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n=1.33 for P
n=1.33 for K+

n=1.33 for π+
n=1.49 for Pn=1.49 for K+

n=1.49 for π+

n=1.05 for P
n=1.05 for K+

n=1.05 for π+
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e++µô ++πõ +
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p
Water: Pure Water(18.3MΩ

ö
·cm)

Reflection material: Gore-Tex
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c
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e++µ++π+

K+

p
Water: Pure Water(18.3M
3

Ω·cm)
Reflection material: Gore-Tex
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

e++µ++π+

K+

p
Water: Pure Water(18.3MΩ·cm)
Reflection material: Gore-Tex
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

e++µ++π+

K+

p
Water: Pure Water(18.3M
3

Ω·cm)
Reflection material: Millipore
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

e++µ++π4 +

K+

p
Water: Pure Water(18.3MΩ·cm)
Reflection material: Millipore
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

e++µ++π+

K+

p
Water: Pure Water(18.3M
3

Ω·cm)
Reflection material: Titaniumdioxide
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

e++µ++π4 +

K+

p
Water: Pure Water(18.3MΩ·cm)
Reflection material: Titaniumdioxide
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c
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[Threshold(Number of phtoelectorons)]

%

[Threshold(Number of phtoelectorons)]

%
e++µ++π+K+p

Water: Pure Water(18.3MΩ·cm)
Reflection material: Gore-Tex
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

Titan
9

Mill

G_T
:

-60 -50 -40 -30 -20 -10 0
;

10
<

20
=

30
>

[number of photoelectrons(Kaon=0)]
?

[R
ef

le
ct

or
]

p K+ e++µ@ ++π+

-47.0 0 16.8

p K+ e++µ++π+

-28.7 0 11.4

p K+ e++µ@ ++πA +
-53.6 0 19.5

[Threshold(Number of phtoelectorons)]

%

[Threshold(Number of phtoelectorons)]

%

e++µ++π+K+

p

Water: Pure Water(18.3MΩ·cm)
Reflection material: Millipore
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

Titan
B

Mill
C

G_T
D

0
E

0.2
E

0.4
E

0.6
E

0.8
E

1 1.2 1.4
[/number of photoelectrons(Kaon)
F

]
G

[R
ef

le
ct

or
]

p K+ e++µ++πH +
0.250 1 1.269

p K+ e++µ++π+

0.249 1 1.298

p K+ eI ++µ++π+

0.193 1 1.293

[Threshold(Number of phtoelectorons)]

%

[Threshold(Number of phtoelectorons)]

%

e++µ++π+K+p

Water: Pure Water(18.3M
J

Ω·cm)
Reflection material: Titaniumdioxide
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c
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e++µ++π+

K+

p
Water: Pure Water(18.3M
3

Ω·cm)
Reflection material: Gore-Tex
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

e++µ++π+

K+

p
Water: Pure Water(18.3MΩ·cm)
Reflection material: Gore-Tex
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

e++µ++π+

K+

p
Water: Amino-G-Salt
3
Reflection material: Gore-Tex
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

e++µ++π] +

K+

p
Water: Amino-G-Salt
Reflection material: Gore-Tex
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

e++µ++π+

K+

p
Water: Umbelliferone
3
Reflection material: Gore-Tex
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

e++µ++π^ +

K+

p
Water: Umbelliferone
Reflection material: Gore-Tex
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c
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[Threshold(Number of phtoelectorons)]

%

[Threshold(Number of phtoelectorons)]

%
e++µ++π+K+p

Water: Pure Water(18.3MΩ·cm)
Reflection material: Gore-Tex
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

Umb

AGS
_

PW
`

-140 -120 -100 -80 -60 -40 -20 0
a

20 40
[threshold(Kaon=0)
b

]
c

[W
at

er
]

p K+ e++µd ++πe +
-47.0 0 16.8

p K+ e++µ++π+

-101.0 0 39.1

p K+ e++µ++π+

-140.1 0 43.4

Reflector:Gore-Tex

[Threshold(Number of phtoelectorons)]

%

[Threshold(Number of phtoelectorons)]

%

e++µ++π+K+p

Water: Amino-G-Salt
Reflection material: Gore-Tex
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

Umb

AGS
f

PW
g

0
E

0.2
E

0.4
E

0.6
E

0.8
E

1 1.2 1.4
[/number of photoelectrons(Kaon)
F

]
G

[W
at

er
]

p K+ e++µ++πH +
0.250 1 1.268

p K+ e++µh ++π+

0.275 1 1.281

p K+ e++µh ++π+

0.319 1 1.211

Reflector:Gore-Tex

[Threshold(Number of phtoelectorons)]

