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Reconstructed Neutrino Energy (MC)
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0 2.1: Super-KamiokandeO OO OO0 O00OO0O
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Event Category H Observed Expected

Single Ring pu-like 14 21.9+3.5
Single Ring e-like 1 2.4+0.5

Multi Ring 12 16.0 £ 2.7
TOTAL 27 403751
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Secondary particles in neutrino interaction at K2K
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Efficiency for Muc-3D events
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03.1: 00000000 BC-517L0O EJ-399-040 000
Properties | BC-517L EJ-399-04
Light Output(%Anthracene?)
saturated with AirP 30% 60%
Light Output(%Anthracene?)
saturated with NyP 39% o
Wavelength of Max. Emission 425 nm 425 nm
Decay Time 2.0 nsec 3.5 nsec
Light Attenuation
Specific Gravity 0.86 0.90
Refractive Index 1.47 1.48
Flush Point 102°C 138°C
E.321 EMIESIDN SPECTRUM E-395-04 EMISSION SPECTRLBM
.0
[T f:\
: : [N
Light Emission Spectrum E E‘“‘ |
g:.: g'-“ 1,\‘
i
N ILE1 “--'
B M0 400 430 40 4D M0 500
ALBLERET H ] VAL PRCGTH e )

A 0000000000000 00000000000000000000000000000000 (%) 0000

000000000000000 1.7 x 10* photons/MeV 00 0 O

bDDDDDDDDDDD/DDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDDD
oboooooobobooooooooooboooooobooboboboobboobobobobbobooobooooooo

ooboooobOooooooooDo

Charged Particle

\ \ Liquid Scintillator

/@\/WLSFiber
Primary emission
in liquid scintillator

Secondary emission
in wavelength shifting fiber

032zgdpbopoooobooooboood
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Single Cladding
Cladding (PMMA
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: n=1.49
, ~69.6
***** s S AN R Core (PS)
- 33.7 n=1.59

&
\ Lost photon
: . Outer Claddin
Multi Cladding |:|:9
( n:)l 42
= Inner Cladding
: PMMA
, 24 (PMM 9
******************************* *)***ﬂ Core(PS:E
45.7 n=1.59

\ Lost photon
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Liquid Scintillator
Max. Emission
(425 nm)

Emission Spectrum

034:000000000VY1100000
odbooboooouooboboooon
ddoooooooooouooooobo
gooooboboooobobooooon
godbodbooooooboboboooon
Absorption Spectrum oo0ooooono

350 400 450 500 550 600 650 700
[nm]

e DD OODODOODODDO
e ODOOOO

gboooboobooooooobboboooooboooooooboooobobaonooon
gboboooooooobobbobooobobooooboboooboooobog
O00OKuraray OO Y11O0OOOOOOOOOOODODOOOODOOOOOOODODOOOO (O
34)0000000000000000000000D0O0D0U0D0D0ODO0DOODOoDOOO
Yilli(o00MOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO
gooviiooooooooooboooboboobooobboobooooooooooo
0(o0)00000000000000000O0U0OOL00OoOoO0oDOooDooOMOODOOOO
oOdo0o00ODOODOO00Db000D0DOO0O00DOODOOCO0ObOOoObOSOo0ogOooooD so
goooooood



40 0O00O00OO0O

gooboobooboobbbboobooboobbooooboooobobobbobobobg
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High Linearity

deviation < 10%
for 1 ~ O(100) p.e.

energy measurement

Resolution

~ 10% @Qu-MIP(~30 p.e.)

p/7 identification

High Gain

> 1057

efficiency for a few p.e. detection

Low Cross-talk

< 5%

decrease fake hit

Hit Timing Info.

< 50 nsec (beam spill = 1 usec)

background cut
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O00000O030pe 0000 10%00000000000000
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Number of Photoelectronsfor  p-MIP
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4.2 00D00D0OOOOOOOOO (MAPMT)

MAPMTO O100000OOOOCOO0ODOOCOODOODODDOODODOOOOODOOOODOOO
gogobboooooboboobbboooobobobbobboboobobooooooon
MAPMTOOOOOOOOOOOOOOOOODOOODOOOOOOOOODOODOODOOOO
O MAPMTOOODODOOOODOOOODODD1OOODOOOOOOOODODODOOO
000000000 0DO MAPMTOOOOODOOOOOOODODO Hes680 00 0O H75460
gooboooooobbobbooobooboboobobooooToboOboboboboooboo
0O MAPMT R5900U-00-M040 000000000000 DOO0OOOOOOODOOODOOOO
gobodbopoooobooboobbooobboooobooooooob 45b00bO0

4.2.1 MAPMT H6568 Types

450 45+1 _0.8TYP.

