf0%$*)%*8&&#=Y=S8(

C>D( e&A&7*'7&)F( *#( &'8F( \g&,6*KM%&'*( !"#$%&'( e*0*,5.$,( Q.?"+#$)6( A.,( M"&#$.#*?".,&'( Q4&.#$%(

M70#*?0([,*:$%#$.)F]([4708(e*58(h(;YF(YS;YRV(1LYLY3F(:.$H(;Y8;;YRf[470e*5h8;Y8YS;YRV8(

CTD( E8( i4.+F(*#(&'8F( \g&,6*K0%&'*()*+,.?.,"4$%(."#.*'*%#,.)$%( %.?"+#$)6(-$#4(&( ,*%.)A$6+,&G'*(

:$AA,&%#$5*(",.%*00$)6(+)$#F](2&#+,*([4.#.)$%0(;>F(RTV(1LYL;3F(:.$H(;Y8;YR=f0S;>TTKYL;KYYV<TK-8(

CVD(( j8(a.+64&?*0F(*#(&'8F(\E4,**K:$?*)0$.)&'(-&5*6+$:*($)#*,%.))*%#0(A.,(0%&'&G'*($)#*6,&#$.)(.A(

"4.#.)$%()*+,&'()*#-.,/0F](!"#$%&(VF(TSY(1LYLY3F(:.$H(;Y8;RTSf![E9QI8R==LY>8(

C=D(( h8( [.,#*F( *#( &'8F( \I( %.?"'*#*F( "&,&''*'( &):( &+#.).?.+0( "4.#.)$%( )*+,&'( )*#-.,/( $)( &(

0*?$%.):+%#.,( ?+'#$?.:*( '&0*,F]( j8( [4708( [4.#.)$%0( RF( YLSY;V( 1LYL;3F( :.$H( ;Y8;Y==fL>;>K

VTSVf&GATG:8(

C<D( U8(a*)6+(&):(I8(!J%&)F(\I''K!"#$%&'([4&0*(e*%.5*,7H(U$AA,&%#$5*(Q.?"+#$)6(A.,(Z+&)#$#&#$5*(

[4&0*(9?&6$)6F](I:5&)%*:(!"#$%&'(a&#*,$&'0(;YF(LLYYL=;(1LYLL3F(:.$H(;Y8;YYLf&:.?8LYLLYYL=;8(

C;YD( a8(M8(M&/$G(e&4?&)(&):(I8(!J%&)F(\Q.?"+#*,K`,**F(I''K!"#$%&'(e*%.)0#,+%#$.)(.A(B.'.6,&?0(

^0$)6( U$AA,&%#$5*( 2*#-.,/0F]( IQM( [4.#.)$%0F( 5.'8( =F( ).8( ;;F( ""8( RRV>kRR=SF( 2.58( LYL;F( :.$H(

;Y8;YL;f&%0"4.#.)$%08;%Y;RT>8(

C;;D(( h8([.,#*F(*#(&'8F(\U$,*%#(1Rl(;3(U('&0*,(-,$#$)6(.A(6,&:*:K$):*@(."#$%&'(*'*?*)#0F](!"#$%&(=F(;L=;(

1LYL;3F(:.$H(;Y8;RTSf![E9QI8SRRSV>8(

C;LD(( I8( W,&G+'.0&F( *#( &'8F( \1Rl( ;3( UK",$)#*:( &:$&G&#$%( ;K#.K2( G,.&:G&):( %.+"'*,0F](

&,h$5HLLY=8Y<VTV8(

C;RD( I8(a.?*)$F(*#(&'8F(\E,&$)$)6(.A("470$%&'()*+,&'()*#-.,/08](&,@$5HLSYT8YRRVL(
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!"#"$%&'()(&()*+",)-./0-/12"

!"#$%&'($)*+%)*!'
!"! #$%&'(&)$*&+,-+./012314+5*26$(12&0+,-+7,&/$*89(:4+;<$=$*+

!"#"$%!
!"#$%&'()$%*+,%+"-(.&,(.&/(&(#*0)01/+2,($)"&%#(+1(+2*(21/0*,#&1/$13(+4(#.0()$%*+,%+"$%(5+*'/(
&1/($,(5$/0'-(2#$'$60/(&%*+,,()&1-(/$,%$"'$10,7(8.0(#*&/$#$+1&'(5+*94'+5(%+1,$,#,(+4(:;<(/&#&(
&%=2$,$#$+1>(*0'-$13(+1()&12&'(&/?2,#)01#,(+4(%+1/01,0*('01,0,>($''2)$1&#$+1($1#01,$#-(&1/(%&)0*&(
0@"+,2*0(#$)0>(:A<(+%2'&*($1,"0%#$+1(+4(#.0(&%=2$*0/()$%*+,%+"-($)&30,(4+''+50/(B-(:C<(&(=2&'$#&#$D0(
&,,0,,)01#(+4(#.0(,&)"'07(8.0('&%9(+4(,#&1/&*/$6&#$+1($1(#.$,(5+*94'+5()&90,(+"#$%&'()$%*+,%+"-(&(
=2&'$#&#$D0>(&,(+""+,0/(#+(=2&1#$#&#$D0>(#0%.1$=207((

8+(*0,+'D0(#.$,('$)$#&#$+1>(50(4$*,#(1+#0(#.&#(=2&1#$#&#$D0()$%*+,%+"-(*0=2$*0,(#.&#(21%+1#*+''&B'0(
&1/E+*(21)0&,2*&B'0("&*&)0#0*,(+4(#.0(+"#$%&'(,-,#0)(/+(1+#($14'201%0(#.0()0&,2*0)01#(*0,2'#7(
8.$,(*0,#*$%#,(#.0()0&,2*&B'0(=2&1#$#$0,(#+(#.+,0(#.&#(&*0(&31+,#$%(#+(#.0("&*&)0#0*,(+4(#.0(+"#$%&'(
,-,#0)7(8.0(,0#(+4(,2%.()0&,2*&B'0(=2&1#$#$0,(/0"01/,(+1(#.0(%.+$%0(+4()$%*+,%+"-()0#.+/7(8.0(
/0D0'+")01#(+4()$%*+,%+"-(#0%.1$=20,(&1/(/&#&(&1&'-,$,(#0%.1$=20,(3+(.&1/($1(.&1/F(105(
)$%*+,%+"-(#0%.1$=20,(%&1(0@#01/(#.0(,0#(+4("&*&)0#0*G&31+,#$%(=2&1#$#$0,>(%&''$13(4+*(105(&1&'-,$,(
#0%.1$=20,(%&"&B'0(+4(=2&1#$4-$13(#.0)7(H1(#.$,(%+1#0@#>(/00"G'0&*1$13G"+50*0/(&1&'-,$,(.&,(
0)0*30/(&,(&1(&'#0*1&#$D0(4+*(4&,#>(&%%2*&#0>(&1/(&2#+)&#$60/(&1&'-,$,(&1/(=2&1#$4$%&#$+1(+4(
)$%*+,%+"-(/&#&>($1(&'$31)01#(5$#.(B*+&/0*(044+*#,($1(=2&1#$#&#$D0(%+)"2#&#$+1&'($)&3$13>(,2%.(&,(
01/G#+G01/(/$440*01#$&B'0(&""*+&%.0,(/$,%2,,0/($1(!&'"()*+,7(I,(&1(0@&)"'0>(#.0("+,$#$+1,>(&1/(
)+#$+1>(+4(+B?0%#,(5$#.$1(#.0(,&)"'0(/+(1+#(/0"01/(+1(#.0("&*&)0#0*,(+4(#.0($''2)$1&#$+1(+*(#.0(
+"#$%&'(,-,#0)7(J&*#$%'0(#*&%9$13($,>(&,(,2%.>(&("*$)0(0@&)"'0(+4(&("&*&)0#0*G&31+,#$%(#0%.1$=20(4+*(
)+,#()$%*+,%+"-(#0%.1$=20,7(H#($,(#.0*04+*0(1+#(,2*"*$,$13(#.&#('&*30(044+*#(.&,(B001("2#($1#+(
/0D0'+"$13(&%%2*&#0(&1/(044$%$01#(#*&%9$13(#0%.1$=20,7(K0*0>(/00"G'0&*1$13G"+50*0/(&1&'-,$,(.&,(
B001(/0)+1,#*&#0/(#+(,2*"&,,(&'3+*$#.)$%(#0%.1$=20,($1(#0*),(+4(&%%2*&%-(&1/(,"00/(5.$'0(B0$13(
42''-(&2#+)&#$60/(&1/(+B?0%#$D0(L;M7(

N0-+1/(#.$,>($1#0*40*+)0#*$%(#0%.1$=20,(,2%.(&,(.+'+3*&".->($1#0*40*+)0#*$%(,%&##0*$13()$%*+,%+"->(
&1/(+"#$%&'(%+.0*01%0(#+)+3*&".->(.&D0(#.0("+#01#$&'(#+("*+D$/0(&(=2&1#$4$%&#$+1(+4(#.0(&)+21#>(
&1/($1(,+)0(%&,0,(#.0(&132'&*(/$,#*$B2#$+1(&1/E+*(#.0(+"#$%&'(".&,0(,.$4#>(+4(,%&##0*0/('$3.#(4*+)(
+B?0%#,7(8.$,(%&1($1(#2*1(B0(*0'&#0/(#+(".-,$%&'("&*&)0#0*,(+4(#.0(+B?0%#,($1(#.0(,&)"'0(,2%.(&,(#.0$*(
)&,,(LAM>(,$60(&1/(*04*&%#$D0($1/0@(LCM7(I3&$1>(/00"('0&*1$13("+50*0/(#0%.1$=20,(.&D0(/0)+1,#*&#0/(
,2"0*$+*(&%%2*&%-(&1/(,"00/($1(=2&1#$4-$13(,2%.("&*&)0#0*,>($1("&*#$%2'&*(&#('+5(,$31&'G#+G1+$,0(
*&#$+,(LOM7(

P$1&''->()2'#$G(+*(.-"0*,"0%#*&'($)&3$13()+/&'$#$0,>(,2%.(&,(Q&)&1($)&3$13(+*(N*$''+2$1($)&3$13>(
*0%+*/(&(,"0%#*2)(+4(+"#$%&'(*0,"+1,0,($1(0&%.("$@0'>(3010*&#$13(01+*)+2,(/&#&,0#,7(H1(#.$,(%+1#0@#>(
/00"('0&*1$13(.&,("*+D$/0/(&("+50*42'()0#.+/(4+*(&2#+)&#$60/(0@#*&%#$+1(+4(*0'0D&1#(/&#&(4*+)(
,2%.(/&#&,0#,(LRM7(
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P+*(Q&)&1(&1/(N*$''+2$1($)&3$13>(#.0($14+*)&#$+1(%+1#01#($1(0&%.("$@0'(%+1,$,#,(+4(&(4*0=201%-(
,"0%#*2)(=2&1#$4-$13(#.0('+%&'(".+#+1E".+1+1($1#0*&%#$+17(H1(#.$,(%&,0(#.0(,$31&'($,($1(4&%#()&#0*$&'(
,"0%$4$%>(&1/(%&1(B0(2,0/(#+(=2&1#$4-(#.0(&B21/&1%0(&1/(/$,#*$B2#$+1(+4(/$440*01#()&#0*$&',(&%*+,,(&(
,&)"'0(L\M>(*0,+'D$13(*0=2$*0)01#(:6<(&B+D07(8.0(*0)&$1$13(%.&''0130,($1(#.$,(4$0'/(*0'&#0(#+(#.0(
/0#0%#$+1(&1/(=2&1#$4$%&#$+1(+4($1/$D$/2&'(+B?0%#,($1(&(%+)"'0@(,&)"'0(:,<(&#(.$3.(,"&#$&'(:7<(&1/(
#0)"+*&'(:8<(*0,+'2#$+1(:0(3$.&+456>(YI1&'-,$,Z<7((

8.0(90-(%.&''0130,(&*0(#.0*04+*0F(

;7! 0@#01/$13(#.0(,0#(+4(=2&1#$4$&B'0("&*&)0#0*,(4+*($1#0*40*+)0#*$%($)&3$13(#0%.1$=20,>(
5$#.+2#(,&%*$4$%$13(,"&#$+#0)"+*&'(*0,+'2#$+1>(&1/(

A7! $)"*+D$13(,"&#$+#0)"+*&'(*0,+'2#$+1(&1/(1+$,0(*0,$'$01%0(+4()2'#$,"0%#*&'(=2&1#$#&#$D0(
$)&3$13(#0%.1$=20,(5$#.+2#(,&%*$4$%$13()&#0*$&'(,"0%$4$%$#-7(

9/:#*'&%+(*+!'(&*'&+#*/+;&'1*)2)3<+")+=&&"+-1#22&*3&%+
8.0(10%0,,&*-(#0%.1+'+3$%&'(&1/(,%$01#$4$%(,#0",($1(+*/0*(#+(&//*0,,(#.0,0(%.&''0130,(&*0(#.0(
4+''+5$137(

P$*,#>(#.0(&)+21#(+4($14+*)&#$+1($1($1#0*40*+)0#*$%($)&30,(%&1(B0(01.&1%0/(#.*+23.(5&D0'013#.(
&1/E+*()+/&'$#-()2'#$"'0@$13>(5.$%.(5$''(0&,0(#.0(=2&1#$4$%&#$+1(+4(&2@$'$&*-(".-,$%&'("&*&)0#0*,7((

]0%+1/>(#.0(42''($14+*)&#$+1(%+1#01#(+4($1#0*40*+)0#*$%(,%&##0*$13("&##0*1,(100/(#+(B0(2#$'$60/($1(#.0(
&1&'-,$,7(]"0%$4$%&''->(#.0(&132'&*(/$,#*$B2#$+1(+4(#.0(+"#$%&'(4$0'/(,%&##0*0/(4*+)(&1(+B?0%#(/0"01/,(
1+#(+1'-(+1($#,(,$60>(B2#(&',+(+1($#,(,.&"0(&1/($1#0*1&'()&,,(/$,#*$B2#$+17(8.$,($14+*)&#$+1($,(01%+/0/(
$1($1#0*40*+)0#*$%(,%&##0*$13("&##0*1,>(B2#(0@#*&%#$13($#(5+2'/(3010*&''-(*0=2$*0($1D0*,0'-(,+'D$13(
V&@50''^,(0=2&#$+1,7(8.$,($,(%+)"2#&#$+1&''-(0@"01,$D0(&1/(0@#*0)0'-(,01,$#$D0(#+()0&,2*0)01#(
1+$,0>($1("&*#$%2'&*(5.01(&""*+&%.$13(#.0(Q&-'0$3.('$)$#7(H#(.&,(B001(/0)+1,#*&#0/(#.&#(/00"G
'0&*1$13G"+50*0/(&""*+&%.0,(01&B'0()2%.(4&,#0*(/0#0*)$1&#$+1(+4(+B?0%#("*+"0*#$0,(LCM>(5.$'0(
*0#&$1$13(&%%2*&%-(0D01(&#('+5(,$31&'G#+G1+$,0(*&#$+,(&#(,2B5&D0'013#.('013#.(,%&'0,(LOM7(X@#01/$13(
,2%.(=2&1#$4$%&#$+1(&""*+&%.0,(#+(=2&1#$4-(&',+(#.0()+*".+'+3-(&1/($1#0*1&'()&,,(/$,#*$B2#$+1(+4(
+B?0%#,(%+D0*$13(&(*&130(+4(,$60,(4*+)(_(;UU(1)(#+(,0D0*&'()$%*+)0#0*,(5$''(B0(&(10%0,,&*-(,#0"(#+(
&%.$0D0(,"0%$4$%($1#0*40*+)0#*$%($)&3$137((

P+*()2'#$,"0%#*&'(=2&1#$#&#$D0($)&3$13>(#.0(90-(%.&''0130($,(*0'&#0/(#+($1%*0&,$13(,"&#$+#0)"+*&'(
*0,+'2#$+17(Q0%01#(5+*9,(.&D0(/0)+1,#*&#0/(#.&#(,#$)2'&#0/(Q&)&1(L\M(&1/(N*$''+2$1()$%*+,%+"-(L`M(
/+(.&D0(#.0("+#01#$&'(4+*(4&,#()2'#$,"0%#*&'($)&3$13>(&1/(5+*9(&'+13(#.+,0('$10,($,(0@"0%#0/(#+("2,.(
#.0(*0,+'2#$+1(+4(#.+,0(#0%.1$=20,($1(#.0(%+)$13(-0&*,7(H1#03*&#$13(#.0,0($)&3$13()+/&'$#$0,(5$#.(
/&#&G/*$D01($1#0*"*0#&#$+1(4*&)05+*9,(,2%.(&,(D$*#2&'(,#&$1$13(:!&'"()*+,4<(%+2'/(42*#.0*(01.&1%0(
,"0%$4$%$#-7(T00"('0&*1$13("+50*0/(&1&'-,$,(#0%.1$=20,(%&1(&,,$,#($1(#.$,(/0D0'+")01#(B-(
*0%+1,#*2%#$13(".-,$%&'("&*&)0#0*,(4*+)($1%+)"'0#0(,"0%#*&'($14+*)&#$+1(L\M7(H1(#.$,(5&->('0,,(/&#&(
)&-(B0(100/0/(#+(*0&%.(#.0(,&)0('0D0'(+4(,"0%$4$%$#->(#.0*0B-($1%*0&,$13(#0)"+*&'(*0,+'2#$+1(42*#.0*7(

a+)B$1$13(,2%.(/0D0'+")01#,(5$#.(&/D&1%0,($1(D$*#2&'(,#&$1$13>(5.$%.(.&,(B001(/0)+1,#*&#0/(#+(
*0%+31$60>(%'&,,$4-(&1/(=2&1#$4-(,#*2%#2*0,($1(1+1G,"0%$4$%($)&3$13()+/&'$#$0,(L;UM($,("*0/$%#0/(#+(
01&B'0(,"0%$4$%(=2&1#$#&#$D0($)&3$13(#.*+23.(/00"('0&*1$13(&,,$,#0/(&1&'-,$,7(

-)*'2$/(*3+>&?#.@%+
H1(%+1%'2,$+1>(#.0(B$3(%.&''0130($1(=2&1#$#&#$D0()$%*+,%+"-(4+*(#.0(4+*0,00&B'0(42#2*0(*0'&#0,(#+(
%+)B$1$13(=2&1#$#&#$D0()0&,2*0)01#,(5$#.(.&D$13(.$3.(,"0%$4$%$#->(#.0*0B-(#*&1,4+*)$13(,2%.(
#0%.1$=20,($1#+(D$&B'0(&'#0*1&#$D0,(#+(4'2+*0,%01%0($)&3$137(H1(#.$,(*+&/)&">(H(.&D0(/$,%2,,0/(.+5(
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/00"('0&*1$13("+50*0/(/&#&(&1&'-,$,()&-(&$/(#.$,(/0D0'+")01#>(.$3.'$3.#$13(,+)0(90-(,#0",(#.&#(
100/(#+(B0(*0&'$60/($1(+*/0*(#+(&%.$0D0(#.$,(3+&'7(

9'@*)A2&/3&?&*"%+
!"#$%&'"()$%*+,(-.#/0#1$2&,/3,0$2)(4$'"#$5-#/31"$6#1#%)*"$7(&,*3.8$0)%,'$,&49#)$:;<=>;?;@<$$

>&B&.&*'&%++
;7! K0'3&/+##$*>(]7>(I*321>(I7>(b(c+'"0>(S7(YT$3$#&'(D$/0+()$%*+,%+"-(01.&1%0/(B-(/00"('0&*1$137Z(

AB'3*%(C:O<>(RUd>(AU;`7(
A7! e+213>(S7>(K21/#>(f7>(a+'0>(T7>(P$10B0*3>(I7>(I1/*0%9&>(g7>(8-'0*>(I7>(!'0*$1-+D&>(I7>(I1,&*$>(I7>(

V&*9'21/>(X7(S7>(a+''$0*>(V7(J7>(a.&1/'0*>(]7(I7>(89&%.019+>(!7>(I''01>(g7>(a*$,"$1>(V7>(N$''$13#+1>(
f7>(8&9&3$>(e7>(]0''0*,>(g7(Q7>(X$%.)&11>(a7>(]0'019+>(J7>(h(i292*&>(J7(Yj2&1#$#&#$D0()&,,($)&3$13(
+4(,$13'0(B$+'+3$%&'()&%*+)+'0%2'0,7Z(5*3#,*#(7CD:dC[\<>(OACkOA\>(AU;[7(

C7! I'#)&1>(l7(X7>(b(S*$0*>(T7(S7(ZaI8aKF(a.&*&%#0*$6$13(&1/(8*&%9$13(a+''+$/,(K+'+3*&".$%&''-(
m,$13(T00"(f02*&'(f0#5+*9,7Z(C(&),%.$(2$D"E13*%.$7"#431')E$F(6,8:`<>(;dUAk;d;U>(AUAU7(

O7! V$/#D0/#>(N7>(!',n1>(X7>(X9'21/>(P7>(Koo9>(P7>(I/$0',>(a7(N7>(c+'"0>(S7>(b(V$/#D0/#>(T7(YP&,#(&1/(
I%%2*&#0(f&1+"&*#$%'0(a.&*&%#0*$6&#$+1(m,$13(T00"Gl0&*1$13GX1.&1%0/(!44GI@$,(K+'+3*&".-7Z(
G75$H%,($6E:A<>(AAOUkAARU>(AUA;7(

R7! V&1$4+'/>(N7>(V01>(]7>(K2>(Q7>(b(P2>(T7(YI(D0*,&#$'0(/00"('0&*1$13(&*%.$#0%#2*0(4+*(%'&,,$4$%&#$+1(
&1/('&B0'G4*00("*0/$%#$+1(+4(.-"0*,"0%#*&'($)&30,7Z(H%'&)#$I%*"3,#$J,'#..30#,*#(7:O<>(CUdk
C;R>(AUA;7(

d7! V$/#D0/#>(N7>(K0'3&/+##$*>(]7>(I*321>(I7>(J$10/&>(g7>(V$/#D0/#>(T7>(b(c+'"0>(S7(Yj2&1#$#&#$D0(
/$3$#&'()$%*+,%+"-(5$#.(/00"('0&*1$137Z(GBB.3#/$D"E13*1$6#K3#-1(F:;<>(U;;C;U>(AUA;7(

\7! l$1>(K7>(l00>(K7(g7>(8&320>(f7>(l23&310>(g7GN7>(p+13>(a7>(T013>(P7>(].$1>(g7>(8$&1>(l7>(W+13>(W7>(
T21'+">(V7(g7>(b(a.013>(g7Gq7(YV$%*+,0%+1/(4$130*"*$1#(,#$)2'&#0/(Q&)&1(,"0%#*+,%+"$%(
$)&3$13(B-(2'#*&4&,#(#21$13(&1/(,"&#$&'G,"0%#*&'('0&*1$137Z(H%'&)#$7(44&,3*%'3(,1(6,:;<>(
CURA>(AUA;7(

[7! N+.*01>(a7(P7>(b(K244)&1>(T7(Q7(YQ&-'0$3.GS&1,(8.0+*-7Z(H1(G91()B'3(,$%,/$5*%''#)3,0$(2$L30"'$
9E$54%..$D%)'3*.#1>(AUU\7(

`7! Q0)0*>(H7>(].&&,.+2&>(Q7>(].0)0,.>(f7>(N01GpD$>(I7>(b(N$'01%&>(I7(YK$3.G,01,$#$D$#-(&1/(.$3.G
,"0%$4$%$#-(B$+)0%.&1$%&'($)&3$13(B-(,#$)2'&#0/(N*$''+2$1(,%&##0*$13()$%*+,%+"-7Z(H%'&)#$
I#'"(/1(64:`<>(`;Ck`;d>(AUAU7(

;U7! K0'3&/+##$*>(]7>(V$/#D0/#>(N7>(J$10/&>(g7>(]&B$*,.>(I7>(N7(I/$0',>(a7>(Q+)0+>(]7>(V$/#D0/#>(T7>(b(
c+'"0>(S7(YX@#*&%#$13(=2&1#$#&#$D0(B$+'+3$%&'($14+*)&#$+1(4*+)(B*$3.#G4$0'/(%0''($)&30,(2,$13(
/00"('0&*1$137Z(F3(B"E13*1$6#K3#-1(,:C<>(AUA;7(
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!"#"$%&'()*)+%,*-"'.*/0"&+12%/1%'3"

!"#$%"&'!($)#&'*+$,-!($,.-$)-"&!"#$
!"! #$%&'()$*(+,-+./$0('10&/+&*2+3,)%4($'+.*51*$$'1*56+7,8(,*+9*1:$'81(;6+7,8(,*6+<=+>??!@6+9A=+
?"! #$%&'()$*(+,-+71,)$210&/+.*51*$$'1*56+7,8(,*+9*1:$'81(;6+7,8(,*6+<=+>??!@6+9A=+

