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Vortex Matter in Superconductors
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Type II superconductor

• 𝜅 > 1/√2

• External magnetic field allows passing via quantised 
vortex lines

Repulsive interaction between vortices.

Pinning of vortex lines.



Vortex Matter in Niobium
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T. Reimann et al Physical Review B 96, 144506 (2017) 

Type II Superconductor

• Superconducting Transition Temperature 9.2K

• Bc2 ~ 0.5T

Vortex matter in Niobium

• Immediate Mixed phase 0.1T < B < 0.2T
• Shubnikov phase



Resonant Ultrasound Spectroscopy (RUS) and 
Elasticity of Crystals

16.09.2024PSI Center for Neutron and Muon Sciences4

S. G
h

o
sh

 et al, Scien
ce ad

van
ce. 6

, 1
0

 (2
0

2
0

)

• RUS measures Eigenmodes of the sample
• Depend on sample dimensions, density and elastic modulus
• RUS measures all elastic moduli 𝑐𝑖𝑗 simultaneously.

• RUS is highly sensitive to changes in lattice strength.

For example:
BCC crystal has 3 components to the elastic tensor

c11 .. compression 
c12 .. torsion
c44 .. shear



Spectrum computation
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J. Torres et al., JASA 151, 3547 (2022)

Calculate Eigen frequencies
by Rayleigh-Ritz method.

Compare calculation to 
experiment

Adapt input parameters

Get the new initial cij
*



Spectrum computation
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J. Torres et al., JASA 151, 3547 (2022)

Calculate Eigen frequencies
by Rayleigh-Ritz method.

Compare calculation to 
experiment

Adapt input parameters

Get the new initial cij
*We use the package RUScal

https://github.com/RUS-ORNL/RUScal



RUS experimental setup
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• Crystal is clampled by transmitter and receiver transducers.
• F.G controls the frequency of excitation.
• Amplifier gain the response signal.
• DAQ records data and plotting in screen of PC.



RUS Spectrum of Niobium (Nb)
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Nb crystal in stick

(*): By K. J. Carroll thesis, 1962

➢ Rectangular shape.

➢ Dimensional: 3.84 x 4.10 x 9.40 mm3

➢ Mass: 1.2528 g

➢ c11 = 245.6 GPa, c12 = 138.7 GPa, c44 = 29.3 GPa (*)
RUS spectrum of Nb at  T = 16K



Comparison measured and calculated Spectrum
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C11 ~ 124.38

C11 ~ 132.67

C44 ~ 188.49
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- 2 compression modes
- 1 shear mode



Eigenmodes as function of tuning parameters
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Temperature (K)

B = 0 T

Tc ~9.25(7)K

T = 2K



Phase transition of Niobium by RUS measurement.
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Meissner 

IMS

Shubnikov

S. Mühlbauer et al, PRL 102, 136408 (2009) 
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Conclusion
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Developed RUS experiment successful investigate the phase 
transition of Niobium cause the change of elasticity.

RUS useful tool for the investigation vortex phases and phase 
transitions
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Supplementary Information
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In the second-order phase transition, Landau theory:

Robert G. Leisure et al. Ultrasonic spectroscopy. chapter 5
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Adding the term for order parameter (Q) and elastic strain (e) coupling (F c) and elastic energy
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𝐴 𝑓 = 𝑏𝑘𝑔 +
𝐴0

𝑓 − 𝑓0 + 𝑖Γ
𝑒−𝑖𝜃



Elastic tensor computing
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