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c 3.34: SK-IV ���^‘
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�&‘�’

4 [12] “1Œ3•�Ž
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'ž“ 1/2 ™7[g–�•�9�P�“�€�•H[šƒ

‘3’

“RŸž/@–� 

?(¡
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‹ 3.35: SK-I I I ����9
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‹ 3.36: SK-I I I   SK-IV < 1 @3A�B�C=D�E�F+<����JŽ�˜+• SK-I I I ƒ�–�• SK-IV
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3.2.7 trigger e�ciency
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j
m$“Rc7*�#���#&cG=Gd�9u 
#h/�ˆIH

#!Ž��O�&ƒ SK-IV b!e
9gf�=���]�ˆ$• trigger e�ciency “�X>)‚[šƒ SK-I I I b!e(9gf>b&•`G


;�h•=<7 1< ����“�Ÿ�/��&Ž � �ž“�Ÿ�/���K\Mh �[Rˆ�ƒ 2.2 h�b�i;���7 ��‚, ƒ N50 E�FZ•

SK-I I I b�e�9)f�  SK-IV b4e�9!f�b�j<#h/�ˆ(�\,�W3<�k�l�• trigger e�ciency =�?�#�•

<(bZ4�#>]�{� Lm�/��({žG b�nZ#8Ž&?(/8ˆ
ƒ���o)p�b�48ƒ;P4Q�ROS�9><8'@=�q�rOs trigger
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;�({žG:b4n4s!Ž<W�<
z�ƒ!{�b>M
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‘3’

=���]�ˆ SLE w�x�“+|)}H[�ˆ�]h£:ƒ N50
EZFO~G|�•�“•€C‚��
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‹ 3.37: N50 E�F�~gwgx(F3EZF�Ž
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SLE wgx ���O%>D ~Gˆ

27 –
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31 �

34 � (normal)

35 �4ˆ

36 ”4B(j

�

3.4: wgx` !‹ (3.37) ~Gˆ@~4‰
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T

G8“���sh ��<=/w�x�“&o��(ˆ3] H�  N N50 :)T@~!d@~�”�†Zj=•
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6?�� ƒ�‹ 3.16ƒ�‹ 3.17 =��uG 
@s…—7]�ƒ trigger threshold =�?�s…—$]�b�n

s$ R]ž© �� R•"!��>s8Ž

‹ 3.38: SK-I I I =g��J4s N50 #�F�~gwgx(F�#ZF�Ž�–h• 150mV wgx�ƒ��h• 212mV w/xž“
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ƒ SK-I I I b�e)†�f;~��;=!€�•gY

O� Ni †�%<~(•;†JP�=�q`[…ˆ N200 #�&�“Ry

� ƒ SK-IV b)e�†gf� �~�� ��“�Ÿ�‚��&Ž N200 #	&g �ƒ8ƒ 200[nsec]~('�= hit [�� PMT ~

)

b
ƒ SK-IV b(e�†�f;=g��J�s N200 ƒ&ƒ 2 *+b�i��1�� +�+� trigger ~�w/x�=
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�

� ƒ N200 #�&�“��>s,�J 
=1?�� ƒ SK-I I I b�e)†�f�b�ƒ!€�•�b7£…¨&ƒ SK-IV b4e�†)f

b�€�•�b7£8ˆ�]�s•U�V�“-�"
�J�s,�J �•"!
�\s=Ž 3.39 ƒ=ƒOW(~G„�…�b�n;s8Ž n200= 60 .

68



�

~h”�†Jj&b normalize [Rˆ�]�s=Ž
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U4z<=8ƒ����;= trigger e�ciency curve “Rc	�>ˆ4,4�
Ž trigger e�ciency ƒ&ƒ

tr igger ef f iciency = (normal thr eshold n50)=(low thr eshold n50) (3.23)
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s 3.40: trigger e�cency curve •����:=��vJ SK-IV ����	�
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(-388.9,-70.7,1197)[cm] 18,12,8,4.8,4.4[MeV]
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s 3.41: Linac •����������B, =

3.3.2 Linac ����� �	��
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� j�3Ip�m7q�V+*

r�\�,.-�o (-1237,-70.7,1197)[cm]�
/!0�1.2�m�3*m54 h 18MeV \

k

\M@�E6c%$

"�[G\6���_^4d

�

�

���	�

� j�3��! 8�8
	�7"�[8� goodness"�[7h<f	h�e*m6YIZ MC
@(d(� E�5<�	��c6H6Z
o

_&8

@�Œ�3 o��+/#091.2�m6>;:G�4c7\	^=<�D

q

N50 "�[��&/#0>1

2�m�"�[&h0��� % \0i�j�o�


x

���4c4H�Z
o

_#8

@(ŒMc0$��M32� N50 "�[ Z?/!0�1.2fm�"

[G\0i�j�o�@>A†~|���

q

�6\

kCBED

m

\%s	t
>=FE�M���4cfh�i�@�E6c0$&G&H	�iH2\�i�j�\

I%J

>

A

€†~ ���4c(Z7H�K�@6E4c%$

L7M

^g�ON4��\4p�P�q�VQ*�r?,�-7@�\ f�h6e!P�Y4Z MC \ N50� Ne� \6R8jI>>� 3.55�

� 3.56 ^�\>S(c0$

�&T8^�U4�WV j��	�Gc7X#Y�W#Z	Y�P	\�[_\
\(�#]�/^0>1.27P�3^P54C\�\��8@7�I��N�\gT

\�d4�g^%P&_†~|���Gc%$

� V_W�X�P�YM\<‘!`_^Gd�a �[p6P8q7V+*6r8\�,.-6^Gd7c6R	jG\
\��SZ|�i� \&]�b&cd�gj

3#]>R

Dfe

�SF�j�@%g 2%h%i<\�,.-�\
\(�6^GdMc6R�j

e�j

5��
~>k�5����Ic2$†H�lEV>g

G!H

IEJ

>

A!m

~|���4c(Z7H�K7@6E4c%$

3.4 DT n5o prqts uwvyx{z

DT >
U�|�3��!’
�7�	v.Z�]6} DT T<R7~#•&€#•�- (3.57) ^Gd�a‚�?’��
ˆ�@
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� 3.51: Linac \������ � j�3��# 7•f€��7"���\�����$�	

e

f	h�e^P�Y }�


e

MC @�E6c<$

� 3.52: Linac \ goodness \6�f��$�	

e

f�h4e�P�Y }�


e

MC @6E�c%$
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� 3.53: Linac \ N50 \9����$�	

e

f�hGeQP4Y } 


e

MC @�E6c0$

� 3.54: Linac \ Nef f \6���4$�	

e

f�h4e�P�Y }�


e

MC @6E6c0$
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� 3.55: N Linac e�P�YM\ N50 \9����$

