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Mirror

4.9 m

4 x 1.225m Bars

glued end-to-end

Purified Water

Wedge

Track

Trajectory

17.25 mm Thickness

(35.00 mm Width)

Bar Box

PMT + Base

10,752 PMT's

Light Catcher

PMT Surface

Window

Standoff

Box
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Reflektor

Polystyrolplatte

Photodioden

~ 30 cm

~ 5 cm CsI(Tl)

Reflektormaterial umgeben von
   Aluminium− und Mylarfolie

~ 6.5 cm
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829 ÀNp%G4H\G4IPp!R}I^@ R4t�>	y�[�G\IP_a`�R 9 =�IPGx=�IA?|G\V�G4D2HxJ	C%D Õ / 
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J%G\V�p%h^IP_a`�G\DfM�O�G4IPD2GZ��D�Rv@�_a`2G4IPF2M�D�pxH4MfR�V�GM?cG4D|t|C%yfF2G4V?A�>	D�F2IPF�>!RXOQI^RXF�G4V?A�>	C	D:z�z`��:o�C	R�`�G4@ G�J%G\V�G\IPD#y�>	VTIP@�R 9¢bXdM�VTF�>	@]��G\R�CQ[]M2V�F�G\DfF�G4VBr:G\hPG4��R�C%V]IPO )�R�IPp%`�R�*!z�·�CUF�M�@ycG�RvV IPG4y�G4D 9 ��IPD2G�F�G�Ra>	I^hPhPI^G4V�RvG4V G���G4@ _a`�V�G\IPy�M2D�p�F�G4@�rUG4hPG\��RvC%V @°E�D�F2G\R�@ IP_a`ZI^D - ·�> /:345�9
+-,�+ .0/2143�5 3�6!798;:=< >=6!7@?A6!BC6!DE143�FG:
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�SM�D2F»F�G4VZr:G4IKRvG\DUy�>	D�F�V G4p%I^C%D��
����]ycG\V�G4_a`2D�G4D 9 / a���
�� 4 3�
��
���� � a 3�

��
���� &(829K3�/�6[�C	ycG\I � F�I^GZ��V G4I^R�GSF�G\V�r:G\I^RvG\D#y�>	D�F�V G4p%I^C%DfI^O ��G\V�` d>!h^RvD2IP@TH4M�V?�.V�G4IKRvG�F�G4V�r:IPp%D�>	hKzV�G\p%IPC%D¤y�G4H\G4I^_a`�D�G\R 9 =?>	O}IKR~G\V�p%I^y2R]@�I^_a`si dM�V]F�I^G b I^R�D�G4@ @¸i�C%hPp%G\D�F�G\V¸mBM�@ F�V�M�_a�¢½� a / �/���� a & ��

