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K2K Fine-Grained Detector (Side View)
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K2K Fine-Grained Detector
T

Side View
U

 Run  1244 Spill  20799 TRGID   1
   99  6 22 17 47 50  0

 Nvtx  0

Top View
V

 Run  1244 Spill  20799 TRGID   1
   99  6 22 17 47 50  0

 Nvtx  0

ê ¶ ë ��W ��� l#�"X � X � v M wq� G�  r�p*Y#¡ � l ¢�£N¤ g�h X�¢ R

� (



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
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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
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TDC

gate g.

pulser

ADC
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17-18

MU1

MU2
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1GeV proton hit cut (by energy)
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in 0.2 MeV pitch

d
i
f
f
.

w¼Ðvxzy #Z{}| J�Í�~ ] g�� 	 0:����� Â y #v#Z#v�������Z� g�� b í Å�J�Í s ÇyÉ Á4Â'�&� Þ # x�� �����
������g | J�Í�~ ] Â��&� Þ n
�A� Í��wÔ�Õ .10 | J�Í�� # x�� ����� �j� Ô�� %
B���2&g n
�A� Í�� g �
��5)� Â��  s Ç�É Á�� âc �¡=¢ B$ÏFg �jm�£AJ�Í â Á ÉA.'0 n��A� Í�� g
�
� @�¤ Ï�¥�. q�rGs õ�. y¦x #Z����� Ô Â | J�Í�� r?§ . è � s â B�0

¨j© O J�Í ]«ª �����}�Z�­¬ ® � _F` �Fg/¯±°�² ] g�³ ª �µ´v¶¸·º¹\»¼¬ ½�¾ ³ î�ïÀ¿ � B k Ä
l ª ������Áv�­¬
t #v# uZÂ ÐZxÃ�DÄ #ÆÅ � uvÇZt Ä # Ä'y
È #v# � ÈvÉ xÃ�DÄ #ÆÅ � È y É Ä'yÀÄ'y
É #v# y¦Ê Ç xÃÊDÄ #ÆÅ � É u # Ä'yÀÄ'y
Ë #v# y t È x Ë Ä #ÆÅ � Ëvt É Ä'yÀÄ'y
Ê #v# yZy­ÊZx u Ä #ÆÅ � Ê tZË Ä'yÀÄ'y
Ç #v# Ç Êvx # Ä #ÆÅ � ÇvtZË Ä'yÀÄ'y
y #v#Z# ÊÌy­x # Ä #ÆÅ � y # È Ë ÄÀ�cÄ'y
yZy #Z# É Êvx # Ä #ÆÅ � yvy É Ç ÄÀ�cÄÀ�
y¦� #Z# È Ë x Ç Ä #ÆÅ � y­� Ë Ê1ÄÀ�cÄÀ�
y u #Z# È # x t Ä #ÆÅ � y uZËvÇ Ä u ÄÀ�
y t #Z# tZt x u Ä #ÆÅ � y t Ê # Ä t ÄÀ�
y È #Z# u Êvx É Ä #ÆÅ � y È Ç É Ä È ÄÀ�
y É #Z# u È x # Ä #ÆÅ � y É ÊÍyÎÄ È ÄÀ�

Ï È xzy {Ð® � _�` ��g�Ñ�Ò ½
¾ ³ r C ¿ � B�ÓIÔ b�Õ k�Ö l 0 ¿ � B k�Ö l g!×�³�g ¤
Ø g
Ù�Ú Ñ&Ò ½�¾ ³�g�ÛFÜ�×�³ s î .�Û�g�ÝGÞ ï Ó �àßâá g Ù�Úäã�å:æ b |jç � í b g�è�é�g
Û�B�CD-�×=³�Ý?ÞG.10
ê=ë�Ó ã:å1æ b ¾ goè�é Ú t xìy uZí Ó�¯à°î² y |�ç � ãðï ÈZÈ x ËvtZñ » Ý?Þj.D0

