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Quantum Computing in the NISQ era
Noisy intermediate scale quantum devices

Still in an experimental era with devices with a small number of high-quality qubits

IBM Google
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Spin qubits – artist’s view
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Roadmap for spin qubits
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Rich physics of moveable quantum dots
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IBM

Quantum Computing in the NISQ era
Noisy intermediate scale quantum devices

A experimental pivot from of a few pristine qubits to the realization of circuit architectures 
of 50-100 qubits but tolerating a significant level of imperfections.

IBM Google

All with 
superconducting qubits.
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A experimental pivot from of a few pristine qubits to the realization of circuit architectures 
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Quantum Computing Beyond the NISQ Era
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Quantum Computing in the NISQ era
Noisy intermediate scale quantum devices

A experimental pivot from of a few pristine qubits to the realization of circuit architectures 
of 50-100 qubits but tolerating a significant level of imperfections.

IBM

Both, IBM & Google, use superconducting charge qubits: the transmon

Google
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the transmon qubit

J. Koch et al., Phys. Rev. A (2007)
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the transmon qubit

http://www.thp.uni-koeln.de/trebst/


©  Simon Trebst

the transmon qubit

cooper pair box
charge insensitive
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the transmon qubit

cooper pair box
charge insensitive

level spacings converge
algebraically to equidistance

charge sensitivity
decays exponentially
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classical transmon dynamics

NB: “Actual” coupler is not a spring; rather, the 
angular momenta are coupled to one another (no 
easy mechanical analog?).
“Spring” is correct in small-oscillation case (with 
rotating-wave approximation)

n2=0
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classical transmon dynamics
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classical transmon dynamics

Dynamics exhibits CLASSICAL CHAOS
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interacting transmons

relevant energy scales
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interacting transmons

relevant energy scales

temperature

Not temperature, but coupling
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energy spectra – spaghetti plots

T≠0
(finite coupling)
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T≠0
(finite coupling)

many-body

localized (MBL)
chaotic

regime

energy spectra – spaghetti plots

uncooked

spaghetti

(over)cooked

spaghetti
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T≠0
(finite coupling)

Some key questions:
Signatures of chaos? What do we have to look for? Computational states for T > 0 ? 

energy spectra – spaghetti plots
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T=0
(no coupling)

computational states
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T=0
(no coupling)

computational subspace (8 transmons)

computational states
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T=0
(no coupling)

computational subspace

computational states

computational subspace

non-computational subspace
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Finding the localized states that we want
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meet the team

Alex AltlandChristoph Berke

David DiVincenzoEvangelos Varvelis

Christoph also prepared many (LaTeX) originals for the slides of this talk.

Simon Trebst
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diagnostic toolbox

spectral statistics

wavefunction statistics

Walsh transform
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spectral statistics
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Kullback-Leibler divergence
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phase diagram
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diagnostic toolbox

spectral statistics

wavefunction statistics

Walsh transform
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inverse participation ratios
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inverse participation ratios
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inverse participation ratios
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Navigating the twilight zone

What we have learned so far …

… from level statistics
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… from wave function statistics

… but what are the implications for the computational subspace? 

The l-qubit states are 
intermingled with a multitude 

of non-computational states
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Navigating the twilight zone

What we have learned so far …

… from level statistics

… from wave function statistics

… but what are the implications for the computational subspace? 

The l-qubit states are 
intermingled with a multitude 

of non-computational states

The l-qubit states become 
coupled amongst each other.
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diagnostic toolbox

spectral statistics

wavefunction statistics

Walsh transform
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l-qubit states
When working in the l-qubit basis we can recast our Hamiltonian into 

τ - Hamiltonian of many-body localization bit string representation

visualization
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Walsh transform

Reconstruction of the τ-Hamiltonian for finite coupling via a Walsh transform

A discrete Fourier transform that extracts correlations between the l-qubits.
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Walsh transform

IBM parameters
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Walsh transform

IBM parameters
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Walsh transform

IBM parameters

http://www.thp.uni-koeln.de/trebst/


2d geometries



©  Simon Trebst

surface codes

Google’s sycamore processor

C. Andersen et al., Nature Physics (2020)

surface 7
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disorder engineering via laser annealing

disorder engineering

staggered frequencies

sharper distributions
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Summary
arXiv:2012.05923

Summary

• Transmon qubit architectures need to balance
intentional disorder and non-linear couplings

to stay away from an MBL - chaos transition. 

• Some current experimental setups in fact lie
dangerously close to chaos transition. 

• Growing l-bit correlations additionally 
limit the experimental parameter range.

Outlook

• Disorder engineering needs to explore
more complex (fractal) staggering pattern.

• Dynamical qubit operations will need delicate stabilization.
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