- - - —

— = — O O |0
] =3 I 0lg 5 o |@
%%_" — '77,7::,4\7777\7 = |5 '2 _ 3 g
e l:; =4 I ; + 3 58 |
iilll‘lﬂ =i | o = ol (o

1112 == 77/ o ) o
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3IAONY
3ASVYO NOd
HOLlld §'v
9T x ¥[J

NOILVJIANI
1Nd1NO 3AONY
(@3v) nivLT-949

3A0OHLYO010Hd

JOLVINSNI
HLIM @374

379v0 TVIXVOD -

O 4.2: MAPMT H6568-type 0 0 00O

0 4.2 MAPMT H6568 0 0000 0000DOO0O00OKODyOPOOODOODODOO OO
000000000 O000ODObO00O0O0000000O00DO00oooOooO MAPMT
goobooboobobb 1g0bobbooooboobbboooobobbobbooon

Electrodes K Dyl | Dy2 | Dy3 | Dy4 | Dy5 | == Dy9 | Dyl10 | Dyl1 | Dy12 P

H6568-00 1 1 1 1 1 1 1 1 1 1 1 220kQ
H6568-10 15 15 15 1 1 1 1 1 1 2 36 220k Q
H6568-10MOD 24 24 24 1 1 1 1 1 1 12 24 100kQ

H65680 00 0 MAPMTO 10000000000 160000000000 00DO0ODO16CH-
MAPMTOOOOHeE680 000 MAPMTOOOODOO 4200001000000000
4x4mm?0000000 05mmO0000000 4x40000000000000000
0000000000000 0000O000O000000 420H65680 000000000
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000000000 DO0O0000DObODOOoODbOObOO0O MAPMTOOOOPMTOOOOOD 16
gooooobooboobobboooboobobooobbooboobod

OO0DO0OD0O MAPMTOOOOOOODODOODOD H6568-000 H6568-100 200000
ooooooboo20000b00o0obooboobobouobogeeses-o0o0 D Doooooon
ooboooogHeses-10000000ODDODO00ODO0O0bOOOODOD DO OoOoobOoOoDLO
000000000000 000000000000ODOO0O0000 MINOSODOO OH6568
O00D0O0D00D0ODOOO00O0OD0OO0OO00OO0 Rh900U-00-M160000000000O MINOS
0000000000 He568-10MODO OO0 OO0 [41]000 H6568-10MODO 00O OO
goobbobooobooboboobooboboboobbobooobobobobbooobon
goboboboooobobboobooobobobbbooooooboooobanon
gooooooobood

oo 3obooboboboobooo42000boogoooopMTODD ODOOODOOO
gboobobobobboooobobbobooboboobobobobobboobobobbd
gobooooboooboooobooooobboboboobooboooooooobboonon
0000000000 DDODOO0DODOHE568-000H6568-100H6568-10MODOO OOOOO
goooooooboboooon

4.2.2 MAPMT H7546

02

0.3 TEF TAPE SEALING ANODE OUTPUT PIN
POM CASE 2.54PITCH8 x8
© i -GND TERMINAL
T +— PIN ( 90.64)

030+ 0.5

TTTTTT
$0.64

4| 0 ¥~ Dyl12 OUTPUT
FILLED WITH /e Y (908
INSULATOR / THROUGH HOLE)
025.7 | 0.8 Max. 42
45408 1 -HV INPUT TERMINAL PIN
x2. (0.64 Sq.)
TOP VIEW SIDE VIEW BOTTOM VIEW

0 4.3: MAPMT H7546 00 00O

0 4.3: MAPMT H7546 00 000 00000000000 420000000

Electrodes K Dyl | Dy2 | Dy3 | Dy4 | Dy5 | == Dy9 | Dyl10 | Dyl1 | Dy12 P

H7546 3 2 2 1 1 1 o 1 1 1 2 5 200k Q

MAPMT H75460 10000000000 6400000000000 0O0OO64CH-MAPMT
O000H746000000 4300001000000000 2x2mm?000 0000 0.3 mm
0000000 8x8UOODOODOOHGOI OO DOOODOO MAPMTOODODOOODOO
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gooooobobooboobooopMTOOUOOODUOOODOODOOODODODDODDDOOODO
oooboooboHe6sO OO0 DO DOoLOoPMTODOODODDODDOODODODDODODDOODDO
gbooboboboobobboobooubooooooboobbooooon

OO0 MAPMTOOOOOODOOOOOOOOOOODOODODOOOODODODODOOOO
gbooooooooooouooooboobbobbooobbod

H74600 0000000000430 000000 MAPMTOO1ODODOOOOOOOOO
gobogodoobbiloooobbbbbooboooboobobooobooooooobooboobog
gooooboogooboboboobobbobbobboobbooboooboboobooon
gobooooooboobobbo

O000DO0ODODO0O0O H6568-000H6568-100H6568-10MOD OO0 H75460 000000
gobobobobobobooobboobbobbooooonoooo430b0oooon

4.2.3 MAPMT R5900U-00-M04

[]30.0 £ 0.5

[]25.7 £ 05 235 MAX. . 4.4 %07

CJL8MIN. %f

,,,,,,,,,,,

_ ; 1:
v 1k

— i\ 7777 7; 4 MAX.

