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K2K Fine-Grained Detector (Side View)
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K2K Fine-Grained Detector (3D-View)
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K2K Fine-Grained Detector
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Side View
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BeamMonteCarlo

NEUT 

FGSIM

Vector 
Generation

Detector 
Simulation

neutrino flux
calculation

DATA Ntuple
tracking

GCALOR

Particle interaction
 ~ 10^(2~3) GeV

Cho’s Model

Horn current = 250kA 

fits well
at low ene. region

(version 4.0)

Monte Carlo Construction
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Scinti-
 llator

PMT

Fe/Pb

  -  SAMPLE ( TOP VIEW )  -  

Total 18
Fe + 
Scinti.layers

# acryl.+ PMT : after 5th layer
# Pb : Pb 15 layers + Fe 3 layers

BEAM

1.0cm

65cm

20cm

1.6cm

25cm

6cm

19cm

17cm

6cm

SCINTI.
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Gas
Ce.

T2

T3
T4

Fe
Shield

Sample

muon1

muon2

Fe

Beam

  -  SET UP  -  

shutter

0.9m

1m

20cm,10cm

70cm

4m

6.5m

0.3m

0.1m

beam window
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T2L

T2R

T3L

T3R

disc.

disc.

disc.

disc.

 delay

 delay

 delay

 delay

coin.

coin.

gate g.

coin.

veto

T4 disc.  delay gate g.

 delay

 delay

 delay

 delay

 delay

TDC

gate g.

pulser

ADC

ADC

PMT
1-16

PMT
17-18

MU1

MU2

GC

acryl
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1GeV proton hit cut (by energy)
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in 0.2 MeV pitch
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ù b õ÷ú � s ÿ ySR�T�U gWV�� @ P C3� . @ Ó�X;��Y�Z�g��AÝ Ú�[�\B] s Ó ^ 2
ê�^,+ Ú
P C3��ê_+�0
%�r`% ��g w ��a l ] s�bdcfe�g B�. s Ú Ó	h�VF×�³�g P�i Û E @�j�k ÝGÞ g3l �Fg�d

e?f m�£AJ ã s ë §�g ×�³�g bdc÷s Üm+ - Ó�Y�n s�ofp	g3l

q9rtsurwv xzy|{&}�~
0��fe�p�� ×�³ s Ú Ó(����×�³ #� �&×&³ �� Þ gCl;�	� Ó ��� �A� ã s ë §�g#����
%�-H�N���N%�-m�;- + gJ� Ú Ó���� ã �����& +B� ��� ��� Ý?Þ gCl X ��� .�Ó�����×�³
� Ú Ó ý�� � ����×�³�Ý Ú êz��� Ù���� � D�g ×d�,�� 	+ g j�k � Þ gCl
¡�¢ ôJ� ���d£ Ú > È ?A?@?¥¤§¦¨¤ª©¬«®°¯@°¤§« Ó�õIö'ø�ù�¢
õ�ú²± � ���d£ Ú >´³ ?A?@?A?µ¤§¦¨¤ª©¬«¶·¯@°¤§« Ý

Þ E Ó��1��¸ �C¹ e`g3ºW»�¼_� ����×(� Ú Ó�¡�¢ ô Ý�> ? Å¾½À¿ Ó�õIö'ø�ù�¢�õ�ú²±�Ý�> ? Å ? ³ ¿
ÝGÞ Q��;l
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Sample size study
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Â È@Ã ½ ÈAÄÆÅ ��Ç,��È�� �(��ÉËÊBÌ�Ó�ÍËÊBÌ � X��NÎ;� ? ÃÐÏ@ÑAÒ í VfÓ�Ô 2H�B����Jº(»�¼ � Ô
Õ l�Ö�×NØ ÿ � �,�3Ù;Ú × Ø�º(»�¼ ��Û e�l Â Ø ½ ?A?@?AÜ�¤§ÝÞ¯ Ò �Nß ¢dà���ádâ %���ã�äB��å
æ ��ç�è_é g3l ÿ ½ ³ Òªê`ëdì �� ��í�èWÙ º(»m¼ �;î V_ïHð�^�+ ��� ¸3� g3l

� ��ñ�� � Óm+ -�Ø Ù ºd»�¼ �=¹ % ÙHY�n ��ò ó � D�g�ôW� �dX;�mÎ;� P�i ô�Q���lHõ
ö ] ðJÊ(÷ H%�-�Ø Ù�øHù ] ð_ú(±Hû å æ ��çü��ý e ½ ?@?A?@Ü�¤§ÝÞ¯ Ò è�Ù 0	2 ¸C� gÞþ k ó �
X;�fÎ(�dÿ È�������� è��_ï %�-	��
� úd¢ ��� ±����,+�Ù���� ����� ����� ô������ �
 �"!

