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^1PIjGLkLmlnLKopqjrh1stNQPgs4HKYGu�BEswvwFILmYXLmJVhKT_x8jXeaUEH]h1J,LmYGu�HKYGu�yqegbKegFzl\h�^1HKPt{1l\egFO|GHKPg}Cl\v~h�LKo��XHKPSv
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WZY��! "�$# PSLmlQl NQuXegFaeS��%�egFINQJ,e]YkvtsgT�l }GJµNQYXLmsIN\v~h NQsauXegvwegFIJ½NQYXe]u7Dih7PSLm}GYrvtN YX[�vtjXe�Yk}GJ)D�egFaLKo4stJµHKlQl
HKYX[ml\e,y*jGH=DCjGH�stPgH=vwvwegFIN YX[ egbKe]Yrvts)HKYGu7PSLmJ�%CH=FzNQYX[ N\v�vwL vtjXe,eS��%_e]PSvwe]u PSFtLmstsaswe]PSvtNQLmYnT'&)("A�x8jXe
lQH=vwvwegFqNQs&M"e]lQlGPSLmYkvwFtLmlQlQe]uµvtjXegLKFtegvtN PgHKlQl\hKT*%GFILcb1NQuXe]u,vtjXeOD_e]HKJ s+%�e]PSvwFI}GJ NQs&{1YXL$MOYnTkHKYCu,e-,_LKFIvts¶H=Fte
D_e]N YX[.%C}GFIst}Xe]u½vwL,Fte]uG}GPSe¬vtjXe�Fte]lQH=vtN\bKe-}GYCPSegFtvtHKNQYkv~h:uGLcMOY�vwL,l\e]sts"vtjGHKY0/214365�798 #;:=< 7KT>/@?£T1MOjXegFte
vtjXeaJµHKNQY PSLmYkvwFIN\DC}GvtN\LmY PSLmJ,e]sEo FtLmJ jCN\[mjXegF4LKFIuXegFOe]l\e]PSvwFtLcM"e]H={�FIHKuCNQH=vtN\bKe-e-,�e]PSvtsgA

B*vavtjXeµo }Xvt}XFIe,WZYkvwegFIYGH=vtN\LmYCHKl6d�NQYGe]H=F6A"LmlQlQNQuGegF�B W«dCADzTfvtjXe½PSLmlQl NQuGNQYX[�e]l\e]PSvwFtLmY HKYGuE%�LmstN\vwFtLmY
DC}GYGPzjXe]s8uGNQstFI}>%Gv*LmYXe HKYXLKvtjXegF�HKYGu�NQYCuG}GPSe-FIHKuGN H=vtN\LmY�B D�e]HKJµswvwFIHKjClQ}GYX[FDqMOjCNQPIj!l\e]HKuGs8vwL�stN\[mYGNHG>I
PgHKYrv�e]YXegFt[Kh l\Lmsts�HKYGu!D�e]HKJ�e]YGegFt[Kh!s+%CFte]HKunA�WZY�HKuGuCN\vtN\LmY�vtjGegFte,JµN\[mjkvED�e�HKY N YGjXegFte]YkvEe]YGegFt[Kh
s+%GFte]HKu�LKo"vtjXe½PSLmlQl NQuXegF]A�x8jXe�D�e]HKJµswvwFIHKjClQ}GYX[�HKYGu7vtjXeµPSLml lQNQuXegF�e]YXegFt[Kh7s+%CFte]HKu7uXe9%�e]YGu�LmY7vtjXe
%CH=FIHKJ,egvwegFIs�LKoEvtjXe�PSLmlQlQN stN\LmYGsgA7x8jGegFtego LKFIe�H=v,vtjGe WZdJA¬T�vtjGe�uGNK,�egFte]YrvtN HKlqlQ}CJµNQYXLmstNQv~h s+%�e]PSvwFI}GJ
jGHKs-vwL�D�eµJ,e]HKst}GFte]u7LmY7vwLL% LKo"vtjGe½NQYkvweg[KFIH=vwe]u lQ}CJµNQYXLmstNQv~hKA�WZY [Ke]YXegFIHKl�T�vtjXe½PSLmlQlQN stN\LmYM%CH=FIHKJ�I
egvwegFIsgT�sI}GPIj HKsavtjXe½stN\Rge,LKo"vtjXe½PSLml lQNQstN\LmY!Fteg[mN\LmY HKYGu7DC}GYCPIj7Pg}XFtFIe]YrvgT�vtjGH=val\e]HKu7vwL�vtjGe½jGN\[mjXe]stv
lQ}GJµNQYGLmstN\v~hKT HKlQswL�l\e]HKu�vwL�vtjXe�lQH=Ft[Ke]swv�stJ,e]H=FzNQYX[½LKo¶vtjXe)lQ}CJµNQYXLmstNQv~h s+%�e]PSvwFI}GJ AOWZY HKuGuGN\vtNQLmYnTCvtjXe
e]YXegFt[Kh:Jµe]HKst}XFte]J,e]Ykvts4PgHKY�D�eEvwe]J=%_egFIe]u:Dih½vtjGeN%CFte]swe]YGPSe�LKo�D�e]HKJ Fte]lQH=vwe]u�D HKPt{i[KFtLm}GYGuGs]T1sI}GPIj
HKs,swhiYCPIjXFtLKvwFILmY�FIHKuGNQH=vtN\LmY�HKYGu�vtjGegFIJµHKlO%CjXLKvwLmYCs�LKoOvtjXe Fte]sINQuG}GHKlq[mHKsgT¶D HKPt{1stPgH=vwvwegFte]u L$,¼vtjXe
e]l\e]PSvwFtLmY D�e]HKJ A

x8jXe-FteQPi}GN\FIe]u�HKPgPg}GFIHKPSh LKo&vtjXeVlQ}GJ½NQYXLmstN\v�h½J,e]HKst}GFte]J,e]YkvONQs4uXegFINQbKe]u o FILmJ vtjXeR%Cjkh1stNQPgsO%GFtL$I
[KFIHKJ A,x8jXeTS�N\[mHVUW%GFtLK[KFIHKJ o LiPg}Cswe]s-LmY�vtjXeµJ,e]HKsI}XFte]J,e]YkvaLKo"o }GYCuGHKJ,e]YkvtHKlX% H=FIHKJ,egvwegFIs-o FtLmJ
vtjXeZY lQN YXe-I~stjGH$%�eKA�WZY LKFIuXegF vwL�eS��%Cl\LmN\v)vtjXeT% jrh1stNQPgs.%_LKvwe]YkvtNQHKl¶LKo[S�N\[mHVU�T�vtjXe:}CYGPSegFtvtHKNQYkv~h7LmY
vtjXe)lQ}CJµNQYXLmstNQv~h J)}CswvOD�e)HKs�stJ½HKlQl�HKs\/=5]7982#;: <_^ ?£A¬d�}GJµN YXLmstN\v�h`%CFte]PgNQstN\LmY�LKo6D�egvwvwegFEvtjCHKY]7982#ba
NQs8YXe]PSe]stsIH=Fth�vwL:swvt}GuGh`%CFtLiPSe]sIswe]sOlQNQ{Ke.�  � #Ecedf "dg# HKYGuM�  � #hcji� CiX# B MOjXegFte i uXe]YXLKvwe]s
o egFIJ½N\LmYGs	D�H=v�jGN\[mj e]YXegFt[mN\e]s]A x8jXe PSFtLmsts�swe]PSvtN\LmY¼o LKFk�l J�L# c d  d # NQs�swvwFtLmYG[ml\h�o LKFtM*H=FIu
%_e]H={Ke]ufTGlQH=Ft[Ke]l\h�uXLmJµNQYGH=vwe]u�Dih�v�I~PIjGHKYGYGe]lfYXe]}XvwFIN YXL�eS�1PzjGHKYX[KeKAqBm%GFte]PgN swe-lQ}GJµNQYGLmstN\v~h:J,e]HKst}XFte-I
J,e]YrvqNQs6YXege]uXe]u½vwL.%GFILKD_e8HKYGLmJµHKl\Lm}Gs��!n d PSLm}>%Cl NQYX[msgA�x8jXeo%GFILiPSe]stsp�  � #Mcji� XiX# NQsqswe]YGstN\vtNQbKe
vwL�YGegMq%Cjrh1stNQPgs*H=v4bKegFth�jGN\[mj�e]YXegFt[Kh�stPgHKl\e]s*b1NQH�NQYkvwegFto egFte]YGPSe�MON\vtj�vtjXeV^ivtHKYGuCH=FIukr�L1uXe]l�HKJ�%ClQNsI
vt}GuXeKA�x�L uXegvwe]PSv uGegbiNQH=vtNQLmY7o FILmJ vtjXe ^ivtHKYGuGH=FIutr�L1uXe]l�TC%GFte]PgNQsteµPSFtLmsts swe]PSvtN\LmY J,e]HKst}XFte]Jµe]Yrvts
H=FteaYXe]PSe]ststH=FIhKA

x8jXe¬y"jCH=DCjGHR%CFtLiPSe]sIsqN\vtste]l\o�L$,_egFIs"vtjXeN%�LmststN\D NQlQN\v�hVvwL�uXegvwegFIJµNQYGeOvtjXe¬FI}GYGYCNQYX[�LKofvtjXe¬e]l\e]PSvwFtL$I
JµH=[mYXegvtNQP¬PSLm}>%ClQN YX[6u HKs*H)o }CYGPSvtN\LmY:LKofvtjXe¬o Lm}XFvI~J,LmJ,e]Ykvt}GJ vwFzHKYGswo egF*swPk}GH=FIe]unT2x$y�A6x8jXeE{iYGLcMOlKI
e]uX[KeVLKo�upBzx y D8NQsENQJ�%�LKFtvtHKYkv8D�e]PgHK}Gswe N\vtsOPg}XFIFte]Yrv¬}GYGPSegFtvtHKN Yrv�h�lQNQJµN\vts*vtjGe)HKPgPg}XFIHKPSh�MON\vtj�MEjGNQPIj
%GFte]uGNQPSvtNQLmYGs6o LKF*vtjXeEe]lQe]PSvwFtLcM"e]H={kPk}GHKYkvtN\vtN\e]s]Tist}CPIj�HKs*vtjXe�@EN\[K[ms4J½HKstsgT1PgHKY�D_e�JµHKuXe¬MON\vtjCNQYµvtjXe
^ivtHKYGuGH=FIu{r�LiuXe]l£A�B*v6S-N\[mHVU�T_vtjXe�FI}GYGYGN YX[µLKo|u PgHKY�D_e}%GFtLKD�e]u!o LKF\x$y�~�B�7$14/�S¬e9��D�y�A-WZY vtjGNQs
x y Fteg[mNQLmY�YXL�%GFte]PgN sweaPSFtLmstsEswe]PSvtN\LmY�J,e]HKsI}XFte]J,e]Ykvts8LKo�vtjXeR%GFILiPSe]sts[�  � #Mc jCHKuXFtLmYGs*eS�XNQswv < � ?£A

p6Fte]PgN stN\LmY½Jµe]HKst}XFte]J,e]Ykvts"LKonvtjXe�l\e9%GvwLmYGNQPEHKYGu�jGHKuXFtLmYGN P�%GFtL1uG}GPSvtN\LmY:PSFtLmsts"swe]PSvtN\LmYGs*NQY`�l "�L#
NQYrvwegFzHKPSvtN\LmYGs�H=Fte H!sIN\[mYGNsGCPgHKYkv}%CH=Ftv LKoOHKlQlp%CjkhistN Pgs.%GFILK[KFIHKJµs < 3@?£A x8jXe�%GFte]PgNQsIN\LmY MEN\vtj MEjGNQPIj
st}GPIj�PSFtLmsts+I~swe]PSvtN\LmYGs4PgHKY�D�e¬Jµe]HKst}XFte]u�NQs"lQNQJµN\vwe]u½Dkh½vtjXeEeS��%�egFINQJ,e]YkvtHKl egFtFtLKF*LmY�vtjXe¬l }GJµNQYXLmsIN\v~h
LKo_vtjGeEPSLmlQlQN uGNQYX[�D�e]HKJµsgAx8jXeOD_e]stv¶lQ}GJµN YXLmstN\v�h)J,e]HKst}GFte]J,e]Ykv¶M*HKs�%�egFto LKFIJ,e]uµH=v"d��qp <_� ?£TiDCHKswe]u
LmY stJµHKl l8HKYX[ml\e y"jCH=DCjGH stPgH=vwvwegFzNQYX[ PSFILmsts:ste]PSvtN\LmY Jµe]HKst}XFte]u NQY�vtjXeE��p�BEd stNQl NQPSLmY�I£vt}GYX[mstvwe]Y
lQ}GJµNQYGLmJ,egvwegF]A-x8jXe,HKPIjCN\egbKe]u7Fte]lQH=vtNQbKe�sthiswvwe]J½H=vtNQP}%GFte]PgNQstNQLmY!LmY�lQ}CJµNQYXLmstNQv~h�J,e]HKst}GFte]J,e]Ykv¬M*HKs
^ 1 � 5t798 #;: T�sIN\[mYGNsGCPgHKYkvtl\h�D�e]l\LcM vtjXe�Fte]lQH=vtNQbKe)vtjXegLKFIegvtNQPgHKl&}GYGPSegFtvtHKNQYkv~h�LKo|321 � 5]798 #;: Pg}XFtFte]Ykvtl\h
HKststN\[mYXe]u:vwL vtjXe\�-��� PgHKl Pg}GlQH=vtN\LmY:LKofvtjXe�y*jGH=DCjGH)stPgH=vwvwegFINQYX[,PSFtLmsIs"ste]PSvtN\LmY <�� ?£A"�¼N\vtj:vtjGNQs"l\egbKe]l
LKo�HKPgPg}XFzHKPSh�H=vOvtjXe-W«dCA¬TCvtjXe-vwLL%�Pi}GH=Ft{�JµHKstsEPSLm}GlQu D�eauXegvwegFIJ½NQYXe]u�MON\vtj H=%GFte]PgNQstNQLmY�LKo&Hµo egM
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vwe]YGs¶LKo'r�e9� <�� ?�HKYGu:vtjXe d D�LmswLmY:JµHKsts"PSLm}GlQu½D_e¬J,e]HKst}XFIe]uµvwL�H=FtLm}GYGu � r�e9� <�� ?£A6B¬PIjGNQegbiNQYG[
vtjGNQs4l\egbKe]lnLKoC%GFte]PgN stN\LmY NQs*LmYXeVLKo�vtjGe-vtHKsw{isOo HKPgN YX[,vtjXeaW«dCA¼PSLmJµJ }GYGNQv~hKA

x�L�HKPIjCN\egbKeaH.%CFte]PgNQswe�uXegvwegFIJµN YGH=vtN\LmY:LKofvtjXe�y"jCH=DCjGH stPgH=vwvwegFINQYX[�FIH=vwe]s]TGHV[KLiLiu`%�LmstN\vtNQLmY½HKYGu
e]YXegFt[KhVFIe]swLmlQ}XvtN\LmY)LKo_vtjXe4lQ}GJµNQYGLmJ,egvwegF�H=FIe"FIeQPk}GNQFte]unA�xOjXeO%_LmsIN\vtN\LmY)Fte]swLmlQ}XvtNQLmY)NQs&YXege]uGe]u�o LKFvtjXe
%GFte]PgNQswe�uXegvwegFIJ½NQYGH=vtN\LmY:LKo�vtjGe�HKPgPSe9%CvtHKYGPSeaLKo�vtjGe�PgHKlQLKFINQJ,egvwegF��1vtjXe-e]YGegFt[Kh½Fte]stLmlQ}XvtN\LmY�NQs*YXege]uXe]u
vwLVuGNQswvtN YX[m}GNQstj)vwFI}Xe8y*jGH=D jGH-egbKe]Ykvts¶o FtLmJ�vtjXeOL$,)I~J,LmJµe]Yrvt}GJºD�e]HKJg%CH=FtvtN Pgl\e]sMOjGN PIj,PSLmYkvwFIN\DC}Xvwe
vwLµvtjXe-DCHKPI{k[KFtLm}CYGunA
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x8jXeµlQNQYGe]H=FVPSLmlQlQNQuGegFaMONQlQl&PSLmYGsINQswvaLKo4v�MqL lQNQYXe]H=FVHKPgPSe]lQegFIH=vwLKFIsgTo LKFVe]l\e]PSvwFILmYGsVHKYGu o LKF6%�LmstN\vwFtLmYGs]T
DGFINQYX[mN YX[�D_e]HKJ½sqNQYkvwLVe]NQvtjXegF"H jXe]HKu�I£LmY�PSLmlQlQN stN\LmY,LKF*H)PSLml lQNQstN\LmYµMON\vtj½H stJµHKl lCPSFtLmstsINQYX[VHKYX[mlQe�B }>%
vwL�/$8½J,FzHKu)D*H=vOvtjGe)l\L1PgH=vtN\LmY LKo6Hµl H=Ft[KeR%CH=FtvtN Pgl\eVuXegvwe]PSvwLKF]A4x�L:HKPzjGN\egbKeVvtjGe)YXe]PSe]stsIH=Fth PSLmlQlQNQstNQLmY
e]YXegFt[KhKTGvtjXe-L$bKegFIHKlQl�PSLmJ�%Cl\eS��MONQlQl�YXege]u�vwLµD�eaJ,LKFte-vtjGHKY ^ 8,{iJ l\LmYX[XA

x8jXe PIjGHKlQlQe]YX[Ke]sEN Y�vtjXe6%GFtL��we]PSv¬H=Fte eS�1e]J�%ClQNsGCe]u Dkh vtjGe)vwFIHKYCswbKegFIswe)D_e]HKJ stN\Rge]s¬H=v�PSLmlQlQNQstNQLmY
B Hao egM YGHKYXLmJµegvwegFIs	DzTrDih,vtjXe8FIeQPk}GNQFte]J,e]YkvLKonbKegFth,jGN\[mj,e]l\e]PSvwFzNQP�GGe]lQuµ[KFIHKuGN\e]Ykvts6vwL HKPIjGN\egbKe�lQH=Ft[Ke
e]YXegFt[mN\e]sgT1HKYGu½DkhµvtjGeEswvwFIN YX[Ke]Yrv"PSLmYrvwFILml LKo�vtjXeOD�e]HKJµs"YXege]uXe]u�uG}XFIN YX[-vtjXe�HKPgPSe]l\egFIH=vtN\LmY`%GFtL1PSe]stsgA

x8jXe,DCHKste]lQNQYXe�PSe]YrvwegFvI£LKo I~JµHKsIs)e]YGegFt[Kh!MENQlQl�D�e�3$8L8{S¬e9� TfMON\vtj�vtjXe:PgH$%CH=DCNQlQNQv~h�vwL!l\LcM"egFVvtjXe
e]YXegFt[Kh vwL�H=D_Lm}Gv � 8kS¬e9� o LKF¬swLmJµe)J,e]HKst}GFte]J,e]Ykvts¬HKYCu�PgHKlQN\DCFIH=vtN\LmYGs}B S�N\[mHVUh%GFtL��we]PSv <�� ? DzAEBEY
NQYGPSFte]HKswe�LKo¬vtjXe PSe]YrvwegF+I£LKo I~JµHKsts½e]YXegFt[Kh vwL 7�x�e9� MONQlQl¶D_e`%�LmststN\D l\eKA ^iegbKegFIHKlO%CjkhisINQPgs�swvt}GuGN\e]s
uXe]JµHKYGu�vtjGH=vOvtjXeae]YXegFt[Kh�D�eaHKu��t}GswvtH=DClQeaswL½HKs8vwL:stPgHKY�HKPSFtLmsIso%CH=FtvtN Pgl\e\%GFtL1uG}GPSvtN\LmY�vtjXFIe]stjXLmlQuGs]A
x�L�J,egegv�vtjXe{%CjkhistN Pgsµ[KLmHKlQsgTEvtjXe7JµHKPIjCNQYXe�lQ}GJµNQYGLmstN\v~h�H=v03$8L8 S¬e9� sIjXLm}GlQu D_e jGN\[mjXegF�vtjGHKY
798 a�: PgJ #by s #�� A6x8jXe-H=DCNQlQNQv~hµvwLµuGN swvtNQYX[m}GN stjµJµHKYkh�N YrvwegFte]stvtNQYX[�%GFtL1PSe]stswe]s*o FtLmJ e]HKPIj�LKvtjXegF]TGHKYGu
o FtLmJºDCHKPI{k[KFtLm}CYGuGs"uG}XeOvwL {1YXLcMOY�Fte]HKPSvtNQLmYGsgT1NQs¶e]YCjGHKYGPSe]u:Dkh=%CFtLcb1NQuGNQYG[al\LmYX[mN\vt}GuCNQYGHKl>%�LmlQH=FINQRge]u
e]l\e]PSvwFtLmYGs8HKYCuk%�LmstN\vwFtLmYGs]A&xOjXe-DCHKswe]lQN YXe�e]l\e]PSvwFtLmY D�e]HKJ %�LmlQH=FINQR]H=vtN\LmY�MONQlQl_D�e � 8�� <�� ?£A

