K2K SciFi T
LED

031S101N

17 2 10



K2K KEK
12GeV 1.3GeV
AV 250km
K2K
KEK
1kT Fine-Grained (FGD)
FGD Scintillating Fiber (Scifi )
Image Intensifier Tube(lIT)
1
run HT
SciFi HT gain
HT
run LED
2.2 1 (Lspill)lpasec
LED spill ~ (off spill ) 1000
plot
"nT ( )
2004 10 2004 11 8 HnT
3.8% nT 0.97+0.03
1 HT 1pixel(~0.18mm)
HT =+0.1pixel
(noise rate)
ADC threshold HT
LED HT
HT
MIP
1 LED

Npix 2



IIT gain ADC
LED
11724
Gain
gain 10%
K2K SciFi



page

6
1
7
1.1
7
1.2
9
1.3
10
1.3.1
10
1.3.2
11
2 K2K
13
21 K2K
13
2.2
14
2.3
15
2.3.1
15
2.3.2
18
2.3.2
21
3 SciFi
23
3.1 SciFi
23
3.1.1 scintillating fiber
24
3.1.2 SciFi sheet
24
3.1.3 SciFi bundle
25
3.1.4 T
26
3.2 SciFi

28



3.3 SciFi

4 HT

4.1

4.2

4.3

4.4

5 LED HT

51

5.2 distributor

53 LED

54 LED efficiency

5.5 gain

5.6

5.7 LED

5.8

6 LED HT
6.1 LED

6.2 LED HT

A 1IT gain
B Gain Npix
C Npix

D efficiency

noise rate

30

31

31

32

34

34

35

35

37

38

40

46

48

51

70

71

71

74

76

79

105

108

111



(K2K) 1

Scintillating Fiber (SciFi )
K2K
SciFi Image
Intensifier Tube (IIT) (noise) 1
run Noise IIT gain
1
InT
LED
InT
2 K2K 3 SciFi 4
LED (LED ) IT
5 LED LED
6 LED
T



1.1
6 (color 18
6
( )
4
(W Z )
1.1
u,d,c,s,t,b
e,H,T
Ve,\)u,\)—l—
g 7Y7W b Z
color
3 3
3
flavor
) Vo 3
1930 B
100
1956 Reines Cowan

Q)

1962 Lederman Schwartz
1T K

)
)

Steinberger

1/2

(Vo)



National Accelerator Laboratory(FNAL)

1pm

T

2000 Fermi
DONUT

Conseil Europeen pour la Recherche Nucleaire (CERN)

LEP Z
3
70
( )
( )
( )
1.2
1.2
flavor
Ve 2.5eV(95%CL) Tritium B
v, 170keV(90%CL) | TT" - IV,
\V 18.2MeV(95%CL) | T -2TT +TT"V
T - 31T F2TTHTIOHV




1.2

1
2 flavor
Vi=(Ve,Vv,,) vi=(\V1,Vv2)
Ve V, S} Vi V2
\2| [ cos© sinO\\2 11
\2,) | sin® cosB/\ '
M =U.\) (1.2)
U
cos® sin©
U =( Sin© cosej @5
|1 E
t
MO)-ZU.e EN-ZXUUe BN a0
E
p2
E=p+ om, (1.5)
t Vi Vr P(Vi-wVr)
2
P2\ = ) =X XU, U U U oxcoslE -E X o)
t L
o 2o o AM?
P&}—\})_sm 6in (4E LJ 1.7
m?2
Am? =m@ —m}, (1.8)
2 1.7 m2[eV2] E[GeV] Llkm]



2 2
Py —n\p) = sin? aBsin?[ 1.27 AMLEV'] Lkm] (1.9
E[GeV]
2 (1.9) S 1
1.3
2
1.3.1
T K T v)
¥ ¥ (e) (Vo)
)
T\, +M (1.10)
M- e+, A\, (1.11)
1 TT 2 vV, 1 Ve
V” Ve 2:1
1.3
2
NRz ) NG+, pata
R = - —— - (1.12)
N, -+, )/ N, +3, imulation
1.3 Sub-GeV Multi-GeV
100MeV/c
@] 200MeV/e
Sub-GeV 1.33GeV Multi-GeV