½ ÃµÅ ��Ç	��È �$# �&% ó�'���ôW�
()�*� ±,+Búd¢$- ��È �$# ��Ù=ÉËÊ Ì�Ù�ÍËÊBÌ ��ô �/. Ã ÑAÒªê � Ó È �10  ��ã�ä`���

2� úW¢ �3� ±���Ù ô��J��È �	#J� Å ��Ç �4��
2� úW¢ �3� ± �65�78'3����� è�Ù Å
��Ç	��È`�$# �9% ó�'��3� ��ñ��,����� ô�:��"!
Å ��Ç	�WÈ �$# �NÉ3ÊBÌ�Ù�Í#Ê Ì �,; � Î � . ÃÐÏ@ÑAÒªê � ÓJÔ�< ���J�m�Jº(»�¼ å æ �
ç � ÔHÕ,��Ù Â ÑAÃ ½ Ñ � ý '"!;Ö�× Ø(	�"=># Ù�Ú × ØWºd»�¼ ��Û '"!��W� ���	��
��� Ù Å ��Ç	��È �$# �$? � º(»�¼`� ÔHÕ Ø ½ Ã . ¿A@�B ��C # <�¸ �ED$F$�G!
; � è �2� ��Ù ��
�� úd¢ ��� ± �$? �GH4I	��J_��� ��ñ�� �  D ��K  �"!

ÏAÃ ß ¢�à�á�â�L�M �&% ó�'���ôW�
ß ¢(à � áHâ�L�MB��Ô�< ����� �E? �#ºd»�¼�å æ ��ç � ÔHÕ ô Ù �N
2� úW¢ �3� ± �
? �GH4I,�,J_��� ��ñ�� �  D ��K '��PO�QB� é �9!
; � èWÙ Å ��Ç	� ð�ï�è ß ¢�à � á�â�L8M`�NR Ã ÑAê1ê �Nï  D Ù º(»�¼�å æ ��ç ��S
�/TA�VU8W Ô î � ï"� �*!

ÁYX



offcenter analysis 1000MeV/c
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Â ÑAÃ ½[Z Ä ß ¢dà � áHâ�L�M`��Ô�< ����� �8? � Ù ºW»�¼N� Ô;Õ ! Â Ø ½ .Y.\. ÜJ¤§Ý²¯ Ò �mß ¢dà
��á�â  ��ã�ä`��å æ ��ç è_é �9!

��� � Â ÑAÃ ½[Z ?^] Ù �W�"_4`�Ø ÿ È è ½ Ã Ñ ¿6a�b è_é �G! ? :2D/����c�F ��Ù�¡_¢$-
�E? �Pd�e ñ�� ��f K  �"!

³ Ã2g�h çji4k"l�m % ó�'���ô i
n h çpo	�*q�r 's� g�h çjk"l ô Ù d	e ñ��3i Q	ó i�t � ÓHè�é �A! ; � èdÙ�u8v
¡N¢V-�m C F�D Ù g$h çwi�k"l���Ô�< �8��� m ? � n h çyx�z�± ç{o�i�Ô�Õ,�|V}
�G!��&� m ? � ºW»�¼ i�Ô(Õ Ø . Ã ³ ¿9@4B è_é �G!�~ ÊdÙ �>
&� ú(¢ �/� ±�i�Ê�è Ø Ù
�E�  *� g$h ç�k*l^m ?^]�n h ç�x4zm± ç Ø ÔHÕ  ð F&! ; � è �G� �=Ù"u4v�����i
��� m ¹ '��Pd4e ñ���m f K '��PO�Q�� é �G!