����� �����! " "#�$&%('�$)%+*-,
B DCNQ[8PSFtLmststNQYG[8HKYX[ml\e¶NQYavtjXe6NQYkvwegFIHKPSvtN\LmYaFIeg[mN\LmY-M"Lm}GlQuaPSLmJ�% lQNQPgH=vwe6vtjXeqlQ}GJµNQYGLmstN\v~hEJ,e]HKst}XFte]Jµe]YrvgA
x8jXe,D�e]HKJ�%CH=FIvtNQPgl\e]saHKYGu DCHKPt{1stPgH=vwvwegFte]uW%CH=FIvtNQPgl\e]s-MON lQl&jGH]bKe�H�DCN\[K[KegFVvwFIHKYGswbKegFIste:J,LmJ,e]Ykvt}GJ
NQY�vtjXe�FIeg[mN\LmY LKo�vtjXe�J½H=[mYXegvtNQP0GCe]lQu HKYGu vtjXe�vwLKvtHKlEDCHKPt{i[KFtLm}GYGu MONQlQl*NQYCPSFte]HKsweKA ��YXe LKo-vtjXe
PIjGHKlQlQe]YX[Ke]saLKo*vtjGNQsVswvt}GuXh�MONQl l�D�eµvwL uXe]HKl6MEN\vtj7vtjXe½N YGjXLmJ,LK[Ke]YXe]NQv~h7HKYGu HKsthiJµJµegvwFth7NQY7vtjXe/.
HKYX[ml\e-LKo&vtjGNQs4D HKPt{i[KFtLm}GYGunAqB stvt}GuXh�LKo&jGLcM vtjGe\%GFte]PgNQstNQLmY�LKo�vtjGeVlQ}GJµN YXLmstN\v�h½J,e]HKst}XFIe]J,e]YrvOD_e
NQY10C}Xe]YCPSe]u:Dih�uGNK,�egFte]Yrv8PSFILmststNQYX[µHKYG[ml\e]s8PgHKY�D�e�o Lm}GYGu�e]lQswegMEjXegFte < 798$?£A

2 34���657���98;:"�p�b����� �w�<�

�¶lQHKswvtN P¬y*jGH=D jGH,stPgH=vwvwegFINQYG[�B swege)|&N\[07lD4NQs4vtjXe\%GFILiPSe]sts

�  � # c �  � # 1 B�7lD

p¶}XFte-e]l HKswvtNQPVy*jGH=D jGHµstPgH=vwvwegFIN YX[:YXegbKegF¬L1PgPg}XFIsgT_HKsOvtjXe6%GFtL1PSe]stsON s8HKl\M*H]h1s¬HKPgPSLmJ=%CHKYGN\e]u�Dkh vtjXe
e]JµNQststNQLmY:LKo�e]l\e]PSvwFtLmJ½H=[mYXegvtNQP-FIHKuCNQH=vtN\LmYnA6x8jGe¬FzHKuGNQH=vwe]uZ%CjXLKvwLmYCs8H=FteaJ,LmswvtlQh:e]JµNQvwvwe]u�HKl\LmYX[,vtjXe
uGN\Fte]PSvtN\LmYµLKonvtjXeo%CH=Fte]Ykv�% H=FtvtNQPgl\e]sqHKYGuµvtjXegFIego LKFteEvtjXeEN YrvtNQHKlCswvtH=vweEFzHKuGNQH=vtN\LmY,FIe]JµHKNQYGsq}GYGuXegvwe]PSvwe]u

/



NQY�vtjXe-D�e]HKJ %CNs%�eKTiMOjGNQl\e¬vtjXe\GCYCHKlnswvtH=vweaFIHKuGN H=vtN\LmY�MONQlQl D�eaH=DCswLKFtD�e]u�NQYkvwL,vtjXe-e]l\e]PSvwFtLmJ½H=[mYXegvtNQP
stjXLcM"egF8LKo&vtjXe\GCYCHKlnswvtH=vwe)l\e9%CvwLmYnA
yqLKvtj��!HKYGu�Y��¬eS�1PzjGHKYX[KeKTCNQY�vtjGe��VHKYGu�vtjXe��"PIjGHKYGYGe]l�TGPSLmYrvwFzN\DC}Xvwe�vwL,vtjXeauGNs,_egFte]YkvtNQHKl�y*jGH=DCjGH
PSFtLmsts-swe]PSvtN\LmY B stege < 7L79? D¬HKs-stjXLcMEY7NQY�|�NQ[XAJ7=A @OL$MqegbKegFcT�o LKF-stJµHKlQl&stPgH=vwvwegFIN YX[�HKYX[ml\e]sgTfsI}GPIj7HKs

|&N\[m}GFte�7��q|Xegh1YGJµHKY�uCNQH=[KFIHKJµs8PSLmYkvwFIN\D }XvtNQYX[�vwL½y*jGH=DCjCH,stPgH=vwvwegFINQYX[XA
	�
 798��T1vtjXe-y"jCH=DCjGH�stPgH=vwvwegFINQYG[�N squXLmJ½NQYGH=vwe]uEB�� � � � LKofvtjGe�PSFILmsts4swe]PSvtN\LmY)D¶DihµvtjXe��¶PzjGHKYGYXe]l
eS�1PzjGHKYX[KeaLKoH�%CjGLKvwLmY�HKYGu vtjXeaPSFILmstsOswe]PSvtNQLmY�PgHKY�D�e-eS��%GFte]stswe]u�Dih� &����� u'y

/�� � 7���PSLms+:VB 	�� /*DsINQY : B 	�� /*D � / PSLmsv:*B 	�� /*DstNQY y B 	�� /*D � 7���PSLmsvy 	
/ ��� B /*D

MOjXegFte:vtjXe�GCFIswv)HKYCu vtjXe�lQHKswv vwegFIJµs�PSLKFtFIe]s+%�LmYGu vwL�� eS�XPIjGHKYX[Ke NQY vtjXe �aHKYGu!�9I~PzjGHKYGYXe]l sVFte-I
s+%�e]PSvtN\bKe]l\hKTMOjGN l\e½vtjXe swe]PSLmYCu�vwegFIJ Fte 0Ge]PSvts�vtjXe"� � �VPzjGHKYGYXe]l4NQYkvwegFto egFte]YGPSeKA x8jGe�HKYX[mlQe 	 NQsvtjXe\%�LmlQH=F8HKYX[ml\e-LKo�vtjXeastPgH=vwvwegFte]u�e]l\e]PSvwFtLmY]B %_LmsIN\vwFtLmY)D¶MON\vtj�FIe]s+%�e]PSv4vwLµvtjXe-D�e]HKJ Tbu NQs*vtjXe\GCYXe
swvwFI}GPSvt}XFIe:PSLmYGswvtHKYkv,HKYGu#� NQs)vtjXe�PSe]YkvwegF+I£LKo I~JµHKsts,e]YGegFt[Kh svPi}GH=Fte]unA B*v,stJµHKlQl¶b�HKlQ}Ge]s)LKo 	 vtjXe
HKYX[m}GlQH=F8s+%�e]PSvwFI}CJ jGHKs8HµstN J�%Cl\e-H$%;%GFIL]�XNQJµH=vwe-o LKFIJ � & � � 	%$ 7 �&	 a A

x8jXe�vwLKvtHKl6y"LKFIY7PSFtLmsIs-swe]PSvtN\LmY7o LKFay*jGH=DCjGH�stPgH=vwvwegFIN YX[�NQYkvweg[KFIH=vwe]u7LcbKegF�/ � 
'	(
 � 8J,FIHKu
NQs*H=D_Lm}Gv � YkD�H=v*) � � 3$8L8�S¬e9� AG|XLKFEvtjXe�eS�2%�e]PSvwe]u�lQ}CJµNQYXLmstNQv~hµLKo,+ � ^ 1 ��- 798 a�: PgJ #by s #�� vtjXeFte]st}Gl\vtN YX[)egbKe]YkvOFzH=vweKT/.�021mT NQs4H=D�Lm}Xv/$8L8½@ERKA
3 3 ���o���;�����6��4w���<�
^1NQYGPSe�vtjXe�vwFIH �we]PSvwLKFIN\e]sµLKoEvtjXe�JµLcb1NQYX[E%CH=FtvtN Pgl\e]s,NQY�vtjXe DC}CYGPIjXe]s,H=FIe D_e]Ykv,uG}Xe vwL7vtjXek% NQYGPIj
e-,_e]PSvgTfvtjGegh�e]JµN\v¬FIHKuGN H=vtN\LmY�PgHKlQl\e]u D�e]HKJµswvwFIHKjGl }GYX[XA-�EsI}GHKlQl\h D�e]HKJµswvwFzHKjGlQ}GYX[�NQs�PIjGH=FzHKPSvwegFIN\Rge]u
Dkh7H�uCNQJ,e]YGstNQLmYGl\e]sts�%CH=FzHKJ,egvwegF PgHKl l\e]u vtjXe:[ml\LKDCHKl¶D_e]HKJ½swvwFIHKjGlQ}CYX[k%CH=FIHKJ,egvwegF65 A x8jXe75 %CH@I
FIHKJ,egvwegF8PSLmYkvwFtLmlQs"vtjXe�LcbKegFIHKl l�FIHKuGNQH=vtN\LmY�NQYkvwe]YGstN\v�h½HKYGu�uXe9%�e]YGuGsqLmYGl\h,LmY HcbKegFIH=[Ke]u [ml\LKD HKl D�e]HKJ
%CH=FIHKJ,egvwegFIs < 7Q/1TJ7 ^ ?*Tnx8jXe)HcbKegFIH=[Ke,b=HKlQ}Xe LKo85�o LKF�vtjXe}%GFtLL%�Lmswe]u PSLmlQlQNQuXegFENQs�9 81A�8*3iAax8jCNQs8Fte-I
st}Gl\vtsqNQY½H)J,e]HKY�Yk}GJ)D�egF¶LKone]JµNQvwvwe]u�% jXLKvwLmYGs"uG}Xe8vwL D�e]HKJµswvwFIHKjGl }GYX[aLKo;:=<%>�7=A � %�egFqe]l\e]PSvwFtLmYnA

^



x8jXe½HcbKegFIH=[Ke FIHKuGNQH=vtNQbKeµe]YXegFt[Kh lQLmstsVuG}Ge½vwL�D�e]HKJµstvwFIHKjGlQ}GYG[XT����*TNQs%9 � ��A�x8jCNQsaJ,e]HKYGs)vtjGH=v
DkhµuXe]PSFIe]HKstNQYX[�&���LmYXe�PgHKY�NQYGPSFte]HKswe¬vtjXe�lQ}GJµN YXLmstN\v�h)MOjCNQl\e8vtjXe¬e]YXegFt[Kh:l\LmstsqFte]JµHKNQYGs"}GYGPzjGHKYX[Ke]unA
x8jXe-H]bKegFIH=[Ke}%CjXLKvwLmY�e]YXegFt[Kh�NQs��	� ~�
 /iA ^ ����������¬A
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x8jXFtege uXegvwe]PSvwLKFIs�H=Fte�NQYrvwe]YCuXe]u�vwL�PSLcbKegF-vtjGe)bKegFth�o LKFtM*H=FIu�Fteg[mN\LmY LKovtjXe o }Xvt}GFteaW«dCA uXegvwe]PSvwLKF]A
x8jXe]swe�H=FIe�vtjXe!y"e]HKJ�A4HKl�T*o LKF:o HKswv�lQ}GJµN YXLmstN\v�h o ege]u�I£DCHKPt{ HKYCu o LKF:uXegvwe]PSvwLKF�jXegFIJ,egvtN PgN\v~hKT4vtjXe
S�HKJ�A*HKlno LKFOlQ}CJµNQYXLmstNQv~h½J,LmYCN\vwLKFINQYX[,HKYGu�vtjXead�}GJ½N A*HKl_o LKFElQ}GJµNQYGLmstN\v~h:J,e]HKst}XFte]Jµe]YrvgA

x8jXe�JµH��XNQJµHKl"uGNQswvtHKYGPSe�D�egv~M"ege]Y�vtjXe�o LKFtM"H=Fzu PgHKlQLKFINQJ,egvwegFIs�y"e]HKJ�A*HKl4HKYCu d�}GJµN A4HKl¶HKYGu
vtjXe8NQYkvwegFIHKPSvtN\LmY,Fteg[mNQLmYµNQs6JµHKN YGl\hVuXegvwegFzJµNQYXe]u�Dih�vtjXe4o L1PgHKlGl\e]YG[Kvtj��! OLKo_vtjXeoGCYCHKl1o L1Pg}Gsswh1swvwe]J A
WZY�vtjXe.%GFte]swe]YkvOswvt}GuGh�H,b=HKlQ}Xe-LKo"�" � � 1H7Q3,M*HKsO}Gste]u < 7 � ?£AqxOjXeastPIjGe]JµH=vtNQP-b1N\egM�LKo&vtjXeVl H]hKLm}Xv
NQs4stjXL$MOY�NQY |&N\[XAb/iA

# 3 ������:$���������N� 
�%h������� � � 4
x8jXeEd�}GJµN A4HKlCPSLcbKegFzsO%_Lml H=F"HKYX[mlQe]s 	 o FtLmJ / � vwL � 7�J,FIHKu�MON\vtj½Fte]s+%�e]PSv"vwL vtjGeED�e]HKJ lQNQYXeKA&x8jXe
d�}GJµN A*HKl*NQsµPSLmJ�%�Lmswe]u�LKo-sweg[mJµe]Yrvwe]u¼stNQlQN PSLmY�swe]YGswLKFIs½lQH]hKegFIs�NQYkvwegFIs+%�egFIswe]u�D�egv�Mqege]Y vt}GYX[mswvwe]Y
uGNQsw{1sgA��qHKPIj�lQH]hKegF*NQsqPSLmJ�%�Lmswe]uµLKonHVsINQlQNQPSLmY,swe]YCswLKF�%Cl HKYXe4LKo'3$8L8'&�( vtjCNQPt{1YXe]stsqHKYGu½HVvt}GYX[mswvwe]Y�I
stNQlQNQPSLmY JµN��1vt}XFteµLKoN81A ^@� PgJ LKoEvt}GYX[mswvwe]Y�HKYGu]81A ^ 7 PgJ stNQlQN PSLmY swe]YGstLKFIs)HKYCu e]lQe]PSvwFtLmYGNQPgsgA�x8jXe
PSLmJ�%�LmstN\vtN\LmY:Fte 0Ge]PSvts*vtjXe�%GFIe]swe]YGPSe�LKo�e]l\e]PSvwFILmYGNQPED_LmH=FzuGsgTiMOjGNQPzj:MENQlQlGD�e�NQYGswegFIvwe]u½LmY�D�LKvtj�stNQuXe]s
LKo�e]HKPzj�vt}CYX[mswvwe]Y0% lQH=vweKAqx8jGe-Fte]st}Gl\vtN YX[µJ,L1uG}Gl\e�vtjGNQPI{iYGe]sts8NQso81A � 3:PgJ HKYCu�PSLKFtFte]s+%�LmYGuCs4vwL½LmYXe
FIHKuGNQH=vtN\LmY lQe]YX[Kvtj < 7 � ?£A

x8jXe*d�}GJ½N A*HKliNQs�eS�2%�e]PSvwe]u,vwL-jGHcbKeOst}*)½PgNQe]Yrv&uXe9%Gvtj,HKYGu�H�GCYGe"sweg[mJµe]YrvtH=vtN\LmYfA6x8jXe*uXegvwe]PSvwLKF
NQsqsI}XDnuGN\b1NQuXe]u�FIHKuGN HKlQl\h,NQYkvwL`7Q3 PSh1lQNQYGuXegFzsgTkH=R]NQJ }XvtjGHKl l\hµNQYkvwL�/ � swe]PSvwLKFIs4HKYCu�lQLmYX[mN\vt}GuGN YGHKlQl\h NQYrvwL
^ 8!lQHchKegFIsgA x8jXe½vwFzHKYGswbKegFIswe:[KFIHKYi}GlQH=FIN\v�h NQsVsIjXLcMOY NQY |�NQ[XA ^ A x8jXe:PSe]l l6vwFIHKYGstbKegFIswe�stN\Rge:N sVLmYXe
r�LmlQN,+egFIeaFIHKuGNQ}CsgA�xOjXe-vwLKvtHKl�Yi}GJ)D_egFOLKo�PSe]lQl s.B e]l\e]PSvwFtLmYGN P-PIjGHKYGYGe]lQs	D"NQsR7981T � 8L81A

x4M"L NQuGe]YrvtNQPgHKl*PgHKl\LKFzNQJ,egvwegFIsgTLmYGe�LmY vtjXe�e]l\e]PSvwFILmY sINQuXe�HKYGu vtjGe�ste]PSLmYGu�o LKF�vtjXe`%�LmstN\vwFtLmY
stNQuXe�H=Fte�%�LmstN\vtN\LmYXe]u�H=v8H�uGNQswvtHKYCPSe¬LKo ^ A�8*3,J o FtLmJ vtjXeaNQYkvwegFIHKPSvtN\LmYZ%�LmNQYkv�B W«ppDqHKl\LmYX[�vtjXe-R-I~H��XNQs
B D_e]HKJ lQNQYXe!DzA

-���� . ,0/21&'�$&#�/ '�*43),  �#�%!$

Bm%�LmstsIN\DCl\eaJ,e]PzjGHKYGNQPgHKl�uXe]stN\[mY�LKovtjXe)d�}GJµN A4HKlnNQsOstjGLcMOY!NQY�|&N\[XA � AEx8jXeVPgHKl\LKFzNQJ,egvwegFEPSLmYCstNQswvts
LKo4v~M"L jGHKl\o*DCH=FtFte]l sVvwL�HKlQl\L$Mºo LKF,J,Lm}GYkvtNQYX[�LmY vtjXe:D�e]HKJ % Ns%�eKA���NK,_egFIe]Yrv D�Lml\v)H=FtFzH]h1s PgH=FIFth
vtjXeµvt}GYX[mstvwe]Y jGHKl\o*uGNQst{is-HKYGu vtjXe½swe]YCswLKF)jGHKlQo"lQHchKegFIsgA�x8jXe,v�MqL o FzHKJ,e]sVH=Fte:uXe]PSLm}>%Cl\e]ufT�jXe]YGPSe
vtjXeµstNQlQN PSLmY stvwFI}GPSvt}XFteµuGLke]saYGLKvVst}�,�egFa[KFIHcbiN\vtH=vtNQLmYGHKl6stH=[ uG}Xe�vwL�vtjXe½jGe]H]bihKT � 8L8�{k[XT�vt}GYX[mswvwe]Y
uGNQsw{1sgAOx8jGe stN lQNQPSLmY�ste]YGswLKFIs¬H=Fte [mlQ}Xe]u!LmY HM7�JµJ�vtjGNQPt{!PSegFIHKJµNQP st}>%;%�LKFtvgA-^iLmJ,e�s+%CHKPSe�NQs¬l\ego v
o LKF8D�LmYGuCNQYX[XA

x8jXe-o FIHKJ,eao LKF8vtjXe)stNQlQNQPSLmY l H]hKegFEjCHKs4vwL½o }GlsGCl lCvtjXeVeS�ivwFte]Jµe.%GFte]PgN stN\LmY�FteQPi}GN\Fte]J,e]Ykvts4o LKFOvtjXe
swe]YGswLKF\%�LmstN\vtNQLmYGNQYX[XA-W«Y LKFIuXegF-vwL D�e,H=DCl\e�vwL�st}XFtbKegh!vtjXe�%GFte]PgN stN\LmY lQH]hKegFIsVNQY vtjXeµPSe]YrvwegFVLKoqvtjXe
uXegbiN PSe¬H=o vwegF8J,Lm}GYkvtNQYX[XTivtjXe-st}>%;%�LKFtvqFINQYX[ PSLmYrvtHKN YGs4jXLml\e]sgAx8jGe[%GFIe]PgNQstN\LmY:LKofvtjXe�LL%GvtNQPgHKl�st}GFtbKegh
J)}Gstv4D_e-NQY�vtjGe�&�(�FIHKYX[KeKA¶xOjXe\%�LmstN\vtN\LmYGs"LKo�vtjXeav�MqL�jGHKl\o I£DCH=FtFte]lQs"MONQvtj�Fte]s+%�e]PSv4vwLµe]HKPIj!LKvtjXegF