X^Y	W!Z	Y�P	\�[ /^0>1.27P�3QPt4 end cap
m

VU@63���\ total energy

	 4.4[MeV] 4.5[MeV]


 4.8[MeV] 5.1[MeV]
�

8[MeV] 8.9[MeV]
�

12[MeV] 13.4[MeV]
���

Z 18[MeV] 18.8[MeV]

T 3.7: � (3.56) \�[„Z;/!0�1.27P�3^P54C\!���
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� 3.56: N Linac e�P�Y7\ Ne� \6���4$
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3H + 2 H ! 4 H e+ n (3.34)

Z;|����&_?>��iH�~��	��\^TgR&~
>?•&€d�=S(c%$#•f€•~<3#T Rf~

e�


9(\
���

I

~��„Z

�#_�"�c4H�Z|@����(\�•6,	�
>����G"�c2$

16H + n ! 16 N + p (3.35)

16N ]6}��!b

�

7.13 ��� � �������! �~

L

� 4.3MeV \#"#~ Z%$?^ 6.1MeV \�&

�
'

“(�8’0"�$� 0\�}�"7~†Z)&

�*'

“(�
U�|�+�,�/^0>1.27P
-	./�6\f/#0>1�2fP�\
�	v10Wi2�

3

� $

DT �?U^|	4��(’?���8v�]65 3 7 (�^ 1 89�: �;�+Mw$a }6�(’?�I\>/&061�2�P�\=<	>#?

@

RBA�C	D�?

@

R(�FE�;
+&|Gc<$ SK-IV G�H>P7‹	�!]�} 2008' 11 (&} 2009' 6 (&} 2009
' 8 (_^

3

;I4�$

� 3.57: DT T<R7~!•7€#•�-�\#J

ƒ

��$

K/L

} Z-dependent MC \<R�z���M

m	N

c�Z;|��IO
P��9} (x,y)=(35.3,-70.7) \#XfY/Q

R�S

P�T:U

�6V

P>1B��f�h„~
4 Z=-12,-6,0,6,12[m] \ DT eQP4YIZ MC \9���:�

3

;I4�$

•�‚�]#� 3.58 �XW6c0$ZYQ�

e

Nef f \%u_\6�f�/�>}�


e

eQP4Y }

�.e

MC $X[Q�

e

eQP�Y

Z MC \6� ((MC-data)/data) Z*0/;2+#|Gc%$

 6l.VU\g•8‚\�F]!cIZ } 2008' 11 (7} 2009' 6 (X�#]
}�e!P�Y4Z MC \��

e

0.5%̂
^

k�;2+#|4c8\�^
_•~)+�} 2009 ' 8 (/�^]�} 2%̀�81a#b

e

a6��cd;�+S~6k�;2+#|GcX Ze

e

M

8

��Œ7c<$� #a<u.] Linac f�g�a\e�ŒXe|•
`	8�a<uZ��Wda } 2009' 8 (�a6h	i1j�_ ~

+Q]6k�0Gc

I%J

E

m

a
f�g

e2l�m

�ZW6cn Xe

e

"

m

c2$
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� 3.58: DT e^P��/e MC a6���6$�Y!�

e

Nef f a%u�a����n�>}�


e

e^P�� }

��e

MC $�[

�

e

eQP��/e MC a6��$
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4 � � � � � � � � 	 
 � � � � 


�

 #a��/����� SK-I I I G�H����Bj��������! #"%$�&��('#Q�)�*%�!+,'.-�/1a�0#1 e32�4

��5!64"7�%$

4.1 8 9;:=<?>A@ B�C=D;E

F�FHG

�JILKNMPORQRSUT�VW��*YX�Z#[�\%]_^a`Pb(c�T�deSgfLhUij`�kNc�Tg5L6I"7�2$

FLFHG

Vml First reduction n���oN`�p%�q^srUt�u�v7w!Mx)�yg��zg�!{L|#v7w!M!y�}j]j'•~

h�i4"W�

F

nP~%€P•7n#c�T#�Y‚ƒ� Fisrt reduction
G�„

XN'†…ˆ‡�‰LQ%SUfJ*ŠX�ZL[L\%]m^†~

Secondreduction `�TJ‹�4Œ•#`�•Ž‚†h#V#T�V•�0$

4.1.1 First reduction

� •#‘�’NM

„

Xj'

“!”

$�&U�Y'�•ˆ)ˆzU–R—H˜š™�&U��›gœN`••��s‘#’•žPŸ%V� �¡N~s•¢‚•hŠ£¤f!¥�`���•

‘#’•ž 2000p.e.¦�§�M� �¡Œ~s•Ž‚¤h#Vxf�$�•#‘#’•ž 2000p.e.��¨�©UªW«g�#`H¬#­G"

�Rna® 300MeV
Gx¯

‚°���L �"�±�²%$%&L�q'U•H)gM�³#´Œ`L��µ�¶qc�‰�VM$

� ·L‹�¸�¹7M

„

Xm'

ºL»

z7¼�]�ZL½s¾%Q_¿ÁÀYÂJ��Ã7]ˆÄ�˜!ÅNMP*_XPZ�[!\•]m^. �¡m~s•Ž‚•hY£¤f!¥x`��

Æ#Ç#È

cHf� �¡�²LÀxÉWž7½�¾7Qš¿ 200[cm] ¦N½�MH x¡j~�•Ž‚sh�V�f�$

F

M

„

Xm'a`

•R‚ƒ�#·#‹�¸#¹N� 22.5kton n�‰%�%$

� Ê�Ë�ÌŒM

„

Xj'

