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N^W�f.5QSaT�/
SaTA-r#�X>W
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5QM�+�)>[aWÅSaRiSP5Qc>[aW�5QWYT�NOW�+ S$T I�I>Y H�H�W UGM�I�f_+ I�TE+=b
M�T�/
N�I�SaTZR"6w�Vb�XZILT>T>W�[aR�?�_ X>W³-�I�SaT ILTE+ M�Á�R^W
N`M�\ W�I�b�X b�XZI�T>TZWY[
b�I�T UdWibYMLfOf^WsbyN^W9+CUGW
\÷M�f^W�NOX>W Ë P�å(#�S�NOX 6���/nU>S$N²ä,e Ë ?3_ X>W
R^S$TE-L[aW�fOILTA-LW�X�h�U>fOS,+M1�WYf�R	SaMLTQM�\ Ë P�å]SjRS)ZR^W�+\÷MLfÊNOX>W,c>fOW�R^WYT�N
c>fOM�NOM�N1h�cGW[$O½LfD+%1�WYf�R	SaMLT'�#�S�NOXJNOX>W y /�f�I�TA-�W`R^b�XZW�5QWÈS,5Qc>[$W�/
5QWYT�NOW�+q?
ä�I�NOI`N^f�I�TZR	\÷WYf�UdWYN�#�W�WYTNOX>W�e¸ä Ë ILTE+QNOX>W(äÃP�æ S$T�N^W�f^TdI�[

5QW�5QM�f^ha#�Sa[$[�UGW¥+>MLT>W�N^X>fOM:)E-LX.ILT7B�/�U>S$N]X>M�R	NEcGMLf^N]S$T�N^W�f	\�I�b
W
$�%UæSå0'�M�\�N^XZW<ä�PAæ�#�S$N^XÈI�5I�3�S,5Q)A5-R^cdW�W�+ÃML\ y 8gH�Â&ÒkR3I�TE+
I9UE)�ÁGW�fC5QW�5�M�f^h�M�\ y K�Â¸?�eUä Ë +>I�NOI9NOWYT�NOI�N^S,1LW�[$h�UA)�Á6WYfOW�+
M�T�NOX>W6%¸æSå5�W�5QMLfOhU#�S$N^X>M>)�N�N^XZW<ä�PAæÅS$T�1�WYT�N^SaMLT9I�fOWEN^f�I�TZR0/
\÷W�f^fOW�+�NOMÈSaT�NOWYfOTZI�[Gb
SafOb�)>[jI�f<+>I�NOIQ5�W�5QMLfOh.U�h.N^X>W(ä�P�æ c>fOM�/
-�fOI:5e? _ X>WVR^SP��W�M�\,N^X>WÅb
Saf�b�)>[jI�f75�W�5QMLfOh SaRi½ y K�#�M�fD+ZR�n
NOXj)dR,NOX>W"+>IkN�IVbYI�T*UdWR	N^M�f^W9+JSaTCNOX>WM5�W�5QMLfOhe)ZcCNOMj�=5R
$ y 8:8ÓTZRowS½ y K�Í�'2?�WS1LW�TC\÷M�f�N^X>WSaT�N^WYf`R^S$N^WQN^fOS,-:-LW�f¸#�XZSab�X
fOW�tj)>Saf^WsR�I[aMLTA-[jIkNOWYTZbYh:ndI[+>IkN�Ib
MLc�hÓMLcGWYf�IkN^SaMLTVSjRgT>MLN,fOW�/
tj)>Saf^W9+�N^M9NOX>W,W�3�N^WYfOTZIL[E5QW�5QMLfOh�UdWsbYI�)dR	WgML\�R0)Zb�XÓI9WYT>M>)A-LX
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+>I�NOIi5QW�5QMLfOhiM�TÓWsILb�Xoä�P�æu?
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DSP core

C549 DSPADS803
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:

10MHz
Clock

Flash Mem
(256kB)

32kW
RAM

Trigger
Module

Ch0
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CSI

16

I/O

16bit D/A
(x 2)

100 MIPS

C549
DSP

5MHz
System
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Power

JTAG

12

Buf
sw
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Control
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offset
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Â|W
N�#|WYWYTÕNOX>WÈeUä Ë I�TE+ÓNOX>W`X>M�R1NgcGMLf^N�n�6 y /nU>S$NU+>IkN�II�TE+
ILT M�1LWYf.TZM�#ÚU>S�N�I�fOWQN^f�I�TZR	\÷WYfOf^W9+q?eå"T I:+A+>S�NOS$M�T�n y U>S�N�R.ILf^W
NOfOILTZR1\÷W�f^fOW�+.NOMÈI y /nU>S$N�b
M>)>T�N^W�f�n>#�X>Sab�XSjRS)dR	W9+QN^MÈb�XZW�b�K`NOX>W
+>I�NOI*R	W9t>)ZWYTZbYW:?òÈ0ILR	N.MLTZW�U>S$N.SjRÈfOW�R^WYfD1LW9+ \÷MLfy%(Ò�È fOILTA-LW
bYMLT�N^fOML[¥#�X>Sjb�X SjR.fOW�bYM:-�T>SP��W�+ SaT Ë P�å2?]_ XZSaR�SjR.fOW�IL[$S,�YW9+ U�h
bYM:5QcZI�fOSjR	M�TÅM�\ÊN^XZW.SaT�N^W�-�fOI�N^W9+Jb�XZI�fD-LWÈMLTÅNOX>W Ë P�å,bYILcZILbYSf/
N�I�TZbYW(#�S$N^XVNOX>W²5I�3�S,5Q)A5 b�XdI�fD-LW�M�\3NOX>W9X>S,-LX�/^-�ILS$TÕf�I�TA-�W:?
eg[a[�NOX>W8SaTE+�S,1�Sp+�)ZIL[>äÃP�æ�R3I�fOW]bYMLT�N^fOML[a[aW�+�U�h�I�TZM�N^XZWYf�äÃP�æun

#�X>Sjb�Xib
M�[$[aW�b
NOR8N^X>W�c>f^M�bYW�ROR	W9+.SaT�\÷M�f.5IkNOS$M�T%$�_a6:n�_ y n|Ô I�TE+
PEÒ�k*nGW
N�b�?{'�$ONES,-E?u6�Bj'2n6I�TE+ÅR^WYT +VN^X>W�5 N^M�N^X>W�_3f�ILb�KoNES$TE+>WYf
NOf^S,-:-�WYfa5QM�+A)>[$W�NOX>f^M>)A-LX S$NOR`R^WYfOSaIL[][$SaT>W�R9I�NQv�8VHÅU>cZR�?egT
WsILR^h>/�N^M:/b)dR	W,bYM:5M5QWYf�b
SjI�[æ Ë N^M�M�[Gb�I�TiUGW�bYMLT>TZW�byNOW�+iN^M`NOX>W
5QM�+�)>[aW�1�SjI!Ø�_Ee&! UGM:)ZTE+>I�fOh`RObYI�T.cdM�f	N]\÷M�fS+�WYUA)E-:-LSaTA-ÃI�TE+
5QMLTZS�NOMLfOS$TA-VML\�NOX>W[äÃP�æ�R�?�e +�)dI�[8cGMLf^N*5QW�5QMLfOhJM�\XBVK�Â
SjRi)ZR	W9+ NOM*W�3>b�XZI�TA-�WiNOX>W%+>IkN�ICUGW
N�#|WYW�T N^XZWe5QM�+�)>[aWÅI�TE+
IoH�H�WF5ILR	N^W�f*5QM�+A)>[$W>?ÕeÀN0[jILR^X�5QW�5QMLfOhJML\ y v��ÕK�Â SjR
SaTZb
[,)E+�W9+ N^M*R1NOMLfOWc>f^M>-Lf�I�5 ILTE+ cZILfOI:5QW
N^W�fOR�?V_ X>W³#�X>M�[$W
R^h�R1NOW�5ÝbYILTiUdW�R	h�TZb�XZf^M�T>SP��W�+QU�hM)ZR^S$TA-�I�TW�3�NOWYfOTZI�[6R^h�R	N^W�5
bY[$M�b�KiML\uvQHe%U�:?
P�SP3�NOWYW�T=5QM�+�)>[aW�R|M�\uæ8fOM�NOM�/�½An:#�XZSab�XÕb
MLfOfOW�R^cdM�TE+>R�N^M y v��

SaT>cA)�N./nb�XdI�T>T>W�[aR�n�XZI41LW�UdW�WYT=5QI>+�WÃI�TE+QNOW�R	N^W9+q?8_ X>W�M:)�NOcA)�N
T>M�SaR^W*T )ZbyND)ZIkNOS$M�TCM�\ Ë P�å�\÷ML[a[$M�#|W�+VU�hVNOX>WÈc>SacGWY[aS$T>W9+*e¸ä Ë
SjR9[aW�ROR�N^XZILT y cZX>M�NOM�W�[$WsbyNOf^M�TZR�ns#�X>Sab�X SjRÃ[$WsR^R9N^XZILT XdI�[$\|ML\
SaT�N^fOS$TZR^Sjb9T>S,-LX�N�R^K�hÕUZI�b�Kj-�f^M>)>TE+=TE)Zb
N.)ZI�N^SaMLTÅML\ Õ ½>8iáÎv|{ v
c>XZM�N^M�W�[$WsbyN^fOMLTdR�SaTÈI&æ�HC_*W�1LW�f^h�S$T�NOW�-Lf�IkNOS$M�T�N^S,5�W�M�\ y 8:8�TdR�?
_ X>W.b�X�/�U�hj/"b�Xe1kILf^SjIkNOS$M�TÕML\]N^X>W.T>MLSjR	WaT )ZbyND)ZIkNOS$M�TÅSaR,W�3>I�5i/
SaT>W�+ÓNOMUdW`R.5I�[a[�?�_ XZW9T>MLSjR	WÃM�f^S,-LSaTZIkNOW�+�\÷f^M>5 NOX>W*æ8fOM�NOM�/�½
bYS$f�b�)>S$NibYILT UGWÅT>W�-�[$WsbyN^W9+q? e,[aR^M N^X>WÅR^SP-�TZI�[¥cZT +�S$TE- IL[P-�M�/
fOS�NOXA5 I�TE+bYMLT�N^fOML[>I:5�M�TA-"6w�²äÃP�æ�RÊMLTiIa5QM�+�)>[aWgXZI�RÊUdW�WYT
+�W�1LW�[$M�cdW9+�)ZR^S$TA- ILROR	W�5ÈU>[aWYf.[aILTA-:)dI�-LW³+>W�+�SjbYI�N^W�+ N^M Ë v*�>I
äÃP�æu?:Í W,bYMLT�cZfD5QW�+.N^XdIkN8NOX>W,R^SP-�TZI�[�cdTE+�SaTA-ÈI�T +i+ZIkNOI(TdM�#
bYMLT�N^fOML[3b�I�TÅR.)ZbYbYW�ROR1\`)>[a[ah=#|MLfOK[#�S$N^X>M>)�N�ILT�ho+�WsI:+ÓN^S,5QWÈMLT
NOX>W7# IhVM�\ÊNOX>WQMLT>[aS$TZW7+>I�NOI�I�b�tj)>SjR	S$N^SaMLTs?aä�W
N�I�Sa[$W9+JfOW�R.)>[$NOR
M�T N^fOS,-:-LW�f.W�ãib
SaWYTZbYh�)ZR	SaTA-*N^X>Wo+�W�1LWY[aMLcGW�+ R	S,-LTdI�[CcZTE+�SaTA-
IL[P-�MLfOS�NOXA5 I�fOW9R	X>M�#�TÕ[jIkN^W�f�? ; x.L

