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Josephson tunnel junction
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Koch et al., PRA 76, 042319 (2007)
Vool and Devoret, Int. J. Circuit Theory Appl. 45, 897 (2017)



  

A superconducting quantum processor at IBM

Gil and Green, arXiv:1911.08446 (2019)



  

Nanowire Josephson junction

 Goal of the research

Understanding the physics of Andreev bound states in nanowire Josephson junctions

Maximizing the advantages and strengths of the nanowire-superconductor hybrid systems
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Krogstrup et al., Nature Materials 14, 400 (2015)
Goffman et al., New J. Phys. 19, 092002 (2017)



  

Outline

Part I. Nanowire Josephson junction 

Part II. Josephson junction coupled to a microwave

Part III. Overview of recent studies



  

Part I. Nanowire Josephson junction

- Andreev reflections 

- Andreev bound states 

- Effect of scattering and spin-orbit coupling



  

A single band



  

Andreev reflection
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Cross section

Superconducting proximity effect

Andreev reflection phase: 



  

Ballistic channel
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Dynamical phase

Energy quantization condition



  

δ / 2‒ δ / 2

ARAR

Dynamical phase

Energy quantization condition

Ballistic channel



  

Andreev bound states – ballistic case

δ / 2‒ δ / 2

Bagwell, PRB 46, 12573 (1992)
Beenakker and Houten, PRL 66, 3056 (1991)
Kulik, JETP 30, 944 (1970)



  

Andreev energies from short to long junction length



  

Andreev energies from short to long junction length



  

Andreev bound states with scatterer
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Rashba spin-orbit effect
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Nanowire (InAs or InSb)

Measurement of the SOC: Fasth et al., PRL 98, 266801 (2007)



  

Rashba spin-orbit effect
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Nanowire (InAs or InSb)



  

Rashba spin-orbit effect
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Rashba spin-orbit effect
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Nanowire (InAs or InSb)



  

Rashba spin-orbit effect

Different Fermi velocities μ

Moroz and Barnes, PRB 60, 14272 (1999)

Pseudo-spin



  

Spin-split Andreev levels – ballistic channel

δ / 2‒ δ / 2



  

Spin-split Andreev levels – ballistic channel

δ / 2‒ δ / 2

Park and Levy Yeyati, PRB 96, 125416 (2017)
Tosi et al., PRX 9, 011010 (2019)



  

Spin-split Andreev levels with scatterer

δ / 2‒ δ / 2

Park and Levy Yeyati, PRB 96, 125416 (2017)
Tosi et al., PRX 9, 011010 (2019)



  

Part II. Josephson junction coupled to a microwave

- Coherent coupling 

- Readout: state-dependent frequency shift



  

Superconducting LC resonator

Quantum fluctuation

Vool and Devoret, Int. J. Circuit Theory Appl. 45, 897 (2017)



  

Resonator-coupled Josephson junction

First order Second order



  

Frequency shift of the resonator

…

First order coupling contribution 

Second order coupling contribution 

Park et al., PRL 125, 077701 (2020)



  

State-dependent frequency shift - short Josephson junction

Park et al., PRL 125, 077701 (2020)



  

State-dependent frequency shift - short Josephson junction

Metzger et al., PRR 3, 013036 (2021)
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Part III. Overview of recent studies

- Spectroscopic study of spin-split ABSs 

- Dynamical parity selection using a microwave 



  

Pair transitions : ground state to excited state

Single quasiparticle transitions
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Particle-hole symmetry

Transitions between Andreev levels by a microwave



  

Pair transitions

Single particle transitions

Transition energies
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Transitions between spin-split Andreev levels by a microwave
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Tosi et al., PRX 9, 011010 (2019)
Metzger et al., PRR 3, 013036 (2021)
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Experimental setup – Quantronics group at CEA Saclay



  
Tosi et al., PRX 9, 011010 (2019)

Metzger et al., PRR 3, 013036 (2021)

Experimental setup – Quantronics group at CEA Saclay



  

Transition energies

Metzger et al., PRR 3, 013036 (2021)

Two-tone spectroscopy



  

TO DO

On-demand control of Andreev spin qubit
Is a competitive qubit ? - coherence time
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Fermion parity fluctuation
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“ … the fermion parity of the junction can be even or odd. … Here, 
  
  we show that we can polarize the fermion parity dynamically using 
 
  microwave pulses … ”



  

Experimental setup 

ReadoutPumping

Wesdorp et al., arXiv:2112.01936(2021)



  

Fermion parity polarization 

Odd pumping → even parity polarization Even pumping → odd parity polarization

Wesdorp et al., arXiv:2112.01936(2021)



  

Experimental observation 

Wesdorp et al., arXiv:2112.01936(2021)



  

“ … dynamical polarization in a given parity sector is achievable by 

 applying a microwave pulse matching a transition in the opposite 

 parity sector. ... ”



  

What we solve

Ackermann et al., arXiv:2207.05782 

Finite length nanowire Josephson junction

Lindblad equation



  

Main mechanism – Odd polarization

EVEN EVEN ODD

Pumping Parity change

Mixed pair transition Odd parity polarization



  

ODD ODD EVEN

Pumping Parity change

Single quasiparitcle transition Even parity polarization

Main mechanism – Even polarization



  

Theory results – Odd polarization

I II III I II III

I II III

   I: P(t=0)

  II: Transient period 

III: Stationary period 

Ackermann et al., arXiv:2207.05782 



  

I II III I II III

I II III

   I: P(t=0)

  II: Transient period 

III: Stationary period 

Theory results – even polarization

Ackermann et al., arXiv:2207.05782 



  

Theoretical study of the spin-orbit effect 
How to use a bath (environment & continuum) for qubit control
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Summary

Nanowire Josephson junction

- Spin-orbit coupling and multichannel structure
 

   - Spin-split Andreev levels at zero magnetic field

Research towards real device applications

- Coherent manipulation by a microwave
 

   - Dynamical control of fermion parity
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