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coated surface

strip board anode wire Ø 50 µm
gold plated tungsten

aluminum box

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

UsLM:EDOV4:u;$=KF�;gU`;�o�F�Dbac@ A�F];QoQ=2@]HC[%U`;$=�;M=|@5FEVMV�:joQU´F];M@]HG;ML�F<oQ¥uU`Db;M=2@5;$LQFEo�¥XUsD2PCH?@d³kUWof@]V8B2NIV�;ML$@]F�A
ShLM:EA ;M=2@w¿ F<H?L$:<D À\FZYs:EL�UsA®@d;M@�L�Vfx ¾OB?Ys;�UsN?Ys@�V$o�F�;$;M@�L4U`D|P�UsDÃ;M=2@wF]aKV�:ELMaK@�L�V���[/=jU´oQ= ACBKV4;�aK@
;M=jU´oQ¥�@�D|:<B2PE=O;M:RN2L$@�³X@�Dj;%o^:<DKVªU´Hj@�LQF]a?Ys@CN2B2DKoQ=@�h;M=2L$:<B2PE=�ShLM:EA =KFEH?LM:EDKV�� =KF<V¦;$:CaK@u;QF]¥X@�D®UsDj;M:
F<odof:<B2Dj;"F<V/[%@^YtY�x

�%=2@G@f�|Nc@dL�UsA®@dD?;�LM@]¶XB?UsLM@]VCFOACB|:<D�V�_|V�;$@�A [%Us;$=£=?UsP<=�@�!Jo�Us@�DKof_X>TV�:²L$@]H?B2DKH|F�DKof_wU`D�;$=2@
ACB2:ED¢=jU`;uUsD?Sh:ELMAbF�;4U`:ED£UWV®H?@ZVrUsLQF]a?Ys@Xx(É4D�F<H2HXU`;4Us:<D�;M:²L$@]V�:]YsB2;�Us:<D�L$@]¶XB?UsLM@�AR@�Dj;QVf>*aKF<oQ¥jP<LM:EB2DKH
ÆKB?��LQF�;$@]V·ShLM:EA ;$=2@GACB2:<D�=KFZYs:²U`D�;$=2@GACB2:<D(aK@]F]A of:EDKV�;$LQFZUsD�;M=2@GoQ=2:]U´o^@�:]SvHj@�;M@]o^;M:<L�V�Sh:EL
;M=|@®ACB2:ED(;ML�F<oQ¥kUsD2P|xGÇgV�;�UsAbF�;$@]V·aj_²;M=2@Gmj¾�À of:]YlY´F]aK:<LQF];�Us:<DÃV4=2:][�;M=KF];u;$=?UWV�ÆKB?��odF�D(aK@bF<V
=?UsP<=�F<V®�C¥|¿¦Ì �ZofA�Ë F�;�HkUWV�;�F�DKof@ZVu <�pofA ShL$:<A�;M=2@RaK@]F�A�F��?UWVf>TF�DKHw�<~
�K�d�<~²¿¦Ì �ZofAbË·F�YsA®:yV�;
@�³X@�L$_?[/=|@�LM@5@^Y´V4@v:<B2;�VrUWH?@u;$=?UWV±L$@�P�Us:ED�x

9%@]o�F]BKV�@C:]S/V4NKF<o^@·YlUsAµUs;QF];�Us:<DIV·U`Dw;M=|@·eKL�V�;vV4;QF�PE@®:]S\;M=2@qH?@�;M@Zof;M:EL�>¹FJACB|:<D²Hj@�;M@]o^;M:<L"ACBKV4;
aK@uN?YWFEof@]H�UsDO;$=2@uACUWH2HkYs@u:]Sg;M=2@qF�aKV4:<L$ac@dL5;M:bF<oQ=?Us@�³X@�V�B"!Jo�Us@�Dj;/;ML�F<oQ¥kUsD2PRLM@]V4:�YsB2;4U`:ED�x � :EL¦;$=2@V�@Zof:<DKH�V�;QF]P<@X>gFpV�@fYlS ��V�B2N|Nc:ELM;4U`D|P�V�;$LMBKof;$B2LM@bof:ED?;�FZUsD?UsD2Pw;M=2@�;$LQFEo�¥XUsD2P²H?@d³kUWof@]V¦Sh:ELu;M=|@�ACB2:<DIV
o�F]D�aK@vN?YWF<o^@]H�aK@�=?UsDKH�;$=2@�F�aKV4:<LMaK@�Ldx%�%=|@uV4B2N2NK:<L$;5V4;ML$BKof;MB|LM@5=KFEV±;$=2@�F<H2Hj@]HGF<H?³EF�Dj;QF]P<@�;M=KF];
Us;¦@dDKV�B2L$@]V/F�D�F�B2;$:<AbF�;4U´o�FZYlUsP<D2AR@�Dj;5:�ST;M=|@uoQ=KF]ACac@dLQVfx

Â�@vN2L$:<NK:XV4@C;M=2@vBKV4@v:�Sg;4[%:RHXUtº¹@�L$@�Dj;"H?@�;M@Zof;M:EL/;�_jNK@]V�Sh:<L/;$=2@]V4@·;4[\:CACB2:<DGe2Ys;M@�L�Vfx
�4�� 
��# 9 ��� � : " B�B � :<L/;M=|@�eILQV�;/ACB|:<DG[/F�YtY\�4¾OÂ��]¡Q>XY`:jodF�;M@ZH�B2NKV4;ML$@]F�A�ShL$:<A ;$=2@vA�F]P<D2@d;
¾² ?>E[%@%N|LM:<NK:yV�@/BKVªU`D|PvnÅY´FEV�;4U´o/É$F�L$:jo�o�UI� B2aK@]Vg�4n8É$�/V�¡ �Í <� � �|F<VÅACB|:<DCoQ=KF]ACac@dLQVfxT�%=2@%N|LM:<NK:yV�@]H
n8É$�¢U´V\F·PyF<V�@d:<BKV/H?@d;M@]of;$:<L\of:EDKVrUWV�;4UsD2PC:�S*@fUsPE=?;4�ªof@^YtY ;MB2aK@]V �Í E�kÁ
��x �"D2@5o^@fYlY¨AR@]FEV�B2L$@]V/�±Êb�vofA Ë
F�DIH�=KF<V�FO�E~D�hAµUWofL$:<D�F]D2:jH?@G[%UsLM@RA�FEH?@®:]S"P<:]Y´H0�¤N?YWF];M@]H�;MB2D2PyV�;$@�D�UsD(;M=|@®ACUWH2HkYs@Xx�§"@�PXF];�Us³X@
=?UsP<=b³X:�Ys;QF]P<@¦UWVgF�N2NjYtUs@]HR;M:v;M=2@/UsD2D2@�L\of:yF�;$@]HCV�B2L4S�F<of@":�S ;M=2@ of@fYlY�>X[/=?UWo�=R=KFEV¸:ED2@":<NK@�DbVrUWH?@ F�DKH
F�D�UsDj;M@�L$DKFZY V�B2L4S�F<of@5L$@]VrUWV4;�Us³kUs;4_�:]SgF5Sh@�[�¥�� #��¦x\�%=2@vn8É$�/V/F�LM@ BKV�@]HCU`DGN2L$:<NK:<L$;�Us:<DIFZYTA®:jH?@v;$:
FZYlYs:][�=?UsP<=²LQF];M@�o�F]NKF�a?UlYlUs;�Us@]V5:�STB2Np;M:p��~ 
/NKF]LM;�UWo�Ys@]V"Nc@dL/[%U`L$@Xx

z AR:jH?B?Ys@Go^:<DKVªU´V4;QVu:]S/;4[%:�YWF�_X@�LQV5:�S�;M=2@ZV�@R@fUsP<=j;2��of@fYlY\;MB2aK@]Vv[%U`;$=�FGV�;$L�UsN(N?YWF�D|@�aK@�;4[%@�@�D
;M=|@�A �4V4@�@ � UsP2xK�jx`�f}j¡Qx\�%=2@v;4[%:uYWF�_X@�LQV%:]Sg;MB2aK@]V/F]LM@qV�;QF]P<PE@�LM@]HGa?_R=KF�YtS�FCof@^YtY*[%Us;$=OLM@ZV�NK@]of;/;$:@]FEo�=C:E;M=2@�Ld>X;M:5UsA®N2L$:]³X@"V�NKF];�UWFZY LM@]V4:�YsB2;�Us:EDOF]DKHCLM@]V4:�Ys³X@¦;$=2@/BKV4BKFZYKYs@fSh;2�hL�UsPE=?;�F�ACa?UsP<BjU`;4_Xx8É4DC;$=2@
V�;$L�UsNwN?YWF�D2@X>�;$=2@R GofA �h[%UWH?@RV�;$L�UsNKV�F�LM@R �ARA�F�NKF]LM;�F�DKH²LMB|DwF�;�F�D�F�D2P]Ys@®:]S/}X���5LM@fYWF�;4Us³X@®;$:
;M=|@CF�D|:jH?@C[%UsLM@]V%UsDO;M=|@u;MB|ac@ZVfx/z ACB2:ED²V�;�F�;4U`:ED²[%:EB?YWHO;M=2@�D�of:<DIVrUWV�;5:]Sg:<D|@uN?YWF�D|@u:�S�V�@�³X@�L�FZY
AR:jH?B?Ys@]V·[/=|:XV�@b[%U`L$@]VvF�L$@�F�YtY\UsD(;M=2@
	@��HkUsLM@]o^;�Us:<D�>TF�DKHw:<D2@RN?YWF�D2@b:�S/AR:jH?B?Ys@]Vv[%Us;M=([%UsLM@ZV UsD

