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

�������
�������
���� � ��� �! " # �%$

& ')(�*,+.-�*0/2131547698�';:�<=+>+.43?@+.-�*0476A(�'CBD/FE>EG<HE>476JIK';LM';NC<H1O<

P3Q5RTSUROVWROX;YCZ\[]SUX_^`Z\aUb;cGS2dFSeQ5SgfhZiYCVjfhaUb7Z\khbmlWQ3b7[onpc.SFqrP3s2tCYJu

vxwzy�{2|j|`},~��C�)�"y`������| �����z���m����yp������y,� ���)�Oypw�~7��|��7w���~�� ��~O���
�x��|2wo�)��v����p�F~m{����

� wj�p��{j�)�7~]�;¡�¢;��|�£C¤0¥�¦ ¥§£A£J¨
�z���7~\�7¢©�my�ª«�H¬�~myp�­�§�h|®},~¯��~7�F~m{j��ª�¢�{=�h|`�,w2|j�±°²��³9¨)¥ ´.¥)£A£¶µ>·





����������u)d
	Ct��0P3t���P�
�� q��Ju)Y�P3Y�����	Ct�����POu§Y��²t�������������


q�njt)^.ROXm^Wb7aUa S l��;n ��ZoRTROSeQ5ROX_^`S l t0njd>b7khkhZ\khS l"! n#	0n$� Zoa Z
%�&('�&*)+&*'�&-,/.�02143657.�891-:;1=<#>65?3A@+B214>DC .E<#39F/14>�GIHA@ JLKMG2N9N�:;1=<#>65?3A@ %�OP>I<#Q

RTSVULW�X�R�YZW
X�[A\?]=[I^_]a`6bcbEd7b/e_f9g�hai6jkj_b/jciIlnm9o6o�p�bEq�r�s7i6d7j$]#d�^_t7bTu7e_i9^_i9^vgMu�b�wx[Ahai9e_]ar�b/^kb/e_j�yPz{]a|Ms?]#\�RTe_f9i6d�}Lb6~ r�~#}9[Ad7\
� bx��ULwE]#dL^k]#hah4[A^ki6e�^_]ahab/jx}Zt�[I\7e_i9d7]awx��iAl�^kt7bDR W�z{R�U�w/i6hah4[A��i6e�[A^_]ai9d�lPi9e�z{��Y�t�[2`6b���b/bEd�r�bx[Ij_s7ekb/\�]ad�[
\7b/\7]awx[I^_b/\�eks7d�~�Wct7bEj_b�e_bEj_s7ha^_j�[AhahaiA��^_i�w�t7b/w��;^kt7b�b/�L]aj_^k]#d?f�^_t?b/i6ekb/^_]awx[Ih+u7ekb/\7]aw/^k]#i9d7jx}��ct7]aw�t;jk^_]ahah�t�[2`6b
j_i6r�b�s7d?w/b/e_^�[A]adL^_]ab/j2~ Wct7b�j_u�b/w/^ke_s7r�iIl e_b/habx[Ij_b/\DbEd7b/e_f9g�t�[Ijc��bEb/dDr�b2[Aj_s?e_b/\�s7u�^_i�^_t?b�bEd7\L�vu�i9]#dL^2}7[Ad7\
]#^c]ajct�[Ijc��bEb/dDw/i9r�u�[Ie_b/\�^_i�\7b/^�[A]ahab/\���i6dL^_b�Yc[Ie_hai�wx[Ahaw/s7h4[I^_]ai6d7j2~

� P ^.ROkhX.c.Vjf RTSUX_^
� eki6r�^kt7b�u�i6]adL^+iIln`L]ab/��iIl ^_t7b�b6~ r;~�]adL^_b/e�[Aw/^k]#i9d7jx}?r�s7i6d?j wx[Ad���b�w/i9d7j_]a\7b/ekb/\���s?j_^�[Ajct?bx[2`Lg�b/hab/w/^ke_i9d7jx~
Wct7b/e_b�lPi6ekbD^_t7bEg�s7d7\?b/e_f9i�[Ahah+^kt7b�j�[Ir�b�u?e_iLw/b/jkj_b/jD[Aj�bEh#bEw/^_eki6d7j2}+]ad7wEh#s?\7]ad7f;�?e_b/r�j_j_^ke�[It7has7d7f�[Ad7\�u�[A]ae
u7e_iL\7s7wE^_]ai6d�~Z���Lw/b/hahab/dL^�ekb/`L]#bE�cjciAl r�s7i6d�b9~ r�~�]adL^_bEe�[AwE^_]ai6d7j�[Ie_b�f9]a`6b/d�]#d�ekb�lPjx~ m9� }7� � }7  � ~���iA�Zb/`6b/e2}7]a^
r�s7j_^Z��b�u�i6]adL^_b/\�i6s7^Z^_t�[A^c�ct7]ahabc^_t7b�e�[A\7]4[A^k]a`6b�u?e_iLw/b/jkj_b/j��Lg�b/hab/w/^ke_i6d?j�[Ad?\�u�i6j_]a^ke_i6d?j�[Ae_b��Lg�d7iA���Zb/hah
s7d7\7b/ekj_^kiMiL\�[Ad?\�w�t7b/w��6bE\¡[IfM[I]#d?j_^�^kt7b�¢�� £¤u7ekb/\7]aw/^k]#i9d7jx}Z[�lPb/��s7d7w/b/ek^�[I]#dL^k]#bEj�j_^_]ahah b/�L]aj_^�lPi9e�r�s7i9d7jx~
Wct7b�r�[A]ad�ekbx[Ajki6d7j�j_^_bEr¥��i6^kt�l¦e_i6r§^_t7b/i9e_b/^k]awx[Ah�[Aj_u�b/w/^kj;y¦[Aj�j_s?r�r�[Ie_]a¨/b/\�h4[I^_b/e�]ad�^kt7]aj�u�[Au�b/e���[Ad7\
b/�Lu�b/ek]ar�b/dL^�[Ih�u7e_i9�7hab/r�j2©c]adDlª[Iw/^�i6d7b�t�[Ij�^ki�w/i9d7j_]a\7bEe�^_t�[I^�^_t7b/jkb�]adM^kb/e�[Iw/^_]ai9d7j�r�s7j_^T��b�jk^_s7\7]ab/\��c]a^_t
t7]af6t�b/d7b/ekf6g�r�s?i6d7j2}x[Ad?\�[�h4[Ae_f9b�j_^�[I^_]aj_^k]aw/j�]#j-d?b/b/\7b/\�~ «vd�^_t7bZha]a^_b/e�[A^_s?e_b+[$lPbE���+i9e_�Lj�wx[Id���b�lPi6s?d7\��ct7b/ekb
t7]af6t�b/d?b/e_f9g�w/i9j_r�]#w$r�s7i6d�b/`9b/dL^_j t�[2`9b ��b/b/d�[Ad�[AhagLj_b/\�¬A­�® � }¯[Id7\�}A^ki�i6s7e��Md?iA�ch#bE\7f6b6}Ii6d7hag�i6d7b�° � �c]a^_t
[�r�i6d7iLw�t7e_i9r�[I^_](wZ±6o6o�p�b/q²��bx[Ir;~-Wct?b/j_b�[Ad�[AhagLj_b/j+[Ie_b�[Au7u7ekb/w/]4[A�?h#b9}L�7s7^Zj_sL³-b/eZlPeki6r
h4[Iw���iAl�jk^�[I^_]aj_^k]#wEj
]#d�^kt7b�w/eks7w/]4[Ah�e_b/f9]#i9d�iAl ^_t7b�e�[A\?]=[I^_b/\�b/d?b/e_f9gDj_u�b/w/^ke_s7r�}�[Ad?\�]ad�^_t?b�wx[Ajkb�iAl w/i9j_r�]#wTe�[2gLj�jk^_s7\?]#bEjx}-[Ahaj_i
lPe_i9r´^_t?b�s7d7w/b/ek^�[I]#dL^k]#bEj�i6d�^_t7b��Ld7iA�chab/\?f6b�iAlch#iLwx[Ih�b/d7b/ekf6g�j_u�b/w/^_eks7r;~µR¶r�i6ekb�u7e_bEw/]aj_b�]adL`6bEj_^_]afL[A^_]ai9d
iAl�^_t7bEj_bDu7t?b/d7i6r�b/d�[?} s7jk]#d?f;\�[I^�[�^�[A�6bEd�]ad��+b/hahcw/i9dL^_e_i9hah#bE\�wEi6d7\7]a^k]#i9d7jx}$]aj�^_t7b/ekb�lPi9e_bDd7bEw/b/j_j�[AekgM}cd?i6^
i6d7hag���bEwx[As7jkb�]a^�]aj�]adL^_b/ekb/j_^k]#d?f�]adD]a^kj_b/h*l�}-�?s7^�[Ahaj_i���b/w2[As7jkb�iAl+jki6r�b�j_u�b/w/]*·�w�b/�Lu�b/e_]ar�bEdM^�[Ah�d7b/bE\7jx~ � i6e
]#d?j_^�[Id7w/b6}T[Du7ekb/w/]aj_b��Md?iA�ch#bE\7f6b�iAl�^_t7bEj_bDu7t?b/d7i6r�b/d�[��c]ah#h�[Ihah#iA��[�r�i9e_b�ekb/ha]4[A�7hab�w2[Ahaw/s7h4[A^k]ai6d�iIl�^kt7b
j_s7ek`M]a`6[Ih�u7eki6��[I�7]ah#]a^k]#bEj�iAl r�s7ha^k](�vW�b/q²r�s7i6d7jZl¦i6e�h4[Ie_f6b�\7b/u7^kt7j�iAl j_i9]#hv}�e_iLw���i6eT�V[I^_b/e2}�[Ad7\�^_t7]aj�w2[AdD��b



