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Experiment T2K

T2K collects data since 2010
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Main T2K Results

Discovery
of v, — v, oscillations
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Original T2K Near Detector ND280 | T2\

* Placed at 280 m from the target
* Measures the flux, flavor content, energy spectrum
of the neutrino beam, studies neutrino-nucleus interactions

Muons in ND280: Vedetection in SuperK:
- forward direction - 41t acceptance
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Original ND280 complex
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UA1 Magnet Yoke

ND280 upgrade

New upstream detectors
- 3D fine-grained
scintillator target/detector SuperFGD
- Two Horizontal TPCs
- TOF system around new tracker

arXiv:1901.03750
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New detectors Old detectors

POD replaced by

[ |
" Horizontal TPC

TOF

New Detectors

4
SuperFGD

Horizontal TPC
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Features of upgraded ND280

* SuperFGD improves acceptance for high angle and backward tracks

T2k

* SuperFGD provides a high precision probe of the nuclear effects responsible for some of the dominant

systematics in neutrino oscillation analyses - reduced systematics

* High granularity of SuperFGD - detection of short proton tracks which is very important for T2K analysis

e SuperFGD measures the neutrino energy by time-of-flight
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Efficiency

Efficiency for stopping protons
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SuperFGD T2K\

- Volume ~192 x 184 x 56 cm? e e e [ ——
- ~2 x 106 scintillator cubes, each1x1x 1 cm3 T (2018)

- Each cube has 3 orthogonal holes of 1.5 mm diameter with 3D WLS/MPPC readout
- 3D (x,y,z) WLS readout - Cubes produced by
- About 60000 readout WLS/MPPC channels injection molding

i i - Covered by
- Total active weight about 2t chemical reflector

-Tolerance (each side)
about 30 microns

SuperFGD project: about 100 participants from
France, Japan, Russia, Spain, Switzerland, UK, USA and CERN

ND280
FGD ™ SuperFGD

3
1 x1x lem®
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4 4
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Mean 10.26 0,00
Sigma 002285 £0.00063

WLS fibers
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Assembly of SuperFGD at J-PARC T2R\

Installation of cube layers

B T o
[ - =, ek S=igf=a gaigEi
" -

Installation of LED calibration system
T ———— - 2000000 cubes produced

> in 2019-2021

Detector assembly at J-PARC

in 2022-2023
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New detectors in ND280 magnet T2k
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- Installation of all detectors
(SuperFGD, HA-TPC, TOF)
into ND280 magnet
completed in Spring 2024

- Data taking with beam
neutrinos begun in May 2024
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Calibration of SuperFGD

LED calibration in photoelectrons

Cosmic events: muon tracks
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Time resolution T2IK\

% 2; Without calibration, Fit result: o, =1.39 + 1—;&?
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Neutrino event in SuperFGD

HA-TPC

SuperFGD HA-TPC

Yury Kudenko INR RAS TIPP 2026

Display one of the first
neutrino events in SuperFGD
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Run = 16846, Subrun =9, Event = 172366
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v, CC interaction in SuperFGD

Run number : 16846 | SubRun number :3 | Event number : 172366 | Spill : 20376 | Time : Fri 2024-06-21 15:50:07 JST | Partition : 61 [Trigger: Beam Spill
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Y Neutrino interactions in SuperFGD (lI) | T2K\

SuperFGD ND280
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Protons from TPC
stopped in SuperFGD

Detection of stopped protons
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Bragg peak

Short proton path
in last cube and
optical crosstalk
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Fitted energy loss per cube of
protons stopping in SuperFGD

Work in progress
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Detection of neutrons

Charged current neutrino interaction in SuperFGD with a neutron in the final state

3D event
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Light yield, au_-
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Neutrons deposit an energy in the form of a track or a cluster away from the neutrino interaction vertex
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)

Conclusion

T2K\

(d Upgraded T2K near detector ND280 with a new neutrino target-detector SuperFGD — crucial
for CP-violation search and oscillation measurements in T2K and HyperK

O Main features of SuperFGD: high segmentation; 3D readout; 41 solid angle;
good time resolution; excellent identification of e, ¥, p; low proton threshold ~300 MeV/c,

neutron detection by ToF

O SuperFGD should greatly improve T2K’s ability to constrain neutrino interaction models

O SuperFGD is now taking data with T2K neutrino beam
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Thank you for your attention

Yury Kudenko INR RAS TIPP 2026

19



03 February 2026

Backup slides
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SuperFGD Electronics

e MPPC analogue signal digitised by CITIROC (Omega lab. Ecole Polytechnique)

e Peak detector, Low-gain and High-gain signals (2x 12-bit ADCs)
e Constant threshold discriminator — rising edge and falling edge timestamps

v Complementary measurement of charge from time-over-threshold

v FPGA at 400 MHz sampling (single channel 0.7 ns resolution)
— measure the neutron time of flight

v Firmware upgrade will provide 800 MHz, sampling on clock rising/falling edges

N
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Decay of stopped muons
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Time from muon, ns

- Time distribution of Michel electrons events from stopped positive
and negative cosmic muons

- Decaytimeis 2.05 us

- Slightly lower 2.2 ps, due to capture of a fraction of pu--before decay
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