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Case study: elemental superconductors
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• Elemental superconductors

• µSR in studies of type-I superconductivity

−Sn

−Bi-II

−Ga-II

• Universal relations for type-I superconductors

Outline
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Elemental superconductors
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Most of elemental superconductors are of a type-I

For some elemental superconductors the type of superconductivity is still not known!
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Intermediate state of type-I

superconductors



Intermediate state of type-I superconductor
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Sharvin et al., ZhETPh, 33, 1341, 1957 Faber, Proc.Roy.Soc., A248, 460 (1958)

Magnetization curve of cylindrical mercury specimen 
measured at increasing ( ⊙ ) and decreasing ( + ) fields. 
Hc is thermodynamic critical field measured in parallel 
field. 

Desirant and Shoenberg, Proc. Roy. Soc. 194, 63 (1948)



Intermediate state of the sphere
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µSR on type-I superconductors



µSR on type-I superconductors
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µSR in type-I superconductors

Page 11

0 5 10 15 20

Bex
S S S

BS = 0

BN = Bc

SSN N N N

P
(B

) 
(a

rb
. u

ni
ts

)
B (mT)



Raw data: elemental Sn
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Raw data taken at Bap = 15 mT at 
T =  0.90 K [panels (a) and (d)], 
2.25 K [panels (b) and (e)], and 
2.70 K [panels (c) and (f)].
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µSR on β-Sn



Way to measure: elemental Sn
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Temperature scans

Page 15

0.0 0.5 1.0 1.5 2.0 2.5 3.0
0

100

200

300

B
 (

m
T

)

T (K)

0.1000

0.3000

0.5000

0.7000

0.9000

Furier 
Amplitude

Bex



Temperature scans
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Field scan at T=2.50 K
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Field scans
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B-T scans
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Information obtained from 

µSR on type-I sc’s



Demagnetization: scaling of f(T) and f(B)
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f(T) curves scale with 

1/(1-tc2) at corresponding B

T-scans

Demagnetization: scaling of f(T) and f(B)
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Demagnetization: scaling of f(T) and f(B)



α-model [Johnston, SST 26, 115001 (2013)]

The single-band -model of superconductivity was first developed by Padamsee et al

[J. Low Temp. Phys. 12 387 (1973)]. It is adapted from the single-band Bardeen–
Cooper–Schrieffer (BCS) theory of superconductivity to allow fits to electronic heat 
capacity versus T data that deviate from the BCS prediction. The model was further 

reconsidered by Johnston [SST 26, 115001 (2013)].

The model assumes that the normalized superconducting order parameter 
∆(T)/=∆(0) is the same as in BCS theory, calculated using the weak-coupled BCS 

value αBCS = ∆(0) / kBTc = 1.764. On the other hand, to calculate the electronic free 
energy, entropy, heat capacity and thermodynamic critical field versus T, the -model 

takes α to be an adjustable parameter.



α-model. Gap equations



α-model. The Entropy, Heat capacity and Free energy



T-dependence of the thermodynamic critical field
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Universal relations for type-I 

superconductors



Universal relations for type-I superconductors
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Kind of a “Uemura line” for conventional type-I superconductors!



Universal relations for type-I superconductors
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In single-element superconductors γ
is spread between 1 and 3!



Universal relations for type-I superconductors

1.5 2.0 2.5 3.0
3.5

4.0

4.5

5.0

Al

V Ta
Sn

TlTl0.9Bi0.1
In

Nb(Butler)Nb(Arnold)
V3Si1V3Si(Kihl)Nb(Rowell)Mo

Pb0.4Tl0.6La

V3Ga

Nb3Al(2)

Nb3Ge(2)Pb0.6Tl0.4

Pb
Nb3Al(3)

Pb0.8Tl0.2

Hg Nb3Sn

Pb0.9Bi0.1

Nb3Al(1) Nb3Ge(1)

Pb0.2Bi0.2

Pb0.7Bi0.3

Pb0.65Bi0.35

2 
α

 =
 2

∆
/k

B
T

c

∆C(Tc) / γeTc



Conclusion

Single element superconductors are still 

very interesting objects to be studied!

The universal trends for type-I 

superconductors become a consequence 

of a strong coupled BCS approach!



Thanks 

M. Elender, H. Luetkens, A. Amato, E. Morenzoni, R Gupta, D. Das 
• Laboratory for Muon Spin Spectroscopy, Paul Scherrer Institute

R. Karl, F. Burri, S. Gvasaliya, M. Donega
• ETHZ, Zurich



α-model with free α
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