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É Introduction: Neutrino oscillation and T2K neutrino experiment.

ÉNeutrino beam monitor:INGRID

ÉDesign of INGRID

ÉRequirement for INGRID

ÉPerformance and production of INGRID scintillator

ÉAssembly of INGRIDand 1st cosmic events

ÉSchedule and summary



Neutrino Oscillation
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ÉNeutrino has mass and its flavor is mixing.

ÉPresent knowledge.

VɲƳ212= 8 10-5 eV2, sin2н1̒2=0.86

VɲƳ223 = 2.5 10-3 eV2, sin2н2̒3>0.92

Vsin2н1̒3<0.1

hǎŎƛƭƭŀǘƛƻƴόʰҦʲύprobability

ʻΥ ƳƛȄƛƴƎ ŀƴƎƭŜ
ɲƳ2 : mass differences



T2K Experiment 

Near 

detector

ÉIntense neutrino beam
ÉOff-axis neutrino beam

ÉSearch for ˄˃ Ҧ e˄ appearance.
ÉPrecise measurement of ˃˄disappearanceόʵǎƛƴ2н2̒3~1%)

Physics goals

Characteristics of T2K

Long baseline neutrino experiment in Japanfrom April 2009
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Off-Axis Neutrino Beam

The beam direction has to be monitored with high precision.
(sin2н2̒3~1% ї 1mrad)
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É The neutrino beam is optimized to 
maximize the oscillation by adjusting 
the off-axis ŀƴƎƭŜΣʻOA

Neutrino beam monitor

& Near detector 



Neutrino Beam Monitor :INGRID
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beam center
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É16 same modules are arranged in a cross. 

ÉEach module is neutrino target and detector. From neutrino 
events at each module, the neutrino beam profile is 
reconstructed and beam center is determined. 
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Module

monitor the beam direction (<<1mrad) by the day
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Module and Light Readout
ÉModule is a sandwich of iron plates(target) and  scintillator

tracking planes. Each tracking plane consists of one vertical and 
one horizontal scintillatorlayers.

Charged 
Current 
reaction

muon tracking

˄

~120cm

~120cm

iron 24 2 scinti.

fiber

Scintillator

MPPC 7

ÉEach scintillation light  is corrected and transported by wave 
length shifting fiber and readby Multi Pixel Photon Counter.

˄

~10ton



Requirement forINGRID and Scintillator

ÉRequirement for INGRID : ɻόōŜŀƳ ŎŜƴǘŜǊύ ғғ мƳǊŀŘ

ÉʵόbŜǳǘǊƛƴƻ ŜǾŜƴǘǎ ŀǘ ŜŀŎƘ ƳƻŘǳƭŜύ ғ о҈

ÉStatistical error ~ 2% ї Systematic error <2%

ÉRequirement for scintillator: ɻ  ŜŦŦƛŎƛŜƴŎȅ ғ н҈ κ о Ϥ лΦст҈
(if 3 hits in a row are required for tracking muon)
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The Measurement of Scintillator Efficiency

50cm

3GeV electron beam

ÉWe measured the Light Yields of four scintillatorswith 3 GeV
electron beam and checked the efficiency expected from LY. 

Light yield
=14.55p.e.
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Scinti. LY[p.e.]

1 14.55 0.15

2 15.24 0.13

3 15.34 0.12

4 14.75 0.13
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VThe light yields is large 
enough(>14p.e.)

VExpected efficiencies > 99.9% 
which satisfies our requirement.



Attenuation by fiber
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VAttenuation length of fiber = 238cm

ÉWe measured the attenuation length of fiber with 3 GeV
electron beam. 

3GeV electron beam

VLight yield > 11p.e. everywhere (efficiency > 99.9%)

Light yield > 14p.e. at 50cm from MPPC


