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Motivation

• Predict NSK

• “Mizuche” detector
• “water” target
• detect “Cherenkov light”

reduce systematic error

cancel
uncertainty in 
cross-section

cancel
uncertainty of 

detector efficiency

Ultimate goal : Predict # of ν interaction in SK with 2% precision

NSKexp = x NMizobs
NSKMC

NMizMC

xΣΦSKMC σSK x εSK
xΣΦMizMC σMiz x εMiz

• 1st phase : test experiment to prove feasibility of small water 
Cherenkov detector for high intensity neutrino beam counting

• 2nd phase : measure with 2% precision and contribute to T2K physics
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Experimental principle

Fiducial
Volume(FV)

0.5ton

surrounded by PMTs

Φ1.4m x 1.6m stainless steel cylinder

Φ0.8m x 1.0m acrylic cylinder

• Count # of ν interaction with 
and w/o water in Fiducial Volume (FV)
• Difference = # of ν interaction in FV
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Event category

• NFV ＝ NwithFVwater ー Nw/oFVwater
• Normalize by delivered POT before subtraction

BG

inside FV outside FV sand muon

neutrino 
induced
 neutron

w/ water
in FV

(NwithFVwater)

w/o water 
in FV

(Nw/oFVwater)

SIGNAL CANCEL OUT
Difference

(NFV)

ν ν μ

ν ν μ n

n
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Detector position & flux

B2floor
2.2°off-axis

tank, a 0.8m-diameter and 1.0m long acrylic vessel will be installed as the fiducial
volume (FV). The tank will be filled with water, but the water in acrylic vessel is
removable. The water around the acrylic vessel works as the detection medium.
By counting the number of interactions both with and without water in the acrylic
vessel, the number of interactions occurred inside the water in the acrylic vessel will
be deduced.

We are planning to re-use HAMAMATSU R1652-01ASSY 3-inch PMT used for
the TRISTAN and K2K experiments. The signal from PMTs will be read using
FADC modules to enable bunch separation. The FADC modules will be triggered
using the timing information from MR to synchronize to the beam. Actually, the
signal will be branched from those for the T2K experiment and will not cause any
effect on the T2K data taking.

T2K is adopting the off-axis beam method, in which the beam axis direction
is off-centered from the Super-K direction intentionally. Depending on the off-axis
angle, narrow energy spectrum is obtained. The ND280 off-axis detector was installed
towards the Super-K direction in the B1 floor of the ND280 hall. We are planning
to install our detector in the B2 floor, where the same off-axis angle and hence the
same energy spectrum is expected. Figure 2 shows the planed detector position.

Figure 1: Schematic view of the de-
tector.

Figure 2: Detector position
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Detector position

Neutrino energy of numu (Flux)

ND7 水チェ

水チェの位置は「ハリネズミ」の時の位置
→ YとZはINGRID 中心モジュールと同じ

X はビーム中心から9.9m のところ.

Weighting factor = Φ(水チェ)/Φ(ND7)
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Neutrino flux @ detector position

• Set on B2 floor of Neutrino Monitor building (NM)

• Almost same off-axis angle as ND280 off-axis detector

Neutrino beam
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Detector setup

• Read out electronics
• NIM, VME, TKO crate
• ATM, GONG, SCH, etc
• Old SK electronics

• Tank
• Φ1.4m x 1.6m stainless tank
• PMT
• 3in. PMT x 164
• 7.2% coverage

エレキラック(正面)
TKO HV module

TKO Crate

ATM Board

SUM module

TKO SCH

FAN

TKO GONG module

3Monday, August 9, 2010

SMP, TRG, etc

SMP module

TRG module

NIMロジック
(テスト用、FADC用)

Input register 
(KAEN)

9Monday, August 9, 2010※ TKO crate & modules @ XMASS 

• Fiducial Volume (0.5 ton)
• Φ0.8m x 1.0m acrylic tank
• Circulate water
• purify with ion exchange filter
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Event rate estimation in FV