%

[Threshold(Number of phtoelectorons)]

%

e++µ++π+

K+p

Water: Umbelliferone
J
Reflection material: Gore-Tex
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c
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e++µ++π+

K+

p
Water: Pure Water(18.3M
3

Ω·cm)
Reflection material: Titaniumdioxide
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

e++µ++π4 +

K+

p
Water: Pure Water(18.3MΩ·cm)
Reflection material: Titaniumdioxide
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

e++µ++π+

K+

p
Water: Amino-G-Salt
3
Reflection material: Titaniumdioxide
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

e++µ++π+

K+

p
Water: Amino-G-Salt
Reflection material: Titaniumdioxide
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

e++µ++π+

K+

p
Water: Umbelliferone
3
Reflection material: Titaniumdioxide
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

e++µ++π4 +

K+

p
Water: Umbelliferone
Reflection material: Titaniumdioxide
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c
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[Threshold(Number of phtoelectorons)]

%

[Threshold(Number of phtoelectorons)]

%
e++µ++π+K+p

Water: Pure Water(18.3MΩ·cm)
Reflection material: Titaniumdioxide
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

Umb

AGS
f

PW
g

-150 -125 -100 -75 -50 -25 0
E

25 50
s

[number of photoelectrons(Kaon=0)]
G

[W
at

er
]

p K+ e++µ++πH +
-53.6 0 19.5

p K+ e++µ++πH +
-162.1 0 45.7

p K+ e++µh ++π+

-99.78 0 41.9

Reflector:Titaniumdioxide

[Threshold(Number of phtoelectorons)]

%

[Threshold(Number of phtoelectorons)]

%

e++µ++πt +

K+p

Water: Amino-G-salt
Reflection material: Titaniumdioxide
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

Umb

AGS

PW
g

0
E

0.2
E

0.4
E

0.6
E

0.8
E

1
u

1.2
u

1.4
u

[/number of photoelectrons(Kaon)
F

]
G

[W
at

er
]

p K+ eI ++µ++πH +
0.193 1 1.293

p K+ e++µh ++πH +
0.268 1 1.207

p K+ e++µh ++πH +
0.238 1 1.320

Reflector:Titaniumdioxide

[Threshold(Number of phtoelectorons)
v

]

%

[Threshold(Number of phtoelectorons)
v

]

%

e++µ++π+K+p

Water: Umbelliferone
J
Reflection material: Titaniumdioxide
Segment: Large

Angle: 0 degree
Momentum: 1.2GeV/c
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e++µ++π+

K+

p
Water: Pure Water(18.3M
3

Ω·cm)
Reflection material: Gore-Tex
Segment: Small
Angle: 0 degree
Momentum: 1.2GeV/c

e++µ++π4 +

K+

p
Water: Pure Water(18.3MΩ·cm)
Reflection material: Gore-Tex
Segment: Small
Angle: 0 degree
Momentum: 1.2GeV/c

e++µ++π+

K+

p
Water: Pure Water(18.3MΩ·cm)
Reflection material: Gore-Tex
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

e++µ++π+

K+

p
Water: Pure Water(18.3MΩ·cm)
Reflection material: Gore-Tex
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c
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[Threshold(Number of phtoelectorons)]

%

[Threshold(Number of phtoelectorons)]

% Water: Pure Water(18.3MΩ·cm)
Reflection material: Gore-Tex
Segment: Small
Angle: 0 degree
Momentum: 1.2GeV/c

Large
}

Small
~

-60 -50 -40 -30 -20 -10 0
�

10 20
[number of photoelectrons(Kaon=0)]

�
[S

eg
m

en
t]

p K+ e++µ++π+

-47.0 0 16.8

p K+ e++µ++π� +
-11.0 0 4.9

[Threshold(Number of phtoelectorons)]

%

[Threshold(Number of phtoelectorons)]

%

e++µ++π+K+p

Water: Pure Water(18.3MΩ·cm)
Reflection material: Gore-Tex
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