�d~<~



ID
Entries
Mean
RMS

      11
    4975
  317.4
  26.64

  337.5    /    61
P1   286.5
P2   303.4
P3   8.656
P4   69.46
P5   336.3
P6   26.12

t/ns5 30

200

400

600

15 25

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

;M=|@ � ��HkUsLM@]of;4Us:<D�x\�%=2@��0��of:X:<L�HkUsDKF�;$@·UWV±AR@]FEV�B2L$@]H�[%U`;$=�Ys:][%@�L"LM@ZV�:�YsB2;4Us:<D²³XU´FC;M=|@uV4;ML4U`NIVfx�%[%:CACB2:EDGV�;�F�;4U`:EDKV¦[%UlYlY*aK@5N?YWF<of@ZH�F�Sh;M@�L\;M=2@ =KF<H?L$:<Dpo�F�Y`:EL�UsAR@�;M@�L"¿vÀ\z5Ä8�<>?Sh:]YtYs:][%@ZHJaj_bF
ACB2:ED�F]aKV�:ELMaK@�L5�Q�"A�:�S¹U`L$:<D¨¡¸F�DKHR;�[\:uAR:<L$@/ACB2:<DGV4;QF];�Us:<DKV^x%�%=jU´VgP�Us³X@]Vg@�D2:<B|P<=�L$@]H?B2DKH|F�DKof_
Sh:<L�;M=2@RACB2:ED�;$LQF<oQ¥OAR@]FEV�B2L$@�A®@dD?;dx®�%=|@�:]³X@�LQF�YtY�of:X:<L�HkUsDKF�;$@�N|LM@]o�UWVªU`:ED(Sh:<L�FOV4;QF�;4Us:<D�>8[/=?UWoQ=
UWV·YlU`ACUs;M@]Hwa?_²AR@]oQ=KF�D?UWo�F�Y\N2LM@]oQU´VªUs:<D�>ÅUWVuF]aK:<B2;G�RA®Apx��%=?UWV^>8;M:<PE@�;M=|@�Lv[%U`;$=(;M=|@GHkUWV�;�F�DKof@b:�S
� �vA�aK@�;4[%@�@�DG;$=2@u;4[%:RNKF�U`L�V¦:�S¸ACB2:<D�V�;QF];�Us:<DIVf>cUWV5V4B"!GoQU`@dD?;";M:RA�F]¥X@v;M=2@�;MLQFEo�¥bLM@]V4:�YsB2;�Us:ED
of:EA®NKF]LQF]a?Ys@u;M:R;M=|@uV4A®@ZF�L�UsD2PR:�S¸;M=2@v;ML�F<oQ¥2V%aj_�ACB?Ys;4U`NjY`@qVMo�F];M;$@�L�UsD2P|x�ÉªSTD2@�@]H?@ZH¨>2FCo�F�YlU`a|LQF�;4Us:<D
N2L$:jof@]H?B2L$@Cof:EB?YWHJUsARN2LM:]³X@5;$=2@vLM@]V4:�YsB2;�Us:ED²;M:b~?x��CARAOx

n8ÉM� H?@�;M@Zof;M:ELQV%[%Us;M=p;M=2@�HkUsAR@�DKVrUs:EDKV±}GÊw�&%¼�uA�Ë/[%@dLM@5a2BjUtYs;vF];/;M=2@��XÉ$§5È{� �¦B2a2DIFk¡\[%:<L$¥*�
V�=|:<N�x/�%=|@�_GF�L$@uBKV4@]H®UsDO;M=|@ �5ÇgÄ�ng¿¦É%@^�2NK@�L4U`AR@�Dj;"F<V"V�B2L$LM:EB2DKHOACB2:EDOoQ=KF]ACac@dLQV �Í E�<� �ªx\�%=2@
;�UsAR@GLM@]V4:�YsB2;�Us:ED£[/FEVu:<D�;M=|@�:ELQH?@dLu:�S� <~²DKVC�4o�S$x � UsP2xg�?xs���X¡Qx(n8É$�/VCF�L$@�N?YWF�D|D2@]H�Sh:ELCBKV�@JF<VF²;MLQFEo�¥XUsD2P²ACB2:ED£V4_2V4;M@�A�U`D�;M=2@ �5~O@^�2NK@�L4U`AR@�Dj;RF�; � @�L$AµUlYWF�a�x��%=|@ON2L$:<;M:E;4_?NK@GA®@ZF<V�B|L�UsD2P�CÊw�5A Ë [/FEV±;$@]V�;$@]H®[%Us;M=wF·S�FEV�;�>2UsD?Æ¹F]A®AbF�a?Ys@�PXF<V/ACUt�|;MB|LM@v:�S\�E~k� À � % F]DKH��d~k��À\¿ % x

z¦DpF�L$@]Fu:�S����uA Ë =KF<V/;M:CaK@�of:]³X@�L$@]Hµaj_R;M=2@vn8É$�/Vfx\�%=?UWV/A�F]¥X@]V%Fu;$:<;QF�Y*:�S��� E~<~Rn¸É$�/V�Sh:EL
FZYlY*Sh:<B2L V�;�F�;4U`:EDKVfx��%=2@v[%U`L$@]V"F�DKHG;M=2@�V�;$L�UsNKV/[%UlYtYTaK@uL$@]F<H�:<B|;¦aj_��#�vÀ\Vfx
� � D � ��� 9 ����� : " B�B � :<L";M=2@qV�@]o^:<DKHOACB2:EDG[/FZYlY/�r¾OÂÃ k¡�>¨F];¦;$=2@u@�DIH�:�S¸;M=2@qV�AbFZYlY1�ªF]D2P�Ys@
V�NK@]o^;MLM:EA®@d;M@�Ld>2[%@uN|LM:<NK:yV�@CBKVªU`D|PO CA�:�S8UsL$:<DwF�DIH²F�V�_|V�;$@�A�VrUsACUlY´F]Lv;M:R;M=2@�:<D2@CBKV4@]H�aj_�;$=2@
mjz5¾ �vmuACB2:ED�V4NK@]of;ML$:<AR@�;M@dLÅUsD�;M=2@��5~v@f�2NK@�L4UsA®@�Dj;\F�; � §5z Ä �Í E�<� �ªxg�%=2@ V�_|V�;$@�A of:<DIVrUWV�;�V%:�S
V�@d³X@�LQF�Y�Y´F�_X@�L�V%:�S\V4;QF�U`DjY`@ZVMV5V4;M@�@fYTHjL�UlSh;¦;$B2aK@]Vfx\ÇgF<oQ=pH?L�UlSh;";MB2aK@u=IF<V"F®HkUWF]A®@�;$@�L/:�S�»®ofAiF�DKHpF
AbFZ�jU`ACB|A L�F�;$@Co�F]NKF�a?UlYlUs;4_²:�S\»E~<~G¿¦Ì �ZofA�ËQ>¹H?@�NK@�DKHXU`D|P�:ED²;M=2@vPyF<V5AµUl�|;MB2L$@Xx/�%=2@CAbFZ�jUsACB2A
H?L4UtSh;";�UsAR@v³<F]L�Us@]V/aK@�;4[%@�@�Dw� � ~CDKV�Sh:EL%S�F<V4;¦PyF<V�@ZV¦F]DKHO»E~<~CDKV�Sh:EL"VrYs:][%@�L":<D|@]Vfx

�d~?�



�%[%:bV�;�F�P<PE@�LM@ZHJYWF�_X@�LQV%:]S\H?L�UlSh;";MB2aK@]V%[%Us;$=²F�Dp:]³X@�L�YWF�Np:�S���~X� F�YlY`:][�;M=|@·AR@]FEV�B2L$@�A®@dD?;\:�S
:<D|@�of:X:ELQHkUsDKF];M@Xx �"D2@RV�;�F�;�Us:ED¢;$=?BIV¦A®@ZF<V�B|LM@]VvVrUl��of:X:ELQHkUsDKF];M@]VC�ª;4[%UWof@ 	 >¹;�[%UWof@ � >�F�DKH²;4[%UWof@
�K¡Q>�@]F<oQ=w:�S"[/=?UWoQ=�UWV·AR@]F<V4B2LM@]H²[%Us;M=�FGN2LM@Zo�UWVrUs:<D�:�S ~jx�»�ARAOxbn¸B|;M;�UsD2P²;4[\:OV4;QF];�Us:<DKVR»<~pofA
F�NIF�LM;�F�YtYs:]["V·Sh:<L�F®;$LQFEo�¥pLM@]of:EDKV�;$LMBKo^;�Us:<Dw:�S±V�B"!Jo�Us@�Dj;5@�!Jo�Us@�DKof_²�ª;$=2@CACB?Ys;�UsN?Ys@bVMo�F];M;$@�L�UsD2Pp:�S
�<~O�"@�
 ACB2:<DKV FZSh;M@dLC�uA :]SgU`L$:<D²UWV �  RA®L�F<Hc¡�xuz�;M:<;�FZY\F]LM@]F�:]S/ E~®AbË�=IF<V¦;$:�aK@�of:]³X@�L$@]H
[%Us;M=�H?L�UlSh;v;MB|ac@ZV5F�;5;$=2@RV�@Zof:<DKHOACB|:<D²[/F�YlYª>*LM@]¶XB?UsL�UsD2P � »<~E~<~OHjL�UlSh;5;MB|ac@ZV UsD�FZYlY�xC�%=2@RH?L4UlSh;
;MB|ac@ZV±[%UlYlY8aK@vLM@ZF<H�:EB2;"a?_b�#�·À\V5FEV%[%@fYlY�x

9%@]o�F]BKV�@�;M=2@qH?L�UlSh;5;$B2aK@]V¦odF�D2D2:E;vV�B|N2NK:<LM; ;M=2@�=?UsP<=2@�L LQF�;$@]V¦D2@ZF�L";M=2@�ac@ZF�A F��?UWV^>¨F]D2:<;$=2@�L
H?@�;$@]of;$:<L5;4_jNc@CACBIV�;vaK@CBKV�@]H²;M=|@�LM@Xxqn¸L$:<NK:<L$;�Us:<DIFZY"oQ=KF]ACac@dLQV¦[%Us;M=�FJ[%UsL$@�V4NKF<o�UsD2Pp:�S± JARA
F�L$@u;$=2@vDKF�;$B2LQF�YTo�F�DKHXU´H|F�;M@ZV¦;M:Rof:]³X@�L�F�D�F�LM@ZFµ:]S/�CÊw�5A Ë D2@]F]L/;M=2@vaK@]F]A F��?UWV^x

���� � � � � ��� ������	 � � �
É4D(;M=|@�N2LM@ZV�@�Dj;�V�@]of;4Us:<D�[%@GHj@]VMofL4Usac@b;M=2@�NIF�LM;�Vu:�S";$=2@GF�N|NKF�L�F�;MBIVµ[/=?UWoQ=�F�L$@GV�NK@]oQUtecoJ;$:O;$=2@
ACB2:ED�N|LM:<PELQF]A®AR@X>2DKF]A®@fYs_