�



|�NQ[m}XFte./��¶d�H]hKLm}XvELKo�vtjXeVo LKFtM*H=FIu FIeg[mN\LmY < 7Q3@?£A
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|&N\[m}XFte ^ �qx�FIHKYCswbKegFIsweVsI}XDnuGN\b1NQuGN\LmY,LKojGHKlQo�HµJ,L1uG}GlQeKT�7Q3µPShilQN YGuXegFIs*HKYGuh7Q/µswe]PSvwLKFIsgTCN s8stjXL$MOYnA
MONQlQlnD�e6GX�ie]u!vtjXFtLm}G[mj�%GFIe]PgNQswe.% NQYGsOJµLm}GYrvwe]u�H=v¬vtjXe vwLL%�HKYCu!D�LKvwvwLmJ LKo6e]HKPzj�A�stjCH$%_e]u swvwege]l
o FIHKJµeKA6x8jXealQH=vwvwegF¬swvtH=DCNQlQNQRge]s*vtjXe-MOjXLml\eastvwFI}GPSvt}XFteKA

-�� � � *�#-%+$�� , $��/' $ 3��<�! "#���#-�!$ . �!$ #�� � ��# $)%
x8jXeOlQ}CJµNQYXLmstNQv~h)Jµe]HKst}XFte]J,e]Ykv¶FIeQPk}GNQFte]s"%GFte]PgN sweOHKlQN\[mYCJ,e]Yrv¶LKo_vtjGeOv~M"L�d�}GJµN A*HKlXuXegvwe]PSvwLKFIs"MON\vtj
Fte]s+%�e]PSv�vwL e]HKPIj�LKvtjGegF½HKYGuW%GFte]PgN sweZ%_LmsIN\vtN\LmYGNQYG[�MON\vtj Fte]sv%_e]PSv,vwL7vtjGe D_e]HKJ�I~lQNQYXe�HKYGu�vtjXe�NQY>I
vwegFIHKPSvtN\LmY %�LmNQYkvgA xOjXe�D�e]HKJ %CNs%�e NQs:HKstst}GJ,e]u vwL D�e�H st}CN\vtH=DCl\e�Ftego egFte]YGPSeKA BEl swL vtjXe�D�e]HKJ
%_LmsIN\vtN\LmY,J,LmYGNQvwLKFIs6H=Fte¬J,Lm}GYkvwe]u½H=v�GG�ie]uT%_LmsIN\vtN\LmYGsNQYCstNQuXe*vtjXeEb�HKPg}G}CJg%CNs%�eKA&x8jGNQs&M"Lm}GlQuµHKl l\LcM
uXegvwegFIJµNQYCNQYX[ vtjXeaHKPSvt}GHKl�d�}GJµN A4HKl)%�LmstNQvtN\LmY�MON\vtj�Fte]sv%_e]PSv4vwL½vtjXeaD�e]HKJ %�LmstN\vtN\LmYfA

x8jXe6NQYCYXegFnFIHKuGNQ}CsnLKo1vtjXe�%GFte]PgN stN\LmY-swe]YGstLKF�lQHchKegFIs�J }GswvfD�e{1YXLcMEYavwL67 &�( l\egbKe]l�T$vtjXeqHKPgPg}XFzHKPSh
NQY�vtjXe-vwFIHKYGswbKegFzstHKl�B	� ��
 D"uGNQs+% lQHKPSe]J,e]Ykv"MEN\vtj�Fte]s+%�e]PSv4vwL,vtjXe-D�e]HKJ NQs*FteQPi}GN\Fte]u�vwL,D�e�{iYGLcMOY�vwL
798L8'&fJ HKPgPg}XFIHKPShKTXHKYGu:vtjXeEuCNQswvtHKYGPSeED_egv�Mqege]Y�vtjXeEv~M"L,PgHKl\LKFINQJ,egvwegFzsqHKl\LmYG[VvtjXe¬D�e]HKJ H��XNQsqJ }Gswv
D_e�{1YXLcMEY vwL½HKY�HKPgPg}GFIHKPSh�LKo � 8�&fJ < 7 � ?£A

x8jXe[%_LmsIN\vtN\LmYµJ,LmYCN\vwLKFINQYX[)stjXLm}GlQu:YXLKv*NQYrvwegFIo egFteEMON\vtj½vtjXe¬Jµe]PIjGHKYGN PgHKl st};%;%�LKFtv6LKofvtjXe�uXegvwe]P I
vwLKF��njXe]YGPSe�HKY�LL%GvtN PgHKl�sthiswvwe]J NQs%GFtego egFtFte]unA¬x�L�J,e]HKst}GFte)vtjGe)vwFIHKYCswbKegFIstHKl�uGNQs+% lQHKPSe]J,e]YkvOLKo6vtjXe
d�}GJµN A*HKlXuXegvwe]PSvwLKF4MON\vtj½Fte]s+%�e]PSv¶vwL)vtjXe¬D_e]HKJ�%CNs%�eKTkH)lQHKswegF*swh1swvwe]J MEN\vtj½H�AoAO��JµH=vwFzN��µswe]YGswLKF
NQsO%ClQHKYGYGe]u < 7 � ?£A6x8jXe-FIHKuCNQH=vtN\LmY�uXLmsteaNQY�vtjGNQs4H=Fte]H½MONQlQl D�e\%GFtLKDCH=D l\h:st}�)½PgN\e]Ykvtl\h:l\L$MaA

x8jXe�AoAO� swe]YCswLKF�MONQlQlnD�e6%ClQHKPSe]u!D_egv�Mqege]Y�vtjGe)Fte]H=F-stN uXeaLKo6vtjXe�d�}CJµN A*HKl�PgHKl\LKFINQJ,egvwegF�HKYGu
vtjXeavt}GYX[mstvwe]Y!stjCN\e]lQunA"x8jXeVFzHKuGNQH=vtN\LmY�uGLmswe)NQY�vtjGH=v¬H=FIe]HµMONQl l�%GFtLKDCH=DClQh�YXLKvED�eaeS�ivwFIe]J,e]l\h�jGN\[mjfA
x8jXe:}Cswe½LKo8v�MONQY lQHKswegFIs NQY H�% H=FIHKlQl\e]l6PSLmY;GG[m}XFIH=vtN\LmY NQs PSLmYGstNQuGegFte]unA!xOjXe:uXegvwe]PSvwLKFµsIN\Rge:e]HKsINQl\h

�



|&N\[m}XFIe � �¶x8jXead�}GJµN A*HKl�J,e]PzjGHKYGNQPgHKl�uXe]stN\[mY < 7 � ?£A

�



HKlQl\LcMEs)o LKF�vtjGH=v,HKYGu�vtjXe HKl\[KLKFINQvtjGJµs PgHKY�PSLL%_e�MONQvtj v�MqL l HKswegF,s+%�LKvtsgA ^1}GPzj H�PSLmY>GC[m}XFIH=vtN\LmY
HKstst}XFte]s*D�egvwvwegFEFte]lQNQH=DCN lQN\v~hµN Y PgHKsweVLKo&HµlQHKswegFOo HKNQl }XFteKA

-���� ��#�* #�/ �!$�� , $  �� �� 
x8jXe)sINQlQNQPSLmY swe]YGswLKF�vtNQlQe]sOMON lQlfD�eV[ml }Xe]u vwL�H:vtjGNQPI{!PSegFIHKJ½NQP.G lQJ % lQH=vwe sI}>%;%�LKFtvtNQYX[ � swe]PSvwLKFzs-LKo
vtjXe,jGHKl\o I£DCH=FtFte]l�AaUOe]HKuXLm}XvaPzjGNs%Cs¬MONQl l�D�e}%ClQHKPSe]u�FIHKuGN HKlQl\h Lm}XvtstN uXe)vtjGeµuXegvwe]PSvwLKF]A}�7eµHKstst}GJ,e,H
81A43�JµJ [mH$%�D�egv~M"ege]Y vtjGe:vtNQlQe]s)HKYGu vtjXe�swe]PSvwLKFIsgA�x8jXe�stNQlQNQPSLmY�%CHKu uGN\L1uXe]saMON lQlD�e½vtjXe�}Gst}GHKl
%ClQHKYGH=F-stNQl NQPSLmY!ste]YGswLKFIsgA�U8ego egFte]YGPSe:JµH=Ft{1s-H=Fte,o LKFIe]swege]Y7LmY�vtjXeµuXegvwe]PSvwLKF st}XFto HKPSe�o LKF.%GFte]PgNQstNQLmY
%_LmsIN\vtN\LmYGNQYG[XA

-���� �<*�,0/ � ���!$ #�/1 
x8jXe:d�}GJµN A4HKle]l\e]PSvwFtLmYGN PgsgTe]s+%�e]PgNQHKlQl\h�vtjXe`%GFte]HKJ=%ClQNsGGegFzsgT�J }Gswv D_e�PgH=Ftego }GlQl\h7uXe]stNQ[mYXe]u vtH={1NQYX[
NQYrvwL�HKPgPSLm}GYkvN%�egFto LKFIJµHKYCPSeVvwL�D_e)LKDGvtHKNQYXe]u!o FtLmJ vtjGe J,LKFIe uXegvtHKN l\e]u�r{A stNQJ }GlQH=vtN\LmYGs]TClQNQJµNQvwe]u
s+%CHKPSe-o LKF4e]l\e]PSvwFtLmYGNQPgs4N Y�vtjXe�bKegFth:o LKFtM*H=FIu�Fteg[mN\LmY HKYCu HKPgPSe9%GvtH=DCl\eVjGe]H=v8uGNQststNH%CH=vtN\LmYnA&x8jXe-lQH=Ft[Ke
HKJ,Lm}GYkv4LKo�FIe]HKuXLm}XvOPzjGHKYGYXe]lQs*o H]bKLKFzsOvtjXeaN Yrvweg[KFIH=vtNQLmY LKo&vtjXeR%GFte]HKJ=%ClQNsGGegFzs¶MONQvtj�vtjXeVuXegvwe]PSvwLKF]A

A"LmYGYXe]PSvtNQLmY!o FtLmJ e]HKPzjE%CHKu vwL vtjXe�%GFte]HKJ�% lQNsGGegF¬PgHKY�D_e�JµHKuXe,}GsINQYX[�H�`VH$%GvwLmY�0GeS�1o LmNQl£T_H
swe]PSLmYGuµJ,egvtHKl lQH]hKegFqMON\vtj�vwFIHKPSe]s¶LmY,vtjXeOsINQlQNQPSLmY�st}XFIo HKPSe8LKFqJ,egvtHKlGvwFIHKPSe]s¶LmY,vtjXeOPSegFzHKJµNQP8st};%;%�LKFtv
%ClQH=vweKA7x�L�e]YGsI}XFte�JµNQYGNQJ½HKl6PSFtLmsts�vtHKl\{ o FtLmJ stNQ[mYGHKlQs NQY HKu"�wHKPSe]Ykvµswe]YGswLKFzsgT6`aH$%GvwLmY 0GeS�1o LmN l¶LKF
vwFIHKPSe]s¶LmY:PSegFIHKJµNQPgsqH=Fteo%GFIego egFtFIe]unAx8jXeo81A43aJ½J [mH$%½D�egv�Mqege]Y:vtNQl\e]s6N s6MONQuGe"e]YGLm}X[mjµo LKF¶D�LmYGuGN YX[
vtjXeo%CHKuGs6LKF"swvwFzNs%Cs&vwLVvwFzHKPSe]s¶LmY½vtjXeEPSegFIHKJ½NQP8st}>%b%_LKFIv"%ClQH=vweKA���YµH)swe]YGswLKF"jGHKl\o I %ClQHKYXeKTm}>%:vwL}/ �@�
PIjGHKYGYGe]lQs*LKo&vtjXe-Fte]HKuXLm}XvOe]l\e]PSvwFtLmYGNQPgsOYXege]u vwLµD�e\%ClQHKPSe]ufTXFteQPk}CN\FINQYX[�jGN\[mjCl\h½NQYkvweg[KFIH=vwe]u�PzjGNs%Cs]A

x�e]PzjGYXLml\LK[Kh LL%GvtN\LmYGs:H=Fte!FzHKuGNQH=vtN\LmY jGH=FIu AorM�a^�LKF�DCNs%�LmlQH=F�%GFte]HKJ=%ClQNsGGegFzsgA<x8jXe0%GFILL%_egF
vwe]PIjGYXLmlQLK[KhµMONQlQlGD_eEMqLKFI{Ke]u:Lm}Gv"NQY:Pgl\Lmswe�PSLmlQlQH=D�LKFIH=vtN\LmY½MON\vtj½LKvtjXegF4st}XD>I~uXegvwe]PSvwLKF*[KFtLm};%Cs¶vwL}GCYGu
H,swvtHKYGuGH=FIu�swLmlQ}XvtN\LmYfA

� 86�w� ��4v�p���v
[� 
�%h������� � � 4������	�`
[��� �
^1NQJ }GlQH=vtN\LmYGs*LKovtjGe)d�}CJµN A*HKl�%�egFto LKFIJµHKYCPSeaMqegFIe)uXLmYXe }GYGuXegFEvtjXFtege uGNK,�egFte]YrvEPSLmYGuGN\vtN\LmYCsgTGMON\vtj
NQYGPSFte]HKstN YX[ lQegbKe]l4LKo¬stLL%CjGNQswvtN PgH=vtN\LmY�LKoEvtjGek%Cjrh1stNQPgs,PgHKsteKA BEPgPSLKFzuGNQYX[ml\hKTqvtjXe o LmlQl\LcMENQYX[7stHKJ�%ClQe
MqegFte-[Ke]YGegFIH=vwe]u;�


 ^1NQYX[ml\e�%�LmstN\vwFILmYGs4HKYGu e]l\e]PSvwFILmYGs8MONQvtj�e]YXegFt[mN\e]s4D�egv�Mqege]Y{3$8µHKYGu � 8L8ZS¬e9� T }GYGNQo LKFIJ½l\h½uGNQs+I
vwFIN\DC}Xvwe]u�L$bKegFEvtjXe)uXegvwe]PSvwLKFEH=Fte]H1A


 y"jCH=DCjGH,stPgH=vwvwegFIN YX[½egbKe]Ykvts}B e]lQe]PSvwFtLmYGsgT)%_LmsIN\vwFtLmYGs4HKYGu0%CjXLKvwLmYGs	D4H=vO}>%�vwL�) � � � 8L8�S¬e9�½TNQYGPglQ}GuCNQYX[4NQYGN\vtN HKlKHKYGu.G YGHKlrswvtH=vwe*FIHKuCNQH=vtN\LmYnT=PgHKlQl\e]u6%C}XFteqy"jCH=DCjGH¬stPgH=vwvwegFINQYX[¬egbKe]YkvtsgTmjGN\vwvtNQYG[
D_LKvtj H=FzJµs4LKo&vtjXeauXegvwe]PSvwLKF]A


 y"jCH=DCjGH stPgH=vwvwegFINQYX[ egbKe]Ykvts8NQYGPglQ}CuGNQYX[-e-,�e]PSvts4LKo�YXLmJ½NQYGHKlGD�e]HKJ�I£e]YGegFt[Kh:s+%CFte]HKu:HKYCu:D�e]HKJ�I
swvwFIHKjGlQ}CYX[XA

|XLKFOe]HKPzj�stHKJ�% l\eKTXvtjXeVuXegvwe]PSvwLKFEFte]s+%�LmYGswe-M*HKsON YrbKe]swvtNQ[mH=vwe]u�NQY uXegvtHKN lQsgA

�



� ��� ��#�$&%!*-,��&' � ��#�/1*�,  
U8e]s+%�LmYGsweqvwL-stNQYX[ml\e"e]l\e]PSvwFtLmYCs�HKYCu6%�LmstNQvwFtLmYGs�egbKe]Yrvts&M*HKs&[Ke]YXegFIH=vwe]uµ}CstNQYX[8vtjGeoS-�¶B��Ex ^ A4/�7 < 7 � ?
uXegvwe]PSvwLKF�stNQJ }GlQH=vtN\LmY %CHKPI{�H=[KeKA ^XHKJ�%Cl\e]s:MqegFIe [Ke]YGegFIH=vwe]u<o LKF`% H=FtvtNQPgl\e]s:LKoae]YXegFt[mNQe]s03$81T6798L81T
7Q3$81TN/$8L81TN/L3$8 HKYGu � 8L8 S¬e9�)A4B�}GYCN\o LKFzJ0uGNQswvwFzN\DC}XvtN\LmY�N Y vtjXeM%�LmlQH=F:HKYGu¼H=R]NQJ }XvtjGHKl¬HKYX[ml\e]s
LKoavtjXeM%CH=FtvtNQPgl\e]s:M*HKs HKstst}GJ,e]ufA x8jGe�%CH=FIvtNQPgl\e]s:MqegFte�[Ke]YXegFzH=vwe]u MON\vtj 	 PSL$bKegFINQYX[�vtjXe FIHKYX[Ke
8�1�8*/ � � 	 � 8�1�8 � 8:FIHKunA

x8jXe]swe,stHKJ=%Cl\e]s¬MqegFIeµ}Gswe]u vwL�swvt}GuXh�vtjXe,DCHKstNQP6%GFtLL%�egFtvtNQe]sELKoqvtjXeµuXegvwe]PSvwLKFVsI}GPIj7HKs-e]YGegFt[Kh
PgHKlQN\DGFIH=vtNQLmYnTqe]YGegFt[Kh HKYGu HKYG[m}GlQH=F½FIe]swLmlQ}XvtN\LmYCsµHKs½M"e]lQlEHKs½o LKF½LL%GvtN JµN\R]NQYX[7vtjGe�Fte]PSLmYGstvwFI}GPSvtN\LmY
HKl\[KLKFIN\vtjGJ�A

� � � � 1)'�� 1&'(,	�+, $��  
x8jXe½y*@[� W���� egbKe]Yrv [Ke]YXegFIH=vwLKF < /$8L?"M"HKs }Gswe]u vwL�%CFtLiuC}GPSeµy*jGH=DCjGH!stPgH=vwvwegFINQYX[ egbKe]YkvtsgA�x8jXe
HKuXb�HKYkvtH=[Ke�LKofy*@�¼W�����L$bKegF"vtjGe¬y*@¬d���r�W <�� ?_[Ke]YXegFIH=vwLKF8NQs¶vtjGH=v*N\v¶PSLmYkvtHKNQYGsqvtjXeEe]lQe]PSvwFtL$I£Mqe]H={
PSLmYrvwFINQDC}XvtN\LmYGs]TiMEjGNQPIj�H=FteVNQJ�%�LKFtvtHKYkv8o LKF8vtjXe jGN\[mj�e]YXegFt[Kh0�! "�$# NQYkvwegFIHKPSvtN\LmYGsEPSLmYGstNQuGegFte]u�jXegFteKA
x8jXe v~M"L [Ke]YXegFIH=vwLKFIs-M"egFte,o Lm}GYGu vwLZ%GFtL1uG}GPSe�stNQJµN lQH=FOe]YXegFI[Kh uGN swvwFIN\DC}GvtN\LmYGs4o LKF-vtjXe�GCYGHKl�swvtH=vwe
%CH=FtvtNQPgl\e]s]A

^1HKJ�%ClQe]s8LKo798L8L8�egbKe]Ykvts�MON\vtj�PSe]YkvwegF+I£LKo I~JµHKsts�e]YXegFI[mN\e]sOLKoq}>%!vwL � 8L80S¬e9� M"egFte [Ke]YXegFIH=vwe]u
MON\vtj�y*@[� W����¼HKYCu�M"egFte)lQH=vwegFN%GFtL1PSe]stswe]u�vtjXFtLm}X[mj�vtjXe}S��qB
�¬x uXegvwe]PSvwLKF-stNQJ }GlQH=vtN\LmYnA"x8jXe]swe
stHKJ�%Cl\e]s�M"egFte8}Gswe]u�vwLa}CYGuXegFIswvtHKYCu)vtjGe�%GFtLL%�egFtvtN\e]s�LKo_y*jGH=D jGH�stPgH=vwvwegFINQYX[VegbKe]Yrvts6H=vqjGN\[mj e]YXegFt[KhKA

x8jXe�s+%�e]PSvwFI}GJ�LKo¶vtjXe,st}CJ LKoqvtjXe�e]l\e]PSvwFtLmY7HKYGu vtjXe}%�LmstN\vwFtLmY!e]YXegFt[mN\e]s�o LKF ) � � 3$8L8�S¬e9�
NQsastjXL$MOY NQY |&N\[XAC3iA�B¬s)eS�2%�e]PSvwe]unT&vtjXe:e]YXegFt[KhE%�e]H={is)H=v�3$8L8ES¬e9� HKYCu H�lQLmYX[�FIHKuGN H=vtN\bKe½vtHKNQl
vwLcM*H=FIuGsOlQLcM"egF8e]YXegFt[mN\e]sENQs*LKDCswegFIbKe]unA

|�NQ[m}XFte63�����NQswvwFINQDC}XvtN\LmY�LKovtjXe st}GJ LKovtjXe.GCYCHKl�swvtH=vwe e]l\e]PSvwFtLmY HKYGu�%_LmsIN\vwFtLmY o L:y*jGH=DCjCH½stPgH=v�I
vwegFINQYX[�egbKe]YkvtsgA"xOjXe�%_e]H={�LKDCstegFtbKe]u�H=v[3$8L8ZS¬e9��PSLKFtFte]s+%�LmYGuGs*vwL½vtjXeVNQYkvtNQHKl�e]YXegFt[KhKA

x8jXe�PSLKFtFIe]lQH=vtN\LmY�D�egv~M"ege]Y vtjGe��$# HKYGu vtjXe��l f%�LmlQH=FµHKYGu H=R]NQJ)}GvtjGHKl8HKYX[ml\e]s:NQs,stjXL$MOY NQY
|�NQ[XA � A:|XLKF J,LmswvaLKo*vtjXeµegbKe]YkvtsgT�vtjXeµe]l\e]PSvwFILmY HKYGuE%�LmstNQvwFtLmY7H=FteµDCHKPI{�vwL�DCHKPI{ A��6bKe]YkvtsaMON\vtj
uGNK,�egFte]YrvO%�LmlQH=F4LKFOH=R]N J)}XvtjCHKlnHKYX[ml\e]s4LKo"� # HKYGu0�  H=FteaJ,LmswvtlQh�uG}Ge¬vwL:NQYGN\vtNQHKl_swvtH=vwe)FIHKuGNQH=vtN\LmYfA

