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Compact neutron spectrometer for fusion research has been char-
acterized. 

 
Within the scope of a project funded by the European Fusion Development Agreement 
(EFDA), a compact neutron spectrometer has been characterized. To this end, a new analy-
sis program has been developed which is based on CERN's ROOT platform. The detector is 
used to measure the neutron spectra resulting from fusion plasma discharges at the Joint 
European Torus (JET, Culham, UK). 

 
Within the scope of a project funded by the European Fusion Development Agree-
ment (EFDA), a compact neutron spectrometer has been characterized. For the 
analysis, a new computer program has been developed based on CERN's ROOT 
platform. The spectrometer is used to measure the neutron spectra resulting from 
fusion plasma discharges at the Joint European Torus (JET, Culham, UK). 
 
Neutron detectors based on a liquid organic scintillator, such as NE213 or BC501A, 
can measure the spectral neutron flux density in the neutron energy range from 
approx. 1.5 MeV to approx. 20 MeV with high energy resolution provided they are 
well characterized and mathematical deconvolution procedures are used. The char-
acterization is described mathematically by a set of response functions which reflect 
the signals expected for incidence of monoenergetic neutrons at given energies. 
 
Such a detector has been characterized with a digital data-acquisition system in 
PTB's neutron reference fields for use as a compact neutron spectrometer with high 
energy resolution at the fusion experiment JET. For this, measurements have been 
performed in neutron fields with 8 MeV, 10 MeV, 12 MeV, 14 MeV and in a neutron 
field with a wide energy distribution. The fact that these fields have a nanosecond 
pulse structure makes it possible to use the time-of-flight (TOF) method in order to 
determine the neutron energy with great accuracy and to separate the neutrons with 
a nominal energy from low-energy contributions (Fig. 1, wide distribution at high TOF 
values in the large graph). The signals of the detector and the reference signals of 
PTB's cyclotron are recorded by the digital data-acquisition system with 200 MHz and 
a resolution of 14 bit (Fig. 1, small graph). The time-of-flight spectrum results from the 
time difference between the detector signal and the reference signal (Fig. 1, large 
graph), from which the neutron energies can be calculated using the flight path which 
is known precisely. For the neutron field with a wide energy distribution, pulse height 
spectra can be generated from the detector signals for any given neutron energy in 
the energy range from approx. 1.5 MeV to 17 MeV by selecting parts of the time-of-
flight spectrum. Fig. 2 shows the good agreement between the pulse height spectra 
thus generated and those recorded in the monoenergetic reference fields. 
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Fig. 1: Time-of-flight spectrum (large graph) for the 14 MeV neutron reference field. The time of flight 

(TOF) between the detector signal (1st broad peak) and the reference signals of the cyclotron 
(2nd and 3rd peaks) is calculated from the signal patterns recorded with the digital data-
acquisition system (small graph). The red bar indicates the selected time-of-flight window. Due 
to the signal processing procedure (signal of the detector as start signal, reference pulse of 
the cyclotron as the stop signal), the time-of-flight spectrum has a time-of-flight axis that reads 
from right to left. 

 

 
 
Fig. 2: Comparison of the pulse height spectrum measured in the neutron field with a wide energy 

distribution (WF) derived using a selection criterion for a small neutron energy range, com-
pared to the pulse height spectrum which was determined for the 14 MeV neutron reference 
field (only a section of the 14 MeV neutron peak was selected, cf. Fig. 1). 

 
Using a new analysis program based on CERN's ROOT platform [1], pulse height 
spectra were selected for 30 energy intervals and the results from Monte Carlo calcu-
lations were adjusted to fit the data. This procedure results in response functions of 
the detector for monoenergetic neutrons in the neutron energy range from 1.5 MeV to 
17 MeV, determined experimentally and numerically. For verification, the pulse height 
spectrum of the measurement of the wide neutron field was deconvoluted using the-
se response functions and the result was compared with the result of the TOF meth-
od. Fig. 3 shows the good agreement of the spectral neutron flux densities thus de-
termined and confirms that the response functions of the detector obtained in this 
way are suited for high-resolution neutron spectrometry in a wide energy range. 
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Fig. 3 Neutron flux densities determined by means of deconvolution procedures using the experi-

mentally determined response functions (red) and the response functions which were calcu-
lated and adjusted to the experimental data ("response matrix", RM) of the detector (blue), 
compared to the spectral neutron flux density which results from the time-of-flight (TOF) 
measurement. 
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