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Abstract - This report is about my experience
at Narodowe Centrum Badań Jądrowych (NCBJ,
Poland), a traineeship of three months (May-July
2015) thought to be a part and an enrichment
of my master thesis Development of gamma ray

spectroscopy camera for fusion plasmas about the
European project of the JET Gamma-ray Camera
Upgrade (GCU). The work is divided among a
study of different CeBr3 scintillator sizes and a
comparison between a fast photomultiplier tube
and a silicon-photomultiplier.

I. INTRODUCTION

In a fusion plasma, fast ions are an important topic
of studying because they are strictly related to the con-
ditions of the plasma itself: knowing the distribution of
fast ions, for example, one can deduce how good are the
heating and the confinement processes.

One kind of the most studied fast ions are α-particles
because they are thought to be at the base of the self-
sustainable heating processes of a burning plasma. To-
gether with neutrons, the α-particles are products of DT
reactions of a fusion plasma therefore they are 2-3 or-
ders of magnitude more energetic than the fuels. Being
charged, α-particles stay inside the core of the plasma
and so they can exchange energy with the fuels and keep
heating them.

Because of their position in the plasma, direct measure-
ments of α-particles are very difficult, thus this kind of
studies requires a significant development of dedicated di-
agnostics. One example is the Gamma Ray Camera: ex-
ploiting the reaction between the α-particles and the im-
purities, the camera detects gamma-rays that can give in-
formations about the spatial distribution/redistribution
of the fast ions and fusion alphas in selected ranges of
their energy distributions and to follow their evolution in
time1. The reference reaction is the following:
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In addition to 4.44 MeV gamma-ray line, gammas with
energy of 6.13 MeV are also observable. They come from
the reaction:
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The GCU project is based on the improvement of the
the existing spectroscopic and count rate capability by
replacing the 19 detector used heretofore with new faster
and better energy resolution detector modules (the new
detectors will be able to sustain count rate in excess of
500 kHz and energy resolution equal or better than 5% at
1.1 MeV); on the implementation of a Control and Moni-
toring System (C&M) of the detectors which can sustain
the high count rate measurements provided by the new
fast detectors2. The thought solution is to use LaBr3
or CeBr3 scintillators coupled to silicon photomultipliers
(SiPM) and to use specific software for online operations
in a digital acquisition chain.

My work at NCBJ has been mostly about comparison
between different sizes of CeBr3 and between a classical
fast photomultiplier tube (PMT Hamamatsu R9420-100
with mu metal shielding) and a silicon-photomultiplier
(SiPM from Hamamatsu, model MPPC S12642-0404PB-
50) shown in fig.10. All the measurements are done with
a CAEN digitizer DT5720 with the firmware DPP-CI.

Figure 1: Picture of used devices. Together with the
MPPC, there is also the electronic board that is necessary

for the operation of the device.

II. SCINTILLATORS

Due to the harsh environment in which the measure-
ments will take place3, the scintillator needed for the
gamma-ray detection has to be fast, with high effective
atomic number and density, characterized by a good lin-
earity and a good brightness.

The best candidates that can satisfy all the require-
ments are LaBr3 and CeBr3, even if they are both hy-