�



electron θgen [rad]
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electron φgen [rad]
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|�NQ[m}XFte � �}A"LKFtFIe]lQH=vtN\LmY7D�egv~M"ege]Y vtjGe,[Ke]YXegFIH=vwe]u e]l\e]PSvwFtLmY HKYGuh%_LmsIN\vwFtLmY7stPgH=vwvwegFIN YX[�HKYX[ml\eKT 	�� 0��
B l\ego v	D"HKYCu�H=R]NQJ }XvtjGHKlfHKYX[mlQe . � 0�� B FIN\[mjkv	DzA

x8jXe,J }Gl\vtNs%Cl NQPgN\v~h�LKo|%CjGLKvwLmYGs-[Ke]YXegFIH=vwe]u Dkh�y*@�¼W��¬� HKYGu7vtjGe]N\F-e]YXegFt[Kh7uGNQstvwFIN\DC}XvtNQLmY�H=Fte
stjXLcMEY NQY |&N\[XA � A¶x8jXe-HcbKegFIH=[Ke Yi}GJ)D�egF"LKoJ%CjGLKvwLmYGs*[Ke]YXegFIH=vwe]u�%_egF4egbKe]YkvEN so/iA ^ A¶x8jXeaJµH �wLKFIN\v�h
LKo�vtjXe\% jXLKvwLmYGs8jGHcbKe)l\L$M�e]YXegFt[Kh�HKYGu vtjGegFteVNQs4HµlQLmYX[�vtHKNQlnLKoC%CjXLKvwLmYGs4MEN\vtj�e]YXegFt[mN\e]sO}>%�vwL�/ � 8
S¬e9�)A

� ��� � , ' �  �&��, '�3
x8jXe�PSe]YkvwegF+I£LKo I~JµHKsts�e]YXegFt[Kh NQY vtjXe�PSLmlQl NQuXegFµMON lQl*D�e�{iYGLcMOY MON\vtj HKY HKPgPg}XFIHKPSh LKo=798L8t%;%CJ�A
@OL$MqegbKegF]TMEN\vtjGNQY7H�DC}GYGPzj7vtjXe½e]YGegFt[Kh7LKo4vtjXeµe]l\e]PSvwFILmYGs)HKYCuh%�LmstN\vwFtLmYCsaNQsas+%CFte]HKu H=FtLm}CYGu vtjXe
H]bKegFIH=[Ke:b�HKlQ}GeKA x�L�swvt}GuXh!vtjGNQs�e-,�e]PSvgT�H�S-HK}GststNQHKY D�e]HKJ s+%CFte]HKu�M"HKsVHKstst}GJ,e]u7HKYCu�v~M"L�PgHKswe]s
MqegFteaPSLmYCstNQuXegFte]u�HKs8NQY>%C}Gv"vwL:y"@[�¼W����8T


 81A�8*3�� s+%CFte]HKu7o FtLmJ�vtjXe½PSe]YkvwegF+I£LKo I~JµHKsts)e]YXegFt[KhKT&H�Yi}GJVD�egFaeS��%�e]PSvwe]u vwL�D�eµPgl\LmsteµvwL�vtjXe
HKPSvt}GHKlnD�e]HKJ�I~s+%GFIe]HKu�NQY�vtjXeaW«dCA B vtjGeVYk}CJVD�egF8NQs4e]stvtNQJµH=vwe]u vwLµD�eal\e]sIs4vtjGHKY081AH7 �=DzT


 81A43�� s+%GFIe]HKu�o FtLmJ
vtjXeVPSe]YkvwegF+I£LKo I~J½HKstsOe]YGegFt[KhKTGvwL:HKsIswe]sts8H,M"LKFIswv�I~PgHKste)stPSe]YGH=FzN\LXA

� ��� � , ' �  � ��'�1&*��&$&%
x8jXe}A"W«UoA*� < /�7-?&[Ke]YXegFIH=vwLKF�M"HKs�}Gste]u�vwL�stNQJ }GlQH=vweVvtjGeVe]YXegFt[Kh!l\Lmstswe]sOLKFIN\[mNQYGH=vtN YX[µo FtLmJ D�e]HKJ�I
swvwFIHKjGlQ}CYX[XAµx8jXe]swe:l\Lmstswe]sgT�vwLK[KegvtjXegF MON\vtj�vtjXe½y*jGH=D jGH�stPgH=vwvwegFIN YX[0%CjkhisINQPgs\%GFtL1PSe]sts\%�egFVsteKT�H=Fte
vtjXe-DCHKstNQs*o LKFE}CYGuXegFIswvtHKYCuGNQYX[)vtjXeae]YXegFt[Kh�s+%�e]PSvwFI}GJ
LKo�vtjXe)PSLmlQlQNQstNQLmYnA

x8jXe PSe]YrvwegF+I£LKo I~JµHKsts�e]YGegFt[Kh�s+%�e]PSvwFI}GJ eS�2%�e]PSvwe]u o LKF�H�lQNQYXe]H=F¬PSLmlQlQNQuXegFOLL%_egFzH=vwe]u H=v�HµD�e]HKJ
e]YXegFt[Kh�LKo�/L3$8�S¬e9�<NQs6sIjXLcMOY½NQY,|&N\[XA � A6|XLKF"PSLmJ�%Cl\egvwe]YXe]sIs¶Has+%�e]PSvwFI}CJ�MON\vtj,HKYGu½MON\vtjXLm}Gv&N YrvtNQHKl
swvtH=vwe,FIHKuGNQH=vtNQLmY!NQs�stjGLcMOYnAaB¬s-PgHKY�D�e stege]Y7NQY�vtjGe}GC[m}XFteKT�LmYGl\h�H�stJ½HKlQlC%CH=Ftv¬LKo¶vtjXe,s+%�e]PSvwFI}GJ
s+%GFte]HKu NQsOuG}Xe�vwLµD�e]HKJµswvwFIHKjClQ}GYX[,HKYGu D�e]HKJ�I~sv%GFte]HKunA
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MON\vtjXLm}XvRB Fte]u D"NQYGN\vtNQHKl�swvtH=vwe)FIHKuGNQH=vtNQLmYnA
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r�Lmstv8LKo�vtjGe-D_e]HKJ½swvwFIHKjGlQ}CYX[)FzHKuGNQH=vtN\LmY uGN stH$%;%�e]H=FIs*uXLcMEY�vtjXeaD�e]HKJ %CNs%�e�HKYGu�uXLie]s8YXLKv8jGNQv
vtjXe)lQ}CJµNQYXLmstNQv~h�uXegvwe]PSvwLKF]AEB�stvt}GuXh LKovtjXe)DCHKPt{i[KFtLm}GYGufT LKFINQ[mNQYGH=vtNQYX[½o FtLmJ D�e]HKJµswvwFIHKjGl }GYX[µHKYGu
jGN\vwvtNQYX[,vtjGeVuXegvwe]PSvwLKF�FteQPi}GN\Fte]s8}CstNQYX[µHKY!HKuGuGN\vtN\LmYCHKl�%Cjrh1stNQPgsO[Ke]YXegFIH=vwLKF�B S��EW �¬�¶BI~p6WvSRDOHKYGu�NQs
D_eghKLmYCu�vtjXeVstPSLL%�e-LKo&vtjGNQs4swvt}CuXhKA

�  �"� �):C��
� 86�	� ��4w�p���w
[�
x8jXe�lQ}GJµNQYGLmstN\v~h,uXegvwe]PSvwLKFEstNQJ }GlQH=vtN\LmY:M"HKsO%�egFto LKFIJ,e]u�}GsINQYX[VvtjGe�y*UEBE@�r ^ < /L/$?�% HKPt{=H=[KeaDCHKswe]u
LmY vtjXeaswvtHKYGuCH=FIu�S��qB
�¬x ^ A4/�7 < 7 � ? %CHKPt{=H=[KeVo LKFEuGegvwe]PSvwLKFEstNQJ }GlQH=vtNQLmYnA

x8jXe8d�}GJµN A*HKli[KegLmJ,egvwFIhµHKYGuµuXe9GCYCN\vtN\LmY LKonJµH=vwegFINQHKlQs]TmM"HKsqNQYkvwFtLiuC}GPSe]u,NQYkvwL6S��¶B��Ex Dkh�vtjXe
|XA*B¬d�PSLmlQlQH=D�LKFIH=vtN\LmY < / ^ ?GHKsH�PSLmJµJ,LmY�vwLiLml�A"r�LmstvLKoCvtjXe4swvt}GuCN\e]s�LKo vtjXe4uXegvwe]PSvwLKF�%�egFto LKFIJµHKYCPSe
MqegFte�DCHKste]u:LmY�vtjCNQsqN J�%Cl\e]J,e]YkvtH=vtN\LmYnA&W«Y�vtjXe�LL%GvtNQJµN\R]H=vtNQLmY�%CFtLiPSe]sIsgT1vtjXe-d�}GJµN A*HKlG[KegLmJ,egvwFIh�NQY
S��¶B��Ex�M"HKsEJ,LiuCNsGGe]u�HKPgPSLKFIuGNQYG[ml\hKA

� ���N���N�g�)��4v�):C���v
[�
��YXe-LKovtjXea{Kegh�N stst}Xe]s8N Y vtjXeVswvt}CuXh:LKovtjGeVd�}GJ½N A*HKl�%�egFto LKFIJµHKYGPSeaNQs8vtjXe)swe]lQe]PSvtN\LmY�LKoy*jGH=DCjGH
stPgH=vwvwegFINQYX[ egbKe]YkvtsgTEMEjGNQPIj MqLm}ClQu J½NQYGNQJµNQRge�vtjXe�swhistvwe]JµH=vtNQP!egFtFtLKF uXegFIN\bKe]u o FtLmJ [KegLmJµegvwFINQPgHKl
PSLmYGstNQuXegFzH=vtN\LmYGs4HKYGu vtjGe-DCHKPt{i[KFtLm}GYGu�PSLmYrvwFINQDC}XvtN\LmYnA

x8jXe6v�hF% NQPgHKlrstNQ[mYGH=vt}XFte6LKoXy*jGH=DCjCHOstPgH=vwvwegFIN YX[OegbKe]Ykvts&NQsnvtjXeqeS�1PglQ}CstN\bKe�%GFIe]swe]YGPSe6LKoGHKY)e]l\e]PSvwFtLmY
HKYGu %�LmstNQvwFtLmYnT*DCHKPt{ vwL D HKPt{ NQY vtjXe�uXegvwe]PSvwLKF]A�y"e]PgHK}Gswe�LKoavtjXe�swvwFtLmYG[ FIN swe�LKoavtjXe�y*jGH=DCjGH
stPgH=vwvwegFINQYX[µPSFILmsts8swe]PSvtN\LmY�vwL$M"H=FzuGsOl\L$MqegF%_Lml H=F*HKYG[ml\e]sgTXvtjXeal\L$MqegFEHKYX[ml\e-HKPgPSe9%GvtHKYGPSe NQs*vtjXe-J,Lmswv
NQJ�%�LKFtvtHKYkvp% H=FIHKJ,egvwegFOvwL:PSLmYrvwFtLml£A

����� � #�3 � /1#-'�* �!�!*�� � ,�� '�/*/ , � � '�$ / ,
	
BEY:HKl\[KLKFIN\vtjGJ M"HKs"NQYkbKe]swvtN\[mH=vwe]u�NQY,MOjCNQPIj½LmYGl\h�Hao egM¼swe]YCswLKF+I~lQHchKegFIs¶M"Lm}GlQuµ[KLcbKegFIY�vtjXe¬swe]l\e]PSvtN\LmY
J,e]PIjGHKYCNQstJ�LKo4PSLmYkvtHKNQYXe]u e]lQe]PSvwFtLmJµH=[mYXegvtNQP�stjXL$MqegFzsgA�xOjXeµPShil NQYGuXegFaswvwFz}GPSvt}XFteµLKo*vtjXe:uXegvwe]PSvwLKF
L$,_egFIsOHµYGH=vt}XFIHKl�[KFzHKYk}Gl H=FIN\v~h�NQY�vtjXe 	 HKYX[ml\eKA

x8jXe�e]YXegFt[Kh�uXe9%�LmstN\vwe]u�NQY�vtjXFIegealQH]hKegFIsOl\LiPgH=vwe]u�NQY�vtjXeaJµNQuGuCl\eOLKo�vtjXeauXegvwe]PSvwLKF]T Pgl\Lmswe-vwLµvtjXe
stjXLcM"egF�JµH��1N J)}GJ�T�NQsauCN\biN uXe]u7NQYkvwL�e]YXegFt[Kh uGe9%_LmsIN\vwe]u NQY7vtjGe½e]uX[Ke�PShilQN YGuXegFIsgT ������EHKYCu J,LKFte
PSe]YrvwFIHKl l\h�N Y�vtjXeauXegvwe]PSvwLKF]T ��� �CTCHKsEstjXL$MOY NQY |&N\[XA � A

x8jXe-b=H=FINQH=DClQe��_TCuXe9GCYXe]u HKs
� � � ���� � � � ������� �	��� � B ^ D

NQs�vtjXe]Y�}Gswe]u�vwL�e]swvtNQJµH=vwe4vtjGe*sIjXLcM"egF¶PSLmYkvtHKNQYGJ,e]YkvgA�6bKe]YkvtsMON\vtj�� ~o8�H=Fte4FIe �«e]PSvwe]uµHKs&D�e]NQYG[ELm}Xv
LKoXvtjXeqHKPgPSe9%GvtHKYCPSe"FIeg[mN\LmYnT=MOjGNQlQeegbKe]Yrvts�MON\vtj�� �o8¬H=Fte¶{Ke9%CvgA&xOjXe6D�e]jGH]b1N\LKF�LKoGvtjXe¶b=H=FINQH=D l\e��aHKs�H
o }GYCPSvtN\LmY�LKonvtjXe8[Ke]YXegFzH=vwe]uT%�LmlQH=F¶HKYG[ml\e8LKo�vtjXeOstjGLcM"egFINQYX[ae]lQe]PSvwFtLmY½NQs¶stjXLcMEY½NQYµ|&N\[XA)798ao LKF¶vtjXFtege
uGNK,�egFte]Yrv*uXe9GCYCN\vtN\LmYGs¶LKo ������wTXst}CJµJ,e]u:LcbKegF8LmYXeKTXv�MqLXTCLKF"vtjGFtege-PShilQN YGuXegFIsgA&B�[mNQbKe]Y HKPgPSe9%GvtHKYGPSe
Pg}Xv�N Y 	 PgHKY�D�eqvwFIHKYCstlQH=vwe]u NQYrvwL-HKY�H$%;%GFILL%GFINQH=vwe"Yk}GJ)D�egF�LKo e]uX[Ke4PShil NQYGuXegFIs]A�|XLKF6H�� ���� st}GJµJ,e]u
LcbKegF*v~M"L PSh1lQNQYCuXegFIsgT � ~ 8VPSLKFtFIe]s+%�LmYGuGs6vwL�H 	 Pg}Xv"LKo ^L^ J,FzHKunAx8jXeOHKuXb=HKYkvtH=[Ke¬LKonvtjCNQs¶J,egvtjGLiu
NQs&N\vtsstNQJ�% lQNQPgN\v�haHKYGu�vtjXe8H=DCNQl N\v~havwLauGe9GCYXe�� NQY��=LKF�� Lm}Xv��KMEN\vtjXLm}Xv&vtjXe*o }GlQliFte]PSLmYGswvwFz}GPSvtN\LmY�%GFtL1PSe]stsgA
x8jXe�egbKe]YrvtsEM"egFteR%GFte]ste]l\e]PSvwe]u�}GstN YX[���PgHKlQPg}Gl H=vwe]u LmYGl\h�o LKFOvtjXeae]l\e]PSvwFtLmY�uXegvwe]PSvwLKF¬H=FzJ A
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|�NQ[m}XFte � �aBEY NQlQlQ}GstvwFIH=vtN\LmY�LKo"vtjXe½PSh1lQNQYCuXegFIs¬}Gswe]u7NQY�vtjXeµPgHKl Pg}GlQH=vtN\LmY�LKo"vtjXe,e]YXegFt[Kh�uXe9%�LmstN\vwe]u
Lm}XvtstNQuXeKT�� ���� TCHKYGu�N YGstNQuXeKT*� � � TGvtjXeVHKPgPSe9%CvtHKYGPSe)FIeg[mN\LmYnA¶x8jGe\%GFte]PgNQstNQLmY lQH]hKegFIs]T stN\vt}CH=vwe]u MOjXegFte
J,Lmswv4LKo&vtjXe-e]YXegFt[Kh NQs4uGe9%_LmsIN\vwe]unTGH=FteVJ½H=Ft{Ke]u�NQY�DCl }XeKA
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|�NQ[m}XFte�798 �¶x8jXe�b=H=FINQH=DCl\e�B ������zI���� �;D���B ��������4��� ��DqHKs4H�o }GYGPSvtN\LmY:LKo�vtjXe�[Ke]YXegFIH=vwe]uk%�LmlQH=F4HKYX[ml\eKT	 T4LKoVvtjXe�stjXL$MqegFzNQYX[ e]l\e]PSvwFtLmYGs�o LKF � ���� sI}GJµJ,e]u LcbKegF LmYXe B uXLKvts DzTOv~M"L B svPi}GH=Fte]s	DµLKF vtjXFtege
B vwFINQHKYX[ml\e]s D"NQYGYXegF4PSh1lQNQYGuXegFzsgA
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��� � � / �!*�# $), ' ��# ���� �, *�,0/ ��#-�!$
|XLKF)jXe]HKu LmY PSLmlQl NQstN\LmYGs]TnvtjXe½e]YXegFI[Kh�uGe9%_LmsIN\vwe]u NQY7D�LKvtj H=FzJµsaLKo*vtjXe½uGegvwe]PSvwLKF MENQlQl�D�eµstNQJµNQl H=F
HKYGu,vtjXeOsIjXLcM"egFIsLKo�vtjXe8e]lQe]PSvwFtLmY½HKYGu=%_LmsIN\vwFtLmY,NQYGPgl }GuGNQYX[NGCYGHKlXstvtH=vweOFIHKuGN H=vtN\LmY�MONQlQliD�eOs+% H=vtNQHKlQl\h
DCHKPt{FI£vwL$I£DCHKPt{_A8B*vOvtjGea[Ke]YXegFIH=vwLKF�l\egbKe]l�TCJµLmswv8LKo&vtjXeae]l\e]PSvwFILmYGsOHKYGu�%�LmstN\vwFtLmYGs*LKFzN\[mNQYGH=vtNQYG[ o FtLmJ
y"jCH=DCjGHastPgH=vwvwegFzNQYX[)H=FIeENQYGuGege]u,DCHKPt{FI£vwL$I£DCHKPI{�NQY 	 HKYGu:NQY .�TkHKs"stjXL$MOY½N Y½|&N\[XA)7L7=A6xOjXeOy*jGH=DCjGH
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|�NQ[m}XFte�7L7��¶dfego v �6uGNQswvwFzN\DC}XvtN\LmYµLKo�vtjXeauGNs,_egFte]YCPSeED�egv~M"ege]Y�vtjXe\%�LmlQH=F*HKYX[ml\e]s*LKo�vtjXe�e]l\e]PSvwFtLmY HKYGu
vtjXe%�LmstN\vwFILmYnT 	 0�� 0 � 	�� ��� H=v"vtjXe¬[Ke]YXegFIH=vwLKF8l\egbKe]l£A&UEN\[mjkv �6stHKJ,e¬o LKF"vtjXe�H=R]NQJ)}GvtjGHKl HKYG[ml\e .�A6x8jXeH=FtFtLcMEs8JµH=Ft{�vtjXeaDCHKPI{VI£vwL$I£D HKPt{�HKPgPSe9%GvtHKYCPSe)Fteg[mNQLmYnA