10



1.33GeV

1.3
=+ =+
(Sub-GeV) 0.64=20.03=+0.05
Multi- +0.07
(Multi-GeV) 0.60 +0.09
—-0.58
b- 0.06
(Sub-GeV) 0.60 +0.05
-0.05
Multi- 0.08
(Multi-GeV) 0.57 +0.07
-0.07
IMB 0.54=20.0520.07
+0.05
Soudan2 0.51 +0.14
-0.07
Frejus 1.00=%0.1520.08
NUSEX 0.99+0.35i***
-0.25
1.3.2
4 (p)
() 2 (ef) 2 (\Ve)
1968 R.Davis R.Davis
615t
1/3 1/4 ) SAGE( ) GALLEX(
)
2001 1258
SNO SNO
Creighton 2000m 1000t
5000t SNO ( 9438
) (
6MeV vy

11




3He
SNO Ve V,, Vo
2003 SNO

(Ve) VvV, Vo

m2<10 11 10 10eV?2

(MSW) 4
m2~10 5eV2
SMA(Small Mixing Angle) LAM(Large
Mixing Angle) = LOW(Low m2  Just-so( )
1.4
/

Homeatake Cl 814keV 0.34
7.0MeV 0.55
SNO 6.75MeV 0.35
SAGE+GALLEX+GNO Ga 233keV 0.58
6.56MeV 0.49

12




2 K2K

K2K
2
K2K
2.1 K2K
K2K 1999 6
(
KEK) 12GeV
1.3GeV V,.(98.2%) KEK
( SK)

2.1

Super Kamiokande

Fifu
‘A Prefecthme

HEﬂhhl Ci t’] y .' Ak -..I._ iy i ot rom

13



KEK

SK
( m2? sin220)
2.2
disappearance ( ) 2
appearance
appearance
VH Ve jV
(CCQE) T
3.46GeV K2K
CCqe
K2K
Ve
appearance
disappearance
K2K
2
1. v,
VIJ
Vi
2.V

250km
appearance ( )
K2K
disappearance 2
3
V.
( 1.77GeV/c?)
K2K V- Ve
%
SK Ve
V H
SK
Vi
AV

14



K2K 2.2
K2K 90% Disappearance
SK
% 10
-2 0% {EHWEE
E
<]
H I ———————
LI K2KEBRO#R |
= 10
o \
ind
10} 2
A——NZAhoTORSR
Za—r)/RAIC L SR
fﬂ-‘{- P, TR N S T (NS ST NS S W |
a 0.2 0.4 0.5 0.8 i
BoE sin220
2.2 K2K
2.3
2.3.1
K2K KEK 12GeV (KEK-ps)
12GeV spill  2.2sec 1.1
isec 6>1012 /gpill 1spill 100nsec
50 60nsec 9
K2K
150m SK
90= ( 2.3)

15



SK

Front
Detector

Decay pipe

HORM and Target Station

2.3

3cm 65cm

14

16

2.4




Magnetic Horn system

(for Long Baseline Neutino Osdllation Expenment)

2nd Magnetic Horn
1st Magnetic Horn - I :
1¥ GeV 5 g 1
[otons p— T e todecy region
—_— g——-&i’: — _________.P-J"’ J:rcr =g
1250 KA ¢ msec) 11 - l
: I=250 A @ meac)
: Wim 3 ;
H If ™ ' 2 gy
L1 1
2.4(a)
2 8m

2.5m

=
1stHORN
2.4(b)
TT (PIMON) PIMON
T[+
T o Vv, 2.1

17



-’—[+

MUMON

SK
1km
MUMON spill
2.3.2
SK
16m
2.5

1KT) Fine-Grained

9] (MUMON) spill
)
100m T
VH
MY > e’ +V, +Vu (2.2)
K* > 1’ +e’ +v, (2.3)
Kﬁ—>1‘[‘+e+ +\V, (2.4)
v, Ve 1.3% VW, 0.5%
GPS(Global Positioning System)
+1m SK
3mrad
1mrad SK
80m 300m
18.8mrad
1 (
( FGD) 2