� ]af6s7ekb ¬ ©�W�i6^�[Ah-[Ad7\�u�[Ie_^_]4[Ih-b/d7b/ekf6g�hai9j_j_bEjclPi9ecr�s7i6d7j$]#d�habx[I\�[Aj�[�l¦s7d7w/^k]#i9d�iIlnr�s?i6d�b/d7bEe_f6g

b/j_jkb/dL^_]4[Ah�l¦i6e�jki6r�b�d7i6d � [Iw/w/b/hab/e�[A^_i9e�b/�Lu�b/e_]ar�bEdM^kj � � ~�R�d7i9^_t7bEe�]ar�u�i9e_^�[IdL^cb/�7[Ar�u?h#b�]aj�^_t7b�[Ad�[AhagLj_]aj�iIl
^_t7b�jkgLj_^_bEr�[A^k]aw/jc]ad�r�s7i9d�\7b/^_bEw/^_]ai6d�[A^c^_t?b�l¦s7^_s7ekb�t�[I\7e_i9d�wEi6haha]#\?b/e_j2~

� q V`Xm^²P ^.ROb7khZ_fhROS Xm^jQ
S+b/g9i6d7\�[A^_i9r�]aw�]ai9d7]a¨x[A^k]#i9d;y ]#d?w/has7\7]ad7f��2�ve�[2g�u?e_iL\7s7w/^k]ai6d��T[Ad7\�b/�Lw/]a^�[I^_]ai6d�u7ekiLw/b/j_jkb/jx}�^_t?b�r�i9j_^c]ar�u�i6e �
^�[AdL^cu7ekiLw/b/j_jkb/j�^kt�[A^cr�s7i9d7j s7d?\7b/e_f9i�[Aekb6© �7ekb/r�jkj_^ke�[At?h#s?d7f�}����	��
 u�[A]ae+u?e_iL\7s7w/^k]ai6dD[Ad7\�u7t?i6^_iI�ªdLs7wEh#b2[Ae
]#dL^kb/e�[Iw/^_]ai6d?j�~�Wct7b�ekb/h4[A^k]#`9bc]ar�u�i6e_^�[Ad7wEbciAl�^_t?b/j_b�u7ekiMwEb/j_jkb/j�\7bEu�b/d?\7jc��i9^_t�i9d�^_t7bT^�[Aekf6b/^Zr�[I^_b/ek]4[Ahv}A[Ad7\
i6d�r�s7i6d�b/d7bEe_f6gL~�R�j�jkt7iA�cd�]#d�·�f ¬ lPi9e�z{bx[A\�}-e�[I\7]4[A^_]a`9b�u7e_iLw/bEj_j_bEj�j_^�[Ie_^�^ki�\7i9r�]ad�[I^_b�^kt7b�r�s?i6d
������
�ct7b/d�^_t?b�r�s7i9d�b/d7b/ekf6gDb/�Lw/bEb/\7j�[�l¦b/��tLs7d7\7ekb/\�p�b/q�~�Wct?b/]ae�wEi6dL^_ek]#�?s7^_]ai6d�}�t?iA�+b/`9b/ex}{]#j�r�[A\7b�s7u��Lg
e_b/h4[A^k]a`6b/hagDe�[Ae_b�bE`6b/dL^_j��c]#^kt;jk]af6d7]*·�wx[IdL^�l¦e�[AwE^_]ai6d�[Ih�b/d7b/ekf6g�h#i9j_jkb/j�y4�Zb�\7b�·�d7b9} [Aj�s7j_s�[Ahv}-^_t?b�lPe�[Iw/^_]ai6d�[Ah
b/d7b/ekf6g�hai6jkjV[Ij������ ������ �/}L[AjZj_t?iA�cd�]#d�·�f�~ ±�lPi6e+m9o6o�p�b/q²r�s7i9d7j�]#d�z-b2[A\�~�SZe_b/r�j_jk^_e�[It7has7d7f�\?i6r�]ad�[I^_b/j
^_t7b�t�[Ae_\?b/j_^Tu�[Aek^ciAl"^kt7b�b/d?b/e_f9g�hai6jkjcj_u�b/w/^_eks7r;}?�ct7]ahab�u�[I]#ecu?e_iL\7s7w/^k]ai6d�^_t7b�]#dL^kb/e_r�b/\7]4[A^kb�u�[Ie_^x~

��i6jk^�iIl�u7ekb/j_b/dL^�wx[Ih#wEs7h4[A^_]ai9d7j�wEi6d7w/bEe_d7]ad7f�r�s7i6d�^ke�[Ad?j_u�i6e_^�[AekbD��[Ajkb/\�i6d�^_t?bDw/e_i9j_j�j_b/w��
^_]ai6d7jcekb/`L]ab/�+bE\�]ad�e_b�l�~   ��� ^kt7b/ekb6}�^_t7bTlPi9e_r�s7h4[A^k]ai6d�iAl"R�~ R�~���b/^_eks7�Lt7]ad�[Ad?\�q�~ q�~ ULt7b/jk^�[I�6iA` ±6� lPi6ecr�s?i6d
�7e_b/r�j_jk^_e�[It7has7d7f�]ajcw/i6d7jk]a\7b/e_bE\�~ �TiA�+b/`9b/ex}7[Ij�[Ahae_b2[A\7g�u�i6]adL^_b/\�i6s7^c]ad��7­�¬ o9� }7[�lPb/��s7d?w/b/e_^�[A]adL^_]ab/jTj_^_]ahah
b/�L]#jk^x}$w/i6d7wEb/e_d7]ad7f�r�[I]ad7hag�^kt7b�^ke_bx[I^_r�b/dL^�iIl�dMs?w/habx[Ae�j_w/ekb/b/d7]ad7f�}+YZi9s7hai6r��;[Id7\�e�[A\7]4[A^k]a`6b�w/i6eke_b/w/^k]ai6d7j
]#d�^_t7b�w/e_i9j_j�j_b/w/^k]ai6d��?­�¬ o ­ m ­ � ­�¬6¬6­ ± ­�¬ � ~�Wct7b�\7]*³ bEe_b/d7wEbD]ad�^_t7b�^_i9^�[Ih+\7]*³-b/e_bEdM^k]4[Ahcw/eki6j_j�jkb/w/^k]#i9d

±



� ]af9s7e_b�±7©�£T]*³ b/ekb/dL^_]4[Ah�w/eki6j_jTj_b/wE^_]ai6d7j�[IjV[�lPs7d?w��
^_]ai6d�iIl �cl¦i6e�^kt7b e�[A\7]4[A^k]a`6b u7ekiLw/b/j_jkb/j iIl m6o9ocp�b/q
r�s7i6d7jZ]ad�habx[I\�~

