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What is radiation damage?
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• Radiation damage is the consequence of

exposing a material to energetic particles

• Can be an issue for applications

• And a valuable tool for research

• Irradiation facilities allow introducing

controlled disorder:

• Electron irradiation

• Ion irradiation

• Neutron irradiation

• Gamma irradiation

Cascade defect

Columnar track

Frenkel pairs
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Why does it matter for superconductors?
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• Superconductivity is a fragile state,

irradiation deposits a lot of energy

• Irradiation heat load

• Sensors

• Defects increase scattering

• Superfluid density suppression

• Decrease in Tc

• Dirty superconductor

• Defects are pinning centers

• Jc engineering

• Field dependent
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HTS radiation damage in the past
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Pairing state studies: Pinning optimization: LTS radiation hardness:

40 years of research 
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Why radiation damage in HTS in 2025?
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Compact fusion reactors such as 

ARC, VNS and STX Due to the smaller size, the radiation environment of 

superconductors  in compact fusion reactor will be much more 

challenging than in DEMO like systems

ITER1 ARC2 
(unshielded)

ARC2 
(shielded)

Neutron 
flux 

on TFC

2x1010 
n/cm2s

1x1013 
n/cm2s

6x1010 
n/cm2s

dpa on 
TFC after 

10 years

4x10-4 1 3x10-3

1L. El-Guebaly, FT 1991

 (10.13182/FST91-A29549)
2F. Ledda et al., IEEE-TAS 2024 

(10.1109/TASC.2024.3379114.)

Are enabled by HTS magnets
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Why radiation damage in HTS in 2025?

EUCAS 2025 Porto    7/17

TORSELLO  - Trends and perspectives in radiation damage of HTS

The magnet system in a compact fusion reactor might cost 10-30% of the total1

Therefore, a quantitative understanding of radiation damage in HTS is crucial, and the 

scientific community is taking on the challenge:
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The context and task
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CONTEXT

• Fusion reactor designs are not fixed

• Materials

• Geometries

• Size

• There is no ideal irradiation facility

• Flux

• Spectrum

• Secondary particles

• Results are urgent

• Private companies have tight

schedules

• High dynamics in the research

field

TASK

• Provide technological input for

reactor development

• Define HTS damage threshold in a
fusion environment

• Understand what determines

superconducting performance

suppression

• Experimental characterization in

extreme conditions

• Quantify HTS performance during

irradiation

• Thermal aspects

• Reliability (quench)

Radiation 
environment 

keeps changing

No direct 

experimental 

evaluation

Thrilling! Physics, Materials science, Engineering
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New perspectives!
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BEFORE

• Experimental irradiation

studies focused on before-

after irradiation

• Pinning studies focused on

clean systems: single

crystals, films on insulating

substrate

• Lack of combined

experimental and simulation

studies

NOW

• Performance during

irradiation is also critical:

• thermal and stability

aspects

• Clean systems useful for

understanding

• Performance needs to be

evaluated on REBCO

tapes

• Simulations are

mandatory to extrapolate

to experimentally
unachievable conditions

Devitre, Rev. Sci. Instr. 2024

Unterrainer, SuST 2024
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New measurements!
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• Atomic resolution TEM

• Ptychography

• XAS:

• XANES

• EXAFS Mundet, Nanoscale2020

Lewis, SuST 2024Nicholls, Comm. Mat. 2022
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New simulations!
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• Monte Carlo simulations and

Finite Element Models are mature

• A comprehensive atomistic

description of HTS material under

irradiation is achievable soon

• The computational estimation of

long term behavior and

superconducting properties is

challenging

• Experimental validation is a

crucial and challenging task
Torsello, SuST 2025
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Devitre, Rev. Sci. Instrum. 2024

New facilities!
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• Cryogenic gamma irradiation

• Cryogenic ion irradiation:

• He

• Protons

• Cryogenic neutron irradiation:

• 14 MeV

• Fast neutrons

Chislett-McDonald, SuST 2023

Iliffe, SuST 2021
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New community!
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15-19 February 2027,

Torino (Italy)

www.superfusion.org/iref27

17-22 June 2025,

Gallipoli (Italy)

www.superfusion.org/iref25

12-16 November 2023,

Arona (Italy)

www.superfusion.org/iref23

IRradiation Effects on HTS for Fusion 
Contact: iref@polito.it

Community created online by Simon Chislett-McDonald with the

Informal Workshop on the Irradiation of Superconductors 
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Applications with similar challenges
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• Radiation damage is a challenge also for

• Accelerator magnets

• Neutrons, protons, electrons, gammas

• Broad spectra up to GeV

• High thermal loads

• Space applications

• Rare events

• Extremely high energy particles

15-17 February 2025, CERN
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New challenges… new EC people!
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Summary
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• Irradiation studies on superconductors have a long history:

• Great papers to read!

• HTS radiation hardness in a fusion environment:

• Complex, growing field

• Need for material scientists, physicists, experimentalists,
theoreticians, computationalists, engineers…

• Highly dynamic, young community with great mentors

• For ECR:

• Look for developing fields

• Get involved!

• https://www.esas.org/early-career-professionals

• https://ieeecsc.org/ieee-csc-young-professionals
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Thanks for your attention!

Contact: iref@polito.it

February 2027, 

Torino (Italy)

www.superfusion.org/iref27
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