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Superconducting Magnets Materials
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Structural (SS316)

Stabilizer (Copper)

Superconductor (ReBCO)

Erica Salazar, “Quench dynamics and fiber optic quench detection of VIPER high 

temperature superconductor cable”. MIT, 2021

Insulator (Kapton®)
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Superconducting Magnet Materials

Official - Sensitive - Commercial 3

Structural (SS316)

Stabilizer (Copper)

Superconductor (ReBCO)

Support magnet to ensure low strain in superconductor

Provide a medium of cooling (Coolant channel to superconductor)

Carries current during a quench

Zero resistance pathway for current during reactor operation

MagnetInsulator (Kapton®)

Prevents short circuits and ensures safe voltage isolation
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What is a quench?
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Erica Salazar, “Quench dynamics and fiber optic quench detection of VIPER high 

temperature superconductor cable”. MIT, 2021

Superconducting fusion magnets can store ~20 GJ of 

electromagnetic energy (4780 kg of TNT)
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Temperature Margin
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Fischer, David X., et al. "The effect of fast neutron irradiation on the superconducting 

properties of REBCO coated conductors with and without artificial pinning 

centers." Superconductor Science and Technology 31.4 (2018): 044006.

Quenches initiate at the critical temperature
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Temperature Margin
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Quenches initiate at the critical temperature

What is Wigner energy?
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Wigner Energy

Was, Gary S. Fundamentals of radiation materials 

science: metals and alloys. springer, 2016.

Hirst, Charlie – Wigner Energy Presentation

Hirst, Charlie – Wigner Energy Presentation

Cu Formation Energy Migration Energy

[eV] [eV]

Vacancy 1.27 0.8

Interstitial 2.2 0.12

Sum 3.5
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Wigner Energy

Hirst et al. Thermochim. Acta. (in prep)
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Temperature (T/Tm)

Tm = melting point

Simulation produced by Hirst, Charlie – Wigner Energy Presentation
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Consequences of Defects
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R. Losehand, F. Rau, and H. Wenzl, "Stored energy and electrical resistivity of 

Frenkel defects in copper," Radiation Effects, vol. 2, no. 2, pp. 69–74, 1969, doi: 

10.1080/00337576908235586.

1.74 J g-1

Erica Salazar, “Quench dynamics and fiber optic quench detection of VIPER high 

temperature superconductor cable”. MIT, 2021

63.0 J input to heat Cu from 10K → 18K

• Implies ~3000 g of Cu, using 0.021 J/g

Losehand et al. (fluence: 0.45 × 10¹⁸ n/cm²)

• Wigner energy: 0.023 J/g

• Total release: 68.3 J

Richard et al. (fluence: 3.5 × 10¹⁸ n/cm²)

• Wigner energy release: 33.0 J
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Consequences of Defects
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0.42 nOhm-cm

0.16 nOhm-cm

R. Losehand, F. Rau, and H. Wenzl, "Stored energy and electrical resistivity of 

Frenkel defects in copper," Radiation Effects, vol. 2, no. 2, pp. 69–74, 1969, doi: 

10.1080/00337576908235586.

N. J. Simon, E. S. Drexler, and R. P. Reed, Properties of Copper and Copper Alloys at 

Cryogenic Temperatures, NIST Monograph 177, Natl. Inst. Stand. Technol., 1992. 

[Online]. Available: https://doi.org/10.6028/NIST.Mono.177

0.26 nOhm-cm

Phonons

~2.5x !

Residual Resistivity
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Temperature Margin
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General expression for Temperature margin!
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Temperature Margin (special case 1)
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Special case: t=0, above simplies to

Aligning with current definition of Temperature margin
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Temperature Margin (special case 2)
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Special case: T_critical is constant

Echoes………
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Temperature Margin (special case 3)

Official - Sensitive - Commercial 14

Special case: Cp(T)=w(T,t_critical)

Implying that

Meaning: at the critical span (t=t_critical) a quench may occur spontaneously
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The Well’s number
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The Well’s number can be used to interpret, across magnet designs, the 

likelihood of quench initiation after a specified operating duration. Below zero, 

a quench is potentially spontaneous.

With the case,

and the definition,
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Engineering relevance

Official - Sensitive - Commercial 16 R. Losehand, F. Rau, and H. Wenzl, "Stored energy and electrical resistivity of 

Frenkel defects in copper," Radiation Effects, vol. 2, no. 2, pp. 69–74, 1969, 

doi: 10.1080/00337576908235586.

Energy stored: 1.74 J g-1

Fluence: 0.45E18 n cm-2

3.5E18 n cm-2
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Engineering relevance 

(ignoring HTS degradation)
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Engineering relevance

(accounting for HTS degradation)
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Thank you!!
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