PHOTOCATHODE 29- ¢0.45

2.54 PITCH
|

12.0 £ 0.5

+
*
+
+

— B
+
+
+
*

0.20

INSULATION
COVER

Top View Side View Bottom View

O 4.4: MAPMT R5900U-00-M04 00000

0 4.4: MAPMT R5900U-00-M04(0D 0000000 E7083)00 000000000000
go420000000

Electrodes K Dyl | Dy2 | Dy3 | Dy4 | Dy5 | Dy6 | Dy7 | Dy8 | Dy9 | Dyl0 P

R5900U-00-M04 15 15 15 1 1 1 1 1 1 2 53.6 220kQ

0700000000000O00O000ODOOOOO0OO MAPMT R5900U-00-M040 00O
gboooobobobbboobogooobbobobooonog

MAPMT R5900U-00-M040 1000000000D 400000000000 00 O4CH-
MAPMT 00 O OR5900U-00-M040 00000 4400001000000000 9x9 mm?
0000000 2x2000000000 MAPMTOODODO 200 MAPMTOOOOOOO
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Blue LED ( A=470 nm)
Variable ND Filter Calibration PMT

o[ By

Dark Box
Optical Fiber 50um diameter

Photodetector

> X-Z Moving Stage

All elements in a large dark box

Manual Y-Stage

45 000000000000000O000000000O0O00ODODOO0O0OO0O
ooobbooooooboobo0oLEDOOO NDOOODDOOODOODO
ooboooooooooooboboboobbobooboLLEDODOOOO PMTO
goooooooboood

oobboobooobooooooboboooboobopPMTOOOODUODODDO
0000000 MAPMTODODODOODOOOOOD E7083000000000OE7T0830
gboodbo 400000b0o0oobobbobobboooboboboooobbobobog
R5900U-00-M04(0 0000000 E7083) 00 00000000 440000000

4.3 0O0O0OO0OOODOO

MAPMTO H65680 00000 H74600000000000C0O0ODOOOCODOODOOOOO
410000000000 DOO0000DbOOO0O0ODODODODDOObO0O000O0bOobbO0O0bOO
gooooon

4.3.1 0O0O0OO

g4500000000000000000O0 460000000000 00000000O
gbooboooboboooboooobobood

00 LED (NSPB500SO 0000000)
00000 FWHMO 450-480 nmO0 0000000 470 nm000000002%0 10°0

000000 (TK-G3002SC U OOOOOO)
gobobbooooboog s0pymdbobon oo 250 pym0000000000O0O0
0000000000D00000000 NADO?3O 0.20

000000000 1/200000000000000 20000000
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O 4.5: MAPMT H6568-type0H7546 0 R5900U-00-M04 00000000000 0OOOO

goooooobobobbbod

Description/Value
Parameter Unit
e | e |

Photocathode M‘aterial ' Bialkali —2

Min. Effective Area | 17.5 x 17.5 | 18.1 x 18.1 18 x 18 | mm
Spectral Response 300 to 650 nm
Wavelength of Max. Response 420 nm
Window material Borosilicate Glass —

Structure Metal Channel Dynode —
Dynode

Number of stages 12 12 10 —

Pixel Array 4 x4 8% 8 2x2 —
Anode ; :

1 Pixel Size 4 x4 2% 2 9x9 | mm?
Max. Supply Voltage 1000 1000 900 Vdc
Max. Average Anode Current 0.01 0.018 0.1 mA
Anode Dark Current per Channel 12 0.2 0.5 nA
Gain (@800 Vdc) 3.3 x 10% | 3.0 x 103 2 x 109 —
Time Response Pulse Rise Time 0.83 1.5 1.2 ns

Transit Time Spread 0.3 0.3 0.32 ns
Pulse Linearity per Channel® 0.5 0.6 5 mA
Cross-talkd 1 2 2 %
Uniformity between Each Anode® 1:3 1:3 1:1.5 —

2 H6568-00 0000000000000
b pWHM O O

¢ 0D0D00000000000H6E568-types 0 R5900U-00-M040 0000 £2%0H75460 0000 +£5%

oooog

dH6568—typesDDDDD 4x4mm’0000000H460000000 1lmm? 000000000
000D0000R5900U-00-M040 0000 9x9mm’ 00000000000000000O0OO00O0