PgHKYGuGNQuGH=vwe egbKe]Ykvts-H=Fte,swe]l\e]PSvwe]u Dkh!FteQPi}GN\FINQYG[,vtjXe,uGNK,�egFte]YGPSe)N Y�vtjXe 	 HKYGu . HKYX[mlQe]sED�e stJµHKlQl\egF
vtjGHKY0/$8�vtNQJ,e]s*vtjXe�Fte]sv%_e]PSvtNQbKe-Fte]PSLmYGswvwFI}CPSvtN\LmY�Fte]swLmlQ}GvtN\LmYEB stjXLcMEY stPIjXe]J½H=vtNQPgHKlQl\h�NQY�vtjXe\GG[m}XFte!DzA

WZY HKuGuCN\vtN\LmYnT8vtjGe7e]YXegFt[Kh uGe9%_LmsIN\vts�LmY D_LKvtj stN uXe]s�LKo)vtjXe7uXegvwe]PSvwLKF H=Fte7PSLmJ�%CH=Fte]ufAºx8jXe
PSLKFtFte]lQH=vtN\LmY D_egv�Mqege]Y vtjXe½stNQ[mYGHKlQsauXe9%�LmstNQvwe]u7NQY�vtjXeµo LKFtM*H=FIu HKYGu DCHKPt{iM"H=Fzu H=FIJµsaLKo*d�}GJµN A4HKl
H=Fte)stjGLcMOY!NQY�|&N\[XAX7Q/µo LKF�H½sIHKJ�%Cl\eaLKo6y*jGH=D jGHµstPgH=vwvwegFIN YX[½egbKe]YkvtsgA8W«Y�J,LmstvOLKovtjXe)egbKe]YrvtsgT�vtjXe
uXe9%�LmstN\vts4LmY!D�LKvtj�stNQuXe]sEH=Fte)sINQJµNQlQH=FcAqx8jXeVFteQPk}CN\Fte]J,e]Ykv8LKo6jGHcbiNQYG[µDCHKPt{�vwL½DCHKPI{�stjXL$MqegFIs]TCMON\vtj
vtjXe�e]l\e]PSvwFtLmY stjXL$MqegFEPSLmYrvtHKNQYGe]u NQY�vtjXe�GCuG}GPgNQHKl bKLmlQ}GJµeKT1lQe]H]bKe]s8vtjGe�sIHKJ�%Cl\e¬MON\vtj�egbKe]Ykvts8jGH]b1NQYX[
HKlQJ,Lmswv*vtjXeastHKJµe-e]YXegFt[Kh�uXe9%�LmstN\vts*NQY�vtjXeauXegvwe]PSvwLKFIs]A¶x8jGNQs*NQs4HKl swL,stjXLcMEY NQY�|�NQ[XA 7 ^ TGMOjXegFte�vtjXe
e]YXegFt[Kh�uXe9%�LmstN\vts4H=FteVsIjXLcMOY�HKs4o }CYGPSvtN\LmY�LKo 	 TXD�ego LKFIeaHKYGu H=o vwegFEvtjXeVswe]lQe]PSvtN\LmYnA
�	� �W��������e���):"
[���b� � �<:C���v
N� �o� � �����)
*4w�6���v
[�
x8jXe,e]YXegFt[Kh�Fte]stLmlQ}XvtN\LmY7M*HKsVstvt}GuGN\e]u7o LKF)uCNK,_egFIe]Yrv\%Cjkh1stNQPgsastHKJ=%Cl\e]saHKYGu o LKF H�FIHKYX[Ke½LKo"D�e]HKJ
e]YXegFt[mN\e]sgA
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Forward arm signal
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lQN\[mjkvwegFLmYXe]sH=Fte8o LKFegbKe]Yrvts¶o LKF¶MOjGNQPzj)vtjGe4e]l\e]PSvwFtLmY�%CHKsIswe]svtjXe�GCuC}GPgNQHKliPg}Xv6HKYGu,vtjXe4v�MqL)stjXLcM"egFIs
H=Fte-DCHKPt{�vwL:DCHKPt{_A
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|�NQ[m}XFte7 ^ �"A"LKFtFte]lQH=vtNQLmYaD�egv~M"ege]Y vtjXequXegvwe]PSvwLKFstNQ[mYGHKlrHKYGu 	 HKYG[ml\eKT�B HVD�o LKF�HKlQlr[Ke]YXegFIH=vwe]u�y*jGH=DCjGH
egbKe]YrvtsEHKYGu�B D D"LmYCl\h½o LKF8vtjXeVste]l\e]PSvwe]u�egbKe]YkvtsgA
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��� ��� �7$), ��% � / '�*�# � ��' ��#-�!$
x�L![KegvVvtjXe�stN\[mYGHKlLKo4LmYGeµegbKe]YrvgTvtjGe:st}GJ LKo4vtjXe½e]YXegFI[Kh�uGe9%_LmsIN\vwe]u NQY HKlQlvtjXe�stNQlQNQPSLmY7PSe]l lQsVNQs
st}GJµJ,e]u�}>%,o LKF6e]HKPzj½egbKe]YkvgA �OL)H=vwvwe]J�%Gv6vwLVPgl }GswvwegFvtjXe8e]YGegFt[Kh uGe9%_LmsIN\vts&M"HKsqJµHKuXeKAB¬stst}GJµN YX[
YXL8l\e]H={=H=[KeKT�vtjGevwLKvtHKlruXe9%�LmstN\vwe]uae]YXegFt[Kh�NQs�%GFtLL%�LKFtvtNQLmYGHKl�vwL8vtjXe6NQYGPSLmJ½NQYX[*e]YXegFt[Kh�LKo1vtjXe6H=DCswLKFID_e]u
%CH=FtvtNQPgl\eKA�x8jXeµFIe]s+%�LmYGsweµLKo*vtjXe�uXegvwe]PSvwLKF)vwL�stNQYG[ml\e�%CH=FtvtNQPglQe]s-MON\vtj uCNK,_egFIe]Yrvae]YGegFt[mN\e]sgT�FIHKYX[mNQYG[
o FtLmJ 798L8�vwL � 8L80S¬e9� T_N sEstjGLcMOY NQY�|&N\[XAC7 � A¬B¬sEeS�2%�e]PSvwe]unT�MON\vtj!NQYGPSFte]HKsINQYX[µD�e]HKJ�e]YXegFt[Kh�vtjXe
stN\[mYGHKlnuXe9%�LmstNQvwe]u NQY vtjXeVsINQlQNQPSLmY�NQYGPSFIe]HKswe]s8HKYGu vtjGeVuGNQswvwFzN\DC}XvtN\LmY:D�e]PSLmJ,e]s8MENQuXegF]A6x8jGealQNQYXe]H=FINQv~h

Detector Signal

E
v
e
n
t
s

100 GeV

200 GeV

250 GeV

400 GeV

0

50

100

150

200

250

2 3 4 5 6 7

|�NQ[m}XFte 7 � � �¬egvwe]PSvwLKF�Fte]s+%�LmYGste o LKF�stNQYG[ml\e{%CH=FtvtNQPgl\e]s�MONQvtj o Lm}XF�uGNs,_egFte]Ykv�D�e]HKJ e]YXegFt[mN\e]sgT-HKs
uXe]YXLKvwe]u�NQY�vtjGeRGG[m}XFteKA

LKo¬vtjGe�Fte]s+%�LmYGswe NQs½stjXLcMEY NQY |&N\[XA7Q3iT4MEjXegFte vtjXe�HcbKegFIH=[Ke�uXe9%�LmstN\vµNQY�vtjXe!stNQlQNQPSLmY�N s�%Cl\LKvwvwe]u
H=[mHKNQYGswv4vtjXeVe]YXegFt[Kh�LKo�vtjGeVH=DCswLKFtD�e]uZ%CH=FIvtNQPgl\eKA|��YGlQh½PSLmYrvtHKN YXe]u�stjGLcM"egFIs8M"egFtea}Gswe]ufA

��� � � � , � ,0/ � � � ��,  ��!*�� ��#-�!$
x8jXe-uXegvwe]PSvwLKF¬Fte]swLmlQ}XvtNQLmY NQs�%CH=FIHKJµegvwegFIN\Rge]u�NQY�vwegFzJµs4LKo��CTGuGe9GCYXe]u�HKs

� �
� � �) ��� 0	��
 < ) � ��R? � B � D

� � � � NQs�uXegvwegFIJ½NQYXe]u o FtLmJ H S�HK}GststN HKY GGv�vwL egbKegFIh s+%�e]PSvwFI}GJ LKoauXe9%�LmstN\vwe]u e]YXegFt[KhKA x8jXe
%CH=FIHKJ,egvwegF���NQs:vtjXe]Y¼uXegvwegFIJµNQYGe]u o FtLmJ HtGGv�LKoao LKFIJ)}ClQH B � D½vwL vtjGe!e]YXegFI[Kh uXe9%�e]YGuXe]YGPSe!LKo
� � � �½A

|&N\[XA7 � sIjXLcMOs½vtjXe�e]YXegFI[Kh�Fte]swLmlQ}XvtNQLmY�� HKs�H7o }GYGPSvtN\LmY LKo¬vtjGe!JµNQYCNQJ)}CJ 	 HKYX[ml\e�LKo-vtjXe
stjXLcM"egFIsgT 	 
 � �CA�x8jXe,D�e]swv-Fte]swLml }XvtN\LmY NQsVHKPIjGN\egbKe]u o LKF 	 
 � �!LKo ^L^ JµFIHKunA½�¶bKe]Yrvts)e]YrvwegFzNQYX[�vtjXe
uXegvwe]PSvwLKFEH=vOH½stJµHKlQl\egF8HKYG[ml\eaH=FteVYXLKvOo }Gl l\h½PSLmYkvtHKNQYXe]unA
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y=61.73*x-0.15
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|�NQ[m}XFteT7Q3��4x8jXe)D�e]HKJ
e]YXegFt[Kh�HKs¬H:o }GYCPSvtN\LmY LKovtjXe uXegvwe]PSvwLKFastN\[mYGHKl£A"x8jGe)lQNQYGeaNQs8vtjXe)Fte]st}GlQv8LKo
H,lQNQYXe]H=F�GGv4vwL½vtjXeVuGH=vtH�%�LmNQYkvtsgA
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|�NQ[m}XFtek7 � �)�qYXegFt[Kh Fte]swLmlQ}XvtNQLmY7HKsaH o }GYGPSvtN\LmY�LKo"vtjXe½JµN YGNQJ }GJ�sIPgH=vwvwegFINQYX[�HKYG[ml\eµ}Gswe]u7o LKFVHKP I
PSe9%GvtHKYGPSeKT 	 
 � � A
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��� ��� ��,  �&*��� 
x8jXe-d�}GJ½N A*HKl Fte]s+%�LmYGswe¬M"HKsOswvt}GuGN\e]u�HKs8H�o }GYGPSvtNQLmY:LKo�e]YXegFt[Kh�o LKF4vtjXe-b�H=FzN\Lm}Gsp%CjkhistN Pgs4stHKJ�%Cl\e]s
PSLmYGstNQuXegFIe]u;��stN YX[ml\ep%CH=FtvtNQPgl\e]s]Try*jGH=DCjGH-stPgH=vwvwegFzNQYX[XTrMEN\vtj�HKYGu,MON\vtjGLm}Xv&D_e]HKJ½swvwFIHKjGlQ}CYX[XTKMON\vtj�HKYGu
MON\vtjXLm}XvqeS�ivwFzH�D_e]HKJ sv%GFte]HKunAx8jXe¬e]YXegFt[Kh�uXe9%�e]YGuXe]YCPSeOLKo � � � � o LKF8swe]l\e]PSvwe]u�egbKe]YkvtsON sqstjGLcMOY
NQY7|&N\[XA|7 � A�x8jXe½PSLKFIFte]s+%�LmYGuGNQYG[�b=HKlQ}Xe]sao LKF � H=FIe:st}GJ½JµH=FIN\Rge]u7NQY x�H=DClQe07=A�xOjXeµNQY10C}Ge]YGPSe,LKo

Beam Energy (GeV)

∆E
/E

Pure Electrons

∆E=0.27±3 √E
Bhabha
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|�NQ[m}XFte�7 � � � � � �
HKs¬H½o }GYGPSvtNQLmY�LKovtjXe D�e]HKJ e]YGegFt[KhKT�o LKF¬o Lm}GF¬uGNs,_egFte]Ykv% jrh1stNQPgsEstHKJ�%Cl\e]s]T_HKs
uXe]YXLKvwe]u�NQY�vtjGeRGG[m}XFteKA

NQYGPglQ}GuCNQYX[�YXLmY�I~PSLmYkvtHKNQYXe]u!egbKe]Yrvts�NQs8HKl swL:lQN swvwe]unA"WZY�vtjXe)J,LmstvOFte]HKlQN swvtNQP\%Cjkh1stNQPgs8PgHKswe LKo6y*jGH=DCjGH
stPgH=vwvwegFINQYX[½MON\vtj�D�e]HKJµswvwFIHKjClQ}GYX[�HKYGu�H,D�e]HKJ
sv%GFte]HKu�LKo"81A�8*3���T � � B /L3�� /*D ��A

x8jXe�e]YXegFt[Kh!Fte]swLmlQ}GvtN\LmY o LKFavtjGe�PgHKsteµLKoqstN YX[ml\e e]l\e]PSvwFtLmYGs �!%�LmstNQvwFtLmYGs-H$%;%�e]H=FIs�vwL D�e,stlQN\[mjkvtl\h
MqLKFIste:vtjGHKY o LKF�y*jGH=D jGH�egbKe]YkvtsgA7x8jXe�stNQJ }GlQH=vtNQLmY7LKoOstNQYG[ml\e½e]l\e]PSvwFILmYGs�uXLke]s YXLKv,NQYGPgl }GuXe�GCYGHKl
swvtH=vwe-FIHKuGNQH=vtNQLmYnTXHKs4NQs*vtjXe-PgHKsweao LKF8y*jGH=DCjGH egbKe]YkvtsgTCHKYGu�vtjXe�vwLKvtHKlfuGe9%_LmsIN\vwe]u�e]YXegFt[Kh�NQs4stlQN\[mjkvtl\h
l\LcM"egFOPSLmJ�%CH=FIe]u�vwLµvtjXeay*jGH=D jGH�egbKe]Yrvts]A

x8jXe]%CjkhistN Pgs!stHKJ=%Cl\eKTVMEN\vtj vtjGe eS�1vwFte]J,e�stPSe]YGH=FzN\L LKoT81A43�� D�e]HKJ�I~s+%GFte]HKufTVFte]st}Cl\vts!N Y H
MONQuXegF�stN\[mYGHKl-uCNQswvwFIN\D }XvtN\LmY HKYGu vtji}Gs jGHKs�vtjXe�MqLKFIstv e]YXegFt[Kh¼Fte]swLmlQ}XvtNQLmYnA � N\vtjXLm}Xv Fte �we]PSvtNQYX[
YXLmY�I~PSLmYkvtHKNQYXe]u egbKe]YkvtsgTCvtjGeaFte]swLmlQ}GvtN\LmY�NQs4Dih ^ 8��
lQH=Ft[KegF]A

7 �



x�e]swvOstHKJ=%Cl\e �OL½Pg}Gvts.B-�=D � N\vtj�Pg}Xvts.B-�TD
stN YX[ml\e�e]l\e]PSvwFtLmYGs ^ 7 / � � ^
y*jGH=DCjCH�egbKe]Yrvts � / / � � /
y*jGH=DCjCH � y"e]HKJµswvwFIHKjGl }GYX[ � 3 / � � /
y*jGH=DCjCH � y"e]HKJµswvwFIHKjGl }GYX[ � y"e]HKJ sv%GFte]HKu�Bz8�1�8*3*D �V� /L3�� /
y*jGH=DCjCH � y"e]HKJµswvwFIHKjGl }GYX[ � y"e]HKJ sv%GFte]HKu�Bz8�143*D ��� / � � ^

x�H=DClQe�7��µ�¶YXegFI[Kh7Fte]swLmlQ}XvtNQLmY ��o LKF uGNs,_egFte]YkvR%Cjkh1stNQPgsVPgHKste]sgTD�ego LKFte�HKYGu H=o vwegF�H$%;%Cl\h1NQYX[ egbKe]Ykv
swe]l\e]PSvtN\LmY�Pg}GvtsgA

�� �]
�4w���g�o�<��4w� ���):"
N���;��� �<:C���v
N�

WZY:LKFIuXegF*vwL�uXegvwegFIJµNQYGeEvtjXeN%�LmlQH=F*HKYX[ml\e¬LKofvtjXe�%CH=FtvtNQPglQeENQJ�% HKPSvtNQYX[VvtjGe¬PgHKl\LKFzNQJ,egvwegF]TXH)Mqe]N\[mjkvwe]u
H]bKegFIH=[KeEM"HKsqNQYrvwFILiuG}CPSe]unTKMOjXegFte4vtjGe4Mqe]N\[mjkvts¶H=FIe8o }CYGPSvtN\LmY�LKo_vtjXe4e]YXegFt[Kh,uXe9%�LmstN\vtNQLmY N Y�vtjXeOPSe]lQlQs
LcbKegFOMEjGNQPIj�vtjGeVHKYX[ml\eaNQsOH]bKegFIH=[Ke]unT

� 	 ~ � � � 	 � d �
� � d � 1 B 3*D

��YXe-swvwFIHKN\[mjkv�I£o LKFtM"H=Fzu�J,egvtjXL1u vtH={Ke]sEvtjXe-e]YXegFt[Kh uXe9%�LmstNQvwe]u NQY HµPSe]lQl�T�����TGHKsOvtjXeaM"e]N\[mjkv
d � � ���F1 B � D

x8jGNQs-J,egvtjGLiu N s-{iYGLcMOY vwL�[Ke]YXegFIH=vwe�swvwe9%Cs)NQY7vtjXeµFIe]PSLmYGswvwFI}GPSvwe]u b=HKlQ}Xe]saHKs)H�o }GYGPSvtN\LmY�LKo4vtjXe
[Ke]YXegFIH=vwe]uµLmYGeKA&B¼D�egvwvwegF¶H$%;%CFtLmHKPIj:NQs&vwLV}Gswe4M"e]N\[mjkvtsMOjGN PIjµH=Fte�%CFtLL%�LKFtvtN\LmYGHKlivwLavtjXeEl\LK[mH=FIN\vtjGJ
LKonvtjXeOe]YXegFI[Kh½uXe9%�LmstN\vts6HKYCu½vwL�NQYkvwFtLiuC}GPSeOHavtjGFte]stjXLmlQu½LmY½vtjGeEuXe9%�LmstN\vtsq}Gswe]u½o LKF"Mqe]NQ[mjrvtNQYG[ < / � ?£T

d � � JµH����l8 � < ��� : � � � lQY ���
��� ��� ?��*1 B � D

@OegFte ����uXe]YXLKvwe]s*vtjGe¬e]YGegFt[Kh½uXe9%�LmstN\vwe]u�NQY�PSe]lQl
	6HKYGu ��� ���NQs"vtjXe¬vwLKvtHKlfstN\[mYCHKlCe]YXegFI[Kh:uXe9%�LmstN\vwe]u
NQY vtjXe�PgHKl\LKFIN J,egvwegF]A�x8jXe�b�HKlQ}Ge½LKo ��� : � �aN sVLL%GvtN JµN\Rge]u vwL [mNQbKe:vtjXe�D�e]swv}%_LmsIstN\DCl\e,FIe]swLmlQ}XvtN\LmYfA
x8jGNQs:NQs:uGe9%CNQPSvwe]u NQY¼|�NQ[XAN7 � T¬MOjXegFte vtjXe�HKYX[m}GlQH=F�Fte]stLmlQ}XvtN\LmY &�� HKYGu vtjGe D NQHKs � 	 D�egv~M"ege]Y
vtjXe�Fte]PSLmYGstvwFI}GPSvwe]u HKYCu�[Ke]YXegFIH=vwe]u¼HKYX[ml\e]sµN s�%Cl\LKvwvwe]u HKs:H o }GYGPSvtN\LmY�LKo ��� : � ��A x8jGe b�HKlQ}Ge�LKo
�� : � �*MOjGNQPzj�JµNQYGN JµN\Rge]s4vtjXe)Fte]swLmlQ}GvtN\LmY�HKlQswL�JµNQYGN JµN\Rge]s*vtjXe)DCNQHKsgA4x8jXe NQJ�%GFILcbKe]J,e]YkvEHKPzjGN\egbKe]u
LcbKegF-vtjXe,lQNQYGe]H=FEM"e]N\[mjkvtNQYX[�PgHKY�D_e�H$%;%GFIe]PgNQH=vwe]u�NQY!|&N\[XA"7 � TnMOjGegFte)vtjGe�uCNK,_egFIe]YGPSe)D�egv�Mqege]Y�vtjXe
Fte]PSLmYGswvwFI}CPSvwe]u HKYGu7[Ke]YGegFIH=vwe]u�%�LmlQH=FaHKYG[ml\e]sgT 	�� 0�� � 	 � 0�� T�NQs\% l\LKvwvwe]u H=[mHKNQYCswv 	 � 0�� o LKF)vtjXeµv�MqLMqe]N\[mjkvtNQYX[½LL%GvtN\LmYGsgA8xOjXe)HKJ�% lQN\vt}GuXe-LKovtjGe)swvwe9%Cs¬NQs¬uXFIHKswvtN PgHKlQl\h�Fte]uG}GPSe]u]B o HKPSvwLKF-LKovtjXFIege!D4HKYGu
vtjXe�[Ke]YXegFIHKl&vtNQl\v�B DCNQHKs DON s¬uCNQJµNQYGN stjXe]unA�x8jXe�LL%GvtNQJ½N\R]H=vtN\LmY LKo¶vtjXeµPSLmYCswvtHKYrvaN Y!vtjGe�lQLK[mH=FIN\vtjGJµN P
Mqe]N\[mjkvtNQYX[!YXege]uGs)vwL!D�e½FIe9%_e]H=vwe]u o LKF uGNs,_egFte]YkvaD�e]HKJ e]YXegFt[mN\e]sgA!x8jGNQs)PgHKY D�e½swege]Y�NQY |&N\[XAC/$8
MOjXegFte vtjXeµuXe9%�e]YGuXe]YCPSe)LKoO&��)LmY ��� : � �ON s�%Cl\LKvwvwe]u�o LKF-vtjXFtegeµuGNK,�egFte]YkvEe]YGegFt[mN\e]sgA�x8jXe�b=HKlQ}Xe�LKo
�� : � �¶vwe]YGuCs4vwL½NQYGPSFIe]HKsweaMON\vtj�e]YGegFt[KhKTCHKs8vtjGe-e]YXegFt[Kh uXe9%�LmstN\vwe]uZ%�egF8PSe]lQlfN YGPSFte]HKswe]sgA