� ]af9s7e_b�m7©���d7b/ekf6g�hai6j_jT\7]*³ bEe_b/d7wEb�lPi9e�m9o6o�p�b/q
r�s7i6d7j�]ad²h#b2[A\²s7j_]ad7f�ekb�lPj2~ ¬ � [Ad?\ ±A� l¦i6e
�7e_b/r�j_jk^_e�[It7has7d7f�~

� ���� [Aj�[�lPs7d?w/^_]ai6d�iAl �7}�l¦i6e�m6o9o�p�b/q�r�s7i9d7j�]ad�habx[A\�]aj�u7ekb/j_b/dL^kb/\�]ad�·�f�~�m7}�[Ajkj_s7r�]#d?f�^v�Zi�\?](³-b/ekb/dL^
lPi6ekr�s7h4[A^_]ai9d7j�lPi6eZr�s7i6d��7ekb/r�jkj_^_e�[At7has7d?f�©�^_t?b�i9d7b�iIl ��b/^ke_s7�Lt7]ad�b/^�[Ahv~ ±A� [Ad7\�^_t7b�i6d?b�iAl U7[A�Ls7r�i6^ki�bE^
[Ahv~-¬ � ~

� �����jb7khS	��b7^GRTZ\ajQ5b7R�
 V��
«vdDj_b/u?^_b/r���b/e ¬�� � � ^kt7b�·�ekj_^�wEi6r��7]ad7b/\�^_b/jk^�iIln^kt7b�R W�z-R�U�t�[A\7eki6d7]aw�[Ad?\�bEh#bEw/^_eki6r�[If6d7bE^_]aw�u7e_i9^_i6^vgLu�b
wx[Ahai6ek]ar�b/^kb/e_j�t�[Aj���b/b/d�u�b/e lPi6ekr�b/\�~�Wct7b�b/hab/w/^ke_i6r�[Af9d7b/^_]awDy b6~ r;~ �²wx[Ahai9e_]ar�b/^kb/e��c[Aj�^_t7b�z-bx[I\L�_z-]a|Ls7]a\
R�e_f9i6d�
�±�r�b/^_ekb/j���u7eki6^ki6^vgLu�b��?s7]ah#^��LgD^kt7b�X�£�m�wEi6hah4[A��i6e�[I^_]ai6d�¬ ±6� ~�«v^�t�[Aj�[Id [Iw/w/i9e_\7]ai6d�f9b/i6r�b/^_ekgM}
�c]#^kt [�������o�� o9±7}�������o�� o ¬   f9e�[IdMs?h=[Ie_]a^vgL}�[Ad?\;]a^�]aj�l¦s7hah#g�u�i9]adM^k]ad7f�~�Wct7b�^ki6^�[Ah�^_t7]aw��Ld7b/jkj�]aj�± ®����
[A^�� ��o?}�jks7��\?]#`L]a\7b/\�]adM^kiD^_t?e_b/b�h#i9d7f6]a^ks7\7]ad�[Ah$j�[Ar�u7ha]ad7f6j2~�Wct7b�ekb/j_i9has7^_]ai6d�r�bx[Ajks7e_bE\��c]a^_t�b/hab/wE^_e_i9d
��bx[Ir�jc]aj � � ��!� �#" �%$& �(' o�� ®*) u?h#s?j�[�d7i9]#jkb�^_bEe_r;~Z«vd�^_t?]#jT^_b/jk^���bx[Ir�]a^c�V[Ijcu7e_b/wEb/b/\7b/\��Lg�[�jkb/u�[Ie�[A^kb
u7e_b/jkt7iA�Zb/e�\7b/^kb/w/^ki6ex}�[Ahaj_i�s7j_]ad7f�z-R�e�[Aj�[AwE^_]a`6b�r�[A^kb/e_]4[Ah ¬ ±A� ~ Wct7b�d7b/b/\�lPi6e�[�f6iLiL\Dw/i9s7u7ha]ad7f��c]a^_t�^kt7b
t�[A\7eki6d7]aw�wx[Ih#i9e_]ar�bE^_b/e wEi6r�u�b/hahab/\�^_i�jkt7]*lP^Z^_t7b�b6~ r;~{i6d7b�^_iA�c[Aek\�^kt7b���[Aw���iAl�]a^_jZw/e_g9i6j_^�[A^2}7]ad�[�u�i9j_]a^_]ai9d
^_t�[I^�j_u�i6]ahab/\�]a^_j�u�i9]adM^k]ad7f�u7eki6u�b/e_^k]ab/jx~�SZb/t7]ad7\�^_t?b�b6~ r;~µwx[Ahai6ek]ar�b/^kb/e�^_t7b�u7e_i9^_i6^vgLu�b�iIlV^kt7b�Wc]ahab�¬ m6�
t�[A\7eki6d7]aw�y4�TR�£���wx[Ahai6ek]ar�b/^kb/e��c[Aj�u7h4[AwEb/\�~�Wct7]aj�]aj�[�«ve_i6d �ªjkw/]adM^k]ah#h4[I^_i6e�wx[Ahai6ek]ar�b/^kb/ex}��c]a^_t�[Ad � b6© ULwE]
e�[A^k]ai [Ie_i6s?d7\�·�`9b�]ad�`9i6has7r�b6~�«v^_j�^ki6^�[Ih+^kt7]aw��Md?b/j_j�]aj ¬   o�w/r y¦[A��i6s7^ ��+�, ��[Id7\�]a^�]aj�e_bx[I\L�vi6s7^�]ad �
h#i9d7f6]a^ks7\7]ad�[Ah�j_bEw/^_]ai6d?jx~ZWct7b�Wc]ahab�wx[Ihai6e_]ar�b/^_b/ec�c[AjZl¦i6hahaiA�+b/\��Lg�[�
_r�s7i9d��V[Ih#h-��}Lw/i6d7jk]aj_^_]ad7f�iIln[Id�[Ie_e�[2g
iAl�j_wE]#dL^k]#hah4[A^ki6e�\7b/^kb/w/^ki6e_j2~ZR�j_u�b/w/]4[Ah���bx[Ar j_bE^_s7u��c[Aj u7ekb/u�[Ie_b/\�^_i�i9�7^�[I]#d�[�m6o6o�p�bEq r�s7i9d���bx[Ar �c]a^_t
[Ahar�i9j_^�d?i�u7]ai6d�w/i6dL^�[Ar�]ad�[I^_]ai6d�[Id7\�[�wx[Ahaw/s7h4[I^_b/\�r�i6r�bEdM^ks7r�jku7e_bx[I\�jkr�[Ahahab/e�^_t�[Id ¬.) ¬ � � ~�Wct7bc��bx[Ar

m



�V[Ij ]ar�u7]ad7f9]#d?fci6d�^_t?b�b6~ r;~{wx[Ahai6ek]ar�b/^kb/e [A^+[I��i9s7^ ¬6¬�� }L[Ad7\�^kt7bc��b2[Ar j_u�i6^Z�V[Ij w/i9dL·�d7b/\�]ad�[�m���mTw/r
j_|Ls�[Aekb��Lg;[�w/i9s7u7hab�iAlcj_w/]adL^_]ahah4[A^k]#i9dD\7b/^kb/w/^ki6e_j�[Iw/^_]ad7fD[Ij�[�^_e_]af9f6b/e2~�R�^_i9^�[Ih"iIl�[I��i9s7^ � o6o6o9o6oµb/`6b/dL^kj
t�[2`6b���b/b/dDekb/w/i6ek\7b/\�~