!"#"$%&
!"#$%&%#%&'()*+#,()&-#.&$.)($#/0(,)0#/(0123(()&-#.&$.)42)%3#$,*#3($%)/&404.&5#0),#-*0(,),"5+)#,)
"$,%#&$(6)5(00,)#$6)%&,,"(,7)8#$9)+404.3#*+&51/#,(6)*+#,()&-#.&$.)%(5+$&:"(,)+#'()/(($)6('(04*(6)%4)
(;%3#5%)%+()*+#,()&$243-#%&4$)/#,(6)4$)%+()*3&$5&*0()42)&$%(32(34-(%397)<4=('(3>)%+(,()%(5+$&:"(,)
.($(3#009),"22(3)234-)54-*0(;)&$,%3"-($%#%&4$7)?$)%+&,)*(3,*(5%&'(>)=()245",)4$)54-*"%#%&4$#0)*+#,()
-&534,54*9)%(5+$&:"(,)=+&5+)3(54'(3)*+#,()&$243-#%&4$)234-)#)$4$1+404.3#*+&5),(%"*)",&$.)&$%($,&%91
4$09)-(#,"3(-($%,)@#0%(3$#%&'(),%3#%(.&(,)#3()6&,5",,(6)&$)!'(")*+&,)243)0(#3$&$.)=&%+)6&22(3($%&#/0()
*+9,&5#0)-46(0,A7)B+()-#&$)6&22&5"0%9)42)3(54$,%3"5%&$.)*+#,()234-)&$%($,&%914$09)-(#,"3(-($%,)&,)%+#%)&%)
&,).($(3#009)#$)&001*4,(6)&$'(3,()*34/0(-7)C0#,,&5#0)D*+#,()3(%3&('#0E)#0.43&%+-,)#3()6('(04*(6)/#,(6)4$)
%+()F(35+/(3.1G#;%4$1H&($"*)#0.43&%+->)=+&5+)",(,)#$)&%(3#%&'()3(54$,%3"5%&4$)*345(6"3()#$6)
&$543*43#%(,)#66&%&4$#0)*+9,&5#0)54$,%3#&$%,)%4)2&$6)%+(),40"%&4$7)?$)3(5($%)9(#3,>)6((*)0(#3$&$.)@IJA)+#,)
,+4=$)%3(-($64",),"55(,,)&$),40'&$.),"5+)54-*"%#%&4$#0)&-#.&$.)*34/0(-,7)<(3(>)=()+&.+0&.+%),('(3#0)
-#K43)#6'#$5(,)4$)+4=)IJ)*",+(,)%+()&-#.&$.)*(3243-#$5()42)54-*"%#%&4$#0)*+#,()-&534,54*9>)#,)
,"--#3&L(6)&$)-).$/'&0127))

$$

!"#$%&'()*$+,&%,"&-'./'0&&1'2&3%4"4#'/.%'5.61$737".432'1839&'6"5%.95.1:)$%&&'$(&)*+,+-$.)/$0&&+$1/&2$34$*&546&*$043.$#%$7!"8"9":";"<=$)+2$
8%$7#">"?"!@=$'.)/&$40A&53/$1/,+-$043.$/1'&*6,/&2$(&)*+,+-$7!B>";B?=$)+2$1+3*),+&2$+&1*)($+&3C4*D/$79":"!@=E$F4*$/1'&*6,/&2$(&)*+,+-"$3.&$
3*),+,+-$2)3)$,/$403),+&2$&,3.&*$,+$&G'&*,H&+3/$7!"8";=$4*$,+$/,H1()3,4+/$7#">"<"?=E$%&&'$(&)*+,+-$.)/$)(/4$0&&+$)''(,&2$34$4'3,H,I&$3.&$542&2$
,((1H,+)3,4+$')33&*+/$7;"<=E$J.&$,+/&3/$)3$3.&$04334H$)*&$)2)'3&2$K*4H$L&K/E$7!">":"<=E$

?$).($(3#0>)IJ)%(5+$&:"(,)+#'()/(($)6('(04*(6)%4),40'()/4%+)%+()MI)*+#,()3(54'(39)#$6)NI)
%4-4.3#*+&5)3(54$,%3"5%&4$)*34/0(-,>)#,),"--#3&L(6)&$)-).$/'&0127)H43)MI)54-*"%#%&4$#0)*+#,()

Page 42 of 190AUTHOR SUBMITTED MANUSCRIPT - JPPHOTON-100480.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt



&-#.&$.>)%+()2&3,%),"*(3'&,(6)0(#3$&$.1/#,(6)3(54$,%3"5%&4$)#0.43&%+-)*34*4,(6)&$)O(27)PQR),+4=(6)%+#%)
%+()%=&$1&-#.()#$6),(021&$%(32(3($5()3(0#%(6)6&223#5%&4$)#3%&2#5%,)5#$)/()(0&-&$#%(6)/9)#)6((*)$("3#0)
$(%=43S7)B4)*",+)%+()*(3243-#$5()#%)04=10&.+%)54$6&%&4$,)243)MI)*+#,()&-#.&$.>)#)IJ)%(5+$&:"()+#,)
/(($)6('(04*(6)%4)*34'&6()+&.+12&6(0&%9)3(54'(39)=+($)%+()*+4%4$)$"-/(3,)#3()04=)PNR7)H43)NI)
54-*"%#%&4$#0)*+#,()&-#.&$.>)IJ)23#-(=43S,)+#'()/(($)6('(04*(6)%4),40'()%+()5+#00($.&$.)NI)
%4-4.3#*+&5)*+#,()3(54$,%3"5%&4$)234-)&$%($,&%914$09)-(#,"3(-($%,)PM>TR7)?$)#66&%&4$>)23#-(=43S,)
+#'()/(($)6('(04*(6)%4)-&%&.#%()-"0%&*0(1,5#%%(3&$.)(22(5%,)#$6)4'(354-()%+()0&-&%#%&4$,)&$)54--4$09)
",(6)0&$(#3),&$.0(1,5#%%(3&$.)#**34;&-#%&4$)-46(0,)PM>TR7)

U0%+4".+)%+(,(),"*(3'&,(6)IJ)-(%+46,)+#'()-#6(),&.$&2&5#$%)*34.3(,,>)%+(9)3(:"&3()0#3.(1,5#0()%3#&$&$.)
6#%#,(%,)54$%#&$&$.)*#&3(6)-(#,"3(-($%,)#$6).34"$61%3"%+)&-#.(,7)V+&0()(#309)#%%(-*%,)245",)4$)
.($(3#%&$.)(;*(3&-($%#009)5#*%"3(6)6#%#,(%)PQ>)NR>)&$)*3#5%&5()%+()#55(,,&/&0&%9)%4)0#3.(1,5#0()%3#&$&$.)
6#%#)&$)(;*(3&-($%#0),(%%&$.,)5#$)/()0&-&%(67)B4)4'(354-()%+&,)0&-&%#%&4$>),('(3#0)&$$4'#%&'()#**34#5+(,)
+#'()/(($)6('(04*(67)H43)(;#-*0(>)54-*"%#%&4$#009)(22&5&($%)#$6)#55"3#%(),&-"0#%&4$,)/#,(6)4$)
-"0%&*0(1,5#%%(3&$.)-46(0,)+#'()/(($)6('(04*(6)%4).($(3#%(),9$%+(%&5)%3#&$&$.)6#%#,(%,)243)NI)
*34/0(-,)PM>)TR7)?$,%(#6)42)",&$.)%+(),"*(3'&,(6)IJ)23#-(=43S>)%+()"$,"*(3'&,(6)D"$%3#&$(6)$("3#0)
$(%=43SE)23#-(=43S)/#,(6)4$)I((*)?-#.()W3&43)PXR)#$6)I((*)I(546(3)PYR)+#'()/(($)#6#*%(6)243)MI)
*+#,()3(%3&('#0)=&%+4"%)$((6&$.)#$9)$(%=43S)*3(1%3#&$&$.)$43)%3#&$&$.)6#%#7)?$)%+&,)#**34#5+>)%+()*+#,()
-#*)&,)*#3#-(%(3&L(6)/9)#$)"$%3#&$(6)$(%=43S>)=+4,()*#3#-(%(3,)#3()4*%&-&L(6)/9)-#%5+&$.)%+()
*3(6&5%(6)-(#,"3(-($%)%4)%+()#5%"#0)-(#,"3(-($%)",&$.)%+()S$4=$)*+9,&5#0)-46(0)'&#)#),%#$6#36)
&%(3#%&'()D$(%=43S)%3#&$&$.E)*345(6"3(7))

?$)#66&%&4$)%4)4$09)*(3243-&$.)%+()*4,%1+45)MI)43)NI)3(54$,%3"5%&4$)%#,S,)&$)54-*"%#%&4$#0)*+#,()
&-#.&$.>)IJ)-(%+46,)+#'()#0,4)/(($)6('(04*(6)%4)5414*%&-&L()%+()*+9,&5#0)6(,&.$)42)-(#,"3(-($%)
*345(,,)#04$.)=&%+)%+()3(54$,%3"5%&4$7)W&4$((3&$.)=43S)6(-4$,%3#%(,)#$)D"$3400(6)$("3#0)$(%=43SE)
23#-(=43S)%4)4*%&-&L()%+()546(61?00"-&$#%&4$)*#%%(3$)#$6)+&.+13(,40"%&4$)MI)*+#,()3(54$,%3"5%&4$)
",&$.)-"5+)3(6"5(6)-(#,"3(-($%,)%+#$)-46(01/#,(6)-(%+46)PZR7))

3$//'+"&#+4&5$"$/'&(6#77'+.'%&
I(,*&%()#5+&('&$.),%#%(1421%+(1#3%)*(3243-#$5(,)&$)-#$9)%#,S,>)-"0%&*0()5+#00($.(,)3(-#&$)%4)/(),40'(6)
/4%+)&$)%(3-,)42)*+9,&5#0)*3&$5&*0(,)#$6)54-*"%#%&4$#0)23#-(=43S,>)&$50"6&$.[)

21! 8$7")97'&%(#""'/)+.&'55'("%&#+4&:)%%)+.;(*+'&9/*<7':%&&
B+()-"0%&*0(),5#%%(3&$.)(22(5%,)/(54-(),&.$&2&5#$%)=&%+)%+()&$53(#,()42)3(23#5%&'()&$6(;)54$%3#,%>)
,%3"5%"3()54-*0(;&%9>)#$6),&L()42)%+()/&404.&5#0),#-*0(,7)B+()-(#,"3(-($%)&,)42%($)54$24"$6(6)/9)
%+()D-&,,&$.154$(E)*34/0(->)=+&5+)64(,)$4%)*34'&6()#55(,,)%4)#)0#3.()#-4"$%)42)#;&#0),*#%&#0)
23(:"($59)&$243-#%&4$7)B4.(%+(3>)%+(,()-#S()%+()NI)3(54$,%3"5%&4$),"22(3)234-)*443)#;&#0)3(,40"%&4$)
#$6)6(.3#6(6)3(54$,%3"5%&4$)#55"3#597)U0%+4".+)IJ)23#-(=43S,)+#'()/(($)6('(04*(6)%4)3(54$,%3"5%)
+&.+09),5#%%(3&$.)4/K(5%,)PM>)T>)\R>)%+(&3)(22(5%&'($(,,)&,),%&00)0&-&%(67)G&-&0#3)5+#00($.(,)42)6#%#)
54-*0(%($(,,)#$6)3(54$,%3"5%&4$)"$6(3)*+9,&5#0)54$,%3#&$%,)#0,4)#3&,()&$):"#$%&%#%&'()-&534,54*9)
@!'(")*+&=A)#,)=(00)#,)4%+(3)&-#.&$.)-46#0&%&(,)@!'(")*+%&>?2@A7)

,1! A'7)#<7'&BC&9/'4)(")*+&
U$4%+(3)-#K43)0&-&%#%&4$)&,)%+#%)%+()%3#&$(6)IJ)-46(0)&,)42%($)$4%)34/",%)%4)(;*(3&-($%#0)'#3&#%&4$,7)
B4)4'(354-()%+&,)&,,"(>)#$)"$5(3%#&$%9):"#$%&2&5#%&4$)23#-(=43S)/#,(6)4$)%+()]#9(,&#$)0(#3$&$.)
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23#-(=43S)+#,)/(($)*34*4,(6)P^R>)=+&5+)#004=,)('#0"#%&$.)%+()54$2&6($5()42)%+()*3(6&5%&4$)3(,"0%)
=&%+4"%)S$4=&$.)%+().34"$6)%3"%+7)<4=('(3>)%+&,)%9*()42)]#9(,&#$)0(#3$&$.)23#-(=43S)&,),%&00)#%)&%,)
$#,5($%),%#.()#$6)3(:"&3(,),&.$&2&5#$%)*345(,,)%4)*34'&6()-43()3(0&#/0()IJ)*3(6&5%&4$,7&

@1! C#/.';%(#7'&(*:9$"#")*+&
?$)IJ1/#,(6)3(54$,%3"5%&4$>)%+(),&L()42)%+()$("3#0)$(%=43S).($(3#009)&$53(#,(,)#,)%+(),&L()42)%+()&$*"%)
&-#.(,7)B+",>)%+()*3#5%&5#009)#5+&('#/0(),*#5(1/#$6=&6%+)*346"5%)@G]WA)42)%+()3(54$,%3"5%(6)&-#.()
=&%+4"%)(;5(,,&'()&-#.(),%&%5+&$.)&,)0&-&%(6)/9)%+()-(-439)42)%+()54-*"%(37)B+()#,,45&#%(6)
54-*"%#%&4$#0)54,%)/(54-(,)#)/4%%0($(5S)243)(-(3.&$.)0#3.(1G]W)&-#.&$.)%(5+$&:"(,>),"5+)#,)
H4"3&(3)*%95+4.3#*+&5)-&534,54*9)243).&.#*&;(0)MI)*+#,()&-#.&$.)P^R)#$6)6&223#5%&4$)%4-4.3#*+9)4$)
0#3.(1,5#0()NI)4/K(5%,)PTR7)&

D4E#+('%&)+&%()'+('&#+4&"'(6+*7*.F&"*&:''"&(6#77'+.'%&
<(3(>)=()4"%0&$()#)2(=)*34-&,&$.)6&3(5%&4$,)%4)*"3,"()%4)4'(354-()%+()#/4'()5+#00($.(,)#$6)2"3%+(3)
*",+)%+()2"$6#-($%#0)0&-&%)42)6((*)0(#3$&$.)243)54-*"%#%&4$#0)*+#,()&-#.&$.7)

21! G/)*/&H+*I7'4.'&)+(*/9*/#")*+&
U$)4'(3#00),%3#%(.9)%4)4'(354-()%+()-"0%&*0(),5#%%(3&$.)#$6)-&,,&$.154$()*34/0(-,)#,)=(00)#,)%+()
3(0&#/&0&%9)42)IJ)*3(6&5%&4$)&,)%4)&$543*43#%()#66&%&4$#0)*+9,&5#0)S$4=0(6.()&$%4)%+()$("3#0)$(%=43S)
6(,&.$,7)?$),&-"0#%&4$1/#,(6)%3#&$&$.)PM>)TR>)%+()-"0%&*0(1,5#%%(3&$.)*+9,&5,)&,)&$543*43#%(6)&$%4)%+()
,&-"0#%437)?$)"$%3#&$(6)$("3#0)$(%=43S,)PX>)YR>)%+()*+9,&5#0)-46(0)42)%+()&-#.&$.),9,%(-)&,)
&$543*43#%(6)6"3&$.)$(%=43S)%3#&$&$.7)?$)]#9(,&#$)0(#3$&$.)P^R>)%+()*3&43,)#3()0(#3$(6)/9)#)$("3#0)
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P\edeC*PeN[:*
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7&&5*"&/%)+)0:Z*=$,6)-$%34'!"#$%&'>?"*)&&*,,C*dc]aC*PePe:*
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/%_+6*5%&5%+)-*/%_+6BP]eN:e]\[e:*PeP]*l/)*[:*
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!!"#"$%&'()*+,-&".+.&(./-0"*(10+21+34"

!"#$%&'(!)%*'+,(%,(!)%-'.'/#%,"(!%
!"! #$%$&'()*+&,-'&.-'/*-0*12$(.'-34(%5*12$(.'4(&2*13643$$'436*&37*8-9:;.$'*<(4$3($5*=&%%&();%$..%*>3%.4.;.$*-0*?$()3-2-6/5*

@-%.-3*A=BC5*D<B*

!"#"$%&
!"#$%#&#'()*#+,$(-$+(+'.+#/0$(),.1/'$,"#(02$/+%$*.10(31()2$"/3$#+/4'#%$5+)0#1#%#+,#%$())(0,5+.,.#3$
,($'((6$/,$'.&.+7$1#''38$,.335#38$/+%$/+.*/'3$9.,"$354*.10(+$0#3('5,.(+$.+$0#/':,.*#;$<&#0$,"#$)/3,$,9($

%#1/%#38$/$&/0.#,2$(-$4.('(7.1/'$)"#+(*#+/$"/&#$4##+$.+&#3,.7/,#%$53.+7$.*/7#3$4/3#%$(+$,"#$
-'5(0#31#+1#$#=1.,#%$42$*5',.)"(,(+$)0(1#33#38$"/0*(+.1$7#+#0/,.(+$-0(*$3)#1./''2$3,051,50#%$
*('#15'#38$/+%$1"#*.1/'$)0(-.'.+7$4/3#%$(+$1("#0#+,$>/*/+$31/,,#0.+7;$?+,#70/,.(+$(-$,"#3#$*(%/'.,.#3$

"/3$4##+$3"(9+$,($)0(&.%#$*#,/4('.18$1"#*.1/'8$/+%$3,051,50/'$)0(-.'.+7$(-$1#''3$.+$,"#$1(+,#=,$(-$'.&.+7$
,.335#3;$@#3).,#$.,3$3,0(+7$)0(*.3#8$*5',.*(%/'$+(+'.+#/0$*.10(31()2$"/3$+(,$2#,$0#/1"#%$.,3$-5''$
)(,#+,./';$?*)0(&#*#+,3$.+$"/0%9/0#$/+%$3(-,9/0#$/0#$+##%#%$-(0$-50,"#0$,0/+3'/,.(+$,($4.(*#%.1.+#;$

!"#3#$1"/''#+7#3$/+%$())(0,5+.,.#3$/0#$3.*.'/0$,($,"(3#$(-$,0/%.,.(+/'$*.10(31()2$*(%/'.,.#3$#=)'(0#%$.+$
!'(")*+%&,-./0&.10&#+2&.3;$!".3$)#03)#1,.&#$-(153#3$(+$,"#$.*)(0,/+,$7/)3$,"/,$1/+$4#$)(,#+,./''2$
/%%0#33#%$42$%##)$'#/0+.+7$-0(*$,9($/+7'#3A$BC$"(9$%##)$'#/0+.+7$1/+$"#')$(&#01(*#$,"#$,#1"+.1/'$

'.*.,3$(-$*5',.*(%/'$+(+'.+#/0$*.10(31()2$,"0(57"$@D:4/3#%$0#1(+3,051,.(+$/+%$/57*#+,/,.(+8$/+%$EC$
"(9$%##)$'#/0+.+7$1/+$"#')$.+10#/3#$,"#$1'.+.1/'$/+%$4.('(7.1/'$0#'#&/+1#$(-$*5',.*(%/'$+(+'.+#/0$
*.10(31()2$,"0(57"$@D:4/3#%$.*/7#$/+%$&.%#($5+%#03,/+%.+7;$

4$55'+"&#+2&6$"$5'&47#88'+9'%&
<+#$1"/''#+7#$'.#3$.+$,"#$'(+73,/+%.+7$,#1"+.1/'$'.*.,/,.(+3$(-$+(+'.+#/0$*.10(31()28$351"$/3$,"#$
)#+#,0/,.(+$%#),"8$.*/7.+7$3)##%8$3.7+/'$3,0#+7,"8$/+%$0#3('5,.(+$/33(1./,#%$9.,"$.+$&.&($.*/7.+7;$

F/0.(53$"/0%9/0#$.*)0(&#*#+,3$"/&#$4##+$)0()(3#%$.+$0#1#+,$%#1/%#38$.+1'5%.+7$/%/),.&#$(),.138$
/%/),.&#$'/3#0$3(501#38$/+%$-.4#0:4/3#%$#+%(31()2$-(0$%##)#0$,.335#$.*/7.+78$*5',.:-(1.$/+%$9.%#:-.#'%$
,#*)(0/'$-(153.+7$-(0$".7"#0$3)##%8$/+%$)5'3#$3"/).+7$-(0$3,0(+7#0$3.7+/'3;$G(9#&#08$(),.*.H/,.(+$(-$
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*.10(31()2;$!"#$.+-(0*/,.(+$1/),50#%$42$*5',.*(%/'$+(+'.+#/0$*.10(31()2$.3$/$).=#':1(0#7.3,#0#%$
*5',.*(%/'$K5/+,.,/,.&#$*#/350#*#+,$(-$-'5(0()"(0#3$L,9(:)"(,(+8$,"0##:)"(,(+$/43(0),.(+$

-'5(0#31#+1#C8$*('#15'/0$3,051,50#3$L3#1(+%8$,".0%:"/0*(+.1$7#+#0/,.(+C8$/+%$1"#*.1/'$4(+%3$L1("#0#+,$
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1"/''#+7#3$(-$.*/7#$/+%$&.%#($5+%#03,/+%.+7$(-$*5',.*(%/'$+(+'.+#/0$*.10(31()2$/0#$.+$70#/,$%#*/+%;$
<+#$%.0#1,.(+$.3$,($%.0#1,'2$,0/+3-(0*$*5',.*(%/'$+(+'.+#/0$*.10(31()2$,($GOP:'.6#$.*/7#38$9".1"$
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_[eH:&/2.K=f:=fJdn*[=[^_9fHH9J\ff[9'&
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\:! ;*+.*+&N(*-($.5&I2(3&C+(O"")5&I.@.&W()3()5&j(@27&`*O@2)".%5&b1.2$&j2$"*5&;./($&I:&]23"O5&

b6@(*O&o(.*")5&p&B11.(&W212*6@+.$:&EHfHJG:&;%%"$%.2$&B*&;11&q26&I""/:&

^:! D:&D:&Z)2$*%".$&"%&(1:5&R]"23"%).#&Q""0&b"()$.$8K&]2.$8&7"'2$/&a6#1./"($&/(%(5S&SRRR+<$84,6+
M0/2*11$48+!,8,I$4*&>GE[G5&=dM[H5&Hf=_:&

_:! j:&W.$"/(&"%&(1:5&R]"23"%).#&/""0&1"()$.$8&)","(1*&%+"&*0(%.2%"302)(1&4.$8")0).$%&24&

3.#)2*#20.#&32%.2$5S&P,.G+!,2)G+S4.*66G5&HfHJ:&
d:! q:&r65&D:&C+.$23.'(5&($/&;:&V()(/(5&RC24%&D(%%")9!"861(%"/&;#%.,"&I($2,(1,"*&b2#(11'&C"149

;**"371"/&.$&Y"3%21.%")&I($2416./.#&F+($$"1*5S&U7T,42*7+!,.*0$,61&/EE==G5&HHfeMHH=^5&

Hf=^:&

e:! D:&o).*+$($5&I:&D2L()(/5&W:&o6@6)(5&($/&N:&C($/28+/()5&R]"23"%)'9.$/6#"/&"1"#%)2*%(%.#&

%)(00.$8&24&$($23"%).#&27L"#%*&.$&(&416./5S&P,.-0*&GH?E_J=^G5&^eHM^e\5&Hf=f:&

=f:! q:&r65&RI($2416./.#*K&;&I"-&;)"$(&42)&D(%").(1*&C#."$#"5S&U7T,42*7+!,.*0$,61&>8EJG5&=_fH[=e5&
Hf=d:&

Page 85 of 190 AUTHOR SUBMITTED MANUSCRIPT - JPPHOTON-100480.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt



!

!

!"#$#%&'()*+,#('&*-)./#

!"#"$%&'#"()**+,!"#$
!"! #$%&%'(&)*+,%-./)0(+.1'-2/)3%$4+51%36+7(83"+-'+.1'-2/)3%-1+9($:1-;-0<6+5884);)+51%=(24%3<+
>"! 7(8)23/(13+-'+,%-$:(/%432<+)1?+,%-8:<4%$46+#3-$@:-;/+51%=(24%3<6+#A(?(1+

!"#"$%&
!"#$%&'()*+,)-.*&.')./)0&'(1,)2#"*&$1,0)+#0)3,$.-,)#)$"&*&$#1)*..1)/.")2".3&'()*+,)-&$".0$.2&$)4."156)

7#"*&$1,)*"#$%&'()+#0)$.-,)#)1.'()4#8)/".-)-#'9#118)1.$#*&'()2#"*&$1,0:)2.0&*&.'0).;,")#)$,'*9"8)#(.)

