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• Tandem Van De Graff accelerator at Triangle Universities
Nuclear Laboratory (TUNL)
• Terminal voltages: 1.5MV, 2MV, …, 4.5MV, 5MV [total 8]
• Source: unpolarized deuterium ion
• Target: tritiated titanium with embedded deuterium
• Neutron production:
• 16 neutron energies
• D + T → n + 4He (Q = +3.270 MeV)
• D + D → n + 3He (Q = +17.590 MeV)

from 5 to 27 MeV
• ns bunches with 10300 kHz frequency

• MicroCHANDLER:
• 3 x 3 x 3 scintillator cubes
• Two sides of 3 x 3 Hamamatsu PMTs with light guides
• BPM fed-in from the beam
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• QF =

• Matching PMT waveforms
against the BPM waveform
• Improved time resolution
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• Mean and variance of
neutron TOF energy from
toy MC
• Verified with simulation II

TOF(16ns)

1) Make TOF cut to obtain the proton recoil spectrum due to DD or DT neutrons
2) Apply energy reconstruction for selected events

End-point Fit
(used in QF calculation)
• Neutrons quasipreliminary
elastic scatter with
free protons
• Maximum proton
recoil energy
corresponds to single
scattering with 0°
• Fit the spectrum end-point with a function
describing the scattering edge and detector
resolution

Full Spectrum Fit
(in progress)
• From simulation III, apply various quenching
model (kB, kC) and energy resolution to the
spectrum of proton recoil energy
• Pearson's χ2 test on all
16 proton recoil
spectrum with data
• Additional process of
10B(n, γ) and/or the first
12C excited state to
model peak ~4.4 MeV
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• Best fit parameters (preliminary):
kB = (6.70 ± 0.60) × 10-3 g/cm2/MeV
kC = (4.69 ± 0.91) × 10-5 (g/cm2/MeV)2

• First measurement of quenching factor in plastic scintillator (EJ-260)
with energy ROI of [5,28] MeV
• Compatible with other measurement with lower neutron energy
• Fast neutrons above 6 MeV can mimic the IBD signal in [3,8] MeV
• The proton quenching factor will be used as the input of our neutron
shielding study for CHANDLER detectors
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Three separated Gaussian
peaks in TOF (left to right) :
γ, DT neutron, DD neutron
• Neutron kinetic energy
from TOF difference:
𝐾𝐸𝑛 =

Results
Preliminary

•

Event synchronization

Events

Data
Simulation

Neutron Time-of-Flight Energy
Reconstructed Energy(MeV)

•

Calibration
Day-to-day PMT gains calibrated with
Landau peak of the muons
Visible energy calibrated from the inverse
of vertical muon energy-ADC matrix, using
minimum log-likelihood algorithm similar
to MiniCHANDLER [1]
Simulation
Two independent simulations of neutron
energy from 2H(d,n)3He and 3H(d,n)4He
Deuterium energy loss in the 12.5 μm
Havar foil simulated with SRIM database

Events

CHANDLER is an antineutrino detection technology based on
plastic scintillating cubes. The prototype detector,
MiniCHANDLER, has observed a significant inverse beta decay
signal with no overburden and minimal shielding [1] (see #493).
Fast neutrons are the dominating
background in a surface-level detector,
which induce prompt proton recoil
events. We study the energy nonlinearity of proton recoils (proton
quenching) in MicroCHANDLER
2
Feldman-Cousins Δ χ test shows a
prototype with a neutron beam.
5.5 σ of IBD signal in MiniCHANDLER.
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