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¥ ¦5§ ¨
cew©c u½w�y¯z�|°} dªdªd^dªd«dªd¬d«dªdªd^dªdªd«d¬dªd«dªdªd^dªd«d¬dªd«dªdªd^dªdªd^dªdªd«dªd¬d«d Ç
cew U u½w�y¯z�|°}Õ�§�­d^dªd«dªdªd^dªdªd^dªdªd«dªdªd^dªdªd^dªd«dªdªd^dªdªd^dªdªd«dªd¬d«dªdªd^d Ç
cew©v I ÍØ�r¿ ¤ �t� ¦r®5¯ dªdªd^dªdªd«dªdªd^dªdªd^dªdªd«dªd^dªdªd^dªdªd«dªd¬d«dªdªd^dªdªd«d°chc

cew©vew±c �³² ²�´ ¶ g�� ± Ê � ´ É ±³¹¶µ ´ ¿ ¤�·	¸ uÁwryÙzp|h}º¹ Ò dªdªd^dªdªd^dªdªd«dªd¬d«dªdªd^d°cec
cew©vew U »�¼�uØw�y¯z°|�})¹ Ò dªd^dªdªd^dªdªd«dªdªd^dªd^dªdªd«dªdªd^dªdªd^dªdªd«dªd¬d«d°cXU
cew©vew±v � ��½¿¾��d� d¬d«dªdªd^dªdªd«d¬dªd«dªdªd^dªdªd^dªd«dªdªd^dªdªd^dªdªd«dªdªd^dªdªd^d°cWÈ
cew©vew f I Í	<?> ¤ �n� dªdªd^dªdªd«dªdªd^dªdªd^dªdªd«dªd^dªdªd^dªdªd«dªd¬d«dªdªd^dªdªd«d°ch�

À Á=Â=Ã�ÄÆÅ�Ç�È�É�Ê=ËEÌ�Í�Î$ÏlÐ;Ñ«Ò=Ó�Ô=Õ×ÖÙØÛÚXÜTÄÞÝ�ß � Ô�Õ	à ¥há
Uew©c ��� ¤Câ î d«dªdªd^dªd«d¬dªd«dªdªd^dªdªd^dªdªd«dªdªd^dªd^dªdªd«dªdªd^dªdªd^dªdªd«d¬dªd«d°ch�
Uew U ��� ¤�¥h¦ d«dªdªd^dªd«d¬dªd«dªdªd^dªdªd^dªdªd«dªdªd^dªd^dªdªd«dªdªd^dªdªd^dªdªd«d¬dªd«d°c �

Uew Uew±c uØw�y z�|�} �§� ¤�ã � õ®y�ö ¤ Ò§Ó d¬d«dªd^dªdªd«dªd¬d«dªdªd^dªdªd«d¬dªd«d°c �
Uew Uew U ÒtÓ�ä=å dªd^dªd«dªdªd^dªdªd^dªdªd«dªd¬d«dªdªd^dªd«dªd¬d«dªdªd^dªdªd«d¬dªd«dªdªd^d°cWÇ

Uew©v u½w�y¯z�|°}vÃ�y Ä d^dªdªd^dªdªd«dªd¬d«dªdªd^dªdªd«d¬d«dªdªd^dªdªd«d¬dªd«dªdªd^dªdªd^d1UXV
Uew f Ã°y Ä�æ ulöry dªd^dªd«dªdªd^dªdªd^dªdªd«dªd¬d«dªdªd^dªd«dªd¬d«dªdªd^dªdªd«d¬dªd«dªdªd^d.Uec
Uew È ç�è�é + y d«dªdªd^dªd«d¬dªd«dªdªd^dªdªd^dªdªd«dªdªd^dªd^dªdªd«dªdªd^dªdªd^dªdªd«d¬dªd«d.Uhc
Uew©� ê�è�é + y d«dªdªd^dªd«d¬dªd«dªdªd^dªdªd^dªdªd«dªdªd^dªd^dªdªd«dªdªd^dªdªd^dªdªd«d¬dªd«d.Uhc

