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§�����p,�{mo��y_su��¥NpFnup8sHp ¢t£ p8su��¥Np8�)nu«�¦h§¨]¦©�!v|p<�¤��y �8p¤�I��¶�Kzds��|nu��p¤z �8p¤��p¤�8���p¤¯xy!m_³��wy�sq³��p8s�m�m��u¬F���)nq���¤�monqy�sum�µ�l1m_��y�sq��¥NpFnqp¤s
³x«�rtp1�q�{�« �8� n��°m.¥Np¤sum_�x��p©p8��p8su²_��p ¬¤m_�wnV�´ ¬G¥Np8n°�y�rxy_«A�R¬�¯·�« £ ���xp|vmo³��qy_su³¸¬F��p_µd¹~suyonqy_n|� £ �{mo��y_su��¥Np8nqs�m$³Uy_���q�_y_� �|nusq«�y{z�m_�I��
m,nqpV�|nuy{z{mo�I��ºz'» ¡ �G¼Gp�µL���'�q¥NpA�qmP�¤mo¥Np¤sum_���~�°mPsup8�_y�� �wnqsu«x��¬8��«ºr�m{n.�8y!�umo¥Ny��wnumonq���p8¯xy�m���y_¥4³����xy{z{m_���p8¯�yKsu«x�d«
�½¬F��p  ��y_¥
y £ nq��¥Nm_�����8y{z{m n©p¤�xp8su²_p8nq�R¬��i�p$sqy��8�¾�´ �wp¤�x��p$m<rty)�w�Rmo¯��)« n©��p £ �w��«!sup8��y_� �wnqsu«x�)¬F��«Kp¤�xp8su²_��p_µ¸¹¿y_« �8�����¿�q¥HpH�_y�sqp¤��¬8��«
�¤m_��y �8p¤�`�«A��mH«xs ¬8p8�]�´ £ su��p ¬F��p8¯xy £ y���y�¥Np8su«K� £ �s �q�)��µ

