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�f���� � r f � ��_ �hpXy � � #�ce�hm _ba�c{psr � � � d ��cey[Z
ced d � r f��h�Efh� � � r f � ��_ i���m�c{r _ga�c�yepwk j�f��"cem�.t}N@ _br � ��d nqpwrgk � _bfhps�6�O@|a�cer c � � d ��p r c � d ps�

_bpNdgi"���?pwdgc�_ba � _ �"a �zd f�y � �G� � � d � c{rgc���pw_ f���� � r f � ��_ i��"m�cer2./%(} � �"mB@ f���m�f��zf�m�i � ���h�H�
!�p � c{�sc{r %t�"p � _ba � _l} a � m'j)cece� dga"p � � _bpNj)c��Xfhps� � _bcem fh� _ba�c � c � � fh��_bcer � y{_gf�ps�Y% � _

��c � d _�ps��c�pwno. � �"mg@:k i�d+_�j)c��zf�pw� � _gcem _bpzp�% f�� pwrgm�c{r3_gp yepw��dgc{r �sc�.t}N@ �j@|a�c
m�fhdgy{pQ�wcer+�

_ba � _|ps����� � �hc{n _MZYa � ��m"cem���c{i"_br f���p � ��m � rgfhvsa�_MZ�a � ��m�c{m � ��_bf��"cei"_grgf��"p c=<Xf�d+_ dga�p � cem�_ba � _
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{c � j"��c � d+�Xklklc{_br+� y{psi���mNj)c
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� � y{_gpsr �H� .�a � �"_bc{r � psiX_b��fh��cedok � � pwr#��ps� � yei"_\Z � �"meZ�y{psi���_ j � dgc{m � � � �h�zdgfhd % � a�f��hc

.�a � �"_gcer % m�ced yer f�j)ced � I � <Xf�k i�k���f0�wce�hf�a�pzpzm � � � �h�zd f�d�p�n6# 1 3651ps�l_ba�c87Gi�� �
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yeps�h��c{y{_bc{m � _+; � ; � rGj)c{_ � cec{� ������� � ��m �w�s�s�&�
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��ceiX_br � �/� � ps� k � d d c{f�vsc{��d _ � _bc fhd[�"pw_ � �"i�rgcW.t}.c{f�vsc{��d _ � _bcE� @|a�c �hps��vEZY��f��scem^� � ps�6%
5	�� % � a�f�y a fhd�k � fh���h�a.t}�� � � %)a � d � dgk � ��� � k[���hfh_gi�m�c
_bp[m�cey � �O_gpl_ � p���fhps��d % � .t}

� � �/d+_ � _gcH�N@|a�c
�"a�ce��pwk[c{��ps�opwno.t} �zf�ps� � _bfhps� � � dti�� � k j�f�vsi"psi�dg��� m�ceklps��d+_br � _bc{moj �

_ba�c psj"dgcer+� � _bfhps� pwn 5 �� 1 3 � 3 � � � � #�ce��m _ga�cepwr � _gcergkld %I_ga�cl� � vsr � ��vsf � � m�ced yer f�j�fh��v

f���_bc{r � y _bfhps��d|m�pzced ��pw_ r cek � f��ofh��� � rgf � � _ti���m�c{r _ga�c*yepwk j�f��"cemS.t} _br � ��d+nqpsrgk � _bfhps�6�L.t}

�zf�ps� � _bfhps� pXy{yei�r d[fh� � ��� #�ce�hm _ga�cepsr+� � a�f�y a a � dlyepskl���hc=< _gcergkld f�� _ba"c � � vsr � ��vsf � �6%
� a�f�y a y � ����pw_(j)ctk � m�ctr c � �Xj�� � �����qyepskl����c[< �
��a � dgc|_br � ��d nqpwrgk � _bfhps�6� � _�f�d9i���m�c{rgd _gpXpzm

_ba � _�.t} �zf�pw� � _gf�ps�Of�d � y{rgi�y{f � �
nqc � _gi�rgc p�n � ��� _ba"cepsr+� � a�fhy a � _g_bc{k[�X_bd/_gpoc=<X��� � f�� _ga�c

� d �zklk[c _br+� j)c{_ � cec{�Ek � _ _bcer � ��m � � _gf�k � _g_gcerGf�� _ga�c i��"fh�sc{rgd c %�*W'k� � _/f�d � ��dgp � � � _gi�r � �

nqc � _gi�rgcupwn
_ba"cu_ga�rgc{c vwce��c{r � _gf�ps�S,z_ � ��m � r m I pXm"ce�k�N@|a"c m�fhdgy{pQ�wcer+��pwn�_ga�c � � i � rM��nqrgpsk

_ba�c m"cey � �Wpwn�
 � %�� �lfh� ��� *�* % -2'/ps�?c{��cem i���_ga�c �)psdgd f�j�fh��fh_��'p�n i"dgf��"v _ba�c�# klced ps�

d �zd _gcek._bp _gced _A.t}'�zfhps� � _gf�ps�Y� �
��c�j?c � i"_��[pwn�_ba�c/;Wklcedgpw��d �zd _gcek f�d(_ba�c
vwrgc � _�� � rgfhc{_��

pwn�y a � ����ce�hd/_ba � _/y � � j)c d+_bi�m"f�cemY�:@|a�c-; � ; � r/c=<X�)cer f�klce��_ � _ ,"��^+.`f�dG��r f�k � rgfh�h� � #
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B !  !¢B EGF�HJILKMIONQ&1&QPRETIqGSR@TUHWV NgC�TUX
(RQTS8]TZTS@!y]TVYzR�aS}VYU�S}ZTSj^c�oXpS}b�^cS@!y]HX[^cS¥V�iZYP`±^cXpZT��l}`oZ KJ�o]T^cVtikXp`oZ J?S}z[Sjljic^c`oZTb�XpZxV7?�Xp�oQ
CAZTS}^_�Yf ,<X[ZH�G[�? C ,]\�l}`ozpz[XpuTX[ZT�^Y<X�ikQ�\�`ob_Xpik^_`oZTb¬X[Z�V .e`	Y C�ZHS}^c�tf ,<X[ZT�_[ .�C ,`\3acbh`oU?S
\JVY^cVYUWS�ikSj^cbA`Yd�ikQTS<bgik`o^cVY�oSR^cXpZT�ob�VY^_SR\T^cSjbcSjZDicS}uWX[Z�i�VY�Hz[S�O�a ;dY<QTX[l�Q?z[Xpb_icb��a`tikQ�ikQTSRuHS}bcXp�oZ
wtVYz[]TSjb¥VYZHu�ikQTS�wtVYz[]TSjbWi¢fy\TXpl�VYzpzpfx`o�HikVYX[ZHS}u�uH]T^cXpZT��lj`oz[zpX[uTXpZT�±�aS}VYU `o\aSj^kVticX[`oZ£X[Z¤ikQTXpb
KJ^cbgirfYS�VY^�V�d ikS}^<ik]H^cZ-`oZ�a�(RQTS4. C , X[b�z[`yl�VticS}u�VY��` wYS:ikQHS4? C ,0X[Z�ikQTS:v C�v A 0 0 ik]TZHZTS}zea
v Cqv A 0 0 QJVYb���S}SjZxVYZ�SjZT`o^cU?`o]Tb�bc]Tljl}Sjbcb?VYZTu�QTVYb�bc]H^c\JVYb_bcSju¤X�ikb�uTS}b_X[�oZ��Y`�VYz[b¬��`YikQ�XpZ
ikSj^cU?b�`YdFX[ZTbgi�VYZ�i�VtZTS}`o]Hb:VYZHu�X[Z�icS}�o^cVtikSju�z[]HUWXpZT`obcX�i¢ffaWv Cqv A 0 0 i¢fy\TX[l}VYz[z�f�`o\�S}^cVtikSjb�`oZ�V
=�N¥U?X[ZD]HikS'KJz[z�ljfyl}zpS�a¬~Fi�ikQTS:S}ZTu±`YdPV)KJzpz * X�irikV�gYSjb�VY�a`Y]HiSG¥U?X[ZD]HikSjbrik`&^_S}\TzpS}ZTXpbcQ-icQTS
�aS}VYU?b'a 0 d�icQTS�b_ic`o^kVY�YS¬��S�VtUWb<VY^_S�z[`obgi<XpiRi�VhgYS}b�VY\T\H^c` ,hX[UWVtikSjzpf ; N A ; \:UWXpZy]hikS}bFic`W^_S6KJzpz%a
«FVo«FVt^¬uHXpwyX[uTSjb�ikQTS�uJVtikV&X[Z�ik`�^c]TZHb2*�uTS6KJZHS}u�Vtb¬\�S}^_X[`yuTb�`YdqikQT^_S}S?QT`o]T^_b¬`Y^¬zpS}b_b¬uH]T^cXpZT�
Y<QTX[l�Q��aS}VYU VYZTu�uTSjicS}ljic`o^:lj`oZTuTX�ikXp`oZTb�VY^cSFS_]TuT�oSju�ic`¦��SWbgi�VY�TzpS�a&~��a`o]hi);�OY� `YdRuJVtikV
VY^cS¬i�V�gtS}Z±VtiMVsl}U#S}ZHS}^c�tf"=�Nji�S¨§ �aSjz[`	Y ikQHS:\�S�V�g�`Yd�icQTS�¯k[ =D°l\Fik`&Vtz[z[`	Y b_ik]HuTX[SjbM`Yd
ZT`oZ A­^cSjbc`oZJVtZDi��JVtl>gy�Y^c`o]TZHuma
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B !  !%$ EGF�HJILKMIONQ&1& &DCFE H®GSR L EJNOIPC V H TPNgIPC
?�Xp�oQ±�aS}VYU l}]H^c^cSjZ�ikb�VYZTu�V�z[VY^c�oS:Zy]HU��aSj^�`YdFljz[`ob_S}zpf$³­bc\JVYljS}u��T]TZTl�QHS}b�Vt^cS�^cS@!y]HX[^cSju�ic`
\T^c`yuT]TljS�icQTS�QHX[�oQ�z[]TU?X[ZT`YbcXpi¢fs`YdAv C�v�³�´�´>a «�]HZTl�QTS}brl}`ozpz[X[uHS�QTS�VYu�³¢`oZ¦VYZTu-Vt^cS:b_S}\JVt^kVticS}u
UsVt�oZTSjicX[l}VYz[z�f�X[Z�ikQHSrQT`o^_X #j`oZ�i�VYzJ\Tz[VYZTS���fsV¬\JVYXp^q`tdeuTX[\�`ozpS�UWVY�oZHSjikb][¨«¶µ*\�·�d�`ozpz[`	Y�Sjus��fWV
bcSj^cX[Sjb�`td�!D]JVYuH^c]T\�`oz[Sjbk[�bcSjS¹¸T�o]T^cS O�a�Of\8a�ºRQHS¬ikVY\aSj^cSju¦«»µ¬UWVY�oZTS�ikb<VY^_S¬zp`hl}VtikSju�Vti ] O�µ
l}U+SjXpikQHS}^qbcX[uHS�`YdaikQTS°´Ov aOºRQTS¶´Ov�X[b�S}ZHl}z[`YbcS}us�Df?V<YFV�ikS}^ql}`y`ozpS}u?\TX[\�S<`Yd�OC¼ a�W�UWU|`o]HikSj^
^kVYuHX[]TbT·�l}`YUW\�`obcSju£`tdriZYP`�z{V�fYS}^cb?`YdM«�S}^gfhzpz[Xp]TU [�N a�R5½±U?U VYZHu/N a�\5½�UWU ikQTXpl>g \ Y<XpicQ
V�µ�aE¾�R8U?U YFV�ikS}^¬l�QJVYZHZTS}zq�aS�iZY�SjS}Z�icQTS}U afº�`�VticicS}ZD]JVticSsb_fyZTl�QH^c`Yic^c`oZ�^kVYuTX[VtikXp`oZN· icQTS
X[ZTZHS}^Mb_]T^_d�VYljS�`Yd�ikQHS�\TX[\�S:Xpbrlj`�VtikSjuOY<XpikQ¦�o`oz[u�a¿ºRQTS���S�VYU#\TX[\�S5·a\aSj^cUWVYZTSjZDiMUsVY�YZTSjicb
VYZTu by§¿ºQY�Sj^cS�VYbcb_S}U��Hz[S}usVYZTu?VYzpX[�oZTSju?VYZTu�ikQTSjZsSjZTl}zp`obcSjuWXpZWVd¾ a�\MUnz[`oZH��l�VY^_�a`oZW¸J�T^_S
bc]T\H\a`o^gi<ik]T��S5· Y<QTXpl�Q�b_\JVYZTb<ikQHS¹´Ov a

B !  !�À Á (�Â NgCMIUXHN¢E * R�CMKÄÃ H R Â K¦C�H®GST�N H X
v Cqv�³g´Y´M\T^_`(whXpuTS}b�d�VYbgi�U?`oZTX�ik`o^_X[ZT�s`Yd�icQTS�^cS}z[VtikX�woS�zp]TUWXpZT`ob_Xpi¢f��Df±U?S�Vtbc]T^_X[ZT��^kVYuHX{VticXpwoS
«�QJVY�HQJVsbcl}VticicS}^_X[ZT� a�«FVo«�VY^�`Y�Hi�VYXpZTb<ikQTS:VY�Tbc`Yz[]HicS:z[]HUWXpZT`obcX�i¢f¥`5Å?XpZTS�d�^_`oU©`YikQHS}^ A C¥Æ
\T^c`yl}Sjbcb_S}b*·JUWVYXpZTzpfWÇ   Ç j VYZTukÈ   È j a�mJ`o^PV:uJV�i�V�bcVYU?\Tz[S�`Yd¥µ-d�� j�É ·DikQHSMb_ikVtikXpb_ikXpl�VYz3Sj^c^c`Y^
X[b�z[S}b_brikQTVYZÊµ �k· Y<QTXpz[S�ikQTS:b_fyb_icS}UWVtikXpl�S}^_^c`o^�`oZ-ikQTS�VY�Tbc`Yz[]HicS�wtVYz[]HS:`YdAicQTS�z[]HUWXpZT`obcX�i¢f
X[bqS}bgikX[UWVticS}uWic`���SMVY��`o]Hi¶µfa�\o�^a=ºRQTSMU?S�VYZWS}ZTSj^c�oXpS}bP`YdeikQTS��aS}VYU?b�VY^_Srl}VYz[lj]Tz{VticS}u?d�^c`oU
ikQTS�ic`Yi�Vtz4UWVY�oZTS�ikX[l:�aSjZTuTX[ZH�&b_ik^_S}ZT�tikQmabº�`8S}ZHbc]T^_S?uTVti�V&VY^_S�^cSjl}`o^_uTS}u�ZTS�Vt^MikQTS�¯k[�¾�° \
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^cSjbc`oZJVtZTl}S?\aS}V�g_·�icQTS�`o�Tb_S}^_wYS}u�^cVtikXp`&`Yd�. .�SjZT^cXpl�QTS}u�QJVYuT^_`oZTXpl?S�woSjZDicb�ic`�zpS}\Hic`oZ�\JVYX[^
\T^c`yuT]Tl�ikXp`oZ8X[bRU?`oZTXpic`o^cSju&`oZTzpX[ZTSha

