
1 

 

Design of neutron and gamma ray diagnostics for the start-up phase of the 
DTT tokamak 

 
M. Angelone1, D. Rigamonti2, M Tardocchi2, F. Causa2, S. Fiore1, L. C. Giacomelli2, G. 
Gorini3,2, F. Moro1, M. Nocente3,2, M. Osipenko4, M. Pillon1, , M. Ripani4, R. Villari1 

 
1
ENEA, Centro Ricerche Frascati, Frascati, Italy

 

2Istituto per la Scienza e Tecnologia dei Plasmi, CNR, Milan, Italy 
3Dipart. di Fisica “G. Occhialini”, Università degli Studi di Milano-Bicocca, Milano, Italy 

4Istituto Nazionale di Fisica Nucleare, Genova, Italy 

 
e-mail : tardocchi@ifp.cnr.it  
 

Abstract 
 
The Divertor Tokamak Test (DTT) facility, which is under design for construction in Frascati 
(Italy), will produce neutron yield up to 1.3*1017 n/s at full power (H-mode scenario). This 
calls for an accurate design and selection of the 2.5 MeV neutron diagnostic systems and 
detectors which can give the comprehensive exploitation of the high neutron fluxes. 
Measurements of 14 MeV neutrons (which are about 1% of the total neutron yield) coming 
from the triton burn-up will also be performed. DTT will reach its best performances after a 
preliminary phase, needed to assess and improve the machine parameters. Here we present 
the neutron and gamma-ray diagnostics systems which are under design for the initial start-up 
phase of DTT. The design work benefits from the experience gathered by the community on 
high power tokamak such as JET.  These systems, also called day-1 diagnostics, are: 
i) Neutron flux monitors which measure the 2.5 and 14 MeV neutron yields, 
ii)  Neutron/Gamma camera for the reconstruction of the neutron and gamma ray emission 
profile of the plasma, 
iii)    Hard x-ray monitors for measurements of the bremsstrahlung radiation produced by 
runway electrons in the 1-40 MeV energy range 
 
1.0 Introduction 
 
The Divertor Tokamak Test (DTT) facility, which is under design for construction in Frascati 

(Italy), will produce neutron yield up to 1.3*1017 n/s at full power (H-mode scenario). This 

calls for an accurate design and selection of the 2.5 MeV neutron diagnostic systems and 

detectors to give the full exploitation of the high neutron emission. Measurements of 14 MeV 

neutrons (which are about 1% of the total yield), due to triton burn-up, will also be 

performed. DTT will reach its best performances after a preliminary phase (called Day-1) 

needed to assess and improve the machine parameters. Here we present the neutron and 

gamma-ray diagnostics systems which are under design for the Day-1 phase of DTT. The 

design work benefits from the experience gathered by the community on high power tokamak 

such as JET. The broad range of measurements targeted on present day tokamaks is going to 

be largely relevant also for DTT. However, the overall duration of the plasma pulse around 
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100 seconds and the ten-fold increase of neutron flux, expected to be in the 1017s-1 range, will 

pose new challenges for achieving the desirable coverage with adequate space and time 

resolution. 

 

2.0 Neutron flux monitors 

Neutron diagnostics will be ready at the DTT start-up to provide the basic information for the 

DTT operation in the Day-1 phase. These diagnostics tools feature well proved levels of 

affordability as they are based on long lasting experience gained in other tokamaks. No 

further studies are needed for their implementation and in some cases (e.g. fission chambers) 

detectors already available e.g. at FTU will be re-used.  

A system of fission chambers moderated with polyethylene arranged at 120° toroidal angles 

will monitor DD neutrons. Furthermore, three groups of commercial diamond detectors [1,2] 

for the measurement of the burn-up neutrons (14 MeV) produced by the D-T reactions, about 

1% of the neutron yield, will be used. Diamond detector can be covered with a layer of 6LiF 

combined to polyethylene moderator so to make them sensitive also to DD neutrons and 

perform simultaneous detection of total and 14 MeV neutron emission (already proven at 

JET) [2].  

Activation foils will be used for total absolute neutron yield measurements and for 14 MeV 

neutron measurements using high threshold reaction materials. This requires a pneumatic 

system with 3-4 irradiation ends located inside the VV close to the plasma and a gamma-ray 

laboratory, reachable by the pneumatic system, where to perform spectrometry measurement 

using HPGe (High Pure Germanuim).  

Calibration of the neutron monitors will be necessary, which can be attained against neutron 

activation of selected foils of suitable materials (e.g. In). A dedicated calibration campaign 

(e.g. as performed for the JET-3 campaign) is to be envisaged at the DTT start-up. This 

requires a 252Cf neutron source and a 14 MeV neutron portable neutron generator. 