½ ;$=2@ � aK@]F]A
½ ;$=2@vNc:]YWF�L�UWV4@]H�;�F�L$P<@�;
½ ;$=2@5Y´F]LMPE@CF�D|P�Ys@RV�NK@]of;$LM:EA®@�;$@�L¦�rÄ�z·m2¡\A�F]P<D2@d;
½ ;$=2@ � ;$L�UsP<PE@�L¦=|:jH?:XV$of:<NK@

F�DIH�;M=|@·AR:<AR@�Dj;MB2A F�DIH�AbF<VMV/LM@ZV�:�YsB2;4Us:<DKV¦:]Sg;M=|@uÄ�zvm®@d³<F�YsBKF�;$@]H�[%Us;M=�F®¾O:ED?;$@]o�F]L�Ys:�o^:jH?@Xx
�%=2@�@fYs@�AR@�Dj;QV5:�S";$=2@bÄ�z·m²[/=?UWoQ=(F]LM@Gof:EA®AR:<Dw[%Us;M=�;M=|@®=KFEH?LM:ED�N2LM:EP<LQF]A ��;M=2@bÈ/É�À\¿��

H?@�;$@]of;$:<L�>K;M=|@C¿·À�;$LQFEo�¥X@�L�Vf>K;M=2@qÇ%À\z5Ä8�<>¨;$=2@C¿vÀ\z5Ä8�CF�DIHO;M=2@veKLQV4; � e2Ys;M@dLf¡Q>¹F<V"[%@fYlY¸F<V¦;$=2@
@fYs@�AR@�Dj;QV%:�ST;M=|@µmkz·mK>2=KF�³X@vF�Y`L$@]F<Hj_�aK@�@dD²H?@]V$o�UsaK@]H®U`DwmX@]of;4Us:<D²�jx`�Ex

 "!ª©"!$# � 'Å0|1 �/. ��621ª7|'Å6|1�) -�
®7��"'�����
��:GF<oQ=?Us@�³X@u;$=2@C=KFEH?LM:EDwF<o�of@dN2;QF]DKof@u[/=jU´oQ=OUWV¦LM@Z¶kB?UsL$@]HOa?_G;$=2@uACB2:ED²N2LM:EP<L�F�A ���  <~E~JARLQFEH
³X@�L$;�x8F]DKH��  <�E~uA®L�F<H®=|:<L�xl¡Q>X;M=|@5=KF<HjLM:<DpH?@d;M@]of;4Us:<D®UWV%V4N?YlUs;%U`Dj;M:C;4[\:CV�@Zof;�Us:<DIVf>?:ED2@5B2NIV�;ML$@]F�A
:�SRmj¾² ²Sh:<L�=KFEH?LM:EDKVGF�;®YWF]LMP<@�F�D|P�Ys@]Vf>���»<~(A®L�F<H¨>"F]DKH ��:EL�Y`:][�A®:EA®@�Dj;QFj>/F�DIH�F(V�@]o^;�Us:<D
H?:][/DKV4;MLM@ZF�A�:�S\mj¾² uSh:<L/=KFEH?LM:EDKV¦[%Us;M=GY´F]LMPE@uAR:<AR@�D?;�FCF�DKHpF�D2P]Ys@]V±aK@fYs:][ »<~CA®L�F<H¨x

z D2@�[ YWF]LMP<@�FEo�of@�N2;�F�DKo^@�V�NK@]of;$LM:EA®@�;$@�LGA�F]P<D2@d;��Mmk¾(�fAG¡�[%UlYlYbo�=KF]LQFEof;M@�L4UsÌ�@(;M=|@(Ä�z·mIx
� UsP2xg�jx`� � V�=2:]["VC;M=2@�=|:<L�UsÌ�:ED?;�FZY F]DKH¢;$=2@GVrUWH?@G³XUs@�["Vu:�S ;M=2@ReKLQV4;RV�NK@]of;$LM:<AR@�;$@�L�xw�%=2@�aIF<VrUWo
@fYs@�AR@�Dj;QV/V�=|:�[/DGUsDO;M=|@�eIP<B2L$@uF]LM@ �

½ ;$=2@vNc:]YWF�L�UWV4@]H�;�F�L$P<@�;"ng�
½ ;$=2@�V�B2NK@�L4�ªof:EDKH?BKo^;�UsD2PGV4:�Ys@�D2:]U´H|FZYgAbF�PED2@�;vm� Ä�Sh:<L/;$=2@�n��
½ ;$=2@�HkUsNc:]Ys@CA�F]P<D2@�;vmj¾(�^A
½ ;$=2@�È�UWoQ=�Àg=|@�LM@�D|¥X:�³Jof:<B2Dj;M@dL/È/É�À\¿��
½ ;$=2@�¾OB?Ys;�U1�¤Â£UsL$@Rn¸L$:<NK:<L$;�Us:<DIFZY/Àg=KF]ACaK@�LQV"¾OÂÃn%À
½ ;$=2@�¿¦:<D2@d_2of:EACaGH?L4UtSh; oQ=KF�ACaK@�L�V/¿·À ��V

�d~< 



������1�/'� � ��� ��� ����� % /0&'%-&0. � +"%'/0(,!#�"%0�"//� � �,/ �,��� $ ����� (�. �"+"%0/'(,!#� %'�"/�� ��$ %'�*�
+"(,$ % �,1�/0�,% ��(,$ ) (�/#%'����� � � � �,!
.�/0( �,/0�,!#!#� ������ ���,&0���&� � � $��"& ��$$�
��+"��%'��%0��� .*�,/'% ( ) %0��� ��.�.���/'�,%01�& ���
��+���� &�/'(�� ��� ��(�1�% ) (,/ %0��� �*� ��/0(,$ � � � �,!
.�/0( �,/0�,!#!#� �

½ ;$=2@�ÇTYs@]o^;MLM:EA�F]P<D2@d;�UWouo�F�Ys:<L�UsAR@�;M@dL5Ç%À\z5Ä8�
½ ;$=2@�¿5F<H?L$:<D�o�FZYs:<L4UsA®@�;$@�L ¿·À\z5Ä8�
½ ;$=2@ � �´e2Ys;M@�L F�DKHG;M=2@ � �¤;$LQF<oQ¥X@�L�V/n¸É$���¼V
½ ;$=2@ � �h=2:jH?:XV$of:<NK@ � ¿����u�

nÅ:yVrUs;�Us:<DIV/F�DKH®;$LQF]DKV�³X@�L�V�@ HkUsA®@dDKVrUs:<DIV�:�S ;M=2@";ML�F<oQ¥kUsD2Pv@fYs@�AR@�Dj;QV8F]LM@ V�B2ARAbF�L�UWV4@]HµUsD�;QF]a?Ys@5�jx � x
§¦:E;/V�=|:�[/DRU`D � UsP2x2�jx`� � F�L$@¦;$=2@ VMo�UsDj;�UlYlY´F];�UsD2P®eIa2LM@"aK@]F�A =2:jH?:yVMof:ENc@ZV�Y`:jodF�;M@ZHJaK:E;M=�B2NIV�;ML$@]F�A
F�DIHOH?:][/DKV4;MLM@ZF�A ShLM:EA ;M=2@v;�F�LMPE@�;5�4V4@�@CmX@]of;dxK�?x¼ ?x� X¡Qx

�%=2@"LM@]¶XB?UsLM@�AR@�Dj;QVÅ:ED®;$=2@/;QF]LMPE@�;gLM@�P]U`:EDGF�DIHµ:ED®;$=2@5Ä�zvmu[\@�LM@\A�F�U`DjY`_bH?@�;$@�LMACUsD2@]Huaj_u;$=2@
� H?@�;$@]of;�Us:EDuU`DR;M=|@/A®@]FEV�B2L$@�AR@�D?;�:]S�;$=2@%:ENc@dD�oQ=KF�L$A F<V�_jARA®@�;$LM_���� ��� xg�%=2@ � �¼VÅH?@Zo�F�_u[%Us;M=?UsD
FCof@�Dj;�UsAR@�;ML$@%ShLM:EA�;$=2@¦Ys@�N2;$:<D�³X@�L$;M@f�bF]DKH®;$=2@fUsL/LM@��´UsD?;$@�LQFEof;�Us:ED�N2LM:EaKF�ajUtYlUs;4_�U´V%D|@�P�YlUsP�Usa?Ys@Xx/9%B|;
LM@<� UsDj;M@�L�F<of;4U`:EDKV/:�S*AR@]V�:EDKV/F�DKH�N2=|:<;M:EDKV%U`DG;$=2@5;QF]LMPE@�;%AbF�;$@�L�UWFZYTodF�BKV4@¦Ys:XVMV4@]V"F�DKH®UsD?;$LM:jH?BIof@�F
V�AR@]F]L�UsD2P�:]Sg;M=2@vAR@]F<V4B2LM@ZH�¥XU`D|@�A�F];�UWo�F�Y*³<F]L�UWF�ajY`@ZV�³XUWFµACBjY`;4UsN?Ys@RVMo�F];M;M@dL�UsD2P2x��%=?UWV¦F�Y´V4:pFZº¹@]of;�V
;M=|@OHj@�;M@�L$AµUsDKF];�Us:<D�:�S ;M=2@ � H?@Zo�F�_�³X@�L$;M@f� >Å[/=jU´oQ=�=KF<VC;M:²aK@GBKV4@]H(;M:wF�;$;QFEo�=�;M=|@�@�³X@�Dj;u;$:
;M=|@Rof:<L$LM@]of; ;QF�L$P<@�; =KFZYlS$xC�%=2@CYs@�N2;$:<Dw³X@�LM;$@f�po�F]D2D2:<;vaK@bH?@�;M@dLMACU`D|@]H�N2L$@]o�UWV�@^Y`_OSh:ELv¶XBKF<VªU��hLM@ZFZY
N2=2:E;M:ED�UsDj;M@�L�F<of;4U`:EDKV5aK@]o�F�BIV�@R;M=2@qVMo�F];M;M@dL�UsD2PpF�D2P]Ys@µUWV5;M:X:pV�AbFZYlY�xC�%=2@RV4;ML�F�;M@dP<_O;$:�ACU`DjU`ACUWV�@
;M=|@�Ys:yVMV�@ZV5F�DKHGACB?Ys;�UsN?Ys@�VMo�F];M;$@�L�UsD2P�[%Us;$=2:<B2; VMFEofL�Ule¹oQU`D|P�;M=2@5YsB2ACUsD2:XVªU`;4_GU´V"FuLM@ZH?BKof;4U`:EDO:]S8;$=2@