$&% $ )+*-, 5�7�5�7�>0/�,�;�,�9R;�=?>
ºRQTS<«FVo«�VY^�uTS�ikS}l�ik`o^AXpb�VMb_`oz[SjZT`oX[uTVYzhb_\aSjljic^c`oU?SjicS}^A`o\HicX[U?X[b_S}u�d�`Y^4ikQTSFVYb_fyU?UWS�ik^cXpl���S�VYU
l}`oZ�¸J�o]T^cVtikXp`oZ"`Yd¬v21�v�³�´Y´>a�m4X[�Y]T^cSjb43�aE½�VYZTu53 aE¾�uHS}\TXplji¥icQTS�«FVo«�VY^suTS�ikSjljik`Y^&VYZTu"icQTS
\a`YbcXpicX[`oZHbM`Yd�ikQTS�wtVY^_X[`o]Tbrbc]T��uTSjicS}l�ik`o^_b�Y<X�ikQTXpZ�Xpi a�6�QJVY^_�oS}u±\JVY^gikXpl}z[S [�ik^cVYl>g�\MUW`oU?S}Z�ikV
VY^cSRU?S�Vtbc]T^_S}u?X[Z�VMik^cVYl>gDX[ZT��b_fybgikS}U+lj`oZTb_X[b_icX[ZT��`YdaV87�³­z{V�foSj^*·�uT`o]H�Tz[S�³¢bcXpuTS}u�b_X[z[Xpl}`oZ�woS}^gikS:9
ik^cVYl>gYSj^ [eby§¿º \eVYZTu�V�¾<;8³­z{V�foSj^euT^cX�d iel�QJVYU���S}^U[�Æ=6?>�\+¸Jzpz[S}u�Y<X�ikQ¬VR��VYb®UWX@9yik]T^_S�`YdhQTS}zpX[]TU
VYZTu�Xpbc`o�H]Hi�VYZHS5·Y��`YicQ:`o\�S}^cVtikXpZT�`Y<X�ikQTXpZ:V¹µfaA7°º�bc]T\�S}^_l}`oZTuH]TljicX[ZT�Mb_`oz[SjZT`oXpu�UWVY�oZTS�i a�ºRQTS
i¢fy\TX[l}VYzauHS}l�V�f?woSj^_ikS:9&^_S}bc`Yz[]HicX[`oZ�d�`o^Pd�]Hz[zpf�^cS}lj`oZTbgik^c]HljikSjuB.|uTS}l}V�fhb�X[bFVt\T\T^c`
9hX[UWVticS}zpfDC<7
È U VYz[`oZH��ikQHS�l}S}Z�ic^cS�³­`YdA³¢UWVYb_b [E6di \?�a`y`ob_isuTX[^_S}l�ikX[`YZma0vAQT`Yik`YZTb&VY^_S-uTSjicS}l�ikS}u XpZ VYZ
S}zpS}ljic^c`oUWVY�oZHSjikXpl�l�VYzp`o^cXpUWS�ikS}^�[F1 iG6d\�l}`YZTbcXpb_ikXpZT�s`td2C<7�HI;#6�bY´3[/ºRz!\<l}^_fybgi�VYzpbMVY^_^kVYZT�YS}u¦XpZ
�JVY^_^cS}zoVYZTu�d�`o^ Y�VY^_u¬SjZTuTl}VY\�b_]T��uTSjicS}ljic`o^cbDa=ºRQTSAXp^c`oZKJJ]L9�^cS�ik]T^_Z [/´OmNM`\aX[b b_S}�oU?S}Z�icS}u�VYZTu
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X[ZTbgik^_]TUWSjZ�ikS}uOY<X�ikQ�U�]Tz�ikXp\Tz[S¬z{V�foSj^cbM`tdP^_S}b_X[b_icXpwYS�\Tz{VticS�l�QJVYU:�aSj^cbMd�`o^�ikQTS�XpuTS}Z�ikX ¸Jl�V�ikX[`YZ
`Yd�U�]T`oZHb<VYZTu8z[`oZH��³¢zpXpwoSju¥ZTSj]Hik^cVYz QJVYuH^c`oZTbDa�~ l}^c]Hl}X{Vtz \JVY^gi<`Yd®ikQTS=.��	��
 VtZJVYzpfyb_X[bFXpb
ikQTSRXpuTS}Z�icX²¸Jl}VtikXp`oZ:`Yd�l�QJVt^c�oSju g�VY`YZTbAVYZTu�\HX[`oZTbDa�ºRQTS&6�QHS}^cSjZ gY`(w?VYZH�oz[S�·
���
·o`Yd g�VY`oZTb�VYZTu
\TX[`YZTb�Xpb®UWS}VYbc]T^_S}u���f�V»ÆMS�ikSjljik`Y^�`Ydo´¢Z�ikS}^_ZJVYzpzpf8M<S JJSjljikSju 6�QTSj^cS}Z gY`(w�zpX[�oQ�iU[UÆ¿´)M?6d\3a8ºRQTS
Æ¿´)M�6|^cSjz[XpS}b¬`oZ�ik`ti�VYz�X[Z�icS}^cZTVYzP^_S JJSjljicX[`oZ�`tdR\TQT`Yic`oZTbT·�\T^c`yuT]TljS}u�d�^_`oU l�QJVY^c�YS}u�ic^kVYl>gDb
ik^cV(wYS}^_bcX[ZH���D]JVY^gi��<�JVY^_b*·�ik`¬uTSjz[XpwYS}^ 6�QTSj^cSjZ gY`(w?z[Xp�oQ�iA`o]HicbcX[uHS<icQTSRik^cVYl>gDX[ZT�¬VYZTu?UWVY�oZTS�ikX[l
wo`ozp]TU?S}b�� ¾$½��eadºRQTS:i¢fy\TX[l}VYz�b_S}\JVY^cVtikXp`oZ-��SjiZYPS}SjZLg�VY`oZHb�VYZTu�\TXp`oZTbrwtVY^_X[Sjbrd�^c`oU H��xV�i83

� S¨§�����ic` 3 aA7���Vti2¾ � S�§�����· Y<QTSj^cS���XpbFikQTS¬V�woSj^kVY�YS�^_S}bc`Yz[]HicX[`oZ&`oZ����>a
ºRQTX[b�b_S}ljicX[`oZ£uTS}b_l}^_X[��S}b?�T^cXpS JTfxVtz[z�icQTS8bc]T�Tbgfyb_ikSjUWbs`Yd�icQTS�«FVo«FVY^�uHSjikSjljic`o^'a£~#U?`o^_S
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B ! $ !  I_F * XTN L X V H,+ ( NgGSH Â H�CFE X

ºRQTS�UsVtX[Z-\T]H^c\�`obcS�`Yd�icQTS bhX[zpX[lj`oZ�§�Sj^_ikS:9 º�^kVYl>gtS}^�X[bric`&UWS}VYbc]H^cS�ikXpUWS�³¢uTSj\aSjZTuTSjZDi 6Fv
VYb_fyU?UWS�ik^_X[S}b���f�\T^cSjl}XpbcS}z�f±^cSjl}`oZTbgik^_]TljicX[ZT�¦icQTS?bcS}\TVY^kVticX[`oZ�`Yd?..-�uTSjl�V�f±woS}^gikXpl}S}bDa ºRQTS
UWS}VYZ¦b_\JVticX{VYz®^cSjbc`ozp]HikXp`oZ�`oZ¦ikQHS:bcSj\JVY^cVtikXp`oZ�`tdAS�VYl�Q ./-MuTS}l}V�f�wYS}^_icS 9-VYz[`YZT�?icQTS ��³OV 9hXpb
X[b&HI;WÈ U a�ºRQTS�by§¿º \H^c`(wyX[uTSjb�ic^kVYl>gDX[ZH�WXpZHd�`o^cUWVticX[`oZ&XpZ¦VYuHuTXpicX[`oZ¥ic`WikQHS�uT^_Xpd i<l�QJVtU��aSj^
VYZTu£X[b�ikQTS�`oZTz�f�ik^cVYl>gDX[ZT��uTS�ikS}l�ik`o^?d�`o^�\JVY^gikX[ljz[Sjb Y<XpikQ103254 µ
;I;_i�Sj§����*a bh]Hl�Q"z[`	Y
UW`YUWSjZDic]TU�ik^kVtl>gybT·Jz[X1gYSrb_z[`	Y \TX[`oZHbPd�^c`YU76(8RuTSjl�V�fyb*·3VY^_SMU?`ob_iczpfWl}`oZ�i�VtX[ZTSju^Y<XpikQHX[ZsicQTS
by§¿º wY`oz[]TU?S�a¶ºRQTS�b_X[z[Xpl}`oZ8woSj^_icS 9-ic^kVYl>gtS}^�U�]Hb_i�Vtz[bc`W�aS:S:9?l}XpS}Z�iMd�`o^�\JVY^gikX[ljz[Sjbrbc]Hl�Q±VYb

 -; ·fY<QTX[l�Q�\T^_S}uT`YUWXpZJVYZ�ikz�f�uHS}l�V�fyb�ik`MiZYP`¬l�QTVY^c�oSju�\TX[`oZHb [ 
 -; � �   � j \�VYZTu�Vt\T\aS}VY^cbAXpZ
ikQTS 6Fv=< � `Yz[uTSjZ�6�QTVYZTZTSjz?> ..- � @��BA�
C-; VtZTu�XpZ�ikQTSql}`oZ�icS 9yi4`tdhicQTX[beikQHS}bcXpb*· ..- � �D- 
C-; ·
.FE�� �,E$
 -; a
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�
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ºRQTS�uTS}b_X[�oZ�`tdPicQTS by§¿º
X[bMV�� SjljicS}u��Df�ikQTS�ZHS}S}uHb¬`td�«�Vo«FVY^�VYZHu�Xpikbr\T^c`
9hX[U?Xpi¢f�ik`¥icQTS
v21qv�³g´Y´�X[Z�ikSj^kVYl�ikX[`YZ:^cSj�oX[`YZma�ºRQHS by§¿ºxX[b4z[`yl�VticS}ukY<X�ikQTXpZ:ikQHS�wo`ozp]TU?S�`YdJicQTSFz[`YZT��v21�v=³g´Y´
bc]T\H\a`o^giric]T�aS�·SY<QTX[l�Q-S:9yikS}ZHuTb�VYzpz ikQTS�YFV�f8ikQH^c`o]T�YQ�ikQHS�uTS�ikSjljik`Y^��aicQTS}^_Sjd�`o^_S5·3ikQTSj^cS¬X[b�V
z[XpUWX�ikS}u�VYU?`o]TZ�i�`YdAb_\JVYljS�a°ºRQTS�VYljl}S}zpS}^cVtik`o^�«»µ��aSjZTuTX[ZH�sUWVY�oZTS�ikb�z[X[U?Xpi�ikQTS�UsV 9hXpU�]TU
VYl}ljS}\HikVYZTljS¬XpZsikQHSrd�`o^ Y�VY^_u&^cS}�YX[`oZ?ik`W½<7�;�UW^cVYu¥X[Zs\a`oz[VY^PVYZT�ozpS�d�^c`YU�icQTS���S�VYU?z[XpZTS�VYZTu
¾<;I;�U?^kVtu�X[Z¤ikQTS��JVYl>g Y�VY^cu uTXp^cS}l�ikXp`oZma ºRQTS by§»º#XpbWS:9h\a`ob_S}u ik`�� 3�¾I;LgD^kVYu���fy^¥`Yd
X[`oZHX[bcXpZT�?^kVYuTX[VtikXp`oZ�X[Z¦icQTS:QT`Y^cX �j`oZ�i�VYz�\Tz[VYZTS:uHX[^cSjljiczpf�`o]HicbcX[uHS�ikQHS��aS}VYUª\TX[\�S�VtZTu-U�]Tbgi
Y<XpicQTb_ikVYZTu-V�ik`ti�VYze`YdN3 i�^kVYu�uT]T^_X[ZT��ikQTS¬S 9h\�S}^_X[U?S}Z�i�> b�icS}Z8foS}VY^rzpXpd�SjicX[U?S�a�~
^kVtuTX{VticX[`oZ
UW`YZTXpic`o^cXpZT��b_fybgikS}U©l}VY\JVY�Hz[S�`Yd4VY��`o^_icX[ZT��icQTS��aS}VYUWbRXpbR^cS �y]HX[^cSju�ic`�\T^c`YicS}l�i�icQTS�bcXpz[X[lj`oZma
ºRQTS�by§¿º U�]Tb_i<��S�l}`y`oz[Sju8VYZTu�XpiRU:]Tb_i�`o\�S}^cVtikS�Y<X�ikQTXpZ¥ikQTS�uTS�ikS}l�ik`o^:> b¹µfa 7&º UWVY�oZTS�ikX[l
¸JS}zpuma ºRQTS by§»º+X[b:UWVYuTS?`YdB¸HwoS¥z[V(fYS}^_b�`YdRuT`Y]T�Tz[S�³¢b_X[uTSju�bcXpz[Xpl}`oZ�³­b_ic^cX[\±uTS�ikSjljik`Y^cb'a ºRQTS
VY^c^cVYZT�oU?S}Z�i�`YdRikQHS}bcSsz{V�foSj^cb:l}VYZ���Ssb_S}S}ZxXpZ ¸J�o]H^cS43 aA7�a ºRQTS¥XpZTZTSj^¬icQT^cSjS¥z{V�foSj^cb�QJV�woS
bc\JV�ikX{Vtzh^_S}bc`Yz[]HicX[`oZ:d�`Y^4\�S}^c\�S}ZHuTX[lj]Tz{VY^�ik^cVYl>gDbA`Yd µ ;8³©µ 7°È U!VYZTu�Vt�a`o]hi=¾<;¿È U0XpZ:ikQTS�`o]HikSj^
iZY�`&z[V�foS}^_b'a¿ºRQHS�X[ZTZHS}^�icQT^cSjS�z{V�fYS}^cbr\aSj^_d�`o^_U#XpUW\TVYlji�\JVY^cVYUWS�ikSj^rU?S�VYb_]T^cSjUWSjZDicb*· Y<QTX[zpS
ikQTS�`o]hikS}^<z[V(fYS}^_b�Vt^cS�ZTS}ljS}b_bkVY^gf�d�`Y^R\JVticicS}^_Z�^_S}l}`Y�oZTXpicX[`oZ8VtZTu8z[`	Y 0�2-ik^cVYl>gDX[ZT� a

Beam Pipe 27.8mm radius

Layer 5a

Layer 5b

Layer 4b

Layer 4a

Layer 3

Layer 2

Layer 1
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B��	����� � H L F�R�C�N L R���� H XTN T�C
ºRQTS by§»º0X[brU?`o]TZ�icS}u�X[ZHbcX[uHS:Vsl}VY^c��`oZ ¸T�T^cS�b_]T\T\�`o^_irik]T��S:`Yd�^cVYuTXp]Tb 3�;Wl}U a¿ºRQTS`¸HwoS
z{V�foSj^cbF`td�uH`o]T�TzpS�³¢b_X[uTSju¥bcXpz[Xpl}`oZ?b_ic^cX[\&b_S}ZTb_`o^cb<Vt^cSrlj`oZTljS}Z�ik^_X[l�VY^_`o]TZTusicQTSM��S�VYU \TXp\aSrVYZTu
VY^cS�uTXpwyXpuTS}u-XpZ�ik`¥U?`huH]Tz[Sjb'a�m4XpwYS:z{V�fYS}^cbr\T^c`(wyX[uTSb¸TwoS�\�`ob_XpikXp`oZ¦U?S�Vtbc]T^_S}U?S}Z�ikbMXpZ���VYZTu
	 d�`o^sS}VYl�Q \JVY^gikX[ljz[S8ik^cV(wYS}^_bcX[ZH��ikQTS by§¿º�aBºRQHS-X[ZTZHS}^WicQT^cSjS-z{V�fYS}^cbsQJV�woS�bcX@9"uHSjikSjljic`o^
UW`yuT]TzpS}b/Y<QHX[l�Q�VY^cS�bgik^kVtX[�oQ�i�·�Y<QTX[zpSrikQTSMiZYP`?`o]HikSj^RUW`yuT]TzpS}bFQTV(wYS�b_X$9yikSjS}Z�VYZTu8S}Xp�oQ�ikSjS}Z
uTSjicS}l�ik`o^FU?`yuT]Tz[Sjb*·D^cSjbc\�S}l�ikXpwYS}z�fO[�bcS}S¶¸J�o]T^_S 3�a C \3a�ºRQTSMuTSjbcX[�YZ¥UWXpZTX[U?X[b_S}b�icQTSMVYU?`o]TZ�iP`Yd
bcXpz[X[lj`oZ�^cS �D]TXp^cSju¦ik`¥lj`(woS}^�ikQTS�bc`ozpX[u-VtZT�oz[S�VYZTu¦VYz[b_`s\T^_SjwYS}Z�ikb�ik^cVYl>gDbrd�^c`YU©QJV�whXpZT�¥z[VY^c�oS
VYZT�ozpS}b�`Yd3X[ZTljX[uTSjZTl}S�·�Y<QTXpl�Q Y�`o]Hz[u�XpZTl}^_S�VYb_SFUWS}VYbc]H^cS}U?S}Z�iASj^c^_`o^cbDaN1�VYl�Q�UW`yuT]TzpSPlj`oZTb_X[b_icb
`YdJb_X$9�bcXpz[X[lj`oZ�YFV�d�S}^cb4�oz[]TSju�ic`rl�Vt^c��`oZb¸J�H^cS���S�VtUWbDa�ºRQTSPX[ZTZTSj^4b_X[uTSjb4`YdTicQTS�U?`yuT]Tz[Sjb®QJV�woS
b_ic^cX[\Hb¬\�S}^_\aSjZTuTXpl}]Tz[VY^Mik`8ikQTS?��S�VYU?z[XpZTS�VYZTu�U?S�VYb_]T^cS�ikQHS 	 l}`y`o^cuHX[ZJVticS [ ��³¢bcXpuTS	\�·�Y<QTX[zpS
ikQTS�`Y]HikSj^�bcX[uHS}b�QJV�woS�b_ic^cXp\Tb�\JVY^cVYz[zpS}z®ik`¥ikQHS?��S�VtUWzpX[ZTS�VYZTu±UWV�gYS�icQTS���UWS}VYbc]H^cS}U?S}Z�i*·
[
��b_X[uTS \3a>´¢Z¥ic`Yi�VYzU·yicQTS�by§»º QJVtb�½5¾<;:b_X[zpX[l}`YZ¥uTSjicS}l�ik`o^_b*·Tlj` wYS}^_X[ZT�?V�bc]H^_d�VYljS�VY^cS}V:`Yd ; a��5¾
U�
'a

580 mm

350 mrad520 mrad

ee +-

Beam Pipe

Space Frame 

Fwd. support

        cone

Bkwd.