–7—J˜7MN™U&L��›LœRžJÍmÎ�½

GUÏ

œ,nÐ$R&!�Ñ'U•�)!`PÒLÓÑc�fjn�Ô�M�Õ�Öe�� �¡

z!� DAQ Mg¨š×�Zš'¤ØU$WZU+xMPÙ#Ú%QŠ¿ÛÀqÂJ�� x¡j~�•Ž‚¤hY£†fL¥x`�� 1 Ü!Ý%M#y

}m]m'�n�MLÊ�Ë�ÌRž 50� sec ¦xÞ�M� �¡7�H•Ž‚†h#Vxf�$

� {#ß#à# �¡7M

„

Xm'

{#ß�àN`H•Ž‚âáŒ�Œ¿†‡•f PMT ž 200nsec¦7½g` 19 ã%¦x§7ä�Xj'o"R�7nå� OD '

•†Ã#��ž�ÕPæŒ…ˆ‡��

F

M('P•†Ã���žJçŒè�‡R�Ð �¡R��{L|#vŒwL`%•g�xéJM

G�¯

�gM

G

�

F

‡š¿�MH x¡R�H•;‚¤h�V�f�$
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� First noisecut

¨(×JZ('•ML$NZ�+gvmw�MW)!y��� �¡

GW¯

‚ƒ�šÕ�æ����jM

“

Ôx…Už 0.5p.e. ¦%Þ•M

PMT M��Œ~ Nnoise �å•eä�X�'��N~ N total n�cÐfRnPÔP`ˆ� Rnoise = Nnoise =N total � 0:4
MH �¡m~Ð•;‚¤h#Vxf�$

� Secondnoisecut

ATM ž��Œw

G

)�y#�U �¡WžUÀ,Â��

F

n�ž

¯

�#M

G

� 1 Ü•M ATM
G

95%¦•§xM

PMT ž	���e~!Õ7c�T�V•�� x¡j~�•Ž‚sh#V�f�$

4.1.2 Second reduction

� Spallation
„

Xm'

–R—�˜š™P&g�H›!œ7� SK 
NÕ��7`H® 2
 3Hz
G��

Ö cÐT#V��%$

F

M�–R—P˜š™P&��H›

œ%ž��Lß��!M���I��!œ��Yn������#Ù�� (spallation) ~Ðv

F

c•��¦�Þ�M%••ls‰PÙ��7`%•

‚��#v��Lœ�� X ~� ¢‚�Õ�"�$

� + 16 O ! � + X (4.1)

F

M�Ù��R`�•PSˆT! Y¿å‡%�#"LÚ!K%$'&!¸ X M�(*)R�J¦�Þ#M�+7`

¯�,

�g$.-#Ü�MW™ˆ&J�

›#œm`�bqc�T

F

lLcPf#VY£•Ü�Q•M!"�Ú�K/$	&�¸WžWÕHÖRTg�W}%�%¼ƒ�RÃŒ]HÄ�Ò�Ó_~2"

�

F

n

G

��+7M�0¢‚ 0.001
 14secMx½�`�¨�©UªW«g��ž 5
 20MeV MH �¡�ž!��1#²!À

"W�<$

F

‡•��2�3L�! #"#±L²j~s-�/6"W��4�M

“

Ô�‰U*mX�ZL[!\�]j^HnÐ‰Š‚�lH�%$65NS

T��87��•¼�³#´NMUÝR`��,™�&!�P›LœRž

�

Ö(cHfLÊ�Ë�z:9�Mg¨�©�ª7«L��z

Æ�Ç�È

…�‡

f

��;

‰=<HM6>�?RQ_¿ Spallation v�@NMH �¡m~Ð•;‚¤h#V#T#�Ñ£BA�CWž

¯

�%$

¯

�ˆ 

¡•ž Spallation v�@7MRéJM!Q�D%E�FR�!fL¥•`��8G�H�1%ž*I•Ve¿†‡g�:JN\�K!��¼!`L�

¦xÞ�M 3 Ü�ž�I•V_¿¤‡7�6L

1. �L : ™�&!�P›LœŒM'M

;

nONW¨�©�ª7«!�� �¡NM�²�À�ÉÑn�M	P�Q

2. �T : ™�&!�P›LœNM60�RqcHf!Ê�ËjnSN%¨�©�ª7«L�� x¡(nHMLÊ�ËPÌ

3. Qr es : Qr es = Qtotal � Qunit T

L
F�FPG

� Qtotal �Œ™U&L�P›�œ� �¡NM�•�‘�’x�

Qunit �Œ™U&L�P›�œRž�U�&�V …

¯

fš‚�`6WÑn�Fg‘�’x� L �Œ™U&L�P›�œjM6M

;

M

VŠ…

G�¯

�!L

H�X7�

L spa = f (� L )
T

f (� T)
T

f (Qr es) (4.2)

n�FŒ�	L

F

M�HYXjM�G

“�Z

~ spallation HYXÑn�cJf*L spallation like ‰� •¡ŒM	H�X

O\[qn�\R]�].^W`._ ]*`UªYcJfxyL}š]Š'¤MJO%[e~ 4.1 `!a:F	L�9�MU2�4Š~!IRV�Tg�

spallation H�X7M

„

Xm'�bxy7]m'†~ 4.52 n#cHf	L
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�

4.1: spallation likelihood

Isotope � 1
2
(sec) decay mode Kinetic Energy (MeV)

8
2H e 0.119 � � 9.67 + 0.98(
 )

� � n 16%
8
3Li 0.838 � � � 13
8
3B 0.77 � + 13.9
9
3Li 0.178 � � 13.6 (50.5 % )

� � n (� 50 % )
9
6C 0.127 � + n 3� 15

11
3 Li 0.0085 � � 16� 20 (� 50 % )

� � n � 16 (� 50 % )
11
4 B e 13.8 � � 11.51( 54.7 % )

9.41 + 2.1 (
 ) ( 31.4 % )
11
4 B e 0.0236 � � 11.71
12
5 B 0.0202 � � 13.37
12
7 N 0.0110 � + 16.32
13
5 B 0.0174 � � 13.44
13
8 O 0.0086 � + 13.2 16.7
14
5 B 0.0138 � � 14.55+6.09(
 )
15
6 C 2.449 � � 9.77 ( 36.8 % )

