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T2K near detector upgrade

T2K COLLABORATION
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CERN recently join 
within Neutrino Platform 07 program



T2K near detector upgrade

T2K EXPERIMENT
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J-PARC
accelerator
provides 
proton beam
p = 31 GeV/c

produce 
mesons

focus positively/negatively charged mesons
depends on horn current

Main goals: 

▸ Probe CP violation phase  

▸ Precise measurements  
of the neutrino oscillations , , 

δCP

Δm2
23 θ23 θ13

Main achievements: 

▸ One of the most precise  measurements 
of the oscillation parameters 
▸ First observation  appearance 

▸ Best measurements of  

▸ Exclude CP conservation with  CL  
▸ arXive:1910.03887

νμ → νe

θ23

2σ

See Luke Pickering talk tomorrow for the status of the T2K experiment

The experiment layout is common for the long baseline oscillation experiments:

Upgrade of this detector 
is covered in the talk

https://arxiv.org/abs/1910.03887


Text

T2K FUTURE
▸ T2K collected  POT (protons on target) 

▸ The statistics goal is   POT by 2025 (beginning of HK) 
▸  C.L. sensitivity to CP violation is reachable in the wide range of the  

▸ JPARC beam line will be upgraded 500 kW —> 1.3MW (arXiv:1908.05141) 

▸ Now near detector fit reduce systematic uncertainty 12% —>7%. More reduction is essential  

▸

3.2 × 1021

20 × 1021

3σ δCP
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Known mass 
order is assumed

3σC . L .
99 % C . L .

90 % C . L .

The HyperKamiokande is the next generation water 
Cherenkov detector  
T2HK is proposed to replace the T2K after HK construction 
T2K-II could provide accurate  interactions measurements 
and precise systematic studies of near detector for the very 
quick start of the T2HK analysis 
See talk from Mahdi Taani for more details about HK

ν

Effect of syst.  
improvements

http://arxiv.org/abs/1908.05141


T2K near detector upgrade

ND UPGRADE: GENERAL IDEA
▸ Tracker (Time Projection Chambers, Fine Grained Detectors,  

Electromagnetic Calorimeter) will stay in place 

▸  detector will be replaced withπ0
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➡ Fully active 3D active target (SuperFGD) 
➡2 High angle TPCs 
➡Time of Flight detectors

Now
After upgrade

Selected  
events 
 

NEUT simulations 
same POT 

statistics and efficiency gain 
are expected

νμCC



▸ Scintillator detectors with perpendicular bars are widely used in HEP 

▸ Neutrino interactions produce particles in   

▸ Proposal: replace bars with cubes 

▸ Cubes covered by reflector will be read out with 3 orthogonal WLS fibres each 
with MPPC on one end 
▸ 3 projections instead of 2 —> could build 3D reconstruction 

▸ Sensitive to particles with all directions 

▸ Uniform target material ( ) with minimal air gaps 

▸ High granularity —> reduced thresholds 

▸ Nearly double ND280 target mass —> gain statistics 

▸ The baseline configuration: 184 x 192 x 56 cubes.   (1 978 368 cubes) ~ 2 tonnes

4π

C8H8

T2K near detector upgrade

3D ACTIVE TARGET
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1 × 1 × 1cm3



T2K near detector upgrade

3D ACTIVE TARGET
▸ Cubes are produced with injection molding, covered by reflector, drilled w/ 3 1.5 mm holes 

▸ Size precision is better then 30  

▸ Hole position precision is around 50  

▸ The baseline assembly method: 
▸ assemble detector with 1.3 mm fishing lines    —> replace fishing lines with 1mm WLS fibres 

▸ During the tests fishing lines were easily replaced by the WLS fibres 

▸ LED calibration system is considered as an option

μm

μm
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Assembly a string 
of 192 cubes

Assembly a plane 
192x184 cubes

Merge planes, 
align vertical holes

Replace fishing lines 
with fibers



T2K near detector upgrade

3D ACTIVE TARGET: PERFORMANCE
▸ The Super FGD prototype (48x24x8 cubes) was tested at CERN 

with beam (PS) 
▸  beams were used  

with the momentum ~1 GeV/c 

▸ High light yield and suitable time resolution were observed 
▸ 50 p.e. per MIP, up to 500 p.e. for stopping proton 

▸ 0.9 ns for both muons and protons per channel

e, π, p
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Event display examples:

Time resolution: 0.9 ns per channel

p.e.