ë ìîílï�ð�ñrò�óõô	ö�÷�Ô�Õ�ø T5ù À�À
vew©c «�­ uØw�y z�|�} ¤ Ò§Ó dªd«d¬dªd«dªdªd^dªdªd^dªdªd«dªd^dªdªd^dªdªd«dªdªd^dªdªd^dªdªd«d.UXU
vew U «ròñó^ô |°õ®y�ö°d^dªd«dªdªd^dªdªd^dªdªd«dªdªd^dªdªd^dªd«dªdªd^dªdªd^dªdªd«dªd¬d«dªdªd^d.Uev
vew©v £t¤�ú ¤ î�û dªdªd^dªd«dªd¬d«dªdªd^dªdªd«d¬dªd«dªdªd^dªd«d¬dªd«dªdªd^dªdªd^dªdªd«dªd¬d«d.Uüf

vew©vew±c ·=ý�þ dªdªd^dªd«dªd¬d«dªdªd^dªdªd«d¬dªd«dªdªd^dªd«d¬dªd«dªdªd^dªdªd^dªdªd«dªd¬d«d.Uüf
vew©vew U ÿtmhê�� p d¬d«dªdªd^dªdªd«d¬dªd«dªdªd^dªdªd^dªd«dªdªd^dªdªd^dªdªd«dªdªd^dªdªd^d.Uüf
vew©vew±v é +���� dªd^dªd«dªdªd^dªdªd^dªdªd«dªd¬d«dªdªd^dªd«dªd¬d«dªdªd^dªdªd«d¬dªd«dªdªd^d.UWÈ
vew©vew f ��
võ þ z
� d^dªdªd^dªdªd«dªd¬d«dªdªd^dªdªd«d¬d«dªdªd^dªdªd«d¬dªd«dªdªd^dªdªd^d1UXÈ
vew©vew È ��� d«dªdªd^dªd«d¬dªd«dªdªd^dªdªd^dªdªd«dªdªd^dªd^dªdªd«dªdªd^dªdªd^dªdªd«d¬dªd«d.UXÈ

vew f ûfüñýnþ®ÿ�� y^ö _ � o��������C ;!dy~_ , è ÿ=. }®y$/¶� «�­3254=6 Å�7�8 ¡ é
+ y dªd^dªdªd^dªdªd«dªd^dªdªd^dªdªd«dªdªd^dªdªd^dªdªd«dªd^dªdªd^dªdªd«dªd¬d«dªdªd^dªdªd^d1UXÈ
vew f�w±c é + ä=å å��	� dªdªd^dªdªd«dªdªd^dªdªd^dªdªd«dªd^dªdªd^dªdªd«dªd¬d«dªdªd^dªdªd«d.UXÈ
vew f�w U û�ü ýtþ�ÿ�� y�ö0dªd«d¬dªd«dªdªd^dªdªd^dªdªd«dªd^dªdªd^dªdªd«dªdªd^dªdªd^dªdªd«d.Uh�
vew f�w±v � o=�����;�r �!vy dªdªd^dªdªd^dªdªd«dªd¬d«dªd^dªdªd«dªd¬d«dªdªd^dªdªd«d¬dªd«d.UXY
vew f�w f , è ÿ;. }hy / � «d­�2=4	6 d«dªdªd^dªdªd^dªd«dªdªd^dªdªd^dªdªd«dªdªd^dªdªd^d.UWY


 �	��Ë�
��-ï��XÔ=Õ Àe¨
f�w©c ¥°¦ å)â î d«dªdªd^dªd«d¬dªd«dªdªd^dªdªd^dªdªd«dªdªd^dªd^dªdªd«dªdªd^dªdªd^dªdªd«d¬dªd«d.UXÇ
f�w U ��U,z . U�� dªdªd^dªd«dªd¬d«dªdªd^dªdªd«d¬dªd«dªdªd^dªd«d¬dªd«dªdªd^dªdªd^dªdªd«dªd¬d«d.UWÇ
f�w©v �§y½ö���� ý �3�§Ä d^dªdªd^dªdªd«dªd¬d«dªdªd^dªdªd«d¬d«dªdªd^dªdªd«d¬dªd«dªdªd^dªdªd^d vXV
f�w f �=F ÒtÓ ¤C�5� dªd^dªd«dªdªd^dªdªd^dªdªd«dªd¬d«dªdªd^dªd«dªd¬d«dªdªd^dªdªd«d¬dªd«dªdªd^d°vec
f�w È ��� dªd^dªdªd^dªdªd«dªd^dªdªd^dªdªd«dªdªd^dªdªd^dªdªd«dªd^dªdªd^dªdªd«dªd¬d«dªdªd^dªdªd^d vhv
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� ���! #"%$'&%(*),+.-/�103254768-5),"%25�! ë!