support

cone

Front end 

electronics
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B��	����À V H RAK�I���E
ºRQTS?UW`yuT]TzpS}b�VY^_S�S}z[Sjljic^cX[l}VYz[z�f�uTXpwyX[uHS}u±X[Z�ik`&iZYP`�QTVYzpdA³­UW`yuT]TzpS}b*· Y<QTX[l�Q�VY^_S?^_S�VYu±`o]hi:V�i
ikQTS�SjZTuTb'a�ºRQTSj^cS�VY^cS�VY\H\T^c`
9hX[UWVtikSjzpf µ 7�; ;I;I;�^_S�VYuT`Y]Hi�l�QJVYZTZTSjz[bDa�ºRQHS¬b_X[�oZTVYz[bFd�^_`oU�icQTS
b_ic^cX[\Hb<VY^cS�b_QJVY\�S}u�VYZTu�VYUW\Hz[X²¸TS}u&VYZHu8icQTS}Z�l}`YUW\JVt^cS}u&ic`�V�icQT^cSjbcQTQH`oz[uN·JuHSjikSj^cU?X[ZTSju8�Df
�JVYl>gD�o^_`o]TZTu"lj`oZTuTX�ikXp`oZTb�uT]T^_X[ZT��^c]HZTZTX[ZH� a ºRQHX[b�< icX[U?S�³¢`(wYS}^�ikQH^cS}b_QT`ozpu�>�UWS�ikQT`yu¤wtVY^_X[Sjb
VY\T\T^_`
9HXpUsV�ikS}z�f�z[`Y��VY^cX�ikQTU?X[l}VYz[z�f Y<XpikQ£X[ZTuH]Tl}Sju"l�QJVY^_�oS�aKÆMX[�oX�ikX[bcVtikXp`oZ�XpbW\�S}^gd�`o^cU?S}u�VYb
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\JVY^gi�`td4ikQHS¬d�^_`oZ�i�SjZTu¦Sjz[Sjljik^_`oZTXpl}b'a?ºRQTS¬uTX[�oX�ikXpbcS}u8b_X[�oZJVtz X[b<\JVYb_bcSju¦ik`WV?ljX[^_l}]Tz[VY^R�T] �aS}^T·
Y<QTX[l�Q�X[bR^_S�VYu�`o]Hi Y<QTSjZ¦V��eSjwYS}z¥µ�ik^cXp�o�oSj^RVYl}ljS}\Hi�bcXp�oZJVYz X[bR^cSjl}SjXpwoSjuma

B��	����� V H L IPC�XyEHG � L ETNgIPC
by§¿º£l}zp]Tb_icS}^cbPVY^_SFd�`o^cU?S}u���f��o^c`Y]T\TX[ZH��VYu��cVYljS}Z�iqb_ik^_X[\Tb@Y<X�ikQ�l}`oZHbcX[bgikSjZDiqikXpUWSjb'aN6�z[]TbgikS}^_b
bcSj\JVY^kV�ikS}u���f��_]Tb_i�`oZTS�bgik^cXp\�VY^cS�U?S}^c�YS}u±X[Z�ik`8`oZHS?ljz[]TbgikSj^'aWºRQTS�iZY�`�`o^cXp�oX[ZTVYz4ljz[]TbgikS}^_b
\Tz[]HbPikQHSrU?S}^c�YS}usljz[]TbgikSj^FVY^_Sr\JVYb_bcSju¥ik`�V¬\JVticicS}^_Z¥^cSjl}`o�oZHXpikXp`oZWVYz[�o`Y^cXpicQTU ·�Y<QTX[l�QsbcS}zpS}l�ikb
ikQTS���S}bgi�X[Z�ikSj^c\T^_SjikVtikXp`oZma=>�X�i�\�`obcX�ikX[`YZ¦X[brS 9h\T^cSjbcb_S}u�XpZ¦ikSj^cU?b�`YdAikQHS�\TQ�fhb_X[l}VYz�\�`obcX�ikX[`YZ
`Yd�ikQTS�bcXpz[Xpl}`oZ&b_S}ZTb_`o^cbDa

B��	����� I�H®G
	 IPG Â R�C L H

SVT Hit Resolution vs. Incident Track Angle

Monte Carlo - SP2

Layer 1 - Z View
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m

)

Data - Run 7925

B A B A R

Monte Carlo - SP2

Layer 1 - φ View
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)

Data - Run 7925
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~ l}`YUW\JVt^cX[b_`oZs��SjiZYPS}SjZ8uJVti�V:VYZTu i�`YZDicS 6FVY^_z[`^[%iG6d\qd�`Y^qicQTS¶¸J^_b_i bD§¿º z{V�fYS}^�^_S}b_`�³
z[]HicX[`oZ8VtbrV�d�]TZTl�ikXp`oZ�`td4ikQHS¬XpZTl}XpuTS}Z�i<ik^cVYl>g&VYZH�oz[S�X[bRb_QT`	Y<Z-X[Z ¸J�Y]T^cS 3�a�¼�a�ºRQTS¬ic`o\�\Tz[`Yi
bcQT`	Y<bRikQHS�^cS}b_`oz[]hikX[`YZsd�`o^�icQTS»¸J^_b_i ��z{V�fYS}^RVYZHu8icQTSM��`Yicic`oU `oZTSMd�`o^�icQTS»¸J^_b_i ��z[V�foS}^DaA~
^cSjbc`ozp]HikXp`oZ¦`Yd��aS�iZY�SjS}Z µ 7=È U�ik`£¾<;>È U©l�VtZ¦ikQD]TbM��S:`Y�Hi�VYXpZTS}u¦X[Z�icQTSb¸T^cb_i �:z[V(fYS}^rVYZTu
�aS�iZY�SjS}Z µ
;¥È U�ik`X½I;>È U X[Z � a
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B��/À ��� I_F�� XTN L X V H,+ ��NgGSH Â H�CFE X
ºRQTSWÆM^cX�d i 6�QTVYU���S}^MXpb�ikQHS�\T^cXpZTl}Xp\JVYz�l�QJVY^c�YS}u�\JVY^gikXpl}z[S¬ik^cVYl>gDX[ZT�¥bgfyb_ikSjU `Yd�ikQHS�«FVo«FVt^
uTSjicS}l�ik`o^T·h\T^_`(whXpuTX[ZH��V�\T^_S}l}XpbcXp`oZWU?S�Vtbc]T^_S}U?S}Z�i�`td ik^cVYZTbgwoS}^_bcS�UW`oU?S}Z�ic]TU [ 0�2�\�d�^_`oU|icQTS
l}]T^gwtVtik]T^_S�`td l�QJVt^c�oSjus\JVY^gikXpl}z[SFic^kV �_Sjljic`o^cXpS}b�X[Z�ikQHSbµfa 7�� ¸JSjz[uma=º�`¬^cS}lj`oZTbgik^c]HljiPS 9hl}zp]TbcX�woS
¸JZJVYz�b_ikVtikSjbMd�^c`oU . - uTSjl�V�fyb*·�Y<XpicQ�UWXpZTX[UWVYze�JVYl>gD�o^_`o]TZTu�· ikQTS Æ=6?>!U�]Tb_iM^cS}lj`oZTbgik^c]Hlji
ik^cVYl>gDb Y<XpicQ�;��²µ 4=032 4 7 � S�§����*aN1,9hl}Sjz[zpS}Z�i4b_\JVticX{VYz�^_S}bc`Yz[]HicX[`oZ�X[b®^_S �D]TX[^_S}u¬d�`o^�VYl}lj]T^kVticS
UW`YUWSjZDic]TUnU?S�VYb_]T^cSjUWSjZ�ikb*·hUsV�ikl�QTXpZT��ik^kVtl>gybqik`�ikQT`YbcS�X[Z�ikQTS]by§¿º"VYZTuWd�Vtl}X[zpXpikVtikXpZT��icQTS
X[uTSjZ�ikX²¸Tl�VticX[`oZ `Yd�l�QTVY^c�oSju \JVt^_ikXpl}zpS}b8S}Z�ikSj^cXpZT�£icQTS�Æ¿´)M?6�VYZTu 1 iG6]a¶ºRQHS Æ=6?> VYz[b_`
UWS}VYbc]H^cS}bPX[`oZHX[bkV�ikX[`YZ�z[`ob_b�[�u! ��u#" \Ad�`Y^qzp`	Y"U?`oUWSjZ�i�V�\JVY^gikX[ljz[Sjb][��aSjz[`	Y ¼ ;I;Gi�S�§�� �D\AVYZTu
bc]T\H\Tz[XpS}b<bcXpZT�oz[Srl}S}zpzeQTXpi<XpZHd�`o^_UsVticX[`oZ?ik`�ikQHS �eS�woS}z¥µ�ik^_X[�o�YS}^'a
B��/À �¢B � H L F�R�C�N L R���� H XTN T�C
ºRQTS Æ=6?>ªX[b?V 3�HI;±l}U z[`YZT�±ljfyz[XpZTuTS}^T·UY<X�ikQ"VtZ£XpZTZTS}^?^kVtuTX[]Tb�`Yd 35½ a C�ljU VYZTu¤`o]HikSj^
^kVYuHX[]TbM`td HI; a��sl}U adºRQTS Æ=6?>|XpbMUW`Y]TZ�ikS}u-d�^_`oUªikQTS�^_S�VY^rS}ZTuT\Hz{VticS:ik`sicQTS 6�QTSj^cS}Z gY`(w
z[Xp�oQ�i�uTSjicS}ljic`o^�[�Æ¿´)M�6d\Al}S}Z�ic^kVYz3bc]H\T\a`Y^_iqik]T��S5·�Y<XpicQTX[Z�ikQTS<wo`Yz[]TU?S<X[ZTb_X[uTSRikQHS»Æ¿´)M�6£VYZTu
`o]HicbcX[uHSWikQHSsv21�v�³�´Y´�b_]T\T\�`o^_i�ik]T��S�a ºRQTSWl}SjZDic^cS¥`tdFikQTS?ik]T��S?X[b¬uTX[b_\Tz{VYljS}u�d�`o^ Y�VY^cu��Df
½IC a�¼sl}U ic`8VYl}lj`oU?UW`yuJVticS�ikQHSWVtb_fyUWU?Sjic^cXpl:��`h`obgi�`YdqikQTS�¯k[/¾D°l\�SjwYS}Z�ikbDaWº�`8U?X[ZTXpUWXpbcS
ikQTSrUsVticS}^_X{VYzJ��SjiZYPS}SjZ8icQTS�bD§¿º VYZTuWikQTS�Æ=6?>¹·yicQTSrXpZTZTSj^Pl�fhzpX[ZTuHS}^�XpbPUWVYuTS�d�^c`oU µrUWU
ikQTXpl>g��aSj^_fyz[zpX[]TU a#ºRQTSr`o]hikS}^qljfyzpX[ZTuTSj^�X[bql}`oZTbgik^_]TljicS}usd�^_`oUniZY�`�l�VY^_�a`YZ£¸J�T^_Srz[V(fYS}^_bP`oZsV
$ `oU?S 9�lj`o^cSha°ºRQHS:S}ZHuT\Tz{V�ikS}brVY^cS�UsVtuTS¬d�^_`oU�ikQHX[Z�VYz[]TU?X[ZHX[]TU �Nµ 3�UWU©XpZ�ikQHS¬d�`o^ YFVt^cu
S}ZTuH\Tz{VticS5·�3�¾�U?U|X[Z�icQTS<^cS�Vt^'a�ºRQHS�d�`o^ YFVt^cu�S}ZTuH\Tz{VticS<X[b�ikQHX[ZTZTSj^�ik`�^cSjuT]TljS�icQTS<UsVticS}^_X{VYz
X[Zxd�^c`oZ�i?`Yd�ikQTS�l�VYzp`o^cXpUWS�ikSj^'a 3�; È U uTX{VtUWS�ikS}^��Y`oz[ux\Tz[VtikSju¤ic]TZT�obgikS}Z�³¢^cQHS}ZTXp]TU bcS}ZHbcS
Y<X[^_S}b�VY^_S&b_ik^_Sjicl�QTS}u£�aS�iZY�SjS}ZxikQTS8S}ZHuT\Tz{V�ikS}b�Vtz[`oZT��ikQTS&zpS}ZT�YicQx`Yd<ikQTS Æ=6?>�l�fhzpX[ZTuHS}^'a
~|ZT`YUWXpZJVYzewo`oz�i�VY�YS�`Yd&%&µ ��CI;�'�XpbrVt\T\Tz[XpS}u�ik`sicQTS:b_S}ZTb_S Y<X[^cSjb'a¿ºRQHS�l�QJVYU���S}^�wo`oz�i�VY�YS
YFVtb�z[`	Y�Sj^cSju-ik` µ ��;I;(' d�`o^�\JVY^giM`Yd�ikQHS�^c]TZ�· uT]TS�ic`¥l}`YZTl}Sj^cZ�VY��`o]Hi�VWbcUWVYz[z®^cSj�oX[`YZ-`Yd
ikQTS�l�QJVYU���S}^qikQJV�iUY�VYb�uTVYUsVt�oS}uWuT]T^cXpZT��icQTSrlj`oU?UWXpbcbcXp`oZTXpZT��\TQJVYb_S�a21�VYl�Q&b_S}ZTb_S]Y<X[^_S�Xpb
bc]T^_^c`o]HZTuTS}u���f±VYZ±QTS 9HVY�Y`oZJVYz�¸TS}z[u±l}VY�oS�l}`oU?\�`obcSju�`tdPiZYP` ¸TS}z[uOY<Xp^cS}b�VtZTu±`oZTS��o]JVY^_u
Y<X[^_S5·DbcSjS°¸J�Y]T^cS 3�a H a=ºRQTS2¸JSjz[u?VYZTu?�o]JVY^_u Y<Xp^cSjbPVt^cSdµ 3�;�È U+VtZTu H�;¹È U!uTX{VtUWS�ikS}^A�Y`oz[u�³
\Tz{V�ikS}u-VYz[]TU?X[ZHX[]TU ·T^cSjbc\�S}l�ikXpwYS}z�fC· QTSjz[u�V�i�½<7�;�§ a+ºRQTS}^_Sjd�`o^_S5· icQTS:uT^_Xpd irb_fyb_icS}U lj`oZTb_X[b_icb
`Yd¥¼�µ ;5¾?QTS 9HVY�o`YZJVYzel}Sjz[zpb*·3VY\T\H^c`
9hX[UWVtikSjzpf µ�a H�l}U Y<XpuTS���f µfa 3�l}U©QTXp�oQN·3VY^_^kVYZT�YS}u�X[Z ¾<;
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l}`oZHl}S}Z�ic^cX[lPz{V�foSj^cb��aS�iZY�SjS}Z�V�^cVYuTXp]Tb�`td�3I7�aE½rVYZHu ¼ � a ;�ljU a-ºRQTSPd�`Y^_i¢f�z{V�fYS}^cb4VY^cSq�o^_`o]T\�S}u
X[Z�ik`�ikSjZ�bc]T\�S}^_z{V�foSj^cb�`YdJd�`Y]T^�z[V�foS}^_b�S�Vtl�Qma=ºRQTSFb_]T\�S}^cz[V�foS}^4b_ik^_]Tljic]T^cSPd�VYl}Xpz[XpikVtikSjbed�VYb_i4z[`yl�VYz
bcSj�oUWSjZ�i&¸JZTuTXpZT�-Vtb:ikQTSX¸J^cbgi�b_icS}\�XpZ�\JVti_ikSj^cZ�^_S}l}`Y�oZTXpicX[`oZ�·�\JVt^_ikXpl}]Tz[VY^cz�f�X[U?\�`o^_ikVYZ�i�XpZ
�eSjwoSjz»µ�ik^_X[�o�oSj^�uTS}ljX[bcXp`oZTbDa bh]T\�S}^cz[V�foS}^_b�VY^_SsVtzpikSj^cZJV�ikS?X[Z�`o^cXpS}Z�i�VticX[`oZ��¹¸J^_b_i:V 9hX{VYz [�~�\�·
ikQTSjZ&V:b_UsVYzpzJ\a`YbcXpicXpwYS�bgikS}^_S}`�VtZT�oz[S�[��]\�·Dd�`oz[zp`	Y�SjuW��fsV�bcUWVYzpz�ZHS}��VticXpwYS�bgikS}^_S}`�VYZH�oz[S�[�§�\
[/¸J�Y]T^cS 3�a�� \3a>ºRQHS���VtbRX[b<VYZ HI;�� 3�;�UWX@9yik]T^_SM`Yd,>�S	�H´¢bc`Y�T]Hi�VtZTS�a