� �>S �iV`aUZ\ROS X_^`Q
Wct7b�j_]ar�s7h4[I^_]ai6d7j$t�[2`6b���b/b/dDu�b/evl¦i6e_r�b/\��c]a^_t�^_t7b�j_^�[Id7\�[Ih#i9d7b����
	���
�w/iL\7b ¬2® � ~$Wct7]ajcw�t?i6]aw/b�t�[AjT��bEb/d
`6[Aha]a\�[A^kb/\��Lg;b/�L^kb/d7j_]a`9b�wEi6r�u�[Ae_]ajki6d7j��c]a^kt�i6^_t?b/e�wEiM\?b/j�[A��i6s7^�t7]af6t�bEd7b/e_f9g�r�s7i6d�u7eki6u�[IfM[A^k]ai6d�¬x° � }
[Ad7\��Mg�^kt7b�f9iLiM\�[If6ekb/b/r�bEdM^Z��b/^v�+bEb/d�j_]ar�s7h4[A^k]#i9d7j"[Id7\�^kb/j_^c��bx[Ir�e_b/jks7ha^_jci9d�b/hab/w/^_eki6dD[Ad?\�u7]ai6d?jx~�«v^+]aj
u�i9j_j_]a�7habc^ki�w�t7iLi6j_bc^kt7bcu7ekb/j_w/ek]au7^_]ai6dµlPi6e�^kt7bcb�³-b/w/^ciAl-^_t?bcdMs?w/habx[Ae�l¦i6e_r lª[AwE^_i6e�]ad�r�s7i6d��?e_b/r�j_j_^ke�[It7has7d7f
[Ar�i9d7fZ^_t7i9j_bZiAl�ekb�l�~ � ­�¬6­ ±9� }A[Ad7\�^kt7bcYZi6s7hai6r��Tw/i6eke_b/wE^_]ai6d�wx[Ad���bZi6u7^k]ai6d�[Ih#hagcw/i9d7j_]a\7bEe_b/\�}L[Aj�jks7f6f9b/j_^kb/\
�Mg�Wcj�[A] m6� ~TWct7b�^_ekbx[A^kr�b/dL^�iIl+u7t7i9^_iI�ªdLs7w/habx[Ie�]adL^_b/e�[Aw/^k]ai6d7jT��[Ajk]#w2[Ahahag�lPi9h#haiA�cjcekb�l�~�¬ � � }��c]#^ktD^_t?b�w/eki6jkj
j_b/w/^k]ai6d�]#dL^kb/f6e�[A^_bE\;\7iA�cd�^_i�^kt7b�h#iA�Zb/jk^�u�i6j_jk]a�7hab�����`6[Ihas7b/jx}�]ad7w/has7\?]#d?f�^_t7b�b/�L]aj_^_]ad7f�ekb/j_i9d�[Ad?w/b/j�]#d�^kt7b
��� w/e_i9j_j�j_b/wE^_]ai6d�~���[I]#e �ªu?e_iL\7s7w/^k]ai6d�]aj�j�[Ir�u7hab/\D[Iw/w/i6ek\7]ad7f�^ki�^kt7b�\?i6s7�7hab�\?](³-b/ekb/dL^_]4[Ah�w/eki6j_j�jkb/w/^_]ai9d;iIl
e_b�l�~�¬   � ~�«vd�^_t7b��7ekb/r�jkj_^ke�[At?h#s?d7f�^ke_bx[I^_r�b/dL^x}L^_t?b�jkw/e_bEb/d7]ad7f�lv[Aw/^ki6eZiAl ±6� �c]a^kt7i6s7^cYZi6s?h#i9r���wEi6e_ekb/w/^k]#i9d
t�[Ajc��b/b/dDw�t7i9j_b/d�}�jk]ad7w/b�]a^c]#jc^kt7b�r�i9j_^Z�c]#\?b/hag�s7j_b/\�lPi6ekr�s7h4[A^_]ai9d�~

Wct7bcj_bE^_s7u�[Ad7\�\7b/^kb/w/^_i9e+f9b/i6r�b/^_ek]ab/j t�[2`9b+��b/b/d�r�iL\7b/hahab/\�]ad�f6e_b2[A^ \7bE^�[A]ahv~-Wct7b���i6dL^_bxYc[Ie_hai
wx[Aha]a�7e�[I^_]ai6d�lª[Iw/^_i9e_j$lPi6e ^kt7b�^v�Zi�\7bE^_b/w/^ki6ekjct�[2`6bc��b/b/d�\7b/^_bEe_r�]ad7bE\�j_]ar�s7h4[I^_]ad7fc^_t?b�e_bEj_u�i6d7jkb�^ki�r�i9d7iLb/dL�
b/e_f9b/^_]aw�b/hab/w/^ke_i9d7jx~ � i�i6^kt7b/e�d7i9e_r�[Iha]#¨2[A^_]ai9d�lv[Aw/^ki6e�t�[Aj���b/b/d�[Iu7u7ha]ab/\;^ki�^_t7b�jk]#r�s?h=[I^_b/\�\�[I^�[?~�RT��i9s7^
��� ¬ o
��m9o6o�p�bEq
r�s7i9d7j+t�[2`6b���bEb/d;jk]ar�s7h4[A^_bE\�~ Wct7b�b�³ bEw/^_j�iIl e�[Ad?\7i6r¤d7i6]ajkb�[Ad7\�u7t?i6^_i9j_^�[A^_]ajk^_]aw/j�¬�� �
t�[2`6bc��b/b/d�w/i9dM`9i6has7^kb/\��c]a^kt��DY�\�[A^�[7}9�ct7]ah#bcw�t�[Ie_f9bcw/i6hahab/w/^k]#i9d�]ad�^_t7b�[Iw/w/i6ek\7]ai6d�[Id7\�|Ls7b/d7w�t7]ad7f�]ad�^kt7b
j_w/]adL^_]ahah4[A^_i9e+t�[2`6b���bEb/dD]ar�u7hab/r�b/dL^_b/\�\7]ae_bEw/^_hag�]ad�^_t?b�jk]ar�s7h4[A^_]ai9d7jx~

� �CZ\ROZ;Z\^`Z\a��.Q5SeQ�Z\^jc�fhX � �WZokhSeQ5X_^��,SUR��²Q5S	�©V`a Z\ROSUX\^jQ

E. M. calo

GeV

to
ta

l n
.

 Tile calorimeter

GeV

to
ta

l n
.

� ]af9s7e_b � ©�R��7jki6has7^kb�wEi6r�u�[Ae_]ajki6d���b/^v�Zb/b/d�wx[Ahaw/s?h=[I^_b/\D[Id7\�b/�Lu�b/ek]ar�b/dL^�[Ih-]ai6d7]a¨x[I^_]ai6d�u�bx[I�Lj�]ad�^_t7b�b/hab/w��^_e_i9r�[If6d7b/^k]aw6y4hab�lP^��+[Id7\�t�[A\?e_i6d?]#w�y e_]af6tL^��$u7eki6^_i9^vgLu�b/j

���Lu�b/ek]ar�b/dL^�[IhM[Id7\���i9dM^kbxYc[Aekhai�\�[I^�[Zt�[2`9b ��bEb/d�[Ad�[IhagMjkb/\TlPi6hahaiA�c]ad7fZ^_t7bZj�[Ir�b [Ahaf6i9e_]a^_t?r�j�[Id7\�[Au?u7hagM]ad7f
^_t7b�j�[Ir�b�wEs7^_j2~ �Tu�^ki�d7iA��}?^_t7b�^v�+i�wx[Ihai6e_]ar�b/^_b/ekjct�[2`6b���b/bEd;w/i9d7j_]a\7bEe_b/\�j_b/u�[Ae�[I^_b/hagL}7r�[A]ad7hag���b/wx[Is7j_b

�



iAlcj_i6r�b�s7d7wEb/e_^�[A]adL^vg;]ad�^_t7b�[Ir�i6s?dM^ciIlV\?bx[A\�r�[I^_b/ek]=[Ih�]ad���b/^v�Zb/b/d�^_t7b�^v�Zi�[Id7\�iAlc^_t7b�jk^_]ahah"bE�M]ajk^_]ad7f
\7]���w/s7ha^_]ab/jc]ad�^kt7b�b/hab/wE^_e_i9r�[If6d7b/^k]aw�\�[I^�[�e_bE\7s7w/^k]#i9d�~

