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The T2K experiment in Japan is a long baseline neutrino oscillation experiment that aims to
probe CP violation in the leptonic sector. To reduce dominant interaction-model systematics
and improve acceptance for high-angle, low-momentum particles, the ND280 near detector was
recently upgraded with several new subdetectors, including two High-Angle Time Projection
Chambers (HA-TPCs) instrumented with Encapsulated Resistive Anode Micromegas (ERAM)
readout and a lightweight composite field cage. The HA-TPCs were installed in Autumn 2023 and
Spring 2024 and commissioned with cosmic rays and beam. Since June 2024 they have operated
as part of the fully upgraded ND280. This proceeding reports on initial HA-TPC performance
in cosmic and beam data using the common ND280 reconstruction, with comparisons to Monte
Carlo simulations. Key results include spatial, momentum, and dE /dx resolutions consistent with
design expectations, and drift-direction studies that reveal the anticipated field non-uniformities
near detector boundaries. The upgraded configuration delivers 47 angular coverage and lower
tracking thresholds (down to ~300 MeV ¢~!), meeting ND280 design targets and strengthening
constraints on neutrino-nucleus interaction systematics for T2K. Looking ahead, the upgraded
ND280, including the HA-TPCs discussed here, is expected to serve in the Hyper-Kamiokande
near detector program, delivering high-precision neutrino-nucleus constraints for next-generation
long baseline neutrino oscillation experiments.
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1. Introduction

The long baseline experiment, Tokai-to-Kamioka (T2K) [1] in Japan uses a neutrino/anti-
neutrino beam from J-PARC, to search for CP violation in the leptonic sector. This neutrino beam
is characterised by a 2.5° off-axis near detectors at 280 m. Oscillated neutrinos are observed at
Super-Kamiokande 295 km away, to measure appearance and disappearance channels and constrain
ocp. The major limitations of the original ND280 were limited acceptance of forward charged
particles, limited efficiency for large angles, and a phase-space mismatch with Super-Kamiokande.
Achieving ~30 sensitivity to dcp requires reducing the interaction-model systematics from ~6 %
to ~4 %. During 2023-2024, the original ND280 was upgraded to address these limitations with
three new subsystems (Fig. 1): (i) the Super-Fine Grained Detector (SFGD), a finely segmented 3D
active target; (ii) two High-Angle Time Projection Chambers (HA-TPCs) with resistive Micromegas
readout; and (iii) surrounding Time-of-Flight panels. Together they deliver a 47 acceptance, lower
tracking thresholds, improved PID, vertexing and directionality, enabling stronger constraints on
neutrino-nucleus interaction systematics used in the oscillation analysis.

Figure 1: Upgraded ND280 inside the opened magnet of 0.2 T.

2. The High-Angle Time Projection Chambers

The upgraded ND280 includes two HA-TPCs [2] installed above and below the Super-FGD
inside the magnet. They enhance the tracking of charged particles at large angles and provide
precise 3D tracking with charge and momentum measurements. The design follows the proven
vertical-TPC concept of the original ND280 with two novel features: (i) a single-layer field cage
to minimize dead regions and maximize active volume, and (ii) eight Encapsulated Resistive
Anode Micromegas (ERAM) modules per half of TPC for charge readout [3], improving drift-field
uniformity and tracking precision.

ERAMs employ a thin resistive layer (DLC) on an insulating foil above the anode pads to
spread charge over multiple pads [4], enhancing spatial resolution and reducing the channel count
while mitigating discharges. Each module measures 42 cm X 34 cm and houses 36 x 32 pads of
approximately 11.2mm X 10.1 mm. The test beam campaigns at CERN and DESY (2018-2022)
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Figure 2: Schematic drawing of the HA-TPC and operating principle of an ERAM detector.

validated the design [5], demonstrating submillimetre spatial resolution (better than 0.8 mm) and
lower energy resolution 10% , consistent with the requirements of the upgraded ND280 detector.
Compared to the original ND280 vertical TPCs, the composite field cage reduces the outer-wall-to-
active-volume gap from 12 cm to 4 cm, increasing geometric acceptance [6].

