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¡ Stimulating Uncertainty …

¡ Amplifying the Quantum Vacuum with Superconducting Circuits

¡ Quantum Mechanics on a Superconducting Circuit

¡ DCE

¡ Superconducting Circuits at COLD

¡ Hawking Radiation





Amplifying the Quantum Vacuum with Superconducting Circuits
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Quantized Modes of  the Transmission Line Resonator

Kinetic term

Potential term
Charge Q and flux f are conjugate variables

[    Outgoing wave +    Ingoing wave ]

Quantization condition

Transmission Line



Dynamical Casimir Effect in Superconducting Microwave Circuits

Johansson Johansson Wilson Nori  PHYSICAL REVIEW A 82, 052509 (2010)

Experiment on a SC circuit: the  
‘‘Mirror’’ is a SQUID. It imposes a time 
dependent boundary condition in the 
CPW.  The SQUID is driven by external
flux bias at frequency wd. 

Vacuum
Radiation

Predicted photon spectrum
DCE photon peaked at wd/2



Experimental Measurement of DCE in a SC Circuit

Wilson, C., Johansson, G., Pourkabirian, A. et al. Observation of the dynamical Casimir effect in 
a superconducting circuit. Nature 479, 376–379 (2011). https://doi.org/10.1038/nature10561

Observed power at wd/2 Data/Theory comparison of photon flux



Superconducting Circuits Implementation of  Vacuum Amplification

Nation et al. REVIEWS OF MODERN PHYSICS, VOLUME 84, 2012



Superconducting Circuits at COLD Laboratory

SIMP

QUAX



HAWKING Radiation



Transmission line with DC SQUID 
as inductances



Use usual flux variable

Determine the wave equation



Space time dependent speed
Depends on applied flux bias Fext

Apply ‘‘travelling’’ flux bias at speed u



Wave equation in the 
comoving frame









PRL 103, 087004 (2009)



Conclusion

¡ Superconducting circuits and Josephson metamaterials offer a unique opportunity to investigate the properties of 
quantum vacuum

¡ DCE was experimentally observed in 2011 setting a stimulating precedent; Hawking Radiation may be the next!

¡ Several of these technology are already available at COLD Lab and the discussion is ongoing with interested
collegues of other institutes for future collaborations and projects.


