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Type-I superconductors
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Source: Wikipedia

type-I according to recent data:
Phys. Rev. B
106, L180505 (2022)

https://en.wikipedia.org/wiki/List of superconductors
http://doi.org/10.1103/PhysRevB.106.L180505
http://doi.org/10.1103/PhysRevB.106.L180505


Type-II superconductors
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Source: Wikipedia

https://en.wikipedia.org/wiki/List of superconductors
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Type-I superconductor
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Pb metal:

Hc = 600Oe

Nature 134, 286 (1934)

http://doi.org/10.1038/134286b0


Type-II superconductor
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Pb-Tl alloy:

Hc = 1750Oe !

Nature 135, 581 (1935)

http://doi.org/10.1038/134286b0
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Alexey Abrikosov

1928�2017

1947: passed Landau's �theory minimum�

1951: PhD on thermal di�usion in plasma

Landau: �Be independent. Read the journals,

attend the seminars, and most importantly,

discuss with experimentalists�

1952�57: Ginzburg-Landau theory for

κ > 1/
√
2, type-II superconductors

1955: Habilitation on quantum electrodynamics

1965�1987: head of department at

Landau Institute of Theoretical Physics

1972: Fundamentals of the Theory of Metals

from 1991: Argonne National Lab, US

2003: Nobel Prize in Physics

�I deem the applicant's theory wrong, but scientists

have not reached a consensus on this problem yet,

and the applicant's work contributes to developing

this consensus�

recommendation letter by Abrikosov
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Intermediate state vs. vortex state
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Intermediate state
(type-I superconductor)

Vortex state
(type-II superconductor)

phys. stat. sol. 13, 471 (1972); Sci. Reports 5, 8677 (2015)

http://doi.org/10.1002/pssa.2210130216
https://doi.org/10.1038/srep08677


Type-II superconductor
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Each Abrikosov vortex carries the �ux of Φ0

Image credit: S. Hunklinger, Festk�orperphysik and Fir0002 (CC-BY-SA)

https://www.degruyter.com/document/doi/10.1515/9783110567755
https://commons.wikimedia.org/wiki/File:Apricot and cross section.jpg


Isolated vortex

Magnetic �ux enclosed in a cylinder

Supercurrent embraces the vortex

ξ ≪ λ, i.e., Ψ ̸= 0 except in the very center of the vortex

Superconductivity I, SS 24 Vortices, and where is the critical �eld?

Supercond. Sci. Tech. 27, 063001 (2014)

http://doi.org/10.1088/0953-2048/27/6/063001


Lower and upper critical �elds
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Bc1 � departure from linear behavior

Bc2 � zero crossing

Phys. Rev. Lett. 111, 157002 (2013)

https://doi.org/10.1103/PhysRevLett.111.157002


Lower and upper critical �elds
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Equal area construction

Gross and Marx, Festk�orperphysik



Critical �elds
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Image source: Hyperphysics

http://hyperphysics.phy-astr.gsu.edu/hbase/Solids/scbc.html


Material / Technology

Nb-based intermetallics
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Ginzburg-Landau parameter
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Source: Gross and Marx, Festk�orperphysik



Penetration depth vs. critical �eld
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Nb

Tc = 9.3K
Bc2 = 0.8T

MgCNi3

Tc = 6.4K
Bc2 = 11.5T

Supercond. Sci. Technol. 19, R41 (2006)

http://doi.org/10.1088/0953-2048/19/8/R01


Superconductors for high-�eld applications
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Source: Gross and Marx, Festk�orperphysik



Key materials
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Nb3Sn

Tc = 18K

Bc2(0) = 29T

very brittle

NbTi

Tc = 9.2K

Bc2(0) = 14T

ductile

Discovered in 1954 (Nb3Sn) and

1962 (NbTi)

(Very) di�cult to fabricate

Image source: IEEE Trans. Appl. Supercond. 17, 1149 (2007)

http://doi.org/10.1109/TASC.2007.898447


Inner structure of the wire
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Image source: C.M. Fischer, Master Thesis (University of Wisconsin-Madison)

https://fs.magnet.fsu.edu/~lee/asc/pdf papers/theses/cmf02msc.pdf
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Tc = 9.2K

Bc2(0) = 14T

ductile

Discovered in 1954 (Nb3Sn) and 1962 (NbTi)

Very di�cult to fabricate

Constitute almost all commercial superconducting magnets:

NbTi below 10T, Nb3Sn up to 18− 20T

Image source: IEEE Trans. Appl. Supercond. 17, 1149 (2007)

http://doi.org/10.1109/TASC.2007.898447
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Price considerations

CERN (2015)
NbTi: $150 per kg of wire

Nb3Sn: $1500 per kg of wire

Hyper Tech Research (2020)
NbTi: $200 per kg of wire

Nb3Sn: $600 per kg of wire

PPMS system
9T magnet: at Uni Leipzig

14T magnet: +$100,000

16T magnet: +$200,000
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Image credit: Charlie Sanabria (CC-BY-SA)

https://indico.cern.ch/event/440690/contributions/1089752/attachments/1143848/1639300/U4 final.pdf
https://www.snowmass21.org/docs/files/summaries/AF/SNOWMASS21-AF7 AF0 Michael Tomsic-178.pdf
https://commons.wikimedia.org/wiki/File:ITER wire.jpg
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