���$Ù ¬|�<2GFwF?�����$Ù���� ¸,��H|�u-
_ X>WÅM�1LW�fOIL[$[ R^SP-�TZI�[ NOM T>MLSjR	WVf�IkNOS$Mg$�P Ò�k¸'�SaT1�S$W�#BML\ÃI

æ�HJ_ SjR�I�c>cZf^M43�S,5QI�N^W�[$h"-�SP1�WYTÕU�h�×ÚÛ ámÛiÞ�ÛqÜ�Ý 6<Ù b
M�R|Þ�:Ô�ß ;à Ý á>â�ã
ä@åçæ è�é�?Örê-ëyì J ã ;yí êrîUïêrî J ã ;ðòñómô æ Ë³]Ì#ì J ã ;öõ
W�3�cZ[$Sjb
S$N^[ah�R^X>M�#�SaTA-�N^X>W¸5QSaR.5IkNOb�XQUGW
N�#|WYW�TQN^X>W�S$T�N^W�-Lf�IkNOS$M�T
NOSP5QW«êrî ð I�TE+�NOX>W�R^SP-�TZI�[j+�)>f�IkN^SaMLT�NOSP5QW�êrîU÷Q#�X>WYfOW é SjR�NOX>WM�c�N^SjbYIL[-�IkNOX>WYfOS$TE-.I�fOW�I�I�T +~ø�ù SjR|N^X>W²\gIh�[aWYS,-LX�RObYI�N	N^W�f^SaTA-
[aWYTA-LN^X�n,Û Þ SaR,N^X>W.T�)A5ÈUGWYf�M�\8W�[$WsbyN^fOMLTdRgSaTÅN^X>W�I�Saf0/"R^X>M�#�W�f�n
ILTE+jÛ Ü SjR�NOX>W²TE)>M�f^WsR^bYWYT�Ngh�S$W�[,+�?6_ XZW*5QW�ILR.)>fOW�+ÅPEÒ�k-I�[jR	M
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+�W�cdW�TE+>RÊM�T�N^X>W�c>fOS,5QILf^hÈWYT>W�f.-�h`M�\GN^X>WgILS$f./"R	X>M�#|WYf]I�T +ÈNOX>W
M�c�N^SjbYIL[�\�I�byN^M�f7#�XZWYfOWe+ I�TE+Çä I�fOWiN^XZWe+�SjI�5QWYN^WYf�R�M�\gNOX>W
æ�HJ_ ILTE+[5QSaf^fOMLf�ILcdW�f	ND)>f^WÃfOW�R^cdWsbyNOSP1�WY[ah:?
N>M�f \`)>f	NOX>WYf,MLc�NOSP5QS,��IkNOS$M�TÓML\ÊP Ò�k-bYILTÓUGWQ+�M�T>WÃU�h[5I�3�/

S,5QSP��S$TA- N^XZWC\�I�byN^M�fÓML\=$�êrî ï à.êrî J ã ;ð '�? e cZf^SaMLfOS�M�T>Wr+�M�W�R
T>MLNÈK�T>M�# N^X>SjR-êNî ï R^SaTZb
WiS$N.SjR.W�1LW�T�N7+�WYcGWYT +�WYT�N�?¯WS1LW�T�NOR
+�WYN^WsbyN^W9+JU�hVN^XZW�_EeÆ+�W
NOW�byNOMLf9bYILT�-LW�T>WYf�IkNOWÈcA)Z[aR^W�R(#�X>M�R	W
#�Sp+�N^XdRfOILTA-LWÓ\÷fOM:5 R^W�1�WYf�I�[|N^W�TZRTZRN^M R	W�1LW�fOIL[�NOWYTZR³¾ÉR�?%,WYTZbYW:n�N^M`N�I�K�W�\`)>[a[GI>+�1kI�T�NOI:-LW�M�\�NOSP5QW�S$T�N^W�-Lf�IkNOS$M�T�SaT³5QSaT�/
S,5QSP��S$TA-�TZMLSjR	W>n9#|WÊXZI41�WÊW�5Qc>[aMkhLW�+ÃILT�M�T�/bTZSP-�X�N3R	S,-LTZIL[�fOW�b
M>-�/
T>S$N^SaMLT#�S$N^X=MLc>N^S,5�S,�YSaTA-�1kI�fOSjI�U>[aWÕN^S,5�W�cZ[�NOWYfiU�h b�X�/�U�hj/"b�X
cZILfOIL[$[aWY[�äÃP�æ�RQSaT=MLf_+�WYf.N^M N^fOS,-:-LW�f.M�T TZW�I�fOU�h ILRi#|WY[a[gILR
+�SjR	NOI�T�NiW�1LWYT�N�R"#�S�NOX MLc�NOSP57)A5 W�ãib
SaWYTZbYhÇ#�S$N^X>M>)�N�R	N^fOMLTA-
U>SjILR,\÷MLf�MLfÃI�-�I�SaTZR1N�R	cGW�bYSfcdbÈN^S,5QW7+�)ZfOI�N^SaMLTJML\�R	S,-LTZIL[�# I41LW
\÷M�f.5o?Qe,ROR0)A5QSaTA-ÕN^X>WM�c�N^S,5QSP��W�+*W�ãib
SaWYTdb
hÅ\÷M�fÃN^fOSP->-LWYfOSaTA-En
#|W9b
MLT�1�WYf^N|W�[$WsbyN^fOMLTVR^SP��WqÛ7ÞgN^MWYTZWYfD-LhSaTÕM�fD+>WYf N^MM�U�NOILS$T
ILT W�R	N^S,5IkNOW�\÷M�f�W�T>WYfD-Lh NOf^S,-:-�WYf.N^X>fOW�R^X>ML[p+>R�?�Í*WÕN�I�KLW>× ± ; L



� ´ µ ¤_¶2�_�b�¸·9¹:º^¹�»>¼ô á 6 { �òw 698 á x�Û7Þ9n¥#�X>W�f^W%W SjR�N^X>WÅc>fOS,5QILf^h WYT>W�f.-�h S$T
W�W�HQ?deg[jR	M�I�R^R.)A5QSaTA-��7á ß à I�TE+ÕNOX>WÈ_Ee-MLc>N^SjbYI�[�+�W�R^SP-�T�n
IQb
fD)E+�WÃWsR1NOSP5IkNOW9M�\EN^X>W9W�T>WYfD-LhQNOX>fOW�R^X>ML[p+�SjRX-�SP1�WYT�U�h�×ô��	��
 W8W�H�qáF6�8 á ° æ ÚÛ¥ì ß ] ã ;à Ý ù�� ã�ä@å õ
#�X>W�f^Wyß à SaR�SaTCK�5o?`_ X>SaR�R^SP5Qc>[aW.WsR1NOSP5I�N^WQR0)A->-LWsR1N�R�N^XdIkN
NOX>W R^WYTdR	S$N^S,1LW _0e +�W
NOW�b
N^MLf MLc>N^SjbYR I�TE+ f^WsI:+�M>)�N~+�W�1�SabYW�R
R^X>M:)Z[,+=I�[a[aM�# )ZRiR^SP-�T>SPcdbYILT�NO[$h [$M�#|WYfQWYTZWYfD-Lh N^XZf^WsR	X>M�[,+ ML\
698jJ0±yW�H ILTE+Õ[aILf.-�WYf�+�W
NOW�byNOS$M�TÅI�cGWYf^N.)>fOW:?
_ X>W-f�IkN^WÉM�\ I�Saf./nR^X>M�#|WYf W�1LW�T�N�R#�S�NOX N^X>W;WYTZWYfD-Lh ML\

698 J0± W�H SaT N^XZWÕbYMLTE+�S$N^SaMLT N^XZI�N.NOX>WÕR^S,-LTZIL[�NOM*T>M�SaR^W�f�IkNOS$M
I�NQ[aW�I�R1NQSaT M�T>Weæ�HJ_ R^X>M>)>[,+ UdWo5QMLfOWÓN^XZILT M�T>WÓSjRQW�R	N^SP/
5IkNOW�+.N^MÃUGW&8A? y %&� cdW�f�bYI:5QWYf�IU#�S$N^X y v.�¸æ�HJ_�R]W�tj)>Sac>cGW�+
\÷fOM:5 HÅM�T�N^W Ë I�fO[$M�R1ND)E+�h:?uÍ W9bYI�TÕR^I�\÷WY[ahILROR0)A5QW�N^XZI�N�NOX>W
NOf^S,-:-�WYf,f�IkNOWÈ\÷fOM:5 I=+�W
NOW�b
N^MLf9R	NOI�N^SaMLT*R^X>M>)>[,+JUdWQ[aW�RORgNOXZI�T
698 %&� W�1LWYT NOILK�SaTA- S$T�N^M I�bYb
M>)>T�N�\�ILKLW�+ N^fOSP->-LW�fOR=+�)>W N^M
UZI�b�K�-LfOM:)>TE+�c>Sjb�K>/^)>cZR�?
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WS1�WYT S$\Q)ZR^S$TE- I R	W�f^SaW�RÓM�\`X>S,-LXA/�cGWYf^\÷MLfD5I�TZbYW¯äÃP�æ�R�n�I

R^MLc>XZSaR	N^SjbYI�N^W�+ R^SP-�TZI�[�cZT +�S$TE- I�[,-LMLfOS$N^XA5 SjRSaTE+�SjR	cGWYTdR^ILU>[$W>?
_ X>W&äÃP�æ fD)>TZR8I9R^S,-LTZIL[�cZTE+�SaTA-`I�[,-LM�f^S$N^XE5À$ONES,-E? y ½9I�T + y>y '
I�R|\÷ML[a[$M�#gR�×
6>?�W�ILb�X P�N�/�ä�P�æ +�W�cdT>W�RÈN^X>WÕI:+A+>f^WsR^RÈf^W�-LSaMLT N^M R	WsI�f�b�X

#�S$N^X N^X>W [$W�TA-�NOX M�\ y v�? �g¾�R b
MLfOfOW�R^cdM�TE+�SaTA-=N^M 6 y B
#|MLf_+>R|M�\]eUä Ë /^+ZIkNOIE?

y ? HCI�3�SP5QS,�YW�PEÒ�k7$�_a6>n _ y '.áÎÔ²Ò.Õ Ö;b�XZI�TE-LSaTA-�_a6�I�T +._ y
SaTE+�W�cdW�TE+�W�T�NO[$h"#�XZWYfOW!ÔÉSjR�I.b�XZI�fD-LW�R0)A5ÝUGW
N�#|WYW�TÓ_a6
ILTE+i_ y I�TE+[Â=SaR|UZI�b�Kj-�f^M>)>TE+I41�WYf�I�-LW9+.\÷f^M>5 I41�WYf�I�-�W
ML\0cZI�R1NU+ZIkNOI�T>MLN N^fOSP->-LWYfOW�+�?

