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Abstract–The economic viability of fusion power plants such as UK Industrial Fusion 
Solutions’ Spherical Tokamak for Energy Production (STEP) [1] is a function of their size, 
toroidal field (TF) strength and availability throughout their operating lifetime [2]. Cost 
optimisation has led STEP to adopt a compact design featuring TF cables comprising a stack 
of rare-earth barium copper oxide (REBCO) coated conductors (CC), given its excellent 
current carrying capacity at low temperature and high field [3]. However, neutron 
irradiation leads to changes in the superconducting properties of REBCO [4] which in turn 
the operating lifetime of tokamaks [5].  
 
The STEP team developed a plan to characterise the superconducting properties of REBCO 
CC under representative fusion conditions [6], making progress as described in [7]. In this 
work, several commercially available REBCO CC were oxygen ion irradiated in steps of ≈10-

3 displacement per atom (dpa) up to and beyond STEP relevant damage levels. The 
irradiation used an energy filter [8] to more closely mimic the effects of fusion-spectrum 
neutrons. After each step, critical current density, critical temperature and irreversibility line 
were measured, allowing changes in these properties to be tracked with changing damage 
level. Results show that the choice of rare-earth in REBCO affects both the starting critical 
temperature and the rate of its monotonic decline with damage level. Results also show 
that measurement temperature and field strength perpendicular to the tape plane affect 
the trajectory of the change in critical current density of REBCO with damage level, and that 
this trajectory can be modelled as a combination of changing pinning efficiency and a loss 
in superconducting volume.  
 
In this presentation, the irradiation method and results are presented and discussed, along 
with the implications for the design of the STEP and tokamaks in general. 
 
Keywords (Index Terms)–Irradiation, REBa2Cu3O7, HTS Magnet, Tokamak, Toroidal Field Coils, 
Critical Current Density 
 
 

mailto:william.iliffe@ukaea.uk


Acknowledgements: 
This work has been funded by STEP, a major technology and infrastructure programme led by UK 
Industrial Fusion Solutions Ltd (UKIFS), which aims to deliver the UK’s prototype fusion powerplant 
and a path to the commercial viability of fusion. The research used the Materials Research Facility at 
the United Kingdom Atomic Energy Authority, which has been funded by and is part of the United 
Kingdom’s National Nuclear User Facility and Henry Royce Institute for Advanced Materials. The 
authors acknowledge the support of Constantin Csato at mi2-factory and Shavkat Akhmadaliev at 
the Ion Beam Centre of the Helmholtz Zentrum Dresden Rossendof for their support in designing and 
performing the filtered ion irradiation experiment. 
 
References:  
[1] Chapman et al. 2024. doi: 10.1098/rsta.2023.0416 
[2] Sorbom et al. 2015. doi: 10.1016/j.fusengdes.2015.07.008 
[3] Wimbush, Strickland 2017. doi: 10.1109/TASC.2016.2628700 [4] Fischer et al. 2018. doi: 
10.1088/1361-6668/aaadf2 
[5] Nasr et al. 2024. doi: 10.1098/rsta.2023.0407 
[6] Iliffe et al. 2024. doi: 10.1109/TPS.2024.3432992 [7] Iliffe et al. 2024 doi: 
10.1109/TASC.2024.3523248 
[8] Steinbach et al. 2020. doi: 10.1016/j.mee.2019.111203 
 
 
 
IEEE-CSC, ESAS and CSSJ SUPERCONDUCTIVITY NEWS FORUM (global edition), Issue No. 60, Sept. 2025. 
Presentation given at IREF 2025, Gallipoli, Italy, June 2025. 
 


	Abstract–The economic viability of fusion power plants such as UK Industrial Fusion Solutions’ Spherical Tokamak for Energy Production (STEP) [1] is a function of their size, toroidal field (TF) strength and availability throughout their operating lif...
	Acknowledgements:

