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à"á4âPã7ä	å Þ�ævç7è�é�êaê ã7ëKìFäFí ìFá4îPïÓîPðTí�ñ�á4ä	åfò�óeíPô(õ�å0äbö�÷}ø ê íPï>å&íPï7ùúáaìFë_î�ä	áaå0ïpì�í ìFá4îPïÓñ�ó7áaò�óûù7åDì	å0äK÷
ôIá4ï7åDë?ìFó7å�òDîmî�ä9ù7á4ï7í$ìFåtëKü�ë9ìFåDô¡ã7ë	åDù�õpü Ú(Û*Ü,Ý?Ú

øeíPäKìFá4ò ê åDë"ìFîwísä	åDâ�á4î�ïIíPä9î�ã7ï7ù�øeí$ä9ìFáaò0ã ê íPä"ñ�áaä	åPýkí$ë�ë	ó7î�ñ�ïdáaïIà"á4â�ã>ä	å Þ�æ¬ßmæ¾þ á4ï7òDå�åxíPò�óIä	åDâ�á4î�ï
á4ë�îPð�ë	áaôfá ê íPä�ë	á4ÿDåbí$ï7ù�ë9óeíPø�åPýeìFó>åDüNòxí$ïYõ�å�ì	ä	å0í$ìFåDù`íPë�ë	áaï7â ê å��Kò0å êaê ë�� æ�� ó7å_åDïpìFá4ä9å��Pî ê ã>ôfå
îPð�åxíPò�ó�ø ê íPï>åsá4ë	� êaê å0ù&ñ�á�ìFó�í�ø7ä	åDë	ë	ã>ä	á4ÿDå0ù�âpíPë?ð�ä	îPô ñ�ó7á4ò�óNìFó>åwáaî�ï7ë�íPä9åsø7ä	î�ù7ã7òDå0ù æ

� ó7å_ø ê íPï7åXë	ó7î�ñ�ïYáaï�ìFó7áaë	�eâ�ã7ä9åsá4ë~òxí ê4ê åDùNí
�	ö�÷}ø ê íPï>å��lõ�å0òxí$ã7ë	å�ìFó7åsñ�áaä	å0ë~ä9ã7ï�á4ï�ìFó7å

� ÷�ù7áaä	å0ò�ìFáaî�ï�íPï7ùYôIåxí$ë	ã7ä9å_áaî�ï7á4ÿ0í$ìFáaî�ï�á4ïNìFó>å�
7÷�ù>á4ä	åDòDì	á4î�ï æ�� ó7å_ä	åxí ê ñ�áaä	åwò�óeíPô(õ�å0äTø ê íPï7å0ë
óeí���å_íIôbã7ò�ó�ó>á4â�ó7åDä~ù7å0ï>ë	áaì�üNî$ð�ñ�áaä	å0ë�ø�å0ä�ø ê íPï7åsìFóeí$ï�ë9ó7î�ñ�ï`á4ï�à"áaâ�ã7ä9å Þ�ævç ý7ìFó7áaë?ñ�á êaê õyå
ù7á4ë9ò0ã7ë9ë	åDùYá4ï��-óeí$ø>ìFåDä�� æ

�TåDòxí êaê ì	óeí$ì0ý�áaïYíIã7ï7á�ð�î�ä	ôAôfíPâ�ï7å�ìFáaò��eå ê ù`í ê î�ï7â�ìFó7å�� ÷Ví��>áaë0ý ìFó7åwå��kãeí ìFá4îPïYîPð�ôIîPì	á4î�ï
îPð
íbò�óeí$ä	â�åDù�øeíPä9ì	á4ò ê åTá4ë?í_ó7å ê á��yý>í$ï7ùdìFó>åtôfîPë9ì?âPå0ï7åDäFí ê ð�î�ä	ô áaë-â�á���å0ï�õpüfå��kãeí$ì	á4î�ï>ë�� ÞPæaÞ��



� �"!�#%$'&)(+*-,/.102(435&7698;:<$=(?>A@CBADE$F3=>E:G$;>�HJIK8ML N�OP!Q:C@SRUTWV�X2R Y�Z

u
v

z

Cathode planes

Equipotential lines

Anode wires
Electric field lines[ \^]`_ba4c Y-dfehgji;klk _bmon)a)pMn)\^q`r
qQstn)ubcwvx�y{z"c k^| ]-c�q-}~c�n4a��
�ba�q | _���c |�� �G� k pQr"p`a�}U_ k n4\�y��K\^a4c�\lq-rhy\l��pQn4\^q-r | c�n)c���n4q-a4m

n)uba�q-_b]-u�� Y`df����g
� �F� ��� ���J���b�;��`��� � Ym4\^r¡  m�\^r�¢ �Q���� � �=��£¤� � � £/  ¥ � Y�¦�§ � Y`dlY��
¨ �F� �©� ¨Q�9� �bª ��Q��� � Y��q-mC  ��q-m ¢ �`���� � �=��£¤� � � £/  ¥ £ Y ¦ § � Y`d¬«-�
�"�F� ��� � § � Y`df���

�Kubc�a�c ����­b¨`��­ �bª � p`r | �b� � p`a4c | c?n)c�a4}~\^rbc |®� �¯n4ubc°\^rb\�n)\±p k ��q-r | \�n)\^q`rbm g
� �=� � ��� ��� ¨ �F� � �j� ¨`� �"�=� � �j� � �
��ª �F� � ��� �bª � �b� �F� � �j� ��� � � � �F� ��� ��q-rbm�n §
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¿KÀ�¸�µ5´
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ü�ý7þ=ÿ��������	��

������������������������ !�"���!�#���%$'&(�*),+%-zþ.���0/214365�/ 7�8

t

V(t)

~10 ns (rise time)

Positive ions drift towards cathode

Peak voltage

(collection of e by anode)
-

Electrons drift towards anode

0

9,:<;>=@?�A 8	BDCFE�G6H	IKJ�L ;>ANM@= I<O AP:<Q@R@=FSTATRVUXW%R@?�:KY J :<QF;ZA I ATS J ? H Q O[L Q@R\M H	O : J :K]	A2: H Q O :<Q O :<R@A_^(:<?�A
S�` L.a U�Ab? O

? L RF: L.J : H Q B
c H ?�A H ]	AT?bd6M@? H M H ? J : H Q L>I S H =FQ J AT? O ^ H ?�ef:<Q J `@Ag] H	IhJ�L ;	AZ? L Q@;	A H Y L U H = J27>i	i%J�H\j	i	i

] H	IKJ�ObB�kml.n'o Q J `@: O ? L Q@;	A.d J `FA L>apH =@Q JqH Y L>a M I :KrsATRtST=@?u?�AbQ J MF? H R@=@STAbRv: O M@? H M H ? J : H Q L>IwJ�H
J `@A%:<Q@: J : L>I Qx= a U�AT? H YqA I AbS J ? H Qzy{: H Q�M L :h? O ST?�A L.J AbR B}|zH#J `@A O :<;>Q L>I(OuJ ?�ATQF; J `
~ J `@A J�H.J�L>I
S�` L ?u;	A>dw?uA I<L.J AbR J�HpJ `@A I ATQ@; J ` H Y6RF=@? L.J : H Qs�(: O M@? H M H ? J : H Q L>IwJ�HZJ `FA2ATQ@Ab?�;>W%R@AbM H	O : J ATR\:<Q
J `@A�; L.O UXW J `@A�:<Q@Sb:<R@AbQ J ? L R@: L.J : H Q��4`@ATQ@SbA J `@A�Q L.a At�uMF? H M H ? J : H Q L>I<� S H =@Q J AT? B

� R@R@: J : H Q L>I :hQFY H ? aZL.J : H QPS L QgU�A�Y H =@QFRZ= O :<Q@; J `@A O A�R@A J ATS J�H ? OTB6� `@A�M H	O : J : H Q L.J ^(`@:hS�`
J `@A(? L R@: L*J : H Q�M L>O�O ATR J `@? H =@;	` J `@A(R@A J AbS J�H ?�S L QpU�A L M@MF? H�� : agL.J AbRpUXW J `@A(M H	O : J : H Q H Y J `@A
^(:<?uAq^(`@:<S�`���rs?uATR ��J�H M@? H RF=@STA L Q H U O AT?�]	AbRvM@= IhO A E��2�����	7zB�| :<Q@SbA J `@A O�L>a A O :<;	Q L>I S L Q
U�ANM@? H R@=@SbATR H Q�AT: J `@AT? O :hR@A H Y J `@A_^(:<?�A.d J `@AT?uA2: O�LZI AbY J y{?�:h;	` J�L.a U@:<;>=@: J W B�� `@: O : O�J�L e>AbQ
:<Q J�HpL SbS H =FQ J ^(: J ` J `@A �_���	7�J AT? a :<Q J `FA_M H	O : J : H Q L M@MF? H�� : agL.J : H Q B

� H ^�A�]	Ab?Td H Q I W��*����M H	O : J : H Q\S H�H ?�R@:hQ L.J A2S L QVU�A2Y H =@Q@RVM�AT?[^(:<?uA2M I<L Q@A�U�ATS L = O A J `@A
^(:<?uA�M I�L QFA O�L ?�A H Q I W O ATQ O : J :h]	A J�H(J `@A6R@:<?uATS J : H Q_M�AT?uM�AbQ@R@:hST= I<L ? J�H ^(`@:hS�` J `@A�^(:<?�A O ?�=@Q B,��H
;	A J,J `@A� Xy�S HzH ?uR@:<Q L.J A L Q H>J `@AT?,M I�L QFA H Y¡^(:<?uA O : O Q@ATAbR@ATR L.J6L RF:h¢�AT?�AbQ J�£ y{] L>I =@A�~�MF?�AbY�Ab? L U I W
S IhH	O A J�HPJ `FA I<H S L.J : H Q H Y J `FAqS�` L>a U�AT? a A L>O =@?u:<Q@; J `@AqS H ?�?uA O M H QFR@:<Q@; � y{S H�H ?�RF:<Q L.J A!��^(: J `
^(:<?uA O ?�=@QFQ@:<Q@;�M�AT?uM�AbQ@R@:<Sb= I�L ? J�H�J `@A�M I<L Q@A[Q@A ��J�J�H : J�B



¤,¥s¦T§�¨�©�ª�«	¬�­
®�ª�¯�©�°�±�²�¨�ª�³�´�µ�¶!¨"¯�³!²#¨�³%·'¸(±*¹,º%»�¦.²�´0¼2½4¾6¿�¼ À>À

Á�ÂÄÃ ÅÇÆ6ÈTÉ.ÊÌËÎÍvÏ2Ð ÑÓÒ[Æ6Ô

ÕzÖ<×pÖ<Ø<Ù>ÚÜÛ�Ý0Þàß�ábâäã@Ú�ÖKåæÛ�ç�è@Ù>×2é�êTÚ�á�ë"ì�ß�á�í�î@á�ê2Û�è@ê2Ö<Ý>ï@Ö<ðTÙ.Û�ÖhÝ	ïñÝ>å6ï@êTîzÛ�Ú�Ù.Ø,òXÙ>á�×gÝ	ØhêTçbî@Ø<êbá�Û�Ý
ã@êbÛ�êTç�Û[Û�è@ê2ó�Ý	áuÖhÛ�ÖhÝ	ïtÝ>åàÙ>ïvêbô>êTïXÛ�õ�ö�è@ê�ãFÖh÷�êTÚ�êbï@çTêPé�ê�Û�ø�êbêTï#ì�ß�á�å�Ú�Ý	×ùÞ�ß�á[Ö<á�Û�èsÙ*Û�Û�èFêTÖ<Ú
çTêbØ<Ø<á2Ù>Ú�êZú@Ø<Ø<êbãûø(ÖhÛ�è�Ù#ü�ý<þ*ÿ����%òXÙ.á��4Û�èsÙ.Û�ÖháTâ�Û�è@ê ã@Ú�ÖKåæÛ2ô	êbØ<Ý�çTÖKÛ��ÓÝ>å�êbØ<êTç�Û�ÚuÝ	ï@á�Ö<ïFá�Ö<ãFêZÛ�è@ê
ó@Ú�êbá�áuî@Ú�ÖhðTêTã%òXÙ>á(Ö<á�áuØ<Ý!ø}çTÝ	×pósÙ>ÚuêTãñÛ�Ý�Û�è@ê�êbØ<êTç�Û�ÚuÝ	ï	��
qÝ.å'Û�è@ê�òXÙ>á�Ö<ïtÞ�ß�áTõ

� ØhÛ�è@Ý	î@ò>èVÛ�è@êp×gêbç�èsÙ>ï@Öhá�× å�Ý	Ú�
����������������\Ú�Ù>ã@Ö<Ù.Û�ÖhÝ	ïvÖ<á[Û�è@ê�á�Ù>×pê>â�Ùñá�Ø<Öhò	èXÛ�Ø���ã@ÖK÷�êbÚ�êbïxÛ
×gê�Û�è@Ý�ã%å�Ý>Ú�çTÙ>Ø<çbî@Ø�Ù*Û�Ö<ïFò�Û�è@ê_ó�Ý	áuÖhÛ�Ö<Ý	ïtÝ>å�Ù.ï�êbô>êTïXÛ[Öhá�î@áuêTã�ø(ÖKÛ�è�ì�ß�áTõ�Õzî@óFó�Ý	áuêNÛ�è@êPã@ÚuÖhåæÛ
ô	êbØ<Ý�çTÖhÛ��gÝ>å êbØ<êTç�Û�ÚuÝ	ï@áÜÖhá��xï@Ý!ø(ïtÙ>á�ÙNå�î@ïFçbÛ�ÖhÝ	ï Ý>å êbØ<êTç�Û�ÚuÖ<ç�ú@êTØ<ãZáuÛ�ÚuêTï@ò.Û�è å�Ý	ÚàÛ�è@êqòXÙ.áÜé�êbÖ<ï@ò
î@á�êbãwâsÙ>ïFãñÙPÛ�Ö<×pÖ<ïFò_Û�Ú�Ö<ò>ò	êTÚàÖ<áÜÙ.Ø<á�Ý2Ù!ô.Ù>ÖhØ�Ù>éFØ<ê(ø(è@Ö<ç�è ò	ÖKô	êbá�ÙPô	êbÚ�� Ù.çTçTîFÚ�Ù.Û�êqÛ�Ö<×pê�Ý>å�Ö<ï@ÖKÛ�Ö�Ù.Ø
Ö<ï@çbÖ<ã@êbï@çTê.õ�ö�è@êTï\Û�èFê�ó�Ý	áuÖhÛ�Ö<Ý	ï%Ý>å�Ù>ï\êbô>êTïXÛ_Ö<ï@áuÖ<ã@êNÛ�è@êPø(ÖhÚ�ê2ç�è@Ù>×2é�êTÚqçTÙ>ïVé�ê2çTÙ>Ø<çbî@Ø�Ù*Û�êTã
î@á�Öhï@ò��

�	� �! �"
 $# �%
'&)('* ë,+>õ.-Xí

ø(è@êTÚuê/(�0[Ö<á�Û�è@êPÛ�Ö<×pêNÛ�ÚuÖ<ò	ò>êTÚ�êbã�å�Ý	ÚqÖhï@ÖhÛ�Ö�Ù>ØäÚ�Ù>ã@Ö<Ù.Û�ÖhÝ	ï�Öhï@çTÖhã@êTï@çbê�î@ó�Ý	ïvÛ�è@ê2ì�ß�âwÙ>ï@ã1(,2�Ö<á
Û�è@ê�Û�Öh×gê�ã@ê�Û�êbçbÛ�êbã é3�pÛ�è@ê�ö(ì�ß�áàò	Ý!ô	êbÚ�ï@êbã é4��Û�è@ê�ÚuÖ<á�ê(Û�Öh×gê(Ý>å�Û�è@ê�á�Öhò	ïsÙ>Ø¡ó@î@Øhá�ê.õ�ö5��ó@Öhç�Ù>Ø
Û�Öh×gÖhï@òZÛ�ÚuÖ<ò	ò>êTÚ�á[îFá�êTã#Ö<ï\Û�èFÖ<á�ç�Ù>áuêpÙ>Ú�ê�á�çbÖ<ïXÛ�ÖhØ<Ø<Ù.Û�ÖhÝ	ï�çbÝ	î@ïXÛ�êbÚ�áPé�êTçTÙ>î@áuêpÛ�è@ê6�VÙ.Ú�ê�ç�Ù>ó@Ù>é@Ø<ê
Ý>å�ô	êTÚ,� å�Ù>áuÛ(Û�Ö<×pÖ<ï@òñë�Ö õ ê>õ6Ù2å�êbø ïsÙ>ï@Ý>á�êTçbÝ	ï@ã@á�í�õ

