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Coherent superconducting circuits and
quantum information

— 30 years’ advancements

ISS 2017

12/15/2017, Tokyo
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Superconducting Quantum Circuits — A Family Tree
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Superconducting Quantum Circuits — A Family Tree
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Quantum Computing
— A Family Tree
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Feynman Lecture @ gakusyuin University, Tokyo (1984)

(3 atoms)

Quantum wind tunnel:
Quantum simulation (analog)
Quantum computing (digital)

Future Transistor

Title: “C@me)utre)r @ﬁ the future”

To my great surprise,
23 years later,
we made similar device!
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Superconducting qubit

* single non-degenerate macroscopic ground state
* elimination of low-energy excitations

* degrees of freedom reduce to two: phase & number

Superconductor

State State
L density

0 RO _I_ —
Fermi level Fermi level
normal metal superconductor Qubit via

Josephson junction

Resonance: L, C
(secondary quantum states)



IEEE/CSC & ESAS SUPERCONDUCTIVITY NEWS FORUM (global edition), February 2018.
Invited presentation ED6-5-INV was given at ISS 2017, December 13-15, 2017, Tokyo, Japan.

Quantum Superposition
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Progress in Decoherence time for Josephson Qubits
Good enough for fault tolerance
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Josephson junction
Secondary Macroscopic Quantum effect
Multi-energy state (cf. solitary BCS state)

Quantum
w, = (2E.E;)**In

‘ > e Macroscopic Tunneling
Phys. Rev. Lett. 47, 265 (1981)

Level Quantization

Phys. Rev. Lett. 55, 1543 (1985)
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Flux Quantum State H=->(g,0, +Acy)
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Nature, 398, 786, 1999

: l | Charge Qubit

Creation of superposition state
in macroscopic system
with phase factor

Experiment Simulation
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Family of Quantum Information Processing

Industries

Quantum

Quantum Annealing

Quantum
Gate Control

Adiabatic Control

IBM, Google, Intel,

Microsoft, Rigetti, Alibaba, Northrop-

Grumman, HRL, BNN, etc.

Cluster State
Control

Quantum
Simulation

| -

Optimization

Universal Quantum
Computation

SY St M=S' 70—

Theoretically &\

architecturally
the most well

OPO Ising Machine

CMOS Annealing 1 . .
NTT, Hitach, Fujitsu

FPGA Annealing

established

_/
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Gate Model One-way Model

Superconducting system:

IBM (50~100), Google (50), Intel (50~100), Qur pr OPOSOl
Rigetti (100), Microsoft (1000) etc .
Current integration: 10 * W_eAare trying to find a @@Iﬁﬁ] I|nes
easier!
new, simpler, and m )
different scalable
architecture in

D/ATTay[ofllineagqubits
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Coherent Quantum Phase Slip in Superconducting Wire

Astafiev et al, Nature 2012

* Exact quantum dual to Josephson tunneling
(Coulomb blockade is a “partial” dual)

Josephson Tunneling Coherent Quantum Phase Slip

B Superconducting

Insulating
Barrier
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Electrical Quantum Standards (triangle)

Voltage: Resistance:
Josephson Effect Quantized Hall Effect
(Nobel 1973) (Nobel 1985)

David J. Thouless

Topologica/ Quantum

COMPETITION

Current:
@ |Coherent quantum phase slip
@ SINIS pump

@ Semiconductor pump

@ SET pump, Turnstile
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