4.47+5.30 (
 )
16
6 C 0.747 � � n � 4
16
7 N 7.13 � � 10.42( 28.0%)

4.29+6.13 (
 ) (66.2% )89



�
Æ#Ç#È

M��WQ7…UM

„

Xm' ·#‹x¸�¹N`R•g�

„

Xm'¤~�deSgf�� é�¦�Ýšn�c�T�*YX�Z�[

\•]m^3y�}e]m'âž��eSUTecUèxSUT�VW�6L

F

M6�Nw#M	-xÜ•`� x¡

Æ�Ç�È

ž_lJè_£

G

Ô

‰LQRSgfH x¡•ž�·L‹�¸�¹e½L`��ŠSUTmc�è�SUT�VW�7n�VelgéUM!ž

¯

��L(•LSJT��L x¡

Æ#Ç#È

M��WQ7…!~��%Q�¥•�gf#¥x`��¤Ü•M

Z

~�	�
%F7�!L

�

Ü�¥jn!c�TU�L �¡!²!À#ÉRM

ÆLÇLÈ

M
�•Q7…L~#a F GV
G

�#¦�Þ�M%••lˆ`�	�
\FR�6L

GV =
P

e� 1
2 ( � i (~v ) � t 0

w )+( � i (~v ) � t 0
� )2

P
e� 1

2 ( � i (~v � t 0 )
w )2

(4.3)

F#FHG

� � i (~v) �WäxXŒ' PMT MLÊ�Ë!>�?WQŠ¿ TOF ~��LV�f

Z

G

� t i � j~v � ~hi j=c
G

¯

‚ƒ� t0 � � O�[RM����†Xm's…�‡%f6G

“�Z

G•¯

��L GV �J� 0-1 M����

G��

1 `����

£�� <

Æ#Ç�È

M��WQ7…Pž��;£†‰ �����

G�¯

�!L

é�lS-�Ü"!

�

 �¡WM�#%$�M

ÆLÇLÈ

M��%QN…!~�a F GA
G��

¦�Þ�M%•�l�`�	�
\F&�6L

GA =
maxf 6 unif orm (i ) � 6 D ata (i )g � min f 6 unif orm (i ) � 6 D ata (i )g

2�
(4.4)

F#FHG��

6 unif orm (i ) !

�"'

tN×�])(��j•U]g[�M�*�+Œ`	-),N`�O�[ c�T�V��Rn.-�	Yc

f�4•M i /q€�M7äxX10 PMT M
#2$�3

G)�

6 D ata (i ) !

�54

4�M�7�6•¼!M
#7$�3

G%¯

�6L L GA !

�

0-1 M����

G��

0 `��%�(£8� <

Æ�Ç#È

M��%QN…�ž9�;£†‰ �����

G•¯

��L

¦x§xM 2 Ü�M
���e~'I•V#T

�

ovaQ � G2
V � G2

A (4.5)

n:	�
Yc�f ovaQ ž

�

0.2 ¦�Þ�M�;�<&!

�

 �¡WM

ÆLÇ#È

želHèe£

G

ÔJ‰LQWS�fNn�D8E

c>=�?NMH x¡5@�AWQ_¿3•Ž‚¤h�V�f�L

� ¾84#QŠ¿ˆM#Ã7]�Ä�˜7M

„

X10

º�»

z PMT M6+CBRQš¿

G

fP‘j`R•!SUT�²#ÀÑc�fP �¡m~ˆ•;‚sh(£sf#¥�`

�

Æ�Ç�È

…�‡•f
#D$mna²LÀ�Ém~6I%V#T

�

9#MH �¡%žW¼•]�Z�M•½FEj`5$LQ7SUT�V%�UQ <xlsQ7~

D8E�F&��L�G�¸m•�`�!

�

4.2 `6a8Fm•WlH`

�

²#ÀxÉWQš¿a x¡�#&$xM���#ŒM•¼%]!Z�½

¾jè

G

M6P�Q dwal l ~�H�­Yc

�

dwal l ž 4[m] ¦xÞ�M� �¡%!�IŠXUZL[#\•]e^HnLcˆTJ•;‚

h#V�f.L

4.2 J KML NPORQTSULWV N�XZY C\[^]

SK-I I I �!t96�_xMNnUÔU`ˆ•�`e…ˆ‡�f

4�a

Ê�Ë 547.9 bHM.7�6x¼�`Hb cÐTg¦�§�M

„

X&0

~ÐdeS�f��

�54

4x`�c5d5e#±#²%f g)6M0J•�h�I%6�iP03M�=�?e~�dmS�f�L�³L´RM�j5kD!U¦�Þ

M60Ž‚

G�¯

�!L
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�

4.2: dwal l

1. i����%] F&� time-window MLÊ�Ë��Šn>@�A(n F&�� x¡��NM��

Z

~���	 F&�!L

2. =�?%¨x©�ª7«�6#M��

Z

~	��	%FD��L

3. 7�6W¼x~�i
���%]�c

�

time-window `�� �g¨•©gªŒ«�6
�

Z

~�c��•fJ �¡�� (Multi-
plicit y) ~����

�

1.
G

�C	(cPfP x¡��š~�c
�•fNé�M%~�@�A� •¡��,n�cHT�>�?š~����

FD�6L

4. @�AL x¡
�Œ`�Ü�V#T7…W¿�`H³�´m~�dWV

�

c5d�eRQ_¿�M6���_~	�%Ü��C�!L

�

4.3: time-window

è��"!

