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Fast forward to superconductor-based quantum computing:

» State-of-the-art superconducting qubits

» Superinductors and Superinductor-based qubits



Qubit Performance: Two Main Parameters
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In superconducting qubits, the non-linearity is provided by Josephson junctions.



Universal Digital QC: “Logical — Physical” Gap
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Noises in Superconducting Qubits
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Main source of fluctuations:
two-level systems (TLS) in the qubit environment

which remain active even at mK temperatures!



Two Level Systems
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Best vs. Typical
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Coherence Improvement
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- sensitivity to the charge noise drops exponentially,

Large E /E.:
- the anharmonicity decreases algebraically.

A qubit with more than one effective degrees of freedom
may offer more robust quantum states.



Theoretical Proposals: Protected “0 - T” Qubit

A. Kitaev et al.

degenerate logical states
with exponentially small overlap

Quantum information is encoded in two near-degenerate logical states.

Suppression of relaxation and dephasing due to exponentially small overlap of logical
wave functions and very low flux and charge dispersion.

The fully protected regime exploits a degree of freedom with large guantum
fluctuations. This requires an impedance Z > Ry,.
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“Heavy” Fluxonium
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Tunable Parity-Protected Qubits

The goal: to engineer two (almost degenerate)
v, |

e quantum states indistinguishable by the environment.
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® Decay is suppressed exponentially if parity is protected.

—/T— Fast tunability (at an expense of T, reduction). Tj is
large, which significantly simplifies the problem of

Lev loffe et al. error corrections.
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Fluxon-Parity-Protected Qubits
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Implementation of Superinductors

non-dissipative (superconducting) elements with large inductance and small

stray capacitance, such that the impedance Z = \/L/C > Ry = (22)2 ~ 6.5k().

Ill

Z of conventional “geometric” inductors is limited by the “vacuum”
impedance Z, =./Ug/g = 3770 K Ry.

Solution: to use the kinetic inductance Lg of superconductors
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ultra-narrow wires of disordered
superconductors
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High - L Superinductors

Granular Al films deposited by magnetron sputtering
of pure Al in Ar + O, atmosphere.

Two main issues:

- losses near SIT - minimization of stray capacitance

microstrip transmission line
—————————————————————————————————
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Half-A microwave resonators JJ as an indicator of MW currents



Meandered Nanowires
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TiN nanowires
W =0.1um,R; = 3kQ, Ly =~ 2uH
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S. de Graaf et al., Phys. Rev. B99, 205115 (2019)



Microresonators fabricated from AlOx films
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The resonator intrinsic losses at T < 0.3 K are determined by
coupling to the TLS in the environment.

W. Zhang et al., Phys. Rev. Appl. 11, 011003 (2019) 19



Hole Burning in the TLS Spectrum

probe pump

Q; is a universal function of (n,,)
if |fpump —fr1| < 10MHz.

The spectral diffusion range
corresponds to the TLS dephasing
time ~60 ns.

W. Zhanget al., Phys. Rev. Appl. 11, 011003 (2019)
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AlOx Microresonators: TLS-induced telegraph noise

Telegraph noise in AlOx high-impedance microresonators: the kinetic inductance of
sub-um AlOx nanowires is affected by TLS, and this results in jitter of the resonance
frequency.
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Jitter in nanowire resonators made of NbSi.
H. le Sueur et al., arXiv:1810.12801 21



Some Consequences

» The TLS-induced local dynamic “gating” may explain poor coherence of the
gubits based on coherent phase slips.

InOx, ALD-grown TiN , NbN and TiN.

O. Astafiev et al., Nature 484, 355 (2012)
J. Peltonen et al., Phys. Rev. B 88, 220506(R) (2013)
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Some Consequences (cont’d)

» No such thing as “quenched” disorder: the local dynamic “gating” might
affect the results of the STM experiments with superinductors, especially the

2D superconductors close to the SIT.

A [uV]
280

150

275

270

265

260

255

Superconductor
Insulator

250

245

°o° L T T LJ L T 0
0 1 2 3 4 5
R__ (kO]
N

240

B. Sacépé et al., PRL 101, 157006 (2008)



Conclusion

Superinductors enable:

» dominance of the quantum fluctuations of the phase over
that of the charge;

novel platform for the TLS study;

novel qubits with improved coherence;

ultra-small amplifiers and microwave resonators;

VvV V V VY

analog simulators of many-body systemes;

and many more.

24



