Radiation Effects of REBCO coated conductors and insulation
materials for High-Radiation environments with the US-Japan HEP
collaboration
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1 High-Temperature Superconductors opens new application space but sensitivities to radiation unknown
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Higher current densities and critical temperatures roughly
translate to better and more capable magnets
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* These factors motivate radiation aspect of this study

Irradiations shown to alter Jc, Tc, Microstructure
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2 Crucial Superconducting-Magnet Insulation Materials found to be Gamma-Radiation Sensitive
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accelerators like the proposed FCC

guench training

CTD-101K very widely utilized
NHMFL mix-61 magnet demonstrated greatly reduced
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Reducing Quenching training time crucial in future

Reed and Evan’s ATLAS Experiment’s End Cap Toroid
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(ECT) resin also studied as an alternate epoxy to mix-61
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Mix-61, ECT generally show superior pristine
strength but CTD-101K’s radiation resistance
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makes it the overall outperformer
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Gamma Irradiation done at QST
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Tests done at 293, 77 Kelvin
ASTM Short-Beam Shear,

Flexural tests done

Follow up Failure Mode Analysis
and Microscopy also done
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| We therefore recommend NHMFL mix-61 and
ATLAS-ECT for low-dose applications and CTD
101K for its strength and unparalleled
radiation resistance
Unique PIE capabilities (15.5 T, 500 A, 4-80 K)
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allowed us to examine REBCO cc’s themself
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3 The Effects on Coated Conductors Warrant Materials Science Investigation of the REBCO superconductor
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Monte Carlo simulations confirm activation of REBCO
Transmutation simulations point to radiation swelling
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from (n, a) reactions being a potentially serious issue
with fusion magnets constructed from REBCO cc’s
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Machine Learning May be a useful tool for Variational
uantifying damage to microstructure Autoencoder
? ying E Architecture
code used and

adjusted for
this task

Figure 15: Variational Autoencoder Architecture

Code was able
to take in noisy
data and output
‘smooth’ images

(a) Input Slice - Pristine (b) Model Reconstruction (¢) Reconstruetion Error

(d) Input Slice - Irradiated (e) Model Reconstruction 2 (f) Reconstruction Error 2

Figure 22: VAE Slice Reconstruction
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(a) Kr Irradiated Input (b) Detected Anomalies

Reconstruction with Anomalies 1

(a) Kr Irradiated Input 1 (b) Detected Anomalies Overlaid 1 (c)

(c) Labeled Mask with Anomalies

| Precision Recall Fl-score Support
Pristine 0.83 0.89 0.86 2234
Trradiated | 0.39 0.27 0.32 566

(d) Kr Irradiated Input 2 (e) Detected Anomalies Overlaid 2 (f) Reconstruction with Anomalies 2

Figure 25: VAE Anomaly Detection: Kr Anomalies From Test Set

Machine Learning May be a useful tool for
quantifying damage to microstructure

Unsupervised code made good initial run at identifying
‘defects’ from HRTEM images but more work to come
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