� 4 �"
��
���� 6 ���
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��C%V�G\D�RvH�z���G4V�RvG4I^hPM�D2pSJ%G\V�@�_a`2O}I^G4V R4t:[.C%y�G4Iu@ IP_a`nF�I^G���V G4IKRvGBF2G4V���C%V G4D�RvH�z���G4V�RvG\IPhPM2D�p�>	DnF2G4V��V G4I^R�GxF�G4@}egD#R�G4V�J	>!hPhP@�F2G4VQG4V�hP>	M�y2R�G4D�W�G\V R�G�C%V IPG\D#R�IPG\V RqM�D�FºF�IPGxV G4@�M2h^RvI^G4V G4D�F�G\DºWYG4V�RvGF�M�V _a`fF�I^G*egD�R�G4V J!>	h^hPp%V G4D�H\G4D�hPIPOQI^R�IPG\V R.@�IPD2F 9 =�IPG�W�>	`�V�@ _a`�G4I^D�hPI^_a`��	G\I^R4t�F�>	@�@XG4IPDsG4I^D�H4G\hPD�G\VWYG4V RTG\IPD�G\@BÖ?G4D2C%O}@�OZM2RvI^G4V�R¸[]IPV�F|t2[]IPV FsI^D¤V�G\p%G4h^O d>	l	IPp%G\DnmBy�@�R d>	D2F�G4D,>	DxF�IPG*rUR�V�G\M�M�D�pF�G\V�Ö?G4D2C%O}G�IPDqF�G4V�M2V�@�o2V dM�D�p	hPIP_a`2G4D<#°C%o�M2hï>!R�IPC%Dq>	D2p%G4o�>!@�@ R4½#��G4I2G4IPD2G4V��#hPG\IPD�G\VÜrURvV G4M�M�D2p�tF 9 ` 9 d>	`�D�h^IP_a`�G\DÓ��I^p%G4D2@�_a`�>!i7R�G4DºF�G4V}Ö?G4D�C%OQG	t°[]IPV�FÓF�I^Gs·�M2Ra>³RvIPC	D�@�z�W»>	`2V�@�_a`2G4IPD2hPIP_a`2�	G4IKRG4V ` dC%`�R 9 =�IPG )�A?I^D�F�*!z�Ö�G\D�C%OQG�F�G4VxRvG\O}o�C%V d>!V�G4DG#°C	o�M�hï>³RvIPC	D²[.G4V F�G4D�F�>!D�DÙF�M2V�_a`�F�I^G
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=�IPG C o:RvIPOQIPG\V�M�D2pBF�G\V�r:G4h^G4��RvI^C%DZOQI^R¿«XI^h^i�G�G\IPD�G\V¿G�J%C%h^M2RvI^C%D d>	V G4DqrUR�Vv>!R�G4p%I^G.[]I^V�Fq>	M2i���>	@�I^@F�G4V.·�G\@�@�F�>!RvG\DnF�M�V _a`�p%G\i dM2`�V R4t:F�I^G]>	M�_a`Qi dM�V�F�IPG¸@ o d>!RvG\V�GTmBD�>!h^�U@�G]`�G\Vv>	D�p	G4H4C	p%G4DQ[�G\V�F�G\D 9=�IPG4@ G{��C%V p%G4`�G\D�@ [.G4I^@�Gs`�>!RqG\IPD�G\V�@�G\I^R�@�F�G4D���C%V�RvG4I^h�t�F�>	l O dC%p%hPI^_a`�Gn�TD�H4M2h d>	D�p	hPIP_a`2�	G4IKRvG\DF�G4V*r:I^OZM�hP>!RvI^C%D�@�F�>!RvG\D,F�I^Gqr:G4h^G4��RvI^C%D�D�I^_a`#R�D2G4p�>!R�I^J�ycG\G4I^D2¡�M�@ @�G4DN� dC%D�D�G\Dutk>	D�F2G4V�G\V�@ G4I^R�@IP@ RTy�G4@ C%D�F�G\V�G���C	V�@�I^_a`�RBp%G\ycC!RvG4D|t�F�>}D�G\ycG\D,G\_a`#R�G4DNr:I^p%D�>	h^G4V G4IPp	D�IP@ @�G4Dx>!M�_a`f@ Rv>!RvI^@ R�IP@�_a`2G
b hPM���R�M�>!RvI^C%D�G\D¤F�G4@X�XD�RvG\V�p%V M�D�F�G\@XI^DxF�G4VXr:I^p%D�>	h^V�G4p	IPC%D¤>!D�p%G4V G4I^_a`�G4V�RT[.G4V F�G4D�� dC%D�D�RvG\D 9�XO¥F�IPG\@�G\Dx��?cG4��R~J	C%DnJ%C	V�D�`�G\V�G\IPDnH\M¤M�D�RvG4V y�IPD2F�G4DutU[]M�V�F2G�H4M�D d>	_a`�@ R]F2G4V.J	C%V�@ G4h^G4��RvI^G4V R�G=?>!RvG\D�@v>!R�H�IPD�H\[.G4IU« d>!h^i7RvG\D�M�D�RvG4V�RvG\IPh^R4tLF�I^G C o2R�IPOQIPG\V�M�D�p]>!M2i2y�G4I^F�G4D�« d>!h^i7RvG\D�M�D�>	y�` d>	D�p%I^pJ%C%D�G\IPD�>!D�F�G4V�F2M�V�_a`�p	G\i dM�`�V�RÜM�D�F�i dM�V�F�I^G~G4D2F�p dM�hKRvIPp	G~mBM�@�[~>!`�h�F�G4V���V G4IPp	D�IP@ @�G~F�I^G¸>	M�@�F2G4DycG\IPF�G\D C o2R�IPOQIPG\V�M�D�p	G4DZV G4@�M2h^RvI^G4V G4D�F�G\D}r:G4h^G4��RvI^C%D�@��#V I^RvG\V�I^G4DQ>	M2i�F�I^G°¶ G\[.G4IPh^@�>	D�F2G4V�GT« d>	h^iïzRvGqF�G4V*=?