9;:=< >@?BA�C7D	>FEHGJILKNM O*OPOQO*OPO*O*ORO*O*ORO*O*OPO*ORO*O*ORO*O*OPO*O*ORO*O*ORO*O*OPOTSVU
9;:=W >@?BA�C7D	>FEHGXORO*OPO*O*ORO*O*ORO*O*OPO*O*ORO*O*ORO*OPO*O*ORO*O*ORO*O*OPO*OQOPO*O*OROTSYU

9;:=W;:Z< [	\ OPO*O*ORO*OPOQO*OPO*O*ORO*O*ORO*O*OPO*O*ORO*ORO*O*OPO*O*ORO*O*ORO*O*OPOQO*OPOTS^]
_ 03`R+a25 cb!d7eHf@gihkjJlnmpoJq r3s
];:=< K�M@tvu�w OPO*O*ORO*OPOQO*OPO*O*ORO*O*ORO*O*OPO*O*ORO*ORO*O*OPO*O*ORO*O*ORO*O*OPOQO*OPOxU!y
];:=W z|{~}���{�� O*O*ORO*OPO*OQOPO*O*ORO*O*OPOQO*OPO*O*ORO*OPOQO*OPO*O*ORO*O*ORO*O*OPO*OQOPOxU3y

];:=W;:Z< �BD	���k��G ORO*O*ORO*O*OPO*OQOPO*O*ORO*O*OPOQOPO*O*ORO*O*OPOQO*OPO*O*ORO*O*ORO�U!y
];:=W;:ZW ��D�������� ORO*O*ORO*O*OPO*OQOPO*O*ORO*O*OPOQOPO*O*ORO*O*OPOQO*OPO*O*ORO*O*ORO�U!<
];:=W;:ZS ����� O*O*ORO*OPO*OQOPO*O*ORO*O*OPOQO*OPO*O*ORO*OPOQO*OPO*O*ORO*O*ORO*O*OPO*OQOPOxU3W

];:=S ���L��DL� OPO*O*ORO*OPOQO*OPO*O*ORO*O*ORO*O*OPO*O*ORO*ORO*O*OPO*O*ORO*O*ORO*O*OPOQO*OPOxU!]
];: U ���LGx}�z�C��7>@E�G O*O*ORO*O*OPO*O*ORO*O*ORO*O*OPO*ORO*O*ORO*O*OPO*OQOPO*O*ORO*O*OPOxU!]
];:=9 ���Q�i�i��������IB�J�	� OPO*OQOPO*O*ORO*O*OPOQO*OPO*ORO*O*OPOQO*OPO*O*ORO*O*ORO*O*OPOxU!]
];:=] �� �¡J¢�£�¤@I�¢�¥J¦|I¨§J©ªO*O*ORO*O*ORO*O*OPO*OQOPO*ORO*O*OPO*OQOPO*O*ORO*O*OPOQO*OPOxU!«
];:=¬ �� �¡J¢�£�¤@IN­�®���I¨¯J©ªO*O*ORO*O*ORO*O*OPO*OQOPO*ORO*O*OPO*OQOPO*O*ORO*O*OPOQO*OPOxU!°
];:=« ��±~t�²�³J´�¡�µ�¶k��·�D�tkI�­J®7�¸OPO*O*ORO*O*ORO*OPO*O*ORO*O*ORO*O*OPO*O*ORO*O*OROT9;<

];:=«;:Z< ¹�ºJ±|IB¯�© ORO*O*ORO*O*OPO*OQOPO*O*ORO*O*OPOQOPO*O*ORO*O*OPOQO*OPO*O*ORO*O*ORO»9^W
];:=«;:ZW ­J®J� O*O*ORO*OPO*OQOPO*O*ORO*O*OPOQO*OPO*O*ORO*OPOQO*OPO*O*ORO*O*ORO*O*OPO*OQOPOT9;9