ÕzÖ<ï@çbê�Û�è@ê�êbØ<êTç�Û�ÚuÝ	ïgãFÚ�ÖhåæÛ,ô	êTØhÝzçbÖhÛ��PÖ<á�á�ØhÝ!ø�ÚuêTØ�Ù*Û�Öhô>êÜÛ�Ý[Û�è@Ù.Û6Ý>å�êTØhêTçbÛ�Ú�Ý	ïFá�Öhï@á�Öhã@ê(Þ�ß�áTâxÛ�è@ê
Û�Öh×gê[Û�Ýgã@Ú�ÖKåæÛ(Û�Ý�Û�è@êPÙ>ï@Ý�ã@ê_ø(ÖhÚ�ê�ø(Ö<ØhØäé�ê_ò	Ú�êTÙ.Û�êbÚ���Û�èxî@á�Û�è@êPîFï@çTêbÚuÛ�Ù.Ö<ïXÛ��tÖ<ïñÛ�è@êNó�Ý	áuÖhÛ�Ö<Ý	ï
ç�Ù>ØhçTî@Ø<Ù.Û�ÖhÝ	ïûø(Ö<ØhØ�é�êtØ<êbá�ábõ�ö�è@êtá�ósÙ>çbÖ<ï@ò#é�ê�Û�ø�êbêTï�Û�è@ê%çTÙ.Û�èFÝzã@ê%Ù>ï@ã�Ù>ï@Ý�ã@ê ø(Ö<Úuê%ÖhágÙ.Ø<á�Ý
Ø�Ù>Úuò	êTÚbâzå�î@Ú�Û�è@êbÚ(Ø<êTïFò>Û�è@êbï@Ö<ïFò�Û�è@ê�ã@Ú�ÖKåæÛ�Û�Öh×gê.õ

7 îFÛ�é�êTçTÙ>î@á�ê�Ý>åäÛ�è@ê�Ø<ê�åæÛ�8�ÚuÖ<ò	èXÛàÙ>×2éFÖ<ò	î@ÖKÛ��	âxá�Öhò	ïsÙ>Øhá�å�ÚuÝ	× á�ê�ô	êTÚ�Ù>Ø�ø(ÖhÚ�êbá�úsÚ�Öhï@ò2Ù.Ø<Ý	ï@ò_Û�è@ê
á�Ù>×pê�Ö<ï@çbÖ<ã@êbïxÛàósÙ>Ú�Û�ÖhçTØ<ê�Û�Ú�Ù>ç���×2î@á�Û�é�ê�îFá�êTãgÛ�ÝPÚuêTáuÝ	Øhô>ê�Û�èFê�ê�9FÙ>ç�Û�Û�Ú�Ù;:uêbçbÛ�Ý>Ú��pÝ>åäÙ_ósÙ>Ú�Û�Ö<çbØ<ê
Û�è@ÚuÝ	î@ò	èñÛ�èFê_ç�è@Ù>×2é�êTÚTõ



<>=@?BADC�EGFIH)JLKNM�FPOQE�RTS�UVC�F�W�XZY�[\C]O�W\U^C�W`_bacS%d>e`fg?�UZXih/jlknm�h o�p

+
_

_

+
_

_
_

_

__

_

_
_ _

+

+

+

+
+

+

+

+

+

+ +
+

+

_

_

_
_

_

_

_

_ _

_

_

_

+

+

+

+ +

Avalanche

Cathode
Plane

Anode Wire

Incident
Radiation

Primary
Electron-Ion Pair

qbrts)u�v�w/x)y{z}|�~������t��������r���s�wB��wB�6�PvP�)�}��r��	����rt��s��tw��cr�vPw����@���/�ZwBvc�6wB�t�
����� �	������� ������ �¡��£¢¤��¥1¦ §¨�£��¦ ©«ª�¥��¬¢
­®r��P�¯�G��r���������°4s)vP�)u}��±²u���±�w6vP���G����±�r���si��³��P��w/��wB���@����rt���´��rt����rt±�w¶µ5·��B¸¹�P��w��G�}wB�)v,º����}±
�G��w�r��´»Z�)v��G�����6w£��³b�P»@���6w¶������vPs)w6������±	±�w¼��±¾½B����wB��rt����rt±�w�µ5·����¼���¾���\�¿�Zw�±�rt���Bu����Pw6±Ày

­®��wB�	±�w��GwB���Gr���s/�/u�������r��Á�/µ5·�¸Â�P��w£�/u����i±�wB»Z�)��r��G�5�G��w��´�)�,�Ã�����)u��3����³ÄwB�}wBvPs�ºirt�
�G��w�s3���n��wB��vn�G��wcwB�}±Å��³¹r��G���PvG����°Æ¸¼Ç�u����È�Vw�³Q�)vPwcr��È±}wB�¼�¼º��By�ÉÃ�}rt�5vPwB�t���Gr��)w6��º/�t��vPs�wÃ±�wB»Z�)�Pr��5��³
wB��w6vPs�º¯�����G��w¶wB��±¯��³��G��wÊ�GvP����°Á³Q�)vP�����´���3º¾wB��wB�6�PvP�)��Ë�rt���`»@��rtvP�6¸Æw¼�����1w6�twB���Gv��)���Bv�w¼���Prt��s
r��P�È�\�c�i�¼�����t��������w�y5Ì`�)���È��³À�P��w�r��)���5��v�w��P��wB�i�6vPwB���Gw6±i��w¼��v5�P��w£���}�Â±�wc�crtv�w�¸4�c��wBv�w��P��w6º
�/u��,�£±�v�r�³��£������°¾�P�\�Í��v�±����P��w/�¼�%�G����±�w	Î��G��r���r���rt���tu��,�GvP���Gw6±¯rt�¯q>rts�u�vPw�x)y{z3Ï�y�Ð�u����²�Å�Ñ��vPs)w
�4u��/�ZwBv/��³����Â�B���tr�½BwB±^»V���Pr��Pr���wÅrt�����/rt�¶�¼�����tw6±Ò�^Ó�Ô}Õ�Ö�×`Ö�Ø}Õ�Ù]Ú�×irt����rt±�w��G��wi�cr�vPwi���@���/�Vw6vBy
ÉÃ��rt���P»@���Bw�������vPs)w¶�@������Û@��r��GwÊ±�wB�B�¼º`�Prt��wÊ�\��wBv��c��r����¯�G�}w�rt������w6r��P��wBv�vPw6�B�)�/�}rt��w��cr��P�
wB��wB�6�PvP�)�}����vÃ±�vPr�³��c�@����°Å�P���P��w��¼���P���Â±}w�y

Ü��\��¸��G��w h/jlknm�h w'Ý}»ZwBv�rt��wB�3��rt�Ê³Q�Â�6u��P��wB±Þ�����/�)����ºß�)�Ò�����Pw6v���rt��s1��u��)���à±�w6�¼�¼º)¸
��u}�5�)����w¼����u�vPr���s�»@���G�}�5��³¹»Z�)�Pr��Gv��)����wB��r����Gw6±�³Qv��)�áwB������±�wB�B�\º�wB±i��u��)��vPw6�Ñ���Pr��)wÍ�P�¬�G�@���
rt��r��Grt���>�/u}�)�Àâã��»@���P�Ày	ÐÂu}»�»V���PwÅ�P��w´��u��)�ä±}wB�¼�¼º��/u�»}���Gv�w¼���¾¸TwB��r��P�Prt��s¾�¾»V�)��r��PvP�)�ß�@����°



å>æ@çBèDé�êGëIì)íLîNï�ëPðQê�ñTò�óVé�ë�ô�õZö�÷\é]ð�ô\ó^é�ô`øbùcò%ú>û`ügç�óZõiý/þlÿ���ý ���

Z

U
V

PC5    PC6

Wires
Positron

Track

Muon

Track

Dead Zone

���	��

�����������������������! �"
�$#%�&"
�(')�)��')�	 *"��+"�,.-0/�12�3 *45�*"�

#
67')�3�&�*4849

 *";:<�
�!=���>?#% �63��')�� �"

')@
�� �

��@�')@
�A6)��4B�$�3�!���	 *"�'3@
�C4D

 �"E�*F	�����*��>G#H�!"
�!'3�)��'3�&�JIK')@L

6&M%NO�*=QP?'3@
�3 �
���@R�S�3�!���	 �"
=& �"T')�*�	"
�+"
�U')@
�V63#O��=&�W=Q@O�*�3�*�*M
��6X�+F	F+

6�'3�)��'3�&�S�	"B�Y�	�*

�3�$���������[Z<"\')@
�+6�=��*6��*M;�*"T>]���
�
�+'3�	 �"
�*F
�&F+�&=!'3�3 �"J:<�	 *"^#
�*�	��69')@O��'B�*����12 *�34\�&�_NT>`')@
��#H *63�+'3�3 �"_�!�+')@��&�S�3�!=& �49N��	"
�?ab�+'3@^'3@
��@
�	��@
�
�&"�63�+'<>R *1X#H �6��+'3�+c��D�	 �"
6V')@O��'$=! �4\#H �6��9')@
��6�#O�*=!�\=Q@
�*�3����Md ���')@��!>e���3���3�!�
�	���&=(')�&�f��a0��>
12�3 �4g'3@
�V�*"
 J�
�Wab�+�3�bN%�&=���

63�h'3@
�W�&F	�!=!'3�3�	=jiO�!F	�B@O�*6XNH�!�&"G�
�+6�'3 ���'3�&�\NL>S'3@
�V6�#O�*=!�h=Q@O�*�����*�
kl�+'3@
 �
�'$��"e�&F	�!=!'3�3 �";:m�	 �"n#O�*�	�V63#%�&=!�+iO=9'3 G')@O��'�#H �6��+'3�3 �"oMH"
 ?#


F+63���+6h12 ��34\�&�pMd�*"
�R'3@J
�6
"
 9#% �63��')�+ �"]�+6q�3�!=& ����
�&�?�+"B'3@
���O��')�C12 ��X')@O��'q�&4\�+'�')�&�B#H *63�+'3�3 �"ers�t�u�*��')@
��4D

 �"Ba. �

F+�?NH�
63�!�&"S') U')�3��c*�&��63�b')@
�W,X-q6X�*"
��')@
�!"B���&=���>*M;N

;'�"
 $�&4\�+'3'3�&��#% �63��')�� �"9aq *

F	�\NH�j���&=! ��3�
�!�wv(�
xj@
�	6h�3�&�*�	 �"e=! �"T'Q�*�+"
�	"
�B')@
�96�#O�*=!�\=Q@
�*�3���D�	6hab@O��'Uaq��=&�*F	Fy')@
�{z������*�}|p �"��&~
Mo6��	"
=!�9')@
�
=&�!F	F	6X=& *"L')�*�	"��	"
�A')@
�Wab�	�3�!60�*=('j�*6.�+1o'3@
�!>B�*���?z������*�
~?r2')@��	6X�	6q�+F	F+

6�'3�)��'3�&�\�	"G���	��

���C�*�+����v(�

xj@
�	6�67')

�;>R *1X�
�&�*�e�& �"��&6U�	6!MH'3@
�&���!12 ����*Mo�
 *"
��4B *6�')F�>� �"{,X-j�G�*"
�{,X-0/�Moab@
�+=Q@{�*�3�
F	 J=���'3�&��"
�&�*�3�!6�'b')@
�$49
� �"�')�*�3�*�!'b�	"?'3@
�$

#
6�'3�3�&�*45=Q@O�*4DNH�!�&�

�S�(� � ���h�}�R��� ���\�D�

xj@
�A63#%�&=&��iO=$�� T�*Fp *1�'3@
�	6j�����*���& �"��A67')

�;>��	60') \�*"�6�a.�&�b')@
�U12 �F+F	 �ab�	"
�D�J
��&6�'3�	 �"�6&�



�Y�O�&�[���)�����^���q�3�2�Q y¡<¢H�s�(£J¤%¥J¦��§�s£�¢f�<£E¨�©b¡�ªY«E¬­��¢%¤G®9¯±°�²q® ³*´

_

Anode Wire

Neutral Gas
Molecules

Incident
Radiation

Cathode Plane

Dead Zone

µY¶+·�¸
¹3ºD»�¼+»*»�½�¾[¿pº!À!ÁVÂ*Ã[Ä�º&Å*ÆEÇpÂ�È
º

É »ËÊ�ÌVÂ�ÍÏÎÐÅ*¹�·�º*Ñ
Â*ÈEÅ�Ò*º&¹)Å�·�º*Ñw¶	Ó0Á3Ô
º$Æ
º�Å�ÆEÕ!Â�È
º�Ö

É ³ Ê�ÌVÂ�ÍÏÎ	Â�È
·�Æ�Â;º!ÓW¶�ÁjÁQÅ*×�º*ÑOÂ�ÈEÅ�Ò�º!¹)Å*·�º�ÑOÃ2Â�¹0Á)Ô
º$Æ
º&Å*Æ�Õ&Â�È
ºUÁ3ÂÙØ7Ô
º�Å*Î+ÚLÖ

É§Û ÊGÜlÔOÅ�ÁW¶+ÓbÁ3Ô
º$Ý
¹3Â*ÞOÅ*Þ
¶+Î	¶+Á<ß\Á)Ô
Å�ÁVÅ\Ý%Â�Ó3¶�Á)¹�Â�È?Íb¶	Î	ÎH·�ÂSÁ)Ô
¹�Â�¸
·�Ô�Á)Ô
º$Æ
º&Å*ÆnÕ!Â�È
ºUÍb¶+Á3Ô
Â�¸�Á
à ¹�¶	È
·�Á)Ô�ºAÀ!Â�¹3¹�º&Ó�ÝHÂ�È�Æ
¶	È
·�Íb¶+¹3º�Ö

Ésá ÊGÜlÔOÅ�Á.º!¿Hº&À(Á0Æ
ÂJº&Ó�Á)Ô�¶	ÓXÆ
º�Å*ÆBÕ&Â�È�ºhÔOÅ�Ò�ºVÂ�ÈBÁ3Ô
ºVÅ*ÈOÅ*Î�ß;Ó�¶	Ó�Â*ÃoÁ3Ô
ºhâE¶	ÀQÔ
º!ÎHÝ
Å*¹)Å*ã\º!Á3º&¹�ÓQÖ
ä<È?Â*Á3Ô
º&¹qÍ.Â�¹�Æ
Ó&Ñ
ÍbÔOÅ�Áj¶	ÓqÁ3Ô
º�Ó7ß;Ó7Á)º!ã]Å�Á3¶	ÀU¸
È�À&º&¹7ÁQÅ*¶+ÈTÁ<ßGÂ�ÈGÁ3Ô
º�ã\º�Å*Ó�¸
¹3º!ãBº!ÈLÁ3ÓjÂ*ÃåÁ)Ô
º
âE¶+ÀQÔ
º&ÎdÝOÅ�¹)Å*ã\º!Á3º&¹3ÓbÀ&Å*¸
Ó3º!ÆnÞTßGÁ3Ô
º$Æ
º�Å*Æ�Õ&Â*È
º$º!¿Hº&À!ÁQÖ

æjÔ
º&Ó�ºVçL¸
º!Ó�Á)¶+Â�È
ÓèÀ&Å*ÈSÞHºbÅ*È�Ó�Í.º&¹3º!Æ\Á3Ô
¹3Â*¸
·�ÔSÀ�Å*¹�º!Ã2¸
Î�¶	È
Ó�ÝHº!À!Á)¶+Â�È�Â*ÃwÁ)Ô�ºj¹)Å�ÍéÍb¶+¹3ºjÀQÔOÅ�ãSê
ÞHº!¹hÆOÅ�ÁQÅ�Ñ%Å*È
ÆEÍb¶+Á)Ô�Á)Ô
ºCÔ
º&Î+ÝRÂ*ÃXâ�Â�ÈTÁ)º�ë0Å�¹3Î	Â]Å*ÈOÅ*Î�ßJÓ3¶	Ób¸
Ó�¶	È
·?ìA¾èí�îWæ Û ¼WæjÔ
º à ¹�Ó�ÁhÓ�Á)º!Ý
¶	ÈSÁ)Ô
ºWÝ
¹�Â;À!º&Ó3ÓXÍ0Å�Ó.Á)ÂA¶	Æ�º&ÈTÁ)¶�Ãïß9Á)Ô
ºWÓ3Ý%º&À!¶ à ÀVÆOÅ�Á)Å$Ò�Å*¹�¶ÐÅ*Þ
Î+º&ÓèÈ
º!º&Æ
º!ÆGÁ)ÂCÅ*È
Ó7Íqº!¹.Á)Ô�º&Ó3ºVçL¸
º&Ó�ê
Á)¶+Â�È
Ó&ð�Á)Ô
º!ÈDÅbÀ&Â*ãBÝ
¸;Á)º&¹åÀ!Â;Æ
ºèÍqÅ*ÓåÍb¹3¶+Á�Á)º!ÈAÁ3Â à Î+Î�Æ
¶�¿pº!¹3º&ÈTÁyÔ
¶+Ó�Á)Â*·�¹)Å*ã\Ó É ¸�È
Æ
º&¹åÍ.º&Î	Îñê<Æ
º à È
º!Æ
Ø�¹3¶+·�ÔTÁ)Ú�À!Â�È
Æ
¶�Á)¶	Â*È
ÓQÊqÀ!Â�ÈTÁQÅ*¶+È
¶	È
·9Á3Ô
º$¶	Æ
º!ÈTÁ)¶ à º&Æ�¸
Ó3º(Ã2¸
Îå¶	È�Ã2Â*¹3ãBÅ�Á)¶+Â�Èo¼