½E?¥å"T MLf_+�WYf NOMÚR^W�ILfOb�X N^XZW MLc>N^S,5Q)A5 PEÒ�k W�ãibYS$W�T�NO[$h>n
WsILb�X�P�NräÃP�æ cGWYf^\÷MLfD5RÊN�#|MÈR1N�I�-�W�R8ML\�R	WsI�f�b�X�cZf^M�b
WsR^R�n
bYM�ILfOR^W�R^W�ILfOb�XÕI�TE+=cZT>W9M�T>W:?� ?¥å"T*N^XZWib
M�ILfOR^W.R^W�ILfOb�Xsn�N^X>WR^W�ILfOb�X¯#�S$TE+>M�# M�\ y vA? �=¾�R
bYMLfOf^WsR	cGMLT +�S$TE-�NOM~6 y BVeUä Ë /�+>IkN�IÓSjR`R.)>U�+�SP1�Sp+�W�+ SaT�N^M
\÷M>)>f b
M>5ÈU>SaTZI�N^SaMLTZR M�\ÕU>SaTZR [aS$K�W �Ï#|MLf_+>R:wS½ y U>SaTZR�n
BQ#�M�fD+ZR:wX6��ÃU>S$TdR�n�6w�Q#�M�fD+ZR:wrBÈUZS$TZR�n�I�TE+[½ y #|MLf_+>R>w� U>S$TdR�? _ X>W¯äÃP�æ c>f^M>-Lf�I�5 cZTE+>RÕI b
W�f	N�I�SaT U>SaT M�\
#�XZSab�XÕW�R	N^S,5IkN^W9+ÅPEÒ�kÉSjR�[aILf.-�WYf|N^XdI�TVI�T�hiM�NOX>WYf�R�?

vA? eg\uN^W�f9N^X>WibYM�ILfOR^W�R^W�ILfOb�Xsn6N^X>WicZf^M>-Lf�I�5 R1N�I�f^NOR9I=cZT>W�f
I>+4R�)ZR	N^SaTA-9I�[,-LM�f^S$N^XA5o?�ånN�cdTE+>RE\`)>f^N^X>W�fÊS$Tdb
fOW�ILR^W|M�\6P Ò�k
I�R�b�XdI�TA-�S$TA-iN^X>WQR1N�I�f^N^SaTA-ÓILTE+JW�TE+�SaTA-�W9+�-LWsR�n�_a6�I�TE+
_ y n U>S$T U�h U>SaT I�fOM:)>TE+ NOX>W�R^WÅ\÷M:)ZTE+=U�h NOX>WCb
M�I�f�R	W
R^W�ILfOb�Xs?3egTE+*cZTZIL[$[ah*ä�PAæJc>fOM:-�fOI:5�cZT +>REM:)�NEN^X>W¥5I�3�/
S,5Q)E5 PEÒ�k SaTÕN^X>W`R^W�ILfOb�X=#�S$T +�M�# ML\¥6 y B7#�M�fD+>R�?�E?�P�SP-�TZI�[:cZTE+�SaTA-¸äÃP�æ R	W�TE+ÃNOX>WC+�WYN^W�f.5QSaT>W�+`_a6>n _ y nkI�TE+Ô NOM9N^X>W(+�)ZIL[ZcGMLf^N<5QW�5QMLfOhe$�ä¸æ�Hò']NOMÈb
M>5M5Q)>T>SjbYI�N^W
#�S$N^XÕNOX>W²5QM�+A)>[$W*äÃP�æu?

z�? _ XZW75QM�+�)>[aWiäÃP�æÏ-�I�N^X>W�fOR,N^XZW�R^SP-�TZI�[�cZTE+>S$TA-VfOW�R.)>[$NOR
\÷fOM:5 ä¸æ�H ILTE+ÓcZILb�K�R|N^XZW�5 SaT�N^MQMLTZWÃR^WYfOSjI�[�cZI�b�KLW
N9?

BE? _ XZW[5QM�+�)>[aW=äÃP�æ R^WYTE+ZR9N^XZWÓR^WYfOSaIL[�cZI�b�KLW
N.M�\U+�WYN^WYf./
5QSaT>W�+ R^SP-�TZI�[icZTE+>S$TA-;fOW�R.)>[$NOR N^MÉNOX>W=W�1LW�T�N NOf^S,-:-�WYf
NOfOI�b�KicZTE+�SaTA-M5QM�+A)>[$Wa1�SjI`\�I�R1NgR^WYfOSaIL[GbYMLT>T>WsbyNOS$M�T=#�S$N^X
I�UA)AÁGW�f^W9+�R^WYfOSjI�[�cGMLf^N8MLT.N^X>W&\�3AäÃP�æ M�\GN^XZWg_XN�5QM�+�/
)Z[$W>? _ X>W R^WYfOSaIL[9b
MLTZT>W�b
N^SaMLTÉXZILRVI N^f�I�TZR	\÷WYfVf�IkNOW*SjR
v:8.HJU>cZR�?

IE? _ XZW¥# I41LW�\÷MLfD5m+>I�NOI�M�\�6 y BU#|MLf_+>RÊI�fOW|KLWYc>N]M�TÈNOX>W�SaT�/
NOWYfOTZI�[6UA)AÁGW�f¥5QW�5�M�f^hML\3SaTE+�S,1�Sp+�)ZIL[�ä�PAæu?>_ X>W�UE)�ÁGW�f
+>WYc�NOX b
M�f^fOW�R^cdM�TE+>R`N^M¯½ò5R.R^MÅN^XdIkNQS�NQbYI�TÐ#|ILS�N.\÷MLf
NOX>Wg_XN*f^WsR0)>[$N�ILRdä,e_Ô fOW�tj)>WsR1N8SaT"½a5QR�?uån\dNOX>WYfOW�SjRÊT>M
ä,e_Ô-fOW�tj)>WsR1N�\÷fOM:5 _XNÐ#�S$N^XZS$T�½:5QR,Ik\uN^W�fgNOX>WÈR^W�I�f�b�X�n
NOX>W²5QW�5QMLfOhiI�fOW�I�SjR M�1LW�f.#�fOS�N^N^W�T�U�hiT>W�#Ée¸ä Ë +>IkN�IA?���$Ù��BA ¬I�
v.���r462�=>¼�2�=?F

_ X>WÈ_XN 5QM�+�)>[aW`\÷MLf�W�1�WYT�NgNOf^S,-:-�WYfOS$TA-WsR^R^WYT�NOSaIL[$[ah�SaT�1LW�R0/
NOSP-�IkN^WsR0N^X>WX½:äU/ncZIkN^N^WYfOT�S$T.N^X>W²$n�Qn�Zin�_&'0R^cZI�b
W¥#�X>WYfOW¯�Qn4Z
R	NOILTE+>R�\÷M�fgNOX>W7æ�HJ_;b
WYT�NOWYf,cGM�R^S$N^SaMLTÅMLTVNOX>WÈM�c�N^SjbYIL[�\÷M�bYIL[
c>[jI�TZW�ML\3NOX>W*+�W
NOW�b
N^MLfgR	NOI�N^SaMLTVI�TE+V_ \÷MLf N^XZW`_a6�M�f�_ y ?8e
c>fOM�NOM�N1h�cGW�ML\6_XNCXZILR]UGWYW�TM+>W�1LW�[$M�cdW9+=$�NESP- ? y ½j'0ILTE+�T>M�# S$N
SjR&)>T +�WYf,N^W�R	N�?E_ X>WQ+>I�NOIMTdM�# M�TVN^X>W75�M�+�)Z[$W`SjRU+>W�ROb
fOS$UGW�+
I�R|\÷ML[a[$M�#gR�×
6>?&â�TZW _XN 5QM�+�)>[aW XdILRrBé\X3�äÃP�æ�R¯#�XZSab�XÚXZI41LW N�#�M
UE)�ÁGW�f^W9+R	W�f^SjI�[dcdM�f	N�R8fOW�R^cdM�TZR^S$U>[aW \÷MLf�S$TZcA)�NOR�\÷fOM:5ÚN�#�M
PANg5QM�+A)>[$WsRÃf^WsR	cGW�b
N^S,1LW�[$h>?7W�I�b�XCUA)AÁGW�f^W9+*R^WYfOSaIL[0cGMLf^N
M�Tò\�3AäÃP�æ fOW�bYWYS,1LW�RgW�ILb�X*R	WYN�M�\�_a6>n�_ y n6I�TE+ Ô R^h�T�/
b�XZf^M�T>M:)ZR^[ah�W�1LW�f^h y v�? �Q¾�R�?

y ? _ XZWQ\�3Aä�PAæ®tj)>Sab�K�[ah�fOW�bYM:-LTZSP��W�R�5Q)>N.)ZIL[$[ahÕbYMLT>TZW�byNOW�+
SaTm$n�Qn Z7n _&'[½>ä&/"b
M�MLf_+�SaTZIkNOW�RM>)�NÓML\.P�N fOW�R.)>[�N�RiSaT I
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¤U�4���_�b�_� ¢����¥�X�Y�4�4�®�<�_ ���b¤��^¶ � �{£����d¤_£s�²�L��£�b�*�������Ê���2£4£s�	�����{£4�
�L����a��1��£a����<¨��{�2£�¤_� � �{£�s�0���s¤_£�(����d���^¤��^¶ � �{£����8�,���_�O�b�2�, ^�
cZf^WYN^fOSP->-LWYfXæ�HJ_ bY[P)dR1NOWYf9?8egTE+VS$N,bYIL[ab�)>[aI�N^WsR|N^X>W9NOM�N�I�[
P Ò�k \÷M�f9N^X>WÓb
[,)ZR1NOWYf[$�b
[,)ZR	N^WYf./1PEÒ�k('�\÷f^M>5 b�X>M�R	W�T R	WYNOR
ML\]_a6>n>_ y n>ILTE+jÔ7?