];:=° µ�¶k��·�D¨¼�[�½¾ORO*OPO*O*ORO*O*ORO*O*OPO*O*ORO*O*ORO*OPO*O*ORO*O*ORO*O*OPO*OQOPO*O*OROT9;]
];:=<;y1¿�À O*ORO*O*ORO*O*OPO*ORO*O*ORO*O*OPO*O*ORO*O*ORO*O*OPO*ORO*O*ORO*O*OPO*OQOPO*O*ORO*O*ORO»9^]

Á Â�Ã Ä d
Å Æ�Ç�È�É�Ê1Ë�Ì	Í�Î	Ï�Ð�ÑiÒ e�f1g�h�o�q _3s
��:Z< K�M@tvu�w OPO*O*ORO*OPOQO*OPO*O*ORO*O*ORO*O*OPO*O*ORO*ORO*O*OPO*O*ORO*O*ORO*O*OPOQO*OPOT]^y
��:ZW ��D����k��G O*O*ORO*OPO*OQOPO*O*ORO*O*OPOQO*OPO*O*ORO*OPOQO*OPO*O*ORO*O*ORO*O*OPO*OQOPOT];y
��:ZSÓz|{~}���{�� O*O*ORO*OPO*OQOPO*O*ORO*O*OPOQO*OPO*O*ORO*OPOQO*OPO*O*ORO*O*ORO*O*OPO*OQOPOT];y
��: U ��DL�����J� O*O*ORO*OPO*OQOPO*O*ORO*O*OPOQO*OPO*O*ORO*OPOQO*OPO*O*ORO*O*ORO*O*OPO*OQOPOT];<
��:Z9ÕÔJÖ1��DL� OPO*O*ORO*OPOQO*OPO*O*ORO*O*ORO*O*OPO*O*ORO*ORO*O*OPO*O*ORO*O*ORO*O*OPOQO*OPOT]^<
��:Z]Ó���LGx}�z�C��7>@E�G O*O*ORO*O*OPO*O*ORO*O*ORO*O*OPO*ORO*O*ORO*O*OPO*OQOPO*O*ORO*O*OPOT]^<
��:Z¬Ø×,ÙÛÚaÜ Ý,Þ3«RßNÔJÖáà�âN 7¡�ã1Gi����tkI�ä�§ ORO*O*OPO*ORO*O*ORO*O*OPO*O*ORO*O*ORO*O*OPOT]^9

å æ�ç `èe�é�hBêJë�ì~í�î	ï	ðiï�ñ�e�é�hHòió�ô7õ�ö _ Á

÷
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< ûVüþýiûYÿ��������	�	
���
��������������������! #"�� OQOPO*ORO*O*OPO*OQOPO*O*ORO*O*OPOQO*OPOT<^S
W $&%('*),+.-!/103254	6�7��18983:�;<�! >=!?A@&BC�ED9FG8IHKJMLONQPSRCTVUSW�PYXGZ9H\[�]^D9_C`baEc�d

eCf ?A@&BAgihj'*),+.-!/10�k�l��b�nmj��oAp<qbrts�u,�!v	wyx&z�BC�ÕO*O*ORO*O*OPOQO*OPOT<^S
S $&%('*),+.-!/101�1254	6�7�{jx�|*}�l&~#�1�&�&+#�	�A���5���1DGF98�H�JMLON�PSRCT�USW�PSX9Z9H\[�]

D9_C`baEc�d enf B�gihj'*)1+.-!/10�kE�(�����S��HK����~��1�&�&+��3�*���b�(}��9H�8!'*)1+
-3/10�k�gihj'*),+.-!/10	z*�E�*�\���	�����#@n� OQOPO*ORO*O*OPO*OQOPO*O*ORO*O*OPOQO*OPOT<VU

U r\'*),+.-!/10 ��¡b�n¢�£<�E¤	¥�¦	§ O*OPO*O*ORO*O*ORO*OPO*O*ORO*O*ORO*O*OPO*OQOPO*O*OROT<;¬
9 ¨A©JýC��ª,§b%�«(¬�­	®Lý��!¯�°�±�²��1³S´S�SWiR�µ f ?A@&BC� O*ORO*O*ORO*O*OPO*O*ORO*O*OROT<;«
] ¶¸·º¹»LODGN*û¼¤1¥¾½¼¿�À,a!Á1Â e f B�DGF98�H�JMLON�PYRCTVUSW�PSX9Z9HÃa(��Ä�ÄÅLOÆÇHiÈMÄÅ�9PSJMÉSH�Z1ÄÅF9JMJMHKXiÊËÆiFGPYÌÍT�L