 

3.0 Neutron/Gamma camera 

The main role of the neutron/gamma camera is the reconstruction of the spatial neutron and 

gamma ray emissivity. One horizontal camera is envisaged, with the option of one/two 

vertical line of views, due to the limited access at the top of the machine in case the double 

null magnetic configuration is adopted. The reference for this diagnostic is the JET 

neutron/gamma profile monitor. The DTT camera is made of about 10 horizontal lines of 

sights (LS). Each LS is associated to a suite of detectors: NE213 liquid scintillator for 2.5 
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MeV neutrons, a Bicron plastic scintillator for 14 MeV neutrons and a LaBr3 scintillator 

crystal for gamma-rays detection [3].  

Other recently developed detectors such as two inorganic scintillator crystals called, CLYC 

and TLYC enriched with 7Li and featuring good energy resolution and neutron gamma 

discrimination are also being considered for 2.5 MeV neutrons, since they can provide a good 

energy resolution. Solid states detectors are very compact and could be placed in front of the 

scintillators providing complementary information. However, their use strictly depends on the 

expected neutron fluxes. Among these detectors, artificial diamond and Silicon-carbide (SiC) 

detectors provide higher neutron hardness but their response to 2.5 neutrons needs to the 

investigated (e.g. by unfolding method). Methods based on the n-γ signal discrimination for 

diamond detectors are considered too. 

The diagnostics for the so-called exploitation phase are intended for a more accurate and 

detailed analysis of DTT plasmas. They may require further R&D activities and include: 

neutron spectrometers based on the Time Of Flight and HXR/Gamma-ray (HXR, Hard X-

Rays) spectrometers. These diagnostics require a few dedicated lines of sight and although 

their implementation will happen at a later stage, their interface issues should be addressed 

from the beginning. Calibration sources such as Am-Be neutron source and gamma-ray 

sources should be made available for in situ calibration.  

 

4.0 Bremsstrahlung radiation monitors 

Hard x-ray monitors (HXR-γ) for measurements of the bremsstrahlung radiation produced by 

runway electrons in the 1-40 MeV energy range are foreseen. HXR-γ detectors measuring 

radiation in the 10 MeV range measure the Bremsstrahlung radiation emitted by Runway 

Electrons (RE) [4]. HXR monitors, typically consist of an organic scintillator, most often 

C6F6, and primarily provide an alarm when a population of runaway electrons is born in the 

plasma. The signal is proportional to the runaway electron current, although a quantitative 

relation between the two parameters is hard to establish. Four such detectors placed at the 

four cardinal points will be deployed in DTT. More detailed and quantitative information will 

be provided by HXR spectrometers based on an inorganic scintillator measuring the spectrum 

of the bremsstrahlung emission. Different plasma volumes can be observed associating the 

spectrometers with collimators. One can compare the experimental data with a synthetic 

diagnostic or alternatively one can attempt to derive the runaway distribution function 

directly from data and by adopting a suitable deconvolution method. Despite the uncertainties 
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the deconvolution process can yet yield robust parameters such as the evolution as a function 

of time of the maximum energy of the runaway electron population, as well as the runaway 

electron current with ms time resolution. 

A Cherenkov probe diagnostic [5] will be inserted inside DTT’s vessel to measure the fast 

RE escaping the plasma [6,7]. The Cherenkov probe consists of a diamond detector coated 

with a thin Ti/Pt/Au interlayer to filter out visible and UV and a Mo layer to set an energy 

threshold for the electrons. A triple Cherenkov probe, with three different energy thresholds, 

located at the equatorial plane could perform an energy scan of the RE. Probes are coupled 

via optical fibres to photomultiplier placed outside the torus hall. Correlating the signals to 

those from other diagnostics (HXR, MHD activity, neutrons) allows to study the impact on 

RE of several mechanisms from MHD to kinetic. The phase difference between the signals of 

the two probes toroidally separated by 180° can be used to evaluate rotational effects of the 

plasma and to distinguish different MHD activities. Neutron induced noise, e.g. nuclear 

reactions in the diamond detector and to scintillation processes in the optical fibres, is to be 

carefully evaluated.  

Last, but not least, runaway electrons can be detected also by visible (VIS) and near infrared 

cameras (NIR) (wavelength range 300 ÷ 5000 nm) intercepting the forward emitted 

synchrotron radiation [8]. Similarly, VIS and NIR spectrometers can detect the same 

radiation and analyze their energy distribution so that using imaging and spectral analysis are 

collected together. Simultaneous observations in the two opposite toroidal directions can 

unmistakably identify the presence of RE as they develop in the plasma core. A REIS 

prototype was tested in FTU, AUG and TCV [9]. The REIS system will be integrated in the 

plasma monitor system and the spectrometer tools in order to improve the detection of hot 

spots or abnormal events in plasma discharges. 
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