òYóOô&õ[ö�÷)ø�ù�ú^û�üqø3ý2÷Qþyÿ��Hösø���������ö§ý	�
�fö�����
bÿ������­ô�������������� ���

 "!"#%$&$%'(!*),+.-�),/102#&34).5(#%!6),5(/1!*#&!879).5:/1+,/;-<+*/�-=3>'(?A@9/8+CB<DFEG5(/1EGH>!I).5(-�)"E1-<3J@�/LK9/8+*DMBN+*?=/80
).B;/13(!*'(+,/"),5(/C-<3O-<$QPR!*#&!S-<3(0�/UT�).+.-�E8)./80�+,/8!,'($Q).!�-<+,/V+,/1-<!,BN3(-<@($&/�W�XI3(/"!*'(EG5YEG5(/8EGH[ZSBN'($%0�@9/
).B2+,':3\),5(/=0:/8]N/8$&BNK�/10^-<3O-�$%P�!,#%!_K(+,BN`<+.-<?aB<3^-2!,/�)LB<D6b�B<3>),/=cd-<+,$%BfegK(!,/8'(0(BJ0(-�)G-<h4-<3:0
BN@(!*/1+*]</LZ65:/8).5:/1+VBN+63(B<)6!,#%?=#%$i-<+j+,/8!,'($Q).!k).Bl),5(/L-<E8),'O-<$m+.-nZo0O-�)G-p-<+*/qBN@:)G-�#&3(/80rW

s 5(/^b�BN3t)./^cd-<+*$&Bu!*#&?�'($&-�).#%BN3fB�D;),5(/ �A�����d� !*K9/8E8),+,BN?[/8),/1+Y#&!v/1!,!*/13t).#&-<$I).Bu),5(#&!
!*),'(0:PNWvwOBN+_/�T:-<?[K($&/�7x),5(/1+*/p#&!q3(B�-4K(+*#&BN+*#�Z�-
PyB�D�)./8!*),#&3(`45(B
Zz$i-�+,`N/A),5(/[0(/n-<0^{1BN3:/[#%!17
BN+V5(B
Z|$&BN3(`p#Q)"$&-<!*),!17OZ6#%),5(BN':)C#&?[K($&/8?=/83t).#&3:`l!,K�/1E1#Q}OEA3>'(?A@9/8+,!"#%34),5(/l~q�� I� s6� b�BN3t),/
cd-<+,$%B�!,#%?�'($i-�).#&B<3�E1B�0(/YB<D6),5(/ �����j��� /UTRK9/8+,#&?[/13t)1Wu�CB
Z�).5(/4~q�� I� s6� !*#&?�'($&-�).#%BN3
E1B�0(/qZd-<!V'(!*/10J),B=#%3>),/1+*K(+,/�)V),5(/L0(/n-<0�{1BN3:/A-<3(-<$%P�!,#%!6B<D�),5(/q+.-nZ�0O-�).-pZ6#%$&$r@�/L#&$&$%'(!*),+.-�),/10
#&3�c�5O-<KR)./1+ � W



�����8�F���.�|�:���C�������(�*�&�"�����A�� �¡d�£¢q�R�¤� ¥<¦

§ ¨ ©�ª «^¬®­ ¯

° ± ©£²m³ ´�µF´ ¶¸· ¹ º » ©z«�©

¼�½J¾(¿(À(Á8Â,Ã*Ä.Å<¿(ÀÆÄ.Ç:Á�Å<¿OÅ�È%É�Ã,Ê%ÃAË�Á1Â*ÌM½<Â,Í[Á1À�½<¿�Ä.Ç(ÁvÂ.ÅnÎÏÀOÅ�ÄGÅ4½N¿(Á�ÍA¾(Ã*ÄA¾(¿(À(Á8Â,Ã*Ä.Å<¿(ÀÆÎ6ÇOÅ�Ä
Ð Ê&¿(ÀÆ½<ÌVÊ%¿:ÌM½NÂ,Í=Å�Ä,Ê&½N¿\Ê&Ã�Â*Á1Ñ8½NÂ,À(Á8ÀÒÅ<¿(ÀÆÃ*Ä,½NÂ,Á8ÀÓÊ&¿�Ä,Ç(Á �A�� �¡d� Ô Á8Õ<Á1¿tÄ[Ã*Ä.Â*ÁnÅ<Í[Ö�À(¾(Â*Ê&¿(×
ÀOÅ�Ä.Å[Å�Ñ1Ø>¾(Ê&Ã*Ê%Ä,Ê&½N¿rÙ

���Ú �¡�� Í[ÁnÅ<Ã*¾(Â,Á8ÃdÄ.Ç(Á_Ç:Á1È&Ê%ÑnÅ<È�Ä.Â,Å<Ñ Ð Ã6½<ÌxË9½NÃ*Ê%Ä,Ê%ÕNÁ"Í�¾(½N¿(ÃdÅ<¿(ÀYÄ.Ç(Á8Ê&ÂdÀ:Á1ÑnÅnÉvË9½NÃ*Ê%Ä,Â,½N¿(Ã
Ê&¿(Ã*Ê&À(ÁLÅ[ÍvÅ<×<¿(Á8Ä,Ê&Ñ_ÛOÁ1È%ÀJÜtÉ2¾(Ã*Ê&¿(×=ÍvÅ<¿tÉ2À(Á8¿(Ã,ÁAË(ÈiÅ<¿:Á1ÃV½<Ì�Î6Ê%Â,ÁLÑGÇOÅ<Í�Ü�Á1Â*Ã1Ùk¼kÇ(Á;Ã,½N¾(Â*Ñ1Á;½<Ì
Í�¾(½N¿:ÃSÊ%Ã�Ä,Ç(Á"Ý^Þ
ßqÜ9Á1Å<Í=È%Ê&¿(Á�àNÎ6Ç(Ê&ÑGÇ=Á1È%Á1Ñ8Ä,Â,½NÍ=Å<×N¿:Á8Ä.Ê%ÑnÅ<È%È%ÉLÑGÇ(½�½NÃ,Á8Ã�Ë�½NÈiÅ�Â,Ê&á8Á1ÀpÍ�¾(½<¿(ÃjÌMÂ*½NÍ
Å[Ã*½N¾(Â*Ñ1ÁL½<ÌFË(Ê%½N¿2À(Á1Ñ1ÅnÉNÙ�¼kÇ:Á;Â,Å�Ä.Áq½<Ì�Í�¾(½N¿4Ê&¿(Ñ8Ê&À(Á8¿(Ñ1Áq½N¿2Ä.Ç:Á �A�� �¡�� Ã,Ë�Á1Ñ8Ä,Â,½NÍ[Á8Ä,Á1Â6Ê&Ã
Ð Á8Ë:Ä"Â*Á1È&Å�Ä.ÊQÕNÁ1ÈQÉvÑ8½N¿(ÃgÄGÅ<¿tÄ"Å�ÄVÅ�ÌMÁ8ÎâÇ>¾(¿:À(Â,Á8ÀJãrä�Ä.Ç:Â,½N¾(×<Ç(½N¾:ÄVÅlÍ[ÁnÅ<Ã*¾(Â,Ê%¿(×pË9Á8Â,Ê&½�ÀrÙ

äåÃ*Á1Â,Ê%Á1ÃC½<ÌFÁ8È&Á1Ñ�Ä.Â*½N¿(Ê&ÑqÑ8½N¾(¿tÄ.Ê%¿(×�Å<¿:À4Ä,Ê&Í[Ê&¿(×pÀ(Á�ÕRÊ%Ñ1Á8Ã"Â,Á8Ñ1½NÂ*À�Ä,Ç(Á;Á�ÕNÁ8¿>Ä,Ã"ÛOÂ*Á1À�Å�ÄVÁ1Å<ÑGÇ
Î6Ê&Â*Á�ÑGÇOÅ<Í�Ü�Á1Â�Å<¿(ÀÆÃ*Ä,½NÂ,Á8Ã�Ä.Ç(Á8ÍæÊ%¿uÜ(Ê&¿(Å<Â*É\ÌM½NÂ,Í=Å�Ä;½N¿ÆÀ(Ê%Ã,Ñ1Ã�ÌM½<ÂAÈiÅ�Ä.Á1Â;Á�ç�Ä.Â,Å<Ñ8Ä,Ê&½N¿èÙ\¼kÇ:Á
Ã,½NÂgÄ.Ê%¿(×�Å<¿:ÀYÅ<¿OÅ<ÈQÉ�á1Ê&¿:×;½<ÌèÄ.Ç(Á8Ã,ÁIÀOÅ�ÄGÅAÊ%ÃSÀ(½<¿(Á"¾(Ã*Ê&¿(×LÕ�Å<Â,Ê%½N¾(Ã ���Ú �¡�� Ã,½<ÌéÄ�Î�Å<Â,Á"Â,½N¾:Ä,Ê&¿(Á8Ã1Ù

êYë
ì íïî ðÓñòí óYôpõ<ör÷ïøAù�ú

ä"Ã=Ê&¿òÅ�¿>É�Í[½RÀ(Á8Â,¿�Ã,¾(ÜOÅ�Ä.½NÍ[Ê&Ñ4Ë(ÇtÉ�Ã,Ê&Ñ8Ã�Á�çRË�Á1Â*Ê&Í[Á1¿tÄnàdÄ,Ç(Á ���� �¡d� ÁUç:Ë�Á1Â*Ê&Í[Á1¿tÄ�Ê%ÃvÁUç�û
Ä.Â*Á1Í[Á1È%ÉLÀ(Á8Ë9Á8¿(À(Á8¿>Ä�½<¿�Ê%Ä,Ã�Ã*½<ÌéÄ�ÎdÅ�Â,ÁdÄ.½CÍvÅ Ð ÁdÃ*Á1¿(Ã*Ák½<ÌOÄ.Ç(ÁSÊ&¿:ÌM½<Â,Í=Å�Ä.Ê%½N¿_ÌMÂ,½NÍ�Ä.Ç:ÁdÀ(Á8Ä,Á1Ñ�Ä.½NÂ*Ã
Ã*Ä,½NÂ,Á8À=ÌM½NÂ�Á8Õ<Á1ÂgÉ Ô Á�ÕNÁ8¿>Ä,Ö(ÙSÝ�½NÃgÄ�½<Ì9Ä.Ç(Á ���� �¡d� Ã*½<ÌéÄ�ÎdÅ�Â,Á"Ê%Ã�Ñ1¾(ÃgÄ.½NÍzÜ(¾:Ê&È%Ä1à>Å<¿(À=Â,Á1Ø>¾(Ê%Â,Á8Ã
Ì	Å<Ã*ÄAÑ1½NÍ[Ë(¾:Ä,Ê&¿(×�Ë9½
ÎSÁ1ÂlÅ�¿(À�Õ�Å<Ã*ÄAÍ=Á8Í=½<Â*ÉyÜOÅ<¿ Ð Ã�Ä,½JÃgÄ.½NÂ*Á�Ü9½�Ä.Ç�Ä,Ç(ÁvÂ,Å
ÎÏÀOÅ�ÄGÅJÅ�¿(ÀuÄ.Ç(Á
Å<¿OÅ<ÈQÉ�Ã,Ê&Ã6Â*Á1Ã,¾:È%Ä.Ã8Ùkü�¿�Ì	Å<Ñ�ÄnàOÄ.Ç:Á;Ñ8½NÍ=Ë:¾:Ä.Ê%¿(×[Ì	Å�Ñ1Ê&È%Ê%Ä,Ê&Á1Ã�Å�ÄC¼6ýVü�þ"ÝJÿfÅ<Â*Á;Ê%¿(Ã,¾��=Ñ8Ê&Á8¿>ÄVÌM½NÂ6Ä.Ç(Á
� ½NÜ(Ã ���Ú �¡�� Â,Á1Ø>¾(Ê%Â,Á8Ã1ÙJ¼kÇ:Á�Á�çRË�Á1Â,Ê%Í=Á8¿tÄ�ÇOÅ<ÃAÅ<Ñ1Ø>¾(Ê%Â,Á8ÀuÇ(Ê&×<Ç�Ë(Â*Ê&½NÂ*Ê%Ä�É�½N¿^Ä.Ç(Á�������¼�û
	 ý6ü�
 Ñ1½NÍ[Ë(¾:Ä,Ê&¿(×2Ì	Å<Ñ1Ê%È&ÊQÄ�ÉNÙp¼kÇ(Ê&Ãq½NÂ*×tÅ<¿(Ê%ánÅ�Ä,Ê&½N¿yË(Â*½
ÕRÊ%À(Á1ÃqÄ.Ç:Á
����þCÃLÌM½NÂqÑ1½NÍ[Ë(¾:Ä,Ê&¿(×4Å<¿:À
Ã*Ä,½NÂ,Ê%¿(×pÀOÅ�ÄGÅ�ÌM½NÂkÍ=Å<¿tÉ�½<¾:Ä.Ã*Ê&À(Áq¾(¿(ÊQÕNÁ8Â,Ã,ÊQÄ.Ê%Á1ÃVÅ<¿(À2½NÂ*×tÅ<¿(Ê%ánÅ�Ä,Ê&½N¿(ÃdÅ<È&½N¿:×�Ä.Ç(Á_ÎSÁ1Ã*ÄCÑ1½NÅ<Ã*Ä1Ù

¼kÇ(Á1Â*ÁpÅ<Â,ÁAÄ�ÎS½2ÍvÅ�Ê&¿JË:Â,½�Ñ1Á1Ã*Ã,Á8ÃqÄ,Ç(Â,½<¾(×NÇJÎ6Ç(Ê%ÑGÇ�Ä.Ç(Á�Â,ÅnÎåÀ(Å�ÄGÅ�Í�¾:Ã*Ä_Ü�Á�Â,¾:¿�Ê&¿ ½NÂ*À(Á1Â



�����������������! #"��%$'&)(+*,(.-0/21436587�1:9;���<� =%>

?�@A@CB�?�DFE,GH?JI)K;E,G�LM@CN+OPDQ?�E,@FGPG)K�KSR)K�RTLM@CN�?JI)E,UVU+?JW)R�XZY

[]\_^a`cb�d�e�fgfHhjilkMmonqprn

sutwv \yx EzU4?�I�KHOPDFEzG{DFG)DF|zX}UJEzU�~S@}R)K
�VN+Ez?J?JKSG�B�X�?JI)K 1�36587�1 ~S@C|z|�DFBZ@CNJD%?�Ez@CG�� \ ?
W)U+KSU.?JI)K�E,G�Ez?�E,DF|�B)EzGlDFN_X��)|,KSU�?�IlDQ?.��KSNJK�~�NJKSD%?�K�R�E,G�U+K�?JU�R)W)N+E,G)�P?JI)K��)NJU+?.?y��@
XFKqDFN+U
@FL�RlD%?�D0�<?�D%�}EzG)�)����I)KSU+K#�l|zKSU8~S@FG�?�DFE,G�DF|z|�?�I)K�N�Dq�6R)D%?�D;R)E,N+KS~�?�|zX�LMNJ@CO�?�I)K�KS|zKS~�?JNJ@CG�E,~SU
~S@FG)G)KS~�?�K�RT?�@�?JI)K 1�3�587�1 UJ�ZKS~�?�N+@CO�K�?�K�NS�

v @CN�KqDF~�I�U+K�?�@%LlRlD%?�D [ KSDF~�I�~S@FG�?�DFE,G�E,G)�.� =� ¢¡�£�¤¦¥F§ K�¨CK�G�?�U ^ ?JI)KSN+K�DFN+K�DFBZ@CW�? =F¥C¥ �y© ¥C¥
ª N+W)G)UJ« [ UJK��¬K�N�D%?JK��l|,K�U ^ ?JIlD%?�R�Ez¨}E,R)K#W)�
?�I�K�K�¨FKSG�?�U�� v @CN�KSDF~�IHNJW�G�­ sutwv \yx ~�NJKSD%?�K�U
D�®<¯)°�°%±��l|,K#?�IlD%?�~S@CG�?�DFE,G)U�I)E,U_?�@C�CNJDFO�U�@FLo¨%DFN+E,@CW)U ª N�Dq�V«�N+KS~S@FNJR)K�R�²�WlD%G�?JEz?JE,KSU�­)DFG�R
DF|zUJ@A@FL�¨FD%NJE�D%B)|,K�U�?�IlDQ?�DFNJK;R)K�NJEz¨FKSR�³Q~qDF|z~SW)|,D%?�K�RaLMN+@CO´?JI)K;N�Dq�µR)D%?�D��

1436587�1 K�¨CK�G�?JU�DFN+KV~qD%?�DF�C@CN+E,¶SK�RAB�X s�t;v \yx EzG�?�@·DFBZ@CW�? =C¡ R)Ez¸¬KSN+KSG�?¹K�¨FKSG�?�?yX}�ZKSU��
��I)Kw��@CNJ�HR)@FG)K;E,G
?�I�E,U�?�I)K�UJEzU�@FG)|zXPNJKS²�W)EzNJK�RT��G)@¦�V|,K��CR)K;@FL2K�¨FKSG�?.?yX}�ZK ¤ ­��VI)E,~�I�E,U
R)K��lG)KSR�DFUSY

º.»Z¼ h¬½�¾.mo¿ ¼�ÀlÁ�Â EzO���|,KwÃ�|zKqDFG
x O�W�@CG�DFG)RHEz?JU�R)KS~SDqXH�¬@FUJEz?JNJ@CG�­�UJK��¬K�N�D%?JKSR�B�X
O�@CNJK.?JIlDFG ¤¦¥�¡%¥ G)US�8Ä�@
@F?JI)KSN��VEzG)R)@¦�VU#EzG
?�I)K;K�¨CKSG�?S�

��I)K s�t;v \yx DFGlDF|ÅX}UJE,U.DF|,U+@
UJ��|,Ez?JU.K�¨CKSG�?JU·EzG�?�@P~SD%?�D%�C@CNJEz¶SK�R�?�EzO�K ª �VE,G)R�@0�VU+«)­�U+W)~�I
?�I)D%?�G)@Æ?y��@�K�¨CK�G�?JUP@¦¨CK�NJ|,DF�!EzGÇ?JI)KaU�DFO�KH�VE,G)R�@0�;�!��I)E,U�DF|z|,@¦�VUADF~�~SKSU+U�?J@Æ¨%DFN+EÅ�
DFB)|zKSU�|,E,�%K#�Z@CU+Ez?�Ez@CG
D%G)R
O�@CO�K�G�?�W)OÉÈyÊlË�Ì�Í Î�ÌV?�@4KqDF~�IH�lD%N+?�Ez~S|zK#EzG
D4�CEÅ¨CK�G
K�¨FKSG�? [ LM@CN
K�Ï�DFO��)|zKF­�?JI)K;ÐoÑ�­)@CN�?JI)K·Ò¦Ñ ^ �

v @CN�KqD%~�ITU+K�?#DFGlDF|ÅX}¶SKSR�B�X sutwv \yx ­�?�I)K�NJK�DFNJK =F¥F¥ ��© ¥F¥ @CW�?���W�?V�l|,K�U�|�DFBZKS|zKSR�Y
±}¯�Ó}ÓC¯CÔ�Õ�Ö�®<¯)°�°Q±��VI)E,~�I�G)K�KSR{?J@�B¬K�UJW)O�O�K�R{E,G�@CNJR)K�N4?�@��CK�?�W�UJK�LMW�|�E,G�LM@CNJO�D%?�Ez@CG
[ U+E,G)~�K×KqDF~�IØE,G)R)EÅ¨}E,R)WlD%|.NJW�GØIlD%UTD%GØEzG)UJW�Ù�~�E,KSG�?J|zX6|,DFNJ�CK�K�¨CK�G�?uU�D%O��)|zKuLM@CNH�C@}@�R
U+?�D%?�EzU+?JE,~qD%|�DFGlD%|zX}UJEzU ^ ����I�E,UVE,U�?JI)K;G)K�Ï}?�U+?JKS���

[]\J\_^HÚ
b
b�¾:¾�Û ¼�¼ÆÜ�Ý�Þ{Þ p]h�ß



à�á�â�ã�ä�å�æ�ç�è!é#ê�â%ë'ì)í+î,í.ï0ð2ñ4ò6ó8ô�ñ:õ;â�ä<â ö%÷

ø�ù;ù�úüû,ý�þ�ÿ��������	��
�����
��������������������Jû��������� !�#"��}ý+û��SýAþ$�lþ��%�}ý+û,ý&�#�'��(��Jþ�)*��"lþ$�&�)ý'��ý
��"#�,+$-�-.�,þ���(��lþ$(���þFý�þ!����þ/�'
�����)102�'")û,ý3�#�'��(��Jþ�) 
�þFý4 ���ÿ����%���5�� µþ/�16�7¹ø98 :<;�=?>
ñ4ò6ó8ô�ñ ��ý'�Sý@��")ûzý8ý'��
A�B
�þ��'�9���C������ÿ����)û%�������D��ý��������#ý���þ$�Jû,ý���û��Sþ��)û%�#
����')�þ$�Jû����E�����,þ$���� 
���F��"��G��ÿ�������HB����HB��ÿ������JI'89�'�����%��KE lþ/��þ4û%�Hþ4ý'�	����û�þ��¬ø�ù;ù�úL lþ$��þ�ý����������'���'�M�Sþ����%�� Pþ
I��'�'����K�>

ø�ù;ù�úN�������Sý�þ��'��ýJû�)�û��,þ��G���1 )û������O�����+û��Sý·û��P��"lþ$�4þ�ý+û���(��%�Q�'�'���R�qþ$����������þFû���)�þ����
�B�S�5��ý���
T lþ$��þ·ý��'�'���O�������Sý�>¹úU"����'��þ$�'�V��"������2)�þFû%�Q�B�S�	�Sý���
W lþ$��þ·ý��'�'���O�������Sý��)ý��� J���
��"�û,ýU�OXY�	���+û�)Q������û��3��"��·ø�ù;ù�úL���'���Sý�Z

[ ûA\J]�û,ý��'��(��Jþ�)�ý

[ ûzûA\R8V�������%�Sý

[ û,û,û^\`_a�qþqÿ��Sý

]#ûzý��'��(���þ$)�ý�þ��� .89�'��������ýPþ$�'�b
c�����9dS�#��
V� þ��� e�)ý��� û%�f)�þ����Çþ����qþFý`��
G��"��}ýJû%�Sý�g
���#�bI����Sþ¦ÿ��Sý�Kaþ��'��ý���)Q��
V"lþ$�G���)û�h����F���Hø�ù;ù�úM>W_a�Sþ¦ÿ��Sý·þ����&�lþFý+û��Sþ����D�HÿFþ$�Jû�þ$������ý.û��
þ�����þi�1
����')j�'"lþ$�M�Sþ��k�5��þ������SýJý��� û��l��"#��ý�þ�)Q�E
�þm�uþFý;þ�����þi�}ýM���G�	�Cû��������JýM�lþ%ýJý'�� 
þFý#þ��'(���)`������ýVû��TþQ
����#����û%���W>c_n�Sþqÿ��Sýo�qþ��1��ÿ����l�	�F"�û,ý��'��(��Jþ�)`�� b���� �����þ����b����(Cû��Sþ��
������ )û%�Jû����Hû%�)ýJû% ��G��"#��ø�ù·ù�ú�ÿ�û%��
�����>p:rq/=

s#ý+û���(PþQ����)Q���#�����o���Y #�F
V�JûD�'�'���t���4)Q��)E�	���+ýo��
u��"�� ñ4ò6ó8ô�ñ (��������Wgv��"#�!wyx�zSz/{
�'�#�YHy|v�%�Sýwû%�}�qþ��~"Æþ��lþ$�%�S���� P lþ/��þ/H<ý'���G�qþ��k�	��ý'��)Q)`�� k�0ÿ����·þ��%�u��"#��û��#
�����)Pþ/��û�����û��
�qþ$�~"`|v�%��g���"��)ý��'�� #���Sû%��(C�'"���ý'���)ý���h���������þ��lþ��D��ý+û,ý����C�'��h��)û��+û���(������D�Aþ;ýJû��#(����1wyx�zSz/{
|v�%��>

ùM�#���o�'")û,ý@�������,û%)�û%�lþ�����þ��)þ��%�}ýJûzý8û,ý@����)Q�����O���� Wg}þ�����û%�#
�����)Pþ$�Jû������#���� #�� R
�����)üþF(CûÅÿ����
 lþ$��þ/Hyý����u�qþ��E�	�@�OXS���Jþ����'�� E
��'��)�þ#ýJû%��(��%��|�����>��1�������¦ÿ�����g����C)`�S )ûD
A��û%��(U��"��@�������OH<ý'��)Q)�û���(
���S ���gv�#��
�"�û,ý��'��(��Jþ�)�ýc�qþ��b�	��þ$�����#)E����þ/���� b���# �����ÿ������Hý��5���SûD|v� [ �)ý�����Hy ���|����� �\U���+û%�'���Jû,þ#>
úU")û,ý�ûzý���"��M�)þ����V��
n�'"��;þ��lþ��D�}ýJû,ý��'"lþ$��
�þFýV ����#�·û%�J��")ûzý�ý��'�� #��g¬þ$�� aû,ýc�'"��wý'�����������o��
p��"��
���OXS��ý'�����Jû����W>



���������������#�f�o���$���������2���u�&� ��¡��£¢��Y�y� ¤�¥

¦3§¨¦ ©«ªl¬ ­¯®b°l¬

±U²�³C´�µ�¶�·R¸�¹uº'²�³C»�³i¼�»4½�¸�¾�³&¼$¾v¼�¶%¿SÀ�Á�ÀUÁ�ÀV»�¸�¾�³�´�¿3º'²�³�À'³Oº2¸�¹uÀ'µ#´�Â'¸�µYº�Á�¾#³�Ào¼$º'º�¼�Ã~²�³�»4º�¸�º�²�³
³�¾�»`¸�¹TÄc¶^¼�Á%Â�Å�¼�ÆQÁ�³�À'¸�¾WÇÈÀoÉ �E� ��¡�� Ã�¸�¶%¶^¼�´	¸�Â�¼/º�¸�Â�ÊnË�ÌSÍ#Î�ÎbÉ�º'Â'³�³OÏBÀ�µ�ÆQÆ`Á%¾�Ð�Ê�¼�¾�¼�¶%¿SÀ'Á%À�Ã�¸S»�³�Ñ
±U²�³�¹�¸�¶%¶�¸mÒVÁ�¾�ÐVÁ%À�¼G¶�Á%À�º�¼�¾�»E»#³�À'Ã�Â'Á%Ó#º�Á%¸�¾�¸�¹vº�²#³�Ã�¸S»�³�Á%Æ`Ó�¶%³�ÆQ³�¾�º�³�»&Á%¾Fº�²#³cÔ�³�Â'À'Á%¸�¾�¸�¹vË�ÌSÍ#Î�Î
À'Ó	³�Ã�Á%ÕvÃMº�¸�º'²�Á�ÀV»�³�¼�»1½�¸�¾�³C¼�¾v¼$¶%¿SÀ'Á%À�Ñ

É�Ö�ÊJË�ÌSÍ#Î�Î�×BØ3¼�¾�»bË�ÌYÍYÎ�Î�×ÚÙ

±U²�³�À'³G¼$Â'³Uº�²�³9Á�ÆQÓ�¶%³�ÆQ³�¾�º~¼$º'Á�¸�¾E¼�¾�»R²#³i¼�»�³�Â@Õ�¶�³�À�¸�¹5º�²�³9Æ`¼�Á�¾EË�ÌSÍYÎSÎ�¼�¾�¼�¶%¿SÀ'Á%À�Ã�¸S»�³�Ñ
±U²�³�¶^¼$À�º�¹�³OÒÛ¶%Á�¾�³�À�Ã�¸�¾�º�¼�Á�¾Jº'²�³�»�³�Õv¾#Á%º�Á%¸�¾�À�¸$¹pº'²�³MÀ'µ#´�Â'¸�µYº�Á�¾#³�ÀUÒVÂ'ÁDº'º�³�¾3º�¸�Ó	³�Â�¹�¸�Â'Æ
º�²#³C»#³i¼�»4½�¸�¾#³F¼$¾v¼�¶%¿SÀ�Á�À�ÜYÒV²�Á�Ã~²1¼�Â'³�Ã�¼�¶�¶%³�»WÝ

É�ÁAÊ`Þ#Î�ß�àSá�â�ã�Î�ä�å

ÉæÁ%ÁAÊQÞ#ç�Ø#â�èSé�êSë�Ë5ì�í�ëvâSípäOå

É�Á�Á�Á^Ê�Þ#ç�î�ïYÍ�Í�â$Í�ð#ß�ÍvínäOå

ÉæÁDÔ�ÊRÌ�Ë#ñ�Þ�î�Þ	ìmò	ì/àYÎ�äOå

ÉAÔ#Ê3Ì#Î#í�ëSÌSÍYß#ó�ôSÌvâ�ç�äOå

É?õ�ÊRéYÍ�âYó�Î#í�ímÙvÎYöYì�÷�ëYÍYÎ�Î#í

±U²�Á%À9Á%À�º�²�³�³¨ø#³�Ã�µ#º�¼�´�¶%³�º'²v¼$º9Ó	³�Â�¹�¸�Â'ÆQÀ�ËSÌSÍYÎ�ÎJ¼�¾v¼�¶D¿SÀ'Á�À�Ñ

É ¤ ÊJëSÍYß�ó�ô�í�ù	ìièU×'ómé�é}¼�¾#»4ëSÍYß#ó/ô�í�ù	ì�èV×ÚÙ

±U²�Á%À9Ã�¸Y»#³CÁ%Àuú�µ�À�º9¶%Á�·�³MÁDºVÀ'¸�µ#¾�»�À�Ü�ÁDº`û�º�Â'¼�Ã~·�À�ÒVÁ�ÆQÀ'üQ¼�Óv¼�Â�º�Á�Ã�¶�³G¸$¹�Ã~²v¼�Â�Ð�³�ýYÜ�¹�Â�¸�Æþ¼$¾
Á�¾#Á%º�Á�¼�¶�Ó	¸�À�Á%º�Á%¸�¾fÉæÿ���������ÊoÒVÁDº�²PÆ`¸�ÆQ³�¾�º'µ�Æ Á�¾#Á%º�Á�¼�¶UÉ��
	����

������OÊOÜnº�²�Â�¸�µ�Ð�²P¼1µ#¾�Á%¹�¸�Â�Æ
¸�ÂM¾�¸�¾YÏBµ�¾#Á%¹�¸�Â�Æ ��CÏ?Õv³�¶%»kº'¸4¼4Â�³���µ�³�À�º�³�» Õv¾v¼�¶��/ÏBÓ	¸�À'ÁDº�Á%¸�¾fÉ�ï���Þ�ç�Ê¨Ñ��yºCº'²�³�¾ ¸�µ#º'Ó�µ#º'À
º�²#³C¾#³�Ò�Ã�¸Y¸�Â'»�Á%¾v¼$º�³�ÀCÉæÿ������#ï���Þ#çSÊV¼�¾�»3º'²�³�Æ`¸�ÆQ³�¾�º'µ�Æþ¼$ºVº'²�³�³�¾�»4¶�¸SÃi¼$º'Á�¸�¾TÑ

É���Ê`èvß���ã�Î�ëc×'ó�é�ét¼�¾�»Jèvß���ã�Î�ëc×ÚÙ



�! �"$#�%'&�(*),+.-0/�"21�3
4657498�:<;>=@?BAC;EDF"G%H" IGJ

KML
NPORQ�S�T
U0QWVYXPQ�Z
X7V2[�U$O\[]L
U_^`ba�c�U�XPTdT�Ve[�V,fhg�`0i�j�`0kej�`0lnmoV2[RVYXPXqp,U�Q�Q$U�O6O�VYrtsug�v�j�w�j�xym!z{S�r
[�L,UMZ
p
NPz{SYr]|*S�r�p
SYpGa}Z
p,NPz{S�r6|~Q�VYO]U$O��y�hNP[]L�[�L
UML,U�X7��S2zq[]L
UMN7py[]U�r]p
V2[�NPS�p�VYXPXPs�Ot[�VYp
T
VYr]TGa
N7�$U�T�|�VY��p,U$[�NPQ�c�U�XPT�|�VY�
�
NPp
���
r6S���r]VY|����\�B�h��g��hL
N7Q�L��,r]S�T
Z
Q�U$O�V�|�VY��SYzM[�L
U
^`ba�c�U�XPT
OC�hNP[]L
N7p�[�L,U ;�=�?BAR; O]�qU�Q�[�r]SY|�U�[�U�r�m��

�9OCT
NPO]Q$Z
O]O6U�T�VY�qS��YUY�
SYp
Q�U9[]L
U9r]VW��T
V2[�V�g{S�rM��S�py[�UF�CVYr6X7S��
O]U$Z
T
S2aHT�V2[�V�moO]U�[�OMVYr6U r]Z,p
[�L
r6S�Z
��L¡[]L
U¢|dVYNPp¡VYp�V2XPs�O]NPO�O]SYz�[}�RVYr6U£�£��¤!¥}���![�L,U�N7p,z{S�r6|dVe[�N7SYp�N7O�SYZ,[��
ZG[¦N7py[�S¨§H©
ª�ªe«
c�X7U$O�N7p¡[�L,U¢z{SYr]|�fd«�©,¬�¬�©�­�®,¯o§H©
ª�ª2«q�.KML
U±°6² UWVYT
�$S�p
U$³uQ$SGT,U�r6Z
p
O��hL
NPX7U´[�L,U¢[]r]U$U�OµVYr]U
�¶U$N7p
�·O6Z
|�|µU�T¸�RVYp,T.S�ZG[��
Z,[]O¦L
N7Ot[�S���r]VY|µO�[�L�V2[¦Q$S�py[�VYNPp.Z,O]U$z{Z,X¹NPp,z{S�r6|dV2[]N7S�p�VY�qS�Z,[¦[�L
U
T
UWV2T��$S�p
U�g{[]L
N7OC�hNPX7Xº�qU�O]L
S»�hp�N7p¢X¼V2[]U�rMO6U�Q$[]N7S�p,O�m��

½�¾�¿ ÀÂÁ£Ã Ä�Ã ÅµÆ Ã9Ç�ÈÊÉ

KML
U·��U�SY|�U�[�r6s±SYz�[]L
UËO]�qU�Q�[�r6S�|�U�[�U$r�NPO�Q�r6Z
Q�N7VYX [�SÌZ
p
T,U�r]Ot[�VYp,T
N7p
�ÌL
S»�Í[]S¡[�VYQ�Î�X7U£[]L
N7O
T
UWV2T��$S�p
U·�
r]SY�
X7U$|��Â�0O�|µU�py[]N7S�p
U$T��¶U�z{S�r]U2�0[�L,U�r]U�VYr6U£[}�RSÏ[}sG�qU�O�SYzb�hN7r6UËQ�L�VY|��qU�r6O
N7pÌ[�L
U�O]�qU�Q�[�r6S�|�U�[�U$r�f�T,r]NPz�[¦Q�L
VY|��qU�r]OdVYp
T.�
r]S��qS�rt[�N7SYp�VYXRQ$S�Z
py[�U$r]O$��¤�S�r�[]L
N7O�VYp�V2XPs�O]NPO��
O]�qU�Q$NPc�Q¢Î�p
S»�hX7U$T
��U¢SYz¹[�L
U¢X7S�QWVe[�N7SYp�SYz0UWVYQ�LÏSYz¹[�L
U$O]U�Q�L�VY|��qU�r6Oµr6U�X7V2[�NÐ��Ud[]S·[]L
U�[�VYr6��U$[
O6[]S��~g�V2[´x�ÑÓÒymµNPOdp
U$U�T
U$Tº�*KML
U£z{S�XPX7S»�hN7p
�uO]Z,�
O]U$Q$[�NPS�p
O��
r6S»�GNPT
UËV��YSGS�TÔT
U$O]Q$r]N7�G[�N7SYp
SYz9[]L
N7Oµ��U$S�|�U�[�rts���ÕGNPp
Q�U�[]L
U ;>=@?BAR; O6�¶U$Q$[]r]S�|µU$[]U�rµN7O¦T
U�O6N7��p,U�T±O6Z
Q�LÔ[�L
V2[µN7p
Q$N7T
U$p�[
|�Z
S�p,O�T
U�Q�V»s·NPp£[�L
U�[�VYr]�YU$[W�º[]L
U�r6UµVYr]U��YU�r6s�z{U$�Ö�qS�X7VYr]NP��U�T�|�Z
S�p·T
U$QWVWs£��U$r6[]N7Q�U$OFN7pË[�L
U
T
S»�hp
O6[]r]U�VY|×L�V2XPz�SYz�[]L
URT,U$[�U$Q$[]S�rhg�N��ØU2��x¦Ù@Òymn��ÕGNPp
Q�Uo[�L
UoT
UWVYT��$S�p
UC�,r]S��
XPU�|~VYr6N7O]U$O<�hL
U$p
VYp�U$|�NÐ[][�U$T>�qS�O]NÐ[�r6S�p�[]r�VW��U$X7O���V2Q�Îb[]L
r]S�Z,��L>[�L,URO�V2|�U\�hN7r]UoQ�L�VY|��qU�r!Q�U�XPX��hL,U�r]Uo[�L
Uo��VYr]U$py[
|�Z
S�p�L
VYT¦�
r]U��GNPS�Z
O6XPsb[�r�VW�YU�r]O6U�Tº��T
U�VYT¦��S�p
U$OBVYr]UMSYp
XPsbO]NP��p
NÐc�QWVYpy[ÊNPp�[�L
U�Ú»Û�Ü�Ý�Þ�ß]àYá¨L�VYXÐz�SYz
[�L
UbO]�qU�Q�[�r6S�|�U�[�U$r�g{O]N7p,Q�U�[�L
NPOhN7OM[�L
UF��SYX7Z
|µU�[�L�V2[¹|�Z,S�p
O0VYr]UF��Z�V2r�VYpy[�U$U�T�[�Sµ�¶U$p
U$[]r�V2[]U»m��
KML�Z
O���[�L,Ub�YU�S�|µU$[]U�r6sdN7p,z{SYr]|�V2[�NPS�p´p
U$U�T
U$T�L
U$r]UFN7OMS�p,XPsµ[�L�V2[¹SYz�[]L
UFZ
�
O6[]r]U�VY|�g�â9Õ
mRL�VYXÐz
g�N��ØU2�Bxµã@Ò�mRSYz<[]L
UFO]�qU�Q�[�r]SY|�U�[�U�r$�



ä!å�æ$ç�è'é�ê*ë,ì.í0î�æ2ï�ð
ñ6ò7ñ9ó�ô<õ>ö@÷BøCõEùFæGèHæ ú�û

üMý�þMý6ÿ ���������
	���
��������������

��� �"!#� $�%'&)(�*+$�*-,.�"%/$�01�32546(7%98:,;$#<=0�*>!@?A�B%DCE8FC/G"8:H"� IJ8FI6KL*+?7MF��ûON:P"NQK��R8FIS$9�B%9T1%9� $U$�07�
8FI1,.�>%9!U*+$�8V�"IW8FI3KX*>?7MV��ûYNVP[Z\*>I7(3KL*>?1MF�>ûON û>]_^�$�07� %9�`*>%D�@*/,.� abT�*>%9*>!#� $�� %9Ccad078F<=0eI1�B�B(-*+I
�_fOT7MF*>I�*+$98F�"Ihg

i Kj07�lk��mMF�"?�*+MSnoMp*>I7� q5Isr7!@?A�B%DCL*+%9�tC98F!#T7M:&�T7MF*>I7��Isr7!@?A�B%9CX(7� u7I7�B(`*+C�$907�vCD�Bwsr7� Is$98p*>M
�"%D(7�B%x8FIyad078V<=0R$�07�#!@r7�>Izav�"r7MV({078:$�$�07�#T7Mp*+I7�BCx8V,v8V$�av�BIS$@C'$�%�*+8FG"0S$�$�07%D�"r7G"0z$�07�
C9TA�B<_$�%D�"!U�_$�� %BN

iQ| 8FC}$907��(78FC'$=*>I7< �>^�8VI~< !�^O,.%9�"!�$907�m$=*>%DG"� $dC'$��"T�N

i Kj07�-kD�c�>$�*+$�8V�"I7q#8FCd$�07�l*>I7G"MV�l%D�BMp*�$�8VH>�x$9�E07�>%98F� �"IS$=*>MX*+$cad078F<=0e$907��ad8V%9��<=0�*>!@?A�B%DC
*>%D�m%9�>$�*+$�� (hN

i Kj07��kD��I7C'$�%Dr7!U� IS$��B(b��8F%D�BC��>noMp*>I7� q�8FCe$907��Isr7!@?A�B%y�>,#ad8F%D�BCe$�07*+$-*>%D�)*>< $9r�*>MFM:&
07�Y�"�>� (6r1T�$9�z< �"r7IS$�8VI7G-�BMV�B< $9%9�"I18F<BC N�Kj07�B%D�3*+%9�[$�01�~C9*>!#��IYr1!@?�� %/�>,�ad8V%9� C#TA�B%
T7MF*>I7�m8FI�*>MVM�����Cc*>I7(�nv��C N�Kj07��ad8F%D�BCj$�07*+$�*>%9��I7�>$c8VI7CD$9%9r7!#�BIS$�� (�<B*>I~CD$�8VMFMh<B*>r7CD�
!@r7M:$�8VT7MF�mCD<�*+$D$��B%D8FI7GU�>,�$907�l!@r1�"Iy*>I7(�T��>C98V$9%9�"I�NcKj01�B%9�l*>%9�l�"�#ad8V%9� C5TA�B%5T1Mp*>I7�x8FI
*>IS&W���5^7ad8:$�0~*@ad8F%9��CDT�*><B8VI7G/�>,������1���/<B!~N

i Kj07�)kDn�MF*>I7�UKt&YTA�Bq-(7�BTA�BI1(7C`�"IR$907��*>I7G>MF�E�+,d%9�>$�*+$�8V�"IhN3��,j$907�[T7MF*>I7�#$�&OTA�[8VC` U^
$�01�BIy$�07�@ad8V%9� Cm%9r7I-*>MV�"I7GE$907�E¡d¢�(78V%9� < $�8V�"I-*>I7(y!#��*+C9r7%D�@$�07�`£"¢�< �O�>%9(78VI�*+$����>,�$�07�
$�%9*><=�sCBNy��,d$�01�[T7Mp*+I7�U$�&YTA�[8FC/¡l^o$907�BI�$907�Ead8F%D�BC@%Dr7I�*>MV�"I7G~$�07�W m¢�(78V%9�B<_$�8V�"I�*>I1(
!#��*>CDr7%9�m$�01�x¤7¢�<B�Y�"%9(78VI�*+$9�5�>,X$�07�m$�%9*><=�sCBN

üMý�þMý}ü ����¥z��¦�§l¦t�1�7�'¦v¨���©W
R¦�ªm¨��1�«���

��� �"!#� $�%'&�(�*�$=*e,.�"%@$�01��254�T7%9�"TA�"%'$�8F�>I�*>M�< �"r7IS$�� %9C#8FC`G"8:H"� I�8VI)KL*>?1MF��ûON ûON)¬�*><=0)ad8F%9�
<=0�*>!@?A�B%�< �"IS$=*>8VI7C��"I7�oT1Mp*>I7�o�+,Yad8V%9� CB^+*>I7(���*><=0�T7MF*>I7�o< �"IS$=*>8VI7CoP®­"��ad8V%9�BCtZ.�_fO<B� T1$«$�07��MF*>CD$
$�a��lT7Mp*>I1�BCt8FI/$�07��2�4U<=07*>!@?A�B%B^sad078V<=0E�"I7M:&/0�*�H"���S���>,�$�07�>C9��ad8V%9� Cv8VI7CD$9%9r7!#�BIS$�� (�]_NoKj01�



¯L°�± ²�³
´�µb¶1·6¸�¹�±+º¼»7½D¾F½5¿ÁÀXÂlÃ�Ä�Å}ÂÇÆ�±O³�± È>È

ÉmÊFË"Ì�Í+Ê Î6Ï.ÐBÑEÒ ÓdË>Ô=Í�Ô�ÕFË>Ö ×�Ö7Ø'Ô�ÙDÚ7ÑUÛ ÖSÔ�ÛBÜ ÝoÊFÍ>Ö7Û
ÝoÊpÍ+Ö7ÛmÞ Ïàß=Ò á�ÕVÙ9Û Ø=â>ÝoÊpÍ+Ö7Û ã�äYå�Û

æ ç�èSéOêìë>é"í>é çcèsæOêïî èSð ñ
ò ç�èSéOê È é"í>é èsæOêïî èSð ó
ë ç�èSðOêôé"é"í>é çcèsæOêïî èSð ñ
ð ç�èSðOêìæ>é"í>é èsæOêïî èSð ó
é ç�èSðOêVõ®é"í>é èsæOêïî èSð ó

õ®î ç�èsëYêìë>é"í>é çcèsæOêïî èSð ñ
õ"õ ç�èsëYê È é"í>é èsæOêïî ð"î ó
õÁí ç�èSòOêôé"é"í>é çcèsæOêïî ð"î ñ
õ È ç�èsíYêVõ®é È"È èsæOêïî ð"î ó
õ�è ç�è7õ>êìë>é È"È çcèsæOêïî ð"î ñ
õÁæ ç È è1êôé"é+èSð èsæOêïî ð"î ó
õ®ò ç È è1êìæ>é+èSð çcèsæOêïî ð"î ñ
õÁë ç�í>éOêìë>é"æ>î èsæOêïî ð"î ó
õ®ð ç�í>éOê È é"æ>î çcèsæOêïî ð"î ñ
õ®é ç�í"íYêìæ>é>ò"ð èsæOêïî ð"î ó
í>î ç�í"íYêVõ®é>ò"ð çcèsæOêïî ð"î ñ
íOõ ç�õÁëYê È é"ë"æ èsæOêïî ð"î ó
í"í ç�õ®òOêôé"é"ë"æ çcèsæOêïî ð"î ñ
í È ç�õ®îOêVõ®é>é È èsæOêïî ð"î ó
í+è ç5éOêìë>é>é È çcèsæOêïî ð"î ñ
í"æ ç�è1êôé"é>éSë èsæOêïî ð"î ó
í>ò ç�è1êìæ>é>éSë çcèsæOêïî ð"î ñ

ãLÍ+Ì7ÊFÛ íOö:õ"÷ ÉmÛBË"Ñ#Û Ô9ÙDä�ømÍ�Ô=Ílù.Ë"Ù ó å1ØDÔ�ÙDÛ�Í>Ñúø�û�Ø

ü ÕFÙDÛxØDå�Í>Ð ÕFÖ7ý#ÕFØ�þmÿ î1êôí Ð Ñúù.Ë"ÙcÍ>ÊFÊhÝvû�Ø5Í>Ö7Ü3þmÿ î1ê�è Ð Ñúù.Ë"ÙdÍ>ÊFÊ«ø�û�Ø ö�� ÊFÊ�ÕFÖ1ØDÔ�ÙDÚ7Ñ#ÛBÖSÔ�Û Ü

ü ÕFÙDÛBØdÍ>ÙDÛ�ÊFËYÐ�Í+Ô9ÛBÜ�ÕVÖEÔ��7ÛmÐ ÛBÖSÔ�Ù9Í>Ê�Ù9Û ý"ÕFË>Ö[Ë>ù«Ô��7Û ü ÕVÙ9Û�Ð��7Í>Ñ@ÌAÛBÙ9Ø���ÛBÖ7Ð Ë"Ñ#å�Í>Ø9ØDÕFÖ7ý@Ô��7ÛmÑ@Ú7Ë>Ö
Ì�ÛBÍ>ÑúØDå�Ë>Ô ö

ÉmÊFË"Ì7Í>Ê �SÏàÐ Ñ[Ò ÓcË+Ô=Í+Ô9ÕFË"Ö ×�Ö7Ø'Ô�Ù9Ú1ÑUÛ ÖsÔ9ÛBÜ ÝoÊpÍ+Ö7Û
ÝoÊFÍ>Ö7Û�Þ Ï ß Ò á�ÕFÙDÛBØcâ`å7ÊpÍ>Ö1Û ã�äYå�Û

õ ç�æ>éOêìë>é èSæOêôî õ�ò"î ó
í ç�æ>éOê È é çcèsæOêïî õ�ò"î ñ
È ç�æ>ðOêôé"é èSæOêôî õ�ò"î ó
è ç�æ>ðOêìæ>é çcèsæOêïî õ�ò"î ñ

í"ë ç�î1êïò õ È æOêôî èSð ñ
í>ð ç�î1êôí ç�õ È æOêïî èSð ó

ãXÍ>Ì7ÊFÛ íOöôíO÷ ÉmÛBË"Ñ#Û Ô9ÙDä[ømÍ+Ô=Í@ù.Ë"Ù ó å7ØDÔ9Ù9Û�Í+ÑÇÝtû�Ø



	�

�����������������
�����! #"$ &%('*),+.-0/1)324�5�6� 7�8
9;:=< >@?BA CEDGFIHKJ0L�MN?PO

QSRUTWV#X!YGV[Z�TBY]\5Z�V�^`_aZcb$R5deTWV�fg^�Z�bhTWRi^`jkTWl�Z[Z�m!YnX�Yo^`XUp�TWR!YnbhRU^rq!^`V#Z�b$_Gl�st^`Vvuwb$V#Yx_�my^�fzj{Y�VG|
Z�m!YvdeTWshs$T}uwb$R�~c^`s$~`TWV�b�Z�m!f�b$��bhR��WTW��YGX��

�
T`V�YG^`_�mPY��`YGR�Z4b$Rr^g�������W�W�������6�!�����r�ys$Y�|{TWR�sh��Y��`YGR�Z��v��^�Z�bh�#d���b$R!~KZ�m!Y[deTWs$shT}uwb$R!~cdeTWl!V
_GV#bhZ�Y�V�b$^���TWVK�=Z�YG�=Z������1u�YGV#Y��#YGshYG_�Z�YGX�deTWV1Z�m!Y[^`R!^`sh����bh�G�

�eb��;���WY�R�Z� 0�5qkY,¡£¢
 �m!bh�wZS��qkY4T`d�Ya�WY�R�Z&_o^`R�jkY4_o^�Z�YG~WTWV#b$p�YGX¤^`�K��¥5bhfgq!shY`|!¦�s$Yo^�R!�!§

��bhb��g¨©b$R�X!T}uª 0�5qkY,¡¬«
���WY�R�Z��4_o^�Z�YG~WTWV#b$p�YGXPb$R�Z�TnZ�m!bh��Z�bhfgbhR!~guwbhR!X!T}u­_GTWV#V�Y���qkTWR!XPZ�T;qkTW��b�Z�V#TWR!�&Z�my^�Z®u�YGV#Y
YGfKbhZ#Z�Y�X�bhRnZ�m!Y4l!q��#Z�V#Yo^`f3X�b$V�Y�_�Z�b$TWR;deV�T`f¯^cfzl!TWR�X!Y�_o^o�;�WY�V#Z�Ya\¤b$R;Z�m�Y4Z�^`V�~`Y�Zo§

�eb$b$bt�[°y±³²U°!´
uwm!Y�V�Yv°y±[b$�&Z�m!YIfgTWfKYGR�Z�l!fµT�d�Z�m!YcYGfKbhZ#Z�YGXPqkTW�#bhZ�V#TWR¶^`shTWR!~nZ�m�YI·¹¸SX!bhV�Y�_�Z�bhTWR�|º^`R�X
°!´�b$�1Z�m!Y4fgTWfKYGR�Z�l!f¯T`d»Z�m!Y4Y�fgb�Z�Z�Y�X;q{T`��bhZ�V�TWR�^`shTWR!~zZ�m!Y4¼y¸6X!b$V#YG_aZ�b$T`R�§

��bh���¾½½½
¿ÀºÁÃÂÄÁa½½½

²Å«`ÆKÇ¤Y�È
uwm!Y�V�Y`� ½½½

¿ÀºÁÃÂÄÁ ½½½�É
Ê °yË´1Ì °!ËÍ Ì °!Ë± bh�wZ�m!Y[fx^`~`R!bhZ�l!X!Y®T`d*Z�m!Y4Z�T�Z�^`s�fKTWfKYGR�Z�l�fÎ�WY�_�Z�T`V

deTWV1Z�m!Y4YGfKbhZ�Z�YGX�X!Y�_o^o��q{T`��bhZ�V�TWRÏ§

�
T`VÐY��WY�R�Z��»��^�Z�b$�#d���bhR!~�Z�m!Y���Y0_GV#bhZ�Y�V�b$^�|oZ�m!Y0V#TWl�Z�bhR!Y�Z�m�YGR4�yR!X!�ÐZ�m�YÑs$^`�#Z0��¼ºÒ�Ó5�{_GT�TWV#X!b$Ry^¹Z�YG�
T`dÑZ�m!YIfzl!T`RijkY�deT`V�YcbhZ4X�YG_o^o���G§I �m!bh�4b$�vX!TWR�YKj��PV#YGÔ�l!bhV�b$R�~nZ�my^�ZvZ�m!YIst^`�=Z4ÓW¸Sq!s$^`R!Yzm!b�Zvb$�
YGÔ�l!b��`^�s$YGR�Z�Z�T�Z�m!Y&bhR�Z�YG~`YGV���^`V#bt^`j�s$Y1Õ�Ö
×WØ�Ù(��Ú�Ø��!Ø5×5|
^`R!XxZ�m!Y&s$^`�#Z�¼!¸Sq!s$^`R!Ywm!bhZ�b$�ÑYGÔ�l!b���^`s$Y�R�Z
Z�TiZ�m!YBbhR�Z�YG~`YGVI�`^�V�bt^�j!s$YnÕ��
×�Ø�Ù(��Ú�Ø`�!Ø5×5§Û �m!YÜ�e¼»Ò�Ó��z_�T5TWV#X!b$R!^�Z�Y��x~Wb��WY¤^`R.^`q!q�V�To\5b$fg^�Z�Y
s$T�_o^�Z�b$TWR;T�d�Z�m�Y�X!YG^`Xrp�TWR!Y�|k�#b$R!_�Y�b�ZwV�Y�q!V�Y���YGR�Z��&uwm!YGV#Y�Z�m!Y�f,l!TWR�u1^`�³st^��#Zx�#X!YaZ�YG_aZ�Y�X!�nb$R
Z�m!Y4s$^`�#Z�ZSu�Tg_�m!^`fzjkYGV��wjkY�deTWV#YvZ�m!YvZ�^�V�~WYaZo§

Ý�Ya\�ZG|�Z�m!Y&V�TWl�Z�b$R!Y³_�m!Y�_�����Z�Tz��Y�Y®bhd�Z�m!Y®l!q��#Z�V#Yo^`fÞX!Y�_o^o�nqkTW��b�Z�V#TWRgu�YGR�Zwjy^`_��IZ�m�V�TWl!~`m
Z�m!Y�X!Yo^�XBpGTWR�Y`§&Q6d0b�Z³X!b$X�|
Z�m�YGRBZ�m�Y;��¼ºÒ�Ó5�1_GT�TWV#X!b$Ry^¹Z�YG��V�Y�_GTWV#X!YGXrdeT`V�Z�m�Y,qkTW��b�Z�V�T`Rrb$R�Z�m!Y



ß�à
á�â�ã�ä�å�æ�ç�è�é
á�ê�ë!ì#í$ì&î(ï*ð,ñ.ò0ó1ð3ô4á5ã6á õWö

÷yø�ù�ønúxøoû¤üWý®úgø}û¤þ!ü`ùvø`ÿ�ù��yø�����û����
	eý#üWú ù����

��$ø`þ������tø��=ù�����ù���ûrù����cú
�!üWþ�����	0ù����
���$ý��
�1ø��c÷��oø`÷������GþUù�����
{ü����hù�ý�üWþ�
yø���� �G÷!��û���ù#"�ù����Gý �$��ü%���$÷&�'�nþ!ürý��Gÿ�üWý�÷��G÷!(�)�*+����,`þyø��
	eý�üWú¯ù��yø�ù-
yø`ý=ù��hÿ.���$ø`ý/���$ý ���0(0�1���."'	eüWý����!ÿ2�3��4%��þ�ù��."{ù����5
{ü����hù�ý�üWþ768�:9<;>=�?A@�ÿGü�üWý#÷��$þyø¹ù��.�-�$þ
ù����4÷yø¹ù�øzù�ý �.�.�³ÿoø�þ!þ!ü`ù-�'��������÷��

(0���Gþ�"¹ù����B�$ø��#ùÐý �Gÿ�üWý�÷���÷:
kü%����ù��hüWþvø`þ!÷[úKüWúC��þ�ù��!úÅü�	�ù����0÷���ÿoøoû�
{ü����hù�ý�üWþ7"D9<;>=�?E=2FG@�ø`þ�÷
9IH�J1=KH�LM=NHPOQ@R"!ø`ý �®ü%��ù�ø��$þ���÷n÷��hý��Gÿaù���ûS	eý#üWú@ù�����ù�ý����.�0�hþnüWý�÷��Gý�ù�üzý���ÿGüWþ��=ù�ý �!ÿ�ù���ù���ù�ý�ø`ÿ2TC�yø`ÿ2T
ù�ü$FVUXW%YDZE[%\�]M^�_1\�`�\A[a9eù����:FMbSÿGü�üWý#÷��$þyø¹ù��[ü�	cY1ZE[G\�]M^�_1\�`�\A[A"�ù����5�tø��#ùd;Pb�
��tø�þ��������Gý �,ù����
ú
�!üWþ���ø���÷��aù���ÿ�ù���÷E@Q�c(0�����»ú
���=ùe�'�Ñ÷!üWþ��f�$þ[üWý�÷��Gýºù�ü�gyþ!÷�ù����ÑþD��ú
����ý*ü�	!÷���ÿoøoû5
{ü%� �hù�ý�üWþ��
ù��yø¹ùih 
'�Gþ��aù�ý�ø¹ù��.jPù����;÷��oø�÷lk�üWþ��V�hþUù����nmf*o;Pb�
��tø�þ��SY1ZE[%\�]M^�_1\�`P\A[A"1ÿ�üWúC
!ø`ý���÷Uù�üPù����
þ1�!ú
�'�Gý0ù��yø�ùf�p�Gý��&ø`ÿ�ù��yø��q�hûcü%�����Gýr4%��÷nù�üshtgyý���j,ø����$ý��-�$þIù��!ø�ù�ý �.,%�hüWþ��e��	�ù����³ÿGü�üWý#÷��$þyø¹ù��.�
	eý�üWú ù������&ù�ý�ø`ÿ2T1�$þ�,�ø`ý��
����ù����hþPønÿ.��ý#ù�ø��$þBù�ü����Gý�ø`þ!ÿ��zü�	0ù����Iø�
�
!ý�ü#uA�$úgø�ù��
�$ü�ÿoø�ù��$üWþ¤ü�	0ù����
÷��oø�÷skGüWþ��V9<�N�v����ù����cÿGø��$ÿ����tø�ù��G÷¤ÿGü�üWý�÷��hþyø�ù��.�&ü�	Ñù����

kü%����ù�ý#üWþBø`ý �wh#ÿ��$ü%� �:�Gþ�ü%��,%��jnù�ünù����
�tø��=ù1ý �GÿGü`ý�÷���÷;ÿGü�üWý�÷��hþyø�ù��.��ü�	Ðù�����ú
�!üWþ�xdy ;Ez�{}|&;P~#{cy1�Åù�ü%�q�Gý�ø`þ!ÿ.�#@Q"�ù����q���Q4%�Gþ�ù��q���tø��������G÷
ø��Ch 
'�Gþ��aù�ý�ø¹ù��$þ�,%jzù����4÷��Gø`÷�kGüWþ���ø`þ!÷n���q�#ù�ü%,Wý�ø�úgúS�G÷��

� �$þyø����hû�"7��	Ñù����}�tø��#ù4ý���ÿGüWý#÷��G÷�9<;>=�?A@�ÿ�ü5ü`ý�÷��hþyø�ù�����	eüWý®ù����I÷��GÿGø}û�
{ü%� �hù�ý�üWþs��ø�ù��q� 	�ûrù������
��ø`úS�wù�ü%�q�Gý�ø�þ!ÿ.�³ÿGý �hù���ý��$ø�"'���'�Kù������tø��#ùÑý���ÿGüWý#÷��G÷����hý��-
��tø`þ��-	eüWýNù����&÷���ÿoøoûC
{ü%� �hù�ý�üWþS���0ù����
��ø`úS�cø���ù��yø�ù®ý��Gÿ�üWý�÷��G÷w	eüWý�ù����cú
�!üWþ7"Ïù�����þBù����q����4��Gþ�ù5�����$ø��'�.����÷!9 ø�þ!÷s�����=ù�ü%,`ý�ø`úKúC��÷E@
ø��Shrgyý �$þ�,�jIø����hý����$þnù����4÷��oø�÷�k�üWþ����f�³ü`ù��®ù��yø�ù�ù����4ù�ü%����ý�ø`þ�ÿ.�.�0�����G÷�	eüWý1ù����.�����$ø��������hþ�,%�
ø`ý���x

� ù�ü����Gý�ø`þ!ÿ��5UX���8�%�%�zÿGú����E�����:�

� ù�ü����Gý�ø`þ!ÿ��5UX�������%�zÿGú����E�V�3�
�

(0���$4�ø��q���.�:	eü`ý�ù����xù�ü%�q�Gý�ø`þ!ÿ.�S����ý��;ÿ2�!ü����Gþ7"f�hþ��kü`ù��UÿGø������."B�yø�� �G÷ÜüWþ ù�����,%��üWúS��ù�ý=ûiü�	
ù����}���hý��cÿ2�yø`ú:����ý��.�S���GúS�Gú
�'�Gý®ù��yø�ùvù����}���$ý��}� 
yø`ÿ��$þ�,V	eüWý�mf*��5���5�SU������nÿGú�" ��ü�ù����
÷����=ù�ø`þ�ÿ.���'��ù¡�p�.��þ¤ø5���$ý��&ø`þ!÷nù����®þ��Ru5ù1ÿ.�.�q���q�0�M¢%��U£�����®ÿ�ú��B¤D�$úS���tø�ý��hû�"1�M¢%��U£������ÿGú��$þ
ø`þ�ûs)�*��'(0���zù�ü����Gý�ø`þ!ÿ��
����ÿ2�!ü%����þa� �!ÿ2�Pù��yø¹ù®ù����,÷��GÿGø}û3
{ü����hù�ý�üWþ��vø`ý��zø����hüM�p�G÷¤ù�ünÿ�üWúC�
4%��ý#û;ÿ��$ü%� �&ù�ü,ù������kü%�!þ!÷yø�ý#ûC���aù¡�����Gþ¤ø`÷¦¥�ø`ÿ��Gþ�ùwÿ2�yø`ú
�'�Gý�ÿ.�.�q����9§��
nù�ü��A���%�%��ÿGú�	eý�üWú�ù����



¨c©Eª�«­¬t®�¯±°�²´³dµEª�¶¸·�¹ º�¹�»M¼e½:¾À¿BÁ/½ÃÂ�ªA¬�ª Ä�Å

Æ.Ç�È�ÈDÉ�Ê%Ë�Ì�ÍPÎ�ÏrÐ�ÑRÒ%É�Ë�Ó­Î�Ï�ÇpÌ�Ê�Ó­Î�È�ÈqÊMÔpÇ.Í5Ó�ÊdÆ.Ï�Ê�Õ�ÕcÓ�Ö�Ç/É'Ê%Ë�Ì�ÍPÎ�Ï Ð%×eØ0Ö�Ù�ÕeÚ%ËPÎ�Ï�Î�ÌGÓ�Ç�Ç.ÕcÓ�ÖPÎ�Ó­Í�Ç.Æ#Î#Ð
Û Ê�Õ�ÙqÓ�Ï�Ê%Ì$Ç�Ü%Ç�ÌGÓ�Õ�Ý§Ï�Ê%ÞßÎ�Í¦à�Î�Æ�Ç.ÌGÓ�Æ.Ç�È�ÈqÕ0Î�Ï�Ç�Ì�Ê�Ó0Æ.Ê�Ë�ÌGÓ�Ç.Í7×�áDÙ�Ì�Æ�Ç�Í�Ç#Î�Ínâ�Ê%Ì�Ç.Õ�Î�Ï�Ç�Ó�Ö�Ê%Ë�Ú%ÖGÓ/Ó�Ê
É�Ç�ÈqÊAÆ.Î�È�Ùqâ.Ç.Í
Ó�Ê5Î5Õ Ù�Ì�Ú%ÈqÇ0Æ.Ç�È�ÈNÒ%Î5ÞSÊ%Ï�Ç�Î�Æ.Æ.Ë�Ï�Î�Ó�Ç-Æ�Ê%Ë�ÌGÓpÊ�Ý7Í�Ç#Î�ÍCâ.Ê%Ì�Ç Û Ç.Ì�ÇQÓ�Ï�Î�Ó�ÙqÌ�Ú Û Ê%Õ ÙqÓ�Ï�Ê%Ì�Õ
Ù�Õ�Î�Æ2Ö�Ù�Ç�Ü�Ç.Í�×

ãVäRå æoç�è æ!è�éeêëé

ì Ì&Ê%Ï�Í�Ç.Ï:Ó�ÊsÍ�Ç�Ó�Ç.Ï�ÞSÙ�Ì�ÇCÔ�Ö�ÇQÓ�Ö�Ç�Ï}Ê%Ï
Ì�Ê�Ó:Ó�Ö�ÇVÎ�ÌPÎ�ÈqÐDÕ Ù�Õ:Æ�ÊAÍ�Ç�Ù�Õ:ÔpÊ%Ï íDÙqÌ�Ú�ÙqÌ&Î�Ï�Ç.Î�Õ�Ê%Ì�Î�É�È�Ç
Ô/Î#Ð�ÒEÓ�Ç.ÕrÓ�Õ0Ô�Ç�Ï�Ç Û Ç�Ï Ý§Ê%Ï ÞCÇ�Í�Î�Õ�Ê%Ë�Ó�ÈqÙ�Ì�Ç�ÍnÙ�Ì�Ó�Ö�Ç�Ý§Ê�È�È�Ê�Ô�ÙqÌ�Ú:Ý§Ê%Ë�Ï�Õ Ë�É�Õ�Ç�Æ�Ó�Ù�Ê%Ì�Õ�×