H�ÎVPSÌMÊMT�ÏÇÐGv5w	Ñ<Ò1a&�E~#�E���&+n�	
	�<Ó!�.-\Ô���Õ5k,'�)1+Ö-!/E0���¡&��×<@3¢(£	�(Ø#k
Ù Ú�ÛÍÜ ��ÝnÞ	��ß�à ÜYá � ÛMÜ ��âäã�å��(æ#�&ç1+&è�a1��¡^=�}	é	a&êABC� O*O*OPO*OQOPO*O*ORO*O*OPOT<^°

¬ ¶¸·º¹*x�ë&ìABn'*)1+í-!/10�î!+�Õ&��ï&ð OPO*O*ORO*O*ORO*OPO*O*ORO*O*ORO*O*OPO*O*ORO*O*OROTW;y
« D9FG8�H�JMLON�PYRCTVUSW�PYXGZ9H �nñ	c<ò OPO*OQOPO*O*ORO*O*OPOQO*OPO*ORO*O*OPOQO*OPO*O*ORO*O*ORO*O*OPOTW^W
° ¤5ó���Ó��í-QÔ��5Õ���û ÿ l�Ø	ój��Ó��.-ôÔ��5Õ���û ü ��õ���öEl,NÖ÷�À1«*�Eø�ù*�Eú�ûj�

�E�(�El�üb�ôý#�(p�p�þ�}jÓn�.-ºÔ���Õ(a�êAB ��ÈÿP�Ðä�<_����*�(é1l1È�� ÐË� `����*�(é	a�êABô�¾W^W
<;y �	��

�</�ç1+Aè,�nñ
��ò1�yè�+��j� -���-Q�A���#ð�Ô����n®y��"������jxn°*�El���«*�

~��1�&�&+��!d� #"jBC� O*O*ORO*O*OPO*O*ORO*O*ORO*O*OPO*ORO*O*ORO*O*OPO*OQOPO*O*ORO*O*OPOTWVU
<;< !"�$#�«��&%^B('jx&z*�¼l�)"*,+�ð,ý.-,+�è1�&/�0A"jBC� O*O*ORO*O*ORO*O*OPO*OQOPO*O*OROTW;]
<;W 1�2�3�4y�
5Eï�6�+(a
+�ð,ý.-,+�+87Cð90j�9:�/�0A"jBC��0^�
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Cosmic Ray Test
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Cosmic Ray Test
cross talk check
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1layer

21cells(2cm*21=42cm)

Segmented aluminum
   Thickness 0.6mm

Liquid scintillator

«­¬ !"®B¯±°³²B´kµ�¶�·`¸�¹ 8 ¶�º O4»=¼�½
¾I¿ÁÀ�Â6Ãwf`Ä�Å)Æ

Aluminum plate (1mm thick)

1layer
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Pb plate (1 É 5mm thick)

Liquid Scintillator

Segmented aluminum(0.6mm)
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Energy deposit (GeV)
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Energy Resolution
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Nent = 9508   

Mean x =  231.3

Mean y = -1.378

RMS x  =  3.516

RMS y  =  6.632
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     314    6669      93


     540     114     615


Integ  =   6669

1.6GeV/c yvsx£
Nent = 9508   

Mean x =  231.3

Mean y = -1.378

RMS x  =  3.516

RMS y  =  6.632

     534     134     495


     314    6669      93


     540     114     615


Integ  =   6669

Event Selection by LEPS DC (momentum=1600MeV/c)Event Selection by LEPS DC (momentum=1600MeV/c)
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Nent = 28257  

Mean x =  231.9

Mean y = -0.1626

RMS x  =  4.147

RMS y  =   12.2

    4025     625    1741


    7038    6358    1812


    2791     715    3152


Integ  =   6358

0.4GeV/c yvsx¤
Nent = 28257  

Mean x =  231.9

Mean y = -0.1626

RMS x  =  4.147

RMS y  =   12.2

    4025     625    1741


    7038    6358    1812


    2791     715    3152


Integ  =   6358

Event Selection by LEPS DC (momentum=400MeV/c)Event Selection by LEPS DC (momentum=400MeV/c)