• @100 kW operation
• with water in FV : 202 events/day
• w/o water in FV : 127 events/day

typical event display
(muon : E=300 MeV)

bea
m 

dire
ctio

n
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Current status (1)

CAD図
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Cherenkov5 h2
Entries  306
Mean    175.3
RMS     62.02
Underflow      54
Overflow        0
Integral     252

 / ndf 2!  72.33 / 24
p0        131.8±  1737 
p1        1.3± 185.8 

Cherenkov5

• Measurement of Cherenkov 
light using cosmic muon

CAD図

Gain curve
各HV設定値での測定で得たゲインをプロット。

(中心値は平均ゲイン、誤差はそのばらつき(RMS))

 低いLED出力の測定点を除けば、赤点のエラーは小さくなると思われる。
(実験では低光量のシグナルも見たいが、単にゲインを測定するだけなら、

比較的高いLED出力のところで精度よく測定したほうがよい。
8Tuesday, August 3, 2010

• Preparation of PMT 

gain-curve
measurement

p.e. distribution

connector 
assembly
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Current status (2)

• Preparation of electronics

• Design tank

strength 
calculation

brought some 
from KEK
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Study with MC simulation

• Signal event MC
• Background event MC
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Signal MC (1)

• NEUT (ν+scintillator) → Neutrino energy at INGRID

• Re-weighted the Flux by factor ΦMizu/ΦINGRID → 
Neutrino energy interacted at Mizuche.

Estimation of neutrino energy @ Mizuche

Neutrino energy interacted in Tank
normalized by area of (CC+NC)

CC/(CC+NC) ~ 0.85

5Tuesday, August 17, 2010

Interacted Neutrino at Mizuche
(area normalized)

<Eν> 
~ 0.7 GeV

Neutrino energy of numu (Flux)

ND7 水チェ

水チェの位置は「ハリネズミ」の時の位置
→ YとZはINGRID 中心モジュールと同じ

X はビーム中心から9.9m のところ.

Weighting factor = Φ(水チェ)/Φ(ND7)
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Flux 
@Mizuche

Neutrino energy of numu (Flux)

ND7 水チェ

水チェの位置は「ハリネズミ」の時の位置
→ YとZはINGRID 中心モジュールと同じ

X はビーム中心から9.9m のところ.

Weighting factor = Φ(水チェ)/Φ(ND7)

4Tuesday, August 17, 2010

Flux 
@INGRID

Neutrion energy spectrum
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Signal MC (2)

• NEUT (ν+scintillator)

• Select muon generated from neutrino around 0.70GeV
(0.65GeV < Energy <0.75GeV)

Estimation of muon energy generated at Mizuche

Kinetic energy of generated muon
(0.65<Enu<0.75)

Muon kinetic energy: 
0 ~ 600MeV

→ Mean kinetic energy 
~ 325MeV
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Signal MC (3)
• Estimate the efficiency to muon with Geant4
• Injected muon
• Kinetic energy : 0 ~ 1 GeV
• vertex : uniform inside FV
• direction : uniformTotal measured p.e. 

(muon generated in FV)

8Tuesday, August 17, 2010

Efficiency to muon

9Tuesday, August 17, 2010

100MeV
200MeV

500MeV
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Background MC (1)

→ # of generated neutron : 
2.9 x 108 neutrons / 1021POT

Estimated # of neutron inject into 
Mizuche :
6.6 x 10-4 neutrons / spill 
(Normalized by 100kW ~ 4.4×1013POT/spill)

•NEUT with Neutrino Monitor wall (2360m3, 5.19kton)
• interaction in scintillator nucleus

# of Neutrino interaction in Hall : 
1.4 x 109 / Hall / 1021POT

Estimation of # of neutron into Mizuche

下の赤い点を壁から出た中性子として選択
(コンクリートの内側の円(r=8.5m)内＋
コンクリートのビーム下流の一部)

all true stop point of 
neutron

selected true stop point 
of neutron

26Monday, August 16, 2010

→ # of inject from Hall : 
3.9 x 106 neutrons / 1021POT

Blue point : generated neutrons
Red point : injected from Hall

NM wall

Stop point distribution of neutron 
generated in Hall (overhead view)