�d~<»



�¦@d;M@]of;$:<L NK:yVrUs;�Us:<D ;$LQF]DKV�³X@�L�V�@�HkUsA ��=%Ê8³K¡ of:<ARA®@dD?;
~RofA nÅ:]YWF�L�UWV4@]HO;QF]LMP<@d;"of@�Dj;MLM@

�d�< jx��RofA Ç8DKH�:]SgV4:�Ys@�D2:]U´H
¾OÂÃn%À"� ���E�®ofA �<~ Ê¸�<~RofAbË
¾OÂÃn%À\    � �®ofA �f}X~�Ê/�d <~�ofAbË
¾OÂÃn%À\»  kÁZ�®ofA �f}X~�Ê/�d <~�ofAbË

»<~E~D�h}X~<~GofA mj¾(�^A NK:XVªU`;4Us:<D
¿·À"� }X»E~®ofA  < <~�Ê/�d�<~�ofAbË
¿·À\  �<»E~®ofA »< <~�Êg ]}X~�ofAbË

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

;QF]LMPE@�;/HkUWF]A®@�;$@�L�ShL$:<A ;M=2@ �<~uARA�³EFZYsB2@5:]S8;$=2@vmj¾�À�;M:q»<~uARAOxT�%=?UWV�ACBKV4;%aK@vof:EA®NK@�DKV$F�;$@]H
aj_GFµaK@�;$;M@�L%Sh:jo^BKVrUsD2P�:]S8;$=2@vACB2:<DGaK@]F]A ;$:RFµ[�FZUWV�;":�S  � � �� � ~	%¼�®o^A F];¦;$=2@v;QF�L$P<@�;dx

�%=2@OAR:<AR@�Dj;MB2A F�DKH�A�FEVMVCLM@]V4:�YsB2;�Us:ED¬[/=?UWoQ=�F]LM@OL$@fYs@�³EF�Dj;®;$:�;$=2@ ��� N2L$:<PELQF�A [%UlYlYvaK@
P�Us³X@�DGUsD²V�@Zof;�Us:<Dp�jx� ?x¼�?x

 "!ª©"!ª© ���"' + °"-/.��u'*)%+ )%."3 ��'Å)%+ 35'�72' �¨7|-%620
�%=2@RLM@]¶XB?UsLM@ZHOACB2:<DwaK@]F�A UsDj;M@�DKVªUs;�_GUWVu �Ê���~��uNK:XVªU`;4Us³X@�ACB2:<DIV�NK@�L�V4N?UlYtYgSh:EL·@dD2@�LMP]Us@]V¦ShLM:<A
�<~²;M:� <~E~��"@�
 [%Us;$=£=?UsP<=(Ys:<D|P�Us;MBKHXU`DIFZY�NK:�YWF�L4U´V$F�;4U`:ED�x�É�D�FOAR@]F<V4B2LM@dA®@�Dj;vNK@�L�Sh:ELMAR@]H�[%Us;M=
Ä8xÅ� F�;4UsP<D2:ED�>�mjÄ�HkUs³kUWVªU`:ED�> UsD²;$=2@C@�DKHG:�S/;$=2@��d�<�]}²§5z¦}jÁuL$B2D �Í  � ~ �¸Us;5[�F<V5V4=2:][/D�;$=KF�; ;M=?UWV
aK@]F�A�UsD?;$@�DKVrUs;4_CodF�DuaK@/:Ea2;QF�U`D|@]Hu[%Us;M=bF¦N2LM:E;M:EDuU`Dj;M@dDKVrUs;4_v:�ST�&%¼ �Êv��~ ' ��NK@�L¸V�N?UlYlY2Sh:<L¸Fu���E~q�"@�

ACB2:EDOaK@]F�Apx � :ELv��~E~��"@�
 F�D²F]aK:<B2;5;4[\:C;�UsA®@ZV¦V4A�F�YtYs@�L"N2L$:<;M:EDOUsD?;$@�DKVrUs;4_®UWV5V4B"!GoQU`@dD?;dxg�%=2@
D2:EAµUsDKF�YÅUsDj;M@�DKVªUs;�_�YlUsAµUs;/Sh:<L";M=2@�� � N2L$:jH?BKof;4Us:<D²;QF]LMPE@�;±UsDp;M=2@�¾² uaK@]F�A YtUsD2@uUWVv��~ ' �"N2L$:<;M:EDKV
NK@�L�V�N?UlYlY�>8a2B2;v;M=jU´V5YlU`ACUs;CF]N2NK@]F�L�V·;M:paK@®L�F�;M=|@�L�of:<DKV4@�LM³EF];�Us³X@�F]DKHOU`Dj;M@dDKVrUs;�Us@]Vv:�S�B2N�;$:O}y~��
=?UsP<=|@�Lv;M=KF]D²;M=?UWV±YlUsAµUs;�V�@d@�A�;M:�aK@CLM@ZF<V�:EDKF�ajY`@y>ÅF�Ys;M=2:EB2P<=�Fbo�F�L$@fShB?Y¸V�;MBIH?_O=KFEV¦;M:bac@RodF�LML4Us@]H
:<B|; ��  � � �ªx

�%=2@ON|LM@]V4@�D?;RACB2:ED¢NK:]Y´F]L�UWVMF];�UW:<D :]SCF]aK:<B2;G~jx��E~�Sh:ELGF�NjU`:ED�;M:wACB2:<D�A®:EA®@dD?;$B2A�LQF];�Us:
:�S�~?x¼�< OUWV®FEVMV�B|A®@]H�VªU`DIof@GD2:²A�F 	M:<LCAR:jHkUle¹o�F�;4Us:<DKV®UsD�;M=2@GaK@]F�A :<N2;4U´odVCF�LM@�Sh:ELM@]V4@�@�D�x��%=2@
AR@]F<V4B2LM@�AR@�Dj;QVK:�SK;$=2@gACB2:<DvNK:�YWF�L4UWVMF�;4U´:ED®aj_5;M=|@±mk¾�ÀO@]V4;QF]a?YlU´V4=2@]HCF/P<:X:jHCF]P<LM@d@�A®@dD?;¹[%U`;$=u;$=2@
LM@ZV�B?Ys;QV*:<a2;�FZUsD2@]HuShLM:EA ¾O:ED?;$@��4À\F�L�Ys:vVªUsACB?YWF�;�Us:EDKV�:]SK;M=2@\aK@]F�A�;ML�F�DKV4NK:<LM; ��  �  j>´  � » ��x8�%=2@�L$@fSh:<L$@
[%@�H?:RD2:E;±Sh:ELM@]V4@�@5;M:RLM@dNc@ZF�;/;M=|@·AR@]FEV�B2L$@�A®@dD?;\:�Sg;$=2@vac@ZF�A NK:�YWF]L�UWVMF];�U´:ED�x

�%=2@�Sh:jofBKVªU`D|P(:�S ;M=2@bACB2:<D�aK@]F�A�U`D�;$=2@p§5z¦}?Áb@f�|Nc@dL�UsA®@dD?;vU´VRF²of:EA®N2L$:<ACUWV�@GaK@�;4[%@�@�D
;M=|@GVrUsÌ�@R:�S";$=2@®aK@]F]A�V4NK:<;RF�;v;$=2@�NK:XVªU`;4Us:<D£:]S";M=2@RNK:�YWF�L4UWV�@]H�;QF�L$P<@�;qF�DKHw;M=KF];CF�;�;M=2@RaK@]F�A
NK:�YWF�L4UsA®@�;$@�LGA�F]P<D2@d;GF�aK:<B|;�Á]�wA H?:][/DKV4;MLM@ZF�Apx��%=?UWVJL$@]V�BjY`;�V®U`D F�aK@]F]A V�NK:E;��  2�Ê  �]¡:�SqF]ac:EB2;²� � Ê�� � ARA Ë È¦¾�m�VªU`Ìd@wF�;R;M=2@pNc:]YWF�L�UWV4@]H ;�F�L$P<@�;dx¬mXAbFZYlYs@�LGV�NK:E;GVrUsÌ�@]VR:�S�F]ac:EB2;

U`DIV�;QF]D?;�F�D2@d:<BKV¦L�F�;$@ ��~ � � #]VACB2:<DKV �qV�NjUtYlY  	%¼~ �E��~ �
ac@ZF�A NK:�YWF]L�UWVMF];�Us:XD ��� ~?x¼�<~
ac@ZF�A�HkUWF]A®@�;$@�L �� > 	� ~?x¼� ofA

����������� � � � � ��/'�,!#� %'�"/0& ( )%'��� � � � �,! �

�d~�}



0
100

200
300

400

0
100

200
300

400

1

10 2

10 4

10 6

a)

0
25

50
75

100

0
25

50
75

100

1

10 2

10 4

10 6

b)

������1�/'�-� � � ��� ����� � �"��! ��� � (-$�(�/'!#� � ��&0�&� %'( ��+"!  �,$�� ��	�� ! 1�(�$�& � � $ � ��	
	�� ��	
	 !#!  � ��� �,$���� ��	�	 �
��	�	�!#!� !�1�� ��/'��$ %"� �'���

nÅYWF�D2@b� ���E~®ARA Ê � ~µARA
nÅYWF�D2@q  �<~CARA Ê �� E~µARA
nÅYWF�D2@q» ��~E~®ARA Ê �� E~µARA
nÅYWF�D2@�}  <»E~®ARA Ê � ~µARA