Large
}

Small
~

0
�

0.2
�

0.4
�

0.6
�

0.8
�

1 1.2 1.4
[/number of photoelectrons(Kaon)
�

]
�

[S
eg

m
en

t]

p K+ e++µ++π� +
0.250 1 1.268

p K+ e++µ++π+

0.215 1 1.353
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e++µ++πª ++K+

p
Water: Pure Water(18.3M
«

Ω·cm)
Reflection material: Titaniumdioxide
Segment: Large
Angle: 0 degree
Momentum: 1.35GeV/c

e++µ++π+

K+

p
Water: Pure Water(18.3M
«

Ω·cm)
Reflection material: Titaniumdioxide
Segment: Large
Angle: 0 degree
Momentum: 1.2GeV/c

e++µ++π++K+

p
Water: Pure Water(18.3MΩ·cm)
Reflection material: Titaniumdioxide
Segment: Large
Angle: 0 degree
Momentum: 1.05GeV/c
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[vertical angle(degree)]

[n
pe

/n
pe

(0
 d

eg
re

e)
]

PMT: Sum
PMT: Right
PMT: Left

Reflector: Titaniumdioxide
Particle: Proton

[vertical angle(degree)]
[n

pe
/n

pe
(0

 d
eg

re
e)

]

PMT: Sum
PMT: Right
PMT: Left

Reflector: Titaniumdioxide
Particle: Proton

[vertical angle(degree)]

[n
pe

/n
pe

(0
 d

eg
re

e)
]

PMT: Sum
PMT: Right
PMT: Left

Reflector: Titaniumdioxide
Particle: Proton

[vertical angle(degree)]

[n
pe

/n
pe

(0
 d

eg
re

e)
]

PMT: Sum
PMT: Right
PMT: Left

Reflector: Titaniumdioxide
Particle: Proton
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PMT: Sum
PMT: Right
PMT: Left

Reflector: Titaniumdioxide
Particle: Proton

PMT: Sum
PMT: Right
PMT: Left

Reflector: Titaniumdioxide
Particle: Proton

PMT: Sum
PMT: Right
PMT: Left

Reflector: Titaniumdioxide
Particle: Proton

PMT: Sum
PMT: Right
PMT: Left

Reflector: Titaniumdioxide
Particle: Proton
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[vertical angle(degree)]

[n
pe

/n
pe

(0
 d

eg
re

e)
]

PMT: Sum
PMT: Right
PMT: Left

Reflector: Titaniumdioxide
Particle: Kaon

[vertical angle(degree)]
[n

pe
/n

pe
(0

 d
eg

re
e)

]

PMT: Sum
PMT: Right
PMT: Left

Reflector: Titaniumdioxide
Particle: Kaon

[vertical angle(degree)]

[n
pe

/n
pe

(0
 d

eg
re

e)
]

PMT: Sum
PMT: Right
PMT: Left

Reflector: Titaniumdioxide
Particle: Kaon

[vertical angle(degree)]

[n
pe

/n
pe

(0
 d

eg
re

e)
]

PMT: Sum
PMT: Right
PMT: Left

Reflector: Titaniumdioxide
Particle: Kaon
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PMT: Sum
PMT: Right
PMT: Left

Reflector: Titaniumdioxide
Particle: Kaon

PMT: Sum
PMT: Right
PMT: Left

Reflector: Titaniumdioxide
Particle: Kaon

PMT: Sum
PMT: Right
PMT: Left

Reflector: Titaniumdioxide
Particle: Kaon

PMT: Sum
PMT: Right
PMT: Left

Reflector: Titaniumdioxide
Particle: Kaon
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[horizontal angle(degree)]

[n
pe

/n
pe

(0
 d

eg
re

e)
]

PMT: Sum
PMT: Right
PMT: Left

Reflector: Gore-Tex
Particle: Proton

[horizontal angle(degree)]
²

[n
pe

/n
pe

(0
 d

eg
re

e)
]

PMT: Sum
PMT: Right
PMT: Left

Reflector: Gore-Tex
Particle: Proton

[horizontal angle(degree)]

[n
pe

/n
pe

(0
 d

eg
re

e)
]

PMT: Sum
PMT: Right
PMT: Left

Reflector: Gore-Tex
Particle: Proton

[horizontal angle(degree)]
²

[n
pe

/n
pe

(0
 d

eg
re

e)
]

PMT: Sum
PMT: Right
PMT: Left

Reflector: Gore-Tex
Particle: Proton
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PMT: Sum
PMT: Right
PMT: Left

Reflector: Gore-Tex
Particle: Proton

PMT: Sum
PMT: Right
PMT: Left

Reflector: Gore-Tex
Particle: Proton

PMT: Sum
PMT: Right
PMT: Left

Reflector: Gore-Tex
Particle: Proton

PMT: Sum
PMT: Right
PMT: Left

Reflector: Gore-Tex
Particle: Proton
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[horizontal angle(degree)]