î0ï�ð/ï ñ òCóPôëõEö�÷Aø�ù ú�úßùrû�üßòCý>÷Dþ

ì Ý­Ó�Ö�Ç:ÈÿÎ�Õ Ó���� Û È�Î�Ì�Ç�Ö�ÙqÓ-Ô�Î�Õ������
	��
����	���	��AÒ>Î�Ì�Í�Ó�Ö�Ç ÈÿÎ�ÕrÓ���� Û ÈÿÎ�Ì�Ç�Ö�ÙqÓ-Ô/Î�Õ�������	��
����	���	��AÒ
Ó�Ö�Ç�Ì�Ù�ÓCÙqÕ Û Ê%Õ Õ�Ù�É�È�ÇVÓ�ÊiÆ.Ê%Þ Û Î�Ï Ç�Ó�Ö�Ç�Ï�Ç.Æ�Ê%Ï�Í�Ç.Í ÍPÎ¦Ó2ÎaÆ�ÊAÊ�Ï�Í�ÙqÌPÎ�Ó�Ç�Õ}Ó�ÊaÓ�Ö�Ç�Ï�Ç.Õ Ë�ÈqÓ�ÕCÊ�Ý�Ó�Ö�Ç
Ó�Ï�Î�Æ2í1Õ Ô�Ù�ÞSÞSÙ�Ì�Ú�Æ.Î�È�Æ�Ë�ÈÿÎ�Ó�Ù�Ê%Ì
Ý§Ê�ÏBÓ�Ö�Ç�Í�Ç.Æ.Î#Ð Û Ê%Õ ÙqÓ�Ï Ê%Ì�×��dÙ�ÕrÓ�Ê%Ú�Ï�Î�ÞSÕëÊ�Ý'Ó�Ö�Ç�Ý§Ê%È�ÈqÊ�Ô�Ù�Ì�Ú�Ü�Î�ÈqË�Ç.Õ
Ô�Ç�Ï�Ç Î�Æ.Æ�Ë�Þ
Ë�È�Î�Ó�Ç�Í��
��� Ñ �dÙqÕ Ó�Ê%Ú%Ï�Î�Þ!� � �#"%$'&)(*��+-,-&.,#Ñ

Ô�Ö�Ç�Ï�Ç��)"/$0&�Ù�ÕëÓ�Ö�Ç1����Æ.ÊDÊ%Ï�Í�Ù�ÌPÎ�Ó�Ç/Ê�Ý'Ó�Ö�Ç Û Ê%Õ�Ù�Ó�Ï�Ê�ÌCÎ�ÕpÎ�Ï Ç.Õ�Ë�ÈqÓfÊ�Ý7Ó�Ï�Î�Æ2í1ÕrÔ�Ù�ÞSÞCÙqÌ�Ú�ÉPÎ�Æ2í
Ó�Ê2�����
	��
����	���	��AÒ�Î�Ì�Í �#+-,-&.,�Ù�Õ/Ó�Ö�Ç3����Æ.ÊDÊ%Ï�Í�Ù�ÌPÎ�Ó�Ç�Ê�Ý Ó�Ö�Ç Û Ê%Õ�Ù�Ó�Ï Ê%ÌnÏ�Ç.Æ�Ê%Ï�Í�Ç.Í�Ù�ÌnÍPÎ�Ó�Î
Î�Ó4�����
	��
����	���	��A×

�65 Ñ �dÙqÕ Ó�Ê%Ú%Ï�Î�Þ!� � ��"/$0&)(7�8+-,�&.,#Ñ
Ô�Ö�Ç�Ï�Ç9��"/$0& ÙqÕBÓ�Ö�Ç9�
��Æ.ÊDÊ%Ï�Í�ÙqÌPÎ�Ó�Ç0Ê�Ý7Ó�Ö�Ç Û Ê%Õ�Ù�Ó�Ï Ê%Ì$Î�Õ�Î�Ï�Ç�Õ�Ë�È�Ó�Ê�Ý7Ó�Ï�Î�Æ2íDÕrÔ�Ù�ÞSÞCÙqÌ�Ú�ÉPÎ�Æ2í
Ó�Ê:������	��
����	���	��AÒ Î�Ì�Í!��+-,-&., ÙqÕ0Ó�Ö�Ç;�
�¡Æ.ÊDÊ%Ï Í�Ù�ÌPÎ¦Ó�Ç�Ê�ÝeÓ�Ö�Ç Û Ê�Õ�ÙqÓ�Ï�Ê%Ì�Ï�Ç�Æ.Ê%Ï Í�Ç.Í�Ù�Ì�ÍPÎ�Ó�Î
Î�Ó4�����
	��
����	���	��A×

Ø0Ö�Ù�Õ�Ó�Ç�Õ Ó Û Ï�Ê�Ü%Ç�Í�Ó�Ê�É�Ç�Ü%Ç�Ï ÐiË�Õ Ç�Ý§Ë�ÈK×=<pÐiÙ�Ì�Õ Û Ç�Æ�Ó�Ù�Ì�ÚnÓ�Ö�ÇSÖ�ÙqÕ Ó�Ê�Ú%Ï�Î�ÞSÕ�Ý§Ê%Ï�Ó�Ö�Ç>�&Î�Ì�Í
�
�¡Æ.ÊDÊ%Ï Í�Ù�ÌPÎ¦Ó�Ç.Õ�Õ Ç Û Ç.Ï�Î¦Ó�Ç.È�Ð%Ò-Î�Ì´Ç�Ü�Î�È�Ë�Î�Ó�ÙqÊ%Ì´Æ.Î�Ì É'Ç3ÞCÎ�Í�Ç�Ê�Ý�Ô�Ö�ÇQÓ�Ö�Ç�Ï�Ê%ÏSÌ�Ê�ÓCÓ�Ö�Ç�Ó�Ï�Î�Æ2í��
Õ Ô�ÙqÞCÞSÙ�Ì�ÚVÆ�ÊAÍ�ÇCÙqÕ�ÔpÊ%Ï íDÙqÌ�Ú Û Ï�Ê Û Ç.Ï ÈqÐ%× ì Ý0É'Ê�Ó�ÖiÖ�Ù�ÕrÓ�Ê%Ú�Ï�Î�ÞSÕ�Õ�Ö�Ê�Ô Î�Õ�ÖPÎ�Ï Û�Û Ç#Î�íwÎ�Ï�Ê%Ë�Ì�Í



?�@�ACBED-F/GIH�JLKNM�A�OQP�RTSUR9V
WYX[Z]\_^4Xa`3A�DbA c
d

dzon01
Entries 190754

Mean 0.0003082

RMS 0.1166

Underflow 1604

Overflow 1643

Integral 1.875e+05

(cm)data
(PC6) - U

fit
U

-1 -0.5 0 0.5 1

N
u

m
b

e
r 

P
e

n
e

tr
a

te
d

0

1000

2000

3000

4000

5000

6000

7000

8000

9000
dzon01

Entries 190754

Mean 0.0003082

RMS 0.1166

Underflow 1604

Overflow 1643

Integral 1.875e+05

dzon01: Difference between Tracking and Data U for Decay Positron

Raw Data

Total Events = 5777967
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dzon01: Difference between Tracking and Data U for Decay Positron

MC Data

Total Events = 5777967
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dzon02: Difference between Tracking and Data V for Decay Positron
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dzon02: Difference between Tracking and Data V for Decay Positron
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dzon11
Entries  2188804

Mean    80.41

RMS     3.619

Underflow       0

Overflow        0

Integral  2.189e+06
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dzon11: Wire Number Fired by Incident Muon

 (cm)muonU
-5 -4 -3 -2 -1 0 1 2 3 4 5

 (
cm

)
m

u
o

n
V

-5

-4

-3

-2

-1

0

1

2

3

4

5 dzon2d02
Entries  2188804
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Mean y  -0.3025

RMS x   0.7279
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dzon2d02: U,V-coords of Muon Hits on pulast_anal

Æ�Ç�È$É�Ê�Ë2Ì�Í�Ì�ÎAÏ�É�Ð$Ñ¥Ò6ËKÓ�Ô�Õ�Ö:Ð�×�×0Ë�Õ ×7Ø#Ù�Ú�Ð�ÑLÛ$ÛIÜ§Ù�Ú�Ð$ÑGÌ�Ù(Ý$Ì$Þ)ß�×
Ó�à�Ë�Ñ¥á#Ê�Ð$ÔÃâ�ã�Õ�Ë�×,Ì$ä�Ó�Ñ(Ó�å Å

æ Ð�Ù�Ë�Ù æ Ð�Ñ!×0Ð$É�Ê2Ö�å�Ð�×�Þ�Í3çxÐ?ènË�é$Ë�Ê�ß+Õ0Ð$Ô�Ë æ Ð$É�Ñ�×0ÕbÐ æ�æ É�Ê2Ç�ÑMÒ6Ë�×�ènË�Ë�Ñ�è;Ç�Ê0Ë�Õ�Í3ê.ë�Ç�Õ2Ç�Õ@Ù�É�Ë3×0Ð
×
ë�Ëbè"Ë�Ç�È$ë�×0Ë�ÙJÓKé$Ë�Ê
Ó�È�Ë*Ö6Ë�Ê�á#Ð�Ê0Ô�Ë�ÙìÇ�Ñ¥×0ë�Ë7Ó�Ñ(Ó�å�í�Õ�Ç�Õ;Ð�áª×0ë�ËIè;Ç�Ê0Ë æ ë(Ó�Ô7Ò6Ë�Ê�ë�Ç�×0Õ�è;ë	Ë�ÑJÔ�Ð$Ê0Ë
×
ë(Ó�Ñ�Ð$Ñ	Ë/è;Ç�Ê0Ë@î(Ê�Ë�Õ.á#Ð$Ê-×0ë�Ë2Õ
Ó�Ô�Ë2Ë�é$Ë�Ñ�×KÍ

ïiáª×
ë�Ë�Ê0Ë2Ç�Õ;Õ�Ð$ÔNË)×
ë�Ç�Ñ�È�Ð$É	×�Ð�át×
ë�ËbÐ$Ê0Ù	Ç�Ñ(Ó�Ê í9Ç�Ñ9×0ë�Ë æ Ð�Ù	Ë�ßGÇ�Ñ�Õ�Ö:Ë æ ×0Ç�Ñ�È3×
ë	ËIÕ�ë(Ó�Ö6ËIÐ�á+×
ë�Ë
Ò:Ë�Ó�Ô¢Õ�Ö:Ð�×AÔNÓKí3Ê0Ë)é$ËKÓ�å6Ç�×KÍ+ê.ë�ËxÔ�ËKÓ�Ñ�é�Ó�å�É�Ë;Ð�á æ Ð$É�Ñ�×0Õ"Ó�å�Ð$Ñ�È@×
ë	Ë�ð$ñiÙ�Ç�Ê�Ë æ ×0Ç�Ð$Ñ3Ç�Ñ3×
ë�Ë�Ò:Ë�Ó�Ô
Õ0Ö6Ð�×.Ç�Õ"Õ0å�Ç�È$ë�×0å�í�Ð�ò æ Ë�Ñ!×0Ë�Ê�ß	è;Ç�×0ë9ÓIé�Ó�å�É	Ë5Ð�áLñ�Ý	Í Ä Ý�Ì$ó æ Ô�Ízïi×"Ç�ÕAè"Ë�å�åEà!Ñ�Ð?è;Ñ9×
ë�Ó�×"×0ë�Ë/Ô7É�Ð�Ñ
Ò:Ë�Ó�ÔôÕ�Ö:Ð�×zÇ�ÕªÑ	Ð�×zÖ6Ë�Ê�á#Ë æ ×0å�í7Õ í�ÔNÔ�Ë�×0Ê0Ç æ ß�Ó�Ñ�Ù7×0ë�Ë.Ù�Ç�Õ�×
Ê�Ç�Ò�É�×
Ç�Ð�Ñ7Õ0ë�Ð?è;Ñ�Ç�Ñ�Æ+Ç�È$É�Ê�Ë.Ì�Í�Ì/Ó�È$Ê�Ë�Ë�Õ
è;Ç�×0ë�×0ë�ËbÓ æ ×0É(Ó�å=Ò6ËKÓ�Ô¦Õ0Ö6Ð�×KÍ

ê.ë�Ë æ Ç�Ê æ É�å�Ó�Ê2Ó�Õ�í�ÔNÔ�Ë�×0Ê�í¨Ð�án×
ë�ËNÔ7É�Ð$Ñ�Ò:Ë�Ó�ÔõÕ0Ö6Ð�×*Õ�ë�Ð$É�å�Ù æ Ó�É�Õ0ËRÓ�ÑöÓ�Õ�í�ÔNÔ�Ë�×0Ê�í¨Ç�Ñ
×
ë�Ë2Ù�Ë æ ÓKí�Ö6Ð$Õ0Ç�×
Ê0Ð�Ñ¥ë	Ç�×
Õ;Ó�å�Ð$Ñ�È7×0ë�Ë2ð$ñ�Ù�Ç�Ê0Ë æ ×
Ç�Ð$ÑLÍ

÷.øiù-øiú ûýüdþzÿ������/ü��Nü	��

����������� ���(ü��������Iü����
ê.ë�Ç�Õ"Ç�Õ.ÓI×0Ë�Õ ×.×
ë(Ó�×-Õ0ë�Ð?è;Õ.Ç�Ñ	Ù�Ç�Ê�Ë æ ×"Ë�é�Ç�Ù	Ë�Ñ æ ËbÐ�á=×
ë�Ë@Ù�Ë�Ó�Ù9Ú�Ð�Ñ�Ë�Í��/Ñ~×
ë�Ë5å�Ë�á[×"ë(Ó�Ñ�Ù9Õ�Ç�Ù�Ë5Ð�á
Æ�Ç�È�É�Ê0Ë5Ì�Í Ä Ç�ÕnÓIÕ ×,Ó æ à�Ð�á=×�ènÐ7ë�Ç�Õ�×
Ð�È$Ê
Ó�Ô�Õ�Í+ê.ë�Ë/å�Ó�Ê0È$Ë�Ê�ß!È$Ê�Ë�Ë�ÑRë�Ç�Õ ×
Ð$È$Ê0Ó�Ô�Ç�Õ'×
ë	Ë5Ñ!É�Ô7Ò6Ë�ÊnÐ�á
Ö:Ð�Õ0Ç�×0Ê0Ð$Ñ	Õ ��!#"$!#%'&)(*%,+-"�.~×0ë�ËbÙ�ËKÓ�Ù¥Ú�Ð�Ñ�Ë@è;ë�Ç�å�Ë/×
ë�Ë2Õ0ÔNÓ�å�å�Ë�Ê�ß	Ò�å�É�Ë2ë�Ç�Õ ×
Ð$È�Ê
Ó�Ô Ç�Õ-×
ë	ËIÑ!É�Ô7Ò6Ë�Ê
Ð�áLÖ6Ð$Õ�Ç�×
Ê�Ð$Ñ�Õz×
ë�Ó�× æ Ó�É�Õ�Ë�Ù~Ó2è;Ç�Ê�Ë;×0Ð0/1&2!xÇ�Ñ�×
ë	ËxÙ�Ë�Ó�ÙRÚ�Ð$Ñ�Ë�Í13"Ð�×
ëNÓ�Ê�ËxÇ�Ñ�×0Ë�Ê0Ô�Õ'Ð�áE×0ë�Ë;è;Ç�Ê0Ë



46587:9<;>=2?�@BADCFE87HGJI�K)LMKONQPSRUTWV1XYR[Z\7];^7 _a`

60 65 70 75 80 85 90 95 100
0

2000

4000

6000

8000

dzon03
Entries  97391

Mean    80.36

RMS     3.436

Underflow       0

Overflow        0

Integral  9.739e+04

dzon04
Entries  44432

Mean    80.34

RMS     3.435

Underflow       0

Overflow        0

Integral  4.443e+04
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HStack: Number Penetrating and Number Firing
dzon05

Entries  44432

Mean    80.09

RMS     7.221

Underflow       0

Overflow        0

Integral   11.47
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Entries  44432

Mean    80.09

RMS     7.221

Underflow       0

Overflow        0

Integral   11.47

dzon05: (Number Fired) / (Number Penetrating)
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dzon06
Entries  84614

Mean     3188

RMS      1852

Underflow       0

Overflow        0

Integral  8.461e+04

dzon07
Entries  12267

Mean     4390

RMS      2039

Underflow       0

Overflow        0

Integral  1.227e+04
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HStack: Number Firing and Number Penetrating Dead Zone

dzon08
Entries  12267

Mean     6085

RMS      1982

Underflow       0

Overflow        0

Integral   18.72
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Entries  12267

Mean     6085

RMS      1982

Underflow       0

Overflow        0

Integral   18.72

dzon08: (Timing of Fires) / (Timing of Penetrations)
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dzon31