�

i��
����F%� time-window ��� �!�#">@5A$" F%�	%�&�'��(�

Z

���5	5# )
*

+

�

2 , -��
c5d�e�. /%f�g56M0�0�h =C?�#�)�132$4	5 4 6���79810;:�<�= 5>� ?@4�A(B

1 6�C9"
4�5(D�E�F�G HJI���c�d�e�. /CID6)i 0K��=�?LI�M�N3B 1 O
I�P3G HRQ�S�1

T

A�N 10kpc I(U 8000 %�&

+(V

aXWZY

N�"\[�]

W�Y

N�"_^ `@43A

+

Dba

Y

+>c

��d�eJ�
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�������

G H�� M�N 700kpc "��
N
" D 20 	���

������0���������� ���
I>U 1.6 %�&��

V��

"����3594 �"! B a

Y

P3D�#�$�� 2 % 1'&

c

4	5�
(���)��0��

++*�,

4�594+�-!�.0/

I�M�N�B�1La�I(D time-window � ����2�P ������� ��� I�M�N 20sec:�354 D�6�7 "8��N

%�& '���9;:#:=<�>�� 2 %�& DJ6��?4 D

� 2 event=20sec (4.6)

:=@
A �(%�&�A :�BDCE��N
"
4�A�B 4=.94_D a3�GF�H
* �(I�P�IKJ=LGM���� =�%�&

+

A
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� �

B Z-dep endent MC � � � � �

¢�¢9j�¯

— Z-dependent MC ���
	�…�	
����—������

š��

�

£o¤������6pUq-¢�¢9j

—

���)¯:¯
�! �Š

B.1 "$# (x1; y1; z1) —&%$' (dx1; dy1; dz1) 	)(&*,+.-

Â|¤�¦0/21-¥ �

—�3

4�5m¥76

	)8&9 rnext :

£ �

:

©

—;3

4�5

	 Z <�=

¯

— z1 + rnext dz1 :

ª>/)1

B.1 Z-dep endent MC ?A@CBED rnext FHGJI

K

(3.15)
� K

(3.14) +.L��

�$/)1

y = expf�
rnext

[ 1
� abs (1+ � (z1+ r next dz1 )+ � sy m;sca + � asy m;sca ) ]

g (B.1)

M�š

�

š

	�Ã;+ON�P

�$/

:

—

y = expf� (� abs� dz1)r 2
next + � (� abs + � sym;sca + � asym;sca + � abs� z1)rnext g (B.2)

:

ª>/21�Q�¦�¤7R�S�TVUs­�š

+

:

/

:

—

logy = � (� abs� dz1)r 2
next + � (� abs + � sym;sca + � asym;sca + � abs� z1)rnext

, (� abs� dz1)r 2
next + (� abs + � sym;sca + � asym;sca + � abs� z1)rnext + logy = 0

, ar 2
next + brnext + c = 0 (B.3)

:
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6"©�/W1+¢�¢)6

— r 	 2 X
�

š
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£WZ
[$\
[

	W]

š
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£ ��1m¥
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—

K

(B.2) 	 y
¯

2arnext + b > 0 (B.4)
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š
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ª>/)1
K

(B.2) 	 y
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(B.4) +.^

�6£
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/
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— y
:
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¨
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­
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+

£&¤�¦>/
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— "y 	2j
�

š

+lk

¦�¤

rnext +!m�n

�$/

"
:

¦Yh

%�o�+Op�k

6)©b/21

ax2 + bx + c = 0 	)qe	)r

Ktseuwv

rnext =

(
� b�

p
b2 � 4ac

2a (a 6= 0)
� b

c (a = 0)
(B.5)

:

ª0/21+¢:¢26
v

]

š

	2x�y,+!z�{

£n¤�|~}•1

b
¯

K

(B.3)
s$u€v

���
¨7•

/

"e#
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c�‚�ƒ � (z1) 	lj�„

6

¬

/��& 
v

SK …�†g‡

67ˆ�‰VŠg[e/.‹$Œ�6�¯

b � 0 (B.6)
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:
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¨���� Šl[$/)1�¥��

c
¯ K

(B.3)
seuwv

logy
6

¬

uwv

y
¯

`�a&c�d
�g„

ª,U!_

(0 < y < 1)

:

ª�Â|¤�¦>/ �� v

c � 0 (B.7)

6

¬

/21

Q�¦�¤ v

a = 0
:

a 6= 0
� �������

+

£&¤

rnext +	�

 0/21

1. a = 0 	

���

rnext = � b
c0

:

ª�ÂU¤�¦>/ �� v�

� ª } v

rnext = � b
c +.q

:

�$/)1

2. a 6= 0 	

���

¢�¢g6 v

a 	lx�y

� s ÂA¤

���

¨
� ª�Â9¤ }./��� v Š>U!�

a 	lx�y

� s ÂA¤ � �

���

+

Á h 1

(a) a < 0 	

���

4ac > 0
:

ª>/ �� 
v

0
p

b2 � 4ac � b(...a � 0; c � 0)

)
p

b2 � 4ac = b� � (0�b) (B.8)

+ B.5
�

L��

�e/

:

v

rnext =
� b� (b� � )

2a

= �
�

2a
or

� 2b+ �
2a

(B.9)

:

¦,h

2 ��	)q

¨|Ÿ
U [e/

¨bv

rnext = � �
2a

¯
v

`ba�c�d
�g„

��ª0/ �& 

	
�

�

(B.4) +O^

�6£&¤:¦�/
¨�v

rnext = � 2b+ �
2a

¯
v

^

�6£ ¤�¦�ª�¦
1
s

Â4¤)¢

	

�

�6¯
v

rnext = �
� b+

p
b2 � 4ac

2a
(B.10)

+.q

:

�$/)1

(b) a > 0 	

���

4ac < 0
:

ª>/ �� 
v

p
b2 � 4ac � b(...a � 0; c � 0)

)
p

b2 � 4ac = b+ � (0� ) (B.11)

+ B.5
�

L��

�e/

:

v

rnext =
� b� (b+ � )

2a

=
�

2a
or

� 2b� �
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(B.12)
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rnext = � 2b� �
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�

Z

�
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:

ª�Â|¤ £U¥fh �
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q

:

£n¤�¯����m¢

:

¨ 66©b/W1 s Â|¤)¢

	

���

� v

rnext = �
� b+

p
b2 � 4ac

2a
(B.13)

+.q

:

�$/)1

���

+

¥

:

 0/

:

v

rnext =

(
� b+

p
b2 � 4ac

2a (a 6= 0)
� b

c (a = 0)
(B.14)

(a = � abs� dz1; b = � abs(1 + � z1) + � sym;sca + � asym;sca ; c = logy; y = r andom(0 < y < 1))
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B.2 Z-dep endent MC ?C@ B D Z < � 1200[cm]
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v
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�
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�
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�

�
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��M
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�

�
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3. case3:Z1 D
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:RQ

}
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�
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�
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4. case4:Z1 D
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s$u€v

Z < � 1200[cm] 	�F�G

TYUO60/BN/OJP8�%,�/21

Z < � 1200[cm] 	�F!G
	

&
iS$

v

Z < � 1200[cm]
6

	

&
i�6UT%*

v

�8V

u

� conv = 1=f � abs(1 + � W 1200[cm]) + � sym;sca + � asym;scag (B.15)

:

�E171

106



�

B.3: SK …
†l‡

�
| ��/

0 Z
�
| ��/B2�3��%4

�

B.4: Z-dependent MC
�
| ��/

case1

107



�

B.5: Z-dependent MC
�
| ��/

case2

�

B.6: Z-dependent MC
�
| ��/

case3

108



�

B.7: Z-dependent MC
�
| ��/

case4

109



� �

C Linac setup � � �

Linac
:

$ v ����6

�

���/1

:

| u€v��
	���
 � s$u�� ���

?���+!�

u

†

���

#

6�,

/l1 � �

	��������+?

$ v

„ MeV
T,U

„�� MeV
:

SK …f†g‡

�7|��

7��

�������+?! #"

6 v
$ �&%�'�(*)

?,+�-/.�0& 1"�2�3�450/6�798)k

�

7

�0/)1 -�-l6�$ v

Linac 0;:=<=+

>

<@?

v�A

?�=

9�B

8�C

�

7

���0�$/)1

C.1 Linac
FED F GIHJFLK

�

3.41 8

v

Linac 0�:9<9+

>

<&?�0/M�N,+�0�O

1
1 -!-g6 v

0

�

#�0&P�Q

:

��R���


0#(

[

+!S;`�8&T;U*V

/)1

Linac
$

v

SK …
†g‡50&WYX

�

%98&Z�[

Š2[

7

|
u&\�]�^�_

+`-U@

6`a�btŠ

O

1�c
^

\

¡&d

8

�#R

+
0�O

7
�#


V

/

(
�

C.1)
1

<I�

_

0Wƒ

Š�$�e

2� sec
vgf

?h+

$

10-66Hz
v

2.856GHz 0

c
^*\

¡!d

6
��R

+

��


V

/)1

1 <��

_

8��9i 1 �I0

��R
�`j

C

7

�>/

0

�9�

?;��k

3

:

�

7�l

N=8

Q

C

7

}g/J�
v

-g[

+nm�o�V

/

8

$
v���
#p

†Yqsr
t

6%$

106 u

0

��R

:

�,h

k

38�

N��

Šg[e/21>Z/-26

�

q
v�†�8

s
/

��R9w
�b6%$&x

u

Q

�

k

3

+!y

hE1

X�8

��R1z
�

k

�YU [

7

�0/)1

V

1
v

D1
c*{

�Y<�+

�
�

�p

0/|58/Z*[

Š![

7

��/:�
v

-

0&}
~Y0!•

�

0`k

Š

8

s

C

7
��R

0!€�•;‚50/ƒ1„†…
Aˆ‡Š‰�ƒ�„�8�‹�C

7

ƒ5Œ`•

1
��R

$�Ž

0�V�V

�

?���<

^

?
0

Q�•

…‘• C

7

��’ ��“

ƒ�Œ�•

Q;•

C

1
�
R

$Y�

?;��<

^

?;0•”h–‘0&—

�@˜�™

8�‹�C

7@š�›5œ

•

•

‰

�

?��J<

^

?�…n•

•

��R
$

œ*ž

8 C2
“

C3 ŸY-¡ �?%=�8�‹�C

7�¢,ž

•

“ -!-!£

0/€�•

‚50&¤

�

–

$

0.5%¥

3

8/¦Y§

ž

•

7

�

•

‰

�

?���¨
…‘•

•

$@“

D2 }�~�8�‹�C

7•©1ª

…@«#¬

ž

•

7

“I­

AY0

�

?��J<

^

?�…n•

•

‰

Ž

0�®I8

“9¯1°@±³²��

?;��<

^

?1¨�…

��RY´

•�µ·¶

7

�

•

•
¸�¹

<

\

V

•

1

X�8

“

Z�[

œ

•

7

�

•

2 ºI0

�

?;��»

(

=�? (M1
“

M2) …!¼

�

•

‰ M1 »

(

=�?

²

M2 »

(

=�?18*‹

•

�
R

0!•
µ�‚

´@½

Q

•¡¾�¿YÀ

D2 }�~Y0

¸

)

?

(

@

{

…/Á,–ÃÂ�V

l

N

´IÄ

•

‰

Ž

0/|

“

D3
}�~58*‹
Å@Æ

��R

0

©1ª

À/Ç

Â18�«�¬

ž

•

‰

D3 }�~58�‹;Å�Æ

Ç

Â18�«I¬

ž

•�È

�1R

À

“ˆ��É

��Ê

^

?#…ÌËÍÅ@Æ1�9ÎÍÏsÐ#Ñ‘<•?/Ò

Ó

8!Ô
ÕIV

•

‰�Ö�Ö@8/Z*[

œ

•1Æ�×

•
Ø

Î

¸

f
É

Ø=Ù

Î&ÚYÛ1Î`Ü

É1Ý

‹�Å@Æ

“ßÞ•É�à

Ê

^

á�â#ã&ä9â
å

…Ìæ

R�´

Ô1Õ*V

•

‹*‡

Ý

xy-steering Ò

Ó

£�ç#è
é

¶

“ëê�ìÌí#É

Ú5Û1Î;Ü

É

Ý

Æ

“

æ
î

´

•
µß¶!È�®

Ý·ê�ì‘í�É

…

•�ï

•

Ö

²
´

£�ð

•

‹�‡

Ý;ñ

Å@Æ�×

•

‰

Ž

â/ò

“

—

œ

100� m
â

¸

Ü#ÎóÒ

Ó

…‘•
µß¶nÆ SK ô9õ¡ö†¨

Ý!÷

•

‰†‹�Å&Æ SK ô5õ¡ö=¨

£@ø
ù

œ

•

•

Linac
Ý

‹
Å@Æ`ú
û*ü

•

æ�î

Ý

‹

•Ìý#þ

â•ÿ��

À��

ÿ��#â;å

£
Ä

•

‰

Linac
Ý

‹

•��

É

Ü��
	
�
�

ò

“��������

Û

à��
���

ô9õ!ö³…!¼*×
Æ��Y®

Ý/÷��

¶¡Æ

×�È/æ
î

â

€�•�‚

â

ù
�

…��,‡ ‰

�������

Û

à��
���

ô†õ!ö

²

À��! 