WZYVvtjXequGe]stN\[mY-LKoGd�}GJµN A*HKl£TcvtjXe"PSe]lQlrstNQRgeqNQYGPSFIe]HKswe]sfMONQvtj-vtjXequCNQswvtHKYGPSeqo FtLmJ vtjXe¶D�e]HKJ lQNQYXeKA�BEs
H8Fte]st}Cl\vgT$vtjGeqYi}GJVD�egFfLKoGPSe]l lQs�HKYGu swe]PSvwLKFIs�PSLmYkvtHKNQYGNQYX[EvtjXeqsIjXLcM"egF�uGe]PSFte]HKswe]s�MON\vtj 	 B swege*|�NQ[XA@/�7lDzA
x8jXe�Yk}GJ)D�egFqLKo�PShilQN YGuXegFIsqD�e]NQYX[)jCN\vqNQs*H@,�e]PSvwe]u DihµvtjXe-l\e]H={=H=[KeaH=v"vtjGe¬e]uG[Ke¬LKo�vtjXe-uXegvwe]PSvwLKF]TCswL
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vtjGH=vEvtjGe jGNQ[mjXe]swvEYi}GJ)D�egFELKo¶jCN\vEPSh1lQNQYGuGegFIsONQs¬NQY�vtjXe,PSe]YrvwegF-LKo6vtjGe uXegvwe]PSvwLKFcAax8jXe)lQLK[mH=FIN\vtjGJµN P
Mqe]N\[mjkvtNQYX[,e]l NQJµNQYGH=vwe]s8vtjGNQs8uXe9%�e]YGuGe]YGPSeaHKYGu�vtjGeVYk}CJVD�egF8LKoPSe]lQlQs]TCPShil NQYGuXegFIs]T1ste]PSvwLKFIsEHKYCu FINQYX[ms
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|�NQ[m}XFte6/�7��8x8jGeVH]bKegFIH=[KeµYi}GJ)D�egF8LKo6PSe]lQlQsgT_swe]PSvwLKFIsgT�PSh1lQNQYGuXegFzs8HKYGu�vtjGe.%�egFIPSe]YkvtH=[Ke LKovtjGeVvwLKvtHKl
uXe9%�LmstN\vwe]u�e]YGegFt[Kh�}Gswe]u NQY�vtjGe)lQNQYGe]H=FEHKYGu l\LK[mH=FIN\vtjCJµNQP-M"e]N\[mjkvtNQYX[:HKlQ[KLKFIN\vtjGJµsEHKs�H½o }GYGPSvtN\LmY�LKo
vtjXeastPgH=vwvwegFINQYG[=%�LmlQH=F8HKYX[ml\e 	 A
HKYX[ml\e�Fte]swLmlQ}GvtN\LmY�NQJ�%GFtL$bKe]s4MON\vtj�e]YXegFI[Kh�HKYGu N s"YGLKv8swe]YGstN\vtNQbKe¬vwL½vtjXe�v~h2%_e-LKo&stNQJ }GlQH=vwe]u�egbKe]YkvtsgA
x8jGNQs*NQs�%CFte]swe]Ykvwe]u�NQY |&N\[XA)/L/iA

WZY vtjXe,YXLmJ½NQYGHKl�uXe]stN\[mY LKo*d�}GJµN A*HKl�TCMEN\vtjW7Q3�PShilQN YGuXegFIsgT_vtjXe�DCNQHKs�NQY vtjXe 	 Fte]PSLmYGstvwFI}GPSvtN\LmY
NQsVLKoEvtjXe�LKFIuXegF�LKo67982#;:EB FIHKu)DzA xOjGNQsaD NQHKs�PgHKY D�e�uGNQJµN YGNQstjXe]u�Dih N YGPSFte]HKstNQYG[�vtjXe Yi}GJVD�egF LKo
PShilQN YGuXegFIs*o LKFEvtjGe)stHKJ,e 	 PSL$bKegFIH=[KeKA-x8jXeVuGe9%_e]YCuXe]YGPSeaLKo6vtjGeVDCNQHKsOLKovtjXe)Yi}GJ)D�egFOLKo6PSh1lQNQYGuXegFzs
NQsO%GFte]swe]Ykvwe]u�NQY x�H=DCl\e./,o LKF[/L3$8ZS¬e9� e]l\e]PSvwFtLmYGs]A
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 %{� ��� �����w� �6� ��� 4��o�<��4v�
x8jXe*l\LK[mH=FIN\vtjGJ½NQP¶M"e]N\[mjkvtNQYX[-HKl\[KLKFINQvtjGJ�NQs&HKlQswL-}Gswe]u�o LKF .µFte]PSLmYGswvwFI}CPSvtN\LmYnA&@OegFte8HKl swL-H-uXFIHKJµH=vtNQP
NQJ�%GFtL$bKe]J,e]Ykv NQs)LKDCswegFIbKe]unAE�¼NQvtj H�sweg[mJ,e]YkvtH=vtN\LmY�LKo}7Q3 � NQY .�TvtjXe�Fte]swLmlQ}XvtNQLmY o LKF�/L3$8�S�e9�
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|�NQ[m}XFte=/L/��)x8jGe�%_Lml H=F-Fte]swLmlQ}XvtNQLmYnT &�B 	 DzT�HKs)H o }GYGPSvtN\LmY�LKo"D�e]HKJ�e]YXegFt[Kh�o LKFVuGNK,�egFte]Ykv\%Cjrh1stNQPgs
stHKJ�%Cl\e]s]T1HKsEuXe]YXLKvwe]u�N Y�vtjXeRGG[m}XFIeKA

A"h1lQNQYGuGegFIs pqN\vtPIj!NQY�F.B PgJ�D � 	 798 #�� B FzHKu)D
7Q3 7=A ^L^ �
/$8 7=A�8L8 �
/ � 81A �L^ /
^ 8 81A �L� 81A43

x�H=DCl\e./��¶x8jGe\%_Lml H=F4DCNQHKsgT � 	 TGHKs8H,o }GYGPSvtN\LmY�LKo&vtjXeaYi}GJ)D_egF4LKoPSh1lQNQYGuGegFIs*HKYGu vtjXe]N\F8sIN\RgeKA
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e]l\e]PSvwFtLmYGs8N s4o Lm}CYGu�vwLµD�e\8�1 �L^ � A
|XLKFvtjXe .�FIe]PSLmYGswvwFI}GPSvtNQLmYnTKvtjXe 	 uGe9%_e]YCuXe]YGPSe¶LKo vtjXe"vtjXFte]stjXLml u)NQY)vtjXe4l\LK[mH=FINQvtjGJµNQP¶Mqe]N\[mjkvtNQYX[

NQs"o Lm}GYCu½vwL,D�e�stN\[mYGNsG PgHKYrvgAW«Y�|�NQ[XA>/ ^ T;&�� .�DqNQsp%Cl\LKvwvwe]u HKs4H�o }GYGPSvtN\LmY:LKo�vtjXe�[Ke]YXegFIH=vwe]u 	 HKYX[ml\e
o LKFavtjGFtege:uGNs,_egFte]Ykv-M"e]N\[mjrv)o }CYGPSvtN\LmYGsgA�x8jXeµlQN YXe]H=Fae]YXegFt[Kh�M"e]N\[mjkvtNQYX[�l\e]HKuCsavwL�H�Fte]swLmlQ}XvtNQLmY7LKo
H=D_Lm}Gv ^ � TGHKlQJµLmswv8NQYGuXe9%�e]YGuGe]Yrv"LKo 	 A&xOjXeal\LK[mH=FIN\vtjCJµNQPEMqe]N\[mjkvtNQYX[,MEN\vtj�HµstNQYX[mlQeEb=HKlQ}Xe�LKo �� : � �
l\e]HKuGs*vwLT&��,MOjGNQPzj PIjGHKYG[Ke]sOHKsOH�o }GYGPSvtNQLmY�LKo 	 HKYGu�NQs4NQY�o HKPSv8MqLKFzsweavtjGH=v4o LKFOlQNQYGe]H=F4Mqe]N\[mjkvtNQYX[XT
o LKF�l\LcM 	 b=HKlQ}Xe]s]A�B &�� �j7 � HKYGu M"e]H={ilQh uXe9%�e]YGuXe]YGPSe�LmY 	 PgHKY D�e�HKPzjGN\egbKe]u N\o ��� : � �µNQs
LL%GvtNQJµN\Rge]u,HKs"H-o }GYGPSvtN\LmYµLKo 	 A�x8jGe8Fte]HKswLmY½o LKFqvtjGNQsD�e]jGHcbiN\LKFqNQsvtjGH=v"NQY�.:vtjXeOPSe]l lGstN\RgeON YGPSFte]HKswe]s
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|�NQ[m}XFte`/ ^ ��x8jXe�H=R]NQJ }XvtjGHKl"Fte]swLml }XvtN\LmYnT"&�B-.�DzT¶HKs,H o }CYGPSvtN\LmY LKo 	 To LKF vtjGFtege�Mqe]N\[mjkvtNQYX[�HKl\[KL$I
FIN\vtjGJµs ��lQN YXe]H=F4e]YXegFt[Kh�Mqe]NQ[mjrvtNQYG[XTGl\LK[mH=FIN\vtjGJ½NQPOM"e]N\[mjkvtNQYX[µHKYGu lQLK[mH=FIN\vtjGJµN POM"e]N\[mjkvtNQYX[,MON\vtj�H 	
uXe9%�e]YGuXe]Ykv*PSLmYCswvtHKYrvgA

MON\vtj�N YGPSFte]HKstNQYG[ 	 A�BEs�H�Fte]st}Cl\vgTCvtjXe,Yi}GJ)D_egFELKoqPSe]lQl sEHKYGu swe]PSvwLKFIs�D�e]NQYG[:jGN\v¬uXe]PSFte]HKswe]s�MEN\vtj 	
B swegeV|&N\[XAb/ � D*HKYGu�vtjXe-e]YXegFt[Kh�uXe9%�LmstN\vwe]uZ%�egF8PSe]lQlfN YGPSFte]HKswe]sgTXMEjGNQPIj lQe]HKuGs*vwL½HKY�NQYCPSFte]HKsweaNQY�vtjXe
vtjXFte]stjXLml u-o LKF�LL%GvtNQJ½HKlmFte]swLml }XvtN\LmYnA �OLKvwe*vtjGH=v�vtjXeqvtjGFte]stjXLmlQuCsnvwLED�e"}Gswe]uVN Y .�FIe]PSLmYGswvwFI}GPSvtNQLmYVH=Fte
uGNK,�egFte]Yrv4o FtLmJ vtjXeVLmYXe]sOo LKF 	 Fte]PSLmYCswvwFI}GPSvtN\LmY!HKYGu v�hF%CN PgHKlQl\h J,LKFteavtjCHKY � � �
LKovtjXeVuXe9%�LmstN\vwe]u
e]YXegFt[Kh�jGHKs¬vwL�D�e }Cswe]unA¬W�v-NQs¬NQYkvwegFte]swvtNQYX[:vwL YXLKvwe,NQY!|&N\[XA / � vtjGH=v�o LKF 	 ~ 8�1�8*3�FIHKufT�vtjXe�stHKJ,e
NQYXo LKFIJµH=vtN\LmY N s½}Gswe]u NQY vtjGe!lQNQYGe]H=F½HKYGu¼l\LK[mH=FIN\vtjGJ½NQP�Mqe]NQ[mjrvtNQYG[XA x8ji}GsµvtjXe NQJ�%GFILcbKe]J,e]Ykv:NQY
Fte]swLmlQ}XvtNQLmY NQs4swLml\e]l\h�uG}Xe-vwLµvtjGeVl\LK[mH=FIN\vtjCJµNQP¬Mqe]NQ[mjrvtsgA

x8jXe7.�Fte]swLml }XvtN\LmY�HKs�H:o }CYGPSvtN\LmY!LKo6vtjXe D_e]HKJ�e]YXegFt[Kh!NQsEsIjXLcMOY NQY |&N\[XA�/L3iA�B¬s¬N sOvtjXe�PgHKswe
o LKF 	 FIe]PSLmYGswvwFI}GPSvtNQLmYnTXvtjXeaFte]stLmlQ}XvtN\LmY NQJ=%GFtLcbKe]s8MON\vtj NQYGPSFIe]HKstNQYX[�D�e]HKJ e]YXegFt[KhKA
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|�NQ[m}XFteR/ � �qx8jGe�Yi}GJ)D�egF4LKo�PSe]lQl sgTGswe]PSvwLKFIsgT PShilQN YGuXegFIs"HKYGu vtjXe\%�egFIPSe]YkvtH=[KeVLKo�vtjXeastNQ[mYGHKln}Gswe]u NQY
Fte]PSLmYGswvwFI}CPSvtNQYX[ .�T�HKsVH�o }GYGPSvtNQLmY�LKo 	 T�o LKFavtjGe½lQNQYXe]H=F-HKYGu l\LK[mH=FIN\vtjGJ½NQP Mqe]N\[mjkvtNQYX[�HKlQ[KLKFIN\vtjGJµs]T
HKs8uXe]YXLKvwe]u!NQY�vtjXe\GG[m}XFIeKA
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|�NQ[m}XFte./L3��¶x8jGeaH=R]NQJ)}GvtjGHKlnFte]swLml }XvtN\LmYk&�B-.�D*HKsOHµo }GYCPSvtN\LmY�LKo�vtjGeaD�e]HKJ e]YXegFt[KhKA
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�EYkvtNQl�vtjGNQsN%�LmNQYkv�HKY7N uXe]HKluXegvwe]PSvwLKFVM*HKs-HKstst}CJ,e]u�o LKFVvtjXe,stNQJ }GlQH=vtN\LmYnA)@EH=FIuGM"H=Fte,e]YG[mNQYXegegFINQYG[
HKYGuh%GFILiuG}CPSvtN\LmY uXe]stNQ[mY NQYkvwFtL1uG}GPSe½PSLmYGstvwFIHKNQYkvtsVMOjCNQPIj J½H]h H@,�e]PSv�vtjXe:uXegvwe]PSvwLKF�%�egFto LKFIJµHKYGPSeKA
|XLKF"stLmJ,eELKonvtjGe]sweEPSLmYGstvwFIHKNQYkvtsgTkvtjGe¬NQJ=%CHKPSv6LmY:vtjXeEuXegvwe]PSvwLKF�%�egFto LKFIJµHKYCPSeOPgHKY½D�eEegb�HKlQ}CH=vwe]u½Dih
stNQJ }GlQH=vtN\LmYnA

� ����� . ' ��%!# $& # $ � , ��� , , $ / , *�*  
x8jXe)sINQlQNQPSLmY!swe]YGswLKFIsEMONQl lnD�e.%GFtL1uG}GPSe]u�LmY�H:stN lQNQPSLmY�M*H=o egF]A¬�¬stNQYG[:H]b=HKNQlQH=D l\eVvwe]PzjGYXLml\LK[mN\e]s]T�NQv¬NQs
uGN )½Pg}GlQvOvwL0%GFILiuG}CPSe)M*H=o egFzs-vwL0GGv�vtjXeµd�}GJµN A*HKl�uGNQHKJµegvwegF]A,x8jXe,Pg}XFtFte]Ykv-vwe]PIjCYXLml\LK[Kh�NQs�DCHKswe]u
LmY�H � vwL � NQYCPIj:M"H=o egF8uGNQHKJ,egvwegFzsgAyqh:vtjXe¬vtNQJ,e¬LKofvtjXe�d�}GJµN A*HKlCPSLmYGstvwFI}GPSvtN\LmY�H`7Q/)N YGPIj�M*H=o egF
MqLm}Gl uµjXLL%�ego }ClQl\hVD�eOHcb�HKN lQH=DCl\eKA&WZvqNQsvtji}Gs"J,LKFteEvtjGHKY½lQNQ{Ke]l\h)vtjCH=v"H=vqvtjXeOvtNQJµe8LKo�%GFtL1uG}GPSvtN\LmYµo egM
stNQlQNQPSLmY�M*H=o egFzs4MONQlQl_jGHcbKeVvwLµD�e-}Gswe]u�HKYCu�D_LmYCu�vwLK[KegvtjXegF]AqB¬Y eS�XHKJ�%Cl\e�LKojXL$M Hk7Q/,NQYGPzj M*H=o egF
PSLm}GlQu�D�eµ}Gswe]u�vwL�D }GNQlQu!vtjXe½swe]YCswLKFIsalQHchKegF)NQs�%CFte]swe]Ykvwe]u NQY7|&N\[XAX/ � AµW«Y st}CPIj H PSLmY>GC[m}XFIH=vtN\LmYnT

|�NQ[m}XFte�/ � ���[%;%�egF�jGHKlQokLKoGHEstNQlQNQPSLmY-l H]hKegF&NQY-vtjXe¶d�}GJµN A4HKl=MON\vtjaH67Q/8NQYGPzjastNQl NQPSLmY�M"H=o egF�LcbKegFIlQHchKe]unA
JµH=Ft[mNQYGs�HKl\LmYG[ vtjXe M*H=o egFµD�LKFIuGegFµH=Fte]H JµHch D�e eS��%_e]PSvwe]ufT"PSFte]H=vtN YX[ HKY NQYGHKPSvtNQbKe�H=Fte]H NQY�vtjXe
swe]YGswLKFo% lQHKYXeKA

