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A single vortex in the quantum regime

— Creating a potential well

— Observation of quantum tunneling

— Spectroscopy of energy levels
Quantum dissociation of a vortex-antivortex pair
Vortex qubit

— Designing double-well potential

— Operation and readout scheme

— Interface to RSFQ
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Perturbed sine-Gordon equation:
model for a long Josephson junction

. —@,=sing+ap, - PP, -y Normalized units:

X - AJ ~10l,lm

. 5 . _1 ~
Vortex is the soliton solution for a=6=)=0 t - w,;” ~10ps

a quasiparticle tunneling

[ surface losses

y bias current




Annular Josephson junction
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Vortex as a quantum particle

W fluxon
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‘ ‘ ‘\; long Josephson junction

Vortex mass my ~W wmp  for W=1pm, m ~103m,
quantum effects are expected at T < 100 mK
_ _ he,
Major decoherence factor - dephasing by Josephson plasmons
B
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,Fingerprint® of a trapped vortex
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Vortex in the washboard potential
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Vortex escape from a potential well
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Experiments with ultra-narrow
long annular Josephson junctions
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analog electronics
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Observation of quantum tunneling of a
Josephson vortex

Quantum tunneling Hﬁf
at T<90 mK g
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Histograms of the vortex depinning current Histogram width versus temperature
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Microwave-induced transitions between
guantum levels

Experiments in the frequency
range 10 - 40 GHz
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Measurements of vortex energy levels

Energy level separation
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Two different escape processes?
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Annular junction without trapped vortex

no vortex
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lo(H): no trapped vortex
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Dissociation of a vortex-antivortex pair at 1=1.

Numerical simulation:

X

magnetic field ¢, (X,t)

Magnetic fiely ¢




Switching current measurements

P(l) distributions versus bath temperature
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Annular junction without
trapped vortices
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Experimental data: standard deviation of P(l)
distributions vs T and H

theory: M. Fistul

e dissociation of a vortex-
antivortex pair

 decay of a “stretched
breather” state

thermal decay
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Vortex qubit

Shaped long Josephson junction

vortex coordinate




Summary

Quantum tunneling of a single Josephson
vortex is observed for the first time

Vortex energy levels in a potential well are
measured by microwave spectroscopy

Quantum dissociation of vortex-antivortex
pairs is observed in annular junctions with no
trapped vortices

Vortex qubit state can be designed by tailoring
the junction shape




Catching a vortex

Trick 1:

Heat above T,
(Apply current)
Cool below T,
Pray

Success rate: < 5-10% ‘
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