B��/À ��� V H RAK�I���E

ºRQTSkÆ=6?>+Sjz[S}l�ik^_`oZTX[l�bgfhbgikSjU�\H^c`(wyX[uTSjb�V8UWS}VYbc]T^_S}U?S}Z�i�`Yd�icQTSWuH^cXpd i�icX[U?S�VYZTu�ikQTS?X[Z�³
ikSj�o^kVticS}u�l�QJVt^c�oSha ºRQTS4><§©uTX[bgik^_X[�T]HicX[`oZ���`�VY^cuHb�VYZTu�^_S�VYuH`o]Hi�Sjz[Sjljik^_`oZTXpl}b�Vt^cSszp`hl}VtikSju
`oZ±ikQTS?^cS}VY^�S}ZTuT\Hz{VticS?ic`MgtS}S}\�ikQTS?VYuTuHXpikXp`oZJVYz4UsVticS}^_X{VYz�`o]Hi¬`Yd�icQTSW¸JuT]TljX{VYz�wY`oz[]TU?S�`Yd
ikQTS�uTS�ikSjljik`Y^'a ÆM^_Xpd iricX[U?S:Xpb�S 9yik^cVYljicS}u±d�^c`oUªikQTS�zpS�VYuTXpZT�¥SjuT�oS�`YdqikQTS�VtUW\TzpX²¸JSju-bcXp�oZJVYz
\T^c`yuT]TljS}u&d�^c`YU uH^cXpd icX[ZT��S}zpS}ljic^c`oZHbRVY^c^_XpwyX[ZH��VtiFicQTSMb_S}ZTb_S�Y<X[^cS�·H]Tb_X[ZT��Vbº2Æ=6]aoºRQTSMic`Yi�VYz
l�QJVY^_�oS:uTSj\a`YbcXpicS}u�X[Z-V�l}Sjz[z®X[b�U?S�VYb_]T^cSju-]TbcXpZT�WV µ 7 i > �8J3VYbcQ�~¿Æ=6]a+Æ�Vti�V�^cS}VYuT`o]hirXpb
wyX{V�`oZTz�fsd�`o]T^R`Y\HikXpl�VYz�¸T�T^cS�z[XpZ gDbFik` M�
<i > b�XpZ&ikQTS�S}zpS}l�ik^c`YZTX[ljbRQT`o]Tb_S�a
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B��/À ��À V H L IPC�XyEHG � L ETNgIPC
6�QJVY^_�oS}u�ik^cVYl>gDb�VY^cS:uTST¸JZHS}u±��f ¸TwYS?\TVY^kVYU?SjicS}^_b [�� - · � - ·	�°· 	 - VtZTu-i�VYZ�
 \�· Y<QTX[l�Q±VY^_S
UWS}VYbc]H^cS}u�VtiRicQTS�\�`oX[Z�iF`td4ljz[`ob_S}b_i�Vt\T\T^c`oVYl�Q&ik`�ikQHS 	 V 9HXpb���� - VYZTu 	 - VY^_SMikQTS�uTXpb_ikVYZTl}Sjb
`Yd4icQTX[b<\�`oX[Z�iRd�^_`oU ikQHS�`o^_X[�oXpZ&`Yd�ikQTS¬l}`y`o^cuHX[ZJVticS�b_fyb_icS}UªX[Z8ikQHS " 2�
¥\Tz{VtZTS¬VYZTu�VYz[`oZH�
ikQTS 	 V 9HXpb*·®^cSjbc\�S}l�ikXpwYS}z�ffa � - Xpb�ikQTS?V��jX[U�]HicQJVYzAVtZT�oz[S�`td�ikQHS?ic^kVYl>g_·�
�X[bMikQHSWuTXp\�VYZT�ozpS
^cSjz{VticXpwoS�ik`�ikQHS�ik^cVYZTbgwoS}^_bcS�\Hz{VYZTS�VYZTu���� µ � 032�X[b<Xpicb�lj]T^_wtVtic]T^cSha°ºRQHS:bcXp�oZTb�`Yd�� - VYZTu
�xuTSj\aSjZTu&`oZsicQTSrl�QJVt^c�oS�`Yd ikQHS�ik^cVYl>g a>ºRQTSric^kVYl>g ¸JZTuHX[ZT��VtZTu£¸Ti_ikXpZT�:\T^_`hljS}uT]H^cS}b�UsV�gtS
]TbcS¬`Yd4V��¬Vtz[UWVYZk¸JzpicS}^<VYzp�o`o^_XpikQHU � ¾�7 �ea

B��/À ��� I�H®G
	 IPG Â R�C L H
ºRQTSric^kVYl>g?^cSjl}`oZTbgik^_]TljicX[`oZ¥S 9?l}X[SjZTljfWd�`o^�ikQTS»Æ=6?> QJVYb��aSjS}Z¥U?S�VYb_]T^cSju8VYbFV¬d�]TZTljicX[`oZW`Yd
ik^cVYZTb_wYS}^_bcSMU?`oU?S}Z�ik]TU 032#·h\�`oz[VY^ [ ��\�·yVYZTusV��}XpU�]HikQTVYzJVYZT�Yz[S}b`[ ��\AX[Z�U�]Tz�ikX ³ ik^cVYl>g:S�woS}Z�icb'a
ºRQTS<S:9?l}XpS}ZTl�f�X[b�uHSjikSj^cU?X[ZTSju?VYb�ikQTS<^cVtikXp`M`Yda^cS}lj`oZTbgik^c]HljikSjukÆ=6?>�ic^kVYl>gDbAik`�ikQHSRZy]HU��aSj^
`YdAik^cVYl>gDbMuTS�ikS}l�ikSju�X[Z�icQTS by§»º�a m4Xp�o]T^_S�3 a²µ ;WbcQT`	Y<bricQTS�S:9?ljX[S}ZHljf¦VYbMVWd�]HZTljicX[`oZ�`YdD032
d�`o^¥ikQHS-iZY�`xwo`oz�i�VY�YS-bcS�icikXpZT�obDa+~Fi&ikQTS�uTSjbcXp�oZ wY`ozpikVY�oS-`tdfµ ��CI; 'X·�ikQTS�S 9WljX[SjZTljf Xpb
[ �IH��Kµ*\_� \aSj^�ic^kVYl>g&`Yd�UW`o^_S�ikQJVYZG3�;I; i�S¨§���� aF~Fibµ �I;�; '£·JicQTS�S 9?l}X[SjZTljf�X[b<^_S}uT]TljS}u
��f¦Vt�a`o]hi 7o�^a&6�`ob_UWXpl�^kV�fybr\T^_` wyXpuTS:V?bcXpUW\TzpS�UWS�ikQT`yu�`tdAUWS}VYbc]H^cX[ZH�?ic^kVYl>g8^cSjbc`ozp]HikXp`oZma
ºRQTS:]H\T\aSj^MVYZHu¦z[`	YPS}^�QJVYzpwYS}b�`Yd�lj`obcU?X[l¬^kV�f&ik^cVYl>gDbrik^cV�woS}^_bcXpZT�WicQTS&Æ=6?>
VYZTu bD§¿º VY^_S
¸TicicS}u VtbWiZYP`�bcSj\JVY^cVtikS�ik^kVtl>gyb¥VYZTu£icQTS¦^_S}b_`oz[]HicX[`oZ¤X[b�i�VhgYS}Z"VYbWicQTS�uHX �aS}^cSjZTl}S�`YdMicQTS
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2 6>2 #Z f"9082�C

UWS}VYbc]H^cS}us\JVY^kVtUWS�ikS}^_bPd�`o^�ikQHS�iZYP`�ik^kVtl>g?QTVYzpwYS}b'a>ºRQHSMuTS}\�S}ZHuTS}ZTljS�`Yd icQTSr^_S}bc`Yz[]HicX[`oZW`oZ
ikQTS�ik^kVtZTb_wYS}^cb_S�U?`oU?S}Z�ik]HU Xpb�b_QT`	Y<Z�XpZk¸J�o]T^_S=3�a µCµfa=ºRQHS�UWS}VYbc]T^_S}u&u! �tu#"�d�`o^PwtVY^_X[`o]Hb
ik^cVYl>g�bc\�S}ljX[S}b�VYb�V¥d�]TZTljicX[`oZ�`YdPik^kVtl>g-UW`YUWSjZDikV8VY^cS?�oXpwYS}Z�X[Z ¸J�o]H^cS 3�a²µ 3�aWºRQTSWlj]T^_wYS}b
bcQT`	Y ikQTSM«�SjicQTS�³¢«�z[`yl�Q&\T^cSjuTX[l�ikXp`oZTb�uHS}^cX�woSju8d�^_`oU bcS}zpS}l�ikS}u&lj`oZ�ik^_`oz bkVtUW\TzpS}bP`Yd®\JVY^gikX[ljz[Sjb
`Yd�uTX �aS}^_S}Z�i�UsVYb_bcSjb'a

$&%�� /�,�;�,�9R;�=?> �o=?> 2, ¥;�,M>  -7.���j@ 
�,��±,�9R;�,�� ��*-,�>A,  �%�=��
���
�W*¥; ' /�2�
 � )

B���� ��� I_F�� XTN L X V H,+ ��NgGSH Â H�CFE X
ºRQTS¦ZHS}S}u"ic`�uTXpb_icX[ZT�o]HX[bcQ¤��SjiZYPS}S}Z QHX[�oQ£UW`oU?S}Z�ikV g�VY`oZHbsVYZHu"\TX[`YZTbW]H\£ik` ¾ � S�§����
ZTS}ljS}b_bcXpikVtikSjb8V�uTSjuTX[l}VtikSju"l�QJVY^_�oS}u�\JVY^_icX[ljz[S8X[uTSjZ�ikX²¸Tl�VticX[`oZ¤b_fyb_icS}U aKºRQTS�ZT`(woSjz¿Æ¿´)M�6

[UÆMS�ikS}l�ikXp`oZ�`Yd¿´¢ZDicS}^_ZJVYz[z�f M�S JJS}l�ikSju56�QTS}^_S}Z gt` w�z[Xp�oQ�i8\ �7¾C½���·?¸J�o]T^_S 3�a µ	½o·FbcVtikXpb�¸JSjbWicQTS
uTS}UWVYZTuHb�`Yd�� ��
 bcSj\JVY^kV�ikX[`YZ�ic`Ri�VY� ..-�J3V�wo`o]T^�VYZTu¬uTXpbcl}^_X[U?X[ZJV�ikS�^cVY^cS�iZYP`�³¢��`yuHf�uTSjl�V�fyb*·
bc]Tl�Q�VYb8. - � ��� �,E¤VYZTu . - � �,E,
��=·eikQHS?b_]T���_Sjlji�`YdPicQTX[b�icQTS}b_X[b'aWºRQTS£Æ¿´)M�60VYz[b_`
\T^c`(wyX[uHS}b?U�]T`oZ¤X[uTSjZ�ikX²¸Tl�VticX[`oZx��S}z[`	Y ¼I7�; i�S¨§����8· Y<QTS}^_S�icQTS ´Om,M�X[b�X[ZHS:9?l}XpS}Z�i�·�VYZTu
\T^c`tik`oZ�X[uTSjZ�ikX²¸Tl�VticX[`oZ^Y<X�ikQ8UW`YUWSjZDikV�VY��` wYS£µ�a�½ � S�§����*a
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pt resolution vs pt, measured from cosmics tracks
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B���� �¢B � H L F�R�C�N L R���� H XTN T�C
~ l�QJVt^c�oSju�\JVY^gikX[ljz[S�·�wYS}z[`yl}X�i¢f�
 � ���¥· Y<QHS}^cS ��Xpb¬icQTSWwYS}zp`hljXpi¢f�`YdRzpX[�oQ�i¬X[Z�V�wtVYl}]H]TU ·
S 9hXpicX[ZT��ikQTS¥�TVY^c^_S}z�b_S}l�ikX[`YZ�`YdRikQTSkÆ=6?>�ik^cV(wYS}^_bcS}b?VYZxVt^c^kV�f�`Yd<b_fyZ�ikQHSjikXpl �D]JVY^_i �¥�JVY^_b
Y<XpicQ�^_Sjd�^kVtljikX�woS�X[ZHuTS 9�� [�� µfaE¾$¼5½ \MVYZTu�·�X�d���� µ�����·®�oSjZTS}^cVtikSjb:V8l}`oZHS?`td 6�QTSj^cS}Z gY`(w
\TQT`Yic`oZTb [�QJVYz�d�VtZT�oz[S����Z\dY<X�ikQ¦^_S}b_\aSjljiric`WicQTS�\TVY^_icX[l}zpS�uTX[^_S}ljicX[`oZ�· Y<QTS}^_S:l}`Yb ��� � µ �����ca
ºRQTS¦�TVY^cbsVYljisVYb Y�V�woSj�o]TX[uHS}bsic`�\TQT`tik`oZTb Y<XpicQTX[ZxikQTS�ik`YikVYzRX[Z�icS}^cZTVYz<^cS JTS}ljicX[`oZ�z[X[U?Xpi*·
uTX[^_S}l�ikX[ZH��icQTS}U ic`*Y�VY^_uTb:VtZ�VY^_^kV�f±`Yd»µ ;o·�¼I7I3¥\TQT`Yic`oU�]Tz�ikXp\Tz[XpS}^�ic]T��S}b [¨v i º > b>\¬zp`hl}VtikSju
X[Z�ikQHS?�TVYl>g YFVY^_u�uTXp^cS}l�ikXp`oZN·e`o]HicbcXpuTS�ikQTS ¸JuH]Tl}X[VYz�wo`ozp]TU?S�`YdPicQTS�uTSjicS}l�ik`o^T·�XpZ�V&^_S}�oXp`oZ
`Yd�zp`	Y�UWVY�oZTS�ikX[l¿¸TS}z[u�a�~
UWXp^c^c`Y^FX[b<z[`yl�V�ikS}u�Vti<ikQHS¬d�`o^ YFVt^cu¦SjZTuN·3\�S}^c\�S}ZHuTX[lj]Tz{VY^Ric`?icQTS
�JVY^�V 9hX[bT·Tik`s^_S JJSjlji�d�`o^ Y�VY^cu��o`oXpZT��\TQT`Yic`oZTb��JVYl>g¥ik`	Y�VY^cuHb�ikQHS�^_S�VY^�X[ZTbgik^_]TUWSjZ�ikS}u�S}ZTu�a
m4X[�Y]T^cS 3 a²µ�¾8Xpb�V¥bcl�QTSjUsVticX[l�bcQH`*Y<XpZT�8QT`	YnzpX[�oQ�iMXpb�uTX[^_S}l�ikS}u±ik`	Y�VY^cuHb�icQTS�v i º > b'aXºRQTS
Æ¿´)M�6
�TVY^cb�VY^_S�VY^c^cVYZT�oSju±X[Z�V µ 3�³­bcX[uHS}u±\a`Yzpfy�o`oZJVtz4�JVY^_^cSjz��aS�iZY�SjS}Z�ikQTS�uT^_Xpd i�l�QJVtU��aSj^
VYZTu�ikQTS¬l�VYzp`o^cXpUWS�ikSj^*·T`yl}lj]T\�fhXpZT�¥V?^kVYuHX{VYzeb_\JVYl}S¬`Yd2H�l}U aBºRQTS�\a`Yz{VY^<VYZH�oz[S�l}`(wYS}^kVt�oS:Xpb
³); a H5¾ 4 l}`Yb � \���� 4 ;�a �I;�a»ºRQTS��TVY^cbrVY^cS��o^c`o]H\aSju-X[Z µ 3?QTSj^cU?SjikXpl�VYzpzpf&b_S�VYzpS}u�]TZHXpikb [��JVt^
�a`
9hS}b�\�UWVYuTS�`tdPicQTX[Z�VYz[]HUWXpZTX[]TU ³¢QHS 9HVYz®\JVYZTSjz[bDa#1�VYl�Q��JVY^���`
9±l}`oZ�ikVYX[ZTbWµ 3¥zp`oZT�&�JVY^_b
\Tz{Vtl}S}u¦bcX[uHS:��f¦b_X[uTS�· �oX�wyX[ZT�WV?ic`Yi�VYz�`Yd�µ*¾C¾szp`oZT�s�TVY^cbDa»ºRQTS��TVY^cbrVY^cS£µfa�¼�l}UªikQTXpl>g_·N½ a 7
l}U Y<X[uHSMVYZTu£¾ a���U�z[`oZH� aN1�VYl�Q¥zp`oZT���JVY^qX[bPVYbcb_S}U��TzpS}usd�^_`oUnd�`o]T^°µfa 3I3I7�U < b_QT`o^_i�>h�TVY^cbT·
�oz[]HS}u"SjZTu�³­ic`�³¢SjZTuma 6�QTSj^cSjZ gY`(w \TQH`Yik`oZHb&S 9hXpiWikQTS-�TVY^WicQT^c`o]H�oQ VLYPS}uT�oS±VtZTu �D]JVY^_i �
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dE/dx vs momentum
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Y<X[ZTuH`*Y X[Z�ik`�VOYFV�ikS}^ ¸Jzpz[Sju¤S:9h\JVYZTb_X[`oZ¤^cSj�oX[`oZ�·ql}VYz[zpS}u�ikQHS�bgi�VYZHuT` � ��` 9 [%b 
�«d\8a>ºRQTS
b_ikVYX[ZTzpS}b_b?bgikSjS}z]b 
�« lj`oZTbcXpb_icbW`YdMV�lj`oZTS�·Fljfyz[XpZTuTSj^WVtZTuKµ 3-b_S}ljic`o^cbW`Yd�v i º > b*·R`YZ¤icQTS
bc]T^gd�VYl}S�`Yd�V&QJVYz�dqic`o^c]Hb*·�Y<XpicQ�UWV �_`o^r^kVYuTXp]Tbd½&U VYZHu�U?X[ZH`o^M^kVtuTX[]Tb µ�aA3¥U a`ºRQTS b 
�«
X[bW¸Jz[zpS}uQY<XpikQ CI;I;I;±z[X�ik^_S}b?`Yd�\T]T^_X²¸JSju Y�VtikSj^'a ºRQTS 6�QTSj^cSjZ gY`(w VtZT�oz[S�· ���
·RXpbWuHS}uT]TljS}u
d�^c`oU�icQTS¬z[`yl�VticX[`oZ8`Yd�icQTS�vUi º `o�TbcSj^_wyX[ZH�¥V 6�QHS}^cSjZ gY`(w¦\TQT`Yic`oZ-VYZHu�ikQHS�\�`obcX�ikXp`oZ�VYZTu
VYZT�ozpS}b�`YdFV8l�QTVY^c�oSju�ic^kVYl>g_·cgDZT`	Y<Z�d�^c`oU icQTS?«FVo«FVt^�ic^kVYl>gDXpZT��bgfyb_ikSjUMaW~rZ�VYuTuTX�ikXp`oZJVYz
`o�Tb_S}^_wtVY�Hz[S�XpbrikQTS�icX[U?S:V&v i º
QTX�iM`yl}l}]H^cb*·eU?S�Vtbc]T^_S}u�ik`&V¥\H^cS}ljX[b_X[`oZ�`Yd2µ�a�¼sZTb'a�mJ`o^rV
�oXpwYS}Z�UW`YUWSjZDic]TU ·H\JVY^gikXpl}z[SjbR`Yd�uTX �aS}^_S}Z�i�UsVYb_bR\T^c`yuT]TljS�uHX �aS}^cSjZ�i 6�QTS}^_S}Z gt` w¦VYZT�Yz[S}bDa
B���� ��� V H RAK�I���E
ºRQTS�Æ¿´)M�6�d�^_`oZ�i�³¢SjZTu�Sjz[S}l�ik^_`oZTX[ljb�X[b�uTSjbcX[�YZTS}u�ic`MUWS}VYbc]H^cS�icQTSRVY^_^cXpwtVYzD`YdTS�VYl�Q#6�QTSj^cS}Z gY`(w
\TQT`Yic`oZma2ºRQTS£µ CIHfÆ¿´)M?6�m3^_`oZ�i�³­S}ZTu¦«�`�VY^_uTb [�Æ�m�«d\<VY^cS¬z[`yl�V�ikS}u�`o]HicbcX[uHS¬icQTSBb 
�« VYZTu
S�VYl�Q¬\T^_`hljS}bcb_S}b C5¾<v i º�XpZT\T]Hicb'a#ºRQTS��a`oVY^cuTb®Vt^cSAQTXp�oQTzpf�XpZDicS}�o^cVtikSju¬VYZTu�QJV�woS H<VYZJVYzp`o�o]TS
l�QTX[\Hb*· ¾ º2Æ=6 l�QTXp\Tb¬VYZTu�`oZTS H8³­�TXpiKJJVYbcQ�~¿Æ=6]aNºRQHSsv i º!bcX[�YZJVYz[bMVY^cS?VYU?\Tz[X ¸JS}u-VYZTu
\T]TzpbcS¦b_QJVY\�S}uma ºRQTS º2Æ=6 l�QTX[\£l}`oZ�i�VtX[ZTbsV µ C8³­l�QJVYZTZHS}z°º2Æ=6]a?º�`�lj`o\aS Y<XpicQ£ikQHS �>µ
UsV 9HXpU�]TU ic^cX[�Y�oS}^¬z{VticS}ZTl�f�`td�µ 3-È b*·�ikQTS¥b_S}zpS}ljicXpwYS¥^cS}VYuT`o]Hi:\T^c`yl}Sjbcb�S:9hic^kVYl�ikb�uTVti�V¦XpZ
ikXpUWS Y<XpikQWikQTSMic^cX[�Y�oS}^lY<XpicQTX[Z&V�\H^c`o�o^cVYU?UsVY�Hz[SRikXpUWS Y<X[ZTuH`*Y ��SjiZYPS}S}Z C5¾xZTbRVtZTuB3 È b
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~2 m