Á Ã ß ¢�à����$i ô Ó"���H£3i���m % ó,'���ô i
ß ¢(à��A� Ø���� ] ��� :9D	F	� i;è�Ù ; i����(£ Ø é � ���&��Ó ! ���;£�i ô Ó*�
�2��� '3� �8� m�Ù,�����f¢��N¢4�8�,x��jm2��� #2�$D$F$����� l3i ��� è����H£	�
� ¸  "� �*� Ù º(»m¼�å æ h ç�i S/�/TA�VU�W Ô î � ïm��|V} � ! Â ÑAÃ ½ R²��� D ô
î ï � ? � m�Ù � i��� Ø Ù º(»m¼ i�3  B � ]�¡ �£¢¥¤ ç h å,¦ xm± ç�§{m�i�¨ _
`  D©0A�G!�_4` i a�b Ø ÿ È è Ï@Ã ³ ¿ªa�b è�é �6!^�2�mØ Ù ¤ ç h å�¦ x�± ç«i&u
v�l�m4i4¨8¬ `8'��Pd�e ñ� �  D Ù4��� '��®O�Q/� é �G!

ÑAÃ ��
�� ú�¢ ��� ±dè�¯ º�#2°��P± o3i²�³Nm % ó�'���ô i
�N
&� ú�´ ���6µ ¯�¶ #�°3�®± o^m ? :AD�Ø Ù*¯�¶ '�� x,z µ çjmA· ]«¸  � % ���
ã�ä$� é �6!3� i �� Ù �N
2� ú�´ ���6µ è"¯�¶ #A°��®± o^i2¹�º�l/»�Ô^< ����� è

Ñ .



Momentum study
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¼ Ñ\½¿¾ R\À ¾ .Y.\. Ü"Á§Ý®Â Ò i�Ã�Ä�m&Å  Ù�á�â ß ´�à�i�� Ó����4Æ3»sÇ .ÉÈËÊ\ÌNÍ < D"Î©Ï9° � �

�� ú�´ ���9µ i���� ! �3  B � ]�¡ ²Nè�Ð	¶,Ñ�Ò/i�l�m c�F,� ¨ ÏG�>�G!

¯�¶ '3� Ã"Ä�iÓVÔ�Õ,���,Æ C�?2Ö×�Ø � Ífî)] Ð*¶�Ñ8Ò3Ù4Ú hNÛ m2Ü�Ý$i Í4Þ � %
���Pß4à�á/�Eâ	�9! ; �ã ÐVä�å ¾ .Y.\.\æ Áèç®ÂYé i�Ã�Ä^»ê F,D Ð ± o�i�¹�º�l^» F)0
ë�ì Í < D	��
2��í ´ ���&µ »�� : � ! ���/î ¼£ï ½¿¾[ð i � Cª] ã$âV�G!
¼�ï ½¿¾[ð ì Ï�ñ ì � ? � m�Ð/ä�åGò�ó^i �N
���í ´ ���&µ�ã/ô Ð�¯8¶ #2°>�P± o^i�¹
º�l�m ? :�D Ð�õ�ö . ½ø÷ Ì a�b i*¶,Ñ$Ò/i ���$� ¶så DVF$�G!>�&� î ��
��í ´ ���
µ i ô ë d�e�ù �m2ú�¨�û ���PO�Q/�	âV�G!

@ K3i��� ì Ï Ð e f ù  C/?"Ö d�e�ù �»�ü � ��� ô i � Ð�ý ï ½ Ê ã$âV�G!
e f ù  �Pd�e�ù �»�þ ñ,°8D Ð�u�v ã î . ½ÿ÷ Ì ¢ � U  Ð8¶,Ñ�Ò ����� m B �/� ¤ ÛPh

Ù ¦ x µ Û ã î Ê ½�� Ì § Ð��	��
 í ´��� µ4ã î ¾[½øð Ì i ù  � ����ü ���G!
¼ ï ½¿¾\¾�� ï ½¿¾[÷ ã i�Ð��8´	- � �	��
 í ´��� µE� i 5�7 i J m�î"Ð �4�ã�� } � ? ���

ù N»����  "� ! ¤ Û®h Ù ¦ x µ Û���� ã �E´$- � �	��
 í ´��� µ m¶�Ñ�Ò^i cNF,� ¨
ÏG����ô i�iÐ���� �  D �	��
 í ´��� µ î��8´$-,»! �" H4I  D$FV����F < �6!
@ K3i��� ?^] Ð�Ã�Ä/i í,µ�# m4¬  D �E´V- � �	��
 í ´$�� µ/� i 5�7 »&% : � �

��Ð'��
,´)( µEí,µ!#&*,+&-�ã ê F$ÏG�EDVF$� �	��
 í ´$�� µ4� Ð.�E´V-*»� �" H4I  
D$F$����� »&/�0 ã	� � !