Wct7b�wx[Aha]a�7e�[I^_]ai6d�]#jkj_s7b�]aj�u�b/ekt�[Au?j�^kt7b�r�i9j_^cw/ek]a^_]awx[Ah�i9d7b�]adD^kt7b/jkb�w/i6r�u�[Aek]#jki6d7j2~�R�dLg�d7i6e �
r�[Aha]a¨x[I^_]ai6d�lª[AwE^_i6e���[Aj_bE\�i9d�^_t7bD[2`6bEe�[Af9b�r�s7i6d�b/d?b/e_f9g�hai9j_j�i6e�i6d�^kt7b ��j_u�b/w/^ke�[Ih�jkt�[Au�b��+i9s7ha\���b
b/|Ls7]a`6[Ahab/dL^c^_i�[Aj_jks7r�]ad7f�[�u�b/evlPbEw/^�^_t7b/i9e_b/^k]awx[Ah�\7b/jkw/e_]au7^k]ai6dDiIln^kt7b�e�[A\7]4[A^k]a`6b�u7e_iLw/bEj_j_bEjx}�^_t�[I^c]#jTb/�7[Aw/^khag
�ct�[A^��Zb�[Ie_b�]adL`6b/jk^_]afM[I^_]ad7f�~�Wct7b�b/d7\7u�i6]adL^�]aj�d7i9^�j_t�[Ae_u�b/d7i9s7f6t�}�\7s7b�^_iD^kt7b�jkwx[Aekw/]a^vg�iAlcb/`6bEdM^kjx}$^_i
u7e_iA`L]a\7b�[�wx[Aha]a�7e�[A^_]ai9d�~-R�wx[Ih#]a�7e�[A^k]#i9d�iIl"��i6^_t�\�[I^�[�[Id7\D��i6dL^_b2Yc[Ae_hai�i6d�^_t?b�]ai9d7]a¨x[A^k]#i9d�u�b2[A��u�i9j_]a^_]ai9d
�+i9s7ha\���b�u�i6j_jk]a�7hab6}L�7s7^c^kt7]aj+�Zi6s7ha\�u7ekb/`6bEdM^�[IdLg�`6b/ek](·�wx[A^k]#i9d�iIl"^_t?b�w/i9e_e_bEw/^_d7bEj_j�iAl�^_t7b�j_]ar�s7h4[I^_]ai6d7j2}2i6e
[A^Zh#b2[Aj_^ZiAl�^kt7b/]ae wx[Iu�[A�?]#ha]a^vg�^_i�ekb/u7e_iL\7s?w/b�^_t?b�b/�Lu�b/e_]ar�bEdM^�[Ah��

�
e�[A^k]ai�~���i6ekb/iA`6b/e2}L^_t7bTj�[Ir�u7ha]ad7fcl¦e�[AwE^_]ai6d

lPi6eTr�s7i6d�b/d?b/e_f9gDhai6j_jkb/j�\?b/w/e_b2[Aj_bEj��c]a^_t �?}�jk]ad7w/b�[I^ch=[Ie_f9b ��r�i6j_^ZiAl ^kt7b�b/d7bEe_f6g�]#jc\?b/u�i9j_]a^_bE\;^kt7e_i9s7f6t
b/hab/w/^_eki6r�[Af6d?b/^_]aw�w2[Aj_w2[A\7b/jc]ad7\?]#jk^_]ad7f9s7]aj_t�[I�7habZlPe_i9r¶bEh#bEw/^_eki6dL�v]ad7]a^_]4[A^kb/\�i9d7b/jx}L�ct?]#hab�[I^ haiA� ��� j+]ai6d?]#¨2[A^_]ai9d
b/d7b/ekf6g�hai6j_jkb/j�[Aekb�r�i6e_bTb�³-b/w/^_]a`9b/hag�j�[Ir�u7hab/\�}6ekb/j_s7ha^k]#d?f�]ad�[ �

�
e�[A^k]ai�h4[Ae_f9b/ec^_t�[Ad�i9d7b6~�Wct7]ajZ]ajcu7e_i9u�b/ekhag

^�[A�9b/d�]adL^_iD[Aw/wEi6s7dL^�]ad�^_t7b���i9dL^_bxYc[Ie_hai�j_]ar�s7h4[A^k]#i9d�}7�ct?]#hab�]a^�]aj�d7b/f9hab/w/^_bE\�]ad [Id�[AhagL^_]awx[Ih�wx[Ahaw/s7h4[I^_]ai6d7j
j_s7w�tD[AjZ^_t7i9j_bTu�b/e lPi6ekr�b/\�]ad ±6o6� ~�Wct7b�[Iu7u7e_iL[Aw�t�lPi9h#haiA�Zb/\�]ad�^_t7]ajZ�+i9e_��]aj+^kt7b�i9d7hag�jkb/h*l"w/i9d7j_]aj_^kb/dL^ci6d7b9}
^_t�[I^�]aj�[Ad�]ad7\7b/u�b/d7\?b/dL^�w2[Aha]a�7e�[I^_]ai6d��c]#^kt�b/hab/w/^_eki6d7j2}-��i6^_t�iIlnbE�Mu�b/ek]#r�b/dL^�[Ih"[Ad?\�w2[Ahaw/s7h4[A^kb/\�\�[A^�[7~$Wct7b
b6~ r;~-wx[Iha]#�?e�[A^k]ai6d�]#jZ�Zb/hah7�Ld7iA�cd�lPe_i9r r�[AdLg���bx[Ar�^kb/j_^kj�¬ ±6� }L[Ad?\�lPi6e ^kt7b�Wc]ahabcwx[Ih#i9e_]ar�bE^_b/e �Zbcs7jkb/\�^kt7b
b/hab/w/^_eki6dDw2[Aha]a�7e�[I^_]ai6dµlª[Aw/^ki6ec|Ls7i9^_b/\�]ad ¬ � � © ® ~ ® � u�Y��9p�b/q�~

R�j�[�`6[Aha]a\�[A^k]ai6dDiIl�^_t?b�jk]ar�s7h4[A^_]ai9d7j�^kt7b�w/i6r�u7s7^_bE\�[Ad7\�r�bx[Ij_s7ekb/\�]ai6d?]#¨2[A^_]ai9d�u�bx[I�Ljx}�l¦i6e
�ct7]aw�t�d7i�^_t7bEi6e_bE^_]awx[Ah�s7d?w/b/e_^�[A]adL^_]ab/j�j_t?i6s7ha\�b/�L]aj_^x}�[Aekb�w/i6r�u�[Aekb/\�]ad�·�f�~ � y j_b/b�h4[A^kb/eclPi9ec\7b/^�[A]ahaj��/~Z«v^c]aj
�+i9e_^_tL�ct7]ahabc^_i�j_^_ekb/j_jT^_t�[I^ ^_t?b�b/hab/w/^ke_i9r�[Af9d7b/^k]#wTb/d7b/ekf6g�jkwx[Ahab�t�[Aj ��b/b/d�s7jkb/\���i6^kt�lPi9e+��i6dL^kbxYc[Aekh#i�[Ad7\
\�[A^�[7}9�c]#^kt�d7i�r�s7^_s�[IhLd7i6ekr�[Aha]a¨x[I^_]ai6d�~�Wct7bTu�bEevlPb/wE^�[Af6ekb/b/r�b/dL^ i6d�^kt7b�u�i6jk]#^k]ai6d�[Ad?\�j_t�[Iu�b�iAl�^kt7b�u�bx[I�
u7e_iA`9b/j�^kt�[A^c^kt7b �

�
e�[A^_]ai�]ajcw/i6eke_b/w/^khag�ekb/u7ekiM\?s7w/b/\��Lg�^_t?b�jk]ar�s7h4[A^_]ai9d7jx~

