Elastic response of a superconductor between 17 and 340 K by
Resonant Ultrasound Spectroscopy
V.N. Pezzullo
National High Magnetic Field Laboratory-Los Alamos National Laboratory, Los Alamos, NM, USA
Florida State University, Tallahassee, FL, USA

Abstract
The thermodynamics of a de-twinned single crystal of the high temperature superconductor YBa2Cu3O6.56 in the range of 17 K to 340 K can be studied using Resonant Ultrasound Spectroscopy (RUS)
to measure the elastic moduli, a fundamental thermodynamic susceptibility. Ultrasound measurements have contributed to establishing the nature of superconductivity in conventional and unconventional
superconductors. Elastic moduli, that determine the sound speeds, are thermodynamic derivatives of the free energy along with specific heat, thermal expansion, permeability and permittivity. The
sensitivity of RUS to thermodynamics and transport (through the ultrasonic attenuation) makes it an effective tool to explore the phase diagrams in cuprates.
We observe thermodynamic signatures at the superconducting transition TC =59.6 K and at a temperature T*= (278.5 ± 1.5)K, observations that assist our understanding of this superconductor.
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RUS measures the frequencies of normal modes of vibration or mechanical
resonances of a specimen being studied as follows:
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Fig. 4: Specimen of YBa2Cu3O6.56
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• Specimen is placed between two piezoelectric transducers with no bonding
agent and light contact only to ensure free-surface boundary conditions for
the vibrations.

Experimental Results
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T*= (278.5 ± 1.5)K
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• One transducer is driven with a frequency sweep.
• The second transducer detects the mechanical response to the drive.
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• Resonance frequencies depend on elastic moduli (sensitive to phase,
thermodynamics, and more), shape, dimensions, and temperature.
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Peak at T=(278.5 ± 1.5)K

TC= 59.6K

Fig. 5: The
probe
containing
the
specimen
is placed in
the 4He
flow
cryostat.

Fig. 7: Stack of RUS spectra around a resonance
frequency for several temperatures. We decreased
the step interval between temperatures around T*
=(278.5 ± 1.5)K and observe a shift in frequency
around this temperature.

Fig.2: Drawing of
the RUS transducer
setup. The blue
parallelepiped is the
specimen and the
gold discs on top and
bottom are the
piezoelectric
transducers.
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Fig. 1: RUS transducers

Transducers

Fig. 6:
Close-up of
the
transducers
setup in the
probe.
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TC= 59.6 K

We observe the following thermodynamic features for the high
temperature superconductor YBa2Cu3O6.56
• RUS spectra show a shift in frequency around T* and sharp peaks
around TC

All of the specimen’s elastic moduli can be obtained in the above-described single
measurement sequence. Using an iterative inverse algorithm and the measured
frequencies, mass, geometry, dimensions, and crystal symmetry of the specimen for
rectangular parallelepiped, cylinders, or spheres, we can obtain the highest absolute
accuracy for any routine elastic modulus measurement technique.

Fig. 10: AC
susceptibility
measurements show
the superconducting
transition temperature
TC = (58.9 ± 0.2)K at
Zero Field.
Inset: AC
susceptometer.

Fig. 8: Stack of RUS spectra around a resonance
frequency for several temperatures. We decreased the
step interval between temperatures around TC= 59.6 K
and observe an increase in sharpness of the peaks
around TC and therefore a decrease in attenuation.

Conclusions

Fig. 3: Typical spectrum from a frequency scan of YBa2Cu3O6.56 at a temperature of 134 K exhibits very sharp peaks
at resonance frequencies (the normal modes).

Fig. 9: Frequency vs. temperature and attenuation vs. temperature. We
observe a sharp feature at the superconducting transition TC= 59.6 K in
both plots. We can identify a broad peak in frequency around T*= (278.5
± 1.5) K with a corresponding peak in the ultrasonic attenuation.

• RUS frequencies (sensitive to elastic moduli) exhibit a broad peak
around T* =(278.5 ± 1.5)K, associated with a sharp peak in the
ultrasonic attenuation.
• We identify T* with the pseudogap temperature consistent with
polarized neutron scattering [3] and magnetization [4]
measurements.
• RUS frequencies show the superconducting transition at
TC = 59.6K with a sharp feature in the ultrasonic attenuation.
• AC susceptibility measurements show the superconducting transition
at TC= (58.9 ± 0.2)K at Zero Field.
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