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Neutron measurements play a crucial role in the operation of modern fusion devices – they are 

the foundation for predicting fusion power, monitoring and extrapolating the performance of 

plasma scenarios, as well as tritium breeding and fast ion physics studies. The work presented 

in the paper has mainly been driven by the need for a better understanding of the properties of 

fusion neutrons emitted from D and DT plasmas at the JET tokamak, calling for a strengthening 

of the coupling between plasma modelling and neutron transport codes. We present findings 

addressing the following interconnected key objectives: 

 Establish whether changes in neutron emission properties arising from perturbations in 

plasma conditions affect fusion power measurements at JET, and determine to what 

extent the differences in neutron emission properties contribute to JET's systematic 

discrepancy (“neutron deficit”) between measured neutron rates and those calculated 

by integrated modelling codes; 

 Implement improved plasma neutron emission modelling methodologies into routine 

synthetic diagnostics output, which can be used for validation of integrated modelling 

codes and fast ion physics studies; 

 Compare neutron emission modelling results stemming from different methodologies 

and computational chains in order to cross-validate plasma modelling codes. 

In the last decade the development of fusion modelling suites has progressed largely, with 

significant effort invested into code coupling. Such integrated modelling frameworks enable a 

wholesome approach to interpretive and predictive analyses of complex and correlated 

phenomena in fusion research, ranging from plasma physics to concept fusion power plant 

performance. In the paper we give an overview of the recent progress in the coupling of plasma 

and neutron transport codes, focusing on the parallel development of methodologies for 

modelling of realistic plasma neutron sources. These comprise state-of-the-art plasma transport, 

two-body kinetics and neutron transport codes – specifically we will compare two recently 

developed computational chains, TRANSP-DRESS-MCNP and ASCOT-AFSI-SERPENT, 

presenting the most comprehensive modelling work ever undertaken on this subject. The 

neutron emission properties of several JET D plasma discharges, focused on scenarios using 

the NBI system for externally heating the plasma, are modelled in detail through interpretative 

plasma simulations. The calculated neutron emission results are used for assessing the 

sensitivity of neutron yield monitors to changes in plasma conditions. In addition the 

calculations are used for propagating the uncertainty in modelling parameters, e.g. electron 

temperature and density, to the uncertainty in neutron emission characteristics and fusion power 

measurement. The advantages of an integrated approach to plasma neutron source modelling 

are highlighted, e.g. description of the effects of NBI heating on neutron emissivity profiles and 

neutron energy spectra. The paper will be concluded with the prospects of applying the 

developed methodology for realistic plasma neutron source modelling to the upcoming JET DT 

campaign and its importance for precise, and plasma scenario independent fusion power 

measurements. We will comment on the extrapolation of the use of the coupled plasma-

neutronics modelling to other tokamak devices, such as KSTAR, JT-60SA and ITER, taking 

into account the expected differences in neutron yield monitor and neutron emission properties 

in comparison with JET. 
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