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

�� OÊ��^}OARA�ËvF]LM@R:<a2;�FZUsD2@]H(F];�F�=2:jH?:yVMof:ENK@O E»�A H?:][/DKV�;$LM@]F]A :]S/;M=|@®;�F�LMPE@�;�xRÉ4D�:ELQH?@�Lv;$:
YlUsAµUs;%;$=2@/ACB?Ys;�UsN?Ys@vV$o�F�;$;M@�L4UsD2P�F�DKHCLM@��´UsD?;$@�LQFEof;�Us:ED®UsD®;$=2@/;QF]LMP<@d;¸Us;�V�HXU´F]A®@d;M@�LgACBKV4;8aK@5FEV�V4A�F�YlY
F<V"Nc:yVMVªU`ajY`@RF]DKHO;M=|@�LM@fSh:ELM@�FCac@d;M;M@dL%Sh:jofBKVrUsD2Pb:�Sg;$=2@vACB2:<Dpac@ZF�A UWV±L$@]¶kBjU`L$@]H¨x\�%=?UWV¦[%UlYlY8D2@d@]H
V�;$LM:ED2P<@�LJ¶kBKFEH?LMB|Nc:]Ys@²A�F]P<D2@�;�V®oQY`:yV�@p;M:w;M=2@p;QF�L$P<@�;dx£Â£Us;M= F�;$:�Ys@�LQF]a?Ys@²;QF]LMP<@d;�HkUWF]A®@�;$@�LR:�S
»CofA ;M=2@ ac@ZF�A�V4Nc:E;"VrUsÌ�@�V�=|:<B?YWH�D|:<;/aK@¦YWF�L$P<@�L";M=KF]Dp�qÊJ�·ARA�Ë^xg�%=2@vaK@]F�A NIF�LQF]A®@d;M@�L�V%F�L$@
V�B|A®AbF�L4U´V4@]HJUsD��ÅF]a�xK�?xlÁXx

� :<L8;$=2@/H?@ZVrUsP<DC:]S¨;$=2@%;$LQFEo�¥X@�L�V�F¦Hj@�;QF�UtYs@]HuAR@]FEV�B2L$@�A®@dD?;�:]S¨=IFZYs:vLQF�;$@]V �Í  � } �2[�F<V�NK@�L�Sh:ELMAR@]H
[%Us;M=qF·�d�<~5�¦@ 
¢ACB|:<DvaK@]F�A¬UsD�;M=2@gN2L$@]V�@�Dj;�§ z¦}?Á\V4@�;2�hB2N�xT�%=2@gA®@]FEV�B2L$@�AR@�D?;¹:�S|;M=2@gD2@ZF�L*=KFZYs:
o�Ys:XV4@¦;$:v;M=2@"NK:XVrUs;4U`:EDG:�S�;$=2@/NK:�YWF�L4UWV�@]H�;QF]LMPE@�;8U´VgV4=2:][/DµUsD � UsP|x?�jx`�]Á¦[%Us;$=®;$=2@¦aK@]F]A�of@dD?;$LM@]HCF];
Ì�@�L$:2xg�%=2@vaK@]F]A =KFZYs:CUWV±D2:ELMAbFZYlUWV�@]HGNK@�L/B2D?Us; F�LM@ZFu:�S��uofA Ë F]DKH�;$:G��~��±ACB2:EDKVfx\z/;5��~E~µARA
ShLM:EA ;M=2@CaK@]F]A�of@�Dj;ML$@u;M=|@®=KF�Ys:OLQF];M@CUWV·V4;�UlYlY%UsDw;M=2@C:ELQH?@�Lv:]S"~?xs�C;M:w�C¥2¿¦Ì �]ofA Ë �X��~�� � xR�%=2@S�F�L =KFZYs:�:EB2;QVªU´Hj@RF®~�%���Ê²~�%��CA Ë LM@�P]Us:<D²[/FEV5H?@�;$@�LMACUsD2@]H�:]³X@�L"F�DwF]LM@]FC:�S � %���Êp}®A Ë x"È"F�;M@ZV
F�L$@u;4_jN?UWo�FZYlYs_OaK@fYs:][ ��~R¿¦Ì �]o^A Ë �X��~�� � x � :<L FO��~E~��"@�
�aK@]F�A�;M=|@·S�F�L"=KF�Y`:bLQF�;$@·UWV¦¥jD2:][/DO;$:
aK@CF]ac:EB2;";M=2L$@�@v;�UsA®@ZV�Y´F]LMPE@�L�x

�%=2@vA®:EA®@dD?;$B2A�:�ST@]F<oQ=®UsDKof:EAµUsD2PRACB2:ED®UWV%A®@]FEV�B2L$@]HGF�;\;M=2@�9%@]F]A ¾O:<AR@�D?;$B2A�mX;QF];�Us:<D
�49/¾�m|¡¹of:<DKVªUWV�;�UsD2P :�S2Sh:EB2L8V$o�UsD?;4UlYtYWF];M:<LT=2:jH?:XV$of:<NK@]V8N?YWF]D2@]V*F�DKHv;M=2@8YWF<V4;8HkUsNK:�Ys@/AbF�PED2@�;*ac@dDKHkUsD2P
;M=|@�ACB2:<D�ac@ZF�A�³X@�L$;�UWo�F�YtYs_�UsDj;M:p;M=2@�@^�2NK@�L4U`AR@�Dj;QF�Y/=KF�YtY�x��%=2@GVMoQU`Dj;�UlYlYWF�;$:<L�N?YWF]D2@]V·Sh:<L$A ;4[\:
;M@^Y`@ZVMof:ENc@ZVµB2NIV�;ML$@]F�A F�DKH�H?:][/DKV4;MLM@ZF�A�:]S5;$=2@GA�F]P<D2@�;dx(�%=2@pV4@�P<AR@�Dj;QF�;4Us:<D�:�S ;M=2@GN2L$@]V�@dD?;

�d~<�



Plane 1 Plane 2 Plane 3

Plane 4

BMS   Hodoscope Planes

��� �,1�/0� ������ ��� (���(,&0+"(,. ��.�� �,$��"& ( )%'����.�/0�"&'�"$�%�� �"�,! !#(,!#�"$�%01�! &'%0�,% ��(,$

N?YWF�D|@]VqUWVCV4=2:][/D�UsD � U`P|xg�?xs���²F�DIH�;$=2@fUsLCVªUsÌ�@]VCF�L$@�P�Us³X@�D(UsD��ÅF]a?Ys@p�?x��jx²�%=2@ � }(V$o�UsD?;4UlYtYWF];M:<L
V�;$L�UsNKV%:]S�@]FEo�=RN?YWF�D2@�F�LM@ �·ARA =jU`PE=GF�DIH�V�@�PEA®@dD?;$@]HqUsDR;M=2@"D2:ED@�ªHXU´V4NK@�LQVªU`³X@vN?YWF]D2@5;M:vYlU`ACUs;%;$=2@
LQF];M@uUsDwF�VªU`D|P�Ys@�V4;ML4U`N xv� L�F<oQ¥kUsD2P�:]S\;M=2@CaK@]F]AiUWV5D2:E;5NK@�L�Sh:ELMAR@]H�aK@�;4[%@d@�DO;$=2@C9/¾�mJF�DKHO;$=2@
eKL�V�;"ac@ZF�A�H?@d;M@]of;$:<L"F];¦;$=2@v@�D?;$LQF]DKof@5:]Sg;M=2@v@f�|NK@�L�UsAR@�Dj;QFZY =KFZYlY¸F�aK:<B|; � ~µA�Hj:�[/DIV�;ML$@]F�Apx

9%@]F�A�=|:jH?:XV$of:<NK@v;M@fYs@]V$of:<NK@]V8[%UlYlY�aK@/Y`:jodF�;M@ZH®B2NKV4;MLM@ZF�A F�DKHRH?:][/DKV�;$LM@]F]A�:]S�;$=2@¦NK:]Y´F]L�UWV�@ZH
;QF]LMPE@�;�x �%=2@C;4[%:bH?@�;M@Zof;M:ELQV/:�S\;M=2@�B2NKV4;MLM@ZF�A ;$@fYs@]VMo^:<NK@uYs:jo�F�;$@]H � »®A�F]DKH � �d ®A ShLM:<A�;$=2@
;QF]LMPE@�;Rof@�Dj;ML$@RF²VrUsÌ�@�:]S"}X~�Ê�}X~OARA�Ë5U´VCV4B"!Jo�Us@�D?;dxO�%=|@®eKLQV4;CH?:][/DKV4;ML$@]F�A H?@�;$@]of;M:ELCF]ac:EB2;
�vA ShL$:<A ;$=2@v;QF�L$P<@�;"o^@�D?;$LM@5[%UlYlYTac@�V4;�UlYlYÅUsDKVªU´Hj@u;M=|@·;�F�L$P<@�;"V4:�Ys@�D2:]U´H²F]DKH�;$=2@�V�@]o^:<DKH�:<D|@·[%UlYlY
of:]³X@�Lv;M=|@�of@dD?;$LQFZY\L$@�P�Us:<D�:]S";M=2@R;ML�F<oQ¥X@�LQVvF�;�;M=2@R@�Dj;ML�F�DKof@R:�S";$=2@CY´F]LMPE@OF]D2P�Ys@pV�NK@]o^;MLM:EA®@d;M@�L
AbF�P<D|@�;·mk¾(�fAp>K»µA�Hj:�[/DIV�;ML$@]F�A�:]Sg;M=2@v;�F�LMPE@�; of@�Dj;MLM@yx8�%=2@]V4@u=2:jHj:XVMo^:<NK@]V5V4=2:<B?YWH²of:]³X@�L"F]D
F�L$@]F�:�S��� <~OÊ��� E~�ARA�Ë^xC�%=2@bH?@�;M@Zof;M:ELQV¦=KF�³X@C;$:�:ENK@�LQF];M@bF�;�F�LQF�;$@®:]S�F�aK:<B2;b���p¾²¿¦Ì �]o^A�Ë
UsDG;M=2@5aK@]F]A�of@�Dj;ML$@Xx � :EL/F�DGB2DIF�ACa?UsP<B|:<BKV"of:<L$LM@fYWF];�Us:<Dp:�ST;M=2@¦UsD?Sh:ELMAbF�;4U`:ED�ShL$:<A aK@]F]A�ACB2:ED
AR:<AR@�D?;$B2A AR@]FEV�B2L$@�A®@dD?;d> ;$=2@Rac@ZF�A ACB2:ED�;$LQF<oQ¥XU`D|P2>8F]DKH�;$=2@�V$o�F�;$;M@�L$@]H²ACB2:<Dw;ML�F<oQ¥kUsD2P�F
;�UsAR@vLM@]V4:�YsB2;�Us:ED�:]S8aK@�;$;M@�L/;$=KF�D��·DKV�UWV/LM@]¶XB?UsLM@ZH¨x