~5 m

Quartz Bar Sector

Plane Mirror (12)

Hinged Cover (12)

PMT Module 

Standoff Cone
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VYZTu�X[bRi¢fy\TX[l}VYz[z�f¥b_SjirVti&CI;I;¤ZTb a�ºRQTS�b_X$98^_S�VYuH`o]Hi�UW`yuT]TzpS}b�[FM�
<i > b�\�Vt^cS�l}`oZHZTS}l�ikS}u¦�Df
µfa 3 � ��fDikS}b��tb�`o\hikX[l}VYzO¸J�T^cSjb4ik`�iZY�SjzpwoS2Æ¿´)M?6�l}^kV�ikSFlj`oZ�ik^c`Yz[z[Sj^cb Y<QTX[l�Q�d�`Y^cU ikQTSPX[Z�ikSj^_d�VYljS
ik`�ikQHSbÆ¿´)M?6 §<i 1�d�^c`oZ�i�³­S}ZTu8lj^kVticS}b'a

B���� ��À V H L IPC�XyEHG � L ETNgIPC
ºRQTS�S}U?X[b_bcXp`oZ�VYZT�Yz[S�VtZTu±VY^c^_XpwtVYz®ikXpUWS [/¸J�Y]T^cS 3 a²µ 7�\�`Yd 6�QTSj^cS}Z gY`(w±\TQT`Yic`oZTb�Vt^cS�^_S}l}`YZ�³
b_ic^c]Tl�ikS}u-d�^_`oU�ikQHS:bc\TVYl}S�³­ikXpUWS�lj`h`o^_uTX[ZTVtikSjb�`Yd4ikQTS�v i º0QTXpicb'aR~0ikX[U?X[ZH�?U?S�Vtbc]T^_S}U?S}Z�i
X[b�VYzpbc`¥\TVY^_i�`Yd�icQTS?vUi º!^_S}l}`YZTb_ic^c]Tl�ikX[`YZma&ºRQTS�ikXpUWXpZT�s^_S}b_`oz[]HicX[`oZ�XpbM]Tb_S}u±ik`&bc]H\T\T^cSjbcb
�aS}VYU X[ZTuT]Hl}S}u&�TVYl>gD�o^c`o]HZTu8VYZTu&S:9Hljz[]TuHSM`YikQHS}^�ic^kVYl>gDbRX[Z?ikQTSrbkVYU?SMSjwYS}Z�i�VYb�icQTSrb_`o]T^_l}S
`Yd�icQTS�\TQT`Yic`oZma?~�z[X:gtS}zpX[QT`y`hu�wtVYz[]TS�d�`o^�S}VYl�Q�`tdPicQTSX¸HwoS?b_i�Vt�Tz[S�\JVY^gikXpl}z[S:bc\�S}l}XpS}b¬X[b¬VYb�³
bcXp�oZTS}u-ic`8Vsik^cVYl>g¦\JVtbcbcXpZT�¥ikQH^c`o]T�YQ-ikQTS Æ¿´)M?6»·�Y<QTX[zpS�ic^kVYl>g�QDfy\�`YikQHS}bcSjb¬VY^cS:icS}bgikS}u�a`´­d
S}ZT`Y]T�oQ�\TQT`Yic`oZTb�VY^cS�d�`o]HZTuN·3V&¸Ti�X[bRUWVYuTSha

B���� ��� I�H®G
	 IPG Â R�C L H
ºRQTS2Æ¿´)M�6�QJVYb4�aSjS}Z�S 9yic^cS}U?S}z�f:b_]Tl}ljS}b_b_d�]Tzea>ºRQTS&6�QTS}^_S}Z gt`(w�VYZT�ozpSFVYZHu � ��
�bcSj\JVY^cVtikXp`oZ
VY^cS�bcQT`	Y<Z?X[Z&¸J�o]H^cS 3�a µ C�VYZHu�VYb�V�d�]TZTl�ikXp`oZ�`Yd�UW`YUWSjZDic]TU0d�`o^�ic^kVYl>gDbAd�^c`oU!V 6 -Alj`oZ�ik^c`Yz
bkVYU?\TzpS�a�~ bcS}\TVY^kVticX[`oZW`Yd®VY^_`o]TZTuf½��-XpbP\�`obcb_X[�TzpS�d�`Y^qicQTSrQTXp�oQTSjb_iPUW`oU?S}Z�ic]TU gtVt`oZTbPVYZTu
\TX[`YZTb'a m4Xp�o]T^cS#3�a µ�¼8bcQT`	Y<b�ikQHSsX[Z�wtVY^_X{VYZ�i � ��
 XpZTl}zp]TbcX�woS?UsVtbcb:b_\aSjljic^c]TU�`YdFicQTX[b/6 -
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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

Bar

{ {
1.17 m

8-2000

8524A6
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"���#��	0D(8& "�� (>& # "+6 "+(>.*45 f"+#Z&e h(8. . ;/& #��f# � "!#-, "!6/"$��#c, #�"!# � "!6�& 7 08&%=�(
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6>= "���# &Z( ,34 (	"14 6> 4 7 !f&Z# 7)#Z& %>#-,hC

l}`oZ�ic^c`oz®bkVtUW\TzpS5· Y<X�ikQ-VtZTuMY<X�ikQT`o]hi�icQTS¬]TbcS¬`Yd�icQTS`Æ¿´)M?6 d�`o^ g�VY`oZ�X[uTSjZDicX²¸Jl}VtikXp`oZma?ºRQTS
UsVtbcb�\�S�Vhg?lj`o^c^_S}b_\a`oZHuTbPic`:ikQTS�uTSjl�V�fs`td ikQTS 6 -F\JVt^_ikXpl}zpS�a�ºRQHX[b�\Hz[`Yiql}zpS�VY^_zpf�b_QT`	Y<b�ikQJV�i
ikQTS¹Æ¿´)M�6 uT^kVtUsVticX[l}VYz[z�f�^cS}uH]Tl}Sjb�ikQHS¬�TVYl>gD�o^c`o]HZTuma

$&%�� )+*-, / �},M9<;�>�= � 7 �! -,�; ��9 � 7F�}=?> � � ,r;4,�> 'T/�� � )

B�� ����� I_F�� XTN L X V H,+ ��NgGSH Â H�CFE X
ºRQTS�«FVY«FVY^ 1 iG6�X[b?uTS}b_X[�oZTSju�ik`�UWS}VYbc]H^cS�\T^cSjl}X[b_S}z�f�VtZTu"S:9?ljX[S}Z�iczpf�ikQHS¦S}ZHS}^c�YX[S}bW`Yd
S}zpS}ljic^c`oUWVY�oZHSjikXpl�VYzpzpf�X[Z�icS}^kVtljikXpZT�±\JVY^gikX[ljz[Sjb�ikQT^_`o]T�oQ�ikQHS�XpZTXpicX{VticX[`oZ�`YdrSjz[Sjljik^_`oUWVY�oZTS�ikX[l
bcQT`	YPS}^_brX[Z�V�bcljX[Z�ikXpz[z{V�ikX[ZH�:l}^gfyb_i�Vtz�UWVticS}^cX[VYz�·y`(woSj^rVYZ�S}ZHS}^c�tf8^kVYZT�YS�3 ; i�S�§|ik`�� � S¨§ a
ºRQTX[bWVYzpz[`	Y<b�ikQTS�uTS�ikS}l�ikXp`oZ�`Ydr\TQT`Yic`oZTb�d�^c`oU � - VYZHu���uTSjl�V�fyb&VYbBYPS}z[zRd�^_`oU S}zpS}l�ik^c`8³
UsVt�oZTSjicX[lWVYZTu�^cVYuTX[VtikX�woS?\T^c`yl}SjbcbcSjb'a ºRQTS¥^_S}lj`oZTb_ic^c]Tl�ikXp`oZ�`Yd<S:9hic^cSjUWSjzpf�^kVY^_S . U?S}b_`oZ
uTS}l}V�fhb:l}`oZ�i�VtX[ZTXpZT� �D- [�S}� a ..- � ��-��D-3\M^_S �D]TX[^_S}b�QTX[�oQ±^_S}bc`Yz[]HicX[`oZ�l�VYzp`o^cXpUWS�ik^gfC·mY<XpicQ
V&^cS}b_`oz[]hikX[`YZ�`YdR� [�µ � \3a�«�Sjz[`	Y 3 � S¨§W· icQTS �D-�UsVtbcb�^cSjbc`ozp]HikXp`oZ�X[bruT`oU?X[ZJVticS}u���f-icQTS
S}ZTSj^c�Yf?^_S}bc`Yz[]HicX[`oZma�~Fi�QHX[�oQTSj^PSjZTS}^_�oX[Sjb*·DikQTS�VYZT�Y]Tz{VY^�^_S}bc`Yz[]HicX[`oZ�uT`oU?X[ZTVtikSjbPVtZTusXpbPV�d�SDY
UW^cVYuTbDa 1Az[S}l�ik^_`oZ�X[uTSjZDicX²¸Jl}VtikXp`oZ�X[Z�icQTS&1 iG6£VYzpbc`�l}`YZDic^cXp�T]HikSjbAik`�ikQTSRikVY�o�oXpZT�M`YdaZTS}]hik^kVtz
. U?S}b_`oZTbDa
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B�� ���¢B � H L F�R�C�N L R���� H XTN T�C
ºRQJVYzpz[X[]HUW³­uT`o\�S}u 6�S}VYbcXp]TU ´¢`huTXpuTS [ 6�bY´3[�ºRz+\-\rQJVtbM�aSjS}Z±l�QT`ob_S}Z�VYbricQTS�l}^gfhbgi�VYz4UsVticS}^_X{VYz
uT]TS-ic`�XpicbsQTXp�oQ"z[Xp�oQ�iWfyXpS}z[u�a ~ ^kVtuTX{VticX[`oZ£z[SjZT�YikQ�`Yd�
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1 ) 7H�eGzAn��G P ·�AI��7µE�7H�NA ? 7o @·�¶LG@CJCx7���7 ? � �;¢ � ± 5\É �M7	Ê ·�  ? ( Ë ( � D²Ì ¢ s�Í ¥�¥ ± (o��7o¶:�����D¶B��¶´zG P ��7W @· n H ¶f��C�AF��7�ÎwAK�87�¶:G ) �D¶f�8¶Ï´zG P ��7Y @· n�± & ��CFG_��  ? ¶LG P �DCIGzAK�� T�[·�G@E�AI  ? G@���ÑÐ
�DC'G 1 A'¸%G ? G@¶e7�AK7 ? ±



����� ���	��

��
F� � � ����� � ��� �q��
F
 � ��������
��
� � ����� � � � � �"! �	# ���
}F~��o~�} �m� �?�<�"���)���+� �Y�����8���J�M�<�����y�
(o��7W¸�  Pµ� �� T¶e� G P ���DC�A ? �D���8AI�D T� 3  @·x  ? �87 ?

l� ¢ n � Å H r §�§0§ rNÅ © ¥ d 8
&
� 8�� ©g� iek Å � n ��� ¢ s�± � ¥

¼ 1 ? C�A'  ? �87 ? ¸�  PU� �� T¶e� G P �8�DCJA ? �����8AK�� T� ´ G@C'��CI7�� AI  ��7HCJE ? �D��7YAI��7M�%G@EÄ��� ?  T����� CI��G@¸�7M���
]_^ �8�DCJA ? �����8AK�� T��C ±
}F~��o~
	 ����
¥� ���"���%���»º ���­¶ �»·6����� �������
(o��7m¶e7�AI�� �� ��CJ7H� AI  �87�AK7 ? ¶e�D��7;AK�87 ; u?¾ P P ��7 ? 7H���z 8´ 9 ;?= @ C:��Ce�87HCIE ? ����7�� �D� �s���q� 3
���8A"GL� ? ��7�·n @�8A P �D��7Y @·nAI��7�AI7HER����� � ��7f�DCFG P CJ  �T�µ´T7��a��7 ? 7 ± ¼�´T7 ?�� ¸�� ? 7BCKGz¶:¸ P 7� z·+�zGz T�
G@���h¸��� T�mA ? G@EÄ�«CM�DC<��7 ? �U´@7H�a· ?  @¶ ? 7HEH @��CJA ? ��ESAK7H����� Ë D � HI{ Ë D ¢ F � { Ë ¥ { Ë ��7�E.G � C ±
(o��7 { ¢ F ¥ A ? GzEÄ� ��COG P ´ G � COAK��7� T��7 ´ ��AI� AI��7BCIG@¶:7 ¢  @¸�¸� @CI��AI7 ¥ ER�%G ? �T7fGzCOAI��7�� � ± (o��7
EH T�NA ?   P CIG@¶:¸ P 7[��CJ7H� �DC P �D¶e��AK7�� AK hAI�� TCI7;��7�E.G � Ce·�  ? ´ ���DER�  T��7; @·OAK�87�� H ��G@���T�NAK7 ?
A ? G@EÄ�«C<��Co�D�UAK��7Y¶e T¶e7H�NAK��¶ ? G@���@7 8 ± Â�� + s�± 5 ���Y7 Ê ¡ Å ± (o���DC'CIG@¶:¸ P 7"��CO�8CI7H� AK _7t´zG P �%GzAI7
G@��� ¸%G ? G@¶:7SAK7 ? �DCJ7"AK��7 5�� ¶e7.G@CJ� ? 7�¶:7��NAO· ?  T¶ AI��7 ; u?¾ P ·�  ? �����T�;¶e T¶e7H�NAK��¶ A ? G@EÄ�«C ±
}F~��o~! ¶ �"�+�I�O����� �#"%$�&(' )+*-,/.
(o��7 BIH D {�. F 2 CI�U�T�%G P -  T�NAI7 P G ?IP  [���DC�A ? �D���8AI�D T�8C<·�  ? X[ZT\ G@��� ]_^ G ? 7 ��7HCJE ? �D��7H�
��CI�����W�� T��� P 7"�YG@��CJCI�DG@��C ± À��D��E�7oAK��7O¸��D @�:¶:G@CIC �DC G@CJCI�U�T��7H�eAK �GYA ? G@EÄ� ´ �87H�[EHG P E�� P GzAI�D���
]_^ 3 AI��7 ]_^ ���DC�A ? �D���8AI�D T�8Cf·�  ? B H D { . F 2 Gz��� B H D F 2 F . G ? 7;�� @A:EH7��NAK7 ? 7H�
 T�10�7 ?   3 ���8A"G ? 7�CI���0· AK7H� AK [��7t�NGzAI�U´T7 ´zG P ��7�CF @· � �32 - 7 Ê G@��� �<É 2 - 7	Ê 3�? 7�CI¸�7HE�AI�U´@7 PU� ±
(xGz� P 7 s�± 5 CJ��¶e¶LG ? �DCJ7HCµAK�87 ´zG P ��7HC' @·
AK��7WX[ZN\MCJ���T�%G P ¸�7HG��[¶e7.G@��C ¢�£�¥ G@��� ´ �D�8AI��C ¢�¤�¥*3� X[ZT\ ��C¦AK��7 ¸ ?  @¸�  ? AK�� T�Y @·8AI��7y¶:G@���B�YG@��CJCI�DG@�Y�D�YAK��7 1 A ± (o��7yCJARGQAK�DC�AK��E.G P 7 ?I?   ? C
 T�YAK��7�CI7´zG P ��7�C G ? 7O��7 � P ���@�D� P 7µG@���:G ? 7<�� zAy����E P ����7��:���_AI��7'ARG@� P 7HCl��7 P   ´ ± (�G@� P 7 s�±³² CI�8¶:¶:G ? ��CI7�C

