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T2K ND280

• Excellent performance,  
operated since 2010

• Providing critical input  
for oscillation measurements

• Discovery of νe appearance

• First hint of leptonic CP violation

• As well as cross section measurements

• Many talks/posters in this NuINT
2



M.Yokoyama (Tokyo), T2K ND280 Upgrade NuINT2017, Toronto

T2K phase II (T2K-II)

• J-PARC power increase plan: 
0.47MW→1.3MW

• Rep. cycle 2.48s→1.16s

• #protons 2.4→3.2E14/spill

• Aim for 3σ CPV sensitivity by 
2026 with 2×1022 POT

• Stage-1 status given by PAC
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T2K-II target POT

Original T2K POT
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Improvement towards T2K-II

• More statistics / POT

• Increased horn current

• Additional samples

• Enlarge fiducial volume

• Control of systematics

• Reduction of flux and 
detector uncertainties

• Reduction of neturino 
interaction systematics 
→ Upgrade of ND280

• Goal: ~4% total syst. error
4

3σ
syst. error 
difference

Expected number of events
 with 1×1022POT each

δ＝-π/2 δ=0
FHC  

 νμ→νe
449 356

RHC 
νμ̅→νe̅

52.3 73.6
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ND280 upgrade
• Current ND280 has an excellent performance for forward tracks

• Limited performance for large angle tracks

• Super-K has 4π uniform acceptance

• Need extrapolation to full phase space with interaction models

• More complete information necessary to improve our knowledge
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ND280 limitations
● One of the main limitations of the ND280 data used for 

the oscillation analyses is that they mainly cover the 
forward region while SK has a 4π acceptance

● Model dependence when extrapolating to the full phase 
space

● The neutrino-nucleus cross-section is not well known, an 
upgrade is necessary to reduce the systematic errors for 
T2K-II
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Criteria for upgrade detector

• Enlarge phase space –– cover full polar angle

• Retain TPC capabilities

• Efficiency for short hadron tracks

• Improve electron neutrino selection

6

New TPC
New target 
detector

New TPC

FGD TPCTPC
Beam direction

Basic concept: “improved tracker”

Timescale: installation in summer 2021
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The ND280 upgrade project
• 2013-2015: ND upgrade R&D WG 

• 2015-2016: ND280 upgrade task force formed in T2K

• November 2016: 1st Open Workshop at CERN

• January 2017: Expression of Interest submitted to CERN 
SPSC (towards a project in the framework of the CERN 
Neutrino Platform )

• February 2017: launched as official T2K project

• March & May: 2nd (@CERN) and 3rd (@Tokai) Open WS

•Next Open Workshop: Aug. 1-2 @ CERN
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You are welcome to join!

https://indico.cern.ch/event/568177/

https://indico.cern.ch/event/613107/ https://indico.cern.ch/event/633840/

[T2K itself is a CERN recognized experiment, RE13]

https://indico.cern.ch/event/568177/
https://indico.cern.ch/event/613107/
https://indico.cern.ch/event/633840/
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CERN SPSC-EOI-015

• Signed by ~190 physicists

• From Bulgaria, Canada, 
France, Italy, Japan, 
Germany, Poland, Spain, 
Sweden, Switzerland, 
UK, USA

• And CERN

• R&D for high-pressure 
gas TPC also in the scope

• Synergy of development
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Work Packages

• WP1: Mechanical design and integration

• WP2: TPC field cage and gas vessel 

• WP3: TPC Readout technology

• WP4: TPC electronics and DAQ

• WP5: Gas system and calibration

• WP6: Scintillator-based trackers

• WP7: TOF system

• WP8: Test beam measurements

• WP9: High Pressure TPC

• WP10: Simulation and optimization studies

• WP11: Physics studies

• WP12: DAQ

• WP13: Software
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ND upgrade convener: Marco Zito, deputy: Masashi Yokoyama

Lots of opportunities to contribute
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Baseline configuration

10
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Alternative configuration

Advantages:

● Keeps present ND280 tracker in place (comparison possible) 
including FGD2 (water)

● Less challenging (areas, n of channels etc) for target/TPC/TOF

● Adds significant target mass (total~1+1+2 ton)

● Superior results observed in BANFF like fit

● Advantages foreseen for nue studies 

Horizontal TPC

Scintillator target

Horizontal TPC

Keep current tracker + DS Ecal New detectors
Two TPCs
Scintillator target
TOF detectors

Plan to retain
upstream Ecal-P0D

Magnet and surrounding Ecal
also preserved
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Expected performance
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Efficiency estimated with GEANT simulation
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Example: νμ CC inclusive selection

Large angle efficiency is improved as expected.
(preliminary: optimization still ongoing)
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Expected performance
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BANFF and physics studies Simon Bienstock

Asimov studies

Results assuming 7.8⇥ 1021 POT (alternative configuration):
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Constraints on parameters improved by 20� 40% with the upgrade alt.
Ex: BeRPA parameters = 2.9% ! 1.7%, 3.3% ! 2.2%...

Det-like parameters are not yet fitted but det-like sys will be added by
doing some assumptions based on current o�cial analysis.
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• Upgrade configuration can greatly reduce cross 
section uncertainties

• Effect on oscillation analysis also being estimated

Asimov studies using ND fitting framework

work in progress
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Horizontal TPCs
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  15

Horizontal TPCs

Similar in size and technology to the 
existing TPC. 

Resistive Micromegas for spreading the 
charge and spark protection.

