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T2K main goals

Search for νe appearance from νµ beam

sin22θ13 to 0.008 (factor ~20 improvement over 
CHOOZ)

Precision measurements of  νµ disappearance

1% in sin22θ, 3% in Δm2

To achieve these precise measurements,
understanding of  ν beam and interaction indispensable!
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Near Detectors @ 280m

off-axis angle →  
on-axis detector

νµ/νe flux, energy 
spectrum → 
off-axis tracker

π0 production → 
off-axis π0 detector

Predict events (signal&BG) @ Super-K
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On-axis detector
Off-axis scheme: 1 mrad ↔ ~20 MeV shift in Eν @ SK

Direct monitor of  ν direction
(MUMON sensitive to Eµ>5GeV)
7+7 modules of  Fe+scintillator tracker to  
cover large area

ν
~10m

1m

1m

10cm Fe x 10 layers

(also surrounded by veto planes) ~0.3 events/ton/spill 4



On-axis detector
Beam direction measured with ~0.15mrad precision @ 
1% intensity, 1 month (MC)

Detector component to be tested

Engineering design ongoing

~8 tons/
module

Line:　nominal　　　　　　　　　　　　　　　
dot:　proton is 3 mm off to the side
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Off-axis detector

SMRD
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Off-axis detector

Reuse UA1 magnet 
(0.2T dipole)

SMRD
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Off-axis detector

Reuse UA1 magnet 
(0.2T dipole)

SMRD
UA1 

Official statement of donation from the CERN Council December 2004

Magnet recovery and integration in T2K N280 is an European joint effort

This watermark does not appear in the registered version - http://www.clicktoconvert.com
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Off-axis detector

Reuse UA1 magnet 
(0.2T dipole)

SMRD

LHC dipoles

UA1 yokes
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Off-axis detector

Reuse UA1 magnet 
(0.2T dipole)

Tracker (FGD+TPC) 
for CC measurements

POD for π0 
production

ECAL and SMRD 
surrounding IR for 
EM/muon

SMRD

Sounds like a collider detector...?6



π0 detector (POD)
Measure π0 production cross section

Scintillator+Pb layers

Upstream 2/3 interleaved
with water target

~60K single π0 events expected
with 1021 POT
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Figure 6.1: Left Panel: The location of the P0D in the ND280 off-axis detector baseline design.
The neutrino beam is coming from the left with the P0D situated on the upstream side of the inner
detector volume, followed by the tracking detector. Right Panel: A detail of the P0D target region.
The green represents the scintillating bar tracking planes. The water target region is located in the
first two thirds of the detector and is indicated by blue.

detector regions are well controlled. The oxygen target is provided by a ∼3 cm thick water target.
Candidate containers have been identified and are expected to introduce an additional 0.06 g/cm2

of material.
The baseline detector design has a total mass of approximately 12 tons with a fiducial mass of

1.7 tons of water, 3.6 tons of plastic scintillator, and 0.8 tons of lead. Based on the expected event
rates, we expect to collect a total sample of approximately 60,000 neutral current single-π0 events
for an exposure of 1021 POT (approximately one year), of which approximately 17,000 occur in
the water target. This number will be reduced by the reconstruction efficiency. As discussed below,
this large sample of π0 events is required to predict the π0 production rate at Super-Kamiokande
as a function of momentum and direction.

6.1 Capabilities

The capabilities of the P0D have been studied using a detailed detector simulation and track pattern
recognition. Where the results depend on the behavior of the photo-sensor, the light collection has
been tuned to match the MINERνA vertical slice test and corresponds to approximately 22 photo-
electrons per layer per MIP.

6.1.1 Photon reconstruction capability

The P0D has been designed to have the largest possible target mass, while maintaining a large
efficiency to reconstruct low energy gamma rays. The baseline active target described in this
proposal has not been fully optimized, but we believe it sufficiently demonstrates the potential for
this detector.

75

‘water rich’ part
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Figure 3.1: Cutaway view of the T2K 280 m near detector. The neutrino beam enters from the left.
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Fine Grain Detector (FGD)

Provide active target (~1.2 tons / module) to 
tracker part by plastic scintillator (a la K2K-
SciBar)

1x1cm2 segmentation, 192x192x30cm3 module

Two modules 

One fully scintillator

The other interleaved with 
H2O target

~4x105 events  
expected with 1021 POT FGD scintillator prototype 

@ TRIUMF
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Figure 3.1: Cutaway view of the T2K 280 m near detector. The neutrino beam enters from the left.
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adelbart@cea.fr : Micromegas modules (WP#4) KEK T2K/TPC meeting 07/08/2006CEA DSM Dapnia 1

Micromegas Modules Work Package #4

A. Delbart

for T2K/TPC group

T2Kn4 prototype

Top side Close-up

T2kn2&3 mounted on

the harp TCP cage end cap

TPC
Measure momentum of  
charged particles coming out 
of  FGD

<10% resolution below 
1GeV/c

Also provides PID by dE/dx

Chosen micromegas 
as gas amplification system

Prototype working, 
technical design being fixed

Three identical modules
100K channels in total

250cm
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Figure 3.1: Cutaway view of the T2K 280 m near detector. The neutrino beam enters from the left.
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ECAL

EM measurement for pi0 and nue 
measurements.

Lead-scintillator sampling calorimeter

10X0 around tracker

~4.5X0 around POD

~12 X0 downstream

Design optimization 
ongoing

ECal reminder:ECal reminder:
Sampling lead-scintillator 
calorimeter.  
!  EM shower containment
 ⇒ 10 χ

0
 .

!  "0 reconstruction, PID  
⇒ fine granularity.
!  Space restrictions 
(50 cm) ⇒ thin layers.
!  Background reduction and 
signal uniformity ⇒ double-ended readout for long bars.
!  Design and construction considerations ⇒ identical modules.
!  Structural rigidity and light-tightness ⇒ carbon-fibre casing 
   for each module.                                                                                   
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Side MRD

Instrument gaps of  magnet yoke 
to measure muon range

Also provides trigger for calibration

Prototype test soon

Installation scheme being developed

Measurement of  UA1 yoke gaps 

scintillator prototype @ Russia11
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Figure 3.1: Cutaway view of the T2K 280 m near detector. The neutrino beam enters from the left.
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Photosensor

All but TPC will use scintillator + WLS fibers

Magnetic field, limited space, many channels

Development of  new photo-sensors!

Multi-Pixel Photon Counter 
by Hamamatsu, Japan

MRS-APD 
by CPTA, Russia12
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Photosensor status

Excellent photon counting capability.

Gain 105-106 with <100V voltage

Photon yield ≥ PMT

Noise ~<1MHz (>0.5p.e.)

Shifting to mass-production

Quality control

Connection to WLS fibers
13
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Schedule

Not shown: development/production of  each sub-detector

Also need hard work!
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