�A�&���4�A�6À.�& Á¡h¢t£ p¤sq��¥Np8�)nG¦h§¨]¦©�A�R��²_p¤�xp8s�mo����� £ «xs £ y��qp¤r<p ¢t£ p8su��¥Np¤��nÂ��nq¯Knq¯�p½m_��¥ÃnqyHnqpV�|n�nq¯�p4�)num_��rxmos�r
��ytrtp8�hÄÅy £ nu��¥N���8p¤rAnqyNrt�R�q¬8y{z_p¤sinu¯xp1±G��²_²��Æ³Uy��qy_�°ÇÆmo��rAp8z�p8�)nq«�m_�����NÈ���r<m4��p8Â £ ¯)�t�q��¬¤�i³Up8��y_��rK�t�'µx±`m_rtsuy_�x�R¬I§�����p
¬8m_��y�sq��¥NpFnqp¤sG�R�I¬Fy�¥ £ y)�wpVr<y_}~¥Nydrx«x��pV�I¬8y_���q���wnq���x²&y_}¿��suy_�Pmo³°�wy�sq³Up8s £ �Rm{nup¤�`mo��r��u¬F���)nq�����Rm{nuy_snu����p¤�¤µU§�¯�p4¬8m_��y�sq��¥NpFnqp¤s
���Irtp¤�q��²��xp¤r<nuy6¥Np¤m_�q«xsup £ mosqnq�R¬F��p1p8�xp¤sq²��6³d�6}�«x���Lm_³��qy_s £ nq��y_��µx§�¯�p £ suyonqy_n|� £ p½yo}¿nu¯xp4¬8m_��y�sq��¥NpFnup8s�Â�m��G¬Fy����wnqsu«�¬Énup¤r
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�xp8��y_¥ £ p8�x�¤y{z�m_�xy��wnq�[µ*§]p¤�)nqy pF}�p¤�)nÙv|p � £�Úy��qy_³Up8�I��
sqy��8��� ¬F�xy�«&ydrxy_�8z�y_«&�{mo��y_su��¥Hp8nqs�m1��m.p8��p8�)nqsuy_¥&m_²_�xp8nq�R¬��)�
mÛ�q�����xpÜ���)nqp8s�mo²�«{v°�«�¬8p ¬¤m_�wnq�R¬Fp�µN�)nusqpVrt�I�� £ ytrt��p8��Ý�Þ9ß
¥Np8�]�y��xy{zHzH¯°m_rtsU�y_�xy{z�p|vh� £ �s �w��p½ÄÅ�)nqy_s��p rxm_��pwvi����nup8s�mo²�«{v°�«
p8��p8�)nqsuy_¥&m_²_�xp8nq�R¬��)�xÇA�qmÏ�8zd� �q«{v|p��,s�m_�wnÁ�«°¬Fy_«�p8�xp¤sq²���y�«
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zd�)« ���´ z{mo¥NpA�q�d«tnqy ¬F�xy)� nV� �¤pAp8��p8�)nusqy�¥Nm_²_�xp8nq�R¬����mP� £ �s �w�{m
¥��mArxm_��p¤�_y`¥Hp¤� �V�´ ¬�¯°mos�mo�)nqp¤sq�R�|nu��¬���� £ su��p ¬F�d�©sqy��8¥Np8s¿mo��y
¯�m_rxs°�y��xy{z��mxµ
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l1mo��y_su��¥Np8nqp8s�v|p×z�m_��¬8y{zi�p8¯xyÖnqz{m_sq«í�·zd�©�«xnqy_su�I��d¥
£ y���y�¥Np8suy_¥ î�îoï�ð%¥N¥ m"z�y_�x�{m{v �¤�´ ¥ £ y_��y_¥Np8suy_¥
ñ)î_ò_ðÙ¥N¥N¥,µÃó �� �¤��m�¬Fp¤�)nqsU�mo���xp8¯xy�z{mo�R¬8m®v|pÙôoõoñ)ð
¥N¥Kµál �xp8¥.« £ sq������p8¯°m{v°�«%rxz�m £ s��´ rxm�zd���pEz{m_��¬8pö�
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rty)�w�Rmo¯��)«xn¸�« �8y��q�d« £ p8�]�´ ¥ �R�|nx�p8¯xy £ y ¬Fnq« sqpVm_rty�«tn
zd�V�mo�d��p¤�'��m&v|pVrt�xy_nq����zÆ�p&}�y_nqy��G�m_�qy_³x� ¬8p_� ¬��´ ¥�rtyt¬�¯G�m�rt�¤m,�
p8}�p8�)nV�´ zd�xp8¥.«¶sqy��¤rtp¤��p¤�x��«¶�{mo��y_su��¥Hp8nqs�m,��m,«xs ¬F��n¸�� £ y ¬Fp8n
sup¤m�rty_«tn<³x«x�x��p8�¸µ�üËs�m_rt�V�mo���xy�¥÷�q¥Np8sup&v|p��{m_��y�sq��¥NpFnqp¤s
¬8��p¤�xp8�`��A��m.numo�d�¤z�m_���p½�qm_¥ £ �����x²��_µ
üçs°�m_¥N¬8�¿z��dz�yovwm £ suyonuyon|� £ «!§�����p.�{mo��y_su��¥Hp8nqs�m6³Uy_��y