>!R�G4DY>	D�p%G�[�G\D�F�G�R 9 ��IPD�GqO dC%p%hPI^_a`�GZmXD�V�G\IP_a`�G\V�M�D�p�@ Rv>!RvI^@ RvI^@�_a`�G\V b hPM���R�M�>!RvI^C%D�G\DF�G4@T�XD�R�G4V�p	V�M�D�F2G4@TIPDxF�G4VXr:I^p%D�>	h^V�G\p%IPC%DQ[]IPV FsF2M�V�_a`sF�IPG\@�G?��C%V p%G4`�G\D�@ [.G4I^@�G�>	M�@ p%G4@ _a`�hPC%@�z@�G4D 9=�IPGTmBM2i7R�G4IPh^M�D�p*F�G4@.J%C%V @�G4h^G4��RvI^G4V�RvG4Dx=?>³RvG4D2@v>!R�H4G4@�IPD{H�[�G\I�« d>!h^i7RvG\D{p%G\@�_a`�>!`¤H4M2i d>	h^hPI^p 9 =�IPGmBD�H4>	`�h:J	C%DQr:I^p%D�>	h zuM�D2Fq�XD�RvG\V�p%V M�D�F�G\V�G4I^p%D�I^@�@�G\DqIPDZF�G\D�ycG\IPF�G\D�« d>!h^i7RvG\DZM�D�RvG\V�h^IPG4p!R�`�I^G4V�zycG\I�@ Rv>!RvI^@ RvI^@�_a`�G\D»rU_a`#[�>	D��#M�D2p%G4D 9 �XO®�	C%OQo�>!R�IPy�h^G	t|F 9 ` 9 >!M2i�F2G4Dn¶ G\[.G4IPh^@�>	D�F�G\V�G\D�=?>³zRvG4D2@v>!R�H�>	D�[.G4D�F�y�>	V�G!t�wTG\@�M�hKRa>!R�G�>	M2@�F�G\DnycG\IPF�G\D!(�G4IPh^C%o2R�IPOQIPG4V M�D�p%G\DqH4MnG\V�`�>	hKRvG\Dut#@�C%h^h^RvG>	hPh^G4V�F2IPD�p%@¸F2IPG���G4V R�G4I^hPM�D�pQJ%C%D�r:IPp%D�>	h�M�D�F��TD�RvG4V p%V�M2D�F�G4V G4I^p%D�IP@ @�G\D�IPD,F2G4Dfy�G4I^F�G4D>(�G4I^hKzF�>!RvG\D�@ d>³RvH4G\D O dC%p	hPIP_a`2@ RXp%hPG\IP_a`�O d>	l%I^p}@ G4IPD 9 ��IPD2GZp%G4G\IPp%D2G\RvG�µ|M2ij>	hPh^@�H4>	`�hPG\D�V�G\IP`�G!t¢F�IPG�G4IPD2Gp%hPG\IP_a`�O d>	l%I^p%G�mBM:i7RvG4I^hPM�D2pXF�G\V°J	C%V�@ G4hPG\��RvIPG\V R�G4D���V�G\IPp%D2IP@�@ G.p	G\[ d>	`�V hPG\IP@ R�G\R4t�[]M2V�F�G�[]I^GÜi�C	hPp	RG4V�OQI^R RvG\h^RL½	�~>	@ IPG4V G4D�F}>	M2icF�G\O p%G4@�>	OSRvG\D{=?>³RvG4D2@v>!R�H][]M2V�F�G]OQI^R�«TIPh^i�G¸F2G4V�G\J	C%hPM2R�IPC%D d>	V�G\DrURvV�>!RvG\p%IPGXG4IPDsr:>!RvH�J	C%D�r:G4h^G4��RvI^C%D�@��#V I^RvG\V�I^G4DnG\V�OQI^R�R�G4hKRLtUF�G4V~F2IPG?=�I^hPM2R�IPC%DQF�G4@T�q��z�r:IPp%D�>	hP@IPO § ¨© § ¨© ª ¦ ·,>	@ @�G4D2@�o�G4��RvV M�O­O}>³¹:IPOQIPG4V�R 9 =�G\V�=?>!R�G4D�@�>!RvHÜ[]M�V�F2G¸F�>	Vv>!M2i�`�IPD*[]IPG\F�G4V `�C%h^R>	D�`�>	D2F J	C%D�µ|M2ij>	hPh^@�H4>	`�hPG\D�V�G\IP`�G\D�IPD�H�[�G\I.« d>	h^i7R�G4D�M�D�R�G4V R�G4I^h^R 9 mBM2i�¶ G4F�GqF�I^G4@ G4V*« d>	hKi7RvG\D[]M�V�F�G\DYF2IPG�G4V O}IKR�R�G4h^R�G4D rUG4hPG\��RvIPC	D�@��#V�IKRvG\V�IPG\D >	D�p%G�[�G\D�F�G�RSM�D2FNF2IPGQµu>	`�h^G4DfJ	C%DYr:IPp%D�>	hKzM�D�F��TD#R�G4V p%V�M�D2F�G4I^D#R�V d>	p	G4D�IPDSF�G4DZy�G4I^F�G4DSV�G4@ M�h^R�IPG\V�G4D2F�G]·,>	@ @�G\D�@�o�G4��RvV G4DQycG\@ R�IPOQOSR¿M2D�FO}IKRvG4I^D�>	D�F2G4V�J%G\V�p%h^IP_a`�G\D 9 =�IPGg¶ G4D�I^p%G¸mBM2i7R�G4I^hPM�D�p2t�F�IPG]F�I^GT�#h^G4IPD2@ RvG\Dn�TD#R�G4V @�_a`�I^G4F�G?>!M2i7[]IPG\@[]M�V�F�G?i dM�V]F�I^G?@�G\o�>	Vv>³RvG C o2RvI^O}I^G4V�M2D�p�F�G4VXr:G\hPG\�#R�IPC%D¤J	G4V [.G4D2F�G\R 9=�G4V�G\D�F�p dM�hKRvI^p%G4D C o2R�IPOQIPG\V�M�D�pXF�G4VÜrUG4hPG\��RvIPC	DZp%IPD2p�G4I^D�G¸>	M�@ p%IPG\y�IPp	G (�G4@ R�o�`�>	@ GXF2G4@�mBh^p%C!zV�I^R�`�OZM�@�J	C%Vv>	M2@4tUIPDQF�G4V.F�G4V.