® ~ ¬ z-R�ecw2[Ahai6ek]#r�b/^_bEe

£�s?b�^ki�^kt7b�d7i6dDi9u7^_]ar�[Ah-w/i9r��7]ad7b/\D^kb/j_^�f6bEi6r�bE^_e_gL}�^_t7b�[AwEw/i6ek\7]ai6d�wx[Ahai6ek]ar�b/^kb/ec�V[Ij�t7]a^��LgD^_t?b���bx[Ar
[A^�[�d7i9dL�ªu�i6]adL^_]ad7fD[Id7f6hab6}-]v~ b6~ ¬9¬ \7b/f6ekb/b�i6d�[�w/b/hah+�ct?b/e_b�^_t7b�u�i6]adL^_]ad7fD[Ad?f6hab�]aj�[Ie_i9s7d7\�± � \7bEf6e_bEb/jx~
Wct7b/e_b�lPi6ekb�^kt7b�jk^�[Id7\�[Aek\Dw/has7jk^_b/ek]#d?f�[Ihaf6i6ek]a^_t7r�j�lPi6eTb/hab/w/^ke_i6d?j�[Id7\Dr�s7i9d7jZwx[Ad7d?i6^���b�s7j_b/\�~cR�dDbE`6b/dL^v�
\7b/u�b/d7\7b/dL^�w/has7jk^_b/ek]#d?f�[Ahaf6i9e_]a^_t7r ]ajZs7d7\7b/eT\7b/`9b/hai6u7r�b/dL^x©�^_t7b�f6iL[Ah-]ajZ^_i��6bEb/u�^_t7b�d7i9]#jkb�h#bE`6b/h�[Ijch#iA�²[Aj
u�i9j_j_]a�7hab��Lg�s7jk]#d?f�^_t7b�r�]ad7]ar�[2h�dMs?r���b/eZiAlZw/b/hahajx~ZWct7b�r�s7i9d�^ke�[Aw���u�i6j_]a^k]#i9d�]#jTe_b/wEi6d7jk^_e_s?w/^_b/\�[µu7e_]ai9e_]
s7j_]ad7f�^_t7b���bx[Ar�w�t�[Ar���b/e+]adLl¦i6e_r�[A^k]#i9d7jx~�Wct7b�r�[/��i6e$u7e_i9�7hab/r��Zb�[Aekb�w/s7e_ekb/dL^_hag�lv[Aw/]ad7f�]ajc^kt7b�u7ekb/j_bEd7w/b
iAl"wEi6t7b/ekb/dL^�d7i9]aj_b6}L�ct7i9j_b�hab/`6bEh�[Ad7\�e_r�jc[Aekb�d7i6^Zj_^�[A�7hab��c]a^_t�^k]ar�b6}A^kt�[A^c]ajZt�[Aek\7hag�e_b/u?e_iL\7s7w/]a�7hab�]ad�^kt7b
j_]ar�s7h4[A^k]#i9d7jx~�Wct7]aj��Zi6e_��]#j�j_^_]ahah�]ad�u7e_i9f6e_bEj_jx}�d?b/`6b/ek^_t7bEh#bEj_j��Zb�j_t7iA� ]#d�·�f�~ � [�w/i6r�u�[Aek]aj_i6d���b/^v�+bEb/d
^_t7b���i9dL^_bxYc[Ie_hai�[Id7\;bE�Mu�b/ek]#r�b/dL^�[Ih"]ai9d7]a¨x[A^k]#i9d�u�bx[I�D]ad;[�m �;m�w/has7jk^_b/e2~
	�d?h#gD[�j_bEh#bEw/^_b/\�y$lPeki6r�^kt7b
d7i6]aj_b�u�i6]adL^�iAl `L]ab/���Tj_b/^�iIl+\�[A^�[�·�hab/jTt�[Aj���b/b/d�s7j_bE\�~�RTj�[Ahaekbx[A\7g�j�[A]a\�}�^_t7b�w/i9r�u�[Ie_]aj_i9d�]aj�[A�7jki6has7^_b9}
�c]#^kt7i6s?^�[AdLg�jkwx[Ahab�d7i9e_r�[Aha]a¨x[A^k]#i9d�}L[Ad7\�j_t?iA�cj�^_t�[A^c^_t?b���i6dL^kbxYc[Aekh#i�ekb/u7ekiM\?s7w/^_]ai9d;iIln^kt7b�wx[Ihai6e_]ar�b/^_b/e
j_^_eks7w/^ks7e_b�[Ad7\�ekb/j_u�i6d7jkb�]ajc`9b/e_g�f6iLiL\�~

Wct7b�u7ekb/j_b/dL^kb/\�e�[A\?]=[I^_]a`6b�b/d7bEe_f6g�hai6jkj�[Ad�[IhagMjk]aj�]aj�j_^k]ah#hZ[�u?e_b/ha]ar�]ad�[Ie_g�i9d7bDy4jkb/b�[Ihaj_i ± ¬ � �E}
u�b/e lPi6ekr�b/\��9b/b/u7]ad7f�[�h4[Aekf6b6}�·��MbE\��c]ad7\7iA�¤yP[Ahar�i6j_^ ¬9¬ � ¬6¬ w/b/hahaj�}��7e_]ad7f9]ad7fD]ad�[�d7i9]#jkb�iIl ¬ ~ � p�b/q
e_r�j��/~TR�d�s7u7u�b/e�ha]#r�]a^+^ki�^_t?b�b/d?b/e_f9g;\7bE^_b/w/^kb/\�]adD^_t?b�t�[I\7e_i9d7]aw�w2[Ahai6ek]#r�b/^_bEec�V[Ij�jkb/^�^_i�\7]aj_w/ek]#r�]ad�[A^kb
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b/`6b/dL^kj��c]a^_t�jkt7iA�Zb/e_j�d7i6^�lPs7hahagDw/i6dL^�[A]ad7b/\�]ad�^_t?b�b6~ r;~�wx[Ahai6ek]ar�b/^kb/ex~�Wct?b�w/i9r�u�[Ie_]aj_i9d;��b/^v�Zb/b/d�bE�Mu�~
[Ad7\�j_]ar�s7h4[I^_b/\�b/d7b/ekf6g�hai9j_j�jku�bEw/^_e�[�]ajcj_t7iA�cd�]ad�·�f�~ ® l¦i6e �0/�o�� o ¬ }L��b�lPi6ekb�[Id7\D[2lP^kb/e�^kt7b�w/i6dL`9i6has7^_]ai9d
�c]#^kt�d7i6]aj_b�]#d�^kt7b�j_]ar�s7h4[I^_b/\�ekb/j_s7ha^kjx~cRTh#h-jku�bEw/^_e�[�[Ie_b�d?i6e_r�[Aha]a¨/b/\�^_i�i6d?b�]ad7w/]a\7b/dL^cr�s7i9d�~�Wct7b�jk^_e_i9d7f
]#d21�s7b/d7wEb�iAl+^kt7b�d7i6]ajkb�i9dD^_t7b�jkiAlP^Tu�[Aek^�iAl+^kt7b�j_u�b/w/^ke_s7r [Ad?\;^kt7b�iA`9b/e�[Ihahn[If6ekb/b/r�bEdM^TiAlV��i6dL^_bxYc[Ie_hai
�c]#^kt�\�[I^�[�[Ie_bTb/`L]#\?b/dL^x~�Wct7b�[Af6ekb/b/r�b/dL^ ]aj+d7i9^ w/i9r�u7hab/^kb6}6t?iA�+b/`9b/ex~�«vd�·�f�~ ° ^kt7b�u�b/e_wEb/dL^�[Af9b�\7]*³ b/ekb/d7w/b
��b/^v�Zb/b/d�^_t7bT^v�+i�j_u�b/w/^ke�[�]aj+jkt7iA�cd�[IjV[�lPs7d?w/^_]ai6d�iAl �?~�Wct7b�[2`6b/e�[Af6bT\7]*³ bEe_b/d7wEb�]aj+[Aeki6s7d7\ ¬ o�� ± ) }A�c]a^_t
r�i6ekb�b/d7b/ekf6b/^k]#w�bE`6b/dL^_j�]ad�^_t7b�b/�Lu�b/e_]ar�bEdM^�[Ah�\�[A^�[7~cWct7b�r�[I]ad�b/eke_i6eTj_i9s7e_w/bEj�[Aekb�^kt7b�j_gLjk^_b/r�[A^_]aw�i9d7b/j2}
�ct7]aw�t��Zb/e_b�^_b/dL^�[I^_]a`6bEh#g�b/j_^k]ar�[A^kb/\�]ad�[�w/i9d7j_b/ek`6[A^k]#`9b��c[2g��c]#^ktD[�^_iAg�r�iL\7b/hv~�Wct?b�jkt�[A\?b/\Dj_gLjk^_b/r�[A^_]aw
u7has7j+jk^�[I^_]aj_^k]#w�b/eke_i9e_j�[Aekbx[�]#dµ·�f�~ ° ]#jZi6�?^�[A]ad7bE\��Lg�[AhahaiA�c]ad7f�[03 ¬.) b/eke_i9eci6d�bEd7b/e_f9g�jkwx[Ahab6}7[03 ® o���bEq
b/e_eki6e�i9d�u�b/\?b/j_^�[Ah�j_s7�?^_e�[Iw/^_]ai9d�}�[Id7\43 ® o���b/q�i6d�^_t?b�d7i6]ajkb�ekr�j2~