*.)90&'()0*#'5#"5)#1(."&*+-&$)#22".#$+,0)*.)*+,)90,)./)5,,2)1,#"'&'()&')-&$".0$.286)<)2&.',,"&'()

,=#-21,)./)2#"*&$1,)*"#$%&'()&0)4+,')>,#')7,""&')2".;,5)*+,)2+80&$#1),=&0*,'$,)./)#*.-0)&')?@?A6)

7,""&')2".B,$*,5)*+,)&-#(,)./)-&$".0$.2&$)$.11.&5#1)2#"*&$1,0)&')#)0.19*&.').')#)0+,,*)./)2#2,")#'5)

-#'9#118)*"#$%,5)*+,&")2.0&*&.'0C)-#'#(&'()*.)D9#'*&/8)*+,&")E".4'&#')-.*&.')5,02&*,)#)*&-,)

",0.19*&.')./)B90*)FA)0,$.'50)G?H6)

I.5,"')2#"*&$1,)*"#$%&'()+#0)1#"(,18)3,,')5.-&'#*,5)38)#)*,$+'&D9,)(,',"#118)",/,"",5)*.)#0)J5&(&*#1)

;&5,.)-&$".0$.28KC)&'*".59$,5).;,")LA)8,#"0)#(.)GLHC)&')4+&$+)#);&5,.)./)-&$".0$.2&$)2#"*&$1,0)&0)

#$D9&",5)#'5)*+,)2#"*&$1,0:)2.0&*&.'0)&'),#$+)/"#-,)#",)5,*,"-&',5)90&'()$.-29*,")#1(."&*+-06)M'*&1)

#)/,4)8,#"0)#(.C)*+,)0*#'5#"5)#1(."&*+-0)+#;,)./*,')3,,')3#0,5).')*+,)-,#09",0)./)*+,)$,'*".&5)./)

*+,)2#"*&$1,0)&')#)31#$%N#'5N4+&*,)*+",0+.15,5);,"0&.')./)*+,)&-#(,).")*+,)"#5&#1)08--,*"8)$,'*,")./)

*+,)2#"*&$1,0)GFHC)#'5)$#')09$$,00/9118)#$+&,;,)0932&=,1)",0.19*&.')4+,')*+,&")9'5,"18&'()#009-2*&.'0)

/.")&5,#1),=2,"&-,'*#1)$.'5&*&.'0)#",)0#*&0/&,5)O)(,',"#118)*+#*)*+,)2#"*&$1,)&0)02+,"&$#118)08--,*"&$)

#'5)&-#(,5)4&*+)#)+.-.(,'.90)#'5)$.'0*#'*)&119-&'#*&.'6)!+,&")2,"/."-#'$,)5,$",#0,0)5"#0*&$#118)

4&*+)1,00N*+#'N&5,#1),=2,"&-,'*#1)$.'5&*&.'0)#'5)0&('&/&$#'*)90,")&'*,";,'*&.')&0)",D9&",5C)4+&$+)&')

*9"')&0)*&-,N$.'09-&'()#'5)$#')&'*".59$,)90,")3&#06))

P')*+,)1#0*)/,4)8,#"0)5,,2)1,#"'&'(C)#)%&'5)./)-#$+&',)1,#"'&'()39&1*).')#"*&/&$&#1)',9"#1)',*4."%0C)+#0)

0*#"*,5)*.)3,),-21.8,5)/.")5&(&*#1);&5,.)-&$".0$.286)P')$.'*"#0*)*.)0*#'5#"5)#1(."&*+-0C)5,,2)

1,#"'&'()#1(."&*+-0)#9*.'.-.9018)1,#"')*.)5,*,"-&',)"91,0)*.)2,"/."-)02,$&/&$)*#0%0)90&'()#)0,"&,0)./)

&'29*)5#*#)#'5)$."",02.'5&'()5,0&",5).9*29*0)O)4+&$+C)&')*+,)$#0,)./)2#"*&$1,)*"#$%&'(C)4.915)3,)

&-#(,0)./)2#"*&$1,0)#'5)*+,&")$.."5&'#*,0)&')*+,)&-#(,6)Q#"18)09$$,00)./)5,,2)1,#"'&'()/.")2#"*&$1,)

*"#$%&'()+#0)#1",#58)0+.4')*+#*)5,,2)1,#"'&'().9*2,"/."-0)0*#'5#"5)#1(."&*+-0)&')#$$9"#*,18)

1.$#1&R&'()2#"*&$1,0)&')$+#11,'(&'(),=2,"&-,'*#1)$.'5&*&.'0)#'5)&')-#'8)$#0,0)&0)#31,)*.),1&-&'#*,)90,")

3&#0)38)0&-91#*&'()*"#&'&'()5#*#)GSH)T'()$*+%&,-.,#/0U6)!+&0)2#"#11,10),#"18)2".(",00)0,,')&')0&'(1,N
-.1,$91,)1.$#1&R#*&.')-&$".0$.28)T!+1"(23&,4UC)4+,",)VWN3#0,5)-,*+.50)0&('&/&$#'*18)&-2".;,5)

1.$#1&R#*&.')9'5,")$+#11,'(&'()$.'5&*&.'06)X.4,;,"C)*+,",)&0)0*&11)#)1.*)./)"..-)/.")&-2".;,-,'*)#'5)

5,,2)1,#"'&'()/.")2#"*&$1,)*"#$%&'()+#0)8,*)*.)",#$+)&*0)2,#%)2.*,'*&#16)
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!"#$%&'()*('+,%-"./&'-%,.0"1#'2"-3'1&$%,/'1&-24%05*'%,&6'$())*&+),-./.0$,+01-/2345$%1-,.0)'$2-,/.)6$1.$5/47+,2)6$*,-2/8+)$/4,0)5$
172*)-91-4$52,.6,-6$,+01-/2345$%0-,:'$/.$,887-,2)+:$6)2)82/.0$*,-2/8+)$*15/2/1.5$/.$3/03&.1/5)$81.6/2/1.5$91-$5/47+,2)6$/4,0)$19$
5:44)2-/8,+$*,-2/8+)5$,99)82)6$;:$,$-,.0)$19$5/0.,+&21&.1/5)$-,2/15$%,'$,.6$/++74/.,2/1.$0-,6/).25$%7'$%3)-)"$4),57-)6$9-14$23)$4),.$
,;51+72)$)--1-$%<=>'$/.$*/?)+5'"$,.6$)?*)-/4).2,+$2-,8@/.0$19$1*2/8,++:$2-,**)6$*,-2/8+)$%."6'A$())*&+),-./.0$,.6$52,.6,-6$,+01-/2345$+),6$
21$23)$5,4)$-)57+25$7.6)-$1*2/4,+$/++74/.,2/1.$81.6/2/1.5$%.'$;72$23)$2-,8@/.0$9-14$23)$52,.6,-6$,+01-/234$;)814)5$7.52,;+)$/.$
83,++).0/.0$81.6/2/1.5$%6'A$=6,*2)6$9-1',86'())*&+),-./.0$,+01-/2345$%1-,.0)'$2-,/.)6$1.$5/47+,2)6$*,-2/8+)$/4,0)5$172*)-91-4$52,.6,-6$
,+01-/2345$%0-,:'$/.$,887-,2)+:$6)2)82/.0$*,-2/8+)$*15/2/1.5$/.$3/03&.1/5)$81.6/2/1.5$91-$5/47+,2)6$/4,0)$19$5:44)2-/8,+$*,-2/8+)5$,99)82)6$
;:$,$-,.0)$19$5/0.,+&21&.1/5)$-,2/15$%,'$,.6$/++74/.,2/1.$0-,6/).25$%7'"$,.6$)?*)-/4).2,+$2-,8@/.0$19$1*2/8,++:$2-,**)6$*,-2/8+)$%.&6'A$())*&
+),-./.0$,.6$52,.6,-6$,+01-/2345$+),6$21$23)$5,4)$-)57+25$7.6)-$1*2/4,+$/++74/.,2/1.$81.6/2/1.5$%.'$;72$23)$2-,8@/.0$9-14$23)$52,.6,-6$
,+01-/234$;)814)5$7.52,;+)$/.$83,++).0/.0$81.6/2/1.5$%6'A$=6,*2)6$,.6$-)*-/.2)6$B/23$*)-4/55/1.$9-14$CDEA$

)

5$**+3"&#30&'$"$*+&56#77+3)+%&
Y',)-#B.")$+#11,'(,)&0)*+,)#;#&1#3&1&*8)./)*"#&'&'()5#*#C)3.*+)&')D9#'*&*8)#'5)D9#1&*8)GZH6)Q;,')*+.9(+)

&*)&0)2.00&31,)*.)*"#&')5,,2N1,#"'&'()#1(."&*+-0)90&'(),=2,"&-,'*#118N#$D9&",5)5#*#C)*+&0)3,$.-,0)

&'$",#0&'(18)5&//&$91*)/.")*+,)#221&$#*&.')./)2#"*&$1,)*"#$%&'(6)[.'0&5,"#31,)#-.9'*)./)5#*#)',,50)*.)3,)

#$D9&",5)/."),#$+),=2,"&-,'*#1)0,**&'(C)/.")4+&$+)&*)&0)#10.),=*",-,18)5&//&$91*)*.)5,*,"-&',)*+,)

(".9'5N*"9*+)2#"*&$1,)2.0&*&.'0)4&*+)09//&$&,'*)#$$9"#$8)#0)*+,8)./*,')',,5)*.)3,)-#'9#118)

#''.*#*,56)!+&0)2".$,00)&0)*&-,N$.'09-&'()#'5)1&-&*0)*+,)#1(."&*+-0)*.)+9-#'N1,;,1)#$$9"#$8)#0)4,11)

#0)&'*".59$&'()3&#06)!+&0)+#0)3,,')2#"*18)0.1;,5)38)*"#&'&'()*+,)#1(."&*+-0)90&'()0&-91#*,5)2#"*&$1,)

&-#(,0)/.")4+&$+)*+,)(".9'5N*"9*+)2.0&*&.'0)$#')3,)%'.4'),=#$*186)P*)&0),02,$&#118)90,/91)*.)3,)#31,)

*.)2+80&$#118)0&-91#*,)2#"*&$1,)&-#(,0)",21&$#*&'(),#$+)90,":0),=2,"&-,'*#1)0,*92C)/".-)2".2,"*&,0)./)

*+,)2#"*&$1,)*.).2*&$#1)2".2,"*&,0)./)*+,)&'0*"9-,'*)90,5)*.)$#2*9",)*+,)5#*#6)X.4,;,"C)0&-91#*&'()

*"#&'&'()5#*#)&0)./*,')'.*)/,#0&31,)#'5)*+&0)&0)&')/#$*)*"9,)/.")'.'N08--,*"&$)#'5)3&.1.(&$#1).3B,$*0)

#$D9&",5)&')-.0*)&-#(&'()-.5#1&*&,06)\&-&1#"18C)-91*&-.5#1)-&$".0$.28)#22".#$+,0)T!+1"(23&,,U)/#$,)
$+#11,'(,0)&')(,',"#1&R&'()1,#"'&'(N3#0,5)-.5,10)#$".00);#"8&'()3&.1.(&$#1)0*"9$*9",0)#'5)

,=2,"&-,'*#1)0,**&'(06)]+,')&*)&0)'.*)2.00&31,)*.)#$$9"#*,18)",$",#*,)*+,),=2,"&-,'*#1)0,*920)
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'9-,"&$#118C)*+,)."&(&'#1),=2,"&-,'*#1)5#*#0,*)$#')3,)#"*&/&$&#118),=2#'5,5)90&'()#9(-,'*#*&.')G^H6)<)

02,$&#1)*82,)./)5,,2)1,#"'&'()#1(."&*+-)+#0),;,')3,,')5,;,1.2,5)*+#*)&0)#31,)*.)(,',"#*,)#55&*&.'#1)

08'*+,*&$)*"#&'&'()&-#(,0)#0)#)/."-)./)5#*#)#9(-,'*#*&.'6)<9(-,'*#*&.')$#')#&5)&')*+,)*"#&'&'()

2".$,00)39*)$#''.*)",21#$,)+&(+ND9#1&*8)*"#&'&'()5#*#6))

<)0,$.'5)-#B.")$+#11,'(,)&0C)#0)/.")0*#'5#"5)#1(."&*+-0C)*+#*)*+,)*"#&',5)#1(."&*+-0)#",)909#118)

*9',5)/.")#)02,$&/&$)2".31,-)#'5)#",)'.*),#0&18)(,',"#1&R#31,C)-,#'&'()*+#*)*+,8)-.0*)./*,')$#''.*)

3,)90,5)*.)#'#18R,)5#*#)$.'*#&'&'()5&//,",'*)2#"*&$1,)*82,0).").3*#&',5)4&*+)#'.*+,"),=2,"&-,'*#1)

0,*926))!+&0C)&')#55&*&.')*.)*+,)0*,,2)1,#"'&'()$9";,)/.")5,;,1.2&'()$90*.-)5,,2N1,#"'&'()0.19*&.'0C)

-#%,0)5,,2)1,#"'&'()9'5,"9*&1&R,5)&')2#"*&$1,)*"#$%&'()#'5)5&(&*#1);&5,.)-&$".0$.28)#0)#)4+.1,6)7",N

*"#&',5)#1(."&*+-0)+#;,)3,,')-#5,)#;#&1#31,)#'5)#",)&')2"#$*&$,),#0&18)#221&,5)*.)',4)5#*#)G_H6)!+,)

",091*0)#",)+.4,;,")./*,')#$$,2*#31,).'18)&')*+,)#30,'$,)./)#)3,**,")#1*,"'#*&;,)$90*.-&R,5)/.")*+,)

2".31,-)#*)+#'56))

809#31+%&(3&!1(+31+&#30&:+163272);&"2&<++"&56#77+3)+%&
!+,)-.0*).3;&.90)4#8)/."4#"5)/.")5,,2)1,#"'&'()/.")2#"*&$1,)*"#$%&'()&0)*.)/.$90).'),#0&,")#$$,00)*.)

+&(+ND9#1&*8)*"#&'&'()5#*#)&')."5,")*.)$90*.-)*"#&')#1(."&*+-0)/."),#$+)0,*)./),=2,"&-,'*0)."),;,')*.)

3,)#31,)*.)*"#&')#)(,',"#1&R,5)2#"*&$1,)*"#$%&'()#1(."&*+-6)P')*+&0)$#0,C)*+,)$.'*&'9.90)5,;,1.2-,'*)

./)#$$9"#*,)4#80)*.)08'*+,*&$#118)",$",#*,)-.",)$.-21,=),=2,"&-,'*#1)0,*920)&-#(&'()'.'N

08--,*"&$#1)2#"*&$1,0)4&*+);#"&.90)&-#(&'()-.5#1&*&,0)&0)./)92-.0*)&-2."*#'$,6)!+,)$.11#3."#*&;,)

$91*9",)./)*+,)/&,15)2".;&5,0)#)2"&-,),';&".'-,'*)/.")#)/#0*)(".4*+)4&*+).2,'N0.9"$,)0./*4#",)

2#$%#(,0),-,"(&'()4&*+)*+,)2.00&3&1&*8)./).*+,")",0,#"$+,"0)*.)$.'*"&39*,)4&*+)#55&*&.'#1)

/9'$*&.'#1&*&,0)",1#*,5)*.)*+,&")#",#0)./),=2,"*&0,)G^H6)!+,0,)0./*4#",)2#$%#(,0)#10.)#**,-2*).')3,&'()

90,")/"&,'518)*.)#11.4)/.")*+,)5,;,1.2-,'*)./)$90*.-)5,,2N1,#"'&'()0.19*&.'0)4&*+.9*)*+,)',,5)/.")

02,$&#1)$.5&'()0%&110C)-#%&'()*+,-)#;#&1#31,)/.")#)3".#5,")#95&,'$,6)

<)2".-&0&'()#1*,"'#*&;,)&0)*+,)',4)/#-&18)./)0&'(1,N0+.*C)0,1/N092,";&0,5)',*4."%0)T!+1"(23&,=U)*+#*)
1,#"')5&",$*18)/".-).',C)$.-21,*,18)9'1#3,1,5)2#"*&$1,)&-#(,6)\9$+)0,1/N092,";&0,5)#22".#$+,0)#",)

$.'$,2*9#118)0&-&1#")*.)",$,'*)9'092,";&0,5)",0*."#*&.')-,*+.50)/.")0$#''&'()-&$".0$.28)5#*#)

5&0$900,5)&')!+1"(23&,>C)4+,",)*"#&'&'()4&*+.9*),=21&$&*)1#3,10)+#0)3,$.-,)#)-#B.")3",#%*+".9(+6)P')

*+,0,)-,*+.50O,=,-21&/&,5)38)*+,)W.5,\!<`)#"$+&*,$*9",)GaHO*+,)',*4."%)&0)*"#&',5)*.).9*29*)

*4.)'9-3,"0)*+#*)-90*)*"#'0/."-),=#$*18)1&%,)*+,)2#"*&$1,)$,'*",)9'5,")#'8)&'N21#',)".*#*&.').")

*"#'01#*&.')*+#*)&0)#221&,5)*.)*+,)&'29*)&-#(,6)E,$#90,)*+,).'18)0.19*&.')*+#*)0#*&0/&,0)*+&0)

,D9&;#"&#'$,)$.'0*"#&'*)&0)*+,)*"9,)$,'*",)&*0,1/C)*+,)',*4."%)$.';,"(,0)*.)093N2&=,1)#$$9"#$8)4&*+.9*)

,;,")0,,&'()(".9'5N*"9*+)$.."5&'#*,0).")0&-91#*,5)5#*#)T'()$*+&,-.?U6)!+&0)0*"#*,(8)*+,",/.",)
,1&-&'#*,0)*+,)*&-,N$.'09-&'()0*,2)./)$",#*&'()1#"(,C)1#3,11,5)*"#&'&'()0,*0)#'5)&0)#('.0*&$)*.)2#"*&$1,)

0+#2,C)-#%&'()&*)#221&$#31,)*.)#)4&5,)"#'(,)./)-."2+.1.(&,0)#'5)&-#(&'()-.5#1&*&,06)!+,)*"#&'&'()

"9'0)&')#)/,4)-&'9*,0).')#)0*#'5#"5)1#2*.2)#'5)*+,)",091*&'()-.5,1)$#')3,)",N*"#&',5).")/&',N*9',5)
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UA! Y#(lA7(H*0":'$(!A7(a(W*":,0(HA(fB,3%$20(N'%0#$*-4(&:'(N%53'))mD,)&6/%--(8*0&$*+#&*,-(,.(%(Y*-4)'(
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3,"6$8*#$57-3)*-6$,*+&'))"+'&*5--&):*H8*57")*)$8)$9*"5*")*'36")'1&$*5-*(,-#-5$*+-##48"5.%3,"6$8*
'+5"-8)*5-*1$8+7#',D*'83*6'&"3'5$*#$57-3)*<J9=]9==>:*U5$(("8/*1$.-83*57$*5,'+D"8/%1.%3$5$+5"-8*
(','3"/#*#"/75*&$'3*5-*'*1--)5*"8*($,0-,#'8+$*1.*3"//"8/*"80-,#'5"-8*3",$+5&.*0,-#*,'2*3'5':*!7$*
"85$/,'5"-8*-0*(7.)"+'&*+-8)5,'"85)*'83*"834+5"6$*1"')$)*"85-*3$$(*&$',8"8/*#-3$&)*+'8*"#(,-6$*
($,0-,#'8+$*'83*"85$,(,$5'1"&"5.:**H5*")*0-,$)$$'1&$*57'5*8-6$&*5$+78"B4$)*8-5*,$B4","8/*&'1$&&$3*
3'5')$5)*2"&&*04,57$,*1--)5*57")*0"$&3*'83*$8'1&$*57$*)543.*-0*#-&$+4&',*3.8'#"+)*"8*&"6"8/*+$&&)*
1$.-83*+4,,$85*+'('1"&"5"$):*

9/B10C7+5)+A+1"%&
!"#$%&'()*+,-+.#./00(12#231(/-3#-1$'2#45!6789:69;<=>#?/',+,#@A#

"!BCDEFBD98G9H8H=D:899888998HH#$',#IFJK#B'L+.2M'-#M'#A(/1#?/2/1+NO#-1$'2.#PKQ789;6<:>=H64#$',#

RBS7879697:H<>CP6B88#?/',+,#@A#"!BCDEFBD98G9H8H=D:899888998HHD#$',#KFSF4#IF4SK#E#)$A#(?#

T$&M'-#F/1(0+NO#$',#-1$'2#EUEQ4#789;JU4=V8#?/',+,#@A#23+#U+'+1$*M2$2#,+#!$2$*/'A$##

@+D+*+1/+%&&
=:! I:*S'8?-*'83*S:*b:*V',+"'%c','E-9*_P*,$6"$2*-0*(,-/,$))*"8*)"8/&$*(',5"+&$*5,'+D"8/C*0,-#*

#$57-3)*5-*1"-(7.)"+'&*"8)"/75)9`*4+0G#R1(-G#R3A.G*?>9*-,9*=JRZ]=9*J]=T:*
J:! @:*I7$8-4',3*$5*'&:9*_L1E$+5"6$*+-#(',")-8*-0*(',5"+&$*5,'+D"8/*#$57-3)9`*C$2G#"+23(,.*--FQG9*

Jd=eJ[]9*J]=R:*
Q:! f:*S:*@$21.9*P:*S:*U+7'$0$,9*c:*!:*O$$9*S:*V:*b-,$)59*'83*U:*W:*O'"9*_I-86-&45"-8'&*8$4,'&*

8$52-,D)*'45-#'5$*3$5$+5"-8*0-,*5,'+D"8/*-0*)41#"+,-8%)+'&$*(',5"+&$)*"8*J\*'83*Q\9`*R1(%G#
C$2*G#E%$,G#J%MG#QG#JG#EG*--EFQZG9*[]JZe[]Q=9*J]=d:*

R:! P:*U($")$,*$5*'&:9*_\$$(*&$',8"8/*$8'1&$)*0')5*'83*3$8)$*)"8/&$%#-&$+4&$*&-+'&"?'5"-8*2"57*7"/7*
'++4,'+.9`*C$2G#"+23(,.*->F[G9*=]dJe=][]9*J]J=:*

T:! f:*c"8$3'*$5*'&:9*_V$-#$5,"+*3$$(*&$',8"8/*,$6$'&)*57$*)('5"-5$#(-,'&*0"8/$,(,"85*-0*
#"+,-)+-("+*#-5"-89`*C$2G#"$%3G#B'2+**G*E9*g=edJ9*J]JQ:*

Z:! @:*V,'8"D*$5*'&:9*_U"8/&$%c',5"+&$*\"004)"-8*I7','+5$,"?'5"-8*1.*\$$(*O$',8"8/9`*PM(03A.G#WG*
--?FJG9*=dTe=[J9*J]=[:*

g:! U:*M-9*b:*U+7#"359*K:*h"+77-,89*'83*V:*Y-&($9*_S$')4,$#$85*-0*'8-#'&-4)*3"004)"-8*4)"8/*
,$+4,,$85*8$4,'&*8$52-,D)9`*R3A.G#4+LG#F*-88F=G9*=eZ9*J]=[:*

Page 111 of 190 AUTHOR SUBMITTED MANUSCRIPT - JPPHOTON-100480.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt



d:! c:*W-2'&$D9*A:*O-+7%L&)?$2)D'9*'83*f:*U?2'1"i)D"9*_I&'))"0"+'5"-8*-0*3"004)"-8*#-3$)*"8*)"8/&$%
(',5"+&$*5,'+D"8/*3'5'C*b$'54,$%1')$3*6$,)4)*3$$(%&$',8"8/*'((,-'+79`*R3A.G#4+LG#F*-88FQG9*
QJR=]9*J]=[:*

[:! V:*S4j-?%V"&9*S:*P:*V',+"'%S',+79*I:*S'8?-9*f:*\:*S',5k8%V4$,,$,-9*'83*S:*O$2$8)5$"89*
_U"8/&$*5,'E$+5-,.*+7','+5$,"?'5"-8*6"'*#'+7"8$*&$',8"8/9`*C+)#WG#R3A.G*,,F=G9*]=Q]=]9*J]J]:*

=]:! V:*S4j-?%V"&*$5*'&:9*lL1E$+5"6$*+-#(',")-8*-0*#$57-3)*5-*3$+-3$*'8-#'&-4)*3"004)"-8X9*C$2G#
!(TT/'G*-,F=G9*ZJTQ9*J]J=:*

==:! V:*S4j-?%V"&*$5*'&:9*lm4'85"5'5"6$*$6'&4'5"-8*-0*#$57-3)*5-*'8'&.?$*#-5"-8*+7'8/$)*"8*)"8/&$%
(',5"+&$*$;($,"#$85)X9*C$2G#!(TT/'G*<K$/")5$,$3*K$(-,5*U5'/$*=*c,-5-+-&>9*
=]:Z]dRN#[:0"/)7',$:JRgg=Zdg:6=9*J]JQ:*

Page 112 of 190AUTHOR SUBMITTED MANUSCRIPT - JPPHOTON-100480.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt



!!"#"$%&'()*'"%+,-").&/-0)*.+-1"

!"#$%&'%()"*%&+",*%&!-(.#&/(012",31#"(
!"! #$%&'()$*(+,-+./012314+5*26$'12(0+,-+7,(/$*89':4+;<$=$*+
>"! #$%&'()$*(+,-+?&'2*$+;32$*3$14+5*26$'12(0+,-+7,(/$*89':4+;<$=$*+

!"#"$%&
!"#$%&"'$&(%)$*+,%",%-.$%/0$+,1%234%)"&&"/,%($+51%+*/%6783%9+5&(%0(+,/)+0-$5"+%1:5$+;%+05/11%-.$%/0$+,1%
+,;%/<(*$,+-$;%-.$%+-=/1:.$5$%6>83%?",0$%-.$,@%-.$%:.(-/:&+,'-/,%A%-.$%="05/10/:"0%$BC"D+&$,-1%
/5%-$55$1-5"+&%:&+,-1%A%.+D$%:&+($;%+%:"D/-+&%5/&$%",%-.$%9+5-.E1%$0/1(1-$=3%F.(-/:&+,'-/,%*$,$5+-$%
+::5/<"=+-$&(%.+&#%/#%-.$%/<(*$,%:5/;C0$;%/,%9+5-.%+,;%#"<%GH%F$-+I*5+=1%JF*K%/#%0+5)/,%#5/=%
0+5)/,%;"/<";$@%+5/C,;%#"D$%-"=$1%-.$%-/-+&%$="11"/,1%#5/=%#/11"&%#C$&1%628@%$D$5(%($+53%L$-@%)$0+C1$%/#%
-.$"5%1=+&&$5%1"M$@%/C5%C,;$51-+,;",*%/#%-.$%&/N$5%+BC+-"0%#//;IN$)%",%=+,(%+1:$0-1%"1%&"="-$;3%

O,%/5;$5%-/%$##$0-"D$&(%",-$55/*+-$%-.$1$%/5*+,"1=1%+-%+%0&/1$5%&$D$&@%N$%;$:$,;%/,%="05/10/:(I)+1$;%
=$-./;13%?/=$%/#%-.$%+::&"0+-"/,%10$,+5"/1%",%-."1%;"5$0-"/,%+5$%:&+,'-/,%;$-$0-"/,%+,;%0/C,-",*@%
:&+,'-/,%1$*=$,-+-"/,%+,;%1:$0"$1%0&+11"#"0+-"/,@%+,;%&/,*I-$5=%-5+0'",*%/#%:&+,'-/,%0$&&13%P/N$D$5@%
=+,C+&%";$,-"#"0+-"/,%/#%1",*&$%0$&&1%"1%+%&+)/C5I",-$,1"D$%:5/0$11%0/,1";$5",*%-.$%$<-5+/5;",+5(%
;"D$51"-(%+=/,*%:&+,'-/,%-+<+%-.+-%5$BC"5$%-5+",$;%-+</,/="1-1%6Q83%R."1%+&1/%&"="-1%-.$%:/11")"&"-"$1%
-/%=/,"-/5%+,;%#/&&/N%:&+,'-/,%0/==C,"-"$1%N"-.%+;$BC+-$%5$1/&C-"/,%",%-"=$%+,;%1:+0$3%%SD$5%-.$%
:+1-%;$0+;$@%+%=C&-"-C;$%/#%0/=:C-$5%D"1"/,I)+1$;%"=+*",*%=$-./;1%.+D$%)$$,%;$D$&/:$;%#/5%
/)T$0-%;$-$0-"/,%#5/=%="05/10/:(%"=+*$13%R.$1$%-$0.,"BC$1%5+,*$%#5/=%-5+;"-"/,+&%+::5/+0.$1%-.+-%
#/&&/N%1$*=$,-+-"/,%+,;%)",+5(%-.5$1./&;",*%=$-./;1@%-/%=/5$%+;D+,0$;%-$0.,"BC$1%)+1$;%/,%;$$:%
&$+5,",*%6G83%R.$1$%-5$,;1%:+5+&&$&%-.$%1."#-%#5/=%.+,;05+#-$;%-/%;$$:I&$+5,",*I)+1$;%1$*=$,-+-"/,%
+,;%0&+11"#"0+-"/,%=$-./;1%/)1$5D$;%",%)"/=$;"0+&%="05/10/:(@%:+5-"0C&+5&(%",%1",*&$I:+5-"0&$%-5+0'",*%
+,;%0$&&C&+5%"=+*",*%J1$$@%#/5%$<+=:&$@%!'(")*+%&,-&#+.&/,K3%