[n
pe

/n
pe

(0
 d

eg
re

e)
]

PMT: Sum
PMT: Right
PMT: Left

Reflector: Gore-Tex
Particle: Kaon

[horizontal angle(degree)]
²

[n
pe

/n
pe

(0
 d

eg
re

e)
]

PMT: Sum
PMT: Right
PMT: Left

Reflector: Gore-Tex
Particle: Kaon

[horizontal angle(degree)]

[n
pe

/n
pe

(0
 d

eg
re

e)
]

PMT: Sum
PMT: Right
PMT: Left

Reflector: Gore-Tex
Particle: Kaon

[horizontal angle(degree)]
²

[n
pe

/n
pe

(0
 d

eg
re

e)
]

PMT: Sum
PMT: Right
PMT: Left

Reflector: Gore-Tex
Particle: Kaon
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PMT: Sum
PMT: Right
PMT: Left

Reflector: Gore-Tex
Particle: Kaon

PMT: Sum
PMT: Right
PMT: Left

Reflector: Gore-Tex
Particle: Kaon

PMT: Sum
PMT: Right
PMT: Left

Reflector: Gore-Tex
Particle: Kaon

PMT: Sum
PMT: Right
PMT: Left

Reflector: Gore-Tex
Particle: Kaon
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¬ ?�¶ [ ã ±´³¶µ
?�¶ [ ã YMZ+[²±$WÔ±�· �D¸º¹|È �$Y�»M±$¼ ��½ S _-`�anbMc�_�d¾f���¿�À�ß�L ± � ïjÁ
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�¶Æ Sn� A Ì)��� Ú§Ú�Ù����Ë× è�ì � ã$Ò�ÓrÔ�ÕRÖäãòÈ ë � í+î ���	���-�D�$|�* S�! �|Ç²Æ	� û%ßM� �
� 2 @ ã Î|Ç ± Â�û S�+ �����|Ç¶Æ	� ,�, � , È�- ,�. �MÆ þ ø
� 2 @ ±/.�0 ÂÞÃÅÄVÆöÇMÈ � ^ ,/.21 Ú²Ã|õÅ÷MÇ+�	��Ý ^�3 � . �¶Ækø

¬ ®�¯�° ÀMÁ�Â
® ¯ ° Ã��R� Ç54 Ã  .× è Ø è�ì ± ��� ô	��S�á �U�Åz��ÔÎ*ÇMÆM� � ã S - , �*ø � ^ È ¬Þ� ð
0 Ç�L6- , � î�ï87 ß ¦ ô �:9);�� �VÈ  .× è Ø è�ì\È|Ün� Sná ���s�e� ÇMÆ�� ,/. � T � ø

¬ ¾�¿�À�ÁMÂ
¾ ¿ ÀkÁMÂ ð õV÷-�Mã�ÐÔÑ ÒVÓ´Ã|Ü¶Ý�ß J � ï å�æ�ÒVÓ´Ã|Ü¶Ý�ß�<Q� S	� 4¶Ã¾N>= ±Þ §!¾#
Ã@?*ÆkÇ � z�� S ?�?M� Æ � ã S - , �*øn� ß ;"hji @ ± l �Um cRo|ÈH@3% ! 9­8:'=����� ! �
ï LH8�'��=�®� !p± Ò S	Y�Z	[ Ã�AH����� ûB4²Ã|åMæVÒÞÓ þ ø

¦�·



C D E F
ÊnË�G ���|ß Y�Z � ��
â ã ±H� S Ú����-�´Ç ü �D�6I�â ä ÈHô�è ×���éõ#��÷öKJ Ù Ø çÄA Ì)�L� Ú�Ú§ÙM� é

� × è�ì � ã #6Ù ØYÊ ì Ùªã¢Ì ü Ù è ö Ù ü �NJ Ù Ø çg' Ì�Ù ì¢è é ô éPOPÊ�Ú Ø � T �|ßöø � ±Þv ÄM�M|+}Mó ±&Q c(RTSåf 