Â�@vN2L$:<NK:XV4@u;$:CBKV�@�VMoQU`Dj;�UlYlYWF�;4U`D|PJeIa2LM@5=|:jH?:XV$of:<NK@]V±Sh:EL/;M=2@�9/¾�mRF]DKH�;M=2@ ac@ZF�A�H?@d;M@]of;$:<L�V
VrUsACUlY´F]L¦;$:u;$=2:XV4@uHj@�³X@fYs:<NK@]HµUsD�;$=2@uÀ\ÇgÈ"§ È � �M�]ÁvN2LM: 	M@Zof; �Í  � � ��x±mjoQU`Dj;�UlYlYWF�;4U`D|P®eKa2L$@5H?@d;M@]of;$:<L�V
of:EACa?UsD2@5=?UsP<=�V�NKF];�UWFZYTF]DKH�;�UsAR@5LM@]V4:�YsB2;4U`:EDO[%Us;M=pF·S�FEV�;%L$@]V�NK:EDKV�@v:�S�� �k uDKV%[/=?UWoQ=�P�Us³X@]V%;$=2@�A
FZYWV4:uF";ML�UsPEP<@�L4U`D|PuodF�NKF]a?UlYtUs;4_Xxg�%=2@�È � �M�]Á¦N|LM:<;$:<;4_jNc@ZVÅof:EDKVrUWV4;�:]S¹VrUl��Y´F�_X@�L�V :]S¹~?x¼�¦ARA�HkUWF�AR@�;M@dL
VMoQU`Dj;�UlYlYWF�;4U`D|POeKa2LM@ZV¦a2B2DKHXY`@ZH�UsDwof:]Y`B|A®DKV5:]S/VªUl�OeKa2L$@]V¦:ED?;$:�:<D2@CNjUt�|@fYg:]S�F®NK:XVrUs;4U`:ED�V�@�DKVªUs;�Us³X@
N2=2:E;M:EACB?Ys;�UsN?YlUs@�L5;MB|ac@��4n%mjng¾�¡Qx|z¬}X�CoQ=KF�D|D2@fYT��~E~µARA Ys:<D2PRN2LM:E;M:E;�_jNK@v[/F<Vg;M@]V4;M@]HRa?_bÈ ����Á
UsD����E�<�?x �%=2@5eKDKF�YgH?@ZVrUsP<D²:]S%;$=2@�È � �M�]ÁRH?@�;$@]of;M:EL5F]DKH�;$=2@CV4;QF]LM;":�S\of:EDKV�;$LMBKo^;�Us:<DOUWV¦N?YWF]D2D2@]H
Sh:<LvmX@�N|;M@�ACaK@�L ���<� � x

� :<Lv;M=?UWV5@f�|NK@�L�UsAR@�D?; [%@CN2L$:<NK:XV4@®;$:�BIV�@C=2:jH?:yVMof:ENK@]Vu[%Us;M=w:<D?Ys_OeK³X@uYWF�_X@�LQV":�SgeKa2L$@]V5Nc@dLN?YWF�D|@X>�V�;�F<oQ¥X@]HJUsD²;$=2@CV$F�AR@u[/F�_pF<V/U`D²;$=2@RÈ-� �M�]ÁCN2L$:<;M:E;4_?NK@]V^x5ÇgF<oQ=²=2:jH?:yVMof:ENc@bof:EDKVrUWV�;�V5:�S
Sh:<B|LCN?YWF�D2@]Vu[%Us;$=£;4[%:pNKFZUsLQVu:]S5:ELM;$=2:<PE:<DKF�Y¦eKa|LM@�:EL�Us@�Dj;QF�;4Us:<DKV^x�Ç�FEo�=�N?YWF�D2@pof:ELMLM@ZV�NK:<DKH|Vµ;$:
 ?x¼ <�®ARA :]S/À\¿ Ë @]¶XB?Us³EFZYs@�Dj;¦AbF�;$@�L�UWF�Yª> ~?x���� :�S\FCLQFEHkUWF�;4U`:ED�Ys@�D2PE;M=�>¹F�DKH�Ys@]V$V±;$=KF�Dw~jx�»�� :�S
F�DGUsD?;$@�LQFEof;�Us:<DGYs@�D2P<;$=�x

� :<Lu;$=2@R9/¾�m�H?@�;M@Zof;M:ELQV5[%Us;M=�~?x��GA®A�eKa2L$@]VvF�DKH(FG�G;�UsA®@ZV�=jU`PE=2@�L�ac@ZF�A UsD?;$@�DKVªU`;4_²;$=2@
D2:][ ;4[%:]Sh:�YWH£V4@�P<AR@�Dj;M@]H�V�;ML4UsNKV®D2@�@ZH�D|:<;C;M:waK@pV�@�PEA®@�Dj;M@ZH¢F]D?_jAR:<LM@yx(�%=2@pN2LM@]V4@�Dj;�Ys_�Sh:<B|L

�d~ �



F�DIH¢VªUl�?Sh:]Y´H�V�@�PEA®@dD?;$@]H(V�;$L�UsNKVCV4=2:<B?YWH�ac@Zof:<AR@�;4[%:wF]DKH�Sh:<B2L4Sh:�YWH�V�@�PEA®@�Dj;M@ZH¨xOÉ4D(;M:E;QF�Y";M=?UWV
F�AR:<B|D?;�V%;M:��d��}y~Co�=KF]D2D2@fYWV^x8Â£U`;$=�Sh:<B2L\N?YWF�D2@]V%NK@�L�H?@�;$@]of;M:ELg;M=2@"B2NKV4;MLM@ZF�A ac@ZF�A =2:jH?:XV$of:<NK@]V
F<odof:<B2Dj;5Sh:<Lq �Êw»< E~²F�DKH²;M=|@�H?:][/DKV4;ML$@]F�A�:<D2@ZV�Sh:<L� �Ê�� � ~²oQ=KF]D2D2@fYWVfxb�%=?UWVCF<H2H|V·B2Nw;M:�F
;M:E;QF�Y8:]S8}|��~<~bVMo�UsDj;�UlYlY´F];�UsD2PGeKa2LM@ZV/o�=KF]D2D2@fYWV^x

 "!ª©"!� ���"'��u-\�)g621402'*3 7|)�6 �%'�7
�%=2@�@^�?UWV�;4UsD2P�mj¾�À�NK:]Y´F]L�UWV�@ZH¢;QF]LMPE@�; ��  � � �\o�F�D(aK@RBKV�@ZH�Sh:<L�;M=2@RN2LM:ENK:XV�@ZH�ACB|:<D�VMo�F];M;M@dL�UsD2P
N2L$:<P<L�F�A a2B2;pF¢D|@�[ F]DKH ACBIo�=£YWF�L$P<@�L�V�B2NK@�L�of:<DIH?BKof;4U`D|P�V�:]Ys@�D2:�UWH �ZHkUsN¨:]Y´@�A�F]P<D2@d;²V�_|V�;$@�A
=KFEV�;$:Gac@CUsDKV�;�FZYlYs@]H�;$:OF�YlY`:][ Sh:ELvFGV�B"!Jo�Us@�Dj;�Ys_�YWF�L$P<@GFEo�of@�N|;QF�DIof@u:]S/=KFEH?LM:EDKVfxR�%=?UWV5LM@]¶XB?UsLM@ZV
AR:jHkUle¹o�F�;4Us:<DKV¦;$:u;$=2@5HXUtYsB2;4Us:<DOL$@fShL�UsPE@�LQF];M:<Ld>2A�F�UsD?Ys_�;M:qF<o�of:EA®AR:jH2F];M@¦Sh:EL%;M=|@¦D2@d[�Nc:yVrUs;�Us:ED²:�S
;M=|@·;�F�L$P<@�; of@fYlYWVfx

�%=2@uaIF<VrUWo·Sh@]F];MB2L$@]V%:�S¸;M=2@vNK:�YWF�L4UWV�@]H²;QF]LMP<@d;¦[%UlYlY\V�;�F�_ �gNK:�YWF�L4U´V$F�;4U`:ED(:�S¸;M=2@vDjBKo�Ys@�:<DIV��rF�DKH
DjBKo�Ys@fUh¡va?_�;M=2@GAR@�;M=2:jH(:]SvH?_jDKF]AµUWo�D?BIo�Ys@]F�LCNK:�YWF]L�UWVMF];�U´:ED ��  � Á
�5�"� §5n%¡5U`D FO=2:<AR:<PE@�D2@�:EBKV
eK@fYWH�:�S¸ ?x¼�C�¬F]DKHGF�;"Fu;$@�A®NK@�L�F�;$B2LM@5aK@fYs:][ ~?x��
�Cx|¾�U´o^LM:][/F�³X@]Vg[%U`;$=�ShLM@]¶XB2@�DKoQU`@ZV%V�@d;/VrYlUsP<=j;�Ys_
aK@fYs:][ :<L"F]ac:]³X@5;$=2@vÄ�F]LMAR:<L/ShLM@]¶XB2@�DKo^_C:�ST;M=2@5NIF�LQF]A�F]P<D2@d;�UWouof@dD?;$LM@]V^>kN|LM@]V4@�D?;gUsDOHXUtYsB2;$@5Sh:<LMA
UsD(;M=|@�A�F];M@�L4UWFZY�>8[%UlYtY\Ys@]F<H�;$:ONK:XVªUs;�Us³X@G:<LvD2@�PyF�;�Us³X@�;�F�L$P<@�;�Nc:]YWF�L�UWV$F�;�Us:XD�x²É4DwP<:�UsD2POShL$:<A ;$=2@
NK:�YWF�L4UWVrUsD2PwA®:jH?@R:�S\:ENc@dLQF�;4Us:<D(;$:�;$=2@���ShL$:<Ì�@dD(V4N?UsD G�A®:jH?@y> aj_O;$B2LMDjU`D|P�:]º�;M=|@CAµUWofL$:�[�F�³X@]Vf>
F�aKF<V4@®;$@�ARNc@dLQF�;$B2LM@�aK@fYs:�[ �E~�A ��[%UlYtY\aK@CLM@ZF<oQ=2@]H¨xvÉ4D²;M=?UWV5A®:jHj@®;$=2@CD?BIo�Ys@]F�LvV4N?UsD@�´Y´F];M;4U´o^@
LM@^Y´F��KF];�Us:<D�;4U`AR@CU´VvV4@�³X@�LQF�Yg=jB2DKH?L$@]H�=|:<B2L�V�UlS"FG=2:�YWHkUsD2POeK@^Y´H²P<L$@]F�;$@�Lv;M=KF]D(~jx��p� UWV·N2L$@]V�@dD?;
[/=?UWoQ=�D2@d@]H2V/D2:<;v;M:bac@C³X@dLM_G=2:<AR:<PE@�D2@�:EBKVfxq�%=?BKV^>¨;M=|@C=?UsP<=wNc:]YWF�L�UWV$F�;�Us:XD�o�F]D²ac@CN|LM@]V4@�LM³X@]H
:]³X@�L%Ys:<D2PR;�UsAR@]Vfx