¼ ï ½¿¾\¾�� ï ½¿¾[÷ m21  "� �E´	- � �,��
 í ´!�� µE� i*¶�Ñ�Ò/i cNF�� Ð�u J i	��
´3(
µEí,µ$#&*4+�- m T i a�b i�5��3»&64" ' i ì î"Ð � i8ü�ü ã î&7 �����"��ã	�!�8F�! �

ï ¾



e f ù 
�E´$- 8 .ÉÈ ¾ Ì

�	��
 í ´��� µ 8 .ÉÈË. � Ì

d�e�ù  ¢ �E´V-G§
g�h)Û k"l�m ? �Pù  8 .ÉÈ � Ì
9�: Ä�;�û�m ? �Pù  8 .ÉÈËÊ\Ì

f 8 .ÉÈ ÷ Ì
d�e�ù  ¢ �$´$-pÐ ¤ ÛPh Ù ¦ x µ Û §

��<4Æ^i�� ë ��m ? �Pù  8 ÊÉÈ � Ì
g�h)Û k"l�m ? �Pù  8 .ÉÈ � Ì
9�: Ä�;�û�m ? �Pù  8 .ÉÈËÊ\Ì

f 8 ÊÉÈ � Ì
d�e4ù  ¢ �	�=
 í ´��� µ §
> ´�?û�@�L8M3m ? �Pù  8 ¾ È ï Ì
*4+�- iö �V# m ? �Pù  8 ¾ ÈË.\Ì
± o�¹�º�l�m ? �Pù  8 .ÉÈ ÷ Ì

f 8 ¾ È ð Ì
d�e�ù  ¢ �	��
 í ´��� µ Ð ¤ ÛPh Ù ¦ x µ Û §

�$<,Æ^iq�r�A b m�¬ '��Gù  8 Ê\È ï Ì
( i =># m4¬ '��Pù  8 Ê\Èø.YÌ
> ´�?û�@�L8M3m ? �Pù  8 ¾ È ï Ì
*4+�- iö �V# m ? �Pù  8 ¾ Èø.YÌ
± o�¹�º�l�m ? �Pù  8 .\È ÷ Ì

f 8 � È ï Ì

ý ï ½ Ê ÀCB�D	i > ´�?�u�v C3?ÖE; iE�	��
 í ´��� µ m�Å '>� Ð e f ù  C/?*Ö d8e�ù
 ! > ´�?"u�v^i)�E´	-�m %4F '��Pù  � ÐG�	��
 í ´��	 µ m %4F '��Gù  � »�² W�D
1 '*! ¤ ÛPh Ù ¦ x µ Û m4i�¨ � 0pù  ô Ð â�ñ,°ED 1  D$F$�G!

ï Ê



RNDM study
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¼ ï ½¿¾[ð À ¾IHJHKH æ Áèç®Â\é i4ÃÄNm&ÅMLGÐ ± o�i�¹4º�l�» Í < D*Î1Ï6° � �,��
 í ´��� µ i=N
O$P$Q KNm�1RL�S.T.U*i � Ð�V)W.XYW�i ± o^i�¹�º�l ã$â U P�¼ ã î3Z ¾IH é\[ ��� ã�ñ�]
ì m¶�Ñ8Ò � Í4Þ L�S$^`_ Ð�V	i&a!b^î H\½ø÷ Ìdc�e ãEâ U P

��
 í ´��	 µ4� u�vf�E´fg,»fh*iia�b�j�k.l�U*i ì »�r�Æ�m$m�nYo.l�U ��� m�î�Ð$n�o
Å�pMq � U2Ã�ÄGr�s�tu^Gv Ö ��
�´�( µEí�µ�#&*,+�- r�w�xN»i7`y�z�{�| ã ÐE�E´.g�q3�
��
 í ´��� µ q=r=}�~3»&%�{���q=����� ã$â U P
��y�S�Ð���
�´Y( µEí,µ$#&*,+�- �	��
 í ´��� µ�� ^���U&��� Ú µ ����
 í ´.gYr á

à4� ë T3S�7RU&z�� � î�Ð���� � ¼ ï ½¿¾\¾K� ï ½¿¾[÷ r&N O »���
´=( µ8í,µ!#2*�+d-���� ê	L
S��4U����u� â U P
��r � ê�Ó���^�v Ö V�r=N O � ë TYS8î"Ð�� ��� ã��.� U P