F+5-"0C&+5&(@%;$$:I&$+5,",*I)+1$;%=$-./;1%#/5%:&+,'-/,%+,+&(1"1%.+D$%1$$,%0/,1";$5+)&$%1C00$11%",%
5$0$,-%($+513%9=$5*",*%+1%+,%+&-$5,+-"D$%+::5/+0.%-/%$1-+)&"1.$;%=$-./;1@%;$$:%&$+5,",*%/##$51%
/)T$0-"D$%10.$=$1%#/5%",D$1-"*+-",*%="05//5*+,"1=1%",%;"##$5$,-%$,D"5/,=$,-13%U/5%$<+=:&$@%+%#+="&(%
/#%0/,D/&C-"/,+&%,$C5+&%,$-N/5'1%JVWW1K%1C0.%+1%U+1-$5%XIVWW@%YIW$-@%+,;%LS!S%+5$%N";$&(%C1$;%#/5%
/)T$0-%;$-$0-"/,@%0&+11"#"0+-"/,%+,;%1$*=$,-+-"/,%:5/)&$=1%6G83%R.$%0/,D/&C-"/,+&%&+($51%",%-.$1$%
,$-N/5'1%.$&:%-/%";$,-"#(%-.$%."*.I&$D$&%+,;%&/NI&$D$&%=/5:./&/*"0+&%#$+-C5$1%/#%0$&&1%",%-.$%"=+*$%",%
0/,-5+1-%-/%-5+;"-"/,+&%+::5/+0.$13%Z%#+="&(%/#%*$,$5+-"D$%=/;$&1%',/N,%+1%*$,$5+-"D$%+;D$51+5"+&%
,$-N/5'1%J[ZW1K%+5$%)$",*%C1$;%#/5%*$,$5+-",*%,$N%:&+,'-/,%"=+*$5(%;+-+%#5/=%-.$%$<"1-",*%;+-+@%-/%
)$--$5%$D+&C+-$%-.$%$<"1-",*%=/;$&1%+,;%-/%#C5-.$5%"=:5/D$%-.$%+00C5+0(%",%=$+1C5$=$,-1%6\83%
9##/5-1%+5$%+&1/%)$",*%;"5$0-$;%-/N+5;1%,$N%:5/)&$=1%1C0.%+1%BC+,-"-+-"D$%-5+0'",*%/#%:&+,'-/,1@%+,;%
)"/=+11%$1-"=+-"/,%-.5/C*.%;$$:%&$+5,",*%6]83%

Page 113 of 190 AUTHOR SUBMITTED MANUSCRIPT - JPPHOTON-100480.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt



!
!"#$%&'(()*#+,-./01.)'$%&'()*#+,#-./012,/*)3#'/4.+54+(6#/'&0*5#+,#7++()&892+8#:)*,2;#&83#(162+()&892+8#:./012;#+.0&8/5'5<#=)&892+8>#&5#&#
-.+&3#2*.'#/84)?3*5#'+.(1+)+0/4&))6#3/@*.5*#+.0&8/5'5#A/21#4+'()*%#0*+'*2./*5#&83#3*@/&2/80#)/,*#52&0*5#21&2#41&))*80*#BC#3./@*8#
4)&55/,/4&2/+8#&83#5*0'*82&2/+8#+,#/'&0*5<#

0$11'+"&#+.&2$"$1'&03#44'+5'%&
R.$%5+:";%;$D$&/:=$,-%/#%ZO%",1:"5$1%+::&"0+-"/,1%",%:&+,'-/,%+,+&(1"1@%1C0.%+1%+C-/=+-"0%
";$,-"#"0+-"/,%+,;%."*.%D/&C=$%+,;%-.5/C*.:C-%!"#$!%&%=/,"-/5",*%$##/5-13%O,%:+5+&&$&%-.$5$%"1%+%=/5$%
;$=+,;I;5"D$,%;$D$&/:=$,-%-/%#",$I-C,$%+,;%"=:5/D$%$<"1-",*%=$-./;1%+,;%";$,-"#(%-$0.,"BC$1%
-.+-%N/5'%N"-.%-.$%&"="-$;%+=/C,-%/#%&+)$&&$;%;+-+@%N."0.%"1%-(:"0+&&(%-.$%)/--&$,$0'%N"-.%;$$:%
&$+5,",*%)+1$;%=$-./;13%^$&/N%N$%;"10C11%-.$%=/1-%:5$11",*%0.+&&$,*$13%

'("&()*(""+%(%!+"*+,*-(%(.*R/%-5+",%+%;$$:%&$+5,",*%,$-N/5'@%/,$%,$$;1%&+)$&&$;%;+-+3%_."0.%=$+,1%
"#%+,%"=+*$%0/,-+",1%+,%/5*+,"1=@%N$%,$$;%$<:$5-1%";$,-"#(",*%-.$%/5*+,"1=%-/%1:$0"$1%&$D$&%)+1$;%/,%
-+</,/="0%',/N&$;*$%#5/=%-.$%&"-$5+-C5$%+,;%$<:$5"$,0$3%R."1%"1%+%&+)/5"/C1%-+1'%+,;%/#-$,%:5/,$%-/%
$55/513%R.$%:5/)&$=1%N"-.%=+,C+&%+,,/-+-"/,%/#%;+-+%0+,%)$%-+0'&$;%N"-.%C,1C:$5D"1$;%+,;%1$&#I
1C:$5D"1$;%;$$:%&$+5,",*%+&*/5"-.=13%Y,1C:$5D"1$;%0&+11"#"0+-"/,%/#%/5*+,"1=1@%#/5%$<+=:&$@%0+,%)$%
:$5#/5=$;%)(%",D$1-"*+-"/,%-.$%&+-$,-%1:+0$%;"1-5")C-"/,%/#%D+5"+-"/,+&%+C-/$,0/;$51@%#/&&/N$;%)(%+%
1C)1$BC$,-%$D+&C+-"/,%/#%-.$%:5$;"0-$;%0&C1-$5",*%)(%-+</,/="0%$<:$5-13%%

/01("-!"2*%34*$5+14*%+6(7-$*(11)!5(%!+"$.%`$$:%&$+5,",*%+::&"$;%5$1$+50.%",%:&+,'-/,%$0/&/*(%"1%
=/1-&(%5$1-5"0-$;%-/%;$-$0-"/,@%0/C,-",*@%+,;%1$*=$,-+-"/,%:5/)&$=13%R."1%,$$;1%-/%)$%&$D$5+*$;%#/5%
=/5$%:5+0-"0+&%+::&"0+-"/,%10$,+5"/1%-/%)$--$5%C,;$51-+,;%-.$%:&+,'-/,%;(,+="013%U/5%",1-+,0$@%-.$5$%
"1%,$$;%-/%;$D$&/:%ZO%)+1$;%-5+0'",*%+&*/5"-.=1@%-.+-%0+,%-5+0'%",;"D";C+&%:&+,'-$51%/D$5%$<-$,;$;%
-"=$%:$5"/;13%a$0.+,"1-"0%C,;$51-+,;",*%/#%",;"D";C+&%",-$5+0-"/,1%1C0.%+1%:5$;+-"/,@%+,;%5$1/C50$%
$<:&/"-+-"/,%+5$%C,$<:&/5$;%+5$+1%N.$5$%)/C,;+5"$1%+5$%)$",*%:C1.$;%)(%;$$:%&$+5,",*%+&*/5"-.=13%
R."1%+=)"-"/,%-/%=/D$%)$(/,;%1-+-"0%0&+11"#"0+-"/,%-/N+5;%;(,+="0%)$.+D"/C5+&%+,+&(1"1%"1%1.+5$;%)(%
$##/5-1%&"'$%aZ[Ob%J!'(")*+&/6K@%N."0.%+&1/%1$$'1%-/%C,0/D$5%1:+-"/-$=:/5+&%:+--$5,1%",%)"/&/*"0+&%
=/-"/,3%

87(5%!5()*5+"$%7(!"%$c%O,%#"$&;%$<:$5"=$,-1%+,;%1.":I)+1$;%=/,"-/5",*%$##/5-1@%:&+,'-/,%0/==C,"-"$1%
+5$%1+=:&$;%+-%-//%&/N%-$=:/5+&%+,;%1:+-"+&%5$1/&C-"/,3%_."0.%=$+,1@%:&+,'-/,%0/==C,"-"$1%",%
/0$+,%+5$%5+:";&(%$D/&D",*@%+,;%1./5-I&"D$;%#$+-C5$1%1C0.%+1%)&//=1%0+,%$+1"&(%#/5=%+,;%;"1+::$+5%
)$-N$$,%-N/%;"105$-$%1+=:&",*%$D$,-13%Z:+5-%#5/=%",#5+1-5C0-C5+&%;"##"0C&-"$1@%-.$5$%"1%+&1/%+%
)/--&$,$0'%",%"=+*$%+,+&(1"1%1:$$;13%_"-.%-.$%;$D$&/:=$,-%/#%=+5",$%:5/#"&",*%",1-5C=$,-1%N"-.%ZO%
)+1$;%5$+&%-"=$%0&+11"#"0+-"/,%N"-./C-%=+,C+&%+,,/-+-"/,1@%-.$%&/N$5%=+5",$%#//;%N$)%0+,%)$%

!"## $%"&#

'(()*+,-.(,+ /01.()*+,-.(,2

Page 114 of 190AUTHOR SUBMITTED MANUSCRIPT - JPPHOTON-100480.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt



1+=:&$;%+-%-.$%+::5/:5"+-$%1:+-"+&%+,;%-$=:/5+&%5$1/&C-"/,3%UC5-.$5=/5$@%1C00$11#C&%0&+11"#"0+-"/,%"1%
+%0.+&&$,*$%*"D$,%-.$%/D$5&+::",*%=/5:./&/*"$1%",%:&+,'-/,%0$&&1%J2)5$1'&//7,K3%_."&$%1/=$%0+,%)$%
+00C5+-$&(%0&+11"#"$;@%-.$5$%+5$%/-.$5%N.$5$%/D$5&+::",*%=/5:./&/*(%N"&&%:5$D$,-%+00C5+-$%
0&+11"#"0+-"/,%$D$,%N"-.%&+5*$%-5+",",*%1$-13%

9$(:!)!%;c%R./C*.%;$$:%&$+5,",*%=$-./;1%+5$%)$0/=",*%",05$+1",*&(%+00$11")&$@%=/1-%/#-$,%-.$(%+5$%
,/-%:5/;C0-"/,I5$+;(%+,;%+5$%,/-%:+0'+*$;%",%+%5$+;(I-/IC1$%",-$5#+0$3%9##/5-1%",%-."1%;"5$0-"/,%
N/C&;%)$,$#"-%-$0.,"0"+,1%+,;%C1$51%N"-.%=","=+&%:5/*5+==",*%',/N&$;*$3%%

8.9#+('%&)+&!()'+('&#+.&:'(3+*4*5;&"*&<''"&03#44'+5'%&&
^$&/N%N$%;"10C11%-.$%5$0$,-%;$D$&/:=$,-1%",%;$$:%&$+5,",*%-.+-%0+,%)$%C1$;%-/%-+0'&$%1/=$%/#%-.$%
0.+&&$,*$1%",%:&+,'-/,%$0/&/*(%+,;%&"'$&(%/:$,%-.$%;//51%#/5%,$N%+::&"0+-"/,13%

<(:4))4-*-(%(c%S)-+",",*%-.$%&+)$&&$;%*5/C,;%-5C-.%;+-+%"1%+,%C,;"1:C-$;%:5/)&$=%",%=+,(%;$$:%
&$+5,",*%+::&"0+-"/,13%!+-$&(@%C,1C:$5D"1$;%+,;%1$&#I1C:$5D"1$;%;$$:%&$+5,",*%+&*/5"-.=1%.+D$%1./N,%
1/=$%:5/="1",*%5$1C&-1%",%-."1%;"5$0-"/,3%V(0&$I[ZW1@%N."0.%)$&/,*%-/%-.$%#+="&(%/#%*$,$5+-"D$%
+;D$51+5"+&%,$-N/5'1%+5$%N";$&(%C1$;%",%1-(&$I-5+,1#$55",*%-.$%"=+*$1%#5/=%/,$%;/=+",%-/%;"##$5$,-%
;/=+",%N"-.%&"1(!74-%"=+*$1%+,;%*5/C,;%-5C-.%;+-+3%U5/=%+,%"=+*$%1$*=$,-+-"/,%D"$N:/",-%/#%
:&+,'-/,1%J2)5$1'&//7/K@%-."1%",;"0+-$1%-.+-%V(0&$I[ZW1%0+,%)$%C1$;%#/5%1$*=$,-+-"/,%-+1'1%N.$,%
-.$5$%"1%+%&"="-$;%+=/C,-%/#%=+,C+&&(%+,,/-+-$;%;+-+3%?",0$%-.$%:&+,'-/,%"=+*$1%+,;%-.$%
0/55$1:/,;",*%1$*=$,-+-"/,%=+1'1%,$$;$;%,/-%)$%:+"5$;%",%/5;$5%-/%-5+",%+%0(0&$I[ZW@%1(,-.$-"0+&&(%
*$,$5+-$;%=+1'1%N"-.%0/=:+5+)&$%=/5:./&/*"$1%0+,%)$%C1$;%+1%-.$%*5/C,;%-5C-.%;+-+%#/5%5$+&%
:&+,'-/,%"=+*$13%

Z;;"-"/,+&&(@%="05/10/:(%"=+*$5(%;+-+%/#%:&+,'-/,1%0+,%"-1$&#%)$%1(,-.$-"0+&&(%*$,$5+-$%$"-.$5%)(%
[ZW1%6\8@%/5%)(%1"=C&+-",*%:&+,'-/,I&"'$%/)T$0-13%^(%$=:&/(",*%-.$%1-+-$I/#I-.$I+5-%0/=:C-+-"/,+&%
/:-"01%+,;%5$:&"0+-",*%-.$%/:-"0+&%:5/:$5-"$1%/#%-.$%$<:$5"=$,-+&%;$D"0$1%-.+-%+5$%C1$;%-/%5$0/5;%-.$%
;+-+@%+%5$:5$1$,-+-"D$%1$-%/#%="05/10/:(%"=+*$1%0+,%)$%*$,$5+-$;%/,%+%&+5*$%10+&$%6483%R.$%+;D+,-+*$%
/#%1(,-.$-"0+&&(%*$,$5+-$;%;+-+%"1%-.+-%-.$%*5/C,;%-5C-.%"1%',/N,%)$#/5$.+,;%+,;%0+,%)$%$+1"&(%
0/,-5/&&$;3%R."1%.+1%-.$%:/-$,-"+&%-/%/D$50/=$%-.$%0.+&&$,*$1%-.+-%+5"1$%N"-.%=+,C+&%+,,/-+-"/,%/#%
;+-+@%1:$0"#"0+&&(%#/5%-.$%1$*=$,-+-"/,%-+1'1%N.$5$%0+5$#C&%&+)$&&",*%/#%0$&&%)/5;$51%"1%05C0"+&3%Z1%+,%
$<+=:&$@%-.$%1$*=$,-+-"/,1%/#%:&+,'-/,%1:$0"$1%1./N,%",%2)5$1'&//7/%+5$%/)-+",$;%)(%+%YIW$-%
=/;$&%-5+",$;%/,%1"=C&+-$;%:&+,'-/,%;+-+3%R."1%=$-./;/&/*(%+&1/%/##$51%0$&&%0&+11"#"0+-"/,%)+1$;%/,%
=/5:./&/*"0+&%:5/:$5-"$1@%+:+5-%#5/=%-.$%1$*=$,-+-"/,3%

X$0$,-&(@%1$&#I1C:$5D"1$;%;$$:%&$+5,",*%+&*/5"-.=1%.+D$%+&1/%1./N,%1/=$%:5/="1",*%5$1C&-1%",%/)T$0-%
1$*=$,-+-"/,%+,;%;$-$0-"/,%-+1'13%R.$1$%+;D+,0$1%+5$%0/,0$:-C+&&(%+&"*,$;%N"-.%1$&#I1C:$5D"1$;%
=$-./;1%$<:&/5$;%#/5%="05/10/:(%/)T$0-%;$-$0-"/,%J!'(")*+&,=K%+,;%#/5%;"##C1"/,%0.+5+0-$5"M+-"/,%
J!'(")*+&,>K@%N.$5$%=","=+&%=+,C+&%+,,/-+-"/,%"1%+%'$(%+;D+,-+*$3%Y,&"'$%1C:$5D"1$;%+&*/5"-.=1%
N.$5$%&$+5,",*%"1%)+1$;%/,%&+)$&&$;%$<+=:&$1@%1$&#I1C:$5D"1$;%+&*/5"-.=1%+5$%:5/D";$;%N"-.%&+)$&1%
N."0.%+5$%-5+,1#/5=$;%D$51"/,1%/#%",:C-%"=+*$1%-.$=1$&D$13%F+5-"0C&+5&(@%d"1"/,%-5+,1#/5=$51%Jd"R1K@%
N."0.%$=:&/(%+,%+--$,-"/,%)+1$;%=$0.+,"1=%-/%$=:.+1"M$%;"##$5$,-%5$*"/,1%/#%",:C-%"=+*$@%.+D$%
/C-:$5#/5=$;%VWW1%",%=+,(%0/=:C-$5ID"1"/,%-+1'1%6e83%^$&/,*",*%-/%-.$%#+="&(%/#%d"R1@%`OWS%
J;"1-"&&+-"/,%N"-.%,/%&+)$&1K@%+%1$&#I1C:$5D"1$;%D"1"/,%-5+,1#/5=$5%67H8@%N+1%+)&$%-/%1C00$11#C&&(%
1$*=$,-%/)T$0-1%#5/=%"=+*$1%N"-./C-%+,(%&+)$&&$;%;+-+%N"-.%+%."*.$5%+00C5+0(3%V/,1";$5",*%-.$%
;"D$51"-(%",%:&+,'-/,%=/5:./&/*"$1@%1$&#I1C:$5D"1$;%D"1"/,%-5+,1#/5=$51%0+,%C1$;%#/5%1$*=$,-+-"/,%
+,;%0&+11"#"0+-"/,%/#%0/=:&$<%-+<+3%

Page 115 of 190 AUTHOR SUBMITTED MANUSCRIPT - JPPHOTON-100480.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt



Page 116 of 190AUTHOR SUBMITTED MANUSCRIPT - JPPHOTON-100480.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt



]3! P3%^+0."=+,0."@%^3%a";-D$;-@%`3%a";-D$;-@%93%?$&+,;$5@%+,;%[3%d/&:$@%fa"05/:&+,'-/,%&"#$%."1-/5"$1%
5$D$+&$;%)(%./&/*5+:."0%="05/10/:(%+,;%;$$:%&$+5,",*@g%4<!,4%,,@%$]e]\H@%>H>>3%

43! ^3%a";-D$;-@%?3%P$&*+;/--"5@%Z3%Z5*C,@%i3%F",$;+@%`3%a";-D$;-@%+,;%[3%d/&:$@%flC+,-"-+-"D$%;"*"-+&%
="05/10/:(%N"-.%;$$:%&$+5,",*@g%A11)!4-*83;$!5$*?4@!46$%EJ7K@%H7727H@%>H>73%

e3! Z3%`/1/D"-1'"(%$-%+&3@%fZ,%O=+*$%"1%_/5-.%7\<7\%_/5;1c%R5+,1#/5=$51%#/5%O=+*$%X$0/*,"-"/,%+-%
?0+&$3g%+5k"D%>H7H377e>e@%>H>73%

7H3!a3%V+5/,%$-%+&3@%f9=$5*",*%F5/:$5-"$1%",%?$&#I?C:$5D"1$;%d"1"/,%R5+,1#/5=$513g%+5k"D%>7HQ37Q>eQ@%
>H>73%

%

Page 117 of 190 AUTHOR SUBMITTED MANUSCRIPT - JPPHOTON-100480.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt



!"#$%&'()*+,-.&)/)0&'1/#.-.234.#

!"#$"%&'$()*+$,-.,/!"#&
!"! #$%&&'()*+,%-$.(/0&*1.(2&03-%(
4"! 567(8*9%(:-*%3-%1.(/0&*1.(2&03-%(

!"#"$%&
!"#$%&'()*"%+%,"#-+&.)*/01*&2!'.3&+)"4,&-/&/(0&"4/0$5-#0&%5&1"#$%5+6"7"#*&-47&8"%+%,)&-$0&-&9$%1"*"4,&

/%%+&5%$&80//0$&6470$*/-47"4,&(61-4&8"%+%,):&9()*"%+%,)&-47&9()*"%9-/(%+%,);&</(0$="*0&/0$107&

%$,-4&%4&#("9&2<%>3&70?"#0*:&/(0*0&*)*/01*&0@9+%"/"4,&9()*"#-+&-47&#(01"#-+&9(04%104-&-/&/(0&

1"#$%*#-+0:&-$0&-8+0&/%&$09+"#-/0&8"%+%,"#-+&#0++6+-$&-47&8"%1-/0$"-+&04*018+0*&-*&=0++&-*&/(0"$&

#%47"/"%4*&"4&/(0&(61-4&8%7)&ABC;&D(0)&9$%?"70&564#/"%4-+&64"/*:&016+-/"4,&%$,-4*:&/(-/&#-4&80&

"4/0$#%440#/07&/%,0/(0$&AEC:&-*&"*&7%40&8)&/(0&8+%%7&-47&+)19(-/"#&*/$0-1*&"4&/(0&4-/6$-++)&

%##6$$"4,&*)*/01*:&/%&9$%?"70&*"19+"5"07&?0$*"%4*&%5&/(0&(61-4&8%7)&+0-7"4,&/%&-&80//0$&

6470$*/-47"4,&%5&#%19+0@&16+/"5-#/%$"-+&80(-?"%6$*&AFC;&&

!'.&-$0&()8$"7&70?"#0*&"4&=("#(&#0++*&-47&8"%1-/0$"-+*&*/-/6*&76$"4,&/(0&0@90$"104/*&9+-)&-&

5647-104/-+&$%+0&%4&/(0&-##6$-#)&-47&/(0&$0+0?-4#0&%5&$0*6+/*;&G6-$-4/00"4,&/"10H70904704/&*9-/"-+&

#%47"/"%4*&-47&/(0&1%4"/%$"4,&%5&0@90$"104/-+&0?04/*&$0I6"$0&,-/(0$"4,:&1-4-,"4,&-47&9$%#0**"4,&

#%19+0@&7-/-&"4&-&4%4H"4?-*"?0&=-)&=("+0&9$0*0$?"4,&/(0&?-+"7"/)&%5&/(0&8"%+%,"#-+&"4&?"/$%&1%70+&

29(04%/)903&-/&+0-*/&"4&564#/"%4-+&/0$1*;&D(0&#-9-8"+"/)&/%&9$%?"70&+-$,0&-1%64/*&%5&/"10H70904704/&

7-/-&"*&"4(0$04/&%5&/(0&!'.&=("#(&-$0&9%/04/"-++)&$0-7)&/%&"4/0,$-/0&16+/"9+0&*04*%$*&AJ:KC&-47&/%&80&

"1-,07&="/(&*%9("*/"#-/07&1"#$%*#%9)&/0#(4"I60*&ALC;&D("*&9$%?"70*&/(0&10-4*&%5&#%4/$%++"4,&-47&

-4-+)*"4,&8"%+%,"#-+&#%19+0@"/)&%5&*0?0$-+&"4/0$#%440#/07&64"/*:&=%$M"4,&*)40$,"*/"#-++):&/%&,-"4&

"4*",(/*&"4/%&/(0"$&*)*/01"#&$0*9%4*0;&

D(0&6*-,0&%5&1-#("40&+0-$4"4,&/0#(4"I60*&AJ:NC&/%&#%4/$%+&-47&/%&0?-+6-/0&*90#"5"#&80(-?"%6$*&%5&

!'.&=(04&7"*/6$807&8)&*/"16+":&*6#(&-*&7$6,&#%19%647*:&#%6+7&9$%?"70&-&$0+"-8+0&/%%+&/%&9$07"#/&/(0&

80(-?"%6$&%5&40=&9%/04/"-+&/(0$-9"0*:&/%&*/"$&/(0$-9"0*&7"*#%?0$):&/%&04-8+0&90$*%4-+"O07&107"#"40:&

%$&/%&*9%/&9$%#0**0*&/(-/&$01-"4&("7704&/%&/(0&(61-4&0)0&760&/%&/(0&#%19+0@"/)&-47&?%+610&%5&7-/-&

/(-/&*(%6+7&80&*"16+/-40%6*+)&0?-+6-/07;&D("*&?"*"%4&*(-$0*&*/$%4,&#%4#09/6-+&+"4M*&="/(&/(0&

-6/%4%1%6*&1"#$%*#%9)&-47&1%70++"4,&-99$%-#(0*&*004&"4&!'(")*+&,-&-47&!'(")*+&,.:&=("#(&-+*%&
-"1&/%&0@/$-#/&10-4"4,56+&7)4-1"#&9-//0$4*&6470$&0@90$"104/-+&90$/6$8-/"%4*;&D("*&#%6+7&%904&-&

9-$-7",1&*("5/&"4&/(0&9(-$1-&-47&8"%/0#(&"476*/$"0*&="/(&"19%$/-4/&*%#"%0#%4%1"#&9%*"/"?0&"19-#/*&

-47&/(0&*68*/"/6/"%4:&-/&+0-*/&9-$/"-++):&%5&/(0&#6$$04/&!"#$!$%&-4"1-+&1%70+*&AF:P:QC;&D(0&#6$$04/&

9-$-++0+&-7?-4#0104/&%5&1-#("40&+0-$4"4,:&!'.:&*04*"4,&-47&"1-,"4,&/0#(4%+%,"0*&9$%?"70*&-&50$/"+0&

5"0+7&/%&-#("0?0&-6/%4%1%6*&!'.&9+-/5%$1*&9$%?"7"4,&/(0&40#0**-$)&(",(H/($%6,(96/&-47&

$%86*/40**&/%&80&6*07&-*&/$60&(61-4&9()*"%+%,)&-47&9()*"%9-/(%+%,)&016+-/%$*;&R0*9"/0&#6$$04/&

+"1"/-/"%4*:&/(0&#%18"4-/"%4&%5&/(0*0&/0#(4%+%,"0*&"*&-+$0-7)&9$%?"7"4,&04#%6$-,"4,&*#"04/"5"#&$0*6+/*&

ANC;&S4&0@-19+0&%5&(%=&*6#(&-&*)*/01&#%6+7&=%$M&"*&9$0*04/07&"4&/)0$1'&234,;&

Page 118 of 190AUTHOR SUBMITTED MANUSCRIPT - JPPHOTON-100480.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt



$

!"#$%&'()*+*',-./01&'23'.'456'7879&/'":;2%02%.9":#'/.;<":&'1&.%:":#*'%&'($)*+$(,(-./$'($0123((.4$15-1$356.'7'58$-&.$/.2&95'(/($10$
:;.9(-$2952.;$/.-9(-9('($'5-1$-&.$7'6.;$<1-.5-'977,$3(9:7.$-1$(.;6.$9($9$/14.7$-1$0'54$5.=$-&.;9<'.($1;$-1$<.;(1597'>.$-&.$-;.9-/.5-$10$-&'($
<9-&1718,?$

5$11'+"&#+6&/$"$1'&57#88'+0'%&
T61-4&9()*"%+%,)&(-*&-&*/$%4,&70904704#0&%4&+%#-+&9()*"#%#(01"#-+&9-$-10/0$*;&U%$&+%4,H/0$1&