D ��� ���"!$# 4 k ;6!6587:9 ® ; k=<?>#@BA �DC�E ;6!6587F9 ® 4 ® ;6!6587:9 ® ; ® <?>G@BA ��®HE ;6!6587:9 ® I % ZT\) H *-, . 0 2 J3KMLON:P L3KRQ�N:S J3KMLON @ @ KMJFJFL A KMPFTFU
)WV *-,/21,/. J3KMLON:P L3KRQ�N:P J3KMLONFN L3KMLFJFS A KMPFTFT
)WV *-03210M. J3KMLON:P L3KRQ�TFJ J3KMLON @ @ KMTFL @ A KMPFP @OQP8R�SUTWVYXYX"[^y{lh_8g8ikj#ZLb$_\u	u	rkbho-[qbhcebha=j?f	j�ceuQn:ltc]\_^O`6v r u�fec	rkg8_ fersltoqu�l$nba�c�d3efd�g��
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D �Y� ���"!$# 4 k�<?>G@BA ��®�E ;6!65 ; k�<?>G@BA ��®�E ;6!65 4 ® <?>#@BA ��®�E ;6!65 ; ® ;=!65 I &(')WV *-,/.10M2 � Q�KMS A U L3KMSON:T � @ L3K N:SHQ A KMLHQFQ A KMPON:P

)WV *C,/2Q,/. A K @ UON L3K A TFS � N�KRQ�SHQ A K @ TFTFJ A KMPON:J
) V *C0 2 0 . � T3KMT @ P L3K A UHQ � @ L3KRQFQ�J A KMLFUON A KMPFT @O1P R�SµTWV X��Y[Qy{lh_8gqisj#ZLbh_qu	u	r b$o [qb$c b$a=j?fejBc uQn:lhc���� v rku f	cerkg8_ f	rklho\u^l$nfa�c d e d g �

AK��7»´zG P ��7HC> @·¦AK��7 ]e^ CJ���T��G P ¸�7.G\�:¶e7.G@�8C ¢�£�¥ G@��� ´ �D��AK��C ¢�¤�¥
	K� ]_^ ��C>AK��7F¸ ?  T¸�  ? AK�D @�
 @·µAI��7:¶:G@�����YG@��CJCI� Gz� ���2AI��7���A ±�
 ��7:A ´  a����CJA ? �D�8�8AK�� T��C 	 7HG@ER��EH @¶:¸ ? �DCJ�D��� G �8 T��� P 7
�WGz��CICJ� G@� 	 G ? 7F¶f� P AK��¸ P ��7H� AK Ã�@7�AK�87 ? ±�� ���T� ? 7HC s�±�� 	 s8± 5�	 s�±©² CJ��  ´ AI��7��8AIAK7����  T�NAK7��µG ?IP  
CI�U�T�%G P CKG@¶e¸ P 7�C�·�  ?�� V�� { .�� 2 	�� V�� { 2 { . G@��� � V�� � 2�� . ± 
 ��7UEH T¶B���D��7��
!�" ��# CY��7�CIE ? �D�8�D��� X[ZN\eG@��� ]e^ G ? 7 AK��7�� ��CJ7H����� AI��7:V$�&%'��A ±�
 ��7e¸� TCJ��AI�U´T7 PU� G@���
��7 �TGzAK�µ´T7 Pµ� ER�%G ? �T7H� A ? GzEÄ��C�G ? 7:E� T��CI����7 ? 7H� CI7H¸�G ? GzAI7 Pµ� G@��� AI��7��>��7 ? 7H���z  ´�G@��� P 7HC 	�( ËG@��� ( � 	  @·µAK�87L¸� TCI�0AK�U´@7 Pµ� G@��� ��7 �NGQAK�U´@7 Pµ� ER�%G ? �@7H� A ? G@EÄ�«CfG ? 7e��CI7����D�2AK��7)��A ± 
 ��7
���«���D�8��7H�h7+*�AI7H���87H� ¶LG,*8��¶f��¶ P ���@7 P ���� � �����AFAI7HER���8�.-«��7f��7h´T7 P  T¸�7H�h·�  ? AK��7fG@�%G Pµ� CJ�DCO @·
� V � {�. � 2 ��7SAK7 ? ¶e�D��7�C<GfAI @ARG P  @·xAI7H� ¸%G ? Gz¶:7SAK7 ? Cµ· ?  T¶ AK��7Y�%GQARG0/
1 &3254 	 AI��7Y���8¶f��7 ?  @· � � { � ��7�E.G � C 	  @·�7H�0AK��7 ? ER��G ? �T7YE� T¶f�����%GzAK�� T��6
1 · ? GzE�AK�� T� 	/� 274 	  @· { � � Ë �D� &3254 6
1 &3282 	 AI��7Y�«��¶f��7 ?  @· � � { Ë { � ��7�E.G � C96
1 &:4;4 	 AK�87W�«��¶B��7 ?  z· � � � Ë � � ��7�E.G � C96
1 &=<>254 	 AI��7Y���8¶f��7 ?  @·x��G@EÄ��� ?  T�8��� {�2 � 2 ��7�E.G � C96
1 · ? GzE�AK�� T� 	/� <>274 	  @·x��G@EÄ��� ?  T�8��� { � � Ë ��� &=<>274 6
1 &=<>282 	 AI��7Y�«��¶f��7 ?  @·��%G@EÄ��� ?  @����� { Ë { � ��7HEHG � C86
1 &=<?4;4 	 AK��7Y�«��¶f��7 ?  @·��%G@EÄ��� ?  T����� � Ë � � ��7HEHG � C86
1 Ð 	 ¼ ? �@��C'�%G@EÄ��� ?  @�����mCJ�%G@¸�7Y¸%G ? Gz¶:7SAK7 ? 6
1 AK�87@� ? CJAO  ? ��7 ? ¸�  PU� �� @¶:�DG P ]_^ �%G@EÄ��� ?  T����� CI��G@¸�7W¸%G ? G@¶e7�AK7 ? ±
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 ��7=! " � m2h �DCµAK�87WCJ��¶  @·�CI�U�T�%G P Gz���;�%G@EÄ��� ?  @����� AI7 ? ¶:C 	

m ¢ X[ZN\ r ]_^ r (O��¥GF &3292
& m 282 � &3<>292& m <>292

� &:4;4
& m 4;4 � &=<?4;4& m <?4;4

� & 2�H 4JI
& � 274 m 2 H 4 I � & <>2�H 4JI

& � <>274 m <>2 H 4 I

� & 2�I 4"H
& ¢ � � � 274 ¥ m 2�I 4"H � & <>2�I 4"H

& ¢ � � � <>274 ¥ m <>2�I 4"H ¢ s�± � ¥
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´ ��7 ? 7 & ¬ + � & � ��CoAK��7WAK @AKG P �«��¶f��7 ?  z·v7t´@7H�NAKC ± 
 ��7:!�" � ·�  ? 7.GzER�aEH T¶e¸� T��7H�NA 	 ���AK� ? � 	 �DCµAI��7Y¸ ?  �����ESAO @·�AI��73!�" ��# Co·�  ? 7HG@ER�  @·�AI��7Y�D��¸8�8A�´zG ? �DG@� P 7�C9/
m � F m � X[ZN\ m � ]_^ m � ( I m � ( H ¢ s�± Â ¥


 ��7MCI�U�T�%G P G@���U��G@EÄ��� ?  T�8���;7t´T7��NA � ��7 P ��Cµ T�8AKG@�D�87H�L· ?  T¶qAK��7YV � % ��A'G ? 7FCJ��¶:¶:G ? �DCI7��
�D� AKG@� P 7 s�± s�± � �U�T� ? 7 s�± s CI��  ´ CfAI��7UX[ZN\[Gz��� ]_^ ���DC�A ? �D���8AI�D T�8C3��AJAK7���AK  ? 7HG P ��GzARG ±

 ��7BX[ZT\��%GQARG:¶:G@CJC<¸�7.G��;¸ P  @A ´ GzCF¸ ?  ����8EH7H�m� � � ? CJAFEH�8AJAK�D���: T� ]_^ �D�;AK�87B�D�NAI7 ? ´zG P� 2 § � 2 ª ]_^ ª 2 § 2 2 �Y7 Ê ±:
 �87e���NAK7 � ? G P  @·yAI��7 �%G@EÄ��� ?  T����� ´ G@CME.G P EH� P GzAK7�� ±:
 �87���A
´ GzCOAI��7H� ��  ? ¶:G P �DCI7��[· ?  T¶ AK����C'�D�NAK7t� ? G P ±;
 ��7 ]_^ �%GQARG ¸ P  zA ´ G@C<G P CI _E.G P EH� P GzAK7��;�D� G
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CI��¶:� P G ? ´ G � 	 ���8AWG[EH��AY @·6� § 5 ÂÃ� ª X[ZN\ ª � § 5 � ² �M7	Ê ´ G@CWG@¸�¸ P �D7H� ±3
 �87 �%GzARG[¸ P  @AIC·�  ? AI��7 ? 7H¶:G@�D�8�D��� � � { � ¶e ��87HC ´ 7 ? 7MG P CI B¶:G@��7O��CJ�D���BAI���DCy¶:7SAK�� �� ±�
 �87"X[ZN\<G@���
]_^ E��8AKC ´ ����ER� ´ 7 ? 7BG@¸8¸ P ��7H�[AK _7HG@ER�m�%GQARG CKG@¶e¸ P 7YG ? 7MCJ��¶:¶:G ? �DCI7��;�D�UARG@� P 7 ²8± � ±

 ��7 � V � { . � 2 X[ZN\'����CJA ? �D����AK�D @� �%G@C GME P 7HG ? �D�"´zG ? �DG@�NAn¶:G@CICl¸�7.G�� GQA=� ± 5 Â É �M7	Ê ¡ Å ® 	
´ ��AI� AI��7���G@EÄ��� ?  T�8���&��AJAK7�� ´ ��AI� AI��7 ¼ ? �@��CO·��8��E�AI�D T� ± 
 ��7 ]e^ ����CJA ? �D�8�8AK�� T� G P CJ e��G@C
G[CI�U�T�%G P ¸�7.G�� 	 ´ ����ER�h�DC"�87 �NGzAI�U´@7 PU�  ���CI7SA"· ?  @¶ 0�7 ?  ;GzAYG@¸�¸ ?  5*��D¶:GzAK7 PU��� ��2 � 7	Ê 	 �8��7
AK  AK�87W¸8�D T�;¶:G@CIC'�%G`´��D���_��7H7��mG@CJCI�U�T��7H�;AK _AK�87WER��G ? �T7�� A ? G@EÄ�«C ±
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 ��7;X[ZN\UG@�8� ]_^ ����CJA ? �D����AK�D @��CB @· � . � {�. � V
�
Gz��� � . � � . � V

�
CI���@�%G P �  @�«AI7

�µG ?IP   ´ 7 ? 7 ��AIAI7H����CJ�D��� AK��7�� ?�� CJAKG P =µG PDP ·�����ESAK�D @� ±&
 �87[¸%G ? G@¶:7SAK7 ? CB @�8ARG@����7H� · ?  T¶
AK��7@��AICFG ? 7YCI��¶e¶LG ? �DCJ7H� �D�UARGz� P 7�C s8± �_G@��� s�± � ±$
 ��73��AKC<G ? 7WCJ��  ´ �a�D���K�@� ? 7�C s�± �_G@���
s�± � ± 
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� � � �����	��
�� 
������ � �	��� ��� ��� ��� ��� � ��� � �
�a`�� j��<i������ g
	��Wing�
�	 
���������	����hg
	�� �������oing�
 	�!

 �#"L� ? G@��ER�8�D��� · ? G@ESAK�D @��CW·�  ?=� V � {�. � 2 	�� . � {�. � V

�
	 � . � { V � . G@��� � V �

{ V � V
�
�%G`´$" �%"�"�� E.G P EH� P GzA&"�� ±�
 �#"'")(:E��*"���E �  z·nAK�#"fE��8AKCYGz¸�¸ P �+"H�mAI LAK�,"  T� �°? "HCJ T�%G@��E�"

�%GzAKGLCKG@¶e¸ P "W·�  ? ".GzER�a�D���8�U´��D����G P ER�%G@���#" P �%G`´-"f�."�"H�a�8 �E���¶ "��NA&"H�h��� �>�%Gz¸8A&" ? ²8± 
 �#"
� ? Gz��ER���D���e· ? G@E�AI�D T��C'G ? "ME.G P EH� P GzA/"H� G@C 	

0 F 1�23 � 1�4 4�5 ¢76 ± � � ¥
´ �#"�89" 1�2 �*:�;K�,"=<�"��>;/8&?-@�´A?-@D�#"'·B8I @¶C;I�#" �#;> @·D;K�,"E:I�U�T�F?-@ � �*"�@D� 	 3 �*:G;K�#"H;K -;&?-@%"�(�<H�+"H�#< �
?@��� 1 4 4 F ¢JI$I § �ÃÂLK 2 § ² � ¥ § � 2-M 	 �*:N;K�,"�;I -;O?A@T�«��¶f�%"�8¦ @· � � ¸F?@�*89:¦�D�=;I�#"�¾O��� � �F?A;&?P:9"�; ±
Q;-��#?-@v�#8/?@�#<R�������U·B8&?-<);K�D @�#:<·� $8 Ì ¢B6 Í ¥ � � V � V ?z��� Ì ¢B6 Í ¥ � � Ë � � ?-8/"'?A:/:I�8¶ "��2���
;K�#"G<
?A@*<H�,@R?A;I�D T�Y @· 0 ± 
 �,">�#8/?@�#<R�������O·B8/?-<�;I�D T�,:�·� -8S"�?-<R�B¶e ��," 	 ;K Ã�$");K�#"�8 ´ �T;K�U:9;O?V;K�*:�;K�+<
?-@
"�898I $89: 	 ?-89"W:J��¶:¶ ?-8J�*:/"�� ���X;&?@�#@*" 6 ±�� 6 ± 
 �,"m�#8/?@�#<R������� ·B8/?-<�;I�D T�#:�<
?A@*<H�,@R?A;/"H��� � ;I�#"
Y <��,; � ?@��� � <H T�8�>; # ?@�F?A@ � :I�+:[¶ ");K�� �� 	 �#:J�D��� �  @�>;/" �Z?-8/@� [?@���  �� � 89"�:J T�F?@�#<�"h�F?A;&? ¥ ?-89"
?-@*:J  �D�#<�@D���#"�� �D�\;O?z�#@*" 6 ±�� 6 ·� $8]"�?-:/"  @·U<H T¶e¸F?-8J�*:J T� ± ¿H:I�D����  � � 8/"�:J T�F?@�,<�" �F?A;&?[;I 

D ��� ���"!$# ^ <!@BA � M E < 4 � H � E ^ > <!@BA � M E <`_ D E ^Dacbdb >�<!@BA � M E) V *-, . 0 2 LFU-eMU � S-eRQ T3K A�� @ KMP @ Q�K @ � @ KMP
) .3*-,/.10 V

� @ NAeMT � QLe A @ J3K A�� Q�KML @ U3KMU � Q�KML
) .3*-, V 03. @ T-eMP � QLe A @ KMU � L3KRQ @BA K N � L3KRQ
) V *-, V 0 V

�
QLe @ � QLeML J3KMT � Q�KMJ T3KMJ � Q�KMJ

OQP8R�SUTWVYXUZ V [Q}Wj�bhu	_8cej�v a�c ; = g8c b$oqp w8rko �6n:c bhpIfersltoqu^b$oqv»u feb$f	r u�ferkp�b$i"jBcecelhc uB�
"�:�;K�D¶ ?A;/"f;I�#"B�«��¶f�%"�8F @·n�F?-<Ä���$8J T������"h´$"��>;/: 	 1 acbdb 	 �D��;K�#"U:I�U�T�F?-@g8/"t�T�D T�,:H;I h<
?-@+<H�#@*?A;&"
;K�#"m�#8&?@�,<R���D��� ·B8&?-<);K�D @�#: 	 ?z¸�¸."�?-8/:�;K �¸,8/"H�8�*<�; ;K�#"m�#8&?@�,<R���D��� ·B8&?-<);K�D @�#::�,"�8I�µ´$"�� ·B8I T¶
�F?A;&?i89"
?-:J T�F?@�,@ � ?-<�<H�#8/?A;&"�@ � ���j;K�#"k<�?-:/"�:: @· � V � {�. � 2 ?@��� � . � {�. � V