½E? _ XZWÇ\�3AäÃP�æ R^WYTE+>RCM:)�N*N^X>W +>IkN�I M�\QNOX>W fOW�R.)>[$NOI�T�N
bY[P)dR1NOWYf./"PEÒ�k ILTE+CIL[$[�6w�ÓR	WYNOR�M�\�R^S,-LTZIL[scZT +�S$TE-ÓfOW�R.)>[$NOR
NOM_�:/�cGMLf^N�5QW�5QM�f^hM$ Ë e¸È Ë ä(æ�Hò's1�SaIgN^X>W¥5QM�+A)>[$W�UA)ZR�?
_ XZW`N^f�I�TdR1\÷W�f�N^S,5QS$TA-ÓSaR¸#|WY[a[0ROb�X>W�+�)Z[$W9+ÅT>M�N,N^MÓbYML[a[$Sp+�W
#�S$N^X W�ILb�X MLN^X>W�f`MLT NOX>W[5QM�+�)>[aWiUA)ZR�?�Ø:)dR1N.I�\uN^W�f.I�[a[
\X3�äÃP�æ�RMcZT>SjR	X NOfOILTZR1\÷W�f^fOSaTA- N^X>WCbY[P)dR1NOWYffOW�R.)>[�N�R�n SaT�/
NOWYfOf.)Zc�NÈR	S,-LTdI�[jR`I�fOWR	W�T�N9NOMÅN^XZf^W�W³ä�P�æ�R³$ Ë IL[ab:6�äÃP�æun
Ë IL[ab y äÃP�æun3ILTE+ Ë I�[jb�½:äÃP�æ¥'g\÷M�f9N^f�ILb�K�cZTE+�SaTA-JbYIL[ab�)�/
[jIkNOS$M�TÓSaTVMLf_+�WYf|NOMS$T�\÷M�f.5 N^X>W�5 +>I�NOI�/nfOW�I:+>h:?� ? _ XZW Ë I�[jb�69ä�P�æeR�) +�-LWsR8c>fOW
NOf^S,-:-�WYfd#�S$N^XiI�[a[s6��9b
[,)ZR	N^WYf./
P Ò�k,R�?J_ X>WNOM�N�I�[|P Ò�k #�S$N^X M�T>[ah R^SP-�TZI�[jR9SaT b
[,)ZR	N^WYf�R
57)�N.)dI�[a[$hJbYMLT>T>WsbyNOW�+*M:)�NÃM�\(6w��bY[P)dR1NOWYf�R�M�TCM�T>W�b�I�5i/
W�fOI�S$TCN^X>W"½>ä&/"b
M�MLf_+�SaTZIkNOW�R,SaRÃbYIL[ab�)>[jIkN^W9+CR^SP5QSa[aILf^[ahÕN^M
NOX>Wc>fOW�1�SaM:)ZR9PEÒ�kÚW�3�N^f�ILbyNOW�+J\÷f^M>5 IÕc>f^WYN^fOSP->-LW�f�bY[P)ZR0/
NOWYf9?,_ X>W9NOM�N�I�[ÊPEÒ�k-SaTJM�T>WÈbYI:5QWYf�IQSaR¸)ZR^W�+ÕN^M[cZTZIL[$[ah
+>W
N^W�f.5QSaT>W�N^X>WQc>fOW
NOf^S,-:-�WYf9?9_ X>WQc>f^WYN^fOSP->-LW�fgN^XZf^WsR	X>M�[,+
57)ZR	NgUdWQ+>W�b
Sp+�W9+�\÷fOM:5 +�W
N�I�Sa[$W9+ÕHJMLT�N^W Ë ILf^[aMR1ND)E+�SaW�R
M�f�f^WsI�[6c>Sa[$MLNgMLUZR^WYfD1kIkNOS$M�TZR�?

vA? Ë IL[ab:6�äÃP�æ I�[jR	M +�W
NOWYfD5�SaT>WsR NOX>W-b
W�T�NOWYf=M�\~-Lf�I41�S�N1h
$�b�? ME? -E?{'.M�\3NOX>W*½:äU/ncZIkN^N^WYfOTÓ\÷MLf�c>fOW
NOf^S,-:-�WYfOW�+iW�1LW�T�N�R�?

�E? Ë IL[ab y äÃP�æ R^W�ILfOb�XZW�R�NOfOI�b�KÅM�\C½>ä&/ncZI�N	N^W�f^T*M�\¸$n�Qn Z7n _&'
I:-�ILS$T~$ONESP- ? y ��'�\÷f^M>5ÝN^X>W`b:? M ? - ?u)ZR	SaTA-I�[a[�R^SP-�TZI�[�cZT +�/
SaTA-QSaT�\÷MLfD5IkN^SaMLTdR S$TZbY[P) +�S$TE-i#�Sp+�W�f�N^S,5QW9f^W�-LSaMLT�?

z�? Ë IL[ab�½:äÃP�æ bYI�[jb�)Z[aI�N^W�RÓNOX>W N^MLNOI�[ÈP Ò�k,RÓ\÷fOM:5 NOX>W R^W�/
[aW�b
N^W9+ cZI�N	N^W�f^TdR�U�h Ë I�[jb y ä�P�æu? e�\uNOWYfÕN^XdIkN�n�S$N=cZT +>R
NOX>WC[jI�fD-LWsR1NVPEÒ�k \÷f^M>5 R	S,-LTZIL[,SaT�\÷MLfD5IkNOS$M�TZRÓbY[$M�R	WJN^M
NOX>WÈM�c�N^S,5Q)E5 N^f�ILb�Kr$uN^f�ILb�Kj/1PEÒ�k('�I�T +MR�)E+�-�W`N^XZW*cZTZIL[
NOf^S,-:-�WYfX+�Wsb
SjR	SaMLT�?8_ XZW9f^WsR0)>[$NgM�\0N^X>W`N^fOSP->-LWYf�R�)E+A-:5QWYT�N
SjR`R^WYT�N9N^M*I%+�)ZI�[�cdM�f	N*5QW�5QM�f^h $�_¯�¸ä(æ�H¯'�\÷ML[a[$M�#|W�+
U�h�_¥3AäÃP�æu?

BE? _¥3AäÃP�æ I�[,#|Ih�RS# IkN�b�X>W�R�N^XZW,NOf^S,-:-�WYf�R�)E+�-:5QW�T�N�R	N^MLfOW�+
M�TC_¯�¸ä(æ�HK?�â�Tdb
WÈS$N�M�U�NOILS$TdRgNOX>WÈNOf^S,-:-�WYf<R�)E+�-:5QW�T�N9n
NOX>W._¥3AäÃP�æ®5ILKLW�R�IiR^WYfOSaIL[3cZI�b�KLW
N,N^M�SaT�\÷M�f.5 N^XZWÈfOW�/
R.)>[$N.NOM N^X>WVb
M�f^fOW�R^cdM�TE+�SaTA- PANF5QM�+A)>[$WsR�? _ X>WÕR^WYfOSjI�[
cdILb�KLW9+ÈXdILR�IÃXZW�I:+>WYf8SaT�\÷MLfD5IkNOS$M�T�SaTZbY[P)E+>S$TA-`N^X>WgSp+�W�T�/
NOSfcGbYIkNOS$M�TQM�\GN^X>W�PAN�5QM�+�)>[aW,I�TE+i#�SaTE+�M�#²n>#�X>Sab�XQSaTE+�SP/
b�IkNOW9N^X>W�I:+A+>f^WsR^R^W�R,M�\d5QW�5QMLfOS$WsRgML\<+>IkN�Iib
M�T�NOf^SaUA)�NOW�+
NOM`NOX>W,NOf^S,-:-�WYfOW�+QW�1LWYT�N9?]_ XZW�_¥3Aä�PAæ R^WYTE+N^X>W�cZILb�K�W
N
+ZIkNOI MLT�N^M=R^WYfOSaIL[�SaT�N^WYf^\�ILbYW*cGMLf^N�? NESaTZI�[a[ah P�NÆ5QM�+�/
)Z[$W9fOW�bYWYS,1LW�R�NOX>W*+�SjR1NOf^SaUA)�NOW�+JP�NÐ5�M�+�)Z[$W`ILTE+e#�S$TE+>M�#
Sp+�W�T�NOSfcGbYIkNOS$M�TZR�#�S$N^XÅIMäge_Ô;fOW�tj)>WsR1N9?
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Í*W*XZI41LW*b
MLTAcZf.5QW9+ N^X>W~+>IkN�I�TZM�# SaT N^X>W b
M�T>T>WsbyN^SaMLT
UGW
N�#|WYW�T N^X>WVP�N;I�TE+ _XN cZf^MLN^M�N1h�cGW�R.I�fOW³#�W�[$[|b
M�T�NOf^M�[$[aW�+
R^h�TZb�X>fOMLT>M>)ZR	[ah=$�NESP- ? y ½>'2?uN>fOM:5 NOX>W(+>W
NOILS$[aW�+�HÅMLT�N^W Ë I�fO[$M
R	N.)E+>S$WsR�n&#|WJXZI41�WÅS$T�1�W�R	N^S,-�IkNOW�+ NOX>WCW�ãbYS$W�T�N�N^fOS,-:-LW�f�b
M�T�/
+�S$N^SaMLT $�_EI�U>[aWòH¸å0'2?g_ X>WCN^f�ILb�Kj/1PEÒ�k SjRÓN^MLNOI�[a[ah UZSaI�R	W9+ U�h
ILc>c>fOM43�S,5IkNOWY[ah��³+�)>WÃN^M"5I�3�S,5QSP��S$TE-�PEÒ�k;SaTVN^X>W`R^WYfOSaW�R M�\
P�S,-LTdI�[dNES$TE+>S$TA- n0bY[P)ZR	N^W�f0/1PEÒ�k*n�I�T +JNOfOI�b�K>/1PEÒ�kÚIL[P-�MLfOS�NOXA5R�?
NZMLfÃS$TdR1N�I�TZbYW:n3b�I�[jb�)>[jIkNOW�+ÅNOfOI�b�Kj/"PEÒ�k M�T>[$hJ\÷f^M>5 R	S,5Q)>[jIkNOW�+
T>S,-LX�NÃR	K�hÅUZI�b�Kj-�f^M>)>TE+ÕXZI�R�I=+�SjR1NOf^SaUA)�NOS$M�TCM�\C#�X>Sab�Xò5�WsI�T
1kI�[,)>W SaRVILUdM>)�N%vA? ån\7#|W I>+�MLc>N Ú à�Û ' z ILR�N^X>W N^fOS,-�/
-�WYf8NOX>fOW�R^X>ML[p+ib�)>N�n�N^XZW�UZI�b�K�-LfOM:)>TE+bYMLT�NOI:5QS$TZI�N^SaMLTib�I�T�UGW
fOW�+�)db
W�+ U�h \�I�byN^M�fiM�\!�>8>8:8En<å"T N^X>W*R^I:5�WÅbYMLTE+�S$N^SaMLTsn�NOX>W
NOf^S,-:-�WYfÃI�cGWYf^N.)>fOWÈ\÷M�f`I�Saf0/"R^X>M�#�W�f,W�1LWYT�N�R¸#�S$N^X NOX>WQc>f^S,5I�fOh
W�T>WYfD-LhÕM�\U698 ;.G W�H )ZR^SaTA-�M�T>[$hVM�T>Wi+>W
N^WsbyNOMLfÃR1N�IkN^SaMLTCSaR�W�R0/
NOSP5IkNOW�+iN^M�UdW!�A? ��wX698�°gK�5 ; R^f9nj#�XZSab�XÕb
MLfOfOW�R^cdM�TE+>RÊNOMÈNOX>W
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������xyv*��vr03��»�7I2B;<2��$2n	*=
egT W�1LW�T�NQR^SP��W=+�SjR	N^fOS$UA)>N^SaMLT ML\,MLTZWÓ_EeBR	NOI�N^SaMLT \÷M�fÈNOX>W