® ~ ± Wc]#hab�Yc[Ahai6ek]#r�b/^_bEe

Wc�+i�w/s7^kj�t�[2`6b���b/bEd�s7jkb/\�^ki�jkb/hab/w/^�w/habx[Ad�u?e_]ar�[Ie_g�r�s?i6d7j2©�[�·�e_j_^�i6d7b�i9d;^kt7b�b/d7b/ekf6g�\7bEu�i9j_]a^_b/\�]ad
^_t7b�b9~ r�~ wx[Ihai6e_]ar�b/^_b/e2}L^_i�\7]ajkwx[Aek\Dr�s7i6d?j+^kt�[A^Tt�[2`6b�[Ahaekbx[A\7g�s7d7\7bEe_f6i9d7b�t�[Aek\�bEd7b/e_f9gDhai6jkj_b/j2} [�jkb/w/i9d7\
i6d�^_t7b�b/d7b/ekf6g�\?b/u�i9j_]a^_bE\D]ad�^kt7b�r�s7i6d��c[Ahahv}9^_i�\7]aj_wEe_]ar�]ad�[I^_b�[IfM[I]#d?j_^Zu7]ai6d7j2~�Wct7b�u7]ai6d�w/i6dL^�[Ar�]ad�[I^_]ai6d
iAl ^_t7b���bx[Ir´[AjTe_b/jks7ha^_]ad7f�lPeki6r¤^_t7b�r�s?i6d��c[Ahah-w/s?^��c[Aj�`9b/e_g�jkr�[Ahahv©�[Ae_i9s7d7\Do7~ o ¬.) ~ R�lP^_bEe�^_t?b/j_b�w/s7^kj
� � m � ± � r�s7i9dDb/`6bEdM^kj�t�[2`9b���b/bEd�[Ad�[Ih#gLjkb/\�~ ��b/\7bEj_^�[Ih+jks7�7^ke�[AwE^_]ai6d�t�[Ij���b/b/d�u�b/evlPi9e_r�b/\�lPi6e�bx[Iw�t�e_s7d
s7j_]ad7f�^kt7b�e�[Ad?\7i6r¤^_ek]#f9f6b/ecbE`6b/dL^_j2~
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R�d�iA³��vh#]ad7bcwEi6e_ekb/w/^k]#i9dDt�[Ij+��b/b/d;[Iu7u7ha]ab/\�^_i�^�[A�9b�]adL^_i�[Aw/w/i9s7dL^+^kt7b�u�i9j_]a^_]ai9dL�ª\?b/u�bEd7\7b/d7wEb�iIl
^_t7b�^_]ahab�h#]af9tM^�gL]ab/ha\�~�Wct7b�w/i6eke_b/wE^_]ai6d�t�[Aj���b/b/d�\7b/ek]#`9b/\�l¦e_i6r ^_t7b�b/�Lu�bEe_]ar�b/dL^�[Ah u7ekiA·�hab6} [Id7\�[Au?u7ha]#bE\
i6d7hag�]ad�^_t7b�l¦i6s7ek^_t�hai6d?f6]a^_s7\?]#d�[Ah�j�[Ar�u7ha]#d?f�} �ct?b/e_b�^k]#hab/j�[Aekb�h=[Ie_f9b/ex~ � i�b�³-b/w/^��V[Ij�`L]aj_]a�7habD]ad�^kt7b
i6^_t?b/ecj�[Ir�u7ha]ad7f6j2~-Wct7b�`6[Ahas7bTiAl�d7i6]aj_b�t�[Ij+��b/b/d�b/�L^_e�[Iw/^_bE\�lPe_i9r�^_t?b�e�[Ad7\?i6r�^ke_]af6f9b/ec\7]aj_^ke_]a�7s7^k]#i9d�}L[Ad7\
w/i6dL`6i9has7^_b/\��c]a^_t�^_t7b���i9dM^kbxYc[Aekhai�ekb/j_s?h#^kjx~�Yc[Aekb�t�[Aj���bEb/d�^�[I�6b/d�]ad;ekb/u7e_iL\7s?w/]ad7f�w/i6eke_b/w/^khag;��i6^kt;^kt7b
e_r�j�yPo?~ ®6° p�bEq��c[Ad?\�^_t?b�j_t�[Iu�b�iIl"^_t?b�d?i6]aj_b6}L^kt�[A^c�c[AjZj_^ke_i9d7f6hag�d7i9dL�ªfL[As7jkj_]4[Ad�\7s7b�^_i�^_t?b�u7e_bEj_b/d7wEb�iIl
[�j_]a¨/bx[I�7hab�wEi6t7b/ekb/dL^�d7i6]aj_b9~

Tile calorimeter, full spectrum
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�0/¡o�� o ¬

� ]af9s7e_b � © ��bEe_w/b/dL^�[Af6b�\7]*³ b/ekb/d7w/b���b/^v�Zb/b/dDb/�Lu�b/e_]ar�b/dL^�[Ah�[Ad7\���i6dL^_b2Yc[Ae_hai�bE`6b/dL^_j�[IjV[�lPs7d7w/^k]ai6d�iIl ��]ad
^_t7b�Wc]ahab�w2[Ahai6ek]#r�b/^_bEex~�UL^�[I^_]aj_^k]#w2[Ah�i9d7hag�[Ad7\�j_^�[A^_]ajk^_]awx[Ah���jkgMjk^_b/r�[A^k]#w�b/eke_i9e_j�[Ie_b�j_t?iA�cd�~
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Wct7b�^ki6^�[Ah7\7bEu�i9j_]a^_b/\�b/d7b/ekf6g�jku�b/wE^_e_s?r�]ad�^_t7bct�[I\7e_i9d7]awcwx[Ahai9e_]ar�b/^kb/e�]aj j_t7iA�cd�]ad�·�f�~ � ~�Wct7b
j_u�b/w/^_e�[�iAl w/i6r�u7s7^kb/\D[Ad7\�r�b2[Aj_s?e_b/\�b/d7bEe_f6g�h#i9j_jkb/j�y � /�o�� o ¬ �c[Aekb�wEi6r�u�[Ae_bE\�]ad�·�f�~   }Ld?i6e_r�[Aha]a¨/b/\�^_i
i6d7b�u7e_]ar�[Ae_g�r�s7i6d�~cWct7b�iA`6b/e�[Ahah�j_t�[Iu�b�iAl+^kt7b�j_u�b/w/^_eks7r [Ad7\�^_t?b�u�i6jk]#^k]ai6dDiIl+^_t7b�b/d7\?u�i9]#dL^�[Aekb��Zb/hah
e_b/u7ekiL\7s7w/b/\��Lg ���
	�� 
 }��ct7]ah#b�[�j_r�[Ahah�\?](³-b/ekb/d7w/b�jkt7iA�cj�s?u�l¦i6eZb/`6b/dL^kj�[A��iA`6b�^kt7b�]#i9d7]a¨x[A^k]ai6d�u�bx[I� ~