� :<L";M=2@�A®@]FEV�B2L$@�AR@�D?;�V�[%Us;M=OYs:ED2P�Us;MBIHkUsDKFZY�V�NjU`DwV4@�;M;4UsD2PXV·��;ML�F�DKV4³X@�LQV4@uHXU`NK:]Y`@ueI@fYWH�:�º\¡/;$=2@NK:�YWF�L4UWVrUsD2PGA®:jHj@·[%UlYlY*aK@vBKV�@]HRN2LQFEof;�UWo�F�YtYs_pFZYlY*;$=2@v;�UsA®@"U`DG:ELQH?@�L/;$:u:Ea2;QF�U`Dp;M=2@v=?UsPE=2@]V�;/NK:]Y´F]L2�
UWVMF];�Us:<Dp³<F�YsB2@]Vfx � :<L\;M=2@5AR@]FEV�B2L$@�A®@dD?;�V¸[%Us;$=�;ML�F�DKV4³X@�LQV4@vV�N?UsDpV�@d;M;�UsD2PyV¦�4V4:�Ys@�D2:]U´H�eK@fYWH®:]º%¡g;$=2@ShLM:EÌ�@�DpV�NjU`DpA®:jHj@u=KFEV±;$:®aK@�o�=|:XV�@dD�x

�%=2@RH?@]VªUsP<D²:�S¸;M=2@Rmj¾�ÀÃ;QF�L$P<@�;"[%Us;M=²;$=2@uAbF�;$@�L�UWFZY¸HkUs³XU´Hj@]H�UsD?;$:�;4[%:bof@fYlYWV¦[/=?UWo�=wF]LM@�Nc:.�
YWF�L4U´V4@]HµUsDC:<N|Nc:yVrUs;M@�HkUsLM@]of;4Us:<DKVg[%UtYlYKaK@"¥X@�N2;TF<V Us;8UWV8@]VMV4@�D?;4UWFZY2UsDR@fYlU`ACUsDKF�;4UsD2PCV4_2V4;M@�AbF�;4U´o%@dLMLM:ELQV^x
9%_�ShLM@]¶XB2@�Dj;/LM@d³X@�LQV$FZYWV±:]S\;M=2@qV�N?UsD²:<L4Us@�D?;�F�;4U`:EDKV5;M=2@qV�_|V�;$@�A�F];�UWou@�L$LM:<L/ShLM:EA�F<o�of@dN2;QF]DKof@u³EF]L�U1�
F�;4Us:<DKVv:�S/;$=2@RV�NK@]o^;MLM:EA®@d;M@�L5[%Us;$=�;4U`AR@Ro�F]D�aK@CP<L$@]F�;4Ys_²LM@]H?BIof@]H¨>�FEV5=KF<V5aK@�@�DwV4=2:][/D�aj_O;$=2@
mj¾�À"xg�%=2@GL$@�³X@�LQV$FZYWVu[%UlYlY5aK@pH?:<D|@�UsD�;M=2@pVMF]A®@G[�FZ_�F<V·UsD£;$=2@²mj¾�À @^�2NK@�L4U`AR@�Dj;�>8DKF]A®@^Y`_
LM:E;QF];�UsD2POUsD�;$=2@CShLM:<Ìd@�DwV�N?UsD(AR:jH?@R;M=2@CAbF�PED2@�;4U´oueK@fYWH(HXU`L$@]of;4U`:ED�aj_����E~ �5U`D�V�NKFEof@Ca?_²BIVrUsD2P
VrUsACB?Ys;�F�D2@�:EBKVrYs_(;$=2@RV�:]Ys@�D2:�UWH�F�DIH�;M=2@RHXU`NK:]Y`@GAbF�PED2@�;�xRnÅ:]YWF�L�UWV$F�;�Us:ED¢Ys:XV$V�@]V�H?B2L�UsD2PpLM@�³X@dLQVMF�YWV
o�F]D�aK@v¥X@�N2;\³X@�LM_bV�AbFZYlY�x � UsP<B2L$@u�jx`�d�®V4=2:]["V±;$=2@vV�NjU`Dp:<L4U`@dD?;�F�;�Us:EDKV¦[%Us;M=GLM@ZV�NK@]of;/;$:C;M=2@5AbF�P.�D2@�;4UWo�eK@fYWH¨x �%=2@u;�F�L$P<@�;vV4N?UsDwF�DKHO;$=2@uAbF�PED2@�;4U´o5eK@fYWH²HkUsLM@Zof;�Us:<DIV·odF�DOaK@qV�@�;/UsDOSh:<B2LvHXUtº¹@�L$@�Dj;
:<L4Us@�D?;�F�;4U`:EDKVµSh:ELCac:E;M=�;M=|@®Ys:<D2P]U`;$BKHkUsDKF�Y�F]DKH(;M=2@b;MLQF]DKV�³X@dLQV�@bA®:jH?@yx �5F];QFO[%UlYlY5aK@�;�F�¥X@�D�UsD
V�BjU`;�F�a?Ys@Rof:EACa?UsDKF�;4Us:<DKV¦:]Sg;M=|@]V�@v;M:CACUsD?UsAµUWV4@CV�_|V�;$@�AbF�;�UWov@�LML$:<LQV^x

�4"  ��� #�� "�� ��� # " � � ����B ��# ��� �  
�C?  ������ "�#
�  
�%=2@uN|LM@]V4@�D?;"V4B2NK@�LQo^:<DKH?BIof;�UsD2PRA�F]P<D2@d; ��  � � �Å:]S8;$=2@Cmj¾�À�NK:�YWF]L�UWV�@]HO;�F�L$P<@�;"=KF<V"FCac:ELM@�:�S

  � ofA�HkUWF]A®@�;$@�L�xw��:²A�F];QoQ=(;M=|@GF<o�o^@�N2;QF]DKof@�L$@]¶XB?UsLM@�AR@�Dj;QV5:�S ;M=2@bN2LM:ENc:yV�@]H�@f�|Nc@dL�UsA®@dD?;qF
D2@�[ V�B2NK@�L�of:<DKHjBKof;�UsD2PbV�:]Ys@�D2:�UWHOUWV±D2@d@]H?@]H¨>j[%Us;M=²FuaK:ELM@CF];±Ys@]FEV�;";4[%U´o^@uFEV�YWF]LMP<@yx

�%=2@C=2:EA®:EP<@�D2@^U`;4_²:]S%;$=2@RV�:]Ys@�D2:�UWH2F�Y%eK@^Y´H�UWVvHkUWof;�F�;M@ZH�aj_GLM@]¶XB?UsLM@�AR@�Dj;QV/:�S�;M=2@ �5§5nÃF�DKH
§5¾²È ;M@Zo�=2DjU´¶XB2@]VuUsD�:<L�H?@�LR;M:(L$@]F<oQ=£B2DjUtSh:ELMA Nc:]YWF�L�UWV$F�;�UW:<D F�DIH£;M:wA®@]FEV�B2L$@�Us;GFEo�ofB2L�F�;M@^Y`_yx
��@]V�;�V¦H?:ED2@u[%Us;$=²;M=2@Cmj¾�À�AbF�PED2@�; V�=2:][ ;$=KF�; FC=2:<AR:<PE@�D2@fUs;4_G:�S"�d~�� % UWV¦V4B"!Jo�Us@�D?;dx � :EL¦;$=2@HkUsNK:�Ys@CFv=2:<AR:<PE@�D2@fUs;4_C:�STF5Sh@�[�NK@�L\of@�Dj;8U´Vg@�D2:EB2P<=�x\�%=2@v�ª;$LQF�DIV�³X@�L�V�@<¡�ShL�UsD2PE@5eK@fYWH®:�S ;M=2@"eKLQV4;
V�NK@]o^;MLM:EA®@d;M@�L5AbF�PED2@�;Cmj¾(�^A [%UlYlY%D|:<;�H?@�;$@�L�Us:<L�F�;$@®;$=2@µeI@fYWHO=2:<AR:<PE@�D2@fUs;4_OUlS%Us;5U´VvF];�Ys@]FEV�;q 
AR@�;M@�L�V/HkUWV�;�F�DKof@vShLM:EA ;M=2@v@�DIHJ:]Sg;M=|@uV4:�Ys@�D2:]UWH¨x

�d~kÁ



������1�/'������� ����� (,$ ����%01��
� $�� � � � � �,$��#%0/'�,$*& !,� /'&'� � � � &'.
� $�(�/ � �"$�%'�,% ��(�$�& � $-%'�*� %�� ( %0�,/ ���"% +"��� � & � � %'� /'�"&0. � +"% %0(
%'�*��!#� ��$��"% � + % ��� � ���

�%=2@²V4:�Ys@�D2:]UWH AbF�PED2@�;C[%UlYlYvaK@O;M=|@�ajU`PEP<@]V4;®UsD?³X@ZV�;MAR@�Dj;u;$:�;$=2@OD2@d[�;�F�LMPE@�;bV�_|V�;M@dA �4V4@�@
� UsP2xg�jx� E~k¡Qx�n8L$@fYlU`ACUsDKF�L$_�V�;MBIHkUs@]VCV�=2:][ ;$=KF�;RF]D�F<o�of@dN2;QF]a?Ys@OHj@]VrUsP<D�UWV·Sh@]F<VªU`ajY`@�F�DKH�F�Y´V4:(F�S �
Sh:<L�H2F�ajY`@yx£Àg:<ARNc:ED2@�Dj;QVC:�S ;M=2@pmj¾�À AbF�PED2@�;uUsDKV4;MLMB|A®@�Dj;QF];�Us:<D�[%UlYtY aK@GLM@�BKV4@]H(FEVµACBKoQ=�F<V
NK:XV$VrUsa?Ys@Xx