ILS$f�R	X>M�#|WYfÈW�1LW�T�NOR²#�S$N^X W�T>WYfD-LSaW�R.I�UGM�1LW%698jJ0xyW�HBSaR.R	X>M�#�T
SaT NES,-E? y z�?=_ X>WÅR^SP��WÕSjRQ[aW�RORÈNOXZI�TÏ6:?{v K�Â|h�N^W�R�\÷M�f"I:8 "
ML\�NOX>WW�1�WYT�N�?i_ X>WW�1LW�T�N9f�IkNOWM�\|ILS$f`R^X>M�#|WYfa#�S$N^X WYTZWYfD-Lh
5QMLfOW9NOXZI�T�698jJ0±
W�H SaR�[$WsR^RgN^XZILT�8A? ½£%&�.cdW�f�R	NOI�N^SaMLT�?&W<1LWYT
#|W�I�R^R.)A5QWQI[5I�3�S,5Q)A5 NOf^S,-:-�WYf�fOI�N^W�M�\(6�8p%U�bYI�)dR	W9+JU�h
NOX>W Ë WYfOWYT>K�M�19[$S,-LX�NÊM�\6[aM�# WYTZWYfD-Lh`R^X>M�#�W�fOR]ILTE+Q57)>MLTdR�nkNOX>W
5I�3�S,5Q)A5ç+ZIkNOI�N^f�I�TdR1\÷W�f�f�IkNOWÈSjR764v K�Â|h�N^WsR_Ò�R�?9_ X>SjR�fOI�N^W
ML\`W�1LW�T�NÓUA)>Sa[p+�S$TE- b�I�T UGW bYM:5�\÷MLf^NOILU>[ah=I�b�X>SaW�1LW9+=U�h NOX>W
W8N^X>W�f^T>WYN,NOW�b�X>T>M�[$M>-Lhq? ] G L�e,TCM�1�WYf�I�[a[0ROb�X>W�5QWÈML\�_Ee W�1LWYT�N
UA)ZS$[p+�SaTA-`SjR8R	XZM�#�T.SaT³NESP- ? y �E?uâ�TZbYW N^X>W�R	S,-LTZIL[�cZTE+�W�f<5QM�+�/
)>[aW�f^Wsb
WYS,1LWsRgI[ä,e_Ô f^W9tj)>W�R	Ng\÷fOM:5 N^X>W.N^fOS,-:-LW�f�ndN^XZW.R	N^MLfOW�+
+>I�NOI�SaTÈNOX>W S$T�N^W�f^TdI�[�5QW�5QMLfOh9M�\�ä�PAæ ILf^W R^WYT�N]N^M�N^X>W W�1LWYT�N
UA)ZS$[p+�WYfÕb
M>5�cE)�N^W�fN^X>fOM:)E-LX I�H�HòW UA)ZR�ILTE+H�HòW¥Ò�æ Ë å
I>+>I�c�NOWYf9? ä�IkN�I*\÷f^M>5 v�6 y b�XZILT>T>WY[jR%$uN�#|M N^W�[$WsR^bYMLcGW�R_'.ILf^W
-�IkN^XZWYfOW�+ÃSaT�NOM,M�T>W<H�H�WCbYfOI�N^W�bYMLTZR^SaR	N^SaTA-gML\EB&)>TZS�N�R0ML\9����b�X
R^SP-�TZI�[acdTE+�WYfò5�M�+�)Z[$WsRJI�TE+ 6�H�H�W¥Ò�æ Ë åÓI>+>I�c>N^WYfJb�I�f_+q?
_ X>WÕI:+>ILc�N^W�fQ#�Sa[$[ R^WYTE+ NOX>WÓbYM:5.U>S$TZW�+K+>I�NOIÅSaT�N^MÇ6\÷f^M�T�N0/
W�TE+=T>W
N�#|MLfOKÐæ Ë ?�_ X>WJR.#�S�N�b�X>S$TE-¨%UYUÂBSjRQN^MK5QW�f.-�WÓNOX>W
\�I�R1N./�WYN^X>W�f^T>WYN¥+>I�NOI9cdILb�KLWYNOR8\÷f^M>5 y 89T>W
N�#|MLfOK7æ Ë R�SaT�N^M9NOX>W
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W�1LWYT�N]UA)>Sa[,+>WYfSæ Ë U�hi!�SP-�I�/nU>S�N]W
NOX>WYfOT>WYNENOW�b�X>TZS,tj)>W>?Ee,TQI>+�/
+�S$N^SaMLTdI�[ y æ Ë R�bYMLT>TZW�byNOW�+ÕU�hiNOX>WQ!�SP-�I�/nU>S$NgW
N^XZWYfOT>W
NUÈ0eUk
#�Sa[$[g\÷MLfD5 I�äge_Ô b
M>5QcA)�N^SaTA- \�ILf.5o?É_ X>Wòäge_Ô \�I�fD5 SjR
fOW�R^cdM�TZR^S$U>[aW�\÷MLf�NOX>W9W�1�WYT�N�UA)>Sa[,+�SaTA- n�cZ[$N^WYfOSaTA-EnAtj)>Sjb�KiMLTZ[$SaT>W
ILTZI�[ah�R	SjRgI�T +o5�M�T>S$N^MLfOSaTA-EnGI�TE+ÕNOX>W*5I�SaT�N^WYTdI�TZbYW`M�\ÊMLTZ[$SaT>W
b�I�[aS$U>f�IkNOS$M�T=+>I�NOILUZILR^W:?
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	��������ù���� �[ù��:���û����������9�O��A?��� !��	*u���$�<2n��v*5#"_���	*=|;<�$�<79���$2n	*=
_ X>W�ILS$fER	XZM�#�W�f�f^Wsb
M�TZR1NOf.)dbyN^SaMLT9SjR�+�SP1�Sp+�W�+`S$T�N^M�IgR^WYfOS$WsR�M�\

R	N^W�cZRU#�XZSab�XC\�I�[a[ESaT�N^MÓN�#�M=5I�R1MLfa+�S,1�SaR^S$M�TZR�×X-LWYM>5QW
N^fOSjb`fOW�/
bYMLTZR	N^fD)ZbyNOS$M�T*ILTE+*R^X>M�#|WYfÃc>fOM�cZ[aW�f^Wsb
MLTdR1NOf.)Zb
N^SaMLT�?MÂ|f^SaW�Tdh:n
NOX>WÐ-�WYM:5QWYN^fOSab fOW�bYMLTZR	N^fD)ZbyNOS$M�T-UdW�-LSaTZR�#�S$N^X +�W
NOWYfD5�SaT>SaTA-
NOX>W R^X>M�#|WYf./^+>W
N^WsbyNOMLfic>[jI�TZWJ\÷fOM:5 N^XZW~æ�HJ_ X>S$NÕcZI�N	NOWYfOT�?
â�TZbYW�NOX>SjRÊc>[jI�T>W SjRd+�W
NOWYfD5�SaT>W9+qnkN^XZW�f^W�5QILS$TZS$TA-�cZILfOI:5�WYN^W�fOR
\÷M�f]ILT.ILS$fÊR^X>M�#�W�f3NOfOI�R1W�b
N^MLfOh9I�fOW�NOX>W SP5QcZI�byNÊcZILfOI:5�WYN^W�f¡ß�$
ILTE+ÕS$TZbYS,+>WYT�N�ILTA-L[aW&% S$TVNOX>W`c>[jI�T>W>?�_ X>W`fOWY[jIkN^SaMLTdR	X>SacVUdW�/
N�#|WYW�TJN^XZW�R^WcZI�f�I�5QW
NOWYf�R�ILTE+CN^X>W"æ�HC_ X>S$N9N^S,5QW�R9bYILT*UGW
W�3�cZf^WsR^R^W�+ÓILR�× ; Ã.L î('�ámî G Ù ß$Ý NOI�T)Þ�à y
#�X>W�f^W>n.Ý|SaRENOX>WgR^cdW�W�+�M�\6[$S,-LX�N9n�î('�SjREN^X>W�SP/�NOX"æ�HJ_ X>S�N�N^S,5�W>nÞ ' SaR|NOX>WÃW�5QSjR^R^S$M�TÕILTA-L[aW�\÷f^M>5 N^X>WÃNOfOI�b�K.NOM�N^X>WÃSP/�NOXeæ�HJ_!+



����d�����®�0�����2�L�S¦��b�^¤�¢���������1��� �UZÞ�']SjR�f^W�[aI�N^W9+iNOM %-U�h×Þ ' ágÔ��)%m�+* '
#�X>W�f^W,*-'ÃSjR�N^XZWoæ�HJ_ W�[$W�1kIkN^SaMLT I�TA-�[$WÕSaT NOX>WÅc>[jI�T>W>? î GR	NOILTE+>RÊ\÷M�fÊN^XZWgN^S,5QWgNOX>W,R^X>M�#�W�f]\÷f^M�T�N�c>[jI�T>WgcdILR^W�R]NOX>f^M>)A-LX
NOX>W<+�WYN^W�b
N^M�f�?sNZMLfER	X>M�f	N6NOfOI�b�K�R�n�N^X>W�ILUdM�1�WE\`)>TZbyNOS$M�TÎî('.$nÞ�'b'6SjR
+�SPãib�)>[$N N^MM+�SjR1NOS$TA->)>SjR	X�\÷f^M>5 I.R	N^f�I�S,-LX�N�[aSaT>W:?då"T�N^XZI�N b�ILR^W:nß $ I�TE+.% I�fOW`T>MLN�SaTE+�W�cdW�TE+�WYT�NO[$hJSp+�W�T�NOSfcdW�+q?²å"T*MLf_+�WYf�N^M
+�Wsb
M>)>c>[aWÓNOX>W�R^WVN�#|M cdI�f�I�5QW
NOWYf�R�n|I*[aMLTE-*NOfOI�b�K [aWYTA-LN^X S$T
ILTA-:)>[jI�fQR^cZILbYW�SjR.TZW�b
WsR^ROI�fOh:? _ XZWÓfOW�R^ML[,)�N^SaMLT M�\,UGM�NOX ß $
ILTE+/%m+�W�cdW�TE+>RgR	N^fOMLTA-�[$hM�T�NOX>WÃN^f�ILb�K�[$W�TA-�NOX�?
ån\�I`R	XZM�#�W�fÊSaR�R	W�WYTR	S,5Q)Z[�N�I�T>W�M:)ZR^[$h.U�hÈN�#|M*+�W
NOW�b
N^MLf�R1N�I�/

NOS$M�TZR�n0IÕR^X>M�#|WYf./^+>W
N^WsbyNOMLf,cZ[aILT>W�\÷MLfÃW�I�b�X¯+�WYN^W�b
N^M�f`R1N�IkN^SaMLT
b�I�T UdW³+>W
N^W�f.5QSaT>W�+ ILTE+CN^X>WiSaT�N^W�fOR^W�b
N^SaMLT M�\|N^X>M�R	Wc>[jI�TZW�R
+�W�cZT>WsRQN^X>WJR^X>M�#|WYf�N^f�I�R1WsbyNOMLfOh:?Í S�NOX N^X>SjRiR	N^WYfOWYM fOW�bYMLT�/
R	N^fD)ZbyNOS$M�T�n�T>M9N^S,5QS$TE-ÈSaT�\÷MLfD5IkN^SaMLTSjR�T>WYW9+�W�+W�3>b
WYc>N8N^Mi+�SaR0/
NOS$TA->)>SjR	X UdWYN�#�W�WYT )>c�#|ILfD+ I�TE+Ç+�M�#�T�#|ILfD+ N^f�ILb�K�R�?¤%gM�#�/
W�1LWYf9n,R	N^W�f^W�M f^Wsb
M�TZR1NOf.)dbyN^SaMLT UGW�bYM:5QW�Re+�SPãib�)>[$N%#�X>WYT NOX>W
M�cdW�T>S$TE-=ILTA-L[aW UdWYN�#�W�WYT N^X>W c>[jI�TZW�RVSjRÕN^M�M R.5I�[a[�? _ X>SjR
XZILc>cGWYTZRM#�X>W�T I R^X>M�#|WYf.\�I�[a[aRQSaT I TZILf^fOM�#ÝfOW�-LSaMLT I�[aMLTA-
NOX>W�[aSaT>W�UGW
N�#|WYW�TiNOX>W,N�#|M7+>W
N^WsbyNOMLf R1N�IkN^SaMLTdR�M�f�SjR<1�WYfOh"+�SaR0/
N�I�T�N,\÷fOM:5BN�#�M=+�W
NOW�byNOMLf�R1N�IkN^SaMLTdR�?UWS3>b
WYc>Ng\÷MLf�N^X>M�R	W.R05I�[a[
M�cdW�T>S$TE-CI�TA-�[$W�W�1LW�T�NOR�n0NOX>W�R	N^W�f^W�MJf^Wsb
M�TZR1NOf.)dbyN^SaMLTr)ZR.)ZIL[$[ah
h�SaWY[p+>R.R.5I�[a[$W�fÈW�f^fOMLf�R`I�T + [$WsR^RÈc>fOMLT>M>)>TZb
W9+ NOILS$[jRÈSaT W�f^fOMLf
+�SjR	N^fOS$UA)>N^SaMLTÕN^XZILT�NOX>W²5QMLT>M�b�)>[aILf�f^Wsb
M�TZR1NOf.)dbyN^SaMLTs?A?�/�103�$u-	*;$Ó|H|��<2n�~JKv*5L	��<2�u-����<¹
_ X>WJc>XZM�N^M:/�W�[$WsbyNOf^M�T T�)A5.UdW�f~Û '$�Þ bYM:)>T�NOW�+=SaT N^X>WCSf/�N^X