*/67"0*&%4&!'.&-##6$-/0&#%4/$%+&"*&#$"/"#-+&/%&9$%?"70&$0+"-8+0&-47&10-4"4,56+&7-/-;&D("*&#%4/$%+:&

=(04&-"107&1-**"?0+):&9-$/"#6+-$+)&5%$&9%/04/"-+&-99+"#-/"%4*&$0+-/07&/%&/(0$-906/"#&*#$004"4,*:&

#-44%/&80&7%40&8)&(61-4&%90$-/%$*;&S6/%1-/07&#%4/$%+&*)*/01*&-8+0&/%&/-M0&70#"*"%4*&"4&$0-+&/"10&

/%&5"40H/640&-47&1-"4/-"4&!'.&9-$-10/0$*:&*6#(&-*&7"**%+?07&%@),04&#%4/-"4:&9T:&/0190$-/6$0:&

5+6"7"#&9$%5"+0*&%$&"476#07&10#(-4"#-+&5%$#0*:&="++&80&#$"/"#-+&2/)0$1'&234,3;&U6$/(0$1%$0:&/(0)&#%6+7&

-**0**&(%=&/(0&*)*/01&"*&$0*9%47"4,&/%&*90#"5"#&*/"16+6*&-47&-+*%&9$%?"70&-4&"47"#-/%$&%5&?-+"7"/)&%5&

/(0&!'.&1%70+&-5/0$&0-#(&0@90$"104/&8-*07&%4&1%4"/%$07&107"-&#%19%404/*&-47&10/-8%+"/0*&-*&

=0++&-*&%/(0$&0?04/*&%##6$$07;&&

D(0&#%18"4-/"%4&%5&*04*"4,&-47&"1-,"4,&/0#(4%+%,"0*&="/(&1-#("40H+0-$4"4,&-99$%-#(0*&9$%?"70*&-&

9$%1"*"4,&/%%+&/%&-#("0?0&*6#(&-&70,$00&%5&#%4/$%+&-47&0?-+6-/"%4&"4&/(0*0&#%19+0@&*)*/01*&AKHNC;&

T%=0?0$:&*04*"4,&-47&"1-,"4,&/0#(4"I60*&4007&/%&80&#(%*04&="*0+)&4%/&/%&-+/0$&/(0&!'.&8"%+%,)&

"/*0+5;&>(01"#-+&-47&9()*"#-+&#%47"/"%4*&/(-/&"4/$%76#0&8"-*&20;,;:&9(%/%/%@"#"/):&,040/"#&-+/0$-/"%4*:&

1%+0#6+0&-8*%$9/"%43&(-?0&/%&80&-?%"707&/%&M009&/(0&1%70+*&?"-8+0&-47&$0-+"*/"#;&.%10&%5&/(0*0&

6470*"$-8+0&0550#/*&#-4&80&-+*%&0+"1"4-/07&8)&1-#("40H+0-$4"4,&/0#(4"I60*&6*"4,&-7?-4#0*&#%1"4,&

5$%1&1"#$%*#%9"#&"1-,0&-4-+)*"*&*6#(&-*&?"$/6-+&*/-"4"4,&ABVC&/(-/&#%6+7&-?%"7&/(0&6*0&%5&#(01"#-+&

*/-"4"4,&-47&0+"1"4-/0&9(%/%/%@"#"/)&"4&*%10&-99+"#-/"%4*;&D(0*0&4%4H"4?-*"?0&-99$%-#(0*&(-?0&-+*%&

8004&0@9+%$07&"4&#0++&"1-,"4,&9"90+"40*&2*00:&5%$&0@-19+0:&!'(")*+&29:&=(0$0&?"$/6-+&*/-"4"4,&
04(-4#0*&+-80+H5$00&-4-+)*"*&-47&9$0*0$?0*&8"%+%,"#-+&?"-8"+"/)3;&

W0?0$/(0+0**:&-#I6"$"4,&-47&+-80++"4,&1-**"?0&"496/&7-/-&/%&/$-"4&56/6$0&-6/%4%1%6*&70#"*"%4H

1-M"4,&*)*/01*&"*&-&/07"%6*&-47&6*0$H"4/04*"?0&/-*M&/(-/&"*&*68X0#/&/%&#0$/-"4&8"-*;&S+*%:&#%4/"46%6*&

1%4"/%$"4,&%5&/(0&70?0+%9104/&-47&/(0&564#/"%4&%5&/(0*0&8"%+%,"#-+&1%70+*&"19+"0*&$0-+H/"10&

#%19-$"*%4&-47&"4/0,$-/"%4&%5&16+/"9+0&7-/-&*%6$#0*&5$%1&(0/0$%,040%6*&#%47"/"%4*&=("#(&"*&-&

#(-++04,0&8)&"/*0+5;&D(0&1-#("40&+0-$4"4,&0?-+6-/"%4&*)*/01&*(%6+7&80&-8+0&/%&#+-**"5)&/"10H

!"
#
$%
&'
(%
)*
&+
$%

($
*$
'(
$'
,%-
.
!.
!"

#
$%
%&
'(
)$
*+
"

,
(-.
'(
.-
/(
)$
*+
"

,
($
-/
0&
+"1
-$
'&
22
)*
0

!"#$%&'()*$+(,-'&$./,-*01,(2$3,0*

!"#$405'&$./,-*01,(2$3,0*

/0)%12$&3,45"6$2%
/$,&3,&3"3%/7($8

95:; .2/06$.217

!"#$%&.217

3!+"45+"6%.'$2&"/*7"
8/'(/(&",&*2$-2

9.($:/(&7"
;)'-$2'$4)'"<:/0)*0

<:=!>:5!"1&-=.2&7 *.(-)&*(2+"'&%%2"/*7"
'$:4$.*72+"7)22$%>&7"0/2&2+"=%$?2"/*7"

(&:4&-/(.-&

!"#$%&'()'"*&%&+

95:;

@
)/
A)
%)(
B"
#
$*
7)
()$
*2
";
/)
*(
&*
/*
'&

;$7&%"C&%)/A)%)(BD@/%)7)(B"#E&'F)*0
C&2.%(2"G>/%./()$*",.44$-(
5)77&*";&'E/*)'2"H*>&)%)*0

%&'()*$89*&($-'22/2(&$!(*&09$:8+!; 405'&$8+!

%&'()*$</=1/&$+'22)
.0>&1>2()*)

8,61*?'20(2$+'22)

89*&(-'22/2(&$@')0-2')

A60B1-C*')

D'B(*0-$#*'22(*'$+'22)

D'B(*1-C*')

E/BFF'&$+'22)

405'&$#0,/)106(2$8,61*?'20(2$+'22)
:4#8+;

Page 119 of 190 AUTHOR SUBMITTED MANUSCRIPT - JPPHOTON-100480.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt



70904704/&0?04/*&0@9$0**"4,&"4&7"550$04/&7"104*"%4-+&*#%90*;&D("*&"*&-4%/(0$&#%4*"70$-8+0&#(-++04,0&

+"4M07&/%&0?-+6-/0&*"16+/-40%6*+)&#0++6+-$&+0?0+&#(-$-#/0$"*/"#*:&*6#(&-*&9(04%/)90*:&1",$-/"%4&20;,;:&

"11640&-47&/61%$-+3&%$&7"*/-4/&#%1164"#-/"%4&20;,;:&0@/$-&#0++6+-$&?0*"#+0*3:&-*&=0++&-*&%?0$-++&+-$,0$&

16+/"#0++6+-$&564#/"%4-+&64"/*&-47&*)*/01"#&$0*9%4*0*;&&

D(0&1%70+&9$%9%*07&"4&/)0$1'&234,&"++6*/$-/0*&/(0&70,$00&%5&#%19+0@"/)&/(-/&#-4&80&-//-"407&"4&-4&

!'.;&Y0#04/+):&#0++H70$"?07&?0*"#+0*&*0#$0/07&8)&8$0-*/&#-4#0$&#0++*&(-?0&*(%=4&/%&/$-?0+&-47&-#/"?-/0&

+"?0$&*"46*%"7-+&047%/(0+"-+&#0++*&2Z.[>3&"4&-&+"?0$&!'.&9$%1%/"4,&/(0&70*/$6#/"%4&%5&?0**0+&8-$$"0$*&

-47&64?0"+"4,&10/-*/-/"#&10#(-4"#*&ABBC;&S/&"1-,"4,&+0?0+:&(",(0$&$0*%+6/"%4&1"#$%*#%9)&#%6+7&80&

-+*%&$0I6"$07&%4&/%9&%5&#%4?04/"%4-+&%40&/%&5%++%=&/(0&1%$9(%+%,)&-47&704*"/)&%5&5040*/$-/"%4*:&

4-4%*/$6#/6$07&-90$/6$0*&9$0*04/&"4&/(0&+"?0$&Z.[>;&&

!6+/"*%6$#0&-6/%1-/07&*/67)&%5&16+/"7"104*"%4-+&/"10H70904704/&7-/-&"*&*/"++&"4&"/*&)%6/(&5%$&!'.;!
.%&5-$:&1-#("40&+0-$4"4,&5%$&-6/%1-/"%4&%5&*"4,+0H*04*%$&10-*6$0104/*:&"1-,"4,&*)*/01*&%$&

"704/"5"#-/"%4&%5&M0)&#-47"7-/0*&"4&-&7$6,&*#$004"4,&9$%#076$0&(-?0&8004&"19+0104/07:&86/&-&+%4,&

$%-7&(-*&/%&80&9-?07&/%&-#("0?0&$0+"-8+0:&6*-8+0&-47&50-*"8+0&16+/"9+0@07&-47&#%19+0@&!'.;&&

:6;#+('%&)+&!()'+('&#+6&<'(7+*8*0=&"*&>''"&57#88'+0'%&
!-#("40H+0-$4"4,&/0#(4"I60*&(-?0&-+$0-7)&701%4*/$-/07&/(0"$&?-+60&-47&50-*"8"+"/)&"4&*"19+0&!'.&/%&

,040$-/0&?"$/6-+&*/-"4"4,:&/%&*/67)&#0++*&9(04%/)90*&%$&/%&/$-#M&1",$-/"%4&0?04/*&ANC&8%/(&"4&

*690$?"*07&-47&4%4H*690$?"*07&-99$%-#(0*;&T%=0?0$:&/(0&6*-,0&%5&1-#("40H+0-$4"4,&/0#(4"I60*&/%&

#%4/$%+&/(0&16+/"9+0&9-$-10/0$*&%5&!'.&1"#$%04?"$%4104/*&/%&,6-$-4/00&/(0"$&?"-8"+"/)&-47&

9(04%/)90&(-*&*%&5-$&4%/&8004&701%4*/$-/07;&U6$/(0$1%$0:&+"1"/07&7-/-&*%6$#0*&(-?0&8004&6*07&/%&

0?-+6-/0&/(0&!'.:&*6#(&-*&-&64"I60&/"10H+-9*07&"1-,"4,&-99$%-#(&%$&-&+"1"/07&46180$&%5&#%18"407&

-4-+)/"#-+&*04*%$*:&$076#"4,&/(0&/$60&9%/04/"-+&#-9-8"+"/"0*&%5&/(0&-99$%-#(&-47&7"*1"**"4,&"19%$/-4/&

9()*"%+%,"#-+&-47&9()*"%&9-/(%+%,"#-+&7-/-;&

!'.&*)*/01*&"19$%?0104/*&"4&/0$1*&%5&6*-8"+"/):&$090-/-8"+"/):&(",(H/($%6,(96/&-47&$%86*/40**&

(-?0&/%&,%&(-47&"4&(-47&="/(&"1-,"4,:&*04*"4,&-47&1-#("40H+0-$4"4,&-7?-4#0*;&D(0&9$%?"*"%4&%5&

#%19+0/0+)&-6/%1-/07&!'.&*)*/01*&="/(&/(0*0&#(-$-#/0$"*/"#*&5%$&#%4/"46%6*:&*/-47-$7"O07:&

#%47"/"%4H#%4/$%++07&-47&$0+"-8+0&7-/-&9$%?"*"%4&5%$&$0*0-$#(0$*&*(%6+7&80&/(0&1-"4&-"1&%5&#6$$04/&

70?0+%9104/*;&D("*&="++&-++%=&/0*/&-47&%9/"1"O-/"%4&%5&7"550$04/&1-#("40&+0-$4"4,&*/$-/0,"0*&-47&

10#(-4"*1*&+0-7"4,&/%&0@9+%"/&/(0&56++&9%/04/"-+&%5&/(0*0&/0#(4%+%,"0*;&\/&="++&-+*%&+0-7&/%&5-#"+"/-/0&

(",(H/($%6,(96/&-4-+)*"*&=("#(&"*&#$"/"#-+&/%&,040$-/0&/(0&04?"*-,07&(0-+/(#-$0&7"*$69/"4,&*)*/01&

/(-/&-$0&-"107&/%&80;&[?04/6-++):&%/(0$&7-/-&%8/-"407&8)&*-19+"4,&/(0&!'.&5+6"7*&-47&/"**60*:&*6#(&-*&

,040/"#&"45%$1-/"%4:&%$&8)&107"#-+&0?-+6-/"%4&%5&(61-4&*%6$#0*&#%6+7&80&-7707&/%&"19$%?0&/(0&

$0*6+/*&=(04&/(0$-906/"#&0?-+6-/"%4&%6/#%10*&-$0&/-$,0/07;&

U$%1&/(0&96$0&1-#("40H+0-$4"4,&-+,%$"/(1*&9%"4/&%5&?"0=:&7-/-&-6,104/-/"%4:&*01"H*690$?"*07&

+0-$4"4,&-47&/$-4*50$&+0-$4"4,&#-4&80&0@9+%$07&-*&10-4*&/%&$076#0&/(0&-1%64/&%5&7-/-&400707&5%$&

/(0&/$-"4"4,;&."1"+-$+):&-6/%1-/"#&7-/-&-44%/-/"%4&#-4&80&6*07&/%&$076#0&/(0&#%*/&%5&1-46-+&+-80++"4,;&

U6$/(0$1%$0:&*90#"5"#&$0I6"$0104/*&5%$&7009&+0-$4"4,&-+,%$"/(1*&-99+"07&/%&/(0&!'.&5"0+7&"4?%+?0&/(0&

70?0+%9104/&%5&4%?0+&#6*/%1"O07&-$#("/0#/6$0&-47&+-)%6/&70*",4*;&R"550$04/&-99$%-#(0*&/%&

-6/%1-/0&70*",4&-47&,-"4&055"#"04#)&(-?0&/%&80&0@9+%$07&-47&#-/-*/$%9("#&"4/0$50$04#0&(-*&/%&80&

9$0?04/07&"4&-4)&0@9+%$07&"/0$-/"?0&69,$-7"4,;&S+*%:&/(0&+-$,0&-1%64/&%5&$0-+H/"10&7-/-&,-/(0$07&8)&

/(0*0&*)*/01*&#%69+07&/%&*04*%$*&-47&"1-,"4,&70?"#0*&"19+"0*&-4&-##6$-/0&*/67)&%5&(%=&/%&"19$%?0&

"450$04#0&*9007*&8)&#%19$0**"4,&/(0&1%70+&?%+610&=("+0&04*6$"4,&-##6$-#);&[I6"?-+04/+):&/(0&

(-$7=-$0&6/"+"O07&5%$&/$-"4"4,&/(0&7009&+0-$4"4,&-+,%$"/(1&-47&0?-+6-/"4,&!'.&*)*/01*&4007*&/%&80&

Page 120 of 190AUTHOR SUBMITTED MANUSCRIPT - JPPHOTON-100480.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt



#(%*04&="*0+)&-47&90$5%$1-4#0&%5&/(0&%?0$-++&*)*/01&%9/"1"O07;&U"4-++):&"4/0$9$0/-8+0&7009&+0-$4"4,&

/0#(4%+%,"0*:&1"/",-/"4,&/(0&]8+-#M&8%@^&0550#/:&*(%6+7&80&70?0+%907&/%&5-#"+"/-/0&/(0&,040$-/"%4&%5&

10-4"4,56+&9()*"#-+&0@9+-4-/"%4*&5$%1&-&8"%+%,"#-+&9%"4/&%5&?"0=;&&

5*+(8$6)+0&?'@#1A%&
>%18"4-/"%4&%5&!'.&-47&1-#("40&+0-$4"4,&/0#(4"I60*&"*&-4&010$,"4,&5"0+7&(%+7"4,&-&,$0-/&9%/04/"-+&

/%&"19-#/&(61-4&8"%+%,)&6470$*/-47"4,:&107"#-+&/(0$-9"0*&70?0+%9104/&-47&90$*%4-+"O07&107"#"40;#
\70-++):&/(0&-99+"#-/"%4&%5&1-#("40H+0-$4"4,&/0#(4"I60*&/%&/(%*0&16+/"9-$-10/$"#&#%19+0@&*)*/01*&

*(%6+7&"4&/(0&56/6$0&9$%?"70&#6$$04/+)&64-//-"4-8+0&8"%+%,"#-+&"4*",(/*&8)&6*"4,&64*690$?"*07&+0-$4"4,&

-99$%-#(0*;&<4&/(0&%/(0$&(-47:&8)&#%19-$"4,&$0*6+/*&%8/-"407&="/(&=0++HM4%=4&-47&#(-$-#/0$"O07&

/(0$-906/"#&#%19%647*&+"8$-$"0*&/%&/(0&%40*&$0*6+/"4,&="/(&4%?0+&#%19%647*&-47&/%&/(0&$0-+&!"#$!$%&
%6/#%10*&/(0*0&-+,%$"/(1*&#%6+7&-+*%&-#("0?0&,%%7&+0?0+*&%5&9$07"#/"%4&"4&7$6,&7"*#%?0$)&-47&

/(0$-9)&90$*%4-+"O-/"%4;&[?04/6-++):&107"#-+&-47&8"%+%,"#-+&7-/-&#%1"4,&5$%1&/(0&(61-4&*68X0#/*&

9$%?"7"4,&/"**60&%$&#0++*&"4&/(0&*/67"0*:&-47&%8/-"407&8)&%/(0$&10-4*:&#%6+7&80&-+*%&"4#+6707&"4&/(0&

1-#("40&+0-$4"4,&1%70+*&9$%?"7"4,&0@/$-&"45%$1-/"%4&"4&/(0$-906/"#&7"*#%?0$)&-47&90$*%4-+"O07&

107"#"40&-99+"#-/"%4*;&&

\4&/(0&)0-$*&/%&#%10:&055%$/*&"4/%&-6/%1-/"O"4,&-47&*/-47-$7"O"4,&/(0&!'.&7-/-&*%6$#0*:&9$%?"7"4,&

0@90$"104/-+&$%86*/40**:&(",(H/($%6,(96/&-47&*#-+-8"+"/):&*(%6+7&"19$%?0&/(0&1-#("40&+0-$4"4,&

%6/#%10*&"4&/("*&7%1-"4;&D(0&4007&%5&#%47"/"%4H#%4/$%++07:&1-**"?0&-47&$0+"-8+0&7-/-&"*&9-$-1%64/;&&

_0*"70*&/("*:&/(0&*90#"5"#"/"0*&%5&!'.&70?"#0*:&/(0"$&7-/-&(0/0$%,040"/)&-47&"/*&16+/"9+0*&*%6$#0*:&(-?0&

/%&80&#%4*"70$"4,&=(04&70*",4"4,&-47&0@9+%$"4,&*/$-/0,"0*&5%$&-4)&1-#("40&%$&7009&+0-$4"4,&

-99$%-#(0*;&

:(A+*B8'60'@'+"%&
&'(#)*+'%,#-%*./#.!0(#+%#+')"0#+'(#1*,%2()"#3%44!55!%"#6%,#7%"+!"*%*5#,(5(),7'#)"/#!""%$)+!%"#
6!")"7!).#5*22%,+#+%#3'(,,8#9!%+(7'#:;:#!"#+'(#5*<=(7+5#+,()+(/#!"#+'!5#),+!7.(#+',%*>'#/!66(,("+#
!"!+!)+!$(5#)"/#2,%>,)44(5#?@:3;AB&CADEFGAGFDHGEI#JKLBMKCA1B3ADEDFAN;&JOBCP1LKN1CAEFAEFA
FEFEQRSDGI#JKLBMKCA1B3ADEDFAN;&JOBCP1LKN1CAEFAEFAFEFEQRRDEI#JKLBMKCA1B3ADEDDA
&L;C:B&BKCKN1CAEFAFEFESSHHTUV#

?'C'1'+('%&&
B;! ';&`-$$"4/-X:&!;&Y;&.-08:&U;&a;&./-7+0$:&!;&b;&c-O7":&!;&W;&W0O(-7:&.;&!%(088":&U;&.0"7":&!;&Y;&G-4X-+":&

!;&!%O-5-$":&]T61-4&<$,-4*H%4H>("9*d&S&Y0?"0=&%5&/(0&./-/0H%5H/(0HS$/:&>6$$04/&'$%*90#/*:&-47&

U6/6$0&>(-++04,0*:^&;/$V#9!%.%>8&D:&EVVVKEL:&EVEE;&
E;! .;&Z00:&a;&b%:&R;&'-$M:&.;HY;&Z00:&!;&>(64,:&c;&Z00:&W;&Z;&a0%4:&]!"#$%5+6"7"#H8-*07&?-*#6+-$"O07&

1"#$%9()*"%+%,"#-+&*)*/01*:^&W)<#3'!2&,.:&ELPLHENVQ:&EVBP;&
F;! S;&Y%/(:&]T61-4&1"#$%9()*"%+%,"#-+&*)*/01*&5%$&7$6,&70?0+%9104/:^&:7!("7(&3932LKLB3:&BFVJe

BFVL:&EVEB;&

J;! S;&D;&c%64,:&b;&Y;&Y"?0$-:&';&R;&[$8:&!;&S;&&R-4"0+0:&]!%4"/%$"4,&%5&!"#$%9()*"%+%,"#-+&.)*/01*d&

\4/0,$-/"4,&.04*%$*&-47&Y0-+HD"10&R-/-&S4-+)*"*&/%=-$7&S6/%4%1%6*&R0#"*"%4H!-M"4,:^&;3:#
:("5%,5&E2L3:&BJKJeBJLJ:&EVBQ;&

K;! T;&b-?-47:&Y;&W-*"$":&S;&T0$+-47:&]S7?-4#07&!-/0$"-+*&-47&.04*%$*&5%$&!"#$%9()*"%+%,"#-+&

.)*/01*d&U%#6*&%4&[+0#/$%4"#&-47&[+0#/$%%9/"#-+&\4/0$5-#0*:^&;/$V#@)+(,V:&EBVNPNL:&EVEE;&
L;! .;&'00+:&!;&a-#M1-4:&]\1-,"4,&1"#$%9()*"%+%,"#-+&*)*/01*d&-&$0?"0=^:&S1;&a;&'()*"%+;&>0++&'()*"%+;:&

FEV&2K3:&99;&>LLQH>LPV:&EVEB;&(//9*dff7%";%$,fBV;BBKEf-X9#0++;VVBPL;EVEV&

N;! a;&Z":&a;&>(04:&T;&_-":&T;&g-4,:&.;&T-%:&c;&R"4,:&_;&'04,:&a;&`(-4,:&Z;&Z":&g;&T6-4,:&]S4&<?0$?"0=&%5&

<$,-4*H%4H>("9*&_-*07&%4&R009&Z0-$4"4,:^&;;;:#L(5(),7'&2-22:&QPLQKBP:&EVEE;&

Page 121 of 190 AUTHOR SUBMITTED MANUSCRIPT - JPPHOTON-100480.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt



P;! .;&c%6(-44-:&S;&!;&b01-*:&Z;&'$0"**:&c;&`(%6:&a;&h;&.(04:&.;&R;&>-M-+:&U;&.;&'-I6-+"4":&.;&b;&G%9-$-X6:&

Y;&`;&.(-5-,(:&a;&i;&Z"47:&>;&!;&.0++,$04:&j;&!;&Z-6*#(M0:&]<$,-4%/)9"#&-47&!"#$%9()*"%+%,"#-+&

T61-4&D"**60&!%70+*&5%$&R$6,&R"*#%?0$)&-47&R0?0+%9104/k>6$$04/&./-/0H%5H/(0HS$/&-47&U6/6$0&

'0$*90#/"?0*:^&N'),4)7%.%>!7).#L($!(-5&9E2B3:&BJBeEVL:&EVEE;&
Q;! Z;&[=-$/:&[;H!;&R0(40:&b;&U-8$0:&.;&G"88*:&a;&T"#M1-4:&[;&T%$480$,:&!;&\4,0+1-4H.64780$,:&b;Ha;&

a-4,:&R;&Y;&a%40*:&j;&!;&Z-6*#(M0:&i;&!-$@:&a;&D;&!0//0/-+:&S;&'%"4/%4:&R;&g"++"-1*:&g;HT;&

`"110$1-44:&';&W0=(-1:&]S99+"#-/"%4&%5&!"#$%9()*"%+%,"#-+&.)*/01*&/%&[4(-4#0&.-50/)&

S**0**104/&"4&R$6,&R"*#%?0$):^&;""*).#L($!(-#%6#N'),4)7%.%>8#)"/#&%X!7%.%>8&F.2B3:&LKHPE:&
EVBP;&&

BV;!.;&T0+,-7%//"$:&_;&!"7/?07/:&a;&'"407-:&S;&.-8"$*(:&>;&_;&S7"0+*:&.;&Y%10%:&R;&!"7/?07/:&G;&j%+90:&

][@/$-#/"4,&I6-4/"/-/"?0&8"%+%,"#-+&"45%$1-/"%4&5$%1&8$",(/H5"0+7&#0++&"1-,0*&6*"4,&7009&+0-$4"4,:^&

9!%2'85!75#L($V&2:&VFBJVB:&EVEB;&&
BB;!a;&b"1:&>;&Z00:&\;&b"1:&a;&Y%:&a;&b"1:&c;&!"4:&a;&'-$M:&j;&.64M-$-:&c;H.;&'-$M:&\;&!"#(-0+:&c;HS;&b"1:&T;&a;&

Z00:&c;Hb;&>(%:&]D($00HR"104*"%4-+&T61-4&Z"?0$H>("9&[16+-/"4,&'$010/-*/-/"#&W"#(0&U%$1-/"%4&

8)&_$0-*/&>-4#0$HR0$"?07&[@/$-#0++6+-$&j0*"#+0*:^&;3:#C)"%&,E2BB3:&BJQNBeBJQPP:&EVEV;&

Page 122 of 190AUTHOR SUBMITTED MANUSCRIPT - JPPHOTON-100480.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt



Page 123 of 190 AUTHOR SUBMITTED MANUSCRIPT - JPPHOTON-100480.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt



7$**+3"&#38&'$"$*+&79#::+3)+%&
H72#%"&'20-%"8#&($1*2A%56#%"#572#170-2#&($1(-%5%("#()#*%/+%,-.#%"#572#(342&5-#-+-12",2,.#%"#$+*5%$(,0*#

-2"-%"8#52&7"%/+2-#+-2,#5(82572'#:%57#572#-12&%)%&#8(0*#()#$%&'()*+%,%&#011*%&05%("-#'0%-2-#572#"22,#)('#

"2:#$0&7%"29*20'"%"8930-2,#0"0*6-%-#0",#&("5'(*#-&72$2-#5705#70'?2-5#572#0,?0"5082-#()#$%&'()*+%,%&-#

;<=#E'()$*+&,-.,F>#T"2#()#572#&+''2"5#&70**2"82-#5705.#)('#2A0$1*2.#%-#()52"#$25#%"#?0'%(+-#011*%&05%("-#%-#

572#01120'0"&2#()#7252'(82"2%5%2-#%"#-0$1*2-.#:7%&7#70$12'-#572#,050#0"0*6-%-#()#$(*2&+*0'#-12&%2->#

D+&7#7252'(82"2(+-#-0$1*2-#0'2.#)('#2A0$1*2.#7%87*6#'2*2?0"5#%"#572#-5+,6#()#1'(52%"#088'2805%("#%"#0-9

-06-#5(#+",2'-50",#572#('%8%"-#()#"2+'(,282"2'05%?2#,%-20-2-#;N=>##

H72#2A12'%$2"50*#%"?2-5%805%("#()#7252'(82"2(+-#2"-2$3*2-#*20,-#5(#2"-2$3*2#0?2'082-#5705#0'2#,($%9

"052,#36#572#$(-5#03+",0"5#-12&%2-.#:7%&7.#7(:2?2'.#$%875#"(5#32#572#$(-5#%$1('50"5#("2-#)('#572#

-12&%)%&#,%-20-2>#H72#"2:#*(&0*#011'(0&72-#()#572'$()*+%,%&-#&0"#32#-%G29#('#2?2"#-12&%2-9-2*2&5%?2#%"#

572%'#0&5%("#0**(:%"8#572#-105%0*#,%-12'-%("#()#572#,%))2'2"5#-12&%2->#S25.#572%'#%"52'0&5%("#:%57#572#52$9

12'05+'2#)%2*,-#%-#()52"#+"@"(:">#H7%-#$%''('-#&70**2"82-#)0&2,#%"#,6"0$%&#%$08%"8#-255%"8-#-+&7#0-#$%9

&'(9176-%(*(8%&0*#-6-52$-#E!+0"(23&,4F#0",#)*+('2-&2"&2#*%)25%$2#%$08%"8#E!+0"(23&/;F.#:72'2#572#$20-9

+'2$2"5#0",#&("5'(*#()#*(&0*#2"?%'("$2"5-#$+-5#32#$0"082,#:%57(+5#,%-'+15%"8#-6-52$#3270?%('>#B09

&7%"2#*20'"%"8#011'(0&72-.#)('#2A0$1*2.#)('#'20*95%$2#?%-+0*#&*0--%)%&05%("#0",#*(&0*%G05%("#()#-12&%2-#%"#0#

-0$1*2#;U=#&($3%"2,#:%57#'2%")('&2$2"5#*20'"%"8#;<V=#-22$#:2**9-+%52,#5(#$225#57%-#&70**2"82#()#0#-2*)9

*20'"%"8#?0'%0"5#()#572'$()*+%,%&->#H(82572'#:%57#*(&0*#-12&5'(-&(1%&#%")('$05%("#%"#'20*95%$2#5(#%$1'(?2#

572#*(&0*#7($(82"2%56#:7%*2#%"&'20-%"8#572#-105%0*#7252'(82"2%56#:%**#'20,%*6#*20,#5(#"2:#'2&(")%8+'03*2#

-2*)9*20'"%"8#5((*-#5(#50&@*2#&72$%&0*.#$2,%&0*.#('#176-%&0*#/+2-5%("-#:%57#7%87#)*2A%3%*%56>#

"

!"#$%&'()*(':074"3&6.&0%3"3#6;05&/'24&%1-68.$"/"7'7-32%-.*"B(-2&+.3%.(1+&+:3/(4.'"*2.1)$35%,&'&-"-$+*1$%"$5"4=.-&.4",4&+:"(+"(-*&$+"4=(-."
*2(*"&4"'.*.1)&+.'"/0"*2.1)(%3:1('&.+*3&+',-.'"'1&5*4"$5"$/C.-*4"(+'"%&D,&'4E"("-%(44&5&-(*&$+"(+'"%$-(%&F(*&$+"$5"$/C.-*4"&+"4=(-."(4"6.%%"(4"(+"
$/C.-*"(+'".9.+*3/(4.'")(+&=,%(*&$+"*2(*"&4"('(=*&9."',."*$"("%.(1+&+:"=1$-.44;"<'(=*.'"51$)">.54;"?@A"(+'"?GA;"

<8=#30+%&(3&!0(+30+&#38&>+0932:2)?&"2&@++"&79#::+3)+%&
H72#$0%"#0,?0"&2-#5(#$225#572-2#&70**2"82-#&("-5%5+52#("#("2#-%,2#572#*0'829-&0*2#%"528'05%("#0",#52-59

%"8#()#572'$()*+%,%&#011'(0&72-#%"5(#&("?2"5%("0*#$%&'()*+%,%&#-6-52$->#H7%-#%"&*+,2-#-%$1*2#03-('15%?2#

*062'-#5(#%",+&2#*0-2'9&("5'(**2,#*(&0*#52$12'05+'2#%"&'2$2"5-#5(#6%2*,#-5'("8#3(+",0'6#)*(:-#5705#&0"#

32#&($3%"2,#:%57#0,,%5%("0*#)%2*,-#-+&7#0-#2*2&5'%&#)%2*,-#5(#,2*%?2'#2?2"#-5'("82'#2))2&5-#()#572'$(92*2&9

5'(76,'(,6"0$%&->#H72-2#011'(0&72-#-70**#32#-5+,%2,#:%57#1'2--+'29,'%?2"#)*(:-#0-#5726#:%**#1'(?%,2#

Page 124 of 190AUTHOR SUBMITTED MANUSCRIPT - JPPHOTON-100480.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt



$0"6#"2:#?0'%0"5-.#-+&7#0-#52$12'05+'29,'%?2"#)*(:#)%2*,#)'0&5%("05%(">#T"#572#(572'#-%,2.#572#@26#019

1'(0&7#5705#%-#-+882-52,#72'2#%-.#7(:2?2'.#572#+-2#()#572#)'22*6#&(")%8+'03*2#,6"0$%&#52$12'05+'2#)%2*,-#

:%57#"2:*6#,2?2*(12,#$0&7%"2#*20'"%"8#011'(0&72-#EW2&+''2"5#X25:('@-.#YXX-.#W2%")('&2$2"5#Z20'"9

%"8F#5705#1%&@#+1#*(&0*#-%8"0*-#:%57#&72$%&0*#'2-(*+5%("#05#0#7%87#-2"-%5%?%56#0",#-122,>#H72#$0&7%"2#

*20'"%"8#52&7"%/+2-#$0@2#+-2#()#572#*(&0*#&70'0&52'#()#572#52$12'05+'2#12'5+'305%("-#5(#6%2*,#0#8(0*9

,'%?2"#$%&'()*+%,%&->#H7%-#)+'572'#'2/+%'2-#7%87*6#-2"-%5%?2#,252&5%("#52&7"%/+2-.#5705#,2*%?2'#05#32-5#

&72$%&0*#'2-(*+5%("#%"#'20*95%$2#5(#0**(:#572#0,015%?2#%$1'(?2$2"5#-+882-52,#36#$0&7%"2#*20'"%"8#-+&7#

0-#,221#'2%")('&2$2"5#*20'"%"8>#D+&7#7%87*6#-2"-%5%?2#2A12'%$2"50*#52&7"%/+2-#$06.#)('#2A0$1*2.#%"9

?(*?2#"2:#?0'%0"5-#()#17(5(572'$0*#%")'0'2,#$%&'(-&(16.#:7%&7#'2&2"5*6#'2?(*+5%("%G2,#%")'0'2,#$%&'(-9

&(16#3+5#-5%**#70?2#5(#32#0,(152,#)('#$%&'()*+%,%&#011*%&05%("->##

7230:$8(3)&A+B#*C%&
Z(&0*#572'$()*+%,%&#2))2&5-#70?2#572#1(52"5%0*#5(#,'%?2#"2:#011'(0&72-#()#$0&7%"29*20'"%"89,'%?2"#$%9

&'()*+%,%&-#0-#5726#1'(?%,2#0#'%&7#0&5%("#-25#5705#&0"#32#011*%2,#5(#)*+%,-#()#0*$(-5#0"6#5612#5(#$0"%1+*052#

-+-12",2,#(342&5-.#3+5#0*-(#5(#%",+&2#*(&0*#)*(:-#5705#-210'052#('#$%A#,%))2'2"5#&("-5%5+2"5->#[7%*2#572#

%",%?%,+0*#%"52'0&5%("-#()#-12&%2-#:%57#52$12'05+'2#)%2*,-#$%875#"(5#32#@"(:"#%"#,250%*.#$0&7%"2#*20'"%"8#

()#0&5%("-#5(#6%2*,#-12&%)%&#(+5&($2-#,%'2&5*6#,+'%"8#572#2A12'%$2"5.#:%**#1'(?%,2#"2:#011'(0&72-#5(#$09

"%1+*052#-12&%2-#)('#011*%&05%("-#%"#176-%&-.#&72$%-5'6.#3%(*(86.#0",#$2,%&%"2>##

<0C32D:+8)+B+3"%&
!"#$%&'()*"+,"#-.//(01#20(3#14"#567#899:;<#=>(*?3"0-#.'+"0#3.*1@/*"#%('-10$@'1-A#0"-10@%1"+#$'+#%('B

10(**"+#3(*"%.*$0#(0+"0#$'+#3(C@*@1?D#EF6G#/0(H"%1#'.3C"0#:IJIKLIMMNO#

A+E+*+30+%&&
<>! \0*0"#]>#R>.#^70(#_.#[0"8#`>.#P0%#a>.#_+&@#[>#H>#D>.#b#B0#D>#c!"52**%82"5#B%&'()*+%,%&-d#H72#Y("?2'9

82"&2#()#B0&7%"2#Z20'"%"8#0",#B%&'()*+%,%&-#%"#B052'%0*-#D&%2"&2#0",#e%($2,%&%"2.f#P$11"0#4EMF.#
<QUJ9<UII.#IVIV>##

I>! [g'82'#R>#EIV<VF>#cH72'$0*#"("92/+%*%3'%+$#5'0"-1('5#%"#&(**(%,-.f#9"/(01-#('#>0(,0"--#@'#>4?-@%-#

F4E<IF.#IV<V>#
J>! h'i"G*#B>#b#Y%&7(-#h>#c_6,'(,6"0$%&#$0"%1+*05%("#()#"0"(9(342&5-#36#(15%&0**6#%",+&2,#572'$(9

(-$(5%&#)*(:-.f#Q$1.0"#R(33.'@%$1@('-#/4.#MLM.#IVII>#
K>! [2%"2'5#h>#B>.#j'0+-#k>#R>.#h'0"(-&7#H>.#b#e'0+"#P>#cB%&'(-&0*2#h*+%,#h*(:#!",+&2,#36#H72'$(?%-9

&(+-#]A10"-%("#R*("8#0#H'0?2*%"8#[0?2.f#>4?-@%$*#9"S@")#T"11"0-#/;;.#<MKLV<.#IVVQ>#
L>! Z%"#Z>.#l2"8#`>.#B0(#^>#.#[2%#`>.#`%2#Y>.#b#^72"8#S>#c!"52')0&%0*92"5'(169,'%?2"#572'$(17('25%&#

5:22G2'-.f#T$C#R4@/#/F.#JVM<OJVNV.#IV<N>#
M>! e'0+"#B>.#e'28+**0#R>#l>.#\g"572'#j>.#B2'5%8#B>.#b#Y%&7(-.#h>#cD%"8*2#B(*2&+*2-#H'0112,#36#P69

"0$%&#!"7($(82"2(+-#H2$12'05+'2#h%2*,-.f#Q$'(#T"11"0-#/G.#LKUUOLLVL.#IV<L>#
N>! h'i"G*.#B>.#H70*72%$#H>.#R,*2'#k>.#_+-52'#P>.#l(--2&@0',5#k>.#B2'5%8#B>.#b#Y%&7(-#h>#cH72'$(17('25%&#

5'01#)('#-%"8*2#0$6*(%,#)%3'%*#0",#1'(52%"#088'2805%("#-5+,%2-.f#Q$1.0"#P"14(+-#/H.#M<<9M<K.#IV<U>#
Q>! e'0+"#B>#b#Y%&7(-#h>#cT15%&0**6#Y("5'(**2,#H72'$(17('25%&#H'011%"8#()#D%"8*2#X0"(9T342&5-.f#UR5#

Q$'(#FE<IF.#<<IVVO<<IVQ.#IV<J>##
U>! h'i"G*.#B>#b#Y%&7(-.#h>#cR&5%?2#10'5%&*2#)22,30&@#&("5'(*#:%57#0#-%"8*29-7(5#,252&5%("#&("?(*+5%("0*#

"2+'0*#"25:('@.f#5%@"'1@2@%#9"/(01-#/;.#<ILN<.#IVIV>#
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<V>! B+%m(-9Z0",%"#D>.#h%-&72'#R>.#_(*+32&#n>#b#Y%&7(-#h>#cW2%")('&2$2"5#*20'"%"8#:%57#0'5%)%&%0*#$%&'(9

-:%$$2'-.f#5%@"'%"#9(C(1@%-#HELIF.#203,UIQL.#IVI<>#
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!"#$#%&'&()*#+)(,-*-'.##

!"#$%&'"()*+%,-!(
!"! #$%&"'()'*+,'-./0/1$0*23'4%%5*6*'4+/7$85/&93'-:$,$+'

!"#"$%&
!"#$%&#%'()*"+,+-."&/*0-*&&,&&1,23-%4-3"&&/,-&*1'0,&5-&/#6-*&-7"%'&",&-*2+-#(3%0%8"#*0-&1,*$&5-6*&-
7,,2-,&&,23"*0-4%$-+"*82%&"28-#*2#,$-*2+-%36,$-+"&,*&,-4%$-1%$,-36*2-9::-(,*$&;-<$*+"28-+"&,*&,-
&,.,$"3(-"&-#$"3"#*0-3%-36,-#0"2"#*0-1*2*8,1,23-%4-'*3",23&;-=3-"&-6%>,.,$-*-+"44"#/03-3*&?5-*2+-36,-
.*$"*7"0"3(-7,3>,,2-'*36%0%8"&3&-'%&,&-#0"2"#*0-#6*00,28,&5-0,*+"28-3%-7%36-/2+,$)-*2+-%.,$3$,*31,235-
>6"#6-"1'*#3&-'*3",23-1%$7"+"3(5-1%$3*0"3(5-*2+-6,*036#*$,-#%&3&;-@6,-4"$&3-*''$%*#6,&-3%-1*#6"2,)
*"+,+-+"*82%&3"#&-"2-'*36%0%8(->,$,-1*+,-*0$,*+(-"2-36,-9AB:&5-*2+-1%$,-$,#,230(5-,44"#",23-&0"+,-
&#*22,$&-*2+-*/3%1*3,+-&*1'0,-6*2+0"28-6*&-7%%&3,+-+"8"3*0-'*36%0%8(-*2+-36,-+,.,0%'1,23-%4-
+,,'-0,*$2"28)7*&,+-"1*8,-*2*0(&"&-&(&3,1&-4%$-*&&"&3"28-'*36%0%8"&3&-"2-&*1'0,-,.*0/*3"%2-C9D;-E/#6-
&(&3,1&-6*.,-36,-'%3,23"*0-3%-"2#$,*&,-7%36-*##/$*#(-*2+-#%&3-,44"#",2#(-"2-#*2#,$-&#$,,2"285-*2+-*$,-
*-'$%&',#3".,-&%0/3"%2-3%-36,-'$%70,1-%4-6"86-"23,$)'*36%0%8"&3-.*$"*7"0"3(-CFD;-E%1,-%4-36,-1%&3-
"1'$,&&".,-$,&/03&-6*.,-7,,2-$,*#6,+-7(-80%7*0-#6*00,28,&-&/#6-*&-36,-GHIJH-#6*00,28,-CBD5-
"2#0/+"28-3$*"2"28)-*2+-3,&3)+*3*-4$%1-1/03"'0,-6%&'"3*0&-*2+-#%/23$",&5-0,*+"28-3%-+,,')0,*$2"28)
7*&,+-&%0/3"%2&-7*&,+-%2-,2&,170,&-%4-+".,$&,-1%+,0&5-4,*3/$"285-4%$-,K*1'0,5-+"44,$,23-+*3*-
'$,'$%#,&&"28-*''$%*#6,&-*2+-+"44,$,23-2,/$*0-2,3>%$?-*$#6"3,#3/$,&;-E"1"0*$-0*$8,)&#*0,-,44%$3&-3%-
+,.,0%'-8,2,$*0"L,+-1%+,0&-*#$%&&-+".,$&,-7"%0%8"#*0-&*1'0,&-*$,-*0&%-6"860"863,+-"2-!'(")*+&,--*2+-
!'(")*+&,.5-"2-36,-#%23,K3-%4-&"280,)'*$3"#0,-+(2*1"#&-*2+-0*7,0)4$,,-."$3/*0-&3*"2"28;-

H3-36,-&*1,-3"1,5-*/3%1*3,+-&(&3,1&-7*&,+-%2-+,,'-0,*$2"28-*$,-%43,2-.,$(-&,2&"3".,-3%-&*1'0,)3%)
&*1'0,-.*$"*3"%2-*2+-*$3"4*#3&-&3,11"28-4$%1-'$%#,&&,&-+/$"28-&*1'0,-#%00,#3"%25-&*1'0,-6*2+0"285-
&3*"2"285-*2+-&#*22"28;-M6"0,-*-6/1*2-"&-.,$(-,44"#",23-"2-*+*'3"28-3%-&/#6-.*$"*7"0"3(5-.,$(-&/730,-
.*$"*3"%2&5-&%1,3"1,&-2%3-,.,2-'%&&"70,-3%-2%3"#,-7(-36,-6/1*2-,(,5-#*2-6*.,-#*3*&3$%'6"#-,44,#3&-
%2-*/3%1*3,+-+,3,#3"%2-*2+-8$*+"28;-N*$8,-1/03")&"3,-,44%$3&-&/#6-*&-36,-GHIJH-#6*00,28,-#*2-
%.,$#%1,-36,&,-"&&/,&-&"1'0(-7(-,2&/$"28-36*3-36,-1*&&".,-*1%/23&-%4-+*3*-"2#0/+,+-+/$"28-3$*"2"28-
#%.,$-*&-1/#6-*&-'%&&"70,-%4-36,-&*1'0,-.*$"*3"%2-36*3-#*2-7,-,K',#3,+-+/$"28-1%+,0-+,'0%(1,23-"2-
36,-#0"2"#;-O%>,.,$5-&/#6-0*$8,)&#*0,-,44%$3&-*$,-#%&30(5-*2+-1*(-7,-+"44"#/03-3%-%$8*2"L,-4%$-$*$,-
+"&,*&,->6,$,-&*1'0,-*.*"0*7"0"3(-"&-0"1"3,+;-H2%36,$-7%330,2,#?-"&-36,-$,0"*7"0"3(-%4-36,-3$*"2"28-+*3*5-
+,',2+"28-6,*."0(-%2-36,-"23,$)'*36%0%8"&3-.*$"*7"0"3(-"2-."&/*0-*22%3*3"%2-%4-&*1'0,&;-M"36-$%7/&3-
*''$%*#6,&-4%$-"1*8,-2%$1*0"L*3"%25-*/81,23*3"%25-*2+-2%.,0-0,*$2"28)$,8"1,2-36*3-"82%$,-2%2)
,&&,23"*0-.*$"*7"0"3(5-+,,'-0,*$2"28-6*&-36,-'%3,23"*0-3%-7,#%1,-*-7$%*+0(-*''0"#*70,-*2+-$,0"*70,-3%%0-
"2-36,-#0"2"#;-
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4%$1-%4-!"#$#%&'#(")($)*&'&-4$%1-+"44,$,23-&"3,&-3%-,*#6-%36,$5-4%$-,K*1'0,-7(-2%$1*0"L*3"%2-CYD5-%$-7(-
+,",-&.#/&'#(")($)'0,)1(*,.-+/$"28-3$*"2"28-7(-#$,*3"28-*$3"4"#"*0-+*3*-&%-36*3-&*1'0,&-4$%1-+"44,$,23-
&"3,&-&'*2-36,-&*1,-'*$*1,3,$-&'*#,5-&,,-2)5$0'&,67-;-@6,-&"1'0,&3-*''$%*#6-3%-&3*"2-2%$1*0"L*3"%2-
"&-3%-&,'*$*3,-36,-Z<[)"1*8,-"23%-"3&-&3*"2-#%1'%2,23&-*2+-&#*0,-,*#6-#6*22,0-3%-*-4"K,+-"23,2&"3(-
"23,$.*0;-!%$,-*+.*2#,+-1,36%+&5-&/#6-*&-&'*$&,-2%2)2,8*3".,-1*3$"K-4*#3%$"L*3"%2-6*.,-7,,2-
&/##,&&4/00(-/&,+-3%-2%$1*0"L,-"2+"."+/*0-&3*"2&-C\D;--

819#+('%&)+&!()'+('&#+1&:'(3+*4*5;&"*&<''"&/3#44'+5'%&
M6,2-3$*"2"28-*-+,,'-0,*$2"28-1%+,05-36,-"2'/3-+*3*-"240/,2#,&-36,-1%+,0Q&-*7"0"3(-3%-0,*$2-$,0,.*23-
4,*3/$,&-%4-36,-+*3*-*2+-8,2,$*0"L,-3%-2,>-+*3*;-H-&3*2+*$+-3,#62"R/,-"&-3%-/&,-#%0%$-*2+-3,K3/$,-
*/81,23*3"%2-%4-36,-3$*"2"28-+*3*5-*$3"4"#"*00(-8,2,$*3"28-1%$,-.*$"*3"%2&-4%$-36,-2,3>%$?-3%-0,*$2;--
O%>,.,$5-"3-"&-3('"#*00(-+"44"#/03-3%-'$%+/#,-*-+*3*&,3->"36%/3-&%1,-7"*&-3%>*$+-*2(-&',#"4"#-4,*3/$,;-
J,,'-0,*$2"28-1%+,0&-/&,+-"2-+"8"3*0-'*36%0%8(-6*.,-*-3,2+,2#(-3%-%.,$4"3-3%-36,-&3*"2-*'',*$*2#,-%4-
36,-3$*"2"28-+*3*;-=4-*-1%+,0-"&-3$*"2,+-%2-+*3*-4$%1-%2,-0*7-%20(5-"3->"00-/&/*00(-2%3-7,-*70,-3%-
8,2,$*0"L,-3%-+*3*-4$%1-%36,$-0*7&;-

Z,#,23-*+.*2#,&-"2-<,2,$*3".,-H+.,$&*$"*0-I,3>%$?&-V<HI&W-#*2-$,+/#,-36,-,44,#3&-%4-&*1'0,-
.*$"*3"%2-7(-7,"28-3$*"2,+-3%-1"1"#->6*3-*2-%7&,$.,+-"1*8,->%/0+-6*.,-0%%?,+-"4-"3->*&-#*'3/$,+-"2-
*-+"44,$,23-7*3#6-%$-*3-*-+"44,$,23-&"3,-C]D;-@6"&-3(',-%4-2,/$*0-2,3>%$?)7*&,+-&*1'0,-/2"4"#*3"%2-#*2-
3$*2&4,$-"1*8,&-4$%1-%2,-P1%+,-%4-.*$"*3"%2Q-3%-*2%36,$->6"0,-'$,&,$."28-36,-'6,2%3(',-%4-36,-
3"&&/,-1%$'6%0%8(;-=2-36"&->*(5-36,-3$*"2"28-+*3*-#*2-7,-,K3,2&".,0(-,K'*2+,+-3%-$,'$,&,23-*-4,*3/$,-
&'*#,-&'*22"28-7%36-36,-2%2)"1'%$3*23-.*$"*3"%2-+/,-3%-&*1'0,-6*2+0"285-*2+-36,-+"&,*&,)$,0*3,+-
.*$"*3"%2-36*3-"&-3%-7,-0,*$2,+;-=3-"&-6%>,.,$-"1'%$3*23-3%-2%3,-36*3-4*0&,-&3$/#3/$,&-36*3-#%/0+-
"240/,2#,-8$*+"28-1*(-7,-*++,+;-

H2%36,$-'$%1"&"28-*''$%*#6-"&-3%-/&,-&%)#*00,+-+%1*"2)*+.,$&*$"*0-2,/$*0-2,3>%$?&5->6"#6-*$,-
+,&"82,+-3%-'$,.,23-36,-1%+,0-4$%1-7,"28-7"*&,+-3%>*$+&-4,*3/$,&-36*3-"2-$,*0"3(-*$,-"$$,0,.*235-&/#6-
*&-36,-%$"8"2-%4-*2-"1*8,;-^03"1*3,0(5-&/#6-*-&(&3,1->%/0+-*+*'3-"2-*-&"1"0*$-4*&6"%2-*&-*-6/1*25-
$,&/03"28-"2-2%-2,,+-4%$-2%$1*0"L*3"%2-%$-*/81,23*3"%25-*&-"2+"#*3,+-7(-'$%1"&"28-$,&/03&-%2-
'$%&3*3,-#*2#,$-8$*+"28-%2-+*3*&,3&-4$%1-+"44,$,23-6%&'"3*0&-C_D;--