zd�dsqy�³°p¤�I��t¬�¯<ôH�w�dsU�m{nup8�I��t¬�¯6¥Nytrt«x��y{z6�r �� �8��y_«P�©¥NpFnqp¤s¤�
�)nqy�sx�pý³Uy_���'nqpV�|nuy{z�m_���pç�qm_¥Hy)�|n�m{nu�xpçm_�_yþm{vÜ� £ y_��«*�
£ suyonuyon|� £ y_¥þp8��p8�)nqsuy_¥&m_²_�xp8nq�R¬��i�p8¯xy6�{m_��y�sq��¥NpFnqs�mxµ4ó©mo��p|v
³Uy_�6��p¤�q� Úy�s'�w��y_� �wnqsu«xy{z{mo�`���nu�8z¸µ4��ytrt«x�Kðx�1�)nqy�s¸��áv|p
£ sup¤�q�I��d¥Ãzd�8y�sqy�¥Ì¥Nydrx«x��y{z¸�t³x«°rI�«�¬Fp¤¯xyNp ¢t£ p8su��¥NpFnu«�µ
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�tmo¥Ny)�|n�m{nq�`��&nqpV�|n`�umN«��q�d«tnqy ¬F�x���Áz,�wp £ nqp¤¥4³xsu�~�����_õ��
m×�q�{�« �8���!��m×yonup¤�wnqy{z{mo�x��p�¯�m�rtsU�y_�xy{zÆ�p¤¯xyÛ�{m_��y�sq��¥NpFnqs�mxµ
¹~su�ánup¤�wnqpã³Uy_� £ y_« �¤�àn¸�� £ suyonuyon|� £ ÄÅ�Pydrx«x�9ð)ÇÉ�Ï�d«
�)nqy_s��p¤¥4«ý³Uy_��� £ su����y �8p8���p��¤¯xy_s�m�mov��Vrty_�RmÜ� £ y_¥��´ ��mo���p
�|n�mosx�p©¥Hytrt«�����µ
¼Imovåv|p¤rt�xytrt«°¬�¯ �q��p9���´ �q��m_¥Np £ mos�mo¥NpFnusqpÜ¬F��nq����zÆ�pÜ��m

£ ytrt��p8�iÝ Þ ßG¥Hp¤�]�y��xy{zPmo� £ y_« �8� v|p8¥Np £ y��8��monqy_�¸� �¤p £ sq�
p8z�p8�)nqyt¬�¯.��zd�t�wy����)¥ £ ytrt��p8��y_¥�Ý Þ ßÁ¥Np8�]�y��xy{z�v|p� £ �s �w�{m
z��)s�mo�¤�xp©« � �w�Rmxµ�¸m_rxpFÈ��d«{v|p¤¥Hp1�q� £ mos�mo¥Np8nqp8s��
	'm_�_y
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�trtp
%&� � v|pÜz)�Vrt�Rmo��p8�xy)� ná�wnqsup¤rt« �àß[nqpwv�³x«��x�d�Ãytr×y)�w�� £ �s �q�d�
%  � v|p$�w��²_�G�m_�¸zA��ßgnup|v�³x«x�x��p
%('*),+.-/- v|p £ y ¬Fp8n³x«x�x��p8�
¹~sup.�{m �¤rI���p¤z_p¤��n$sup8��y_� �|nusq«x«ov|p8¥Np.�wnqsup¤rt�`��Psqy��8¥Np8s

� £ �s �w�d�0� 	 µl½pxr £ sqpVr £ y��d��m�r�mo¥Np_� �8p�sqp¤�_y�� �wnqsu«xy{z{mo�G�m
p8�xp¤sq²���m*132 +
) �L�mozd�R�¤�´ ��m � 	 mo��y
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) �65 Ä � 	 Ç
£ y_nqy�¥ £ sup �|n�mo��rxm_surx�`�«<ytrx¬�¯`��)���d«<p¤�xp8su²_��p £ ��monV�´
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�trtp 7 8?�@CB v|p��xp¤sqpVrt«�¬8��³x�����G�m·�_y�¥ £ y��xp8�)num�ydr�¬�¯I��d���d�_�
� £�Úy��qy_³Up8�G�mÛ�qm_¥ £ �����x²_y{z��d¥N�ED�«���nu«G�m_¬8��m_¥N�g� �q«x¥Ny_¥�z
p8��p8�)nqsuy_������pNm�rxpFnqp¤�)nqy_sup_µL¹¿y_« �¤� vU�«°¬.��y_sup8� ¬8�`�«P}�«x����¬F��«��
rty��wn°�m_z{mo¥Np £ sqp½sup8��y_� �wnqsu«xy{z{mo�©�«&p8�xp¤sq²���«Kzd� num_¯