Ve

18



Lead

Muon Chamber ©/@53

W

Tor Super-Kamiokands

SCIFI/Water
target

||II

‘EEZEEEIEIEE

MNeutrino Beam

2.5 K2K (2003 10
( ()
<1KT>
1KT SK
1,000
(PMT) 680 8 PMT
PMT  1KT
SK
SK
1% Ve
<FGD>
FGD 2001 7 (K2K )
(SFT) (VETO)
8] (MRD) 4 2001 7 (K2K

19

20
68

1KT

LG)
SFT VETO



(SciBar) MRD 4

FGD SFT v,
(CCqe) @]
VN> +p (2.5)
H E, O,
E,
2

£ - Eumiom, 2.6)

Y my-Eut pucosaI
my m, H Py M FGD (2.6)

20



2.3.3

K2K
1,000m
105
2.6 41.4m 39.3m
50,000t
2001 20 PMT
PMT 1,885
PMT 47%
SUPERKANICKANDE  vwn 1 7 i e armasiei e of T
2.6
Y
Ve
vV, e
\V M
2.8
e AVIRES VR
Ve

21

2Hz

11,146

PMT

2.7



Super-Kamiokande

Fun 4268 Event 7699421
97-06-23: 03: 15: 57

Irnmer: 2652 hits, 5741 pE
outer: 3 hits, Z pE (in-tims}
Trigger ID: 0X0F
D wall: 506.0 om

Fo o—like, p = 621.9 HMev¥io

Residi{ns}
a > 137

-17- 0
=34- =17
=51- -34
=b8-
-85- —68
=102= =85
<-102

R

Super-Kamiokande

Run 4234 Event 367257
97-06-16: 231 321 58

Inner: 1904 hits, 5173 pE
guter: 5 hits, 6 pE (in-time)
Trigger IO: 0x07
o wall: 885.0 om

Fo mu-like, p =

Residi{ns}
o > 137

kbR R ke

-17-
=3q-
=h1=
T
—B5—

=102-

-17
-34

-68

=85

<=-102

TEE. 0 MoV o

i itiitted
" ¥ 4 +:
el B, < P ;
i dhetsrasstals s EY
TRET R L - ik
i, : 11133}
+ fp 4 +

I~ e-like

] 500
Times (ns)

1000

2.7 Ve

1500

2000

eriiiliiisne W

i
¥

iy

B

It

T p-like

may
101;_
100
0 500 1000 1500
Times (ns)

2.8

22

2000




3 SciF1

K2K SciFi
SciFi

3.1 SciFi

SciFi scintillating fiber

F
Ber,  Water filled

.

QA

\
2600

'ﬂllmr;‘_! Ny .
’}lﬂf’!}*‘!ﬁﬂ}fzf
""’% -@,l?ﬂﬁin.—
&M [‘!’ﬁm
) e
v V)

.’ '\..- 2§
Ny !

Vi beam

Image intensifier
Micro-Channel-Plate
CCD camera

23

3.1
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5.2 distributor
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efficiency noise rate

5.4 LED
LED 1 file IIT LED
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5.1 threshold

efficiency noise rate

Threshold
Efficiency Noise rate Efficiency Noise rate
+0(default=9) 0.997=20.002 12.393+0.111 1.000==0.000 25.524+0.160
+1 0.997+40.002 8.656+0.093 1.000==0.000 10.51340.103
+2 0.997+0.002 6.260+0.079 1.000==0.000 7.091+0.084
+3 0.994+0.002 4.682+0.068 0.989+0.003 5.361+0.073
+4 0.991+0.003 3.706+0.061 0.984+0.004 4.253+0.065
+5 0.985+0.004 3.074+0.055 0.983+0.004 3.393+0.058
+6 0.979=+0.005 2.49540.050 0.97320.005 2.68740.052
+7 0.975+0.005 2.083=20.046 0.967=20.006 2.18740.047
+8 0.965=+0.006 1.75340.042 0.963=20.006 1.82940.043
+9 0.955=%0.007 1.47520.038 0.951=%0.007 1.5631%0.039
+10 0.943=%0.008 1.306=20.036 0.939=%0.009 1.325+0.036
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