�
± 
 �#"

� V 8/"�:J�#@+;/:l?-89"=<H T�,:I�*:�;&"��>;'�%"�; ´ "�"���;I�#""¶�"�;I�� ��,:µ�#:/"�� ±Gm   ´ "t´$"�8 	 ;I�#"3� � �F?-<Ä���$8J T�����
  ´$"�89"�:�;K�D¶ ?A;/" 	 �8 -;&"�� ��� �>�F?@¸,;/"�8 ² 	 ·� $8h;I�#"�8/"�:I�#@T;&:[·� $8n;I�#"�<R�F?-8��$"H� � <R�F?@���,"�@*:;�+:
<H T���F8I¶�"H� ± uo;H:I�� @�#@D� �."Y�� A;&"H��;K�F?V;H;I�#"Y¶n?,*8��¶f��¶p@D���A"�@��D�� � ��:¶ ");K�� �� �*:o�D�L;/8I�D�,:I�*<�?-@*@ �
:I��¸%"�8J�D $8< $8F¶e $89"U@����-"�@ � ;I M�T�U´-"�?L¶e $89"�?-<�<H�#8/?A;&"U8/"�:J�#@+;�?-:F�T;F�+:F�D�L;/"�8I�#?-@*@ � <H T�,:I�*:�;&"��>; 	
´ �#"�89"
?-:q;K�#"H<H�,; � ?@�8� � <� T���L;µ¶�"�;I�� ��e�*:G:I�8� �9"�<);Z;K W�� $8J¶n?-@��*:/?A;K�� T� �."); ´ "�"H�h;I�#"�� �\?@���
;K�#"Y�F?V;O? ±
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 �#" : � :9;&"�¶n?V;K�*< ���#<�"�89;&?@�D�L;I�*"�:e�D� ;K�," "
* ;/"H���#"�� ¶n?,*8��¶f��¶ @����A"�@D���� � �� ?@�#?-@ � :I�+: <� T¶�"
·B8I T¶ ?@� ��¶:¸%"�8�·B"�<); �«��  ´ @*"����$"h @·�;I�#"�<� $8/89"�<�;[¸F?-8&?z¶ ");&"�8J�*:/?A;K�� T�#:e @·�;K�#" ! " �$# :n?@���
���#<�"�89;&?@�D�L;I�*"�:'���k;I�#" :&?@¶e¸#@+"=:/"�@*"�<);K�� T�W<��,;°´A?-@D�#"�: ±
"$#!	%#'& (*)n�,+-)x�.+��0/ ��" �21����43
�  $8 "
?-<R��¶: ��#" 	 ;I�#" ´ ���,;K�,:
 z·,;K�,"$!�" ��# :��#"�:9<�8J�D�������65�798 ´ "�89"y���#<�89"
?-:9"H��?@���B�,"�<�89"
?-:9"H�
� � �9: ?z��� ;I�#" �,;&:�89"H¸%"
?A;/"H� ±�; � ;I�#"n<�?-:/": @· � V � < . � 2 	  T�,@ � ;K�," ´ �D� ;K�#:W @·Z;I�#"
Y ¶ ?@��� # � ?@�#:/:J�R?@� ´ "�89"�´A?-8J�*"H� ± 
 �#" ´ �D� ;K�#:g?@��� ;K�," ¸#?-8&?@¶�"�;/"�8�= ´ "�8/" �D�#<�8/"�?-:/"��B� �UI 2>:
?@���h�#"�<�89"
?-:9"H�2� � � 2>: ·� $8$?A@)���*:�;&8I�����,;I�D T�#:O�#"�:/<�8J�D�%"H� � � ;I�#")��8 � :�;O?-@x�F?-@*@�·����#<);K�� T��s���\� ± 
 �#" ´ ���,;K�,:F @·�;I�#" Y ¶ ?@�D� # � ?@�#:9:I�R?z�m�D��;K�#" � V � < . � 2 ?B@)�8�*:9;/8I�����,;K�� T� ´ "�8/"
?-@*:J m���#<�89"
?-:9"H��� �[I 2>: ?@�����#"�<�89"
?-:9"H��� � � 2>: ± 
 �#"h89"�:J�#@+;/:B @·l;I�#"�´A?-8J�R?A;I�D T�2 @·Z;I�#"
!�" ��# :�:�;K��� � ?A8/" -«�� -;&"�� ��� ;/"�8J¶ :  @·F�«��¶f�%"�8_ @· "t´$"��L;&:L���[;O?@�#@+" 6 ±�� � ± 
 �#";·� T�#89;I�
<H $@���¶e��<� T�L;O?@���#:Z;K�,"U?`´-"�8&?\�$" ´A?-@��#"M @·g;K�#" : � :�;&"�¶n?A;I�*<�:O @�C?B@ ·� $8l"�?-<R� <R�F?z���#"�@ ±
"$#!	%#I� (*)!D,+-)FE.+��0/ ��" �HG6E.3

 �#"�: � :�;&"�¶n?A;I�*<a�8�#<�"�89;O?z�D�L;K�+"�:L�8�#" ;K  ;K�#"Á´-?A@D�#"�:L @·�;I�#" <��,;]:/"�@*"�<�;K�� T�\<�8I�+;/"�8J�R? ´ "�8/"
<
?-@+<H�#@*?A;&"��;� � �#8/:9;±´A?-8 � ������;I�#"(´A?-@D�#"�:' @· ;I�#" <H $: ( 4 ·� $8P"�?-<R�m¶e ��," ?@���k;K�#"��Á´A?-8 � �����
;K�#"<´-?A@D�#"< @·D;K�#" � V

�
�#"�<�? � @*"����-;I�h:I�U�T��� �#<
?@�#<�"E<��,; 	 ´ �,"�8/"=?@¸�¸#@��*<
?z�#@*" ± ¿ :J�D���U;K�#""¸,@D -;/:

 @·�I�?��L?@���#:9;�<� $: ( 4 �D� �K�@�#8/" ²8±�� ² 	 ;I�#"'¶n? *���¶f��¶�´-?A@D�#"o @·�I ´ ?-:�8/"H�8�#<�"��[� ��I 2>: ?@���
;K�#"�<H $898/"�:J¸� @�����D��� ´A?-@D�#"� @·�<� $: ( 4 ´ ?-:"�,:/"H� ± 
 �#"�"
* ;/"H���#"�� ¶n? *���¶f��¶ @D�U�-"�@D�D�8 � ����#;
´ ?A:=<
?-898I�+"H�m @�,;E;I [�#"�;/"�8J¶:���#"f;I�#" � �+"�@D�  @·�:I�U�T�F?-@ "h´$"H�L;/:�8/"�:J�#@+;I�D���e·B8I T¶ ;I�#"f¶e ��8� �F"��
<H�,; ±;
 �#"�:&?z¶ "<¸#8I  <�"����#8/" ´ ?-:�<
?-898I�*"��[ T�,; ´ �+;I�[�� '<H� ;l?@¸�¸,@D�*"��n;K f;K�#"E<H $: ( 4 ´A?-8I�*?@�#@*"
?@���X?��L?@���[;K�#"k:I�U�T�F?-@ � �+"�@D� ´ ?-:e�#"�;/"�8I¶e�D�,"H��·B8I T¶ ;K�#" �#; ± �  $8 ¶e ��,"�:�<H T�L;&?@�D������� ?
� V
�
	 <H�,;/:< T��;K�#" � V

�
�,"�<
? � @*"����-;I�W:J���T�����F<
?z�#<�"W @·!J 4 È� ¡z¤LK�¢ � § ��?z����J 4 È� ¡z¤LK�¢ ² 2 ´ "�8/"?@¸�¸#@��*"�� ±


 �#"f T¸ ;K�D¶ ?-@D<��,;&: ´ "�89"�<H @¶:¸F?A8/"H� ´ �+;K��;K�#"�¶: ������F"H�W<H�,;/:"�D��;&"�8J¶ :< @·�;I�#"f�#8/?@�#<R�������
·B8&?-<);K�� T�#:�<
?A@*<H�,@R?A;/"H�a·B8I @¶ ;K�,"':I���@�F?-@ � �*"�@D�#: ±:
 �#"�89"�:I�,@+;&:M·� $8 ;K�#"�<H -: ( 4 ?-8/"  @�,;&@��D�#"��
�D�];O?z�#@*" 6 ±�� ��?@���;·� $8Z;I�#" � V

�
�#"�<
? � @*"����-;I��:J���T�8� �F<�?@�#<�"�<��,;O�D�];O?z�#@*" 6 ±�� Â ±
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�� !$� H?> E)WV *C,/.Q032 �B�Y� � � !°% 7>8 ; � T�� � S-e A@ ��� E !$� > ! &(' ; L A � � @ L-e A � P-eMJ

�"!$� E !$� > ! &(' ; @BA � ��NAe A
) . * , . 0 V

� �B�Y� � � !°% 7>8 ; � T�� � A eMU@ ��� E !$� > ! &(' ; L A � � S-e @ � L-eML
�"!$� E !$� > ! &(' ; @BA � � @ eMS�B�Y� � � !±% 7>8 � � T�� � A eMS@ ��� E !$� > ! &W'

�
L A � � A e N � A eMJ

�"!$� E !$� > ! &('
� @BA � � A eMS

) . * , V 0 . �B�Y� � � !°% 7>8 ; � T�� � L-e @@ ��� E !$� > ! &(' ; L A � �+NAe A � J-eMJ
�"!$� E !$� > ! &(' ; @BA � � QLe A�B�Y� � � !±% 7>8 � � T�� � S-eMJ@ ��� E !$� > ! &W'

�
L A � � A eMT � A eMT

�"!$� E !$� > ! &('
� @BA � � A eMP

) V * , V 0 V
� �B�Y� � � !°% 7>8 ; � T�� � A eML@ ��� E !$� > ! &(' ; L A � � A e A L � A e A S

�"!$� E !$� > ! &(' ; @BA � � A e A Q�B�Y� � � !±% 7>8 � � T�� � A e A Q@ ��� E !$� > ! &W'
�
L A � � A e @ � A e A N

�"!$� E !$� > ! &('
� @BA � � A e A JOQP R�SµT VYXUZ ��[^] d`u f	j�a�bÄf	r pF_8oqpBjBc	feb$rko f	rkj�u^rko½f	w8j+u	r��toqb$iÃd`rkjBi v½v8_8jLf	l�x�yFz [\b$c b$a=j?fejBc uB�

"$#!	%#�� � +?º��{� +��"�O�°������3�E.3�� + E�� �e�{�"! �0/ E#� ��)!D/���

 �#"�<H -8/8/"�<�;I�#"�:9:O z·g;I�#"��#;9;K�D���f¸#8I  <�"����#89" ?@���U¸� -;&"��>;I�R?-@%<H -8/8/"�@R?A;I�D T�,:>�%"�; ´ "�"H� �#;P<� T¶ �
¸� @�#"H�L;&: <�?@�h�."'"+*,?@¶:���#"H� ´ �T;K�%$�;I  �'& �  T�L;&" �Z?-89@D h:J�D¶f�#@*?A;K�� T� ± ¼ ;I  � �  @�>;/" �Z?-8/@� 
:9;I��� � �D�"´@ $@U´-"�:�;K�#"°�$"��#"�8/?A;K�� T�_ @· ;I�� T�#:/?@���#:  @·%;K  � "
*�¸%"�8J�D¶�"H�L;&: ´ �+;I��:�;O?A;I�*:�;K�*<�:�:I�D¶e�*@*?-8
;K  ;K�� $:9"m T�,:/"�8B´$"�� ��� ;I�#"&�,;n;K  ;K�#" ¾O�8� � �#?A;O? ± ; �\"�?-<R� ;I  � "+*8¸%"�8J�D¶�"H�L; 	 ;I�#" �#;´A?-8I�*?@�#@*"�: ¢ 5�7>8 	 ?B@ ¥ ?-89"��$"��#"�8/?A;&"���?-<�<H $8J���D����;K �;K�#"�¸#8I @�F?@���+@D�+; � ���*:�;&8J�D���,;I�D T�,: ?A<�;K� �
?-@*@ � �#:/"�� ��� ;K�#"U¶ ? *��D¶B��¶ @����A"�@D���� � �� �#; ± 
 �#";�«��¶f�%"�89:  @·H:I���@�F?-@Z?z�����F?-<Ä���$8J T�����
"t´-"H�L;&:�?-8/" �T�µ´$"��2� � !
 T�*:9:I T� ���+:9;/8I�D�8�,;K�� T�#: ´ �T;K�h¶�"
?@�#:W�T�µ´$"��2� � ;I�#" �� T¶e�D�#?-@L¾'��� �
�#;P8/"�:I�#@T;&: ± 
 �,"�8/"Y�+:l?'<H T¶e¸#@D�+<
?A;I�D T�e�D�h;I�#" <R�F?@���,"�@*:l<� T�L;O?@�����D��� �D�8·� $8J¶n?V;K�D @�e·B8J T¶p;I�#"
" ; ¾ � ± 
 �#" " ; ¾ � ?@���$@+" 	 (�� 	 �,"H¸%"H���#:y T�';K�#"'¶e T¶�"H�L;K��¶  @·%;K�#"P<R�F?-8��$"H��;&8/?-<Ä� ¸F?-:9:I�����
;K�#8J T���T�k;K�,"=" ; ¾ � ± 
 �," ;I  � �  T�L;&"=�Z?-89@D �:I��¶f�#@R?V;K�D @�h8/"8-��8�*8/"�:E?A<�<H�,8&?A;/"�¶e ��,"�@*@��D���� @·
;K���+:o¶: @¶ "��>;I��¶�:J¸."�<�;/8I��¶ 	 �D�#<�@D���8�D����;I�#" 8/"�@+"t´A?@�L;H?@�F?A@ � :I�+:l<H�,;/: ±�
 �#"�89"�·� $89" 	  T�#@ � ;I�#"



��� � ��� �	� �Y��
 � �
� � � ��� � ���Q��� � ��� � � ��� � 
L� �q�{�
��� � � 
.� � � � � � �1�
D �Y� ���"!$# � 58>	� 4 ^ <!@BA � M E � 58>	� 4 ^ <!@BA � M E)WV * ,/.10M2 A KRQ�U � @ KRQ @ K A � S3K A

) .M*C,/.Q0 V
� A KMLFT � A KMJ @ K A � L3KMP

) . *C, V 0 . A KMSFL � @ K N @ K A � S3KMT
) V *C, V 0 V

� A KMLFT � @ K A @ K A � @ KMPOQP8R�SUTWVYXUZ 
Y[�]`d u�fejBa�bÄferkpFjBcecelhc uQv _qjLf	l �Äb$cerkb$f	rklho<l$nKp?ltu�

�£pB_ f �Äb$ik_8j�u��
D ��� ���"!$# � 4 È� 7 ; K ^ <!@BA � M E � 4 È� 7 ; K ^ <!@BA � M E) . *-, . 0 V

� @ KMJ � U3KML S A � @ K A
) V *-, V 0 V

� @ KMJ � A KMP S A � S3KML
OQP8R�SUTWVYXUZ ��[1] d`u f	j�a�bÄf	r pLjBcecelhc uQv _qjLf	l �Äb$cerkb$f	rklho½l$n�� ���

������� pB_ f �Äb$ik_8j�u��
�#"H� ;&8&?A@D<R�F?@���#"�@ 	 � V � < V � V

�
	 ´ ?-: <R�,"�<Ä�-"�� ´ �+;I�];K�#"f?-:9:I��¶e¸,;K�� T�];K�F?V;<�0· ;K���+:l<R�F?@���#"�@

´ ?A:"���«���R?A:/"H� 	 ;K�#"�� ;K�,"f -;K�,"�8E<R�#?@���#"�@*: ´  T�#@���?-@*:J L�%" ± ¼ ;K A;O?-@
 @· � 232 2 :J�#<R��;K  � "
* �
¸."�8I��¶ "��>;/: ´ "�8/"W�$"��#"�8/?A;&"��W?z�����#;/;/"H�U·� $8�;I�#" � V � < V � V

�
<R�F?@�8�#"�@ ±;
 �#"Y���*:�;&8I�����,;I�D T�#:

 @·�¸F?-8&?z¶ ");&"�8o¸8�#@*@+:P?-8/"Y�#"
�%�#"H� ?-: 	
��� J4J F 1

b����� � 1 �"! © !$#&% � !('�¤ � 5
¢76 ± � I@¥

´ �#"�89" 	 1 b��)�� ?@��� 1 �"! © !*#+% � !*'� ?A8/"U;I�#":�#;9;&"��i?@��� �$"��#"�8/?A;&"�� ´-?A@D�#"�:<·� $8 �#;M¸F?-8/?@¶�"�;&"�8 	-, 	
?@��� ¤ � �+:H;/.#"U"�8/8J $8F T� 1 � 8/");K�#8J�#"H�m� � ;/.#"=�#; ± 
 .#"B¸��,@*@����*:�;&8J�D���,;I�D T�,:'·� -8 :J���T�F?A@ ?@����F?-<Ä���$8J T����� � V � < V � V

�
?-89"n:/.8  ´ ����� �K�@�#8/" 6 ± �.²8±&
  �?Á�T � ��j?z¸�¸#8I 5*��D¶ ?A;I�D T� 	 ;/.#"

:I�U�T�F?-@ ¸8�#@*@ �8�*:9;/8I�����,;K�� T�#:l?A8/" <�"��>;/"�89"H�m @��0�"�8I  ?@���0.F?`´$"Y���8�+; ´ �D� ;�. ±
����1 ����!�� ��� �����
�H! 
�	 2p
�	43�����!���
�	 � 
 ������	��q� �
	�� �������65

����
�	�!


