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Quantum Computing in the NISQ era

Noisy intermediate scale quantum [s[z\[el=1=

Still in an experimental era with devices with a small number of high-quality qubits
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Quantum Computing in the NISQ era

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.

Google

Realizing topologically ordered states on a quantum processor
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Quantum Computing in the NISQ era

Noisy intermediate scale quantum [s[z\[el=1=

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.

‘Google

Both, IBM & Google, use superconducting charge qubits:
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transmons



the transmon qubit

J. Koch et al., Phys. Rev. A (2007)
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Josephson tunneling
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charge insensitive
cooper pair box
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level spacings converge
algebraically to equidistance

Charge Insensitive charge sensitivity

decays exponentially

cooper pair box
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classical transmon dynamics

2 Transmons

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

©_ Simon Trebst rOtating_Wave apprOXimation)
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classical transmon dynamics

2 Transmons

Dynamics exhibits CLASSICAL CHAOS
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GIEVER energy scales
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GIEVER energy scales
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Interacting transmons

rNot temperature, but coupling

relevant = cie) i Seciics

temperatu reJ
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energy spectra — spaghetti plots

T#0
(finite coupling)



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

energy spectra — spaghetti plots

T#0
(finite coupling)



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

energy spectra — spaghetti plots

T#0
(finite coupling)



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

energy spectra — spaghetti plots

IE:
finite ca

©_Simon Trebst
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energy spectra — spaghetti plots

T#0
(finite coupling)

Some key questions:
Signatures of chaos? What do we have to look for? Computational states for 7> 0 ?
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computational states

SORRY, TWO D\FFERENT n
-Cooper pair charge operator

—exc'\tat'\on number
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=0

(no coupling)

\.

J
Colclciene e tice e e (8 transmons) .
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computational states

non-computational subspace
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diagnostics



Finding the localized states that we want
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Evangelos Varvelis Simon Trebst David DiVincenzo

Christoph Berke Alex Altland

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

spectral statistics

wavefunction statistics

Walsh transform
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level repulsion
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Navigating the twilight zone

What we have learned so far ...

... from level statistics
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The |-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 |-qubit states are
intermingled with a multitude
of non-computational states

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

spectral statistics

wavefunction statistics

Walsh transform
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[-qubit states

When working in the /-qubit basis we can recast our Hamiltonian into

H= 52 hirf + S Iy + 2 Krf i+ =D a2l 2 2y
i ij ij

of many-body localization bit string representation

visualization
PHYSICAL REVIEW B 90, 174202 (2014)

Phenomenology of fully many-body-localized systems

David A. Huse,' Rahul Nandkishore,? and Vadim Oganesyan®*
! Physics Department, Princeton University, Princeton, New Jersey 08544, USA
2Princeton Center for Theoretical Science, Princeton University, Princeton, New Jersey 08544, USA
3Department of Engineering Science and Physics, College of Staten Island, CUNY, Staten Island, New York 10314, USA
*Initiative for the Theoretical Sciences, The Graduate Center, CUNY, New York, New York 10016, USA
(Received 27 August 2014; published 13 November 2014)

H= Z + ZZ + ZZZ +...

L L] HEE
u + H N 4+ HE m
[ H B EE B

v
perfect QC

© Simon Trebst
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Walsh transform

Reconstruction of the -Hamiltonian for finite coupling via a [z aniizigieiio o

A discrete Fourier transform that extracts correlations between the /-qubits.
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IBM parameters
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IBM parameters
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2d geometries



elelelo[CX W SYCamore processor

surface 7

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



disorder engineering via laser annealing

Laser-annealing Josephson junctions for yielding scaled-up superconducting quantum
processors.

Jared B. Hertzberg, Eric J. Zhang, Sami Rosenblatt, Easwar Magesan, John A. Smolin, Jeng-Bang
Yau, Vivekananda P. Adiga, Martin Sandberg, Markus Brink, Jerry M. Chow, and Jason S. Orcutt
IBM Quantum, IBM T.J. Watson Research Center, Yorktown Heights, NY 10598, USA
(Dated: September 16, 2020)

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 [ =15 e qEies sl

Yol 3! current experimental setupsjisRtlagi=

dangerously close to chaos transition.

Growing ol celfic Ziiielols additionally

limit the experimental parameter range.

Outlook

Dllseifelcif cnle needinie needs to explore

more complex (fractal) staggering pattern.

* Dynamical ¢[t1eiit ciciciziiielsisiwill need delicate stabilization.
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Thanks!



