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Introduction

The Joint European Torus[1] (JET) carried out its second deuterium-tritium (DT) campaign 

(DTE2) in 2021. It was an important step on the way to develop future viable fusion 

reactors[2] in which the majority of the plasma heating will be due to so-called fast ions being

born in fusion reactions in the plasma, a process known as plasma self-heating[3,4]. 

Understanding how fast ions behave and interact with the bulk plasma is therefore 

* Please see the author list of [1]
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paramount[5,6]. The behaviour of fast ions is governed by the fast-ion distribution. In this 

work, we have used neutron emission spectroscopy (NES)[7,8] measurements to 

tomographically reconstruct the fast-ion deuterium distribution in JET discharge 99971[9]. 

Deuterium neutral beam injection (NBI)[10] was injected at ~110 keV, forming a significant 

minority population in the plasma (~5%). The bulk plasma is tritium-rich, with a ~15% D 

population, as Figure 1 shows. Both the NBI and bulk D populations were accelerated by 

ICRF heating tuned to the fundamental D cyclotron frequency. This was on purpose to 

maximize fusion reactions (DT cross-section peak at ~110 keV). 

This work is the first time that the fast-ion distribution has been reconstructed from 

experimental data in a DT discharge. It was achieved by using so-called weight functions[11-

16] which can be used to linearly relate the fast-ion distribution F to the diagnostic signal

S . The heating of the plasma in JET pulse 99971 is beam-target dominated[17], making 

analysis via weight functions suitable[12]. Furthermore, the fast-ion distribution was assumed 

to be spanned by a set of expansion functions based on slowing-down physics[18,19]. This 

has been shown to result in improved reconstructions[20,21]. The inverse problem solved in 

this work can be written as (a 0th order Tikhonov problem)

A*=argmin
A ‖(W Ψ

λ L0 ) A−(S0)‖2

2

where A are the expansion coefficients of the slowing-down functions, W is the weight 

matrix[22], Ψ is a matrix with the slowing-down functions, λ is the regularization 

parameter and L0 is the identity matrix. From the optimal set of expansion coefficients

A* the optimal fast-ion distribution is computed as F*=Ψ A* .

Experimental setup

In this work, experimental data was collected for 1 s between the 8.5 s and 9.5 s timepoints, as

Figure 1 shows. In this work we are using neutron measurements from one diagnostic with a 

perpendicular LOS (KM14[23,24]) and two diagnostics with oblique LOS (KM15[23,25] and 

the MPRu[26]). 

Results

As can be observed in Figure 2, the fast-ion distribution in JET pulse 99971 is found to be 

anisotropic with a bias towards positive pitches (co-going ions). This bias is by construction, 
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since co-current NBI was used. The fast-ion distribution likely peaks in energy around

E∼60−70 keV. 

Figure 1. A plot showing the evolution

of the bulk deuterium and tritium

plasma densities for JET pulse 99971.

The black vertical lines indicate the

time window of interest for this study.

The diagnostic measurements used in

the reconstruction of the fast-ion

distribution were collected during this

time window.

Figure 2. The reconstructed fast-ion distribution in JET pulse 99971, with varying regularization ( λ ).

At low levels of regularization (Figure 2a), the fast-ion distribution is plagued by artefacts and

fractured. At high levels of regularization (Figure 2f), the fast-ion distribution is more 

coherent and the peak is predicted to be located at slightly higher energies. In addition, the 

bias towards positive pitches is less pronounced. At most levels of regularization, we can also 

observe how the fast-ion distribution seems to have a tail close to pitch values of 1.0, that 

goes up to energies higher than the NBI injection energy. With ICRF heating, a fast-ion 

population above the NBI injection energy is possible. However, the tail in the reconstructions

in Figure 2 is prominent and close to pitch values of 1, characteristics not expected for a tail 

as a result of the employed heating scheme. This suggests the tail above the NBI injection 

energy in this work is more likely to be an artefact appearing due to few measurements, rather

than physics.
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