U � 2 @ ðgx�y Ø �5V�W ð Ã-{��Åã � N�X@�*Ã È �Ä� � ± Ò S ?�Y�À¾� T �´ø¾��ß �2Z Ã	L
[�÷Vß îpï)\�]�^�x ÎÅß¤à²â � � 2 @ ±/.$0 Â ãöÆº�qL ± Ã�_ .+S�` � ± � �� "ã¢×a� � Ê	Ø	� ×ðDx Æ ßöÒ S�b�c ãòÆq{n� û  §ã¢×�� � Ê	Ø	� × LkÎ 3 . � ^�x Ø ��ã�dk¿ S�egf � . Î*Æ ± � 0
] �ÅÃ�� ^ z�{ S�h�i �Ôãåÿ�- ^ � þ ø
j Ú§Êk� � ±qY�Z ��È�É&%§' !ÞS åMæVÒÞÓ Ã|¾�¿ ðml � ÇÞ�¾� ± �e� ï ¾�¿�ÀMÁ S+� �MÆn�

� Ã i è ã ì Øn� ×qð ÐÔÑ û  §!¾#�SM(�¨ Ãº�D�M�-� Ã þ Ã/o¶Ý 3�p Æ�ãÄÿ�� ø ß$� �áó ôMS�T �
ú ¿ ®k¯M°�±�q û 7 ß ©sr ô �:9�;��ut@7 ßøÝ r ô �:9�;�� þ´ð L�� Çº�g� � ã ð Ã+{�ß|à â � 4MÃ�v²Æ ®�¯
°²± Ò	�¶È  �× è Ø è�ì S&1 Ú²Ã i ã Ø ������Æ ã�ÿ$- ^ �*ø

¦à«



wyx/x6z|{(}/~a� w

�8���$�
;§hji @mÈ���� Âm� S$�&� bDf Q+
 Í�Î�Ï ± ����± ß+À|Ã Ì �¤ß$_r`sa�b�c�_�d f�� T �*ø

ÊnË È�|+} ± l �nm c	o ð 8 �wA=ô ;�7 ãº8 �wA=ô ;�¦�± v Ä ðm^nx ÎÅß*ø

¬ 8 �wA�ô ;�7
���+Ç�� ± |�}ÞÈ @3% ! 9­8�'��=�®� ! � Ã+�n�

¬ 8 �wA�ô ;�¦
���+Ç�� ± |�}ÞÈ 8:'=�=�®� !�� Ã+���

¦à¯



wyx/x6z|{(}/~a� �
 Ê�×OØYÙ§� ÚM� 9­� È # �w5 ±Qý3ã¢ÚMOa� ç � Ù§ý ç Ø�� è ×P×�� ��ØYÙ è�ì ð|G ��� ß �-� ¨M¬*± �n� Ã�Î´Ç G ���áßöø

¬i¦�­s�  Ê�×OØYÙ§� ÚM� 9­�
� ��� � ���$� ±
� �����ø � T �*ø

� � ã ±H� È����²Ã�È�Ú�������� , �|ß ± � � � ãåÃ�{ . ^ � óMô ã ±
� ãÄÃ�{ . ^ � ó�ô��Ý ð6� � Î Ø �n� Ã�Î ßkø

¦à°



� ´ � �
� 7�� ± ß6Ó ��  fUÓ�¡�¢¤£¦¥ ; v�§�¨ 7-��©�ª�« ¬ ¥ ­ ó�ô \+Í�Î�Ï�®°¯�±�²
� ¦k� � ßª8:ßø2 � è #��u³ ì ÙM³ ã´�uOµ� è × � ã¢� Ú�� Ê�×LÊ ì¢ü  !Ê�×�ØËÙ§� ÚM�= ç·¶ O�Ù��uO % ö ý�� ×PÙ�Ì¸� ì Ø	O
� Ý � '=ß§É&%º¹ ' ô<A=% #���Ø Ê�Ú ß � ã¢� Ú ß 9 ì O�ØY× ß 7»rà¯ Õ 7¥°à«ï°�Û Ý © Ý é Ý ©�·
� ­k�w ßø�=% ! % # ;§h¦��Ø Ê�Ú ß � ã¢� Ú ß 9 ì O�ØY× ß 7¥« Ý Õ 7�°ï¯�©�ÛL¦sr¼7 é�¦srà«



½ ¾

¿�À�Á�Â¶Ã T ß ï×� ± % ± � ±�Y�Z ãòÆr� Ø63 . Î Æ�Ã�Ä ðÄ� {�Ç ¨ Â �¤ß�§$��Å�Æ ð È
Ç À � Á�Â&È ±�É�Ê Ã�ËH�)Ì�Í Æ ß�Î�� Ø ø