ï �



� � � � � � �

� � ã î"Ð�� ï � ã��f� zuvf{ � }�~4r=N O�  Ð)����r	��
�¡Y(.¢ í ¢ #&*,+2- r�£E¢
¤f¥�¦ Ú3����
 í ¡���d¢`§ c$e Ð *,+�- �	��
 í ¡��	�¢�¨ª©«r=N O q¬}�~ ãE U ô r �
l�U�z���rÐ�®EW�^Gv Ö N O � ë TYS3¯f°!l	U P

±�²´³ µ ¶ · ¸ ¹ º » ¼ ½ ¾ ¿ À Á Â Ã
Ä�Å ¡3ÆE¢�Ç�¢�ÈiÉ4Ê�ËGr�Ì�Í�r�� ��Î�ÏYÐ�Ñ r&Ò$Ó,q�Ô�Ó��Gq�Õ � Z×ÖÙØ=ÚÜÛur�Ý ��Þ

_ Ï.ß$àYÏ�á�â Óf�,ã3¡�ä�Ý�å ß�ædç�èêé [ cuë ��Þ U�qYT�{ Ï�ì�í�îEï r�Ý!ð.r!ñ!ò.¢
ó   Ï Ì�Í�r&ô�p	q�õ=ö.÷.ø�ù
��r�{�ú Ï ���üû)¢!r�w$ý�õ�z Ð�Ñ �3þ `ÿ���� l	ø�r Î�Ï É4Ê�Ë�r��$®��	�fð$r Ï�


Ö������r=Û�ð��R�$y�z!ñ�òf¢ ó ð Þ ødù 
 Ö��������÷.õ��������  ���� õ�z���� û)¢ Î�Ï����
� ��! { � �#"#$ ó&%(' ¢�)�¡�ð+*	, ó.-0/   Ê21Ez$� Ï ÉGÊ&Ë	��®��	��ð43Yý6587�ö ÿ
ø=��� û)¢�9 Ð�Ñ 9�:  #; ï Õ$ø�� � ��<�� � ��y�ö ÿ ø�ù
=	> !@?�ACB�D Ì�Í  FE {�� ��Î�Ï �G9�H�÷ 
 9�Û�ð$�×�üû�¢!��w�ý�õ3z Ð�Ñ 9 ; ï Õ
?  8IKJ � E {�� � �4L�� æ 7	ø�ù MG��ð Ï���NKO 9�Ì�ÍGð Î�ÏKP Å ¡ ó "#Q=ñ!ò.¢ ó �
! øR3�ý�SUTKV�9XWiú ÏYì�í�î�ï ¥ , ó > 9 Ï 3Yý�Y	Z\[ 
 Ö ÛuØ é Û ��Þ ? Ï ã�¡�ä!Ý&å
!@? ç!è é �@] ëK^ Þ ø�_`V  �a ÷.ø�b � ^ 1�ødù
ced�f Ö Î�Ï É�ÊdËhg Ä�Å Ç)¡�g+id¢ ^2j0k ø P Å ¡ ó "�Q�ñ)ò.¢ ó 3!ýUTKV ^ à ÷)ö�9 Ï

T	V 9�l	m j ! Ö n û�$�o&ñ ¦�p ð Þ ødù ì�í�î�ï ë�^ Þ ? Ï�
 Ö Û4Ø é Û�ð�qK3,õ�r�SUT
V�§ Ú�s Öt é Úvu$¨ ^ à ÷Yö	9 Ï T	V(98l	m Ï ã�¡�ä�w ^ ô01�øyx`z Ï�{K|�} 9��U~\[2�h5#7$ö
÷.ø�ù
bG9XWiú4_GV�§����JÚ��JÚ Ö�u�¨ ^ à ÷3ö09���~ Î�Ï c�d�f ��9 � j ? ð Þ ø�ù c�d�f Ö ð09#�0�\�

¦	� ¡iý��K��þ�x�z�ý���[�� ? ÏF{�|4} d ����������������� ^��#�	�4��� à n û�$Uo�ñ2� � �\�
ö.÷.ødù
b�7 æ 9@W�ú Ï���� ^ É�Ê�Ë ^ *	, ó.-0/ �#� 1	_GV [@�29#��z Þ ø29 ß � Ï ã � ä �
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_GVC[ Þ ø¦¥65`9 
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ö.÷.ødù
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Fe Length = x1 cm , x2 cm range table
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