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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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� ]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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