B�stNQJ�% l\eVJ,L1uXe]l�N sOHKstst}CJ,e]unT_MOjXegFte)egbKegFth0%CHKu NQsOsI}XFtFtLm}GYCuXe]u Dih�HKY!N YGHKPSvtN\bKeVD�LKFIuGegFEHKYGu
vtjXe4NQYGHKPSvtN\bKe4H=Fte]HKs6H=FIe*HKl N\[mYXe]unA&x8jXe"e-,_e]PSvqPgHKY�D_e4swege]Y�bKegFIh)Pgl\e]H=FIlQh)NQY)vtjXe8stPgHKY�LKo vtjXe4uXegvwe]PSvwLKF
HKl\LmYX[,vtjXe 	 HKYG[ml\eKA¶B uXe]PSFte]HKswe NQY�vtjXeastNQ[mYGHKlfPgHKY�HKlQstLµD�easwege]Y�NQY�vtjXe)stPgHKY�HKl\LmYG[,vtjXe . HKYX[ml\eKA
x8jGNQs*NQs8sIjXLcMOY N Y |�NQ[XA)/ � A
B¬s)PgHKY D�e:swege]Y NQY |&N\[XAC/ � T6MEN\vtj vtjXe�NQYGPSFIe]HKswe½LKo8vtjGe�NQYCHKPSvtN\bKe:H=Fte]H vtjXe:e]YXegFt[Kh FIe]swLmlQ}XvtN\LmY
HKYGuµvtjXe¬HKYX[m}GlQH=F¶Fte]swLmlQ}XvtNQLmY½uXegvwegFINQLKFIH=vweKA6@OL$MqegbKegF4o LKFqH)JµH=Ft[mNQY:stN\RgeED_e]lQLcM HVo egM¼JµNQPSFtLmYCsgTrvtjXe
uXegvwegFIN\LKFIH=vtNQLmY)NQs�JµNQYCNQJµHKl�AfW«Y)vtjXe"PSe]YkvwFIHKliFteg[mN\LmY LKoGvtjGe"uXegvwe]PSvwLKF¶vtjXeqe]YGegFt[KhaFte]swLml }XvtN\LmY NQs�D�egvwvwegF
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|�NQ[m}XFteT/ � ��x8jXeµuXegvwe]PSvwLKF,stN\[mYCHKlHKsVH�o }GYGPSvtNQLmY�LKo.B HVD�vtjXe=%�LmstNQvtN\LmY7NQY�FIHKuGN }GsaHKYGu B D�D�NQY7vtjXe
H=R]NQJ)}GvtjGHKl6HKYX[ml\eKT .�A�x8jGe,Fte]st}Gl\vtsVH=Fteµo LKF.%�egFv%�e]YGuGNQPg}ClQH=F¬N J�%CHKPSv-LKo*vtjXe=%CH=FIvtNQPgl\e]saHKYGu H�PgHKswe
swvt}GuXh:LKo"/=J½J
JµH=Ft[mNQYCsgA

o LKF4stJµHKl l_N YGHKPSvtN\bKe-H=Fte]HKs*MOjGN l\eEN\v"[Kegvts4M"LKFIswe-o LKF4lQH=Ft[KegF8JµH=Ft[mN YGsgAp&H=Ftv4LKo�vtjXe�%GFILKDCl\e]J JµH]h:D_e
H]bKLmNQuXe]u�Dkh:Fte]uG}GPgNQYG[)vtjXe-L$bKegFIlQH$%�D�egv�Mqege]Yk% HKuGs4NQY�st}XDCsteQPk}Xe]Ykv4lQH]hKegFzsgA¶x8jGN s"J½H]h�D_e-HKPzjGN\egbKe]u
Dkh�FILKvtH=vtN\LmY LKo¶PSLmYGswe]Pg}XvtNQbKeµstNQlQNQPSLmY!lQH]hKegFzsEDih � 143 � HKYGu!Dkh�jCH]b1NQYX[�v~M"L�stegvts�LKo¶PShil NQYGuXegFIs]TCMON\vtj
uGNK,�egFte]YrvO%CNQvtPIjnA

� ��� � ��, '�3)� � �  "# � � *-' ��#-�!$
B*v"vtjCNQsqstvtH=[Ke-LKofvtjXe-uXe]stN\[mY�swvt}GuCN\e]s¶vtjGegFte¬N sqYXL,NQYGo LKFIJ½H=vtN\LmY½H=D�Lm}Xv"vtjXe-YXLmNQswe¬l\egbKe]l_LKo�vtjXe¬e]l\e]P I
vwFtLmYGNQPgsgAEx8jXegFtego LKFte)H�stNQJ=%Cl\eVJ,L1uXe]l�M"HKs�PSLmYGstN uXegFte]u�MEjXegFte)HkS�HK}GsIstNQHKY uGNQswvwFINQDC}XvtN\LmY PSe]YkvwegFte]u
H=FtLm}GYGu:RgegFtL�M"HKs*HKstsI}GJ,e]u�HKYGu:vtjXe-uXe9%�e]YGuXe]YGPSeELKofvtjXe¬Fte]s+%�LmYGswe¬LmY�N\vts¶MENQuXvtj:M"HKs*swvt}GuCN\e]unA&WZY
HKuGuGN\vtN\LmYfTkvtjXeVe-,_e]PSvELKoX%�LmststNQDCl\e�uXe]HKu�PSe]lQl s*M"HKsENQYrbKe]stvtN\[mH=vwe]unA

� ����� �7*-,0/ � ���!$ #�/1 $)�+#� �,
x8jXeqHKuCuGN\vtN\LmY)LKoCHRS�HK}GstsINQHKY�uGNQswvwFINQDC}Xvwe]uaYXLmN sweqFIe]st}Gl\vts�HKs�eS�2%�e]PSvwe]u,NQY HKY�NQYGPSFte]HKswe*LKoGvtjGe"e]YGegFt[Kh
Fte]swLmlQ}XvtNQLmYhB %CH=FIJ,egvwegF �:NQY �|PCA � DzA"x8jXeauXe9%�e]YGuGe]YGPSe-LKoX% H=FIHKJ,egvwegF ��LmY vtjGeab�HKl }Xe-LKo&vtjXeaYXLmNQswe
vwL:stN\[mYCHKlfFIH=vtN\L�NQso%CFte]swe]Ykvwe]u!NQY�|�NQ[XA�/ � A �EL:J½H=Ft{Ke]u!PzjGHKYX[Ke,NQY vtjGeVFte]swLml }XvtN\LmY�N s8LKDCswegFIbKe]u!}>%
vwLVYXLmNQswe4vwL stN\[mYGHKlGFIH=vtN\LaLKo"7 �$3$8L81A¶BED�LcbKeOvtjCH=vgTrvtjXe8FIe]swLmlQ}XvtN\LmY½swvwe]HKuGNQl\h�uXegvwegFINQLKFIH=vwe]sgA6B¼stNQJµNQl H=F
e-,_e]PSv�NQs8LKD swegFtbKe]u!o LKF¬vtjXe)HKYG[m}GlQH=FOFIe]swLmlQ}XvtN\LmYfT HKs¬stjXLcMEY�NQY!|�NQ[XA ^ 81AOW«Y�vtjGeVFte]PSLmYGstvwFI}GPSvtN\LmY!LKo	 TrHKY�NQYGPSFte]HKsweENQY,vtjXe¬YXLmNQsweOlQegbKe]lGFte]st}Cl\vts6NQY,vtjGeEYXege]u½vwLVFte]HKu��t}Gswv¶vtjXeOvtjXFIe]stjXLmlQu,o LKFqlQLK[mH=FIN\vtjGJµN P
Mqe]N\[mjkvtNQYX[XA

x8jXe¬YXLmNQsweEvwL stNQ[mYGHKlCFzH=vtN\LVo LKF4stNQlQNQPSLmY½swe]YGswLKFIs"NQsqeS�2%�e]PSvwe]u�vwL�D�eOLKonvtjXe¬LKFIuXegF"LKo�7 �2798L8L8,HKYGu
vtjXegFtego LKFte-vtjXeR%�egFto LKFIJµHKYGPSe-LKo�vtjXeVd�}GJµN A4HKl_sIjXLm}GlQu�YXLKv8D�eaH@,�e]PSvwe]unA
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σ noise to signal ratio
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Bz&7YXLmNQswe!D"vwL:stN\[mYGHKl�FIH=vtNQLXA
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|�NQ[m}XFte ^ 8 �Od�ego vgT_vtjXe6%_Lml H=FEHKYX[ml\e)Fte]swLmlQ}GvtN\LmYnT)&�B 	 D4HKYGu!FIN\[mjkvgTCvtjXe 	 D NQHKs � 	 HKs¬H½o }GYGPSvtN\LmY�LKo
vtjXeaYXLmNQswe-MENQuXvtjEBz& YXLmNQste!DqvwL:stN\[mYCHKl�FIH=vtN\LXA
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� ����� � , '�3 / , * *� 
x8jXeOd�}GJµN A*HKl£TrH)J }Gl\vtNsI~PIjGHKYGYGe]lCuXegvwe]PSvwLKF]TGN s6bKegFth½l N\{Ke]l\h�vwL jCH]bKe-H=v"stLmJ,e[%�LmNQYkv¶uXe]HKu�PIjCHKYGYXe]lQsgA
x8jXeVvwLmlQegFIHKYGPSe�vwL uXe]HKu�PIjGHKYGYGe]lQs¬M"HKs�swvt}GuCN\e]u�Dih�PzjXLkLmsINQYX[�FIHKYGuXLmJµlQh�swegvts¬LKoquXe]HKu�PSe]lQlQsEMON\vtj
NQYGPSFte]HKstN YX[ stN\Rge!LKo-vtjXe!swegvts]A �¬e]HKu¼PzjGHKYGYXe]l s½PgHK}Gswe vtjXe uXegvwe]PSvwLKF�stN\[mYGHKl8vwL D�e]PSLmJ,e stJµHKlQl\egF
HKYGu vtjXe�stN\[mYGHKlquGNQswvwFzN\DC}XvtN\LmY D�e]PSLmJ,e]s)MONQuXegFcA�xOjXeµFte]swLml }XvtN\LmY uGegvwegFIN\LKFIH=vwe]s lQNQYXe]H=Fzl\h!MEN\vtj vtjXe
NQYGPSFte]HKsweELKo�uXe]HKu�PIjGHKYCYXe]lQsgA6x8jCNQs¶NQsqstjXL$MOY:N Y:|&N\[XA ^ 7=T1MOjXegFteEvtjXeEe]YGegFt[KhµFte]swLml }XvtN\LmY=% H=FIHKJ,egvwegF
NQs�%Cl\LKvwvwe]u H=[mHKNQYGswv-vtjXeT%_egFzPSe]YrvtH=[Ke:LKo*uGe]HKu PIjCHKYGYXe]lQsgAµxOjXe�%�egFIPSe]YrvtH=[Ke:LKo4uXe]HKu PSe]lQl s-}Gswe]u NQY
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|�NQ[m}XFte ^ 7�� x8jGe e]YGegFt[Kh Fte]swLmlQ}XvtNQLmY %CH=FIHKJ,egvwegF]T �gB � � � � ) �}DzT-HKs�H�o }GYGPSvtN\LmY LKo�vtjXe
%_egFzPSe]YrvtH=[KeaLKouXe]HKu�PIjGHKYGYGe]lQsgA

vtjGNQsOstvt}GuXh�NQsEo LKF¬uXe]JµLmYGswvwFIH=vtN\LmYM%C}GFv%�Lmswe]s8LmYGlQhKA¬B�v�hF% NQPgHKl�b�HKlQ}GeVeS��%_e]PSvwe]u7H=o vwegF-JµHKYkh�hKe]H=FIs
LKo�Fz}GYGYGNQYG[�N s8H=vEH½o egMm%_egFzPSe]YrvOlQegbKe]l�AO^iLmJ,eaLKovtjXe)l\LmswvOPzjGHKYGYXe]lQsEPgHKY�D�eaPSLmJ�%�e]YGsIH=vwe]u�o LKFODih
}GstNQYX[µH$%b%GFtLL%GFIN H=vweaHKl\[KLKFIN\vtjGJ½s8o LKFGClQl NQYX[,NQY vtjXe)l\LmswvEN YXo LKFzJµH=vtN\LmYnA"x8jGNQs4MENQlQl�Fte]st}Cl\v8NQY�H:l\e]stswegF
e-,_e]PSv8LmY�Fte]swLmlQ}GvtN\LmYnA

� 3  �������N��� �6���	��� �"�p���v
N�

�6H=FIN\Lm}Gs�%CH=FIHKJ,egvwegFIs¶LKonvtjXeEd�}GJµN A4HKlXuXe]stN\[mY,M"egFte¬NQYrbKe]stvtN\[mH=vwe]u:N Y,LKFIuXegFqvwL)JµNQYCNQJµN\Rge*vtjXeOYi}GJ�I
D_egFVLKo8PIjGHKYGYGe]lQsaHKYGu JµH��1N JµN\RgeµvtjXe�%�egFto LKFzJµHKYGPSeKA�^1}XD �we]PSvavwL!stvt}GuGN\e]s-M"egFte�l\e]YX[Kvtj HKYCu sweg[$I
J,e]YrvtH=vtNQLmYnA

� �)��� � , � ,0/ � � � *-, $&% � 1
�¬FIN\[mNQYCHKlQl\h-vtjXeOlQe]YX[Kvtj,LKond�}GJ½N A*HKl1M*HKs¶HKstst}CJ,e]u,vwL)PSLmYCstNQswvLKo � 8avt}CYX[mswvwe]Y ��stN lQNQPSLmY,lQHchKegFIsgTie]HKPIj
H$%;%GFtLc�1NQJ½H=vwe]l\h�LmYXe:FzHKuGNQH=vtN\LmY l\e]YX[Kvtj vtjGNQPt{_A�W«Y vtjGNQs PSLmY>GG[m}XFIH=vtNQLmYnT&vtjXe:l\LmYG[mN\vt}GuGNQYCHKlstjXLcM"egF
%GFtLLGCl\e]s"LKostNQYG[ml\e�e]l\e]PSvwFtLmYGsOMqegFteastvt}GuGN\e]u }>% vwL:e]YXegFt[mN\e]s8LKo � 8L8ZS¬e9�)A
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x8jXe�stjXL$MqegFR%CFtLLGCl\e]s�HKYGu�vtjXe,PSLKFtFIe]s+%�LmYGuGNQYX[�NQYkvweg[KFIHKYGuGsgTno LKF-e]l\e]PSvwFtLmYCs-LKop3$8�vwL � 8L8�S�e9�
e]YXegFt[KhKT H=FIeVstjXL$MOY�NQY�|&N\[XA ^ /iA"x8jGe-e]YXegFt[Kh uXe9%�LmstN\vwe]u D�eghKLmYGu ^ 8½lQHchKegFIsOPSLmYGstvtN\vt}Xvwe]sOlQe]sts4vtjGHKY
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|�NQ[m}XFte ^ /���d�ego vgT¶lQLmYX[mN\vt}GuGN YGHKl6stjXL$MqegF�%CFtLLGCl\e�HKYGu FIN\[mjkvgTvtjXe PSLKFtFte]s+%�LmYGuCNQYX[!N Yrvweg[KFIHKYCu HKs�H
o }GYCPSvtN\LmY LKo¬uXe9%GvtjnTeS��%GFte]sIswe]u�NQY vwegFIJµs�LKoEuGegvwe]PSvwLKFµFINQYX[ms]To LKFµstjGLcM"egFIs�[Ke]YXegFIH=vwe]u�o LKF,stNQYX[mlQe
e]l\e]PSvwFtLmYGs8H=vEuGNK,�egFte]Yrv4e]YGegFt[mN\e]s8HKsEuXe]YXLKvwe]u�NQY�vtjGeRGG[m}XFteKA

/2143�� LKo&vtjXe-vwLKvtHKl�uXe9%�LmstN\vwe]u stN\[mYCHKl�A6x8jXegFtego LKFteKTCNQv4M"HKsEuXe]PgNQuXe]u�vwL½l NQJµN\v*vtjXeaYi}GJ)D_egFOLKo�lQHchKegFIs
B FINQYX[ms	D¶vwL ^ 81T MOjGNQPzj l\e]HKuGs4vwL:Hµd�}GJ½N A*HKl�/$8µPgJ
l\LmYG[XA

� �)� � � , %��(, $ � ' ��#-�!$
x8jXePi}GHKlQN\v�h,HKYGu:HKPgPg}GFIHKPShµLKo 	 HKYG[ml\eOFte]PSLmYCswvwFI}GPSvtN\LmY�NQs¶vtjXeEJ,LmstvqNQJ�%�LKFtvtHKYkv�%CH=FzHKJ,egvwegF4NQYµvtjXe
swhistvwe]JµH=vtNQPgsqLKo�lQ}GJµN YXLmstN\v�h J,e]HKsI}XFte]J,e]YkvgA6x8jXeNPk}GHKl N\v~h,LKo 	 J,e]HKst}XFIe]J,e]Yrv*uXe9%�e]YGuGs¶LmY½vtjGe¬PSe]lQl
stN\RgeKTGHKYGu vtjGeastJµHKlQl\egF4vtjGeVPSe]lQl�vtjXeaD�egvwvwegF8vtjGeR%�egFto LKFzJµHKYGPSeKA

x8jXe 	 FIe]PSLmYGswvwFI}GPSvtNQLmY N s)D HKswe]u LmY vtjGe�lQLK[mH=FIN\vtjGJµN PµM"e]N\[mjrvtN YX[ HKYCu o LKF�e]HKPIj�e]YGegFt[Kh HKYGu
PSe]lQl*stN\Rge�HKY�LL%GvtNQJ½HKl*vtjXFte]stjXLml u jCHKs�vwL D�e�uGegvwegFIJµNQYXe]uqB swege!uGNQstPg}GsIstN\LmY NQY�swe]PSvtN\LmY 7L7lDzA�x8jXe
uXe9%�e]YGuXe]YGPSe:LKoOvtjXe�LL%GvtNQJ½HKlqvtjGFte]stjXLmlQu PSLmYGswvtHKYkv,LmY�vtjXe PSe]lQl*stN\Rge NQs�stjGLcMOY�NQY |&N\[XA ^L^ A x8jXe
vtjXFte]stjXLml u�N YGPSFte]HKswe]s8lQLK[mH=FIN\vtjGJµN PgHKlQl\hµMONQvtj�vtjXeVPSe]lQlfsIN\RgeKA

x8jXe�uGe9%_e]YCuXe]YGPSe�LKo\&���HKYGu � 	 LmY vtjXe Yk}CJVD�egFµLKoaPSh1lQNQYGuGegF½st}XDnuGN\b1NQstNQLmYnTo LKFZ/L3$8WS�e9�
e]l\e]PSvwFtLmYGsgT8N s½stjXL$MOY¼NQY |&N\[XA ^@� A x8jXe�FIe]swLmlQ}XvtN\LmY LKDGvtHKNQYXe]u o LKF{7Q/$8�PShil NQYGuXegFIs½NQs½HKY LKFIuXegF�LKo
JµH=[mYGN\vt}GuGe D�egvwvwegF)vtjGHKY7o LKFT7Q3�PSh1lQNQYGuGegFIsgA,BEl swL vtjXe,DCNQHKsVuXe]PSFte]HKswe]s)swvwe]HKuGNQl\h MON\vtj7uGe]PSFte]HKstNQYX[
PSe]lQlnstN\RgeKA