Entries  249031

Mean   -0.001543

RMS    0.2184

Underflow      53

Overflow       34

Integral  2.489e+05

dzon32
Entries  171993

Mean   -0.0006989

RMS    0.2277

Underflow      17

Overflow        8

Integral  1.72e+05
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HStack: Number Penetrating and Number Firing Dead Zone

dzon33
Entries  171993

Mean   0.04078

RMS     1.044

Underflow  0.3208

Overflow   0.2353

Integral   123.4
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Entries  171993

Mean   0.04078

RMS     1.044

Underflow  0.3208

Overflow   0.2353

Integral   123.4

dzon33: Difference between Tracking and Muon V-Coords (Ratio)
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dzon2d33
Entries  191993
Mean x    3401
Mean y  -0.0006989
RMS x     1902
RMS y   0.2277
       0       8       0
       0    4381       0
       0      17       0
Integral     4382

dzon2d33
Entries  191993
Mean x    3401
Mean y  -0.0006989
RMS x     1902
RMS y   0.2277
       0       8       0
       0    4381       0
       0      17       0
Integral     4382

dzon2d33: Difference in Tracking and Muon V-Coords (Ratio)

I�J4KHL2MONQPER�S(T�UWV2NYX�Z2N\[HZY]�^`_2N�abV2Jdc�eO^`K`M$[.fhgi^`MkjklAS(T�e$V(N,MO[.e$Jd^Q^.g@m
_�L2f<noN�M@p2MON\ZrqQ_�L2fsntN\Mu N\_2N�e$MO[.e$N�Z�vAcOV2^xwy_z[.c,[sgiL2_({�e$Jd^`_�^Hg:|H}$~��o��|���������[H_2Z�wyJ4_(Z2^xw�e$Jdf�N.R
noNDN��EeOM$[H{�e$N�Z�giMO^`f�e$V2NQZ2N\[HZ�]�^`_2N u2� ^.eyJ4_�I�J4KHL2MONQPER�S(RkU:^�N���eOM$[H{�e,eOV2J4cWJd_(gi^`MOf�[.eOJ4^`_���e$V2NZ	[.e$[�w�N\M�N�p2eQL2cOJd_2Kre$V2N�c�e�[H_2Z2[HMOZ����"�6� �¡Uh_2^H_E¢ � J4_2N\[HM � N£[Hc�eDcO¤�L	[HM�N\cDp2eOeOJ4_2K�[ � K`^`M�Jde$V(fm
c�L u2u ^`M�eON\Z�n�¥�¦W§D§�U v:wyJ¨e$V�[ u MON�Z2N�p2_2N\Z�giL2_2{�eOJ4^`_©R�ª>cOV(^`M�ek¦W§D§«U¬¢¡f�[H{�MO^«w¬[Hc�wyMOJde�e$N�_e$^�p2eye$V(NQZ(N£[HZ�]\^`_(NQV(J4c�eO^`K`MO[Hf­Jd_�I:J4K`L2M�NDPER�SswyJde$V�e$V(NDgi^ �4� ^xwyJd_2KbgiL2_({�e$Jd^`_�T

®smi¯�°O±�v�²³� ´ �µ P�¶¸· N�� uº¹ � mi¯Y��» v"¼P.· ¼ � ±½�¾(¿<ÀÂÁ m�P�R�P`v
wyV2N\M�NHT

Ã ®ÅÄÆe$V2N�M$[.eOJ4^6^.g:m
_�L2fsntN\M�p2MOJ4_(KDq,_�L2fsntN\M u N\_(N�e$MO[.e$Jd_2K�v��`[Hc u(� ^He�e$N\Z<J4_�I�JdK`L2M�NAPER�S(R
Ã ¯�Ä m
|.}$~��o��|���������v
Ã ±@ÄÇ±¡È(~��£É"��ÈÊmËe$V2N�wyJ4_(Z2^xw�e$Jdf�N£v
Ã ´ ��Ä u [HMO[Hf�N�e$N�M\Ì�ÍD[HL2c�cOJÎ[._�[.f u2� JdeOL2Z2N



Ï�Ð�Ñ�Ò Ó"Ô$Õ&Ö(×*Ø,Ù�Ñ.Ú0Û2Ü�Ý4Ü6Þ8ß:à<á>â@ãAàCäDÑEÓFÑ åçæ
èÊé�ê�ë ì	íHî$í.ï�ð�ñ$ð\î�ò	ó«ð£í.ô�õ�ö`÷2ðQø2ð£í.ù4ú4÷(ûsñ$ú4ï�ð
èýüþë ì	íHî$í.ï�ð�ñ$ð\î�òtÿ�����ð�ñ��iîOö`ï��	��

è
��ë ì	í.î$íHï�ð�ñOð\î\ò��Qí������Oú4íH÷������
è��bë ì	íHî$í.ï�ð�ñ$ð\î�ò�ÿ�����ð�ñ��iîOöHï�����
� ñOø2ðDï�öHñOú �.í.ñOú4ö`÷!�iö`î"�#�Oúd÷2û�ñ$ø2ú �$�%�2÷#&�ñOú4ö`÷('yúdù4ù�)tðDð+*Eì2ù4íHú4÷2ð�ô�ùÎí.ñOð\î-,/.0 ø2ð¬ì	í.î$íHï�ð�ñOð\î21�3:ú4÷Dñ$ø2ú �2�%�(÷#&�ñOú4ö`÷bú4��îOð�ùÎí.ñOð\ôDñ$ö,ñOø2ðkô2ð£íHô<ù4ð\÷(ûHñ$ø6587:9<;=7>. 0 ø2ú4��îOð�ùÎí.ñOú4ö`÷&£íH÷?)tð@�iöA�2÷2ô?)CBD��ñ��2ô�B�ú4÷2û�ñ$ø(ðE��ö`÷çñ$ðGFAíHîOùdö(�Oúdï@�2ùÎí�ñ$ú4öH÷zö��kñ$ø2ð�ð+*Eìtð\î�ú4ï�ð\÷çñH.!�I�(ì2ìoö��Oð�Jú4÷ ñOø2ðD�Oúdï@�2ùÎí�ñ$ú4öH÷KJyí ô2ð£í.ô õ�ö`÷2ð ú4�Yú4ï�ì2ù4ð�ï�ð�÷�ñOð\ôL)	íM�Oð\ô ö`÷LN�÷2öO'yù4ð�ô2û`ðþö��Qúdñ���ðP�oðQ&�ñR�Q.�EìtðQ&\úTS�&£í�ñ$ú4öH÷�öM�oñOø2ð��Oú4õ�ð íH÷2ô�ô#�2î$í�ñ$ú4öH÷�ñOú4ï�ðAö��tñ$ø2ð ô2ð\íHô�õ�ö`÷2ðyú4÷�ñOø2ð��Oú4ïU�2ùÎí.ñOú4ö`÷<îOðQVW�2údîOðP�ú4÷2ì��(ñYì2íHî$íHï�ð�ñOð\î=�QXY587Z9[;:7�íH÷2ôÊé\êC. 0 ø(ð\÷>í ùÎíHî�û`ð�÷\�(ï@)oð�î�öM��ðP�Hð\÷çñR��í.îOð�í�&Q&P�2ï@�2ù4í.ñ$ð�ô�#�Oúd÷2û�ñ$ø2ð]�Oúdï@�2ùÎí�ñ$ú4öH÷^&\ö�ô2ð�JtíH÷(ô�ñOø2ðPB�íHî�ðQíH÷	íHùTBEõ�ð\ô�'yúdñ$ø�ñ$ø(ð�_�ó«ð£íHô2õ�ö`÷2ðP`E&\ö�ô2ðM.$�Eö�ñ$ø2ðVW�2ðQ��ñ$ú4öH÷a)tðQ&�ö`ï�ðP�QXDø2öO'b&\íH÷ ñ$ø2ð�úd÷2ì#�(ñDì	í.î$íHï�ð�ñOð\î�� � 5c7Z9<;=7<íH÷2ôþé\êd,�)tðe�iöA�2÷2ôD�iîOöHï ñ$ø2ðíH÷	íHùTB\�Oú4�Wî�ðQ�=�2ùdñ��-fg ÷�ñ$ø2ð@��ö`÷çñ$ð@FAíHîOùdöG��ú4ï@�(ùÎí.ñOú4ö`÷(&�öEô2ðMJtñOø2ð<ô(ð£íHôzõ�ö`÷2ðbú4�,íHì2ì2î�öO*EúdïYí.ñOð\ùTBrîOð�ì2îOðP�Oð�÷�ñOð\ô)CB íh��VW�	í.îOði'¬ð�ù4ùc�Oúdï�údùÎíHî6ñOö�ñOø2ð�î$í.ñOú4ö�ø2ú4��ñ$ö`ûHî$íHïj��ø2öO'y÷�úd÷lk�údûA�2î�ðEm\. æ .Eno�(ñ6�Oúd÷#&\ð�ñ$ø2ðð+*Eìtð\îOúdï�ð�÷çñDú4�«ï�ð£í��=�2îOð�ôD'yúdñ$øþùdú4ï�údñ$ð�ô�î�ðQ��ö`ù4�(ñOú4ö`÷�J�ï�ð\í����(îOú4÷(ûrñ$ø2ðe��ú4ï@�2ù4í.ñ$ð�ôzô	í.ñ$íE'yúdñOøñ$ø2ð(_Oó«ð£íHô(õ\ö`÷2ðP`�íH÷	íHùTB\�Oú4�o&\ö�ô2ð«û`úT�`ðQ�yíY_=�Oï�ð£íHî�ð\ô#`�î�ðQ�=�2ùdñQJ2í��"��ø2öO'y÷�úd÷(k�údûA�2îOðpmI. æ . 0 ø2ú4�_=�Oï�ð£í.îOú4÷(ûA`Yö��@ô2í.ñ�íG�iî�ö`ï ñ$ø2ðsúd÷2ì#�(ñ���ñOîOð£í.ï ñOörñ$ø2ðsö��2ì#�(ñq��ñ$î�ð£íHïr&£íH÷D)tðsô2ðP��&�îOú4)tð\ôD)CB&\ö`÷C�Hö`ù4�(ñOú4ö`÷�ñOø2ð\ö`î:BA.s�yðQ&£í.ù4ù©ñOø2ðDô2ðPS	÷(údñ$údö`÷�ö���íi&�ö`÷C�`ö`ù �(ñ$údö`÷�í��yû`ú �Hð\÷	)CBtXvuxw>mdy

z � �{,c|~}"���i������ � } �%� ,�� � �G� � ,=� �/� � m\.��C,
g �c} � �{,Wú4�AñOø2ðQö`îOúdû`ú4÷	í.ù{�%�2÷#&�ñ$údö`÷ � ��VW�	íHî�ð]'�ð\ùdù�,/J	íH÷2ô�� � �{,Aú4�Añ$ø(ð6��ï�ð\íHîOúd÷2ûe�%�2÷#&�ñOú4ö`÷ � ÷(ö`î:�ïYí.ù4ú4õ�ð\ô��Dí��#�=�OúÎí.÷�,+J(ñOø2ð\÷�ñ$ø(ð]&�ö`÷C�`ö`ù �(ñ$ð�ô��%�(÷#&�ñOú4ö`÷�ú4� z � �{,/.



�v���P���Z�R�����
�����M�x #¡=¢4¡�£>¤¦¥U§L¨c©$¥«ª¬�I�­� ®A¯°2±+²�³\´�µ{¶"·�¸#¹	ºK´�µ{¶o»{±q¹�±P¼�¸#±P¹Y·�½"¾%¿AÀ À4¿OÁ�½QÂ
³W´%µ{¶cÃ ÄÅÆ ÅÇ È É ¾�Ê µ8Ê\Ë�ÌsÍAÎÏ É ¾�Ê µ8Ê\Ð�ÌsÍAÎÒÑ ´[Î\Ó ® ¶
ºK´�µ{¶cÃ ÔÕ Î>ÖØ× ±+ÙIÚDÛ"Ü µ�ÝÎd× ÝvÞàß ´[Î\ÓâáA¶

ã"ä#±Q¸ É ²"åQ·�¸�»{±¬½�ä�¿>Á�¸�²Rä�·d²"²Rä#±¬åQ¿�¸Wæ�¿AÀ4çI² É ¿�¸�¿M¾8³W´%µ{¶oÁ É ²Rä(º�´%µ{¶ É ½PÂ
è ´%µ{¶éÃ È ÔÎ ê ±Pë=¾%åUÛ µiì
ÌsÍAÎÕ ÎM× Þ Ü ±Që=¾%åUÛ µ Ü ÌsÍAÎÕ ÎM× Þ ì
Î>í ´[Î\Ó ¯ ¶Ã Ü È ÔÕ ÖhîðïñóòMôWõTöR÷Aø ì È Ô Ñ ´[Î\ÓâùA¶

Á�ä#±Që=±�Â ú Ã µ Ü ÌsÍAÎÕ Îd× Ñ û Ã µiì�ÌsÍAÎÕ Îd× Ñ·�¸#¹�±Që:¾%åC´%µ{¶ É ½$²Rä#±¬åQ¿�üGÚ#À ±Qü!±Q¸C²-·Më=ý^±Pë�ë=¿Aë$¾%ç#¸#å+² É ¿�¸Kþ�¹#±P¼#¸#±Q¹h»WýtÂ ÿ ���
±Që:¾%åW´%µ{¶���� Ü ±Që:¾=´%µ{¶cÃ ÎÕ Ö î �

	 ò ôWõ ö-÷Aø ß ´[Î\Ó � ¶

­² É ½�¸�¿>Á
åQÀ ±H·�ë ²Rä�·d²�²Rä É ½vÚ�·Më=² É åQç#À4·�ëvåP¿A¸CæA¿AÀ ç�² É ¿A¸ É ½��Wç É ²�±$åQ¿Aü!Ú#À É åH·d²R±Q¹�þ�·�¸�¹!åQ·�¸#¸#¿M²8»{±ë�±P¹#ç#åQ±P¹�¾%ë�¿�ü É ²R½ É ¸W²�±�
Aë�·�ÀØ¾%¿Aë�ü���»#ç�²�ç#¸#¹�±Që�åP±Që:²-· É ¸�åQ¿�¸#¹ É ² É ¿A¸�½ É ²�åH·�¸�»{±6·�Ú#Ú#ë=¿HÙ É üE·d²R±Q¹»Cý�·��¬·�ç#½=½ É ·�¸�Á É ²Rä�· ¸#±�
C·d² É æ�±�·�üGÚ�À É ²�ç#¹#±MÓ���½i½�ä#¿OÁ�¸ É ¸�� É 
Aç�ë�±�ÎIÓ�ùIþc²Rä#±Pë�±�·�ë�±(²�Á�¿±+Ù\²Rë=±Qü!±Q½¬²R¿	²Rä#±e¾%ç#¸�åP² É ¿A¸ É ¸����\ç#·M² É ¿A¸
´[ÎIÓ�ùA¶+Â¬¿A¸�± É ½qÁ�ä#±Q¸a×�� Ì"þ2²Rä#±i¿�²�ä#±Që É ½qÁ�ä#±P¸×�� Ì"Ó
��¿�ëc²�ä#±"¼�ë�½:²oåQ·�½�±MÂ�×�� Ì�´%½�ä#¿OÁ�¸E¿�¸!²�ä#± ²�¿AÚ!Ú#À4¿�²c¿M¾�� É 
Aç#ë�± Î\ÓâùA¶/þA²Rä#± åQç�ë=æA±�½�ä�·MÚ{± É ½¹#¿Aü É ¸�·d²R±Q¹(»CýG²Rä#±q²�Á�¿!±Pë�ë=¿Aë$¾%ç#¸#å+² É ¿�¸#½! #"%$& #'( )$&*,+&-#-/.0�\²Rä�·M² É ½Qþ\²Rä#±+ý(¿OæA±Që=À ·�Ú É ¸(ë�±�
 É ¿A¸#½o¿�¾µhÁ�ä�±Që�±q²�ä#± É ëoæM·�À4ç#±P½"·�ë=±q½�üG·�À4À<Ó¦ã"äWç#½Pþ�²�ä#±q¿OæA±PëR·�À À�åQ¿�¸Wæ�¿AÀ4çI² É ¿�¸(åQç#ë:æA± É ½1"3254�¹#¿Aü É ¸�·d²R±Q¹»Cý^²Rä#±¬½=ç#ü«¿�¾ ²Rä#±¬±Që=ë�¿Aë"¾%ç#¸�åP² É ¿A¸#½PÓ



68709;:�<>=@?BADC�EGF09�H/I,JLKMJONQPSRUTWV�XYR[Z\9]<^9 _a`

 0

 0.2

 0.4

 0.6

 0.8

 1

-6 -4 -2  0  2  4  6

Case 1: Sigma << L

Square Well, S(x)

Gaussian, G(x)

Convolution, C(x)
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Case 2: Sigma >> L

Square Well, S(x)

Gaussian, G(x)

Convolution, C(x)
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