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Research Programme including irradiated materials
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Research programme – irradiated materials
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Research programme – defects due to irradiation
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Research programme – from dpa to damage parameter
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Research programme – additive decomposition of damage tensor
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Research programme – He+ and Ar+ irradiated materials
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Research programme – nanoindentation vs Gurson model
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Research programme – radiation hardening model
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Research programme – radiation hardening model
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Research programme – radiation hardening model
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Research programme – experiment versus rad. hardening model
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Required beam: particle, energy and properties
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Sections 1, 2 and 3

Protons with energies in the range of: 

• 1 – 2.5 MeV

• 2.5 – 12.5 MeV 

• 12.5 – 250 MeV

Typically: 

Proton energy: 12.5 MeV

Average beam current: 1–20 mA

Peak beam current: 20–80 mA

Average beam power (1 mA): 12.5 kW 

Normalized RMS emittance: 0.1–0.4 π·mm·mrad

Full bunch length: 0.1–0.3 ns
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Other requirements: 
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• Cryogenic installation to maintain target (specimen) at low temperature 
during beam-solid interaction (Cu, Al, Nb, Ti, AISI 316L, AISI 316LN etc.) 

• Installation for irradiation of low and high-temperature superconductors 
(NbTi, Nb3Sn, MgB2, Bi-2212, REBCO etc.) 

• Possibility of using He+ and Ar+ in the research program
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SWOT analysis for the project
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S (Strengths): Unique capability on a global scale; research program

spanning a broad temperature range; ability to evaluate the performance of

LTS and HTS after irradiation to high dpa levels.

W (Weaknesses): Stringent technical requirements for the experimental

setup, including cryogenic systems and the handling of superconducting

materials.

O (Opportunities): Development of a dedicated expert team, including

doctoral students actively participating in the experiments, with strong

potential for international research collaborations and patent generation.

T (Threats): Challenges associated with securing sustained long-term funding for
the design, prototyping, and fabrication of LINAC systems, including cryogenic
detector infrastructure; and the risk that competing groups may complete similar
research within the project’s timeframe, potentially diminishing its ‘first-in-the-
world’ advantage.
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Conclusions
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• Project focused on the investigation of radiation hardening in
metastable and intermetallic materials for cryogenic applications.

• The subject is well aligned with the research profile of the group
working at the Laboratory of Extremely Low Temperatures at CUT.

• Excellent opportunity to explain the mechanisms of radiation hardening
in materials widely used under cryogenic conditions, including
superconductors.

• Cryogenic installation at the target station enabling reduction of defect
recombination after irradiation.

• Possibility to investigate the effect of irradiation on the critical surface
of low- and high-temperature superconductors.

• Development of robust and reliable constitutive models for irradiated
materials, including radiation hardening associated with all types of
radiation-induced defects in a weakly excited crystal lattice.
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