I,>-1%0,#/0*$-1,36%+&-6*.,-36,-'%3,23"*0-3%-7$"28-+,,'-0,*$2"28-"2-+"8"3*0-'*36%0%8(-7,(%2+-
1"1"#?"28-*17"8/%/&-1*2/*0-*22%3*3"%2&;-Z,#,230(5-2,>-3$*2&#$"'3%1,)>"+,-*2*0(&"&-3,#62%0%8",&-
6*.,-,2*70,+-36,-&3/+(-%4-ZIH-1%0,#/0,&-+"$,#30(-"2-3"&&/,-&*1'0,&5-36/&-1*"23*"2"28-&'*3"*0-
$,&%0/3"%2-*2+-#%1'0,1,23"28-6"&3%0%8"#*0-"24%$1*3"%2->"36-1%0,#/0*$-"24%$1*3"%2-"1'%$3*23-4%$-
36,-/2+,$&3*2+"28-%4-1*2(-7"%0%8"#*0-'$%#,&&,&-*2+-'%3,23"*00(-$,0,.*23-4%$-36,-#0"2"#*0-1*2*8,1,23-
%4-#*2#,$-'*3",23&-CAD;-G*$*00,0-*''0"#*3"%2-%4-&3*2+*$+-#0"2"#*0-&3*"2"28-3,#62"R/,&-*2+-2%.,0-
1%0,#/0*$-1,36%+&-"23$%+/#,&-*-2%.,0-3(',-"2+,',2+,23-&*1'0,-*22%3*3"%2-36*3-#*2-7,-/&,+-4%$-
1%+,0-3$*"2"285->"36-36,-'%3,23"*0-3%-+"&#%.,$-%4-'$,."%/&0(-/2&,,2-7/3-1,+"#*00(-$,0,.*23-3"&&/,-
'*33,$2&;-

/*+(4$1)+5&='>#0?%&
N"1"3,+-8,2,$*0"L*3"%2-*#$%&&-+".,$&,-1/03"2*3"%2*0-#%6%$3&-"&-%2,-%4-36,-#,23$*0-7*$$",$&-3%-
"1'0,1,23*3"%2-%4-+,,'-0,*$2"28-"2-#0"2"#*0-'$*#3"#,;-E3$"#3-'$%3%#%0&-*2+-R/*0"3(-#%23$%05-*00-36,->*(-
4$%1-&*1'0,-#%00,#3"%2-3%-&3*"2"28-*2+-&#*22"28-6*&-36,-'%3,23"*0-3%-$,+/#,-.*$"*7"0"3(;-H3-36,-&*1,-
3"1,5-+,,'-0,*$2"28-*''$%*#6,&-36*3-#*2-*+*'3-3%-&6"43,+-+%1*"2&-1/#6-0"?,-*-6/1*25-0,*$2"28-3%-
+"&#$"1"2*3,-7,3>,,2-"1*8,-4,*3/$,&-$,0,.*23-%$-"$$,0,.*23-4%$-+,#"&"%2-1*?"285-*$,-&3*$3"28-3%-1*?,-
36,"$->*(-"23%-+"8"3*0-'*36%0%8(;-H2%36,$-$,#,23-*''$%*#6-3%-+*3*),44"#",23-1%+,0&-36*3-#*2-

Page 129 of 190 AUTHOR SUBMITTED MANUSCRIPT - JPPHOTON-100480.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt



8,2,$*0"L,-*2+-3$*2&4,$-3%-*->"+,-$*28,-%4-+"*82%&3"#*00(-#6*00,28"28-+"8"3*0-'*36%0%8(-3*&?&-"&-36,-/&,-
%4-4%/2+*3"%2-1%+,0&5-&/#6-*&-^I=-C9:D5-'$,3$*"2,+-%2-1%$,-36*2-9::-1"00"%2-"1*8,&-4$%1-%.,$-
9::5:::-+"*82%&3"#-O`a)&3*"2,+->6%0,-&0"+,-"1*8,&;--

H&-&'*3"*00(-$,&%0.,+-2%.,0-1/03"'0,K,+-*2+-3*$8,3)&',#"4"#-1%0,#/0*$-1,36%+&-#*2-7,-+"$,#30(-
#%$$,0*3,+->"36-'$%82%&"&-*2+-&3$*3,8",&-4%$-3$,*31,235-36,(-1*(-4/2#3"%2-*&-/&,4/0-3%%0&-7(-
36,1&,0.,&;-@6,(-1*(-6%>,.,$-*0&%-4/2#3"%2-*&-*-1,*2&-3%-1%0,#/0*$0(-P*22%3*3,Q-'*$*00,0-&0"#,&-%4-
3"&&/,-&*1'0,&-,K'%&,+-3%-&3*2+*$+-#0"2"#*0-&3*"2&5-36/&-'$%."+"28-"2'/3-4%$-+,,'-0,*$2"28-&(&3,1&-
36*3-6*.,-36,-'%3,23"*0-3%-8%-7,(%2+-1"1"#?"28->6*3-*-6/1*2-%7&,$.,$-#%/0+-+%;-@6"&-'$"2#"'0,-%4-
/&"28-&'*3"*00(-$,&%0.,+5-1/03"'0,K,+-+*3*-3%-*22%3*3,-1"#$%&#%'(-"2'/3&-*0"82&->"36-$,#,23->%$?-"2-
1"#$%)'6(&"%0%8"#*0-&(&3,1&-V!'(")*+&,@W5->6,$,-1/03"1%+*0-4/&"%2-"&-7,#%1"28-#$/#"*0-4%$-7"%0%8"#*0-
"2&"863;-

J,&'"3,-1*2(-#6*00,28,&-&3"00-$,1*"2"28-7,4%$,-+,,'-0,*$2"28->"00-7,->"+,0(-/&,+-"2-#0"2"#*0-'$*#3"#,5-
36,-*33"3/+,&-*$,-8,2,$*00(-'%&"3".,b-H-&/$.,(->"36-U_]-'*36%0%8"&3&-'$*#3"#"28-"2-YU-#%/23$",&-C99D-
&6%>,+-36*3-2,*$0(-]Yc-$,'%$3,+-"23,$,&3-%$-,K#"3,1,23-"2-H=-*&-*-+"*82%&3"#-3%%0-"2-'*36%0%8(;-

8(?+*A4'15'>'+"%&
20#3)-,3,&-%0)4&3)$!"*,*)56)'0,)7!-(8,&")9,3,&-%0):(!"%#.);#&)79:):("3(.#*&'(-)+-&"'):(<)=>?>@A)
'():BCB)&"*)'0,)D%#E#$,E&5)F#(#1&+,)G"$(-1&'#%3)H&%#.#'6B)

='B'0'+('%&&
9;! a;-[,283&&%25-O;-J*2",0&,25-J;-@$,*2%$5-!;I;-</$#*25-d;-!*#H/0*(5-*2+-[;-!%02e$5-fd%1'/3,$)

*"+,+-+"*82%&3"#&-"2-+"8"3*0-'*36%0%8(5g-:6'(1,'-6)I&-')J-C-V\W5-YY9hYYU5-F:9];-
F;! i;-i*$3*&*0%5-M;-[/03,25-[;-J,0*6/235-G;)O;-d*1,$%2-d6,25-O;-G"2#?*,$&5-O;-T0&&%25-j;-k"5-I;-

!/00"R"5-O;-E*1*$*3/28*5-@;-@&/L/?"5-k;-N"2+7,$85-!;-Z*23*0*"2,25-d;-Ml607(5-<;-N"3m,2&5-G;-
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&

Page 141 of 190 AUTHOR SUBMITTED MANUSCRIPT - JPPHOTON-100480.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt



!"#$#%&'()*+,-*.-#,.,/01*1#
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&'()&*)+8(,(+?9+#0&*)+($,&B&-&(A+*"#$(A+*",@%$K0+@&,.+'#A,&7A"+A(9"$0+1'()$*+&,-./5+,.(,+"E,$(-,+'%$"+
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-.(*)"0+&*+'"8&-(A+&'()"0C+;."0"+8&()*%0,&-+-A(00&B&-(,&%*+0,$(,")&"0+0.($"+(+-%*-"7,#(A+B%#*8(,&%*+
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'($K"$0+,%+0#77%$,+-A&*&-(A+8"-&0&%*0C+4*+*"#$%&'()&*)+$"0"($-.6+8""7+A"($*&*)+,%%A0+.(>"+(A0%+?""*+
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.(0+?""*+&*+&'()"+0")'"*,(,&%*6+&C"C6+8&>&8&*)+,."+&'()"+&*,%+0">"$(A+$")&%*0+@&,.+-%'7($(?A"+
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"E7"-,"8+,%+(00"00C+2%0,+&'7A"'"*,"8+'%8"A0+($"+,"0,"8+%*+A%-(A+8(,(0",06+@.&-.+-%#A8+.(>"+(+
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V%@">"$6+,."+'(&*+&00#"+%B+8""7+A"($*&*)+'%8"A0+&0+,."&$+A(-K+%B+>(A&8(,&%*+&*+-A&*&-(A+0",,&*)0C+2%8"A+

7"$B%$'(*-"+.(0+,$(8&,&%*(AA9+?""*+">(A#(,"8+#0&*)+0,(,&0,&-(A+'"(0#$"0+,.(,+($"+B$"/#"*,A9+%?,(&*"8+

B$%'+09*,.",&-+8(,(C+T">"$(A+>&0#(A+"E7A(*(,&%*+(77$%(-."0+1"C)C6+%--A#0&%*+(*(A90&06+)$(8&"*,O

@"&).,"8+-A(00+(-,&>(,&%*+'(77&*)5+.(>"+?""*+7$%7%0"8+,%+%?,(&*+,."+."(,'(7+B$%'+8""7+A"($*&*)+

'%8"A06+(*8+,."$"B%$"6+B#$,."$+,."+#*8"$0,(*8&*)+%B+,."+?&%'($K"$+$"7$"0"*,(,&%*+B$%'+

*"#$%&'()&*)+8(,(+>&(+8""7+A"($*&*)C+V%@">"$6+&*+0%'"+-(0"06+0#-.+'",$&-0+-(*+?"+8&BB&-#A,+,%+

&*,"$7$",+?9+-A&*&-(A+"E7"$,0+(*8+'(9+*%,+?"+&*+()$""'"*,+@&,.+"E7"$,0W+7$"8&-,&%*06+A"(8&*)+,%+0%'"+

8%#?,0+&*+,."+'%8"A0W+7$"8&-,&%*0C+Q#$,."$'%$"6+(*(A90"0+&*+$"0"($-.+($"+-%''%*A9+7"$B%$'"8+%*+

'%$"+0,(*8($8&D"86+.&).O/#(A&,9+&'()"0+%$+">"*+%*+09*,.",&-+8(,(6+@.&-.+)$"(,A9+8&BB"$+B$%'+,."+$"(AO

@%$A8+8(,(+(-/#&$"8+B$%'+7(,&"*,0+&*+,."+-A&*&-C+;.&0+8&0,&*-,&%*+?",@""*+$"0"($-.O)$(8"+(*8+$"(AO

@%$A8+8(,(6+(*8+,."+(00%-&(,"8+)"*"$(A&D(,&%*+)(76+&0+(A0%+"'7.(0&D"8+&*+,."+-%*,"E,+%B+>&$,#(A+

0,(&*&*)+(*8+.&0,%7(,.%A%)9+,$(*0B%$'(,&%*+1!+0"(12&,856+@."$"+0('7A"+7$"7($(,&%*+&*-%*0&0,"*-&"0+

-(*+8"$(&A+7$"8&-,&>"+7"$B%$'(*-"C+V"*-"6+,.&0+-%#A8+7$"0"*,+(*+&'7%$,(*,+%?0,(-A"+B%$+,."+

)"*"$(A&D(,&%*+(*8+7$(-,&-(A+(77A&-(,&%*+%B+8""7+A"($*&*)+'%8"A0+&*+-A&*&-(A+0",,&*)0+GM6+NIC+

95:#20+%&(2&!0(+20+&#25&;+062171)<&"1&=++"&46#77+2)+%&
;%+%>"$-%'"+,."+,"-.*&-(A+-.(AA"*)"06+0">"$(A+'",.%80+,%+$"8#-"+,."+8&'"*0&%*(A&,9+%B+,."+8(,(+

(*86+&*+,#$*6+8"-$"(0"+,."+-%'7#,"$+A%(8+.(>"+?""*+7$%7%0"86+"C)C6+,$(&*&*)+%*+%*A9+(+7($,+%B+,."+

&'()"6+%$+$"7$"0"*,&*)+NJ+&'()"0+(0+(+0,(-K+%B+MJ+&'()"0+(*8+#0"+A%@"$+8&'"*0&%*(A&,9+'%8"A0+,%+

(*(A9D"+,."'C+;."+-%'7#,(,&%*(A+,&'"+-(*+?"+B#$,."$+8"-$"(0"8+?9+"'7A%9&*)+,$(*0B"$+A"($*&*)+GXI6+

(+@&8"A9+#0"8+'",.%8+,.(,+"*,(&A0+7$"O,$(&*&*)+,."+'%8"A+%*+(+A($)"+8(,(0",6+$"-%$8&*)+,."+%?,(&*"8+

@"&).,0+(*8+B&*(AA96+(77A9&*)+,."'+,%+,."+*"#$(A+*",@%$K+(00&)*"8+,%+,."+-#$$"*,+,(0KC+;$(*0B"$+

A"($*&*)+(*8+8(,(+(#)'"*,(,&%*+0,$(,")&"0+($"+A&K"@&0"+"'7A%9"8+&*+0#?-"AA#A($+'&-$%0-%79+,(0K0+

1!+0"(12&,/56+@."$"+A(?"A"8+8(,(0",0+($"+0-($-"+(*8+0&'#A(,&%*O?(0"8+'",.%80+($"+*""8"8+,%+,$(&*+

$%?#0,+'%8"A0C+;."+$"-%$8&*)+%B+,."+7$"O,$(&*"8+@"&).,0+(AA%@0+$"0"($-."$0+,%+,$(&*+%*A9+(+0#?0",+%B+

A(9"$0+B%$+,."+-#$$"*,+,(0K6+@.&-.+$"/#&$"0+A"00+8(,(Y+(A0%+7"$B%$'&*)+,."+7$"O,$(&*&*)+%*+(+A($)"+8(,(+

0",+-(*+A"(8+,%+'%$"+$%?#0,+$"0#A,0C+F*%,."$+?"*"B&,+%B+,$(*0B"$+A"($*&*)+&0+,."+(?&A&,9+,%+0.($"+,."+

@"AAO,$(&*"8+8""7+A"($*&*)+'%8"A0+?",@""*+$"0"($-."$06+@.&-.+-(*+?"+(*+&'7%$,(*,+0,"7+,%+&'7$%>"+

,."+)"*"$(A&D(?&A&,9+(*8+$%?#0,*"00+%B+,."0"+'%8"A0C+

F*%,."$+?$%(8A9+#0"8+,"-.*&/#"+,%+&*-$"(0"+,."+,$(&*&*)+0",+(*8+7$">"*,+%>"$B&,,&*)+&0+,$(&*&*)+8(,(+

(#)'"*,(,&%*+GZIC+[0&*)+,.&0+,"-.*&/#"6+,."+0&D"+%B+,."+8(,(0",+&0+"BB"-,&>"A9+&*-$"(0"8+?9+&*,$%8#-&*)+

0%'"+$(*8%'+>($&(,&%*0+&*+,."+8(,(6+"C)C6+$(*8%'+,$(*0B%$'(,&%*+%B+,."+&'()"+?9+,$(*0A(,&%*6+

$%,(,&%*+%$+8"B%$'(,&%*6+&*,$%8#-&*)+&*,"*0&,9+0.&B,0+%$+0-(A&*)+B(-,%$0C+4*+(88&,&%*+,%+(#)'"*,(,&%*6+

%,."$+,"-.*&/#"0+.(>"+(A0%+?""*+8">"A%7"8+@&,.+,."+(&'+%B+7$">"*,&*)+%>"$B&,,&*)6+&*-A#8&*)+8$%7%#,+
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1&C"C6+$(*8%'A9+$"'%>&*)+*%8"0+B$%'+,."+*",@%$K+(,+8&BB"$"*,+A(9"$0+8#$&*)+,$(&*&*)5+(0+@"AA+(0+

$")#A($&D(,&%*+%B+,."+*",@%$K+,.(,+(0-$&?"0+@"&).,+7"*(A,&"0+,%+8&BB"$"*,+*%8"0C++

;%+&*-$"(0"+,."+A">"A+%B+#0"+%B+8""7+A"($*&*)+'",.%80+&*+-A&*&-(A+0",,&*)06+&,+@%#A8+?"+*"-"00($9+,%+

&*-A#8"+,."+"*8O#0"$+&*+,."+7$%-"00+%B+8"0&)*+(*8+,"0,&*)+,."+'%8"A6+"*(?A&*)+,."+#0"$W0+

#*8"$0,(*8&*)+%B+,."+'%8"A+(*8+(AA%@&*)+(*+"(0&"$+&*,"$7$",(,&%*+%B+,."+$"0#A,0C+T,"70+.(>"+(A$"(89+

?""*+,(K"*+&*+,.(,+8&$"-,&%*6+&*-A#8&*)+(,,"'7,0+,%+&*,")$(,"+,."+8&BB"$"*,+8""7+A"($*&*)+B$('"@%$K0+

&*,%+,."+-%''%*A9+#0"8+(*(A90&0+7&7"A&*"0+(*8+,."+0-(**"$+&,0"AB+GNIC+4B+0#--"00B#AA9+&*,")$(,"86+0#-.+

(77$%(-."0+@%#A8+(AA%@+B%$+'#A,&O0&,"+,"0,&*)+(*8+>(A&8(,&%*+B%$+(+)&>"*+'",.%86+&'7$%>&*)+&,0+

)"*"$(A&D(?&A&,9C+++

Q&*(AA96+,."$"+($"+0">"$(A+%*)%&*)+0,#8&"0+(&'"8+(,+%?,(&*&*)+(*8+7$%>&8&*)+A($)"6+7#?A&-A9+(>(&A(?A"+

8(,(+0",06+"C)C6+[\+]&%?(*K+G^I6+V#'(*+:%**"-,%'"+<$%S"-,+G_I+%$+UFT4TON+GH`IC+;."+(>(&A(?&A&,9+%B+

,."0"+8(,(+0",0+&0+"E,$"'"A9+&'7%$,(*,+B%$+,."+8"0&)*+%B+*%>"A+8""7+A"($*&*)+'",.%80+(0+,."9+-(*+

7$%>&8"+(+0&*)A"+0",,&*)+&*+@.&-.+8&BB"$"*,+'",.%80+-%#A8+?"+-%'7($"8+(*8+?"*-.'($K"8+()(&*0,+

"(-.+%,."$C+

41207$5(2)&>+?#*@%&
J"07&,"+,."+*#'?"$+%B+-.(AA"*)"0+,.(,+*""8+,%+?"+%>"$-%'"+?9+8""7+A"($*&*)+(A)%$&,.'0+0%+,.(,+

,."9+-(*+?"+'%$"+@&8"A9+(77A&"8+,%+*"#$%&'()&*)+(*(A90"0+?%,.+&*+$"0"($-.+(*8+-A&*&-(A+7$(-,&-"6+

,."$"+&0+(A$"(89+%>"$@."A'&*)+">&8"*-"+0.%@&*)+,."&$+7%,"*,&(A+&*+7$%8#-&*)+>"$9+>(A#(?A"+$"0#A,0C+

L&,.+,."+-#$$"*,+(8>(*-"'"*,+&*+&'()"+(-/#&0&,&%*+,"-.*%A%)96+&*-$"(0"+&*+,."+K*%@A"8)"+%B+,."+

,."%$",&-(A+#*8"$7&**&*)0+%B+,."+'%8"A0+(*8+#*8"$0,(*8&*)+%B+,."+"*>&$%*'"*,+@."$"+,."9+@%#A8+

?"+(77A&"86+&,+&0+B"(0&?A"+,%+"E7"-,+,.(,+,."+-#$$"*,+A&'&,(,&%*0+@&AA+?"+(88$"00"8+&*+,."+*"($+B#,#$"C+

;.&0+@&AA+(AA%@+$"0"($-."$0+(*8+-A&*&-&(*0+,%+()$""+%*+,."+"E(-,+7$%,%-%A0+%B+(77A9&*)+,."0"+

,"-.*&/#"0+,%+-A&*&-(A+8(,(6+"C)C6+@.",."$+,."+8""7+A"($*&*)+(A)%$&,.'0+0.%#A8+?"+(77A&"8+(0+(+0%A"+

'",.%8+,%+,(-KA"+(+)&>"*+(*(A90&0+%$+&B+,."9+0.%#A8+?"+-%'?&*"8+@&,.+(A,"$*(,&>"+'",.%80+%$+.#'(*+

"E7"$,&0"C+;."$"B%$"6+8""7+A"($*&*)+(77A&-(,&%*0+&*+*"#$%&'()&*)+($"+A&K"A9+,%+(-.&">"+">"*+'%$"+

&'7$"00&>"+$"0#A,0+&*+,."+*"E,+B"@+9"($0C+

90@21A7+5)+?+2"%&
;."+(#,.%$0+($"+B#*8"8+?9+(+T@"8&0.+3"0"($-.+:%#*-&A+)$(*,+1aM`MMO`HH`^5Y+FAD."&'"$+Q%#*8(,&%*Y+

]$(&*+Q%#*8(,&%*+1aM`MMO`HP5Y+?9+=#$%7"(*+[*&%*+b+!"E,c"*"$(,&%*=[+(*8+,."+3%'(*&(*+

c%>"$*'"*,6+#*8"$+!(,&%*(A+3"-%>"$9+(*8+3"0&A&"*-"+<A(*+B%$+3%'(*&(6+-%*,$(-,+*%C+

ZX`MR`dM^CHMCM`MN6+-%8+<!33O:_O4^O:QH`_dNHC`ZCM`MN6+,.$%#).+,."+3%'(*&(*+2&*&0,$9+%B+

3"0"($-.6+4**%>(,&%*+(*8+J&)&,(A&D(,&%*6+@&,.&*+:%'7%*"*,+_6+4*>"0,'"*,+4^Y+T,$(,")&-+3"0"($-.+F$"(+

!"#$%0-&"*-"+1T,$(,!"#$%5Y+\4+:%*0%A&8(,%$+)$(*,6+:"*,"$+B%$+2"8&-(A+4**%>(,&%*+1:42=J5Y+\%*#*)+

c#0,(B+ef0+%-.+J$%,,*&*)+e&-,%$&(0+T,&B,"A0"Y+Q%#*8(,&%*+B%$+c"$&(,$&-+J&0"(0"0+(,+\($%A&*0K(+4*0,&,#,",Y+

c('A(+;Sg*($&**%$Y+T,%.*"0+Q%#*8(,&%*Y+h($0+V&"$,(0+2"'%$&(A+Q%#*8(,&%*+

!
>+B+*+20+%&&
"#! $#%#!&'()*+,-.)!/()!$#!&'()*+,-.)#!0$(!-,*+,1*2!-3!)**4!.*/+(1(5!1(!6*)17/.!

16/51(5!3-7'81(5!-(!9:;#0!"#$%&'()$*%!*+)!,#-$.$/$&'(#!0(1&$2<!,-.#!=><!(-#!=<!4#!"?=@
"=A<!=?">#!

=#! B#!CD1(5<!E#!%#!F166*.8G*1(<!H#!I#!H*/'.1*'@J-(*8<!$#!$#!I/.1(1(<!H#!B#!E-<!K#!L#!
M/N<!O#!P*++*+-<!L#!9#!$5/4-2<!9#!Q1*GR<!9#!9#!F-336/(<!M#!S1*#!0T44-+G'(1G1*8!/()!
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-U8G/7.*8!3-+!)**4!.*/+(1(5!1(!U1-.-5N!/()!6*)171(*#0!345)/67!4*!8(#!94167!:4'$#%1!
;/%#)*6'#<!,-.#!"V<!(-#!"W"<!4#!=?"A?XYA<!=?"Y#!

X#! J#!9-(G/.G@B-+)*+/<!Z#!9'GD'+/(5'<!$#!F/'4G6/((/()!/()!J#!$#!%G**)*(#!09/7D1(*!
.*/+(1(5!1(!6/5(*G17!+*8-(/(7*!16/51(5[!16/5*!+*7-(8G+'7G1-(#0!0(1&$'6!,#-$'6<!,-.#!
YX<!4#!A>@YA<!=?="#!

W#! 9#!$#!9/R'+-28\1<!9#!H')/<!$#!%/D/!/()!9#!:#!H/8D1+#!]E**4!.*/+(1(5!1(!+/)1-.-5N[!
$(!-,*+,1*2!-3!GD*!7-(7*4G8!/()!/!8'+,*N!-3!GD*!8G/G*!-3!GD*!/+G!21GD!3-7'8!-(!
9:;#^!345)/67!4*!<6=/#%$'!)#&4/6/'#!$<6=$/=<!,-.#!W><!(-#!W<!4#>X>@>VW<!=?">#!

V#! Q#!$\\'8<!$#!K/.16R1/(-,/<!$#!F--51<!E#!&#!:'U1(!/()!H#J#!O+17\8-(#!0E**4!.*/+(1(5!
3-+!U+/1(!9:;!8*56*(G/G1-([!8G/G*!-3!GD*!/+G!/()!3'G'+*!)1+*7G1-(8#0!345)/67!4*!-$=$%67!
$<6=$/=<!,-.#!X?<!(-#!W<!4#!WW>@WV><!=?"A#!

_#! I#!M*188<!B#!9#!ID-8D5-3G//+!/()!E#!M/(5#!!0$!8'+,*N!-3!G+/(83*+!.*/+(1(5#0!345)/67!
4*!>$=!-6%6<!,-.#!X<!(-#!"<!4#!"@W?<!=?"_#!

A#! C#!%D-+G*(!/()!B#!9#!ID-8D5-3G//+!0$!8'+,*N!-(!16/5*!)/G/!/'56*(G/G1-(!3-+!)**4!
.*/+(1(5#0!345)/67!4*!>$=!-6%6<!,-.#!_<!(-#!"<!4#!"@WY<!=?">#!!

Y#! I#!&#!91..*+<!P#!$.3/+-@$.6/5+-<!`#!I#!H/(5*+G*+<!E#!&#!BD-6/8<!O#!a/7-'U<!J#!S'<!$#!
J#!H/+G87D<!%#!JU/U)1<!%#!`#!%-G1+-4-'.-8<!J#!&#$()*+88-(!/()!&#!K+133/(G1#!09'.G16-)/.!
4-4'./G1-(!U+/1(!16/51(5!1(!GD*!bI!H1-U/(\!4+-84*7G1,*!*41)*61-.-517/.!8G')N#0!
?6%5)#!/#5)4&'$#/'#<!,-.#!"><!(-#!""!4#!"V=X@"VX_<!=?"_#!

>#! E#C#!Z/(!O88*(<!%#!9#!%61GD<!E#!9#!H/+7D<!B#!O#!H*D+*(8<!O#!a/7-'U<!I#!b5'+U1.!/()!
M'@91((!FCL!C-(8-+G1'6#!0BD*!Mb@91((!D'6/(!7-((*7G-6*!4+-c*7G[!/(!-,*+,1*2#0!
?#5)4;<6=#<!,-.#!Y?<!4#!_=@A><!=?"X#!