¥§¦©¨@ª~«r¬[­¯®±°³²³²³´�µ·¶¹¸³º¼»¾½�¿ÁÀÃÂ³²³²Ä´[µ·¶¹¸³º¼»ÆÅr¿ÈÇVÉ#Ç+ÊÌËÎÍdÏÑÐ9ÒÃÓVÔrÕHÖx×ÙØ�ÚjÛ�ÏÎË<Ü�ÝrÞ#ß
ÇwàjáKÇ�â[ãVÝjÞKÇ�äHåVæ�çéè�Çwêrë'ìaíuîÎï#ÛÎÀ[ðÎñ9Ç'çóò�ô9ÇVõwö9Ça÷[ø�Ó%Ï~ùwúHûVüjý�þjÿ�ÛÎæ

ADC Count
�0 5 10 15 20 25 30

�
35 40 45

�
50

E
n

tr
y

1

10

10
2

10
3

1300 MeV h1
Nent = 1000   
Mean  =     11
RMS   = 0.03161
Under =      0
Over  =      0
Integ =   1000

1300 MeV h1
Nent = 1000   
Mean  =     11
RMS   = 0.03161
Under =      0
Over  =      0
Integ =   1000
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�1200 MeV h1

Nent = 1000   
Mean  =  10.17
RMS   = 0.3782
Under =      0
Over  =      0
Integ =   1000

1200 MeV h1
Nent = 1000   
Mean  =  10.17
RMS   = 0.3782
Under =      0
Over  =      0
Integ =   1000
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1100 MeV h1
Nent = 1000   
Mean  =     11
RMS   = 0.05469
Under =      0
Over  =      0
Integ =   1000

1100 MeV h1
Nent = 1000   
Mean  =     11
RMS   = 0.05469
Under =      0
Over  =      0
Integ =   1000
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Nent = 1000   
Mean  =     11
RMS   = 0.07065
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Integ =   1000

900 MeV h1
Nent = 1000   
Mean  =     11
RMS   = 0.07065
Under =      0
Over  =      0
Integ =   1000
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Mean  =  10.42
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800 MeV
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Nent = 1000   
Mean  =  10.42
RMS   = 0.5051
Under =      0
Over  =      0
Integ =   1000
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700 MeV h1
Nent = 1000   
Mean  =  10.47
RMS   = 0.4994
Under =      0
Over  =      0
Integ =   1000

700 MeV h1
Nent = 1000   
Mean  =  10.47
RMS   = 0.4994
Under =      0
Over  =      0
Integ =   1000
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1000 MeV h1
Nent = 1000   
Mean  =  10.58
RMS   = 0.4942
Under =      0
Over  =      0
Integ =   1000

1000 MeV h1
Nent = 1000   
Mean  =  10.58
RMS   = 0.4942
Under =      0
Over  =      0
Integ =   1000
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600 MeV h1
Nent = 1000   
Mean  =  10.47
RMS   =  0.499
Under =      0
Over  =      0
Integ =   1000

600 MeV h1
Nent = 1000   
Mean  =  10.47
RMS   =  0.499
Under =      0
Over  =      0
Integ =   1000
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Mean  =  10.51
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500 MeV
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h1
Nent = 1000   
Mean  =  10.51
RMS   =    0.5
Under =      0
Over  =      0
Integ =   1000
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400 MeV h1
Nent = 1000   
Mean  =  10.39
RMS   = 0.4886
Under =      0
Over  =      0
Integ =   1000

400 MeV h1
Nent = 1000   
Mean  =  10.39
RMS   = 0.4886
Under =      0
Over  =      0
Integ =   1000

pedestal channel check channel=c13
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Pedestal Stability Check chan=c13>>h1
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Linear Fit y=ax+b layer=1~12
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Resolution Fitting
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Prob  = 0.4037
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Energy Resolution Calibration Difference

resolution (%)
10 10.2 10.4 10.6 10.8 11 11.2 11.4 11.6 11.8 12

en
tr

y

0

10

20

30

40

50

60

resolution distribution�
h3
Nent = 1000   
Mean  =  10.71
RMS   = 0.1498
Under =      0
Over  =      0
Integ =   1000
Chi2 / ndf = 47.56 / 40
Prob  = 0.1937

 2.189 ±Constant = 52.85 
 0.004849 ±Mean     =  10.7 

 0.003939 ±�Sigma    = 0.1449 
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