�#"
É

Ó
$&%

“I÷
�

'

î

â

�� 

�#";É�Ý)(

ü

•

õ�*�+
,

â.-
/
0
´21�3

Ý54

×@ô†õ!ö

£�“†í

Î

�

-

Á76
æ

'

î

110



�

C.1: Linac
â

Þ@É;à����

Î

â������

1‰

�

C.2: Linac
â

Þ@É;à����

Î

â������

2‰

111



�

C.3: Linac
â

Þ@É;à����

Î

â������

3‰

�

C.4: Linac
â

�

Î=ÏóÐ#Ñ��

á

Ò

Ó�â���� �

‰

112



â

ô9õ

Ý

¼I×

ž

•

•

‰

�

É

Ü �
	

�

À

“

D3 ���†…����

Ý

ü

•

Ö

²n£

æ�î=…

­

�

Ý

©	��


“

Ž

â
�

Ý7�����
�

Û

à������

ô5õ/ö†…�����ü

•

‰ÍÖI‡�¶ÌÆ�	

ž

•IÈ/æ
î

â������

À

MC
£

���

ü

•

®

Ý

¼�×

ž

•

•

‰

113



� � � �

[1] Y. Fukuda et al Phys.Rev.Lett.81 1562(1998)

[2] R.Davis,Jr Nucl.Phys.32:13-32,1994.

[3] Y.Ashie et al,arXiv:hep-ex/050853

[4] Q.R.Ahmad et al,Phys Rev. Lett. 87(2001)071301

[5] J.R.Wilson et al. Astrophys.J.295(1985)14

[6] T.Totani et al. Astrophys.J.496(1998)216

[7] S.Alessandroet al. Phys Rev. B 564 (2003)42-54

[8] K.S.Hirata et al. Phys.Rev D 38(1988)448

[9] R.M.Binota et al. Phys.Rev.Lett. 58(1987)1494

[10] M.Ik eda Search for Supernova Neutrio Burst at Super-Kamiokande, The Super-
KKamiokande Collaboration, Astrophys J.669(2007)519

[11] M.Ik eda, Master Thesis, Okayama University

[12] T.Iida, Master Thesis, University of Tokyo

[13] Y.Yokosawa, Master Thesis, Tokai University

[14] Y.Idehara, Master Thesis, Okayama University

[15] M. Nakahata et al. [The Super-KamiokandeCollaboration], Nucl. Instrum. Methods
Phys. Res.Sect. A 421, 113 (1999).

114



� �

�����

…��

’ÃÝ Ä

È³–

“	��
;Ý
�h’

â/ÿ��

Ý������

¶ÌÆ	�

ð‘“

ä��������

×�È�¶

�

ü��

��Ý/“����� "!

â�ã$#&%

�

�

û

Ý

À

“

Ö

â'�)(

ñ

ü�*�+;¶!×	,.-

â

¾0/21"3

Æ4�Y×#È

5

ï7698

ñ;: “&<.=

2 >@?

/2ACB

Æ4D�E

$.F

/

8

B
G

“

,�-.HJI�KÌÆ

â�L

3

ÿ

ñ0MON

�

ñ

Ö9I

/

 

3

Æ	�

ð

�

K&È4�

�QP�RTS

È

:VUVW4X0Y

×1È�K

�

K&È7Z

“9�[
;Ý&\

�

Z0I

(

�.]

×

�

K
^_��`&a.bdc�e

�

û

Ý

8'f

��gihkj

Ø†Ù	ldm

j7n�o

l�pVq�r.s�t

ñuM

6_v�w

ñ	xdy

/

�

ð

�

KV^��

�[

Ý.\

�

Z0I

(

��]_z

�

ü��4{[|
}.~

�

û

Ý

8d•�€

ì$•uhkjd‚uƒ

l

6

�

Ý4„4…

s

Ý�ñ

���

K
^_�

m

j�n�o

l�p

698

N

�

ñ†x.y

/

�

z

^

�

“

�'‡

â

Ni
-�ˆYâ

�

j

Ü

�
	

â

‡

Ý
N

�

ñ)‰CŠŒ‹��&•

q7Žd•u/

�

ð

�

KV^4�

��

Ý&\

�

ZuI

(

��]_z

�

KV^4��•u‘

’&“

�

û�”

8

�

” ���

� �

l

$�F

”

„dz.•.z�–7z�–`ñ_���

/

K

•

�

ð

�

KV^4�

�[


”

\

�

Z[I

(

��]Vz

�

K$^_�4—�˜&™&š

�

û@”

8

“

SK
6

�d›&œ

•�z9• 4

�
 

�#"&j

D&E

$�F

”4ž

z

•4Ÿ

K

:Œ 

3

•

�

ð

�

KV^��

��


”

\

�

ZuI

(

�.]	z

�

KV^��9 �¡�¢�£

�

û�”

8
¤

�

l

�

�

l

‚4•&n.¥

”.¦@K

•dz�–7z)–_„�…

s

”

ñ

� �

KV^��

��


”

\

�

ZuI

(

�.]	z

�

KV^���§

¨�©$ª

�

û�”

8†«�¬

”†­@^.*&®

��¯�°

®T+

$.F

q

“

û.±&²�”

„�z&•_�"³

”4›'^

�

„_…

s

”

ñ

� �

K$^	�

��


”

\

�

Z[I

(

��]Vz

�

K$^	�)¦
´�b�µ

�

û@”

8

SK
¯
¶&·

q

Z-dependent
MC

¯
¸

£"”	›9^

�

U

�

]

�

ñd‰CŠ¹‹���•

/

�

ð

�

K
^_�

��


”

\

�

Z[I

(

�&]†z

�

K
^_�

º�»[©7¼

��½

”