tvt



Survived Proton
ò

Fe Length (cm)
ó

N
_h

it
 / 

N
_t

o
ta

l

Survived Proton
ò

Fe Length (cm)
ó

N
_h

it
 / 

N
_t

o
ta

l

Survived Proton
ò

Fe Length (cm)
ó

N
_h

it
 / 

N
_t

o
ta

l

Survived Proton
ò

Fe Length (cm)
ó

N
_h

it
 / 

N
_t

o
ta

l

w È xìyZy { � bAô ��õ÷ö�ø�ù b õ�ú � ��g�û�ü ª y ¬ 0 �?� @�ý=þ -�.cÿ�g�����Ó �&� @ d�e�f
ÝGÞ�.'0���� @ � bAô Ó	��� @ õ÷ö!ø
ù b õ)ú � g�
�� � ÏG-�0

t È



Survived Proton
ò

Fe Length (cm)
ó

N
_h

it
 / 

N
_t

o
ta

l

Survived Proton
ò

Fe Length (cm)
ó

N
_h

it
 / 

N
_t

o
ta

l

Survived Proton
ò

Fe Length (cm)
ó

N
_h

it
 / 

N
_t

o
ta

l

Survived Proton
ò

Fe Length (cm)
ó

N
_h

it
 / 

N
_t

o
ta

l

w È xìy¦� { � bAô�
 õ÷ö�ø�ù b õ�ú � 
 g�û�ü ª � ¬ 0 �?� @�ý=þ -�.cÿ�g�����Ó �&� @ d�e�f
ÝGÞ�.'0���� @ � bAô Ó	��� @ õ÷ö!ø
ù b õ)ú � g�
�� � ÏG-�0

t É



Survived Proton
ò

Fe Length (cm)
ó

N
_h

it
 / 

N
_t

o
ta

l

Survived Proton
ò

Fe Length (cm)
ó

N
_h

it
 / 

N
_t

o
ta

l

Survived Proton
ò

Fe Length (cm)
ó

N
_h

it
 / 

N
_t

o
ta

l

Survived Proton
ò

Fe Length (cm)
ó

N
_h

it
 / 

N
_t

o
ta

l

w È xìy u { � bAô�
 õ÷ö�ø�ù b õ�ú � 
 g�û�ü ª u ¬ 0 �?� @�ý=þ -�.cÿ�g�����Ó �&� @ d�e�f
ÝGÞ�.'0���� @ � bAô Ó	��� @ õ÷ö!ø
ù b õ)ú � g�
�� � ÏG-�0

tvË



Survived Proton
ò

Fe Length (cm)

N
_h

it
 / 

N
_t

o
ta

l

w È xìy t { � bAô�
 õ÷ö�ø�ù b õ�ú � 
 g�û�ü ª t ¬ 0 �?� @�ý=þ -�.cÿ�g�����Ó �&� @ d�e�f
ÝGÞ�.'0���� @ � bAô Ó	��� @ õ÷ö!ø
ù b õ)ú � g�
�� � ÏG-�0

�	����� Ú�� ��� ê�.D0���� Ú Ó _F` @���� � g�! ` 
#"�$&% Ó(' � Ý ® ê )�g�*,+ 6 7
£ � s �
� %�- +j.�B�.�/ 
10�2 C3�÷.10

465(437 ®98 5;:�5(4 ª È xÃ� ¬
g=<���. k�Ö l ~ ] Ú Ó;> Ê@?A? ������ÁZ� Ý?ÞG.10B�C� s�D�E Ó w È xìyZyAF È xìy t gHG ã J!mJI

nj� ã g�K)2&g �=����LNM Ýj2�.'0
w È xìyZyOF È xìy tD��P . 
 Ó G ã J�mHI n�� ã K�M Ý Ú Ó kGÖ l sND�Q�- � b�ô�
 õ÷ö!ø

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

Á Ê



Sample size study
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offcenter analysis 1000MeV/c
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Momentum study
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RNDM study
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Fe Length = x1 cm , x2 cm range table
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