 .#"�89" ?-8/"H; ´   ¶ ?@��� :J T�#8/<�"�:o @· : � :9;&"�¶n?V;K�*< "�898I $89:µ T�n;/.#"E<�?-@*<��#@R?A;I�D T�e @·D;/.#""�#8/?@�#<�.������
·B8&?-<);K�� T�#: ±�
 .#"�:9"�?-89"�?@� ���#<�"�89;&?@�D�L; � ���W;�.,"U")( <��*"��#< � ¢�¤87 ¥ ?z����?@� ���#<�"�8�;O?@���>; � ����;/.#"
;K -;&?-@ ���8¶f�."�8f @· � � ¸#?@�*89: ¢�¤:9:; ;�¥=<?> ;�.,"3¾A@ > �4B ?A;&? :&?@¶e¸#@+" ± 
 .#"C@ > <�"�89;O? <D> ; �E<?>
;�.#" ")( < < " > < � .F?A:P; ´  n<� T¶e¸�  > " > ;&:86#;�.#"�@ > <�"�8�;O? <?> ; � <?> ;�.#"�;/8&?-<Ä� <D> � ")( < < " > < � 	 ´ . < <�.
< : I ± �9: � � � � ¢ ¸."�8�;&8/?-<Ä� ¥
	 ? > B ;�.#"F@ > <�"�8�;O? <?> ; �4<D> ;�.#"M¸G.8 -;K  > 89"�<�  > :9;/8/@#<); <   > "�(�< < " > < �
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Nent = 1000   

Mean  = -0.1399

RMS   =  1.128

Chi2 / ndf = 69.88 / 63

Constant = 35.46 +- 1.291 

Mean     = -0.04895 +- 0.02847 

Sigma    = 1.045 +- 0.01708 

Toy MC
pullkspi0

Nent = 1000   

Mean  = -0.1399

RMS   =  1.128

Chi2 / ndf = 69.88 / 63

Constant = 35.46 +- 1.291 

Mean     = -0.04895 +- 0.02847 

Sigma    = 1.045 +- 0.01708 
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Toy MC
pullbkgrd

Nent = 1000   

Mean  = -0.03206

RMS   =  1.394

Chi2 / ndf =    51 / 71

Constant = 26.93 +- 1.141 

Mean     = -0.02969 +- 0.04842 

Sigma    =  1.42 +- 0.04197 

Toy MC
pullbkgrd

Nent = 1000   

Mean  = -0.03206

RMS   =  1.394

Chi2 / ndf =    51 / 71

Constant = 26.93 +- 1.141 

Mean     = -0.02969 +- 0.04842 

Sigma    =  1.42 +- 0.04197 

���*��� 	 T(V XµZ7��[ #�� " > A2&(
 ,���" � ,C919'& ���/) = :
�

; : E

? > B < :H?-@*:J  I ± �9: ± 
 .,"U"�8/8I -8<  > ;�.#" > @�¶f�%"�8O @· � � ¸F? < 8/: 	 ´ . < <�. < : �T± �9: ±�
 ?@�,@*" 6 ±�� �
:/@�¶e¶ ?-8 < :/"�:.;�.#"�"�898I $8¦  > ;�.#"�"�(�< < " > < � 	8¢�¤87 ¥
	 ;�.,"G"�8/8J $8   > ;�.," �,8&? > <�. <D> �µ·B8/?-<�; <   > B @,"�;I 
;�.#"H"�(�< < " > < �m¢70"¢�¤87°¥J¥ ? > B ;/.#"H"�8/8J $8l  > ;�.#"O�#8&? > <�. <D> �W·B8/?-<�; <   > B @#"P;K  ;�.#" @ > <�"�8�;O? <?> ; �
<D> ;�.," > @�¶B�."�8 > @�¶B�."�8O z· � � ¸F? < 8/: ¢B0M¢�¤:9 ; ; ¥I¥ ·� -8l"
?-<�. � � < � <�.#? >G> "�@ ±

D �Y� ���"!$# ; 7 < � E ^ < ; 7 E <!@BA � M E ^ < ; 9:; ; E <!@BA � M E)WV * ,/.10M2 � J �W@ eMS � A eRQ
) . *C, . 0 V

� � NAeMJ �W@ eMS � A eMS
) . *C, V 0 . � NAeMJ �W@ eRQ � A eMS
) V *C, V 0 V

� �W@BA � A eRQ � A e @O1P R�SµTÑV XµZ �Y[ ]`d u�fejBa�bÄferkp<jBcec	ltceu rko�few8j»g8cebhoqp w8rko �Wn:c bhp?f	rklho pBb$i p?_qikb$f	rklho�v8_8j½f	l f	w8j»_8o\p?jBc	febhrso f�d rkoj � p?rkjBoqpBd±b$o\v±few8jmo`_8a�g�jBc�lhnba a [qb$rkc uB�

����� ����� � ���!� 
�� ����!�� ��� �����
�H!


 .#"H: � :9;/"H¶ ?A; < <H"�8/8J $8/: <D> ;&"�8I¶�:l @·.;/.#"O�#8&? > <�. <D> �Y·B8&?A<�; <   >�	 ·� $8�"�?-<�.L¶e  B " 	 ´ "�89"=? BGB " B
<D> - @F? B 8&?A;/@#8/" ? > B ;/.#"=;K A;O?-@�´-?A@D@#"�:µ @· ;�.#"�: � :9;&"�¶n?V; < <�:P?-8/"�: @�¶e¶n?-8 < :9" B <?> ;O?@�#@+" 6 ±�� É



��� � � � 
.���/� �3� ��� � � � �q� � � � �

D ��� ���"!$# ^ <!@BA � M E < > G >IH E)WV *C,/.1032 � S-eMS
) .3*-,/.10 V

� � J-eMS
) . *-, V 0 . � S-eMU
) V *-, V 0 V

� � L-eMJO1P R�SµTWV XµZ �Y[�� l$febhiYu	d`u f	j�a�bÄf	r pFjBcec	ltcQlto»a6j�bhu	_8cej�v-a�c�; = g8cebhoqp w8rko � n:cebtpIf	rklho\uB�
����� 2p��������� ��!���� � �$��� ����!


 .#"�<�.F?-8��-"n?-: � ¶:¶�"�;/8 < "�:f?-8/"�<
?A@*< @,@R?A;/" B ·��$8�;�.#"_¶�� B "�: � V�� < .�� 2 	�� . � < .�� V
�

? > B � . � < V � . ±;
 .#"�¸#?-89; < ?-@.8&?A;/" ?-: � ¶e¶ ");&8 � <
? >	� " ´ 8 < ;/;/" > ?-: 	

���
 F 1 ¢ � � �� ¥F� 1 ¢ � � � ¥

1 ¢ � � �� ¥ � 1 ¢ � � � ¥ 5 ¢76 ± � ² ¥
´ .#"�89" � 8/"�¸#8/"�:/" > ;/:�" < ;�.#"�8 ? � V �$8f? � Ë ¶ "�:�� > ±B; > ;�. < : <
?-:9" 	F� 	 8/"H¸,8/"�:9" > ;&:�?k:9"�@0· �
;O?���� <D> � � � < � ¶�� B " ± � ? > B �� ?-8/"�;�.,"f<�� > � @��$?A;&"�:�;O?A;/"�: ±
"$# � #'& 
 � 3 G(� E 3

 .#"�<�.#?-8��$"�?-: � ¶e¶ ");&8 � 	 
���
 	 ·��$8 � V � < . � 2 ´ ?A: B ");&"�8J¶ <?> " B ·B8��T¶p;�.#"�¶n? * < ¶ @�¶
@ < �-"�@ < .���� B �#; ±!; ;H<�? >�� "�:/.�� ´ > ;�.F?V; 
���
 < :°� < ´-" >��"� /


���
 F � � IÃ� 254 ¢76 ± � 6N¥
� F 2 § � ² K 2 § 2Ã� ¢ :9;&?A; ¥ 	 ;�.#"�8/"S·��$8/" 	 
���
 F¨� 2 § 2Ã�HK 2 § � I ±

 �<¶n?\�-"G?O¶�"
?A:/@#89"H¶�" > ;��z·#? >"� <�.F?A8��$"q?-: � ¶e¶ ");&8 �F<D> ;�.#" � . � < .�� V

�
B "�<
? � <�.F? >�> "�@ 	

?�: < ¶ @,@+;O? > "�� @,:O¶ ? * < ¶ @�¶�@ < �-"�@ < .���� B �#;��@· � Ë � < Ë � V� ? > B � � � < � � V� < :P<
?-898 < " B
� @,; ± 
 .#"f<�.F?-8��-"��@·S;�.#"W¸ < � > < :A@,:/" B ;�� B < �."�89" > ; < ?A;&" � "�; ´ "�" > ;/.#" ; ´ � <�.F? >G> "�@*: ± 
 .#"
�#;m� < ´$"�:�;�.#" > @�¶ � "�8��@·%: < � > ?-@ ? > B � ?A<Ä�Y�-8�� @ > B � Ë � < Ë � V� ? > B � � � < � � V� "h´$" > ;/: ±

 .#" � ?-<Ä���$8�� @ > B : .F?@¸%"�:�?-89"q;/.#"Z:&?z¶ " ·��$8 � �-;�. � Ë � < Ë � V� ? > B � � � < � � V� ± 
 .#"�:/"> @�¶ � "�8/: ?-89"�8/"�<��$8 B " B <?> ;O? � @+" 6 ± I 2 ±�
 .#"f"�898��$89:H?-8/"�:�;O?A; < :9; < <�?-@ ± 
 2�� 4 È� < :�� < ´-" >	�"� 	


 2�� 4 È� F 1 ¢ � � � < � � V� ¥m� 1 ¢ � Ë � < Ë � V� ¥
1 ¢ � Ë � < Ë � V� ¥ � 1 ¢ � � � < � � V� ¥ 5 ¢76 ± � � ¥



� � � � 
����	��
�� 
�������� �	����������� ��� ��
�� � � � �
�B�Y� ���"!$# � 
�� !$� H?>
� 2�I 4 È� L @ e A � U-e A
� 2�H 4 È� @BA e A � QLe A
� <>2�I 4 È� @ JFSHQLe A � Q�S-e A
� <>2�H 4 È� @ JFLFP-e A � QFQLe AO1P R�SµT+V X X ��[K]`r �hoqbhihb$o\vLgqbhp��(�hcelh_qoqv�d`rkjBi v8u�lhnFa���c ;�� = :

�
bhoqv a�� c ;��
= :

�
� �/cec	ltceuÃb$cej/u febÄferku f	r pBbhiU�

? > B .F?-:H?�´A?-@?@#" �@· � 2 § ² �HK 2 § I ² ¢ :�;O?A; ¥ ± 
 .#"B¶�"
?-: @#8/"�¶ " > ; �@· ? >"� <�.F?-8��$"U?-: � ¶e¶ ");&8 �<D> � . � < V � . ´ ?-:�;&89"
?A;/" B <D> ?�: < ¶ < @R?-8Y·7?-:/. < � >�	 ´ < ;/. ?i: < ¶ @,@+;O? > "�� @,: ¶n? * < ¶ @�¶
@ < �-"�@ < .���� B �#; � " <D> �h<�?-8/8 < " B � @,; � > � Ë � <]V � Ë ? > B � � � <]V � � ± 
 .,"�8/"�:/@#@T;&:�?-89"� < ´-" >0<D> ;O? � @*" 6 ± I �T±

 2 È 4 � < :�� < ´$" >���� 	

�B�Y� ���"!$# ��
�� !$� H?>
� 2 È 4JI SFL-e A�� P-e A
� 2 È 4"H SONAe A�� P-e A
� <>2 È 4 I @ TFPFS-e A � Q�NAe A
� <>2 È 4"H @ PFSFU-e A � Q�U-e AO1P R�SµT+V X X�Z\[K]`r �hoqbhihb$o\vLgqbhp��(�hcelh_qoqv�d`rkjBi v8u�lhnFa���c ; : =��<bhoqv a�� c ; : =��/� �/cec	ltceuÃb$cej/u febÄferku f	r pBbhiU�


 2 È 4 � F 1 ¢ � � � <]V � � ¥F� 1 ¢ � Ë � <]V � Ë ¥
1 ¢ � � � < V � � ¥ � 1 ¢ � Ë � < V � Ë ¥ 5 ¢76 ± � � ¥

? > B ´ ?A:'·�� @ > B ;�� � " � 2 § 2"ÂPK 2 § � � ¢ :9;O?V; ¥ ±
"$# � #I� �°�63�E#� � )FEL+?¹ 3

 �n"�:9;&? � @ < :/.W;�.#"U: � :9;/"H¶ ?A; < < @ > <�"�8�;O? <?> ; < "�:F¸#89"�:/" > ; <D> ;�.#"�"h´A?-@D@F?V; < � > �@· ;�.#"�?-: � ¶e¶ " �
;&8 < "�: 	 ;/.#" ´A?-8 < ?A; < � > �@·�;�.#":!�" ��# :=? > B ;/.#" ´A?-8 < ?A; < � > �@·�;�.,"�:/"�@*"�<); < � > < @ ;&: ´ "�89"�?��L? <?>
<�� > : < B "�8/" B ±



��� � � � 
.���/� �3� ��� � � � �q� � � � � �

"$# � #�� �°�63�E#� � )FEL+?¹�� /»¹ ��D E ) +'/ EÃ� +'/ ¶ 3 �_� � � E D�� � G � E�� E�� � (2)!D,+��
)FEL+�� /��#" �*1����
3

� �$8 "
?-<�.�¶ � B " 	 ;/.#" ´ < B ;�.,: �z·,;�.,"$!�" ��# : B "�:9<�8 < �G<?> �65�798 ´ "�89" <?> <�89"
?-:9" B ? > B B "�<�89"
?-:9" B
?-: � "�·��-8/" ± 
 .#"'?A: � ¶:¶�"�;/8 � ´A?-@D@," ´ ?-:=89"�<��-8 B " B ·��$8E"�?-<�. ; < ¶�"f;/.#"=�#; ´ ?A:<´A?-8 < " B ? > B
;�.#" B < �."�8/" > <�" � "�; ´ "�" > ;/.#" �$8 < � <D> ?-@ ?A: � ¶:¶�"�;/8 � ? > B ;�.," > " ´ � > " ´ ?-:�<�� > : < B "�8/" B ;��
� "=;/.#"�: � :�;&"H¶ ?A; < <="�8/8��-8 ±;
 .#"�89"�:/@,@+;&: �z·g;/.#"»´A?-8 < ?A; < � > �z·D;�.#"@!�" ��# :l:9;/@ B � ?A8/" - @��-;/" B
<D> ;/"�8J¶ : �@·D;�.#" B < �."�89" > <�" <D> ;�.#"�?A: � ¶:¶�"�;/8 � ´A?-@D@," 
 ·��$8q"
?-<�.U¶�� B " :�;�@ B < " B 	�<D> ;&? � @+"
6 ± I$I

D ��� ����!$# 5�� E @ � H?@A5 � � G >?H !
	W� H?@ � <	� E � � ! K &(' � G >IH !
	 � H?@ � <	� E) V *-, . 0 2 �B��� � � !°% 798 ; � T�� � A e A L@ �Y� E !$� > ! &(' ; L A � � A e A�@ U � A e A�@ Q
�"!$� E !$� > ! &(' ; @BA � � A e A�@ L

) .3*-,/.10 V
� �B��� � � !°% 798 ; � T�� � A e AFA N:J@ �Y� E !$� > ! &(' ; L A � � A e A�@ N � A e AFA L

�"!$� E !$� > ! &(' ; @BA � � A e A S�B��� � � !±% 7>8 � � T�� � A e AFA U@ �Y� E !$� > ! &('
�
L A � � A e AFA T � A e AFA J

�"!$� E !$� > ! &('
� @BA � � A e AFA L

) .3*-, V 03. �B��� � � !°% 798 ; � T�� � A e A L@ �Y� E !$� > ! &(' ; L A � � A e A�@ � A e A L
�"!$� E !$� > ! &(' ; @BA � � A e A L�B��� � � !±% 7>8 � � T�� � A e A�@@ �Y� E !$� > ! &('

�
L A � � A e A�@ � A e A�@

�"!$� E !$� > ! &('
� @BA � � A e A�@O1P R�SUTWV X X3X"[^]`d u�fejBa�bÄferkpF_8oqpBjBc	febhrso f	rkj�u^rko(bhu	d`a6a=jBf	ced �Äb$ik_8j�u�v _qjLf	l�x�yFz [qbhcebha=j?f	j�ceu��

"$# � #
" �°�63�E#� � )FEL+?¹�� /»¹ ��D E ) +'/ EÃ� +'/ ¶ 3 �_� � � E D�� � G � E�� E�� � (2)!D,+��
)FEL+�� /��#"�E�� � � ������¹�E.+
�0/²� G6E 3
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