3. Reconstruction

Real data (MIDAS) and MC are processed with the common ND280 offline framework [1].
Waveforms are pedestal-subtracted and converted to pad-time images whose local maxima define
hits (¢,Q). A pattern-recognition stage (TREx method) builds 2D patterns per ERAM using an
edge-junction graph search and merges them across ERAMs; a preliminary straight/helical fit gives
the orientation and timing. For cosmic tracks, the drift coordinate x is obtained from the hit time
and the calibrated drift velocity (plus a constant offset). For beam events, a Ty finder matches
Super-FGD/TOF timing to the J-PARC bunch structure (spacing ~ 600 ns) to set the absolute offset
before fitting. Thanks to the ERAM charge-sharing response, we achieve sub-pad positioning via
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Figure 3: Examples of In(Q1/Qg) and In(Q,/Q) distributions.

logarithmic charge ratios (illustrated in Fig. 3). For each cluster, pads are ordered by collected
charge with Qg the leading pad and Q, Q> the nearest neighbours along the local track direction;
the lateral position inside the leading pad is inferred from In(Q,/Q;) in the center regime and
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In(Q1/Qyp) in the boundary regime. Near pad centres Qo> Q1 ~Q» so In(Q»/Q) is informative,
whereas near pad borders Qo =~ Q1 > Q> so In(Q;/Qp) carries the position information. The
estimator sign is set by the neighbour on the left/right side of the leading pad and is calibrated
per ERAM in drift-distance bins to absorb RC-shaping and diffusion variations. Using logarithmic
charge ratios makes the method robust to global gain changes.

4. Performance Results

We studied the HA-TPC performance using two complementary data sets: horizontal beam
tracks, which constrain the bending-plane response, and vertical cosmic tracks, which probe the drift
(X) direction. The reconstruction employs common calibration and clustering for data and tuned
MC. Overall behaviour matches expectations: spatial resolutions follow transverse diffusion with
drift, momentum resolution scales with effective track length, and dE/dx measurements separate

charged particles with percent-level core widths.
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Figure 4: MC validation of momentum resolution at 1 GeV/c.

To establish momentum performance, momenta are reconstructed with a helical fit in the
mapped magnetic field. A dedicated MC sample at 1 GeV/c exhibits the expected dependence
on track length: horizontal tracks ((L) ~ 1560 mm) reach =~ 2.0 %, diagonal tracks (= 723 mm)
~ 7.3 %, and vertical tracks (=621 mm) ~ 9.2 %, satisfying the < 10 % requirement.
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Figure 5: Reconstructed dE/dx vs reconstructed momentum for horizontal beam tracks: negatively charged
(left) and positively charged (right). MC predictions for muons, electrons, and protons are overlaid.

Charge deposition is reconstructed with a 2D diffusion/geometry pad model, and per-track
dE /dx is computed as a truncated mean over crossed pads. Figure 5 shows dE /dx versus recon-
structed momentum for beam tracks, split by charge, together with MC Bethe-Bloch expectations
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for u*, e*, and p. The muon band is clearly resolved for both charges. Protons populate the
positive sample at low momentum, while electrons/positrons appear at low momentum in the
negative/positive samples. Over the accessible phase space, data follow the MC trends.

For spatial performance in the bending plane, per-cluster residuals are evaluated in bins of drift
distance, and each distribution is fitted with a double Gaussian, and the amplitude-weighted width
is taken as the resolution. As expected from transverse diffusion, the resolution degrades with drift,
and the beam data meet the design goal across the fiducial range, closely following MC. The Fig. 6
summarises the bending-plane spatial resolution versus drift.
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Figure 6: Drift-dependent performance of spatial resolution: horizontal beam tracks (left); vertical cosmic
tracks (right).

Drift-direction residuals from vertical cosmic tracks provide a stringent validation of the HA-
TPCs drift model, quantifying both spatial resolution and bias along X. In the central drift region
the resolution is flat, but it degrades toward the cathode and readout endplates, consistent with
boundary-driven non-uniformities in |E |, as shown in Fig. 7. The bias is small in the bulk yet
exhibits localised edge excursions and asymmetries near these boundaries, symptomatic of field
distortions. Applying the electric-field correction map in reconstruction substantially reduces these
edge biases and restores a more uniform response, confirming that |E | non-uniformities dominate
the observed effects.
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Figure 7: Drift-direction performance from cosmic tracks vs. drift coordinate x: (left) resolution; (right)

bias, showing edge effects near field non-uniformities.
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5. Conclusions

The near detector of T2K, ND280, is upgraded, and the HA-TPCs are functioning reliably. A
prevalent reconstruction-simulation framework utilised for cosmic and J-PARC beam data demon-
strates commendable Monte Carlo agreement, attaining spatial resolution beneath below 800 pm
and dE /dx resolution < 10 % across various track angles and drift distances. The results fulfill
design specifications and provide the necessary tracking and energy-loss performance for ND280,
which, along with the Intermediate Water Cherenkov Detector, will support the Hyper-Kamiokande
programme, with the HA-TPCs.
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