��IPD2¡�M2@�@�F2G4V�G\IPD�H\G4h^D�G4Dnr:G4h^G4��RvI^C%D�@��#V I^RvG\V�I^G4D}>	M2i�F�>!@~Ö?G4@�>	OqzRvG4V p%G4y2D�IP@�M�D�RvG\V�@ M�_a`�RS[]M�V F�GqM�D�F�F2IPGQrURv>	y�IPh^I^R d>!RBF2G4V�r:G4h^G4��RvI^C%D�@ V�G4@ M�h^Rv>!RvGqy�G4I�J	G4V�@ _a`�IPG�zF�G4D�G\D C o2RvI^O}I^G4V M�D�p%@ H4IPG\hPG\D & O{>�¹2I^O{>!hPG]r:I^p%D�IKE��³>	D�H]F�G4@~r:IPp	D�>	hP@�y�H�[ 9 O}>³¹:IPO}>	h^G4@Ür:I^p%D�>	hycG\I�J	G4V�@ _a`�IPG\F�G4D2G4D=/�× �xz���G\V�` d>!h^RvD2IP@�@ G4D 6 M�D�F¤y�G4I�J%G4V @�_a`�I^G4F�G\D�G4DsF�G\D¤mBhPp	C%V�IKRv`�OZM2@.@�RvG4MUzG4V�D2F�G4D%#¿>	V�>	O}G�RvG\V�Dut�H 9 � 9 �TOQij>!D�pqF�G4V #°C%o2M�hï>!R�IPC%D¤M2D�Ff·sM2Ra>!R�IPC%D2@ [�>	`�V�@ _a`�G4I^D�hPI^_a`��	G\I^R4t
dM�ycG\V�o�V dM2i7RB[]M2V�F�G 9 «TIPG4V ycG\I°H\G4I^p	RvG*@�I^_a`utcF�>	@�@XF�IPGS·�G\R�`�CUF�GZy�G4I�F�G4DfM2D#R�G4V @�M�_a`�RvG\D C o2R�IKzO}I^G4V�M2D�p%@�@ H4G\D�>	V�I^G4D @ Rv>	y�I^hPGZM�D2FYV G4o�V C:F�M2H4IPG\V�y�>!V�Gq��V�p%G\y�D�I^@�@�GQhPI^G\i�G\V R 9 WYG4I^R�G4V `�IPD @ R�G4h^h^RvG@�IP_a`�`�G\Vv>	M2@4t�F�>!@�@qF�IPG{mBD�H4>	`�h~F�G\V�y�IP@�H\M�VqA?C%D�J%G\V�p%G\D�HxF�G4V C o2R�IPOQIPG4V M�D�pfy�G4D dC	RvI^p	RvG\D
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Teildatensatz 1 (Optimierung anhand Teildatensatz 1)
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*-8LK�M`J#3�(�:;:�: a*-?5?L4'?�&)QSR�%'&)QSRt45(1g/(18�45(�&):;C�,�.W3�(�8�sP&;,�458 a*-.-(q&;F¦%�*�K:)&>4 k1b�:)J-4�*-:)?�T-J-R�a*-85(1,t4 (§¢#C�FWF+(�3�(�8N�hF+b�:;&;4 C�3�(�,¨3�(�8N@j(�&;458 *-.-(�,�3�(1,©8�(�?�J/,
*-,t4 (1,ªcd(�8�KD$*-:;:)?5TZ*-, a*-:)(N@^(1?5QSR�8�(�&;@^(1,nmp%'&)(`3�(�,�(1&),�k1(�:),�(�,¨}f(1?5J/,�*-,�k�(1,«k�C�./(1J/853�,�(145(�,¨�hF+b�:)&>4 C�3�(1,(�8�./(�@j(�,W?5&;QSRy*-C�?�3�(�F¬6P85J#3�C�Tt4�3�(�8�­«&),�T-(�:>g/(18�4 (1&):;C�,�./(1,W3�(18<cd(�8�D$*9:):)?�b�85J#3�C�Tt45(EC�,�3+3�(�,3�=#,
*-F+&)?�QSR�(�,ze
C�,�T�45&)J/,�(�,n[93�&)(<3�&)(�85(13�C�k�&;(�8L4 (�,+M`*94 8�&>�O(�:;(�F+(�,t4 (<3�(�8PsP:;(�F+(�,t4S*-8�b�85J-k�(�?�?5(0p&)(13�(�8�?5b�&;(�./(1:),nm#%'&;(hcd(18�D$*-:;:)?L0p&),�T9(�:�0<(�853�(�,�3�&;85(�Tt42*-C�?�3�(�,Wv'&)(185(18�g/(1Tt4 J/8�(�,�3�(18xsP,�3�k1COK?�4 *-,�3�?L4 (1&):)QSR�(�,+./(10<J/,�,�(1,nm#¢O&;(E?5&),�3A:)&),�(�*-8P*9@�R a*-,�.-&).hg-J/,z3�(�,+&)F®%�*-:)&>4 k1b�:)J-4�*-COD�./(1458 *-./(lK,�(1,iM�*-?�?5(1,A@�C
*-3�85*94 (1,n[^?�JW3�*-?5?f?5&;QSR`3�&;(�0p&),�T9(�:�*9@�R�a*-,�.-&)./(1,`e�*-Tt45J/85(1,`3�(18p�hF+b�:)&>4 C�3�(1,*-C�QSR�*-:)?pe
C�,�T�45&)J/,�(�,�3�(�8p&;,�g9*-8�&�*-,t45(�,`M�*-?�?5(�, @#C�*-3�8 *Z4 (qD�J-85F�C�:;&)(185(�,y:�*-?�?5(�,dm
¯ ��° �²± ³\´ µ ¶ ´ ��° ��µ · � X�m;��¸/�

¶ ´ ��° �²± ¶ ´
� ¹�º¤¹�» ��° ��¼½¶ ´

� ¹�º¤¾ ��° ��¼�¶ ´
� ¹�»�¾ �I° � � X�m;��¿t�¶ ´

� À ��° �²± ³
��Á�� �ÃÂÃÂ � ·#Ä �

´ �\Å À\ÆSÇ�À �È³É Á
ÊOË\Ì�Í�Î É �$Ï À\Æ�Ð � � X�m;��X��
%'&)(2�hF+b�:)&>4 C�3�(1,�¶ ´ ��° �7?5&;,�3AT-J-R a*-85(1,t4 (r¢OC�F+FW(1,A3�(�8PF aJ/./:;&)QSR�(1,zc^0<(�&;45(�&;:)QSR�(1,OKI�rFWb�:;&>K4 C�3�(�,©C�,�3©*-3�3�&;(�85(1,«?5&)QSR¨k�C¨3�(18N@j(�J-@
*-QSRt4 (|4 (�,©GI,t4 (�,�?5&;4�a*94 ?Lg/(18�4 (1&):;C�,�.�¯ �I° ��&)F %�*�K:)&>4 k1b�:)J-4�m�%'&)(z�h@�T�aC�85k�C�,�. ° ?�45(�Rt4�DlaC�8�3�&)(W6PR
*-?�(�,�85*-C�F+T-J#J/853�&;,
*945(�,Ñ3�(1?�@j(14 85*-QSRt4 (|4 (�,



�9V ���������
	��
������	�������������������������� �"!�	��$#%	���&'�����(�*),+-/. 0213 021354 +
s�8�(�&;./,�&)?�?5(1?�&;F!%�*-:)&>4 k1b�:)J-4�m Ä �

´ @j(�?�QSR�85(1&)@�473�&)(P­«&;,�T-(1:;g/(18�45(�&):;C�,�.f@^(1&)Fªcd(18�D$*-:;:/(�&;,�(�8�*-C�D�K4 85(|4 (1,�3�(�,u}f(1?5J/,
*9,�kq&;,`3�(�,�(1,t4 ?5b�85(�QSR�(�,�3�(1,�sP,�3�k�C�?L4S*-,�3dmd%�*-@j(�&�?�&),�3 Ð 3�(�8h¢Ob�&;,�3�(186 (10<(�&):;&)./(1,z}f(1?5J/,�*-,�kfC�,�387 ?�(�&),�(fklK:9�J/F+b^J-,�(�,t4 (9m Å C�,�3 Ç ?5&;,�3z3�&)(E8�(�:�*Z4 &;g-(�,Wcd(�8LD$*-:):;?LK0p&),�T9(�:7(1&),�(18h}p(�?�J/,
*-,�k�C�,�3 Ï À 3�(�8�(�,i&;,�g9*-8�&�*-,t45(�M�*9?5?5(9m�cdC�8h{2(�?�QSR�85(1&)@�C�,�.�3�(�8f­«&),OKT-(�:>g/(18�4 (1&):;C�,�.A0pC�853�(�3�(�8*;r(1:)&)k1&;4�a*94 ?LD�J/85FW*-:)&;?5F�C�?�[/3�(18p&),��h@�?5QSR�,�&>454fX�m ¿�m>�/m ¸�@j(�?�QSR�85&;(�@j(�,0p&)853d[�g-(�8�02*-,�3O4�mE%'&;(`(1,�(�8�./&)(�*-@�R�a*-,�./&)./(ucd(�8LD$*-:):;?53�=#,
*-F+&)T 0p&)853 3�C�85QSR�3�&)(�8�(�:)*94 &>gO&;?�45&>K?5QSR�(1,u{28�(�&;4LK ­«&;./,�(�8�K�e
C�,�Tt45&)J/,�(1, Î É �$Ï À Æ1Ð �xb
*-85*-FW(|4 8�&)?5&;(�8L4 � ?�&)(1R�(_�h@�?�QSR�,�&;4�4fX�m ¿Om;�/m ¿t�lm
< �>=n��?
�A@ BDCFEHG5I "�J I �LK I C "�M EHN5I E%'&)(�k�C�8��h@�:;(�&>4 C�,�.f3�(18�­«&),�T-(�:>g/(18�4 (1&):;C�,�./(1,�*-,�.-(102*-,�3�45(pM`(145R�J#3�(2&;?�4�3�(�8O;r(�:;&)k1&;4�a*Z4 ?�D�J-8LKFy*-:;&)?�F�C�?�m��r:;4 (185,
*Z4 &;g+:;&)(�¡-(�,�?�&)QSR�(�@j(�,�?�Jz3�(�8fcd(1Fy*-QSR#K�JO3�(�8E}f*-85&>4S*ZK�¢OQSRt0p&),�.-(�8LK �h,�?5*94 kg/(�8LD�J/:).-(�,nm
sP&;,�(�g/J/:;:)?�4�a*-,�3�&;./(�{2(1?5QSR�8�(�&;@�C�,�.W3�(�8fe
J/85FW*-:;&)?5F+(�,QP
,�3�(|4h?�&)QSRN&), USR RUTO�|Y\m%'(�8xg/J-:):)?L4�a*-,�3�&)./(h�hC�?�3�85C�QST�DSaC�8E3�(�,��r,t4 (�&;: Ä V

