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Abstract
A newly developed fast digital spectrometer for neutron spectroscopy is presented.
A pulse shape discrimination (PSD) performance of the spectrometer has been eval-
uated within two experiments with different neutron energies.
The experimental measurements of secondary neutrons were carried out in the lab-
oratory of Van de Graaff accelerator and at the Proton Therapy Center in Prague. For
both experiments a liquid scintillator detector BC-501A (NE-213) was used.

Neutron gamma analyser NGA-01
The neutron gamma analyser is built as a modular system allowing the use of differ-
ent type of scintillationdetectors. Thepreamplifier splits the signal fromdetector into
twobranches. Eachbranch is amplifieddifferently anddigitizedby separate ADC.Dif-
ferent amplification increases the dynamic range of particles that the NGA-01 is able
to process.
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Fig. 1: Neutron gamma analyser NGA-01.
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Fig. 2: Neutron gamma analyser software.

The input analog signal is digitized with fast 12-bits analog to digital converter with
sampling frequency of 1 GHz. Digital signal processing is implemented into FPGA.
FPGA is able to process all data flowing from ADC (12 Gbits per second). Measured
data from the detector are processed into gamma and neutron spectra. The analyser
NGA-01 is connected with a computer via an optical ethernet of 10 Gbit.
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Fig. 3: Scheme of analyser NGA-01.

Van de Graaf accelerator - experimental D-T channel
The measurements were carried out in the Van de Graaff accelerator laboratory of
the Institute of Experimental and Applied Physics at the Czech Technical University
in Prague. The experimental arrangement in the Van de Graaf laboratory is shown in
the Fig. 4. We utilized the experimental channel L1 with 5 mm beam diameter ter-
minated by tritium target with a diameter of 40 mm. The accelerating voltage of 1.2
MV for the D-T reaction of maximum energy 17 MeV was used.
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Fig. 4: Detector arrangement in the Van de Graaff accelerator laboratory.

The pulse-shape discrimination capability of liquid scintillator BC-501A has been eval-
uated and the results are presented in Figs. 5 and 6.

Fig. 5: PSD vs. total light 2D plot for BC-501A. Fig. 6: Figure of Merit vs. total light for BC-501A.

Proton Therapy Center - secondary neutrons and pro-
tons measurement
The proton beam is based on the use of positively charged elementary particles
of hydrogen atom nuclei. The protons are accelerated in a cyclotron type Pro-

teus 235 to a speed equal to approximately half the speed of light. This also deter-
mines their energy, which reaches up to 230 MeV.
The experimental arrangement in the irradiation room of the Proton Therapy Center
is shown in the Fig. 7. We utilized narrow proton beamwith a diameter of 10mm that
was directed into the plastic cylindrical phantom with a diameter of 250 mm and a
height of 310 mm. The distance between the plastic phantom and detector was 1 m.
Accelerated protons with energies 150 and 200 MeV were used. Secondary neutrons
were produced by nonelastic reactions with the plastic phantom.
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Fig. 7: Phantom arrangement in the PTC.
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Fig. 8: Transport system of accelerated protons.

Monte Carlo simulations of detector neutron response matrix were performed using
MCNPX 2.7.0 + MCUNED. A new interface for tracking particle events in the parallel
mode has been utilized.

Fig. 9: PSD vs. total light 2D plot for an primary
proton energy of 150 MeV. Escaping protons and
electrons are separated by the red dashed line.

Fig. 10: Normalized pulse-height spectrum (PH)
without photon and escaping proton events for
a primary proton energy of 150 MeV. PH spectra
of incident secondary neutrons and protons are
identified using MC simulation.

Fig. 11: PSD vs. total light 2D plot for an incident
proton energy of 200 MeV. Escaping protons and
electrons are separated by the red dashed line.

Fig. 12: Normalized pulse-height spectrum (PH)
without photon and escaping proton events for
a primary proton energy of 200 MeV. PH spectra
of incident secondary neutrons and protons are
identified using MC simulation.

Fig. 13: Detector light output response for neu-
tron energies of 10, 50, 100, 150 and 200 MeV.

Fig. 14: Secondary neutron and proton flux spec-
tra for primary proton energies of 150 and 200
MeV.
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