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T2K ND280 Upgrade & SuperFGD
• T2K is a leading long baseline neutrino 

experiment with a near detector (ND280) in 
Tokai, Japan and SK as far detector (see 
Kandell Mahn’s talk on Monday)
• Recent upgrade to ND280 includes a novel 

scintillator-cube based detector called Super
Fine-Grained Detector (see Abe Teklu, Pooi
Seong Chong’s talk)
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Why SFGD and Neutron?
• Neutrons are the last missing piece in neutrino energy reconstruction
• Many processes produce neutrons, which are not reconstructed 

properly, leaving large system uncertainties

• SFGD allows, for the first time, for reconstruction of neutron kinematics 
with 4𝜋 coverage, improving neutrino energy reconstruction
• SFGD Prototypes were built at CERN and SBU and tested with neutron 

beam at LANL
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SuperFGD Prototype
• 24x8x48 scintillator cubes read out 

by fibres on 3 sides
• 3 types of Multi-Pixel Photon 

Counters (MPPCs) tested
• Gain calibration measured at LANL 

in 2019 
• Per channel PE to MeV ratio 

measured from cosmic runs 
• MPPC response to neutron spill
• Gamma peak comes before neutron 
• Neutron Interaction peak
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SFGD Prototype & LANL 
Beam Test in 2019
• SuperFGD Prototype exposed 

to neutron beam at Weapons 
Neutron Facility at LANL 15L 
• Neutron energy ranges from 0 

to 800 MeV, like T2K neutrons
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Track/Cluster Reconstruction
• Neutron interaction time window: -326 ns < Hit time < 340 ns

• Require #hits > 3 each with PE > 20

• Time clustering: if hits in same time window (17.5ns) then hits belong to same cluster

• Voxelization: three 2D-view matching of time-clustered hits
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• DBSCAN used to group voxels into clusters
• Any voxels within 1.8 cm (√3) cm of each other 

are grouped into the same cluster
• 1 voxel by itself is considered a cluster

Haowei Zheng DPF-PHENO 2024 Pittsburgh



Event Selection
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Select:
• Single track events
• Moderate size (3-8 voxels in cluster)
• Linear-like tracks (reject clusters with too much development 

along the best fit line
• With in the cylindrical fiducial volume around the beam center
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Total Neutron Cross-Section
• Number of vertex attenuates along the z-axis
• Extinction Method used to extract cross section 

on CH from the attenuation
• 𝑁 = 𝑁!𝑒"#$!"!%

• Fit histogram for every energy bin with 
exponential and extract cross section
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Error propagation: 
• Fit exponential as above with gaussian variation of number of events for 

every z-layer and energy bin
• Fill a histogram with the obtained cross-section for each energy bin
• Sum the RMS of the distribution from different sources of systematics
• Stat. Uncertainties from square root of events in z-layer
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Systematic Uncertainty
• Detector Uncertainty
• Compared event rate for each z-

layer in 0! and 180! rotation
• ~10%

• Invisible Scattering
• Elastic scattering not picked up by 

detector
• Tuned MC to data in transverse 

spread
• ~2%, but more significant in low E

• Geometric Acceptance
• Constrained by detector size
• ~2%
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• Time Resolution
• changes energy 
• Negligible

• Light Yield -- Negligible
• Collimator Scattering -- Negligible 
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Results (20 Hours of Data)
• Total neutron cross-section found as function of neutron energy

• Integrated over 98-688MeV: 0.36 ± 0.05 barn with a χ2/d.o.f. of 22.03/38
• Paper: Total neutron cross-section measurement on CH with a novel 3D-projection 

scintillator detector
• Data Release: here
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https://arxiv.org/src/2207.02685v3/anc/data_release_neutronxsec/data_release.root


LANL Beam Test 2020

• 2 Prototypes exposed to neutron beam at LANL 15L in 2020
• SuperFGD Prototype (24X8X48) (Used in 2019)
• US-JP Prototype (8X8X32)

• Test in 3 configurations: 
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Reduction of Systematic Uncertainty

• Detector Uncertainty
• Most detector uncertainty attributed to cube alignment in 2019
• US-JP has better cube alignment, can compare vertex rate to achieve 

better uncertainty

• Invisible Scattering
• New 1mm collimator can reduce transverse spread
• Can retune 2020 MC with 1mm data to reduce systematics due to 

invisible scattering to less than 2%

• Higher time window - lower energy threshold
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Summary

• Total neutron cross-section on CH extracted from SFGD Prototype 
with 2019 data
• Proof of neutron kinematics reconstruction for SFGD-like 

detectors
• 2020 data allow us to study reconstruction with reduced 

uncertainty and lower energy threshold
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Backup
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SuperFGD Prototype MPPCs
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Beam Spill Structure
Detector Setup 

16/05/2024 16Haowei Zheng DPF-PHENO 2024 Pittsburgh