æ�HJ_ SaR�f^W�[aI�N^W9+ÈNOM`NOX>W,W�T>WYfD-Lh.[$M�R^R ô '021 ï�ï M�\�NOX>W�ILS$f�R^X>M�#|WYf+�)Zf^SaTA- S$NORÓcZI�R^R^S$TE- N^X>fOM:)E-LX=N^XZW I�N.5QM�R^c>X>W�f^W%#�S$N^X>SaT NOX>W
SP/�NOX%æ�HJ_aV RXN�â&H;U�h�×Û '$�Þ á ô '021 ï�ï4365 $87 õ:9 ' 3 é '�:Ô�ß ;' 3<; '= ' â 3 è '> $ � $�½A?,69'

#�X>W�f^W 5 SaRENOX>W�h�S$W�[,+�SaTA-ÃW�ãibYS$W�TZb
h`ML\dNOX>WgIkND5QM�R^c>X>WYfOSjb�ROb
SaT�/
NOS$[a[aI�N^SaMLT ILR�I\`)>TZb
N^SaMLT*M�\ÊN^XZW�I�N.5QM�R^c>X>W�f^SjbQ+�W�TZR^S�N1h/7ÅI�TE+
NOX>W�N^W�5QcGWYf�IkND)>f^W

9
? é '|SaR�NOX>WQW�Á6W�b
N^S,1LWI�fOW�I�M�\�NOX>WQ[$S,-LX�NbYML[a[$WsbyN^M�f3N�I�K�SaTA-,SaT�N^MÃILbYbYM:)>T�NEMLUZROb�)>fOS$N^SaW�R�+�)>W�N^M�N^X>W R1NOf.)db2/

ND)>f^WÕR0)Zc>cdM�f	N�RÈML\�N^X>W�N^W�[$WsR^bYMLcGWÓI�T + N^X>WÕS,5QI:-LSaTA-ò+�W�1�SabYW:n
#�X>Sjb�X�+�W�cdW�TE+ÅMLTVNOX>W`cGM�R^S�NOS$M�TÅM�\]N^XZW7æ�HC_aV RX1�SaW�#;cGMLSaT�N9?ß?'ÈSjRNOX>W¯+>SaR	NOILTZb
W*UdWYN�#�W�WYT=N^XZWCSP/�NOX�æ�HJ_ ILTE+ N^XZW*I�Saf
R^X>M�#|WYf9? ; '= ' â R1N�I�TE+>R`\÷MLf9NOX>W�ILS$f²T )>MLfOW�ROb
W�TZb
WQW�3�NOS$TZb
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W¸#�W�bYI�T�f^WsILR^MLTZILU>[$h.T>W�-�[$WsbyN�N^X>W�R	cZI�N^SjI�[6R1NOf.)dbyN.)Zf^W
#�S$N^X>SaTK698M5�WYN^W�fOR�I�TE+VNOX>W`NOSP5QW71ILf^SjIkNOS$M�To#�S�NOX>S$T~vQTZR,\÷MLf
I�-�SP1�WYT RObYI�N	N^W�f^W�f[1�ML[,)A5QWCIkNVIK+�SjR1N�I�TZbYW:n�NOX>W*RObYI�N	N^W�f^SaTA-
bYM�W�ãib
SaWYT�NM+>WYcGWYTE+>R�M�T>[$h M�T NOX>WÕRObYI�N	NOWYfOS$TA- I�TE-L[aW:? e,RI
fOW�R.)>[$N�n�#|WÃb�I�Te)ZR^WÃN^X>WÃ\÷M�[$[aM�#�S$TE-�bYMLTZR	N^f�I�SaT�NOR�×� J.J áM� ;.; á 3�3<3 á��¥Û¥Û I�T +��4'xw(áM�Rws'&$8p�Wá�v�'r$O½E?P64v:'
Y�R	SaTA-�N^X>W I�UGM�1LW|b
MLTdR1NOfOILS$T�NOR�n*ß|'zw|SjR0N.)>fOT>W9+ÈM>)�N0NOM�UGW�R	h�5i/
5QW
NOf^SjbJSaT NOWYfD5QRÓM�\9NOX>W�pILTE+�v R0)ZUZR^bYf^Sac�N�R�R^M N^XdIkN�NOX>W
T�)A5.UdW�f�ML\�SaTE+�W�cdW�TE+�WYT�N`W9t>)dIkN^SaMLTdR�M>)�N9M�\�N^X>WiR^SP57)>[$NOI�TZW�/
M>)ZRÊR	h�R	N^W�5À6 y SjRS+�W�f^S,1LW9+`NOM9UdW��~$	�gÙ¯64'.à y ?�â�T�N^X>W,M�N^XZWYf
XZILTE+qnLN^X>W�T�)A5.UdW�f8M�\�)>T>K�T>M�#�TM1kI�fOSaILU>[aW�RES$T³WCt�R�?,6 y bYILT�UGW
b�I�[jb�)>[jIkNOW�+QNOM.UGWU�~$	�@ÙÇ64'.à y ÙÇ6:n�#�X>Sjb�X�SjR�R�)ZR1N�M�T>W¸5QM�f^W
NOXZI�T N^XZWifOILT>KCML\ N^X>W�R^S,5Q)>[$NOILT>WYM>)ZR9W�tj)ZI�N^SaMLT R^h�R	N^W�5 6 y ?
NES,-:)>fOW¸½E? ½E? y R^X>M�#gR�N^X>WÃROb�X>W�5IkNOSab,[aIh�M:)�N�M�\�NOX>SaR|W�3�I:5Qc>[aR�n

Air-Shower Axis

T.A. Eye-1
T.A. Laser-1

T.A. Eye-2
T.A. Laser-2

dX

Laser Pulse
Scattered Laser Pulse

Fluorescence in F.O.V.
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#�X>W�f^W,N^X>fOWYW�[aS,+>ILf�)>T>S$NOR I�fOW�R^W
N�IkN|N^X>W9bYWYT�N^W�f|ML\�N�#|M.I:+�R	I�/
bYWYT�N N^WY[aW�ROb
M�cdW�/�W�hLWsR�[aM�bYI�N^W�+VI�N|NOX>W*+�SjR1N�I�TZbYWÃM�\d½:8�/��>8ÈK�5e?
Í*W*T>WYW9+=N^M S$T�NOf^M�+�)ZbYW*ILT S$T>cE)�NÓ\÷fOM:5 M>)�NOR^S,+>WCM�\9NOX>W

