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Abstract—Nuclear fusion promises to be a prac�cally inexhaus�ble energy source and research 
on its exploita�on started in the 1940s, unfortunately, only successful for nuclear weapons so 
far. Atempts for producing energy for the benefit of humankind set in nearly simultaneously 
but turned out to be much more challenging. Two different approaches to create a plasma hot 
and dense enough to produce more energy by fusion reac�ons than required for its genera�on 
were followed since the very beginning: The first being iner�al confinement that mimics the 
mechanism in nuclear weapons. The nuclear fuel is heated and compacted extremely fast 
resul�ng in a very dense plasma with a high fusion rate limited to the �mescale the plasma 
needs to expand during the resul�ng explosion. Recently, a net energy gain, where the fusion 
energy exceeded the energy deposited in the nuclear fuel (Q>1) was achieved for the first �me. 
The second approach relies on a magne�c confinement of the charged par�cles and can in 
principle lead to a con�nuously burning plasma. However, a net energy gain was not realized 
so far. In both cases, the progress was con�nuous but slow, since there was no immediate need 
for fusion power plants. The first fusion device aiming at a useful energy gain (ITER, Q ≈ 10) has 
been under construc�on for many years now and it will take more than another decade un�l 
experiments with a burning plasma will start. Europe plans a first demonstra�on reactor 
(DEMO) producing electricity for the second half of this century. 
The situa�on changed with the broad public awareness of the climate change crea�ng an 
immediate need for alterna�ve energy sources. Fusion was reconsidered but the exis�ng 
programs were obviously too slow to face the challenge; thus new, privately funded ini�a�ves 
took the stage. The vast majority of these projects is based on the idea to increase the magne�c 
field for confinement, which is only possible by using high temperature superconductors. A 
higher magne�c field enhances the power density of the burning plasma and enables much 
compacter designs, which in turn promises a significant cost reduc�on and commercial viability 
of fusion power plants. 
However, the increased power density leads to other challenges, among them the increased 
neutron (and heat flux) density. A small frac�on of the neutrons will reach the superconduc�ng 
magnets degrading their performance and hence limi�ng their life�me. 
I will follow the journey of the neutrons from their birth in the plasma to the magnets and 
discuss the damage produc�on, the resul�ng defect structure and the influence on the 
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proper�es of the insulator, the stabilizer and the superconductor. The change of 
superconduc�ng proper�es will be the main focus and demonstrated by results of neutron 
irradia�on experiments on high temperature superconduc�ng tapes performed at the TRIGA 
reactor in Vienna. The introduced defects have a posi�ve effect on the cri�cal current by 
improving pinning but the enhanced scatering degrade the transi�on temperature and the 
superfluid density because scatering is pair breaking in d-wave superconductors. The 
compe��on between improved pinning, which dominates at low neutron fluences, and the 
degrading scatering leads to a peak in the cri�cal current as shown in Fig. 1.[1] While the 
degrada�on can be modelled due to its universal behavior, the change in pinning depends on 
the pris�ne defect structure of the tape and the energy of the incident par�cles. 
The implica�on for the life�me of conven�onal and compact fusion reactor concepts will be 
compared. Finally, possible mi�ga�on strategies will be discussed.  
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Figure 1. Rela�ve change of the cri�cal current density at 30 K, 15 T a�er fast neutron radia�on 
(E>0.1 MeV) as a func�on of fluence.[1] 
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