�%=2@"HkUlYsB2;�Us:ED®L$@fShL�UsP<@dLQF�;$:<Lg=KFEVÅ;M:5aK@\A®:jHkUleK@ZHu:�[%UsD2Pv;$:5;M=2@\D2@�[(NK:yVrUs;�Us:<DIV%F�DIHCHkUsA®@�DIVrUs:<DKV
:�S ;M=2@";QF]LMPE@�;\of@fYlYWV �g�%=2@"=2:<L4UsÌ�:<Dj;QF�Y¨NIF�LM;\=KF<V8;$:uaK@¦@^�2;$@�DKH?@]Hva?_R�E~vofAO>jF5D2@�[�N?YWF<V4;�UWo¦ACUt�jUsD2P
oQ=KF�ACaK@�LC=KFEVµ;$:²aK@�S�F�a|L�UWo�F�;$@]H¢[%Us;$=�V�AbFZYlYs@�LbHkUWF�AR@�;M@dLC;M:wAµUsD?UsACU´V4@O;$=2@pF�AR:<B2Dj;®:]S¦YlUW¶XB?UWH
=2@fYlUsB2A F�L$:<B2DIH£;M=2@G;QF]LMPE@�;®AbF�;$@�L�UWF�Yª>�F�DKH�;M=2@G;QF]LMPE@�;®=|:�YWH?@�LR=KF<VR;M:²aK@OL$@]of:<DIV�;ML$BKof;$@]H¨x(É4D
F<H|HkUs;�Us:<D�>¹;M=2@vN2B2ARN?UsD2PCYlU`D|@]V5F�DIH�;M=|@uV4B2N2NK:<L$;5V4;ML$BKof;MB|LM@]V%=KF�³X@v;M:CaK@�A®:jHkUleK@ZH¨x

�%=2@vLM@fShL4UsP<@�L�F�;M:EL%UWV%BKVrUsD2PRFCV4@�;%:]ST�CÈ±:X:E;
��V%ajY`:][\@�LQV%;$:Co�UsLQo^B?YWF�;M@ �^¿¦@"PXFEV�Sh:<L/;$=2@vHkUlYsB2;�Us:ED
of:X:]YtUsD2P²N|LM:jof@]V$VfxR�%=?UWVuV4@�;5[�F<VuF�YsLM@]FEH?_²BKV�@ZH�aj_O;$=2@RÇg¾�À�F�DIH�mj¾�À of:�YlYWF�aK:ELQF�;4Us:<D¹VCF�DKH�F
S�F<o^;M:<L$_G:�³X@dLM=KF]B?Y�:]Sg;M=2@vN2B|A®NKV�UWV/LM@]¶XB?UsLM@ZHJ;$:�FEVMV4B2LM@�;M=2@fUsL/L$@fYlU´F]a?Ys@C:<NK@�L�F�;�Us:ED�x

�%=2@ONjY´F]D2D2@]H£aK@]F]A�U`Dj;M@dDKVrUs;4_�:�S� ²Ê���~���ACB2:EDKVµNK@�LbV�NjUtYlY�F�DKH£;$=2@pV�AbFZYlYs@�L�aK@]F]A VªUsÌ�@
LM@ZV�B?Ys;QV5UsD�FJS�FEof;M:EL·:]S"F]ac:EB2;G�� G;�UsAR@]V5=?UsP<=2@�L�=2@]F];�UsD2PO:]S";M=2@R;QF]LMPE@�;vA�F];M@�L4U´F�Y"of:EA®NIF�LM@ZH�;$:
;M=|@�mj¾�ÀÃ;QF�L$P<@�;dxuÇÅ�|NK@�L�Us@�DKo^@·ShLM:EA :E;M=2@�L @f�2NK@�L4UsA®@�Dj;QV"[%U`;$=(VªUsAµUlYWF�LvaK@]F�A UsDj;M@�DIVrUs;�Us@]V �Í  � � �
H?@�AR:<DIV�;ML�F�;$@®;$=KF�;5;$=?UWV5[%UtYlY\=KF�³X@RF®D2@dP�YlUsP�Usa?Ys@G@fº¹@]of;5:ED²;M=2@CNK:�YWF]L�UWVMF];�U´:ED(U`Dw;M=|@uShLM:<Ìd@�DwV�N?UsD
AR:jH?@Xx

¾�UsD?UsAµUWVMF];�Us:<D�:�S\;M=2@qF�AR:<B2Dj;":�S\A�F];M;$@�L"F�L$:<B2DKH²;M=|@u;QF]LMPE@�;¦AbF�;$@�L�UWF�YÅUsD²;M=|@u;ML�F<oQ¥G:�Sg;$=2@
:<B|;MP<:]UsD2P�NKF]LM;�UWo�Ys@]V�UWV%@]V$V�@�Dj;�UWF�Y�Sh:<L%;$=?UWV±@^�2NK@�L4U`AR@�Dj;�xT�%=2@5AbF�;M@dL�UWFZY ;M=?UWoQ¥?D2@ZVMV�@ZVf>?;$LQF�³X@�L�V�@]H®aj_
;M=|@·NIF�LM;4UWo�Ys@]Vf>¹F�L$@·YlUWV�;M@ZHJUsD²�*F�a?Ys@q�?x��uSh:<L FCVModF�;M;$@�L�UsD2PJF�D2P]Y`@�:�S"�d�<~CA®L�F<H¨x\�%=2@va?UsP<PE@]V�;�of:<D@�
;ML4Usa2B2;�Us:ED�of:<AR@]V%ShLM:EA ;M=|@uYtUW¶XB?UWH(¿¦@qof:X:�YWF�Dj;�V�B2L$LM:EB2DKHkUsD2Pp;M=2@C;�F�LMPE@�;�xvz{ShB|LM;M=|@�L5LM@ZH?BKof;4U`:ED
:�S*;$=?UWV¸UWV/HkU !JofB?Ys;%[%Us;M=|:<B2;�VMF<o^L�Ule¹o�UsD2PR;M=2@ of:X:]YtUsD2PRNK:][%@�Lg:�S*;$=2@"LM@fShL4U`PE@�LQF];M:EL�x\�%=2@¦NK:yVMVrUsa?UlYlU´;4_
;M:RLM@ZH?BKof@5;$=2@v;M=?UWoQ¥?D|@]VMV4@]V%:�Sg;$=2@v:<;$=2@�L"V�;$LMBKo^;MB2L$@]V�UWV/aK@fUsD2PµUsDj³X@]V�;4UsPXF�;$@]H¨x

9 �$D  ����" ��� ������#
� �
�%=2@vAµUWofL$:][/F�³X@±eI@fYWH�F];/;M=2@ ;QF�L$P<@�;%UWV%N2L$:jH?BKof@ZHJaj_R;�[\:CÇÅ�|;M@�DKHj@]H®É4D?;$@�LQFEof;�Us:ED � V$o�UlYtYWF];M:<L

;MB|ac@ZVµ=KF�³XUsD2P(FOAbFZ�jUsACB2A�:EB2;MN2B|;CNc:][\@�LC:�S� E~OÂ @]FEo�=�F];�Á]~(� ¿¦ÌXx(�%=|@�@^�?UWV�;4UsD2P(;MB|ac@ZV
o�F]D�N|LM:<aIF�a?Ys_GV4;�UlYlY*ac@vBKV4@]HµSh:EL"V�:<AR@5;4U`AR@5a2B|;/F�;%Ys@]FEV�;/:ED2@vV�NIF�LM@v;$B2aK@·=IF<V%;M:�aK@·N|B2LQoQ=KF<V4@]H¨x

�d~<�



���������
���������
���������
���������
���������
���������
���������
������������������������

ν ν ν ν ν ν ν ν ν

���

���������������������������

�
��

ν ν ν ν ν ν ν ν ν

ν ν ν ν ν ν ν ν ν

ν ν ν ν ν ν ν ν ν
ν ν ν ν

ν ν ν ν

	�	�	�		�	�	�		�	�	�	
	�	�	�	
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
���������������������������������������������������������������������������������������������������������������������������������������������������
�
������ ���������������������������������������������������������������������������������������������������������������������������������������������������������

�������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������
���������������
����������

���
���
���

���������
���������
���������
���������
���

�����������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������������

������ ���������
���������

���
���

���������
���������

���������
����������

   
   
 !

"�""�""�"
"�""�""�"
"�"#�#

$$$
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&�&�&
'(())*+
+,-�-.�./�/01�1�11�1�11�1�1 2�22�2

333
334�44�44�4
5�5�5

6�66�67�7�77�7�77�7�7 8�88�88�8
8�88�89�9

180 mrad
µ

1 m

VACUUM VESSELS
He-3  PRECOOLER
THERMAL RADIATION SHIELDS
DILUTION REFRIGERATOR
MICROWAVE CAVITIES
TARGET HOLDER
TARGET MATERIAL
SUPERCONDUCTING MAGNET
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40MHz
1-st level trigger: Yes (~100 kHz)

No

Trash

APSP

µ s4

2-3 µ sec delay

Amplifier
Shaper
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OPTICAL LINK
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OPTICAL LINK

PEDESTAL 
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FIFO

COMPARATOR

MEMORY

Analog Pipe Line

1-2us depth

Analog FIFO

8 event depth

40MHz

CLOCK

1-st LEVEL

TRIGGER

/100kHz/

THE READ OUT OF ONE PLANE OF HIGH DENSITY TRACKER(silicon & MSGC)

8...20chips

MULTIPLEXER MULTIPLEXER

COMPARATOR

FIFO

2x128x16

PEDESTAL 

MEMORY

FADC FADC

FELIX chip FELIX chip

OPTICAL LINK

OPTICAL LINK

TRANSEIVER

/400MBaud/
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Lower QVC

Gate In

Clear In

(0-100pC) ADC

Convert

Start

Data Memory

Din(address)

R/W

Din(data)

Upper QVC

Gate In
Clear In

(0-800pC)
ADC

Convert

Start

Comparator

To

Data Bus

Timing Control

Ain
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Parameters of QVCs

Lower QVC ; Relative Gain=4/1 C(hold)=100pF

Upper QVC ; Relative Gain=1/1 C(hold)=200pF

Lower QVC : Upper QVC=8 : 1

Gate Input

Clear Input

Read

Data

Address Control Address

Dataand
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u
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x
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HIGH DENSITY TRACKER
 SILICON & MSGC
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DRIFT CHAMBERS
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FELIX CHIP
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CALORIMETER

(DAQ & Online Filter)

Multiprocessor System
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