Beam

Mizuche
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Background MC (2)

p.e. distribution (変更後)

ミューオン：Kinetic energy = 0.15GeV

with water in FV

中性子：0.35 < Kinetic energy < 0.45 GeV

with water in FV

中性子：0.35 < Kinetic energy < 0.45 GeV

without water in FV

11Monday, August 16, 2010

• Use Geant4

• Injected neutron

• Kinetic energy ~ 400 MeV

• Normalization ~ 6.6x10-4 neutrons/spill

evtdisply

Event display (Custom model)

Neutron : 
Kinetic energy = 433MeV

vertex = (0,0,-90cm) 
= タンクの上流10cm

# of optical photons 
produced in this event : 4901

# of photo-electrons 
produced in this event : 928
Total # of p.e. into PMTs  69

Hadronicな反応により荷電
粒子が生成

→ チェレンコフ

8Tuesday, August 3, 2010

Estimate the event of neutron back ground
cf) muon generated in FV
- Kinetic energy : 150 MeV
- Normalization : 1.23x10-3 
particles/spill in FV ~ # of CC 
int./spill in FV

Neutrion

Total measured p.e.

Muon generated in FV

Neutron generated in Tank 
(with water in FV)

Neutron generated in Tank
(without water in FV)
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Background MC (3)

• Event selection : total p.e. > 200 p.e.

• w/ water in FV : NninTank/ NccinFV ～6%

•w/o water in FV: NninTank / NccinFV～2%

➡Remaining : NninTank / NccinFV～4%

evtrate

各カット後のイベント数
(変更後)

14Monday, August 16, 2010

Muons generated in FV
(Kinetic energy = 150 MeV)

Neutron with FV water
(0.35 < Ekin < 0.45 GeV)
Neutron w/o FV water
(0.35 < Ekin < 0.45 GeV)

Event rate

Neutron / Muon (変更後)

Nneutron w/ water / Muon in FV
Nneutron w/o water / Muon in FV
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Comparison between # of neutron and muon after event cut

Ratio of event rate
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• Change the size and position of FV
• ⇒ see correlation btw # of ν interaction
 and FV(size, position) 

How to ecaluate the systematic error ?
→ one possibility
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Detector calibration

Cosmic muon

Sand muon

trigger scintillator
Light source

Consider three calibration source

Cosmic muon Sand muon
External light 

source
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Request for support

• Power supply

• 10kW

• DAQ in local network

• JLAN for data 
transportation

• Beam timing

• Existing optical cable 
from NU1

• Mizuche detector• ～2m x 2m

• Delivery entrance• need 1 day for 
installation

• Electronics• ～3m x 5m

•Water circulation• ～1m x 1m

• Place

• Neutrino Monitor building

• B2 floor

Beam
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Backups
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DAQ Logic
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Background

下の赤い点を壁から出た中性子として選択
(コンクリートの内側の円(r=8.5m)内＋
コンクリートのビーム下流の一部)

all true stop point of 
neutron

selected true stop point 
of neutron

26Monday, August 16, 2010Geometry of NM Hall
• 2360 m3
• 5192 ton
• 3.13e+33 nucleon

# of stopped point of neutron
•all          : 2.9 x 108 / Hall / 1021spill
• selected : 3.9 x 106 / Hall / 1021spill

# of neutron inject into Mizuche
• 1.5 x 104 / 1021POT

   @100kW ～ 4.4 x 1013 POT/spill
• 6.6 x 10-4 / spill

•MC setting
• INGRID NEUT

# of Neutrino interaction
•with Hall : 1.4 x 109 / Hall / 1021spill

# of neutron inject to Mizuche tank
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