8d•�€@¾

•[h2jd‚[ƒ

l

6

„�…

s

”&¿

���

KV^��

��


”

\

�

ZuI

(

�.]	z

�

K
^4��À�Á$Â

��½

”

8

MC
‚

m	Ã

h�j�‚�ƒ

l

”�¦"K

•_N

�

¿

‰CŠŒ‹'Ä�•

/

��Å&Æ�K†^_�

�




”

\

�

ZuI

(

��]	z

Æ�K†^_�u|�ÁkÇ�È

½

”

8

“�É

l4Ê

Ä

l

‚�•&n�¥

q�Ë'Ì9Í�Î�Ï

j†Ð

F

”�¦@K

•�N

�

¿

Žd•u/

�TÅ&Æ�K†^4�

�u


”

\

�

Z�I

(

�.]	z

Æ	Ñ��.Ò�Ó.™.È

½

”

8

SK
‚

ÔiÕ

q

•.€@¾

•�h2jd‚[ƒ

l

¯

•�Ö�×

Ã

j

Î7Ø

6

„�…

s

”�¿

�

Æ"KV^���Ù�Ú&”

\

�

ZuI

(

�

]†z

Æ'K
^_��Û�|$Ü�Ý�È

½

”

8

Ì

h†Þ

Õ�ß�à

Þ4•

”�¦�K

•4Nuá

¿

Ž9•[/kâ

Å�Æ"KV^4ã.Ù[Ú

”

\�ä

Z�I

(7å

]	z

Æ�K†^4ã'|7æ

%�ç

È

½dè�é&ê�ë

È

½dè

•[Á$ì�È

½dè

§

»dí�î

È

½9è

§

ï

b�È

½�è9ð@ñ2ò.ç

UVW

è9ó&ô�õ�ç

UVW

è9ö.÷.ø�ù&ú

U†W

”

8

è

f

ß

•)û

¥

q�r.s�t.Ø�/

AJB

•_üdý

”†þ�ÿ"¿

Žd•������

•

â

Å�Æ��V^7ã)Ù[Ú�”

\�ä

Z	��


å

]_z

Æ��†^�ã

«'¬

¯�
�½@¯��

á

”��

º���„�…

s

”&¿

ä

Æ��V^�ã���Á��������

è��

Á	c��	���

è ��!

"�#

�$�

è��&%('

�$�

è

Û

!�)+*

�&�

è�,&-�¯.��/.02143�è+56-�¯$7�869�:�ç�3�è+;�<�=

>

3�è�?2@

>6A

3dè

Ù[Ú2B6C

äED

��


å2FHG

Æ��&I4ã

J�K

à

Ã+L

Õ

¾NMPO6Q6R2S6T�U�VXW+Y

L6Z

�

á

B(�\[

�(]_^4`

B7¿

ä

Æ��$I4ã�a�Á_b

c

È

½.è$d2e.f.g

È

½.èih+j.k

>

È

½.è_l

Ù.m2n��N�

èio.p+q.r

�N�

è

a

ø.s

�N�4B+t

è�u

ÊHvxw\L�y�z

W6{

Li|�}

Wi~$•

è€u

ß2•

ûN‚

Ø���ƒ…„�†i‡

áiˆ$‰4Š

�2â

Å&Æ���I�ã�Ù�Ú.B

C

ä‹D

�6


å.FHG

Æ��$I4ã0Æ+I

è.Œ

Z


6•

Z

D

I

D

I�B(�Ž[

�(]_^�`

B

ˆ;ä

Æ��NI4ã�Ò6•

•

�$�

è.?2%6‘�’

�$�

è+“6”6•�–6—

�$�

è+˜�™&š�›

�&�

è

McLACHLAN Thomas Fukuei
�&�

è

Lee Ka Pik �$�

è

Ù[Ú6B2C

ä‹D

�4


å6F&G�œ

�$I�ã

IPMU
Z

�

á

B���[

��]+^�`

B

ˆ ä

œ

�HI�ã K.Martens �_�

è

J.Schuemann �_�

è

115



M.R.Vagins �$�

è

ÙuÚ2B6C

ä‹D

��


å2F&G(œ

�&I4ã

���������

L
	��

~

�

L�
+Z

�

á

B��E[

��]_^�`

B

ˆTä

œ

��I_ã UCI
Z

Michael Smy
�N�

è

K.Bays �N�

è

A.Renshaw �N�

è����

[




Z��������

•��+“+%

>��

�N�

���� �!&ú

�

�

��"

�$#�%

3���&.%�'�(63���)2š�*23��

Tsinghua University
Z

S.Chen �N�

�

Z.Haibing
���

�,+�-

�

[




Z

B.S.Yang ���

�

University of Autonoma Madrid
Z

L.Labarga ���

�

L.Marti �$�

��.0/

B2C21

D

��
�3

F&G(œ

��I�4

•�5�6$7

wŽL6y�z

W_~

�

L�
+Z

�98

B��E[

��]&^�`

B

ˆ

1

œ

�NI:4 UCI
Z:;

š�:

�

•��

Tsinghua University
Z

H.Yang �$�

��.0/

B2C21

D

��
�3

F&G(œ

��I�4

<�=�>

[




Z@?�ACB�D��

•E�

��F

b�G	�&�

�IH

��J�K

3��CL�M

[




Z

?CN�O�P

�

•E�

Q�R�SUT�V
W

��.�X

[�Y

V
W

B2t

�

	��

•�Z�[

Z

•�\�]�^

]_^�`

B

ˆ

1

œU_

I�4

.,/

B.C

1

Da`�b

3

FHG�œ�_

I:4

œ

I

��c�d

Zfe

8

•

��gU�@h�i

Zfe

8���j�k

Zfe

8���l�m�n

•�o�p

n

ZfqUr�s

_

†:t

G

I

e

8���u�h

s$�0vH†@t

G

I

e

8

B�w

]_^�`

B

ˆ

1

œU_

I:4

.x/

B.Ca1

Da`�b

3

F&G(œ

_

I:4

y45

B

��z

sC{�|

œ:^:}U~

†I•€|

I

@�•

B
‚�ƒ

_iœ@„

4

…�†

22 ‡ 1 ˆ

Q�R

D

c

116


