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ABsTrACT: RIPTIDE is a novel fast-neutron detector that determines neutron energy and direction via
n-p elastic scattering, imaging recoil-proton tracks in a plastic scintillator through a lens, MCP-PMT
intensifier, and fast CMOS camera. We present the first experimental characterisation of the HICAM
FLUO camera with minimum-ionising particles (MIPs) using a simplified single-arm setup in which
a mirror provides a simultaneous second view of the scintillator within a single frame. Two cubic
scintillators are tested, BC-408 and CsI(Tl): muon tracks are clearly observed in CsI(Tl) while no
track-like signal is detected in BC-408, in quantitative agreement with Monte Carlo simulations.
A weighted RANSAC algorithm for reconstructing 3D track directions from the dual projections
is presented. These results constitute a preliminary analysis on a limited data sample, providing a
proof-of-principle for the full RIPTIDE fast-neutron detection chain.

Keyworbs: Image processing; Neutron detectors (cold, thermal, fast neutrons); Photon detectors for
UV, visible and IR photons (solid-state) (PIN diodes, APDs, Si-PMTs, G-APDs, CCDs, EBCCDs,
EMCCDs, CMOS imagers, etc); Scintillators, scintillation and light emission processes (solid, gas and
liquid scintillators)
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1 Introduction

Fast neutron detection via n-p elastic scattering has been explored with scintillating fibre-based
trackers such as SONTRAC [1] and MONDO [2, 3], which are constrained by the spatial resolution
of fibre bundles and readout complexity. The RIPTIDE (Recoll Proton Track Imaging DEtector)
concept [4-10] addresses these limitations by collecting recoil-proton scintillation light from a cubic
BC-408 converter through a compound lens and an MCP-PMT image intensifier onto a fast CMOS
sensor, preserving full 2D track information with a simpler optical readout. This work presents the first
experimental characterisation of the RIPTIDE detector with minimum-ionising particles (MIPs), using
a single-arm setup in which a mirror at 45° provides a second crystal face view within the same frame.
With this setup, the identifiable proton track length is of order 1 mm; using the range-energy relation
for protons [11] the system is sensitive to fast neutrons in the 30-150 MeV range via double scattering.

2 Experimental setup

HICAM FLUO I

e /

Lens system Scintillator and mirror

Figure 1. Experimental setup schematic.

Two cubic scintillators were tested: BC-408 [12], the primary converter material chosen for
its high hydrogen content; and CsI(TI) [13], used as a high-yield reference. Key properties are
summarised in table 1.

Scintillation light was collected by a compound lens (effective focal length ~ 33 mm) at 110 mm
from the crystal, providing a 90x90 mm? field of view, ~ 50 mm depth of field, and 1:6 magnification.
Images were recorded by the HICAM FLUO [15], integrating a GaAsP-photocathode MCP-PMT
(model V9501U-73 from Hamamatsu) with a P46 phosphor screen, and a Cyclone-2000-M CMOS
sensor read at up to 2166 Hz (figure 1).



Table 1. Scintillator properties [12—-14].

Property BC-408 CsI(T1)
Dimensions (mm?) 40%x40x40 25%25%25
Light yield (ph/MeV) ~1x10* ~ 5.4 % 10*
Peak emission (nm) 425 550

Decay time (ns) 2.1 ~ 680
Density (g/cm?) 1.03 4.51
GaAsP QE at peak (%) ~ 40 ~ 35
Effective yield (pe"/MeV) ~ 4 x 10° ~ 1.9 x 10*