M>)>fC5QWsILR.)>f^W�5QWYT�N ILTE+ÕIkN.5QM�R	c>XZWYfOSab,[aI�R	W�f¥5QM�T>S�NOMLfOS$TE-.R^h�R0/
NOW�5R�? P�SaTZb
W N^XZW SaT�N^W�TZR	S$N1h-M�\ÓN^X>W=[jILR^WYf [$S,-LX�N cA)>[jR^W SjR
f�IkNOX>WYf b
M�T�NOf^M�[aILU>[aW:nLS$NX5Ih�TZM�N UdW²+�SPãib�)>[$N N^MM+�W
NOW�byN [jILR^WYf
[aSP-�X�NÈcA)>[jR	WsRQ#�S$N^X N^WY[aW�ROb
M�cdWsR`SaT N^XZf^W�WiMLf75�M�f^W�WYhLWsR`W�1LWYT
S$\�I�Saf./�TE)ZMLfOW�ROb
WYTdb
Wi[aSP-�X�NORÈ\÷f^M>5 N^X>WVfOW�I�[ I�Saf./nR^X>M�#|WYf`W�1LWYT�N
b�I�T=UdW¯+�W
NOW�byNOW�+ M�T>[ah U�h M�T>WÅWYh�W:?;_ X>WCRObYI�N	N^W�f^SaTA- \�I�b2/
NOMLf Ú 'zw b
MLTdR	SjR1N�R M�\ÕN�#�M-bYMLT�N^fOS$UE)�N^SaMLTZR U�h IkN.5QM�R	c>XZWYfOSab
5QML[aW�b�)>[aW�R¥$O\gIh�[aWYS,-LXÈRObYI�N	N^W�f^SaTA-�'�I�T +`U�h9TZIkND)>f�I�[�I�TE+Q5QILT�/
5I:+>W,I�W�f^M�R	M�[>cZI�f^N^Sjb
[aW�R¸$�HÅSaW�RObYI�N	NOWYfOS$TA-�'u#�X>Sjb�XibYILTiUdW�W�3�/
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c>fOW�ROR^W�+ÓU�h�× Ú 'zw á Ú ù'zw Ù ÚR�'xw $O½E?P6��>'
#�X>W�f^WiN^X>W[\,Ih�[aWYS,-LX RObYI�N	N^W�f^SaTA-VNOWYfD5 SjR`W�3�I�byNO[$h bYI�[jb�)Z[aI�N0/
ILU>[$WÕI�TE+ MLT>[ah N^X>WÕHÅS$WÕR^b�IkN^N^WYfOSaTA-ÅN^W�f.5 SjR7)>T>K�T>M�#�T�nÊI�[P/
NOX>M:)A-�X NOX>W HÅSaW b
MLT�NOf^SaUA)�NOS$M�T SjRVf^W�cdM�f	NOW�+ NOM=UdW f�IkNOX>WYf
R.5I�[a[C$ � y 8?"i'2?¸N>fOM:5 N^X>W�IkNOM:5QM�R^c>X>W�f^Sjba5QMLT>S$N^M�f^SaTA-³#�S$N^X
NOX>f^W�W9MLfX5QMLfOW9WYh�W�R�n�#�W`b�I�TVWY[aS,5�SaTZI�N^W9MLTZW²)>T>K�T>M�#�To1kI�fOSf/
ILU>[$W Ú ���� \÷M�f�IibYWYf^NOI�SaTJR^W
N,ML\ L I�T + I $ L Wá I '�SaT�W<t�R�? y:y
M�f�6�8~)ZR^S$TE- Irc>N�ML\ÃI NOX>WYM�f^WYN^SjbYI�[,W�3�cdWsbyN�IkN^SaMLT b�)>f.1�WVN^M
MLN^X>W�f Ú �'xw $8p�Wá L õ v�Wá I õ p�Wáhv�'2? N0S,-E?S½E? ½E? y R^X>M�#gR`NOX>W
W�3�cGW�b
NOI�N^SaMLTÓb�)>fD1LW,ML\�N^XZWÃHJS$WÃR^b�IkN^N^WYfOSaTA-`\�I�byN^M�f|I�R I9\`)>TZb�/
NOS$M�TÓML\3N^XZWÃRObYI�N	NOWYfOS$TA-QI�TE-L[aW,\÷fOM:5 NOX>W`H¯â(ä�_X\geUk;IkND5QM�/
R^c>X>W�f^SjbQR	S,5Q)>[jIkNOS$M�T I�R^R.)A5QSaTA-ÕN^X>WiR	NOILTE+>I�f_+~+�W�R^WYf^N²5�M�+�W�[
 y:y �b? e�R[#|WCR^WYW:n�SaT NOX>WJ\÷M�f.# I�f_+Î$µÞ � ½>8 ��'iI�T + UZILb�Kj/
# I�f_+=f^W�-LSaMLTZR¯$µÞ ' 69v:8 ��'iN^XZW*RObYIkN^N^W�f^SaTA- \�I�byN^M�f�f�I�c>Sp+�[ah
b�XZILTA-LWsR�I�TE+ÕXZI�R�IR1NOf^M�TA-"+�WYcGWYT +�WYTZbYW9M�\EN^X>WQ#�S$TE+VR^cdW�W�+
+�)ZWiN^M*N^XZWÓb�XZILTA-LWiML\gN^XZWÓR^SP��W�cZILfOI:5�WYN^W�fÈM�\�NOX>WVI�WYfOM�R^ML[
I�R�I`\`)>TdbyN^SaMLTVML\3N^XZW`R^b�I�[aW�X>W�SP-�X�N�?K%gM�#|W�1�WYf9n�SaTÓN^X>W9fOW�-�S$M�T
UGW
N�#|WYW�Tò½:8?� � Þ � 64v�8?�ÃN^XZW�R^XZI�cGWÈML\ÊN^X>W.\`)>TZb
N^SaMLT~+�M�W�R
T>MLN�b�XZI�TE-LWÕfOILc>S,+>[$h I�R-Þ b�XZI�TA-�W�RQI�T + SjRQT>MLNiS$T�T )>WYTZbYW�+
R^M³5Q)db�XÅU�hÓN^XZWQ#�SaTE+JR^cdW�W�+q?UNZMLf^N.)>TdIkN^W�[$h>nZNOX>W.RObYI�N	NOWYfOS$TA-
ILTA-L[aWQUdWYN�#�W�WYT N�#�MVML\ IL[$[ÊNOf^S,-:-�WYfOW�+CWYhLWsR�\�I�[a[aR`S$T N^XdIkN`fOW�/
-�S$M�T.\÷M�f<5I�T�h�I�Saf0/"R	XZM�#�W�fEW�1LW�T�N�R�?Sâ�TZbYW&#�WgR.)Zb�b
WYW9+QS$TQNOX>W
W�[$S,5QS$TZI�N^SaMLTÕM�\]MLT>Wa)>TZK�TZM�#�T=1kI�fOSjI�U>[aW:n�#|WÃb�I�TVfOW�R^ML[,1LWgNOX>W
[aMLTA-�S�ND)E+�SaTZI�[ER	XZM�#�W�fgc>fOM�cZ[aWQ)ZR^SaTA-N^XZW.ROI�5QW`c>fOM�b
W�+A)>f^W.ILR
NOXZIkN�S$T NOX>WVR1NOWYfOWYM�ROb
M�c>SjbbYILR^W:?òÍ*WÕR	X>M>)>[p+ T>M�NOWiNOXZIkNi#�W
XZI41�WgNOM�b�I�fOW
\`)>[a[$hQW�1IL[P)dIkN^W�N^XZW�R^h�R1NOW�5IkNOSab�R�SaT�N^fOM�+A)Zb
W9+iU�h
NOX>W%1kI�fOSaILU>[$WÕWY[aS,5�SaTZI�N^SaMLT )ZR	SaTA- N^XZW=cZNN^M N^X>WJRObYI�N	NOWYfOS$TA-
\�I�byN^M�f,ILR,IQ\`)>TZb
N^SaMLTÅM�\8RObYI�N	N^W�f^SaTA-iILTA-L[aW²)ZR^S$TA-iN^X>WÈHJMLT�N^W
Ë ILf^[aM�R^S,5Q)>[jIkNOS$M�TÕILTE+Vb
fOM�ROR^b�X>Wsb�K�R<#�S$N^X%+>I�NOIA?
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	[£s��¤@�����ù�¥7þ���úO�.¦¸ù>��§^� �[¨ÐþA���>ù
_ X>W%WS1�WYT�N"!�W�T>WYf�IkNOMLfQbYIL[ab�)>[aI�N^WsR�R^S,-LTZIL[ R	N^fOWYTE-�N^X c>fOM�/

+�)db
W�+ÃU�h9IkND5QM�R^c>X>WYfOSjb�TE)>MLfOW�ROb
W�TZb
W�[$S,-LX�N3W�5�SjROR	SaMLTÃ\÷fOM:5;I�T
WS3�NOWYTZR^S,1LWgegSaf�P�X>M�#|WYfU$�W�e�PE'S#�S$N^X�I*-LS,1LWYT"-�WYM>5�WYN^fOh:n�I�TE+
UA)ZS$[p+>RER	S,5Q)>[jIkNOS$M�T`W�1�WYT�NOR0U�h9bYI�[jb�)Z[aI�N^SaMLT`ML\>Tj)E5ÈUGWYfEM�\Zc>XZM�/
NOM�W�[$WsbyNOf^M�TZR,SaTCW�1LW�f^hÅb�XZILT>T>WY[jR�M�\�Ieæ�HJ_ bYI�5QW�fOI�S$T*W�ILb�X
5QSaf^fOMLf9?qånNESaT�1LM�[P1�W�R�NOX>W�[aMLTE-LS$N.)E+�SaTZIL[�c>fOM�cd[$W�M�\ZI�T7W�e�Pqn�NOX>W
5QM�+�WY[jRÊML\dNOX>WgIkND5�M�R	cZX>WYfOW:nkNOX>WgI�SafdTE)ZMLfOW�ROb
WYTdb
W|h�SaWY[p+qn�I�TE+
NOX>W(+>W
N^WsbyNOMLf MLc�NOSab�R�?8P�S,5Q)Z[aI�N^SaMLTÕM�\0I�byN.)dI�[6cA)>[jR	WsR¥#�S�NOXÕR.)�/
cGWYfOcdM�R	SaTA-�N^XZW`T>S,-LX�N,R	K�hÓUZILb�K�-LfOM:)ZTE+�SjR�cGWYf^\÷MLfD5QW�+ÕS$TVNOX>W
R^W�bYMLTE+ R0)ZUZR	WYN�n�N^X>WCP�SP-�TZI�[gILTE+Â|I�b�K�-LfOM:)>TE+ÐæS)>[jR	W�!�W�T�/
W�fOI�N^MLf9?Q_ X>WiR	XZM�#�W�fa+>W�1LW�[$M�cA5QWYT�N9SaR`UZILR^Sab�I�[a[$h*bYI�[jb�)Z[aI�N^W�+
U�hiNOX>W*5QM�+�SPcZW�+�!ÃILSaROR	W�f0/�%gSa[a[aI�R|\`)>TZbyNOS$M�T�? ± ; L�_ X>WQ!�WYTZWYf�I�/
NOMLfQI�[jR	MJXdILR�I�T>MLN^X>W�f.M�c�N^SaMLT NOM¯)dR	WÓTj)E5�W�f^SjbYIL[�\`)ZTZbyNOS$M�TZR
c>N^N^W9+ U�h NOX>W R^X>M�#�W�fVc>f^M:cZ[aW R^S,5Q)>[jIkNOW�+ U�h N^X>W Ë M�fOR^SaKI
ILTE+ ÒM�fÓeUå�\&W�P�hD±DLiHÅMLT�NOW Ë ILf^[aM cZI�b�KkI�-LWCS$TZR	N^WsI:+ M�\Q)ZR0/
SaTA-QN^XZW7!ÃI�SjR^R^WYf./�%gSa[$[jILR|\÷M�f.57)>[aIE? ± ; L<å"TVNOX>SaR,MLc�NOS$M�T©D J I�TE+D"Û @�E ILf^WQ-LS,1LWYT¯+�S$fOW�b
N^[ahÕ\÷f^M>5 N^X>W�W�3�N^W�f^TdI�[0HJMLT�N^W Ë I�fO[$M
R^X>M�#|WYf R	S,5Q)>[jIkNOS$M�TÓcdILb�KkI�-�W:?

s>���1¸>����:�	N0«Ó9��<��7I�:
_ X>WÃI�Saf|R^X>M�#|WYf�W�1LW�T�N�R�ILf^W�fOW�b
M�TZR	N^fD)ZbyNOW�+M#�X>W�TÕI�N|[aW�I�R1N��æ�HJ_�R`ML\gMLT>WÓMLfÈN�#�MJTZWYS,-LX�UdM�f^SaTA-VNOWY[aW�ROb
MLcGW�R�I�fOWMcZfOW�+��ª ILUdM�1�WÃN^X>WÈT>SP-�X�N�R^K�hÕUZI�b�Kj-�f^M>)>TE+q? _ X>W9NOM�N�I�[3T�)A5.UdW�f

ML\C+�W
NOW�b
N^W�+*c>X>MLN^M�WY[aW�b
N^fOMLTZR�I�T +JNOX>WQ[$W�TA-�NOXCM�\�N^X>WQfOW�bYMLT�/
R	N^fD)ZbyNOW�+JN^f�ILb�KÅI�fOW.SaT�1LWsR1NOSP-�IkN^W9+%#�S$N^X HÅMLT�N^W Ë I�fO[aMÕR^SP57)�/
[jIkNOS$M�T \÷MLf`c>fOM�NOMLTZR*#�S�NOXK1kI�fOS$M>)ZR9WYTZWYfD-LSaW�R�n�#�X>Sjb�X XZI41�WiIkN
[aW�I�R1N�MLTZW�fOW�bYMLTZR	N^fD)Zb
N^W�+�N^f�ILb�K�?
å"T M�fD+�W�fÈNOM~+>W�cZT>WÕNOX>WÅR1NOWYfOWYM*ILcdW�f	ND)>fOWÓML\�_0eQnd#�WÕfOW�/