500 p.e. 
from stopping 
proton

50 p.e. per channel per MIP



T2K near detector upgrade

HORIZONTAL TPC
▸ New field cage with resistive micromegas 

▸ Need performance at the level of current TPCs 
but in a more compact design 

▸ Thin (3mm) solid insulator wall —>  
minimise the dead space  

▸ Made from composites —>  
minimum material budget 

▸ Resistive micromegas detectors: 
▸ Share charge between pads —> precise position reconstruction 

▸ Better resolution with the same number of pads
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Cathode



T2K near detector upgrade

HORIZONTAL TPC: PERFORMANCE
▸ TPC prototype with micromegas with resistive foil was  

tested at CERN beam (PS) 

▸  beams were used with the momentum ~1 GeV/c 

▸ Very good performance was observed 
arXiv:1907.07060

e, π, p

10

CERN Beam test event 
example with charge charing 
between pads

Spatial resolution from CERN test  
T2K resolution ~0.6mm  
With resistivity anode we reach 0.25 mm

dE/dx resolution from CERN test  
~10% for 36 cm. tracks 
similar to T2K performance 

New beam test with 
optimised resistive MM 
was done in DESY  
in June 2019 
Data analysis is in progress

http://arxiv.org/abs/1907.07060


T2K near detector upgrade

TIME OF FLIGHT
▸ Time of flight panel will cover  

SuperFGD and new TPCs nearly hermetically  

▸ 2.3 m long bars are read about from both ends  
with an array of 16 MPPC 

▸ During the beam test 150 ps time resolution was obtained nearly for all positions 
of the track in the bar 

▸ Physics benefits: 
▸ Precise measurements of the particle direction 

▸ Severe suppression of the background from outside 

▸ Time calibration for Super FGD 

▸ Improvement of the particle identification
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T2K near detector upgrade

PHYSICS BENEFITS
▸ New horizontal TPC 

▸ Better angular acceptance 

▸ Similar spatial resolution with larger pad size 

▸ Lower thresholds for particles 
stopping in Super FGD 
▸ 300 MeV/c proton threshold vs 400 MeV/c at the current ND280 

▸ Lower muon and pion thresholds 

▸ All these improvements will enhance the  precision for neutrino interaction 
measurements
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T2K near detector upgrade

PHYSICS BENEFITS
▸ Single Transverse Variables (STV) analysis could probe 

Fermi motion and Final State Interactions (FSI) 
▸ arXiv:1512.05748 (Phys. Rev. C 94, 015503) 

▸ Benefits from upgrade: 
▸ Low thresholds, full phase space coverage 

▸ Example: quasielastic neutrino interactions  
▸ Study of sensitivity to different models with the 0-pion muon-proton final state
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Non-zero value because of Fermi motion Proton FSI probe

https://arxiv.org/abs/1512.05748


T2K near detector upgrade

PHYSICS BENEFITS: NEUTRONS
▸ SuperFGD provides possibility for neutron detection 

▸ Together with  STV technique we will be able to distinguish neutrino interactions  
on Carbon and Hydrogen.  
▸ The interactions on H are not perturbed by nuclear effects —> perfect neutrino energy reconstruction 
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Energy resolution for different 
neutron travel distances:

The detection efficiency is 
relatively high:

Example of the neutron detection 
through the observation of 
secondary protons

w/  cut 
w/o  cut

δpT
δpT

Neutrino energy resolution:



T2K near detector upgrade

SUMMARY
▸ More precise neutrino oscillation results  

require more accurate neutrino interactions measurements 

▸ T2K near detector upgrade will be a step forward on this way with: 
▸  lepton acceptance 

▸ Lower thresholds for muon, pion, proton 

▸ Neutron detection and calorimetry (with ToF method) 

▸ Current status: 
▸ Resistive Micromegas prototypes were produced and demonstrate expected characteristics  

Field cage is under construction.  

▸ Scintillator target with cubes is under construction.  
Proposed assembly method demonstrates suitable performance  

▸ Successful beam tests @ CERN & DESY for SuperFGD, TPC, ToF with very promising results 

▸ Schedule: 
▸ Construction: 2019 - 2020 

▸ Installation: 2021 

▸ Proposed exposure for T2KII  POT

4π

20 × 1021
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Detailed technical design report 
was published at the beginning of this year 
arXive:1901.03750

http://arxiv.org/abs/1901.03750


Text

BU
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Text

CP: NOW AND FUTURE
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Mass order is known 

Mass order is unknown Latest T2K result:

Sensitivities with 10 × 1021POT



T2K near detector upgrade

SUPER FGD FIRST LIGHT
▸ The first tiny prototype 5x5x5 cubes was tested in October 2017 at CERN 

▸ It was the first proof of concept performance 

▸ Also we obtained a clear result for the simulation calibration  
As it is very important for the new detector performance estimations
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in MC
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in DATA

Beam test results: 
arXiv:1808.08829 
NIM A, 923, 134–138

http://arxiv.org/abs/1808.08829


T2K near detector upgrade

SUPER FGD SECOND PROTOTYPE
▸ The second prototype 48x24x8 cubes was built for the Summer 2018 beam test  

▸ The main aimes for this test were: 
▸ Electronics test. We used CITIROCK electronics adopted for the BabyMIND experiment (part of 

T2K near detector complex) 

▸ MIP track reconstruction 

▸ Stopping protons 

▸ Gamma conversion 
study the possibility of the  
gamma conversion / electron  
separation
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TPC DETAILS
▸ Parameters  

▸ Field cage  
Material budget: 

▸ TPC prototype beam text paper arXiv:1907.07060

20

http://arxiv.org/abs/1907.07060

