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Observation of Coherent Quantum Phase Slip
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* Exact quantum dual to Josephson tunneling
(Coulomb blockade is a “partial” dual)
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1911: Supercurrent,
(Nobel 1913)

1933: Meissner Effect,

L pelic 1952 : Abrikosov Vortex |
1957: BCS Theor (Novel 2003)
~ (Nobel 1972
1962: Josephson Effect,

(Nobel 1973)

2011: Coherent Quantum
Phase Slip (CQPS)
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Josephson Electronics
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. Mooij, N . Nat Physics 2, 169-172 (2006
ExaCt duallty ooij, Nazarov. Nature Physics ( )

[q,d] = -i q = Cooper-pair transferred
(continuous number)

¢ = Phase across junction

Josephson Current: I_sing CQPS Voltage: V_sin(2m)
Kinetic Inductance: @271 cos¢) Kinetic Capacitance: 2e(27 V. cos(2m))*
Shapiro Step: AV =n®,v Shapiro Step: Al = n2ev

Shapiro Step

Supercurrent CQPS voltage




Phase-slip in superconducting nanowires

Thermal phase slip: Coherent Quantum Phase-Slip

CQPS qubit: Exact dual
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Finite voltage J. E. Mooij, C. J. P. M. Harman
across superconducting wires New Journal of Physics, 7, 219
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Atom in open space

MW scattering by a macroscopic
Light scattering by an atom quantum scatterer (1019 Al atoms)

Dipole moment <¢(’[)>=¢|[)<O'_>e_mt 1 (x t)—l—< —> ik|x|~iet
Matrix element ¢, = Ml 5 Py

Natural atoms are weakly coupled to electromagnetic waves (weak scattering)

Artificial atoms are strongly coupled to electromagnetic waves

Strong scattering of propagating waves
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Resonance fluorescence:
Extinction at the degeneracy point

Direct transmission spectroscopy
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The artificial atom strongly interacts with modes of 1D open space
U

Promising candidate for quantum information processing

O. Astafiev, A. M. Zagoskin, A. A. Abdumalikov, Yu. A. Pashkin, T. Yamamoto,
K. Inomata, Y. Nakamura, and J. S. Tsai.
Resonance fluorescence of a single artificial atom. Science. 327 (2010).
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