tj)>Saf^W9+ NOXZIkN I�N [$WsILR	N N�#�M R	NOI�N^SaMLTZR XZI41�W IÎ#|WY[a[ifOW�bYMLT�/
R	N^fD)ZbyNOW�+ N^f�ILb�K�n�UdMLN^X M�\a#�X>Sjb�X=W�3�N^W�TE+ 5�M�f^WÕNOXZI�T®v.�ÅS$T
NOX>W³N�â&HQ?3_ XZWiI�cGWYf^N.)>fOWQMLU�N�I�SaT>W�+~#�S$N^X N^X>SjRÈbYMLTE+>S�NOS$M�T*SjR
c>[aM�N^N^W9+ S$TÏNESP- ?.½A6J\÷MLf~6�8jJ0Äj�Î6�8 ; JOW�H cZf^MLN^MLTdR�? ånNÕSjR�Ê�jv�n 8:8:8iKj5 ; R^fÃ\÷MLfM6�8 ;0G W�H c>f^MLN^M�TZR�nq#�XZSab�X S$T +�Sab�IkNOW�R�N^XdIkN
NOX>W R	X>M�#|WYfVILRÕ\�ILfÅILR�Ê �>8 K�5 I4# Ih \÷f^M>5 N^X>W bY[$M�R	WsR1N
R	NOI�N^SaMLT b�I�T UdW�+�WYN^W�b
N^W9+ ILTE+ fOW�bYMLTZR	N^fD)Zb
N^W�+ \÷MLf�6�8 ;0G W�H
c>fOM�NOMLTZR�? _ X>WÅILb�b
WYc>NOI�Tdb
Wi\÷M�f�N^X>Wr6�8�J�x
W�H c>fOM�N^M�T SjR.TZM�N
bYMLTZbYWYT�N^f�IkNOW�+ SaT NOX>Wo1�Sjb
SaT>S$N1h M�\�W�ILb�X R1N�IkN^SaMLT UA)�Nf�IkN^XZWYf
)>TZS�\÷M�f.5Q[ahé+�SjR1NOf^SaUA)�NOW�+ÉT>WsI�fÅNOX>W b
W�T�NOWYfJML\.NOX>W _Ee R	S$N^W>?
_ X>WVW�3�cGW�b
N^W9+ W�1LW�T�Nf�IkNOW�RQI�fOWV[$SjR1NOW�+ S$T _EI�U>[aWoHUå.å2?�_ X>W
W�1LWYT�N�R²#�S�NOX WYTZWYfD-LSaW�R9UGWYh�MLTE+ 6�8 ;0G W�H ILf^W³+>W
N^WsbyNOW�+ I�NMz�8
W�1LWYT�N�R_ÒkhLW�ILfEI�R^R.)A5QSaTA-�N^X>WXT )�3.ML\6R.)>cGWYfC!*}�| W�1�WYT�NORu5QWsI�/
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[aMLTA-:/nR	NOILTE+�SaTA-"5Èh�R	N^W�f^hVM�\ÊNOX>WYSaf�MLfOSP-�S$T%#�S$N^XCN^X>W�W�3�cGW�byNOW�+
cGM�#�W�f M�\3NOX>W*+�WYN^W�b
N^M�fOR�?<â¸)>f�MLUZR^WYfD1kIkNOS$M�TZR�bYMLTZR^SjR1NX5I�SaT>[ah
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5QM�+�WY[jRÈILTE+ N^XZWiT>W�)>N^fOS$T>Mr} /�UE)>fOR	N*5QM�+�WY[�XZI41LWc>fOW�+>Sab
N^W�+
NOX>W`R	cGW�bYSfcGb�cGMLcE)>[aI�N^SaMLTÕM�\Êb
M�R05QSjb,f�Ih�R¥+>M:5QS$TdIkN^SaTA-I�UGM�1LW
698 ;.G W�H #�X>Sab�X�#|M:)Z[,+ UGWÓbYf^WsIkN^W9+ U�hr+�WsbYIhCML\ N^X>WÕR0)>cGWYf./
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NOX>Wi_0e +>W
N^WsbyNOMLf²#�Sa[$[�R^WYW�NOX>WT>W�# b
M>5QcdM�T>WYT�N9W�3�N^W�TE+�SaTA-
#|WY[a[�UGWYhLM�TE+¯6�8 ;.G W�HQ?Ze�RgSa[$[,)ZR	N^f�IkNOW�+ÓS$T�NES,-E?.½>½An�NOX>W`MLUdR	W�f0/
1kIkNOS$M�T`\÷M�f<vgh�W�I�f�R�#�M>)>[,+ÈUdW�W�T>M:)E-LX`NOM²+�W
NOW�byN]NOX>W�R^W�R0)>cGWYf./
X>S,-LXQW�T>WYfD-Lh.cZI�f^N^Sjb
[aW�R]NOXZIkN�UdWsb
M:5QW�c>fOW�+>M:5QS$TdI�T�N�Ik\uNOWYf8NOX>W
!*}�|Úb�)�NOM�Áu?|_ XZW*+�S$cJR	N^fD)Zb
N.)>fOW`I�c>cGW�ILfOR�I�N*6�8 ;0G W�H S$\ENOX>W
[aM�# W�T>WYfD-LhQb
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W�[aRgN^XZI�NÃILf^W`TZW�b
WsR^ROI�fOSa[$hÕILROR	M�b
SjIkNOW�+o#�S$N^XCN^X>W.XZI�f_+VWYT>W�f.-�h
R^cdWsbyNOf.)A5 $bÊ ô á ; '�W�3�N^W�TE+�SaTA-QN^Mo6�8 ; JyW�H-M�f|W�1LW�TÓX>S,-LXZWYf9?
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É/�f�IhiTE)�3iNOXZIkN�SjR�b
M>5�cdI�f�I�U>[aW,M�f|XZSP-�X>WYf NOXZI�TÕT�)Zb
[aWYM�T�SaT�/
NOWYTZR^S�N1h7#�S�NOXQWYT>W�f.-�S$WsRÊI�UGM�1LWa6�8 ;0G W�HQ?�e,RS+�WsR^bYf^SaUGW�+�S$T�}
�E? ½An
M>)>f�bYILcZI�UZS$[aS�N1h`N^M*5QW�I�R0)Zf^W NOX>Wg[aMLTA-�S�ND)E+�SaTZI�[ZR^X>M�#|WYfÊc>fOM�cd[$W
-�SP1�W�RQR	S,-LTZSfcdb�I�T�NiR	W�TZR^S�NOSP1�S$N1h N^M R	NOIkNOSaR	N^SjbYIL[$[ah Sp+�WYT�NOS�\÷h c>f^SP/
5I�fOh³É/nfOIh�R S$\ÊN^X>W�hÕW�3�SaR	N�?ge�R,R^X>M�#�TÅS$T�NES,-E?D½:½AndM:)>f�R	W�T�/
R^S�NOSP1�S$N1hK#|M:)>[p+ UGWo-LM�M�+ W�T>M:)E-LX N^M�+�W
NOW�b
NN^X>WVc>fOW�+�SjbyNOW�+
É/�f�Ih�R�bYM:5QcGMLT>W�T�N�S$\0NOX>W�R^W²5QM�+�WY[jR�I�fOW9b
MLfOfOW�byN9?
Â|W�bYI:)ZR^WiN^f�I�R1WsbyNOMLfOS$WsR`M�\UÉ /nfOIh�RQ#�M>)>[,+ T>M�NQUGWÕUGWYT�NQU�h

ILT�h[5QI:-LT>WYN^Sjb¸cZWY[p+qn�NOX>W²5QM�R	N W�T>WYfD-LWYN^Sjb�cZI�f^N^Sjb
[aW�R�ILf^W9I�UZ[$W
NOMiUdW.N^f�ILbYW�+VUZI�b�KÓW�3>ILbyNO[$hÓN^M�N^X>W�S$f�W�5QSjR^R^SaMLTJcGMLSaT�N¸#�X>W�f^W
M�T>W*b�I�T®cdTE+ bYM:)>T�NOWYfOcZI�f^NOR�M�\`NOX>W ILR	N^fOMLT>M>5�SjbYIL[,M�U�R1W�b
NOR
[aS$K�W�e&!ak�R�MLf*!a\&Â R�?7N0S,1LW�hLWsI�f�RgM�UZR	W�f.1kI�N^SaMLTJU�hVN^XZWQ_Ee
+�WYN^WsbyN^M�fÈSjR`W�3�cGW�b
N^W9+ N^M~+�W
NOW�byN³Ê y v�8VW�1LW�T�N�R*#�S$N^X W�T>WYf./
-�S$WsR=-�f^WsIkNOWYfÕN^XZILT 698 ;.G W�HQngI�T + I�NV[aW�I�R1N�½>8¥" M�\�N^X>W�5
SjRc>fOW�+�SjbyNOW�+ N^M UGW%É/�f�Ih�R�? _ XZSaRSaTE+�SjbYI�N^WsRQN^XZI�N[#|W%#�S$[a[
XZI41�W�IÓ\�ILS$fO[$h¯-LM�M�+*b�XdI�TZbYWÈNOMJR	W�Wi5ILT�hJN^fOS$c>[aW
N�R9MLf²5QM�f^W
+�W�TZR^W�W�1LWYT�NÊb
[,)ZR	N^WYf�RES�\GN^XZW|cGM�ROR^S$U>[aW R05I�[a[P/nRObYIL[$W|I�T>SjR	MLN^fOMLc�h
e&!Ãe�P�e-XZI�RgR	W�WYTVSjR�f^WsI�[b?<Í X>WYN^X>W�f&#|WacZTE+ÅILR	N^fOMLTZM:5QSab�I�[
bYM:)>T�N^W�f^cdI�f^NOR9SaT NOX>WYSafi+>S$fOW�b
N^SaMLTZR.I�TE+�#�XZW
N^XZWYf.N^X>WVb
M>)>T�/
NOWYfOcZI�f^NORILf^Wo#�S$N^X>SaT=N^X>W~!*}�| XZMLfOSP��MLT MLfiT>MLN³#�M>)>[p+ UGW
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W�TZb
W~5QW
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_ X>W�ILbYb�)>f�ILb
h9ML\�W�1LW�T�N8f^Wsb
MLTdR1NOf.)Zb
N^SaMLT�SaR�SP5QcGMLf^NOILT�NÊ\÷M�f�I�[a[
NOX>WÈM�UZR	W�f.1kILU>[$WsRgR.)Zb�XJILRgN^X>W`W�T>WYfD-Lh>n>NOX>W.ILf^fOSP1kIL[s+�Saf^WsbyN^SaMLT
ILTE+VN^XZW�R^X>M�#|WYfU5I�3�S,5Q)E5°D"Û @�E ?�_ X>WQIkND5QM�R^c>X>WYfOSjb`b
M�f0/fOW�b
N^SaMLT=I�TE+ N^X>WÅcZSf3�WY[gb�I�[aS$UZfOI�N^SaMLT=I�fOW=5QM�R	Nf^W�[$W�1kI�T�NQ\÷MLf
NOX>W9f^WsR	M�[P)>N^SaMLT�ML\0W�T>WYfD-Lh"5QW�I�R0)Zf^W�5�W�T�N�?dÂ|W�R^S,+�WsR|N^X>WÃfOW�R^M�/
[,)�N^SaMLTsn>#|WgT>W�W�+QNOM`W�R	N^S,5IkN^WgN^X>W�ILbYb�)>f�ILb
hÈM�\6N^X>W¸5QW�ILR.)>fOW�/
5QWYT�N`SaT I�UZR^ML[,)�NOWQRObYIL[$W>ns#�X>Sjb�X SaR9cdI�f^N^Sjb�)>[jI�fO[$hCSP5QcGMLf^NOI�T�N
\÷M�f N^X>W9W�T>WYfD-Lh³5QWsILR.)>f^W�5QWYT�N�?
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AIRES for P & Fe
Geomag. Cas. + AIRES for gamma
         (sec theta=1.7 & 2.1)
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LogE=20.0

theta=39.7
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