� �)��� �!1&� � , � � , '�� 3&,  "#-%!$
WZY LKFzuXegFOvwL�NQJ�%GFtL$bKeavtjXe6%_Lml H=F8Fte]swLmlQ}GvtN\LmYnTGH=G YXe-[KFIHKYi}GlQH=FIN\v�h NQs4FteQPi}GN\Fte]ufAq|XFtLmJ�vtjXeVstvt}GuXh�LKo
vtjXeOl\LK[mH=FINQvtjGJµNQP4M"e]N\[mjkvtNQYX[VHKlQ[KLKFIN\vtjGJºN\v¶NQsqPgl\e]H=FqvtjCH=vqYXLKv"HKlQlGPSe]lQlQsqPgH=FtFth,e]stste]YrvtNQHKl NQYXo LKFIJµH=vtN\LmYfA
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|�NQ[m}XFte ^@� �&x8jXe|%_Lml H=F�HKYX[ml\e"Fte]swLmlQ}GvtN\LmYnT!&�B 	 DzTmHKYGuaDCN HKsgT � 	 T�HKs&HOo }GYCPSvtN\LmYaLKoGFzHKuGNQHKlmst}GD�uCN\biN stN\LmY
eS�2%GFIe]stswe]u NQY�vwegFIJ½s8LKo�vtjXeVYi}GJVD�egF4LKo&PShil NQYGuXegFIs]A
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��YXe,JµH]h vtjXegFtego LKFte,NQJ�%CFtLcbKe,vtjXe�%�LmstN\vtNQLmY!FIe]swLmlQ}XvtN\LmY Dih!H$%;% l\hiN YX[�G YXegF-sweg[mJ,e]YkvtH=vtN\LmY NQY vtjXe
H=Fte]H8LKoGJµH��XNQJ }GJ<e]YXegFI[KhauXe9%�LmstN\vtsfNQYavtjXeql\LmYG[mN\vt}GuGNQYCHKl�uGegbKe]l\LL%CJ,e]Ykv�LKoXvtjXeqstjXLcM"egFXI_NQY-vtjGeqH=Fte]H
LKofvtjXe�stjXLcM"egFO%�e]H={ AW«Y�LKFIuXegF"vwL}%CFte]swegFtbKe¬vtjXe¬vwLKvtHKlnYk}GJ)D�egFqLKo�PIjGHKYGYGe]lQsgTivtjXe¬steg[mJ,e]YrvtH=vtNQLmY LKo
vtjXe-Fte]JµHKNQYCNQYX[,H=Fte]HµJµHch�D_eauGe]PSFte]HKswe]unA

x8jXe4o LmlQl\L$MONQYX[�LL%GvtN\LmY½M"HKsqPSLmYGstNQuGegFte]u,o LKF6vtjXeOstjGLcM"egF�%�e]H={,uXe]stN\[mY;��vtjXeOo FtLmYkvFINQYX[ms[B�78vwL � D
HKYGu vtjXeaD HKPt{ FINQYG[msRB /$8µvwL ^ 8VD4MqegFIeVst}XDnuGN\b1NQuXe]u�NQYkvwL�798µPSh1lQNQYGuGegFIsgT1MOjGNQlQe¬vtjGeVJµNQuGuCl\e�FINQYX[msRB 3
vwL�7 � D8MqegFte st}XDnuGN\b1NQuXe]u�NQYkvwL�/$8�PShilQN YGuXegFIsgA"x8jXeVlQLmYX[mN\vt}GuGN YGHKl�sweg[mJ,e]YkvtH=vtN\LmY M"HKsEYXLKvEPzjGHKYX[Ke]u
HKYGu�vtjXe�vwLKvtHKlfYk}CJVD�egF*LKo�PzjGHKYGYXe]lQs\B�798 � 8L8VD4M"HKs*vtjXe-stHKJµeaHKs*o LKF8d�}GJµN A*HKl st}XDnuGN\b1NQuXe]u½NQYrvwLk7Q3
FINQYX[ms4vtjGFtLm}X[mjXLm}Xv¬HKlQlfvtjGeVFINQYG[msgA8x8jXe stPIjXe]J½H=vtNQPVFIe9%GFte]swe]YkvtH=vtN\LmY!LKovtjXe)stjGLcM"egFN%�e]H={�uXe]sIN\[mY�NQs
stjXLcMEY NQY |&N\[XA ^ 3iA

|�NQ[m}XFte ^ 3�� ^1PzjXe]JµH=vtNQP¬Fte9%CFte]swe]YkvtH=vtN\LmY�LKonvtjXe¬YGLmJµNQYGHKl uXe]stN\[mY�HKYGu:vtjXe¬sIjXLcM"egFO%_e]H={:uXe]stN\[mY:LKo
d�}GJµN A*HKl�A

x8jXe½N J�%GFtL$bKe]J,e]Yrv)NQYh&��,PgHKY D�e½swege]Y NQY |&N\[XA ^L� MOjXegFte½vtjXe 	 FIe]swLmlQ}XvtN\LmY7N sR%Cl\LKvwvwe]u HKsVH
o }GYCPSvtN\LmY LKo vtjXe*vtjXFIe]stjXLmlQu�PSLmYGswvtHKYkv¶}Gste]u,NQY�l\LK[mH=FIN\vtjGJ½NQP"Mqe]N\[mjkvtNQYX[�o LKFvtjXe8YXLmJµN YGHKl1uXe]stN\[mY�HKYGu
vtjXe8stjXL$MqegF�%�e]H={ uXe]stN\[mYnA&x8jXe4D�e]swv&Fte]stLmlQ}XvtN\LmY�NQsHKPzjGN\egbKe]uµo LKF6vtjXe8sIHKJ,e4b�HKl }Xe*LKo vtjXe4vtjGFte]stjXLmlQufT
jXLcM"egbKegF8vtjXe-stjXL$MqegF�%�e]H={�uXe]stN\[mY�l\e]HKuGs*vwL,H Fte]swLmlQ}GvtN\LmY�LKo|7L7-J,FIHKu�HKs*LL%;%�Lmswe]u�vwLk7 ^ J,FIHKu�NQY
vtjXeaYXLmJµNQYCHKl�LmYXeKA¶x8jXe 	 D NQHKsgTGstjXL$MOY NQY�vtjXe)stHKJ,eRGG[m}GFte-Fte]JµHKNQYCs4}GYGPIjCHKYX[Ke]unA

x8jXe uGNK,�egFte]Yrv�}XvtNQl N\R]H=vtN\LmY LKo6vtjGe�sIHKJ,e Yi}GJ)D�egFELKo¶PSe]l lQsOFIe]st}Gl\vtsENQY!N J�%GFtL$bKe]u!uXegvwe]PSvwLKF.%_egFvI
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|�NQ[m}XFte ^L� ��x8jXe�%_Lml H=F�Fte]swLml }XvtN\LmYnT@&�B 	 DzTKHKYGuVD NQHKsgT � 	 T=HKs�HOo }GYCPSvtN\LmYaLKoXvtjXeqvtjXFte]stjGLmlQuVPSLmYGstvtHKYrv
}Gswe]u NQY�l\LK[mH=FINQvtjGJµNQPEMqe]NQ[mjrvtNQYG[,o LKF4vtjXeaYGLmJµNQYGHKl�d�}CJµN A*HKl�uXe]stNQ[mY{B uGLKvts	D*HKYGu�vtjXeasIjXLcM"egFo%�e]H={
uXe]stN\[mYhB vwFIN HKYX[ml\e]s	DzA

o LKFIJ½HKYGPSeKA6x8jXe�uGNQstHKuGb�HKYkvtH=[Ke�LKofvtjXe�stjXLcM"egF�%�e]H={½uXe]stNQ[mY:NQs"vtjXe�YXege]u�vwL,uXe]stN\[mY�HKYGu:DC}GN lQu,v~M"L
swegvts4LKoJµHKsw{1s4o LKF8v~M"L:uGNs,_egFte]Ykv8PSe]lQlnstNQRge]sgA

� � � � � � 8\���p���v�b��� :"� 86�w� ��4v�p���w
[�
x�L HKPIjGN\egbKe¬swe]YGstNQvtN\biNQv~h vwL swh1swvwe]JµH=vtN P8e-,�e]PSvts"PSLmJ=%CH=FIH=DCl\eOvwLVvtjXeEFteQPk}CN\Fte]u,Fte]l H=vtN\bKeo%GFte]PgN stN\LmY,LmY
lQ}GJµNQYGLmstN\v~h:LKo�7982#;:KT lQH=Ft[Ke swvtH=vtNQswvtN Pgs[r{A<stHKJ�% l\e]s8H=Fte YXe]PSe]ststH=FthKA8xOjGNQs4PgHKYGYXLKvED�eVHKPIjGNQegbKe]u!NQY
H�PSLmYkbKe]YkvtN\LmYGHKl6JµHKYCYXegF]T�Dkh�%GFtL1PSe]ststNQYG[½egbKe]Ykvts-vtjXFtLm}X[mj7H�o }GlQlJS��¶B��Ex�sINQJ)}ClQH=vtN\LmYnA-W«YGswvwe]HKunT
H,o HKstv[rMA M"HKsEuXegbKe]l\LL%�e]unTGMONQvtj stJ,e]H=FINQYG[,e-,_e]PSvts¬NQJ�%ClQe]J,e]Yrvwe]u�vtjGFtLm}X[mjk%CH=FzHKJ,egvwegFIN\R]H=vtN\LmY�LKo
vtjXeO%_egFIo LKFIJ½HKYGPSe*e]swvtH=DClQNQsIjXe]uVLmY½stJµHKlQl\egFstHKJ=%Cl\e]sgA�x8jGNQs"r{A HKlQl\LcMEsuXegvtHKNQl\e]u�swvt}GuCN\e]s�LKo b=H=FIN\Lm}Gs
swhistvwe]JµH=vtNQP4e-,�e]PSvtsgT1e]N\vtjXegF6FIe]lQH=vwe]uµvwL)[KegLmJ,egvwFthµLKF|%_LmsIstN\DCl\e*JµNQsIJµH=vtPIj½D_egv�Mqege]YZr{A�stNQJ }GlQH=vtNQLmY
HKYGu uXegvwe]PSvwLKFN%_egFIo LKFIJ½HKYGPSeKA

������� � $)'�* � ��#�/�'�� �&�����)# � ' � #��!$
x8jXe 	 uXe9%�e]YGuXe]YCPSe¬LKo&vtjXeay*jGH=D jGHµuGNK,�egFte]YkvtNQHKl�PSFtLmstsEswe]PSvtN\LmY�NQs8[mN\bKe]Y Dih� &� 	 9 7	 a � B � D

HKYGu�vtjXeavwLKvtHKl�y"jCH=DCjGH,PSFtLmstsEswe]PSvtN\LmY MEN\vtjGNQY�H,FIHKYG[KeaLKo�HKYG[ml\e]sgT 	 
 � � HKYCu 	 
 ��� NQs4vtjGe]Y
&(9 7

/ B 	 #by
 � � � 	 #by
 ��� D 9 7
/ 	 #by
 � � � B � D

^@�



MOjXegFte-vtjXe 	 
 � � uXe9%�e]YGuXe]YGPSeaPgHKY�D_eaYGeg[ml\e]PSvwe]unAqxOjXe-Fte]lQH=vtN\bKe-egFIFtLKFOLmY vtjGeVlQ}GJµN YXLmstN\v�h½NQs*vtjXe]Y
%GFtLL%�LKFtvtN\LmYGHKl_vwLµvtjGe-Fte]lQH=vtN\bKeaegFIFtLKF8LKo�vtjXeVy*jGH=DCjGH,PSFILmstsOswe]PSvtNQLmYnT

� �
� � � &

& 
q/ � 		 
 � � 1 B�798VD

x8jXe�lQ}GJµN YXLmstN\v�h�J,e]HKst}XFte]Jµe]Yrv-NQs¬DCHKswe]u LmY7PSLm}GYkvtNQYX[ y*jGH=DCjCH:stPgH=vwvwegFzNQYX[ egbKe]YkvtsaNQY�H�Mqe]lQl
uXe9GCYXe]uµHKPgPSe9%CvtHKYGPSe-Fteg[mN\LmYnAx8jGe8egFtFtLKF"LmY½vtjGeEJ,e]HKst}GFte]J,e]YkvqNQs"PgHK}Gswe]u:Dkh,JµN stPSLm}GYkvtNQYX[aegbKe]YkvtsgA
x8jXe�Fte]lQH=vtN\bKeVegFtFtLKF8LmY�l }GJµNQYXLmsIN\v~h½PgHKY�vtjXe]Y D�e-M8FINQvwvwe]Y HKs

� �
� � � �

� � � � 0 � � � � 0��
� � 0�� ���

�������
� �
	�� � B�7L7lD

MOjXegFte� � 0�� HKYGu�� � 0 �½uGe]YXLKvwe�vtjXe Yi}GJ)D�egF:LKoaegbKe]Ykvts [Ke]YXegFzH=vwe]u<HKYGu FIe]PSLmYGswvwFI}GPSvwe]u<N Y vtjXe
< 	 
 � � � 	 
 ���$?fFIHKYG[KeKA
����� � ����,0/ �!$  �"� � / ��#-�!$ '�$ 3 *�����#�$&�! "#����
x8jXe-NQY10C}Ge]YGPSeELKo�H�DCNQHKs4NQY 	 Fte]PSLmYCswvwFI}GPSvtN\LmY�LmY�vtjGealQ}GJµNQYGLmstN\v~h,egFIFtLKF]TXLKDGvtHKNQYGe]u�MON\vtj�o HKstvrMA
stNQJ }GlQH=vtN\LmYnT_NQs¬stjXLcMEY!NQY |&N\[XA ^*� A)^ie]YGstN\vtNQbiN\v�h�vwL�sIjGN\o vtsOLKo6vtjGe)LKFIuGegF¬LKo[7982#;:�H=FIe)b1NQstN\D l\eKAOx8jXe
stNQJ }GlQH=vtN\LmY�Fte9%GFILiuG}CPSe]s*Mqe]lQl�vtjGeaeS�2%�e]PSvwe]u!HKYGHKl\hivtNQPgHKl�Fte]st}GlQv4LKo�eQPi}GH=vtN\LmY�B�798VDzA

∆Θ (rad)

∆L
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|�NQ[m}XFte ^*� ��xOjXe�Fte]lQH=vtN\bKe�egFtFtLKF LmY<l }GJµNQYXLmsIN\v~hKT � � � ��T�HKs H�o }CYGPSvtN\LmY¼LKoVvtjXe 	 DCN HKsgT � 	 T
PgHKlQPg}GlQH=vwe]u�}CstNQYX[=3 - 798��ay*jGH=D jGH,stPgH=vwvwegFINQYG[µegbKe]YrvtsOo LKFOe]HKPIj�%_LmN YrvgA

x�L HKstswe]sts�vtjXe!e-,_e]PSvts�LKo-vtjGe 	 Fte]swLmlQ}XvtNQLmYnT*vtjXe�[Ke]YXegFzH=vwe]u egbKe]Ykvts�M"egFte!stJµe]H=Fte]u¼MON\vtj H
S�HK}GststN HKYVLKoGMENQuXvtj.&��¶PSe]YkvwegFte]u,H=v&RgegFtLXAx8jXeqegFtFtLKF&LmY�lQ}GJµNQYGLmstN\v~h�HKsHEo }GYCPSvtN\LmYVLKo)&���T=LKDGvtHKNQYXe]u
�w}Gstv6Dkh:PSLm}GYrvtN YX[VegbKe]Ykvts*NQY½H)[mN\bKe]Y:[Ke]YXegFIH=vwe]u HKYGu½Fte]PSLmYGswvwFI}CPSvwe]u 	 FIHKYX[Ke�NQs"stjXLcMEY½NQY:|�NQ[XA ^ � A
|XLKF-Fte]swLmlQ}GvtN\LmYGsELKo6vtjXe�LKFIuXegF�LKo�81AH7,J,FzHKunTnHKs¬HKPzjGN\egbKe]u N Y�vtjXe�stNQJ }GlQH=vwe]u�d�}GJµN A*HKl£TCvtjXe egFtFtLKF
LmY lQ}GJ½NQYXLmstN\v�h�NQsVD_e]lQLcM vtjXe½FteQPk}CN\Fte]uE%GFIe]PgNQstN\LmY�egbKe]Y MON\vtjXLm}GvaPSLKFtFte]PSvtNQYX[!o LKF)e-,_e]PSvts LKoOGCYGNQvwe
Fte]swLmlQ}XvtNQLmYnA
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σΘ (rad)

∆L
/
L

0
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0.008
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|�NQ[m}XFte ^ � �O�6�2%�e]PSvwe]u!Fte]lQH=vtN\bKe)egFtFtLKF¬LmY!l }GJµNQYXLmsIN\v~h�uG}XeavwL`GCYGNQvweR%�LmlQH=FEHKYX[mlQeVFte]swLml }XvtN\LmYnT_HKsEH
o }GYCPSvtN\LmY�LKo�vtjCNQs*Fte]swLmlQ}GvtN\LmYk&���A

������� �<�! "#���#-�!$ #�$&% '�/*/ �)��'�/ �
BEuGuCN\vtN\LmYGHKl2%CH=FIHKJµegvwegFIsqH@,�e]PSv¶vtjGeo%GFte]PgNQsIN\LmYµJ,e]HKst}GFte]J,e]Ykv6LKonlQ}GJµNQYGLmstN\v~hKA&x8jXLmste�%_egFIvtHKNQYGNQYX[�vwL
vtjXe�%_LmsIN\vtN\LmYGNQYG[VLKo�d�}GJµN A4HKl H=Fteal NQswvwe]u�NQY�x�H=D l\e ^ TXvwLK[KegvtjXegFOMONQvtj:vtjGeaPSLmYGswvwFIHKNQYkvts4NQJ�%�Lmswe]u�Dih
vtjXe-FteQPi}GN\Fte]uZ%GFIe]PgNQstN\LmY�LmY�l }GJµNQYXLmsIN\v~hµJ,e]HKsI}XFte]J,e]YkvgAqB o }ClQl�HKPgPSLm}GYrv¬PgHKY�D�e�o Lm}CYGu NQY < 7 � ?£A

� # �g�&:"
[������� ��� �����������N�

x8jXeO%GFte]swe]Ykv6swvt}GuGh)stjXL$MOs&vtjGH=v6vwL-FIe]HKPIj½H�%CFte]PgNQstN\LmY � � � � � 7982#;:KTiH�bKegFth [KLkL1u 	 DCNQHKs&PSLmYkvwFtLmlNQs"FteQPk}CN\Fte]unABm%CN\vtPIj N Y 	 LKo�H=D�Lm}Xvo81A�8L8>7aFzHKu NQs4YXege]uXe]unAq^1eg[mJ,e]YrvtN YX[,vtjXe-MOjXLmlQe�uGegvwe]PSvwLKFOvtjGNQs
M"Hch M"Lm}GlQu�l\e]HKu vwL7H!bKegFIh lQH=Ft[Ke Yi}GJ)D_egF LKoOe]lQe]PSvwFtLmYGNQP�PIjCHKYGYXe]lQsgA7x8jGe�sIjXLcM"egF�%�e]H={ uXe]stN\[mY
swvt}GuXh,stjXL$MOsqvtjGH=v¶vtjXe¬stHKJ,eN%�egFto LKFzJµHKYGPSeOPgHKY�D�e8LKDGvtHKNQYGe]u½}GstN YX[VjGHKl\o�vtjXeEe]l\e]PSvwFtLmYGN POPIjCHKYGYXe]lQsgA

BEs�H�Fte]JµN YGuXegF]T_d�}GJµN A*HKl�NQs¬st}>%b%_Lmste]u�vwL PSLcbKegFR%�LmlQH=F�HKYX[ml\e]s 	 o FtLmJ / � vwL � 7�J,FIHKu!MON\vtj
Fte]s+%�e]PSvOvwL�vtjXe D_e]HKJ lQNQYGeKAOdfLmYX[mNQvt}GuGNQYGHKl l\hKTXvtjXe�uXegvwe]PSvwLKFaPSLmYGstNQstvtsOLKo¶l H]hKegFIs�PSLmJ�%�Lmswe]u LKo�81A ^@�
PgJ LKoEvt}GYG[mswvwe]Y�HKYGu 81A ^ 7 PgJ LKoEe]l\e]PSvwFtLmYGNQPgs½HKYGu�stNQlQNQPSLmY�swe]YCswLKF�B 3$8L8 &fJ�DzA x�L HKPzjGN\egbKe�vtjXe
FteQPk}CN\Fte]u�DCNQHKs8N Y 	 NQY�vtjXeVstjGLcM"egFo%�e]H={�uGe]stN\[mYnT1vtjXeVsteg[mJ,e]YrvtH=vtNQLmY�M"Lm}GlQu�D�eaHKs8o LmlQl\L$MOs �


 vtjXe\GGFIswv � lQH]hKegFIsOst}XDnuGN\b1NQuXe]u½FIHKuGNQHKlQlQh½NQYkvwL�798µPSh1lQNQYGuXegFzsgT

 vtjXeaYXeS�1v.7Q3,lQHchKegFIsOst}GD�uCN\biN uXe]uµFIHKuCNQHKlQl\h½N YrvwL � 8µPSh1lQNQYCuXegFIsgT

 vtjXealQHKswvR7L7)lQH]hKegFIs8LKo�vtjGeauXegvwe]PSvwLKF¬sI}XDnuGN\b1NQuXe]uµFzHKuGNQHKlQl\h:NQYrvwL�798µPShil NQYGuXegFIs]A

BElQlElQH]hKegFzs�H=FIe uGNQbiNQuGe]u H=R]NQJ }XvtjGHKlQl\h�NQYkvwL]/ � swe]PSvwLKFzsgA �¶bKegFth LKvtjXegF lQHchKegF NQs½FILKvtH=vwe]u Dih � A43
uXeg[KFtege]s�NQY .7vwL JµNQYCNQJµN\Rge-vtjXe,JµH=FI[mNQYGsEe-,_e]PSvgAax8jGe PSe]lQl�vwFIHKYCswbKegFIswe�stN\Rge�NQs¬vtjXe]Y 7 � � r�LmlQN,+egFte
FIHKuGNQ}GsVo LKF vtjXe�NQYGYXegF6%CH=Ftv�HKYGu�H=D�Lm}Xv�7=A43{r�LmlQN +egFte�FIHKuGNQ}Csao LKF)vtjXeZGGFzswvVo Lm}XF�HKYGu vtjGe�lQHKstv`7L7
lQH]hKegFIs]A¶x8jXe-vwLKvtHKl�Yk}GJ)D�egF4LKo�e]lQe]PSvwFtLmYGNQPaPzjGHKYGYXe]l s4NQY�LmYXeVH=FIJ NQs/L3iT4/$8L81A
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� � � � 8�14/��7982#;: 7$1�8��[7982#;:

NQYGYXegF4FzHKuGNQ}Gs 8�1 � &fJ � 14/�&fJ
FIHKuGNQHKl�L$,nswegv / � 8�&fJ �@� 8 &fJ
uGNQswvtHKYCPSe-LKo&PgHKlQLKFINQJ,egvwegFIs �$� &fJ ^ 8L8 &fJ
l\LmYX[mN\vt}CuGNQYGHKl L$,�stegv � JµJ 7 � JµJ
vtNQl\v4LKo&PgHKl\LKFINQJµegvwegFIs � J,FzHKu 7 � J,FIHKu
D�e]HKJ vtNQl\v 8�14/ � J,FIHKu 8�1 �L^ J,FIHKu
D�e]HKJ
stN\Rge YXeg[mlQNQ[mN\DCl\e YXeg[mlQN\[mNQDCl\e
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