3 Results and discussion

3.1 Expected photon yield and detection efficiency

Particle interactions and optical photon transport were simulated with GEANT4 [16]. Datasets of 1024
events were generated for cosmic muons — with realistic sea-level energy and angular distributions —
in both CsI(TI) and BC-408, and for 30 MeV recoil protons in BC-408 as a reference; all particles
were propagated through the full active scintillator volume. The photoelectron (pe) yield per event
was estimated by convolving the simulated photon-hit distribution on the photocathode with the
GaAsP QE curve of the MCP-PMT (peak ~ 43% at 520 nm); photocathode thermal dark noise
was also included, superimposing a Poisson-distributed background of spurious photoelectrons on
each simulated image. The detection-chain efficiency (geometric X QE) is ~ 0.08% for BC-408
and ~ 0.11% for CsI(T1), the difference arising from the better spectral match of the CsI emission
(~ 550 nm) to the GaAsP peak (effective QE 38.3% vs 27.6% for BC-408 at 425 nm). For muons
the simulation gives (8 + 4) x 10! pe/event in BC-408 and (9 + 5) x 10? pe/event in CsI(Tl) — an
~ 11X improvement driven by the higher intrinsic yield (5.4x), better QE match (1.4x), and larger
energy deposition in CsI(T1) (14 MeV vs 8 MeV in BC-408). Recoil protons stop within < 2 mm,
producing a local photon density ~ 50x higher than a MIP and compact saturated blobs rather than
extended linear tracks (figure 2, right). Consequently, muon tracks in BC-408 are expected to be
near or below the detection threshold and invisible, whereas CsI(T1) muon tracks and BC-408 proton
blobs produce clearly identifiable signals (figure 2, left and centre).

Simulated MCP-PMT image — muon / Csl(TI) Simulated MCP-PMT image — muon / BC-408 Simulated MCP-PMT image — proton / BC-408
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Figure 2. Simulated MCP images: muon in CsI(TI1) (left), muon in BC-408 (centre), and 30 MeV recoil proton
in BC-408 (right).



3.2 Experimental observation of muon tracks

Clear muon scintillation tracks were observed in the CsI(T1) crystal upon exposure to cosmic muons
at sea level. A representative raw frame is shown in figure 3 (left): two roughly parallel columns
of bright blobs — the direct scintillator view and its mirror reflection — are consistent with the
expected MIP topology. No track-like signatures were observed in BC-408, in quantitative agreement
with the simulation.

3.3 3D muon track reconstruction

The dual-view geometry provides two simultaneous projections of the scintillation track, sharing the
same vertical axis Z (image rows map to the same physical depth in both ROIs). Each frame is processed
as follows. Blobs are extracted by intensity thresholding and connected-component labelling, discarding
components below a minimum area; centroids are computed by the centre-of-mass operator. A density
filter retains only centroids with at least Ny, neighbours within radius 74, and assigns each a weight
proportional to its local neighbour count. Pixel coordinates are converted to physical millimetres using
the 25 mm crystal face: 6, = 25/Wdir, 6x = 25/Wmir, and separate Z scales ¢, = 25/h for each ROL
The 3D track is parametrised as Y = m,Z + g, (direct ROI) and X = m,Z + g, (reflected ROI).
Each fit uses the RANSAC algorithm [17] for outlier rejection, implemented via scikit-learn [18],
followed by a density-weighted OLS pass on inliers. The slope uncertainty is estimated as

Zi in.ri2 -
o= \Jﬁ’ S = iz - 2)%, 3.1)
zz

where r; are the per-centroid residuals and 7 is the inlier count. The 3D zenith angles are calculated using

0 = arctan\/m3 + m3 , (3.2)

with oy propagated analytically from o7, and o7,,. Figure 3 shows a representative raw frame
(left) alongside the reconstructed 3D track (right).

Z [mm]

Figure 3. Left: Raw HiCAM FLUO frame showing a muon track in CsI(TI). The two columns of bright blobs
are the direct scintillator view and its mirror reflection. Right: Reconstructed 3D track of the right frame:
Blue/orange points are centroid inliers from the direct/mirror views; the red line is the fitted trajectory; the grey
wireframe is the 25 x 25 x 25 mm? crystal.



4 Conclusions

We have reported the first observation of cosmic-muon scintillation tracks with the RIPTIDE optical
chain, using a CsI(Tl) crystal imaged by the HICAM FLUO camera in a dual-view single-arm
setup. No signal is detected in BC-408, in quantitative agreement with GEANT4 simulations. A
weighted RANSAC algorithm reconstructs the 3D track direction from the dual-view projections, as
demonstrated on a representative frame. The agreement between the CsI(TI) observation and the
simulation validates the photon-transport model, which predicts the detection of recoil protons in
BC-408, confirming that neutron-induced track detection is within reach of the full RIPTIDE system.
These results are preliminary, obtained on a limited data sample; a larger acquisition campaign with
the complete RIPTIDE optical chain is ongoing.
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