Thin field cage along the lines of the 
Aleph TPC 

M. Batkiewicz

G. Catanesi

~1.8×0.8×2.0 m3
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TPC development
• Aim to build and test a prototype at CERN next year

• ~1m (drift) x 0.5 m x1 m

• Resistive foil for micromegas procurement in progress

• Made by sputtering on a polyimide foil

• Field cage electronics, gas system, .. design ongoing
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Prototyping

● For the atmospheric pressure TPC, we aim to build and 

test a prototype at CERN next year (before October 2018)

● Approximate dimensions : 1m (drift) x 0.5 m x1 m (two 

Micromegas modules on the readout end plate)

● Other prototypes might be needed for the target and the 

TOF

  

Resistive foil: Diamond-like-Carbon

A. Ochi

The foil is obtained by sputtering on a polyimide foil
Used for the ATLAS NSW muon detector and for the 
ILC TPC prototype

Sputtering chamber
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Target Detectors based on scintillators
• ~1.8×0.6×2 m3, ~2ton active target

• MPPC+WLS fiber readout established in T2K

• New MPPC with higher PDE, low noise/cross-talk,  
possibly further improvement with R&D

• Several options under study

• FGD-like bar structure (2- or 3-views)

• “Super-FGD”: cubes with 3-view readout

• WAGASCI: grid with thin scintillators (J-PARC T59)

• Scintillating fiber

15
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'3D' FGD

Super-FGD

● made of cubes for a 
'real' 3D reconstruction

● feasibility being 
tested

'2D' FGD '3D' FGD

● FGD works 
well and we 
know how to 
build it...

 Further possibilities: scintillation fibre detector , new tracker concept of target+gas 

Possible design for new target (2)
 More 'standard' target of CH (more 'heavy' and no water)

  

Possible design for new target (1)
WAGASCI (LLR): new grid-like geometry allowing for low threshold or to be filled with water 
for same target as far detector

First 
prototype 
already 
installed at 
T2K 
on-axis and 
taking data

sand-muons rate
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Idea by D.Sgalaberna and A.Longhin 

1cm
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Target Detector Study
• Simulation study for optimization and comparison

• Efficiency, particle ID, γ BG suppression for νe

• R&D of hardware rapidly starting up

• Several cubes for super-FGD already being tested

• Prototyping and beam test under discussion

16 7 

Test of assembly procedure 
 
insertion of a 1.2 mm diam  fiber   
into a   line  of  1 m (100 cubes) - OK 

  

Scintillator-based target

● This horizontal target(s) play a similar role as 
the FGDs. It has to reconstruct low momentum 
hadrons stopping in the target. Nue/gamma 
separation is also required.

● Several technologies are considered: FGD, 3D-
FGD, Super-FGD, Wagasci-like, Scintillating 
fibers 
FGD-like Super-FGD (cubes) Wagasci-like

Target simulation Benjamin Quilain & Davide Sgalaberna

Ongoing studies

Look at particle guns + GENIE ⌫ event displays to understand basic
performances

Example: SuperFGD

Muon Gamma CCQE

Plans:
implement a simplified event reconstruction (PID, momentum, but no
pattern recognition for the first iteration)
propagate the target simulation through selection-BANFF-OA chain
select the target detector based on these studies

19
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TOF detectors
• Provide timing for track reconstruction and particle identification

• Configuration optimization ongoing

• R&D studies for options

• Extruded scintillator (INR Moscow)

• Cast scintillator (Geneva, w/ SHiP)

17
6/15/17 23

Proposed TOF counter conception

• Two scintillator slabs of 0.7x20x270 cm3 size

• 4 WLS Kuraray Y11 fibers of 1 mm diameter are glued in the slab

• 8 WLS  fibers  are bundled within a scintillator slab at each side of the

     counter into a connector

• Connector is mounted directly at the scintillator

• Read out by a single 3x3 mm2 MPPC at each side

• Expected time resolution σ is  630-650 ps

6/15/17 23

M. AntonovaThis is one of the options for the TOF detector

Time of Flight detector
• Provide timing for good track reconstruction
• Improve particle Identification, e+ / protons and e / muons

• Extruded plastic scintillator 
- 2 extruded plastic scintillators bars 
- 4 WLS Kurakay 1mm fibers (glued), single 
connector, 3x3mm2 MPPC, double-end
- Time resolution is 630-650 ps
- R&D studies at INR

• Cast plastic scintillator 
- R&D at University of Geneva (SHiP)
- about 4m attenuation length
- 8 sensors of 6x6 mm2

- Time resolution is 120-140 ps
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Example schematic configuration

Time of Flight detector
• Provide timing for good track reconstruction
• Improve particle Identification, e+ / protons and e / muons

• Extruded plastic scintillator 
- 2 extruded plastic scintillators bars 
- 4 WLS Kurakay 1mm fibers (glued), single 
connector, 3x3mm2 MPPC, double-end
- Time resolution is 630-650 ps
- R&D studies at INR

• Cast plastic scintillator 
- R&D at University of Geneva (SHiP)
- about 4m attenuation length
- 8 sensors of 6x6 mm2

- Time resolution is 120-140 ps

11
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Summary
•ND280 upgrade launched as a T2K-wide project
• Improvement of ND towards T2K-II (and Hyper-K)

• Also new tools for neutrino interaction studies

• Foreseen timeline:

• Proposal in the end of 2017, TDR in 2018

• Construction and test 2019-2020

• Installation planned in 2021

• New members are already joining, more are welcome

• Input from NuINT community will be invaluable

•Next Open Workshop at CERN, Aug.1-2
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https://indico.cern.ch/event/644360/
Let’s build our ‘future’ together!
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