´ 3�(18rcd(�8�D$*9:):)?5*-F+b�:)&>4 C�3�(1,y:)*-C�4 (|4XW
Ä V
´ �ZY Æ�[ �P±]\ ¸ Ð ¼¨�X � ³^ º
_ ^ »�` V^ º _ ^ » � VXa´ _ ^ »:b ^ º �ZY Æc[ � � X�m>���/�

FW&>4E3�(�,d;r(1:)&;k�&;4�a*94 (1,fe À C�,�3`3�(�F 0p&),�T-(�:)*-@�R�a*9,�./&).-(�,��h,t4 (1&):
� V´ _ ´hg �ZY Æ�[ ��±«(|�Ob �:ikj 7 g Y �ml V´ _ ´hg � Q�J/? [ �cn � X�m>��Vt�s�&;,Wv�(185k�(1&)QSR�,�&)?23�(�8xe
C�,�T�45&)J/,�(�,ol V´ _ ´ g &)?L4�&), U 6�%$p �/�9Yj./(1./(�@j(�,dm�%�*_3�&)(f@^(|4 85*-QSRt4 (145(�,s�,�3�k�C�?L4S*-,�3�?�45(�&):;QSR�(�,�T-(�&;,�(�,�¢Ob�&;,�4 8 *9./(�,n[
.-&):;4

� VXa´ _ � �ZY Æc[ �P± \ X �¸ Ð ¼¨�rq V´ �FY Æc[ � Æ � X�m>�LT/�
?5J+3
*-?5?p?�&)QSRN3�&)(��rFWb�:;&;45C�3�(�,�k1C`3�(�F �hC�?53�8�C�QST

Ä V� ± ` V� _ � q V� �ZY Æc[ � � X�m>��st�g/(�8�(�&;,�D$*-QSR�(1,�:�*9?5?5(1,nm�%'&)(r­«&),�T9(�:;D�C�,�Tt4 &)J-,�(�, q V� 3�(�8p@j(1458 *-QSRt4 (|4 (1,i¢Ob�&;,�?p?5&;,�3tW
q �� �FY Æc[ ��±ª� � X�m>��ut�

qwv� �ZY Æc[ ��±¨Q1J/? [ � X�m ¸-�t�
q ·� �FY Æc[ ��± ¿¸ Q�J/? [ i �¸ � X�m ¸O���

< �>=n��?
�A= x � I C K�� BDC�N�EHI ���zyHM EHG K C � E{I�E%'&)(�(1,�(�8�./&)(�*-@�R a*-,�./&)./(�%h=O,�*-FW&;T Î �$Ï Æ1Ð �h3�(18�b
*-8�45&)(1:):)(1,�cd(�8LD$*-:):;? *-F+b�:;&;4 C�3�(�,`¶ ´ _ À �I° �0p&)853�3�C�85QSR�3�&)(�85(1:�*945&;g#&)?L4 &;?5QSR�(1,`{<85(�&>4�K\­«&)./,�(18LKIe�C�,�Tt4 &)J-,�(�,�b�*-8 *-F+(14585&;?5&)(18�4|W
Î �$Ï Æ�Ð �P±~}�� �$Ï Æ�Ð �P± � Ï �c��� } V�$Ï · i§Ï ·� � i�j � Ï ����� } ·V Æ � X�m ¸/¸/�



����� ��� ������������� 	����A	���������������	 !�	��$#%	���&'�����(�f� ��i� � �� � ��/� � ��T
F+&;4 � ± ¸��
	 Ï [70<J/@j(�&��`3�(�,�c^0<(�& K:9 aJ/85bj(�8�k�(18�D$*-:;:)?5&;FWb�C�:)?1[ Ï � 3�&)(�M�*9?5?5(�C�,�3 ��� 3�&;({28�(�&;45(q3�(�8'}p(�?�J/,
*-,�kB@j(�k�(1&)QSR�,�(14�m } V ?5&),�3�3�&;(�g-J/FDp_(1? *-FB453�85(1R�&)F+b�C�:;?E3�(�8h}f(1?5J/,�*-,�k*-@�R a*-,�./&;./(�,�{2:)*9454LK ­ (�&)?�?5T9J/b�D�K�e�*-Tt45J/85(1, U {2:��-¸�Y�m p_:;(�&;QSR#C�,�.�X�m ¸-¸�@
*-?5&;(�8L4+*-C�Dr3�(�F *9:):>K./(1FW(1&),�(1,��h,�? *945k��h&>4 QSR�&;?5J/,�?�k�C�8�67*98 *-F+(14585&)?�&)(185C�,�.N./(1T-J/b�bj(�:>4 (18Acd(�8LD�a*-:):;(z&), FW(1R�85(185(}p(�?5J-,
*-,�k1(�, USR Rdut�ZY�mP%'(�8z6�*-8 *-F+(14585&;?5&)(185C�,�.ug/J/,
�'C�&)./.�C�,�3 ;r&)b�b^(1: U ;f&{T/¸�Y2D�J/:)./(1,�3./&;:;4ER�&;(�8�@^(1&ZW } V ± � V ��� �

� V ��� � � � X�m ¸9¿t�C�,�3
� � ��� �<±ª� � X�m ¸ZX��

� v ��� ��± \ ¸ �
� ¼«� � X�m ¸-�/�

� · ��� ��± ��¿ � ·��� i ¿/� · ¼ u � X�m ¸9Vt�
F+&;4

� ± � �
�_� · � X�m ¸�T/�C�,�3
� � ± � � � �_��· � X�m ¸ st�%�*-@j(�&<&)?�4�� � 3�(�8zc^0<(�& K:9+aJ/8�b^(185k�(18�D$*-:;:)?�&)F+b�C�:)?_@j(�&x3�(�8+cd(�,t458 *-:;Fy*-?�?5(�3�(�8A@j(14 85*-QSRt4 (|4 (�,}p(�?5J-,
*-,�k9mn%'&)(�e
C�,�Tt45&)J/,�(1, } V ?�&),�3`3�(�85*-8�4h,�J/8�FW&;(�8�4�[
3
*-?�?h?5&;(�*-,`3�(�8'¢#4 (1:):;(q3�(18�cd(1,OK4 85*-:)FW*-?�?5( ��� ± � � ��./:)(1&)QSR½(�&;,�?z?5&;,�3nm��¦&;?�4z3�(18�¢#T9*9:)(�,�b
*-8 *9FW(|4 (�8A3�(�8+*-C�?�./(�3�(1R�,t4 (1,}p(�?5J-,
*-,�k�C�,�3�0pC�853�(q&;F£v�J/8LD�(�:;3`*9:)?���	 � ��u�T 7����A�2.-(10 a*-R�:>4�m

< �>=���?
� < yE"�� KXK��I ���������! I K�� C�"XC�I ��M E{N�h:;?f¢Obj(�k�&)*-:;D$*9:):j3�(�8E8�(�:�*Z4 &;g#&;?�4 &;?5QSR�(1,�{285(1&;4LK ­«&).-,�(�8�K�e
C�,�Tt4 &;J/,�(1,�:Ia*-¡94E?5&;QSRN&;F e�*-:;:)(h(1&),�(18(�&;,�k�(1:),�(1,�}f(1?5J/,
*9,�k�FW&>4nk10<(�&t3�J/FW&;,
*-,t4 (1,�cd(�8LD$*-:):;?5TZ*-,�a*-:;(�,r3�&)(�e7:)*9454$#(|KI67*-85*-FW(|4 8�&)?5&;(�8�C�,�.g/(18�0<(�,�3�(�,tW
Î �$Ï Æ�Ð �P± Î % ��Ï Æ�Ð �P± � À Ï � � � v ¼ � · ��$Ï · iÑÏ ·� � i,j\Ï � � � v � v ¼ � · � · � � X�m ¸ ut�

GI,�3�(�8 p�:)(1&)QSR�C�,�.y@^(1k�(�&;QSR�,�(1, 3�&;(�GI,�3�&;k�(1?A�AC�,�3 ¸y3�&)(B@^(1&)3�(1,�cd(18�D$*-:;:)?�T9*9,�a*-:)(_C�,�3 3�(�8GI,�3�(l� j 3�(�, 6 (10<(�&;:)?7@j(1458 *-QSRt45(14 (1,w9_*-,
*-:�m�%�*f3�(187�rC�?53�8�C�QST�@^(185(�&>4 ?�C�,t4 (�8�R
*-:;@B3�(18 6 (10<(�& K:)&;./(�,�6�8�JO3�C�Tt4 &)J-,�?5?�QSR�0<(�:;:)(_.daC�:>4 &;.B&)?L4�[O./(�Rt4p3�(18fc^02(1&>K:9+aJ/8�b^(185k1(�8�D$*9:):)?�&)F+b�C�:;?�3�(�?*9_*-,
*-:;?F+&;4f3�(�,�Fy*-?�?5&>g/(�8�(�, ¢O(1T�C�,�3 a*-8L4 (1&):)QSR�(�,u./(1./(�,�,#C�:):\[
02*-?h?�&)QSRu?L4S*-8�TN*-C�D�3�&;('&�&),�&)(�,OD�J/85F3�(18r}p(�?�J/,
*-,�kB*-C�?�0p&)8�Tt4�m�eraC�8E3�&)(_67*98�4 &)*-:)@�85(�&>4 (1, � À ./&;:;4|W
� À ±)(j·À ��� Ï j�* ³ À (j·À ±®� � X�m ¿-�t�

%'&)(1?5(+67*98 *-F+(14585&)?�&)(185C�,�.�0pC�8�3�(+k�C�8q{2(�?�QSR�85(1&)@�C�,�.�3�(18 ` � � u�s/�t�IK �hF+b�:)&>4 C�3�(-[dF+&;4'&)R�8�(�,@j(�&)3�(�,d;h*-C�bO4 k�(18�D$*-:;:)?�T9*9,�a*-:)(1, �n� C�,�3��,+�²R�(18 *-,�./(�k1J/./(�,dm
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��� � I�� ��� I M K C N�G5I�C K I�E � I�C�"|G ��"���� I�E B I "$" I E{285(1&;4�K\­«&)./,�(�8LK�C�,�3`e�:�*94�4$#(|KI67*-85*-F+(14 8�&)?�&)(�8�C�,�._(�8�:�*-C�@^(1,�(�&),�(rv�*-8�&�*945&)J/,+3�(�8x6�R�*-?5(1,n[�3�&;((�?7.-(�?�4 *94545(14�[9?�QSR�Fy*9:)(�?5TZ*-:�*985(<}f(1?5J/,
*9,�k�(1,�g/J/,�T9J/,�?L4S*-,t4 (1F`[Z&),�T-J/R�a*985(�,t45(�F��r,t4 (185./8�C�,�3k�C�C�,t45(�85?�QSR�(�&;3�(�,dm/GIF ej*9:):)(P8�(�:)*94 &>g�@�85(1&;45(�8�}f(1?5J/,
*9,�k�(1,A?5&),�3B3
*-.-(�./(1,�T-(1&),�(<(�&),�3�(�C�45&)./(1,GI,�45(�8�b�85(|4S*945&)J/,�(1,`3�(�8r¢#4 8�C�Tt4 C�8�(�,`FuaJ/.-:)&)QSRdm�%'(�85*-8�45&)./(��r,�?�&)QSR�(185R�(1&;4 (1,�?�b�&)(1./(�:;,`?�&)QSRN&)F?�=#?�45(�FW*94 &;?5QSR�(1,ue
(�R�:;(�8E3�(18Ev�(�85k|02(1&)./C�,�./?�g-(�8�R�a*-:;45,�&)?�?5(_0p&)3�(18�m
< �>=n��?
��	 
 C G5I " C�� �d�����zyHM EHG K C � EehaC�8�3�&;(w�h,�b�*-?5?�C�,�.f3�(�8��hF+b�:;&;4 C�3�(w*-,_3�&;(�M`(�?�?53
*Z4 (�,�0pC�853�(�3�&)(�M�*���&;F�C�F�&�&;T-(1:)&)R�JOJ#3OKM`(145R�JO3�(Bg/(18�0<(�,�3�(|4�m�%'&;(qk1CiFy*Z�O&;FW&;(�85(1,�3�( &�&)T9(�:)&;R�J#JO3OKIe
C�,�Tt4 &;J/,�:)(�&>4 (|4h?�&)QSR�*-C�?r3�(�FD�J/:)./(1,�3�(1,�*-:;:)./(1FW(1&),�(1,i�h,�?5*94 k+DlaC�8�3�&)( &�&)T9(�:)&;R�J#JO3�
'[�3�(1FH6P85J#3�C�Tt4B3�(�8qs�&;,�k�(1:;02*-R�8�K?5QSR�(1&),�:;&)QSR�T9(�&;45(�,�� À 6 (�3�(1?p@^(|4 8 *9QSR�45(145(�,isP85(1&)./,�&)?5?�(�?1[�*-@nm


 ±���� ��
À � ÀiÆ � X�m ¿����

;r&)(185@j(�&�@j(�k�(1&)QSR�,�(14��Ñ3�&;(r�r,�k�*-R�:^3�(18E¢O&;./,
*-:;(�8�(�&).-,�&)?�?5(-[tC�,�3�3�(18xe�*-Tt4 J/8����O@j(�8 aC�QST�?5&;QSROK4 &).94�[�3�*-?5?f3�&)(_}p(�&;R�(�,OD�J/:)./(h3�(�8fsP85(1&)./,�&;?5?�(_DSaC�8f3�&)( p�(�? *9FB4I0x*9R�85?�QSR�(�&;,�:)&;QSR�T-(1&;4fC�,�(185R�(1@OK:)&)QSR�&;?�4�m�%'&)(�­Ñ*-R�85?5QSR�(�&),�:)&)QSR�T-(�&>4 (1,�� À @^(185(�QSR�,�(�,q?5&)QSR_F+&;4d3�(�,_./(1FW(1?5?5(1,�(�,B6PR
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