UL]ad7w/bTj_^�[I^_]aj_^k]awx[Ah7bEe_e_i9e_jc[Aekb�[Ahae_bx[I\7g�jkr�[Ahahv}A[Ad�b�³-i6e_^Zt�[Ij"��b/b/d�r�[I\7b+^ki�]#dL`9b/j_^k]#fL[A^kbcu�i9j_j_]a�7hab
j_i6s?e_w/b/j�iAl+jkgMjk^_b/r�[A^k]#w�b/eke_i9e_jx~�Wct7b/jkb�]ad7w/has7\?b�b/e_eki6ekj�i6d�u�b/\7b/jk^�[AhZj_s?�7^_e�[Aw/^k]#i9d�}�d7i6]ajkb�b/`6[Ahas�[I^_]ai6d�}7wx[Ih#]*�
�7e�[I^_]ai6d�w/i6d7jk^�[IdM^kjx}�[Ad7\�i6d�^_t7b�ekb/h4[A^_]a`9b�b�³-b/w/^k]#`9b/d7b/jkj�iAl"^kt7b�w/s7^ci9d�^_t?b�b9~ r�~�w2[Ahai6ek]#r�b/^_bEex~�ULgLj_^_bEr�[A^k]aw
b�³ bEw/^_j�t�[2`6b���bEb/dDb/jk^_]ar�[I^_b/\��Lg�`6[Ie_gL]ad7f�^kt7b�[¯lPi6ekb/r�b/dL^k]#i9d7b/\�|Ls�[AdL^k]#^k]ab/jc]ad�^kt7b�ekb/w/i6d?j_^_eks7w/^k]#i9d;iIl"^kt7b
��i6dL^_b2Yc[Ae_hai�\�[I^�[?~"X�bx[Ajki6d�[I�7hab�ha]ar�]a^kj iAl�`6[Ae_]4[I^_]ai6d�t�[2`9b���b/bEdDw�t7i6jkb/d�©

� RTd;iI³ jkb/^�iAl 3 ® o���b/q i6dD^kt7b�u�b/\7bEj_^�[Ih `6[Ahas7bEjx~�UL]ad7w/b�u�b/\?b/j_^�[Ahaj�[Aekb�[AwE^_s�[Ih#hag�b/`6[Ih#s�[A^_bE\�lPe_i9r
i9s7^v�viAl4�v�7s7ekj_^cb/`9b/dL^_j2}7^_t?]#jc`6[Ie_]4[A^k]ai6d�wEi6s7ha\���b�iA`9b/e_b/jk^_]ar�[I^_b/\�~

� R `6[Aek]4[A^_]ai9d�iAl 3 ®*) ]adD^_t7b�d7i9]#jkb�ekr�j2~�Wct7b�j�[Ir�b�w/i9d7j_]a\7b/e�[A^k]#i9d7j�iAl+^kt7b�u7e_b/`L]ai6s?j�u�i6]adL^�[Iu7u7hag
t7bEe_b6~

� R�`6[Ie_]4[A^k]ai6dDiIl ��� � ­���¬ p�b/q [Ie_i9s7d7\�^_t7b�[I\7i6u7^kb/\ ° p�b/q�wEs7^�i6d�^kt7b�b6~ r;~�b/d7b/ekf6gL}�s7j_bE\�^_i
ekb/r�iA`9b�r�s7i9d7j j_t?iA�+b/ek]ad7f�]ad�^_t7b�[AwEw/i6ek\7]ai6d�Wct7]ajV[Iw/w/i9s7dL^_jZlPi9ecu�i9j_j_]a�7habTr�]aj_r�[A^_w�t7bEj ]ad�^_t?b�bE�Mu�~
[Id7\D�DY�b9~ r�~-wx[Ih#]a�7e�[A^k]#i9d7jc[Ad7\�d7i9]#jkb�w/i6dL`6i9has7^_]ai6d�~�Wct7b�b�³-b/w/^�]ajZd7b/f6ha]af6]a�7hab6~

� R�3�m ) `6[Ie_]4[A^k]#i9d�i6dD^kt7b�bEd7b/e_f9gDj_w2[Ahab6}�[Ij�|Ls7i9^_b/\�]adD^_t?b�Wc]ahab�wx[Ih#]a�7e�[A^k]#i9d ±6±6� ~�Wct7]aj�f6]a`9b/j�^kt7b
h4[Aekf6b/jk^�b�³-b/w/^2}��?s7^�]a^cj_t?i6s7ha\D��b�jk^_ekb/j_jkb/\�^_t�[I^�[�m ) `6[Ae_]4[I^_]ai6d�i6dD^kt7b�b/d7bEe_f6g�j_wx[Ih#b��+i9s7ha\Dj_u�i6]ah
^kt7b�d7]aw/b�[Af9e_b/bEr�b/dL^ci6d�^_t7b�]#i9d7]a¨x[A^k]ai6d�u�bx[A�-~

Wct7bcu�bEe_w/b/dL^�[Af6bT\7]*³ bEe_b/d7wEb���b/^v�Zb/b/d�b/�Lu�b/e_]ar�b/dL^�[Ah�[Ad7\���i6dL^kbxYc[Aekh#i�b/`9b/dL^_j+[Ij+[�lPs7d7wE^_]ai6d�iAl ��]aj�j_t7iA�cd
]#dT·�f�~ � i6d�[Zw/i6d?\7b/d7jkb/\��?]#d?d7]ad7f�~-«v^�]aj-w/i6d7jk]aj_^_bEdM^��c]a^_t�[ � � o�3�o�� � y����	�
���,3 ¬ � ° ±Ly��
��������wEi6d7jk^�[AdL^�\7]*³ b/ekb/d7w/b
lPi6e �0/�o�� o ¬x® }9^_t�[A^c]aj ��s7j_^T��b/g9i6d7\�^kt7b�]#i9d7]a¨x[A^k]ai6d�u�bx[I� ~

� ��Xm^�f a VjQ5S Xm^jQ
Wct7bcb/�Lu�bEe_]ar�b/dL^�[Ah7ekb/j_s7ha^kj j_t7iA��[Id�b/�Lw/bEj_jZiAl�[A��i6s7^ ��� ¬ o ) �ct7b/d�w/i9r�u�[Ie_b/\��c]a^_t�j_^�[Id7\�[Ie_\�^_t7b/i9e_b/^k]awx[Ah
[Aj_jks7r�u?^_]ai6d7j$lPi9ece�[A\?]=[I^_]a`6bTb/d7b/ekf6g�hai6jkj_b/j2} [Ihae_bx[I\7g�lPi6e � / o�� o ¬2® ~�«vd�^kt7]ajce�[Id7f6b���i6^_t�u�[I]aecu7e_iL\7s7wE^_]ai6d
[Ad7\��7e_b/r�j_jk^_e�[It7has7d7f�[Aekb�]ar�u�i9e_^�[IdL^x~-Wct7bEj_b�e_b/jks7ha^_jcr�s7jk^ ��b�^�[A�9b/d��c]a^_t�wx[Aekb�j_]ad7w/b�j_gLjk^_b/r�[A^_]awTb�³ bEw/^_j
w/i6s7ha\���b�w/i9r�u�[Ie�[I�7hab ^_i�^kt7bci6�?j_b/ek`6b/\�\7]aj_wEe_b/u�[Id7w/g � �Zi6e_��]aj�]#d�u?e_i6f9e_b/jkj+^ki�lPs7ek^_t7bEe+ekb/\7s7w/bTj_s7w�t�b�³ bEw/^_j
�c]#^ktD[�r�i6e_bTe_b�·�d7b/\�\�[A^�[�[Id�[AhagLj_]ajx~
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~ ��~ U7[A�Ls7r�i6^ki�bE^�[Ahv~a}���tLgMj2~7Xcb/`-~ � ��� }Mm9o � ±�y ¬�� � ±6�/~

±7~ZR�~ R�~���b/^_eks7�Lt7]ad;[Ad7\�q�~ q�~�ULt7b/jk^�[I�6iA`-}7Yc[Ad�~���~ ��tLgLjx~ ��� } ® m � � y ¬��6°   �/~

m7~���~ U{~LWcj�[A]v}7X�b/`-~7iAl ��iL\�~���tLgLjx~ ��� }   ¬2® y ¬ � � ® �E~

� ~Z«/~ z ~ X�i6¨/b/dL^�[Ahv}
�Tj_u�~���tLgLjx~ � [As7�-}�� � } �?¬ y ¬ �9°   � � ULiA`-~���tLgLjx~��Tj_u�b/�Lt7] ��� } � � y ¬��6°   �/~ 
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° ~cX�~LSV[Is7r�fL[Ae_^Zb/^�[Ihª~a} � s7wEhª~?«vd7j_^2~���bE^_t�~ t � ��� } ®7¬ y ¬ �   � �
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