"?#! L#!J#!&/9-(G/5(*<!B#!&#!H*(R1(5*+<!J#!C#!9-++18<!%#!I**3*<!:#!F-+(U*7\<!C#!S1-(5<!O#!
K+/(G<!F/88*(8G/U<!J#<!I#!9-'.)*+<!$#!K#!Z./88*(\-!/()!9#!O#!:/17D.*#!0T$%;%@X[!
.-(51G')1(/.!(*'+-16/51(5<!7.1(17/.<!/()!7-5(1G1,*!)/G/8*G!3-+!(-+6/.!/51(5!/()!
$.RD*16*+!)18*/8*#0!,#-9@$A<!=?">#!

!

Page 147 of 190 AUTHOR SUBMITTED MANUSCRIPT - JPPHOTON-100480.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Acc
ep

ted
 M

an
us

cri
pt



!"#$#%&'()*)+,-&.)+#)*/#/&)0*'1-&.#-2)*13&11&'*#4+4.-2'*#3&.2'1.'5,#

!"#$"%&'"()*+,-*.$!/&0)*("1&2345,67"/&89":'"6$"&;$%(<6%"#$&
!"! #$%&'()$*(+,-+.*-,')&(/,*+0$12*,3,456+7%%8&3&+7*/9$'8/(56+:;$<$*+
="! >/',*,9&+?@6+:;$<$*+
A"! #$%&'()$*(+,-+.*-,')&(/,*+0$12*,3,456+7%%8&3&+7*/9$'8/(56+:;$<$*+

!"#"$%&
!"#$%&'%%'($)*+*,-"($)&',"(%,(./)0!123)(44*"%)-5*)($+/)&*#$%)(4)6'"*,-+/)%**'$7)#$6)#$#+/8'$7)
9'(+(7',#+)$#$(.#"-',+*%)#$6)%-":,-:"*%)#-)-5*)$#$(;+*<*+=)!5*)"*,*$-)4(,:%)($)7*$*)-5*"#./)#$6)"*<'<#+)
(4)<#,,'$*)6*<*+(.&*$-)5#%),($-"'9:-*6)-()#$)'$,"*#%*6)'$-*"*%-)'$)!12)#%)#$)#$#+/-',#+)-((+)(4)
9'(+(7',#+)$#$(.#"-',+*%)'$)6":7)6*<*+(.&*$-)#$6)4("&:+#-'($>)'$)#66'-'($)-()'-%)*%-#9+'%5*6):%*)'$)
6'%*#%*):$6*"%-#$6'$7)#$6),+'$',#+)6'#7$(%'%=)!5*)#6<*$-)(4)#:-(&#-'($),#.#9'+'-'*%)'$)'&#7*)#,?:'%'-'($)
'$),(&9'$#-'($)@'-5)-5*)*A.*,-#-'($%)(4)6**.)+*#"$'$7)."(<'6*).(%%'9'+'-'*%)#$6)."(&'%*%)4(")&#B'$7)
!12)&("*)#,,*%%'9+*=)C$)(<*"<'*@)(4)6**.)+*#"$'$7):%*6)'$)<#"'(:%)*+*,-"($)&',"(%,(./)#..+',#-'($%)
09'(+(7/)#%)@*++)#%)&#-*"'#+)%,'*$,*3),#$)9*)4(:$6)'$)D*4=)EFG=!

C%)"*.*#-*6+/)6*&($%-"#-*6)'$),(&.:-*")<'%'($)#..+',#-'($%)#$6)&#$/)&*6',#+)#$6)&',"(%,(./)."((4;
(4;,($,*.-)%-:6'*%>)6**.)+*#"$'$7)(44*"%)-5*)7"*#-).(%%'9'+'-/)-()+*#"$)"*+*<#$-)'$4("&#-'($)4"(&)
*A#&.+*%=)!5*"*9/>)-5*)5:&#$H%)+'&'-*6),#.#9'+'-/)-()'$%-":,-)-5*),(&.:-*")($)@5#-)'$4("&#-'($)-()
*A-"#,-),#$)9*)*A,+:6*6=)I-)5#%)-5*)7*$*"#+)6"#@9#,B)-5#-)#)."'("')*A.*"-'%*)#$6)'$4("&#-'($)$(-)
"*."*%*$-*6)'$)-5*)*A#&.+*%)@'++)$(-)9*)'$,(".("#-*6)'$)-5*)&(6*+):$+*%%)*A.+','-+/)#66*6=)I-)'%)#+%()
6'44',:+-)-()6*,'.5*")#$6)<#+'6#-*)@5#-)'$4("&#-'($)'%):%*6)-()"*#,5)#)6*,'%'($=)!5'%)+*#6%)-()
'$-*"."*-#9'+'-/)#$6)"*+'#9'+'-/)'%%:*%)@5',5)."#,-',#++/)+'&'-)6**.)+*#"$'$7)6*.+(/&*$-)'$)"*#+;@("+6)!12)
9'(;."(,*%%'$7)#$6),+'$',#+)#..+',#-'($%=)!5*%*)#..+',#-'($%)(4-*$)4#,*)#)%,*$#"'()@'-5)#)+'&'-*6)#&(:$-)
(4)-"#'$'$7)'&#7*%>)+#,B)(4)("):$"*+'#9+*)7"(:$6)-":-5>)$($;"*."*%*$-#-'<*)(")-(()$#""(@)-"#'$'$7)%*-%>)#%)
@*++)#%)"*7:+#-("/)"*?:'"*&*$-%=)J:,5)+'&'-#-'($%)#+%()#"'%*)'$)$*:"('&#7'$7)0!'(")*+&,-3>)@5*"*)5'75;
6'&*$%'($#+)9:-)%,#",*)+#9*+*6)6#-#%*-%)#$6),+'$',#+)<#+'6#-'($),5#++*$7*%)+'&'-)@'6*%."*#6)#6(.-'($=)I$)
#66'-'($>)4(")'&#7*)6#-#)'$),+'$',#+)%'-:#-'($%>)-5*"*)'%)#+%()#)4*#")(4)&'%%'$7)K(-5*"L)#$6):$*A.*,-*6)
'$4("&#-'($)(9<'(:%)-()-5*)*A.*"'*$,*6)*/*=)

M(&&($+/):%*6)CI)$*-@("B%)#"*)<*"/)%*+4;,($4'6*$-)'$)-5*'")."*6',-'($%>)#+%()@5*$)-5*)*<'6*$,*)4(")#)
,*"-#'$)6*,'%'($)'%)6:9'(:%=)!5'%)"*%:+-%)'$)%(;,#++*6)%'+*$-)4#'+'$7)'=*=>)&'%,+#%%'4',#-'($%)#$6):$"*+'#9'+'-/)
6:*)-()-(()$#""(@)-"#'$'$7)%*-%>)#%)@*++)#%)&'%%'$7)%-":,-:"*%)'$)-5*)%#&.+*)$(-)6'"*,-+/)#%B*6)4("=)N(")
,*"-#'$)#..+',#-'($%>)-5'%)'%)#)%5(@%-(..*"=))O(@*<*">)'$)(-5*")#..+',#-'($%>)#)&(6*+)6(*%$H-)$**6)-()9*)
*A-"*&*+/)#,,:"#-*)(")7*$*"#+'8*)-()9*):%*4:+=)!5*/),#$)%(+<*)("),($-"'9:-*)-()#).#"-',:+#")%-*.)'$)-5*)
#$#+/%'%).'.*+'$*>)9*)'$-*"#,-'<*+/)4'$*;-:$*6)9/)-5*):%*")4(")*#,5)6#-#%*-)-()9*)#$#+/8*6>)(")%*"<*)#%)#)
6*-*,-'($)(")%*7&*$-#-'($)%-*.)4:"-5*")."(,*%%*6)(")<#+'6#-*6)9/)-5*):%*"=)!5:%>)'$)&#$/)."#,-',#+)
%,*$#"'(%>)-((+%)-5#-)"*6:,*)"#-5*")-5#$)"*&(<*)5:&#$)'$.:-)#"*)'$)6*&#$6=))

.$//'+"&#+0&1$"$/'&.2#33'+4'%&

M(&&($)-()#++)-/.*%)(4)&',"(%,(./)'%)-5*)$**6)-()#6#.-)#$6)&(6'4/)6**.)+*#"$'$7)&*-5(6%)-()-5*)
."*"*?:'%'-*%)#$6),5#"#,-*"'%-',%)(4)-5*)6'44*"*$-)'&#7'$7)-*,5$'?:*%=)J(&*)7*$*"#+)'%%:*%)-5#-)$**6)
!12)6(&#'$;%.*,'4',)#--*$-'($)#"*P))
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F3! 5$#3)"6&#+0&#7*$+"&*8&#++*"#"'0&)7#4'&0#"#=)!5*)-"#'$'$7)6#-#%*-)5#%)-()9*),#"*4:++/)."*.#"*6)
-()"*."*%*$-)#++)<#"'#-'($%)-5#-),#$)9*)(9%*"<*6)'$)-5*)#..+',#-'($=)I-)'%>)5(@*<*">)*#%/)-()&'%%)"#"*)
#+9*'-)'&.("-#$-)'$%-#$,*%=)I$)#)"*#+)%*--'$7>)-5*)&(6*+%)@'++)$(-)($+/)5#<*)-()4#,*)#++)<#"'*-'*%)(4)
6#-#) #..*#"#$,*%) 9:-) #+%() #$(&#+'*%) :$+'B*) #$/-5'$7) '$) -5*) -"#'$'$7) %*-=) !/.',#+) %:.*"<'%*6)
&(6*+%)4#'+)@5*$)."*%*$-*6)@'-5)#)%#&.+*)4"(&)#)6'44*"*$-),+#%%)(")#..*#"#$,*)-5#$)-5(%*)'$)-5*)
-"#'$'$7)%*-=)!5'%)'%)*A*&.+'4'*6)'$)N'7:"*)F=)Q5#-)&'75-)9*)(9<'(:%)-()#)5:&#$)*A.*"-)"*?:'"*%)
,#"*4:+),($%'6*"#-'($)@5*$)-"#'$'$7)#$6)<*"'4/'$7)6**.)+*#"$'$7)&(6*+%=)

R3! 9'%)4+&*8&:'/8*/7#+('&#+0&';#3$#")*+&(/)"'/)#)-5#-)#"*)"*+*<#$-)4(")-5*)'&#7*"/)#$6)#..+',#-'($=)
C)!12)'%)#),(&.+*A)%,'*$-'4',)'$%-":&*$-):%*6)-()7#'$)'$4("&#-'($)#9(:-)$#$(;%,#+*)4*#-:"*%=)I$)
,($-"#%-) -()&#$/),(&.:-*")<'%'($)#..+',#-'($%>) +((B'$7).+*#%#$-) '%)$(-) '$-*"*%-'$7)@5'+*)9*'$7)
,(""*,-)'%),":,'#+=)

S3! <0#:"#")*+& *8& +'"=*/>& #/(2)"'("$/'%& "*& 8*($%& *+& "2'& (2#/#("'/)%")(%& *8& ?@A=) N(") *A#&.+*>)
4*#-:"*%)#-)-5*)%'$7+*;.'A*+)+*<*+)'$),(&9'$#-'($)@'-5)+#"7*;%,#+*)'$4("&#-'($)#"*):%:#++/)B*/)4(")
@5#-)'%)%-:6'*6=)!5*)'&#7*%),#$)'$)7*$*"#+)$(-)9*)6(@$)%#&.+*6)#%)'%)6($*)#%)#)."*;."(,*%%'$7)
%-*.)-()&#$/)%-#$6#"6)6**.)+*#"$'$7)&(6*+%)@'-5(:-)%*<*"*)+(%%)(4)'$4("&#-'($=)

T3! 9';'3*:7'+"& *8& ?@AB%:'()8)(& #$47'+"#")*+& "'(2+)C$'%) -5#-) '$,(".("#-*) <#"'#-'($%) '$)
'$%-":&*$-) %*--'$7%) #$6) ."(.*"-'*%>) #%) @*++) #%) &(6#+'-/;%.*,'4',) #"-'4#,-%=) !5'%) '%) *%.*,'#++/)
'&.("-#$-)4("),(&.+*A)'&#7'$7)-*,5$'?:*%)%:,5)#%)!12)%'$,*)7*$*"#-'$7)"*#+)6#-#)"*."*%*$-'$7)#)
+(-)(4)<#"'#-'($)0'$%-":&*$-)&#B*%)#$6)&(6*+%>)'$%-":&*$-)%*--'$7%>)%#&.+*)."*.#"#-'($>)*-,=3)'%)
6'44',:+-) 6:*) -() -5*) +(@) #9:$6#$,*) (4) &',"(%,(.*%) #$6) 5'75) ,(%-=)!5*) <#+:*) (4) #.."(."'#-*)
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+##="#B(=)&"%.$+).6(%"4$%*+)4(8=#+)"##(7,*"0#(9,%(*$.$B($)*(',5(.,(<),5(.'"(-$0="(,9(6,=%(*$.$1(
V"4$0(&,)#+*"%$.+,)#(7$6(+)&0=*"(U="#.+,)#(%"4$%*+)4(;)."00"&.=$0(W%,/"%.6B(XYW!(OX")"%$0(Y$.$(
W%,."&.+,)(!"4=0$.+,)PB($)*(5'$.(+#(.'"($//%,/%+$."(&,/6%+4'.(0+&")&"(.,(8"(=#"*1(;)(4")"%$0(.'"(
7,%"(,/")06($(*$.$#".(7$6(8"(=#"*(.'"(7,%"(+.(,/")#(=/(9,%()"5($*-$)&"#(+)(%"#"$%&'1(C,(,/")(=/(
9,%($&&"##(.,($(*$.$#".(7$6($0#,(8"(&%=&+$0(.,(")$80"(/=80+&$.+,)#(+)(ZV($)*(7+&%,#&,/6(.,(")$80"(
/""%Q%"-+"5#1(C'+#(.")#+,)(8".5"")(/%,/%+".$%6(*$.$#".#($)*(.'"()""*(9,%(,/")($&&"##(.,(")$80"(
%"/%,*=&+8+0+.6($)*(%"=#"('$#(8"")(*+#&=##"*(+)(!'(")*+&5,(,)("U=+.$80"($&&"##(.,(*""/(0"$%)+)4(
#,0=.+,)#1(C'+#(%"U=+%"#($)(,/")($)*()"5(7+)*#".(9,%(7$)6(+)*=#.%6($&.,%#1(((

"()#*+!,+(-.&/0&!#+/!%1(''2/*'%*3.*+#14!1&'&#1%5!

C,(=)*"%#.$)*(.'"(*$.$B(/%,80"7(9,%7=0$.+,)B($)*(+)."%/%".(.'"(%"#=0.#B("3.")#+-"(*,7$+)(
<),50"*4"(+#()""*"*1(Y=%+)4($('$&<$.',)B($&&"##(.,(*,7$+)(<),50"*4"($)*(/,##+8+0+.6(.,(5,%<(+)(
&%,##Q9=)&.+,)$0(."$7#(+#(,9(&%+.+&$0(+7/,%.$)&"1(A%,7(.'"(:*+/,&6."(G"00(;7$4+)4(G'$00")4"B(5"(&,=0*(
#""(.'$.(."$7#(5+.'(&%,##Q*+#&+/0+)$%6("3/"%.+#"(/"%9,%7"*(8".."%(.'$)(."$7#(&,7+)4(#,0"06(9%,7(.'"(
7$&'+)"(0"$%)+)4(9+"0*1(C'+#(*"#/+."(.'"(9$&.(.'$.($00(."$7#('$*(.'"(,//,%.=)+.6(.,('$-"(*$+06(&,).$&.(
5+.'(.'"(*,7$+)("3/"%.#(9%,7(:#.%$M")"&$1((

C%$*+.+,)$006(/'$%7$&"=.+&$0(&,7/$)+"#('$-"($(%"0$.+-"06(0,)4Q.+7"(/"%#/"&.+-"(9,%(%"#"$%&'($)*(
9,&=#($(0,.(,)(.'"+%(+)."%)$0(%"#,=%&"#($)*("#.$80+#'"*($&$*"7+&(%"#"$%&'(&,00$8,%$.+,)#1(

C'"(.%")*#(+)($//0+"*(7$&'+)"(0"$%)+)4(%"#"$%&'($%"(*+-"%4+)4(+)(.5,(*+%"&.+,)#1(L)"(*+%"&.+,)(
.,5$%*#(8"+)4($#(,/")($#(/,##+80"(5+.'(#.%,)4(&,77=)+.6("99,%.#B(&,00$8,%$.+,)#B($)*(4%$##Q%,,.(
%"#"$%&'(+)+.+$.+-"#(5'"%"(*$.$B(&,*"B($)*(7,*"0#($%"(.6/+&$006(#'$%"*(,/")06($)*(5'"%"(,/")(
#,=%&"(+#(.'"(*"9$=0.(,/.+,)1(L)(.'"(,.'"%('$)*(7$)6($*-$)&"7").#(+)(.'"(9+"0*($%"(#"")(5+.'+)(8+4(
&,7/$)+"#(5+.'($(0,.(,9(%"#,=%&"#B(+)(.'+#(&$#"(7,*"0#($)*(*$.$($%"(.6/+&$006(),.(#'$%"*1(G,77,)(9,%(
8,.'(*+%"&.+,)#(+#(.'"(#/""*($)*($7,=).(,9(%"#,=%&"#()""*"*(O8,.'(+)(."%7#(,9(%"#"$%&'"%#B(*$.$B(
$)*(&,7/=.$.+,)$0(%"#,=%&"#P1((

S$.=%$006B(%"#"$%&'(.'$.($0#,('$#($(0$%4"(&,7/,)").(,9(*$.$(&,00"&.+,)(,%("-")(/'6#+&$0("3/"%+7").#(
O9,%("3$7/0"(7+&%,#&,/6P('$-"($(0,)4"%(.+7"(9%$7"1(:#(7$&'+)"(0"$%)+)4(+#(8"&,7+)4($)(+7/,%.$).(
/$%.(,9(,.'"%(%"#"$%&'(9+"0*#(5+.'(.'"(/,.").+$0(.,(0"$*(.,(*+#%=/.+-"($*-$)&"#B(.'"(*+99"%").(
.%$*+.+,)#B(.%")*#B($)*(.+7"(/"%#/"&.+-"#()""*(.,(8"($**%"##"*1(C'+#(&=0.=%$0(4$/(8".5"")(9$#.Q/$&"*(
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!

9())8+*$4!78*./*+0!#+/!%1(''2/*'%*3.*+#14!1&'&#1%5!

C,(#=&&""*(5+.'('$&<$.',)#B(8=+0*+)4($(#.%,)4(&,77=)+.6($)*(/0$.9,%7(9,%(&,00$8,%$.+,)(+#(<"61(
]=+0*+)4($(#.%,)4(&,77=)+.6(,9(%"#"$%&'"%#(9%,7(*+99"%").(*+#&+/0+)"#($)*(,%4$)+#$.+,)#(5+00(8")"9+.(
.'"(%"#"$%&'(9+"0*($)*(*"-"0,/7").(,9(7$&'+)"(0"$%)+)4($//0+&$.+,)#(9,%(7+&%,#&,/61(L%4$)+#+)4(
'$&<$.',)#(&,=0*(8"(,)"(5$6(,9(8=+0*+)4(#=&'($(&,77=)+.61(

.*+(3$0)+4&?'@#/A%&
C,(&,)&0=*"B(5"(#""(.'$.('$&<$.',)#('$-"(/,.").+$0(.,(9=%.'"%(+)."4%$."(.'"(7+&%,#&,/6(%"#"$%&'(
9+"0*(5+.'(7$&'+)"(0"$%)+)4($#(,)"(5$6(,9("3/0,%+)4()"5(&,00$8,%$.+,)#B(7".',*#B($)*(5$6#(,9(
5,%<+)41(;)($**+.+,)B(5"(#""($)(,//,%.=)+.6(.,(8=+0*($(#.%,)4(%"#"$%&'(&,77=)+.6($%,=)*(
7+&%,#&,/6($)*(7$&'+)"(0"$%)+)41(C,(")$80"(#=&'($(&,77=)+.6B(&,00$8,%$.+-"(/0$.9,%7#B(*$.$(
$&&"##B(0"4$0(9%$7"5,%<#($)*(8=#+)"##(7,*"0#($%,=)*(*$.$($%"()""*"*1(A=%.'"%7,%"B(&%,##Q
*+#&+/0+)$%6(&,00$8,%$.+,)($)*(#.%,)4(*,7$+)("3/"%.+#"(+#(<"6(.,(#=&&"##(5'")(7$&'+)"(0"$%)+)4(+#(
$//0+"*(.,(%"#"$%&'(U="#.+,)#(+)(,.'"%(9+"0*#1((

J',%."%(&'$00")4"(*%+-")(&,7/".+.+,)#(,%('$&<$.',)#(#',=0*(8"(#"")($#($(5$6(,9("3/0,%+)4($)*(
+)+.+$.+)4()"5(O#,7".+7"#(=)"3/"&."*P(%"#"$%&'(&,00$8,%$.+,)#(.'$.('$-"(.'"(/,.").+$0(.,(0"$*(.,(
&,).+)="*(0,)4(."%7(&,00$8,%$.+,)#1(C'+#(&,=0*($0#,(8"(,)"(5$6(,9($**%"##+)4($)*(&'$00")4+)4(.'"(
*+99"%").(.+7"(/"%#/"&.+-"#($)*(%"#"$%&'(.%$*+.+,)#(,9(+)*=#.%6($)*($&$*"7+$B($&&"0"%$."(*$.$(
#'$%+)4B($)*(+)-+."($(8%,$*"%(&,77=)+.6(.,(.$<"(/$%.(+)($//0+"*(%"#"$%&'1((

G,00$8,%$.+-"(%"#"$%&'(5+00(8"(+)&%"$#+)406(+7/,%.$).($#(7$&'+)"(0"$%)+)4(8"&,7"#($)(+7/,%.$).(.,,0(
9,%(7+&%,#&,/6(%"#"$%&'1(]$#"*(,)(.'"("3/"%+")&"(9%,7(.'"(:*+/,&6."(G"00(;7$4+)4(G'$00")4"B(
'$&<$.',)#(&,=0*(8"(,)"(")$80"%(9,%($&&"0"%$.+)4($&&"##(.,(+)*=#.%6(*$.$(*"-"0,/+)4(.'"(
&,00$8,%$.+,)#()""*"*(5+.'+)(7$&'+)"(0"$%)+)4(%"#"$%&'(9,%(7+&%,#&,/61(C'"6($0#,(#"%-"($#(."#.8"*#(
9,%(/%,.,.6/"(*"/0,67").(#.%$."4+"#(*"#&%+8"*(+)(!'(")*+&55B(5'"%"(&0,=*Q8$#"*(#,0=.+,)#($)*(
&,).$+)"%+_"*(5,%<90,5#($%"(&").%$0(.,(%"$0Q5,%0*(#&$0$8+0+.61(S"=.%$0(,%4$)+#$.+,)#B(#=&'($#(:;(
J5"*")B(,%(*"*+&$."*(&'$00")4"(/0$.9,%7#(O"141B(F$440"B(G,*$0$8PB(&$)(/0$6($(9$&+0+.$.+)4(%,0"($)*(
%"$&'($(8%,$*"%(&,77=)+.61(

8(A+*B3'04'@'+"%&
:&!-#+$!$(!/*1&%$!#!'3&%*#.!$5#+,!4(8!$(!;'$1#<&+&%#!=(1!0*>*+0!8'!$5&!(33(1$8+*$4!$(!%(25('$!$5&!
;/*3(%4$&!9&..!?)#0*+0!95#..&+0&!#'!-&..!#'!#..!$5&!3#1$*%*3#$*+0!$&#)'!31(>*+0!$5#$!5#%,#$5(+'!#1&!#!
3(-&1=8.!$((.!=(1!78*./*+0!+&-!%(..#7(1#$*(+'!#+/!#%%&.&1#$*+0!#33.*&/!1&'&#1%5@!

?'C'/'+('%&&
?1! S1(],_+&(`$7#B(a1(!+&'$%*#,)B(X1(2#.'"%(J'=8+)$B(J1(:08%"&'.(,&'(Y1(X+0080$*B(b;)."4%$."*(:;($)*(

;)),-$.+,)(Z$)$4"7").T(C'"(]"4+))+)4(,9($(]"$=.+9=0(A%+")*#'+/Bc(A&%5+(.(04!?++(>#$*(+!
B#+#0&)&+$!C&>*&-B(//1(KQ?dB(S,-"78"%(EeEe1(

E1! ;1(^1(X,,*9"00,5B(Y1(2%'$)B(W1(V1(G$%%+"%B(:1(G,=%-+00"B(Z1(Z+%_$B(]1(D$7)"%B([1(G=<+"%#<+B(`1(
C$)4B(Y1(C'$0"%B(f1([$)4B(Y1(:.'$)$#$<+#B(^1(J'$5"QC$60,%B(Z1(Z+0$<,-B(^1(W$%<B(!1(;,)"#&=(,&'(
W,/"#&B(bG'$00")4"#(+)(!"/%"#").$.+,)(V"$%)+)4T(:(%"/,%.(,)(.'%""(7$&'+)"(0"$%)+)4(
&,)."#.#Bc(+)(?+$&1+#$*(+#.!9(+=&1&+%&!(+!D&81#.!?+=(1)#$*(+!E1(%&''*+0B(Ee?H1((

H1! bF$440"Bc(EeEE1(>L)0+)"@1(:-$+0$80"T('../#Tgg5551<$440"1&,7g1(>h#"*((E?(Z$%&'(EeEE@1(
I1! bG,*$0$8Bc(EeEE1(>L)0+)"@1(:-$+0$80"T('../#Tgg&,*$0$81,%4g1(>h#"*(E?(Z$%&'(EeEE@1(
K1! b:;(J5"*")Bc(>L)0+)"@1(:-$+0$80"T('../#Tgg5551$+1#"g")1(>h#"*(E?(Z$%&'(EeEE@1(
N1! b:*+/,&6."(G"00(;7$4+)4(G'$00")4"Bc(EeEe1(>L)0+)"@1(:-$+0$80"T!

'../#Tgg5551$+1#"g")g/%,\"&.g$*+/,&6."Q&"00Q+7$4+)4Q&'$00")4"1(>h#"*(Ed(A"8%=$%6(EeEK@1(
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!

R1! :1(Y$)&"B(b:;(J/,.#(G"00(J.%=&.=%"#(C'$.(D=7$)#(G$)i.Bc(J/%+)4"%(S$.=%"(a,0(KjEB(//1(?KIQ?KKB(
?(:/%+0(EeE?1(

(
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