1 ) @ 2 � 1 2 +C) � 1 ?A@FB5 Ä � 	 Ç
�trtp�1 ?A@FB v|p1�xy_¥N���G�mo����mHp8��p8su²_�Rmxµ§Lm_�)nqy ytrx�|nus°�m_�x��¥Hp sup¤rx«�¬F��³x�����©�« ��y_¥ £ y��xp8�)nu«
ytrx¬�¯I��d���d�ãm
rxy��wn°�moz{m_¥Hp £ supÌytrx¬�¯I��d���)«ö�_y�sq��²_y{z{m_�xp|v
p8�xp¤sq²���pG1 ) @ 2©zd� num_¯
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�Gz�p¤rtp¤�`�«â�L�mozd�R�w��y�� nK1 2 +C) � 5 Ä � 	LÇ zd�Vvwm_rxsV�´ ¥Np

sqy{zd�x�R¬Fy�«

1 2 +
) �&L �M� Ä|� = L 8 �ONOP L Ä LRQ � � 	¿ÇwÇ ÄÅò�Ç
¹~s��´ �)�Rm_r �L�mozd���q��y��wnq�1 2 +
) � 5 Ä � 	�Ç £ supýp¤�xp8su²_��«

���°¬F�Rrtp8�)nq��p|v ¬8m��|nu��¬8pçï�ðTS©p¤ü v|pÌ��m y_³xsU�mo�¤�d«öîtµPm
£ y�sqy{zd��m_�x��p`p¤�xp8su²_p8nq�R¬����t¬�¯<sqy��8�¾�´ �wp¤�]�´ ��mNy�³xsU�mo�8�d«Kòxµ

û`³xsVµ îxµR�©�mozd�R�w��y�� n�sup8��y_� �|nusq«xy{z{m_�xp|vhp8��p8su²_��p©ytr � 	

û`³xsVµ òxµ ¼Gp8��y_su��²�y{zd���p m �_y�sq��²_y{z{mo���p p8�xp¤sq²�pFnu��¬��Æ�p
suy_�¤�[�´ �qp8�x��p

U  �� Ò ì��HéV� Ò4Ñ �W�ËÎ� �4ë½�]�

ü �_y_¥.³x���xy{z{mo�xy�¥ nqpV�|nup_���)nqy�sU�� �qmJ«��q�)«xnqy ¬F�x���
z m £ s��´ ��� �����_õx� ³Uy_��� nqpV�|nuy{z�m_���p � £ y_��y ¬8�xp
p¤��p¤��nusqy�¥&mo²_��pFnq�R¬����$m©¯�m_rtsU�y_��y{z��1�{m_��y�sq��¥NpFnqp¤s¤µo¹isqp�nup¤�wn
§�����pý��m_��y�sq��¥NpFnusumç³Uy_��y £ y�« �8��n¸��t¬�¯þ« ��� £ y_¥��´ ��mo�`��t¬�¯
ôÛ¥Ny�rt«���y{z �ár �� �8��y_«ã�·¥Np8nqp8sVµ ¡ ��p¤��nusqy�¥&mo²_��pFnq�R¬����
�{mo��y_su��¥Hp8nqp¤s<³Uy_�$«���y �8p¤�I���zá�dsq��y��wnum{nup_µI»Æp8�{�«9�8y��wnum�zd«
v|p½¥Ny �¤���p©zd��rt��p nG�°m.y�³xsU�mo�8�d«<ñ

EM Accordion

Tilecal

Cryostat

S3-4

BC 3
20 GeV      300 GeV

µ, e, π 

Θ = 11.3°

0 1 2 m 

û`³xsVµ ñ�µX�Uy��wnum�z{m.�_y�¥4³x���xy{z{mo���p8¯xy1nup¤�wnq«

¼ImHsup8��y_� �wnqsu«x�)¬F��«6p8�xp¤sq²���p½�q¥Hp £ y_« �8�����Á��m��w��p¤rxy{z)�`��
zd� n�mo¯

1 2 +
) �ZY � Ä"14Ç �\[G] = Y 8 Ä�14Ç � 1 9�^ =0_G_ Ä�ñdÇ

�trtp
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