°* MAPMT 100000000 pixel DO ODO0OO0DOOO0MmM1:300000000000000000
oooooooooboobo soboooooooboobOoOooOo0oDbbOobobobOOooooD
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O0NDOOOOO (MINI-4aONDUOOOOOOO)
000000000000000000-92%0000000000000 NDODOOOOO
000 Mark-1200000000000000O0000OD0O0ODO0O

X-ZO0OOoOoooO (SGSpP20-80000000O)
Xoooo zooooooobooooobooooboooooo rpem oo
ONDODOOODOODODOOOO Mark-1020 00000000

0000000000 PMT (R2256-020 0000 0000)
NDOOODOOOOODODODODO0OO00OO0DOO00OD0DO pPMTOODOOOOODOODO
00 0000 Bialkalid Borosilicate GlassD DO 0000 O0OO0D0OO0OOO MAPMT
oooooooo

googoooobooboboon

o000 MAPMTOOO X-ZODOOOOOOODOOOODOOOOODOOOOOoOooooOoo
gooboobooobooobbobobobbbooooooboboooboboooon
gooooo pMTODODODOODODOODODOODODDDODOOOOLDODODOOOOOUUOUODOOO
gobobbobboooooood o.2mnmdogogoonogod

gooboooogoobobooooboo NDOOOooobooooLEDODOD DD OODOD
NDOOOoOoooooooboooooboooooooooboooob oo oo D UOLED
o0o0Oo0OO00O0Oo0DOOoODOOO0OO00ODOODOOO0OO0OLEDOOOOOOD MAPMT
oooobooooo pMTOOOOODOOODODO

oo0OoDOO000bO0O0DODOOO03mO00O0O0ODOOObOOoO MAPMTODOOOODOOO
000000000 MAPMTOODOOOODODO

goobobooooobobooooboobpoobooon

4.3.2 0J0OO0O0O0

LEDOODOONDDODOOUODODOOODX-ZODOOUOOOoooooooobuoooobooo
0470000

gooooo

O000DO0ODbOO000b0O00b0 FANOUTOOODOODOOOOooooobooooo

LEDUOODDODOODDOO

0000000 CAMAC Relay Multiplexer(RMUX)O OO OOORMUXOO 160000
ooO0o0oooDOoOCAMACOODOOOOODODOOODOOOOOODOOOOODOODOOOOOO
goooobbooooboboooobuobbbooobooogoooboboobOo RMUX DO Och
O lchOO0O0OO0chOOODODOOODOOODODOODOOODODODOOOOOD 1chOOO 5000
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CH NIM

Visual

Clock L out CH2 & Lier
Generator Ffo cate &

Generator
Veto
IN BusyOUT IN Gate Oscilloscope
CAMAC CAMAC CAMAC CAMAC
Crate Relay Event LAM 16CH

Controller Multiplexer Register ADC

OUT |och |1ich I ||||
Ext.Trig.

Pulse
Generator

4

Negative Out

Variable
LED %
ND Filter
CCP =
DAQ RS232C Stage

pC Controller X-Y Moving Stage

PMT CH16

[ PMT cHL
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CAMACODOODOUOODOOOODOOOODOOODOOOODDOADCODO PMTODOODOOOO
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pedestal peak (0 p.e. peak)

_

1 p.e peak

B / 2 p.e. peak

10

. L
60 80 100 120 140 160 180 200
ADC Counts

048: 00000 ADCODOODOODO1pe0000OO0OOO0OOO
000 logOOODOOOOOMAPMT H6568-0000000 1kVO
OO0D00OD ADCOODOO0O0O0OOO0OODODODODODOO 16600000

gboooobooooobooooobbouooboodboboooboooooboobobbon
000000000 0ORS232CO00000000000D0OOO0O0OODOOONDDDOODO
goooond

000004100000 MAPMTOODOODOOOOODOOODOODOOODOOODOO
gooobbobpoobbooboooooboboobo

4.4 0O0-000O0O0O0

o0o00OO0 MAPMTOOODODODOOOODODOOODODOOODOODOOOOOOO

4.4.1 0O0O0OO

0od0ddoooo MAPMTO 1000000000O000D0OD0O X-ZOODODOOOoOOoOd
0000000000 1pe. 00000000 NDODOOOODOOOODO ADCODODOOOODOO
ADCO0O00O480000001pe000D00OO0DODOOOODODOOOO 1pe.0d0OdnOoOoOO
gooooooouoooiodniio pe DOO0O000000000000 ppeq0000000
lpe0ADCOODOOOOO ADCOODODO 0.25 pC/Count(= 1.56 x 108 electrons/Count)
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