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Quantum computing







2020's: the NISQ era

An 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. devices
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—agle generation — 127 qubits Sycamore chip — 53 qubits
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Quantum Computing in the NISQ era

Development Roadmap [BM Quantum

https://research.ibm.com/blog/quantum-development-roadmap
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Quantum Computing in the NISQ era
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digital guantum processors

IBM quantum cloud devices with 5-127 qubits
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digital guantum processors
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IBM quantum cloud devices with 5-127 qubits
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single transmon qubit

- Hst = 4Ec (n — ng)2 —E; cos¢z '

.

level spacings converge
algebraically to equidistance

charging - Jsen
energy tunneling

///////////////////

Ejcos ¢

anharmonic
oscillator

charge
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cooper pair box

charge sensitivity
decays exponentially
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two classical transmon qublits
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Ejcos ¢

anharmonic
oscillator

More quantitative analysis for 10 transmons (BSc thesis S. Borner, 2020)
ok e les on time scales way below the typical coherence times.

coupled
oscillators
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meet the team
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many transmon qubits

H=4Ec> n? —> Ejcos¢; +T >, nin; Capacitive coupling
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disorder / experimental settings
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many-body perspective

H—4ECZn —ZEJ cosp; +T >, nin;
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random-wave approximation
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energy spectra — spagnetti plots
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energy spectra — spagnetti plots
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energy spectra — spagnetti plots

H=4Ec> n? — Z Ejcosp; +T >, nin; Capacitive coupling
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energy spectra — spagnetti plots
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We need to find a SR EIET ¢
— disorder can [PFOICCROUBIS
1 entangling / coupling qublts - i+

presence mignt lead to guantum chaos.
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quantifying chaos
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quantifying chaos
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computational states

non-computational subspace
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correlations

p-qubits and l-qubits —\/
of many-body localization

H = Z hit? + Z J,JTZTZ + > Kijk TZTZT,f + .
Ijk

pP-qubits
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disorder engineering

or how much imperfection should we really tolerate”



Google guantum processor
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FIG. S12. Idle frequency solutions found by our Snake optimizer with different error mechanisms enabled.
The optimizer makes increasingly complex tradeoffs as more error mechanisms are enabled. These tradeoffs manifest as a
transition from a structured frequency configuration into an unstructured one. Similar tradeoffs are simultaneously made in
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|IBM quantum processors

IBM'’s strategy to avoid

e Optimize device geometry
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ARTICLE
Laser-annealing Josephson junctions for yielding scaled-up

superconducting quantum processors
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|IBM quantum processors

IBM'’s strategy to avoid

e Optimize device geometry

: :

2018 2019
e frequency patterns
o o o o 9
¢ o . o

control qubits v,

uniform A—-B

I CEIEI

2020

target qubits v,, vy

¥m¥

control qubits v,

A-B-C

probability [%)]

20

10|

-

10 |

S O o @)
| | |

Acr/|al

type 3 type 1 type 2 type 3
(a) Montreal | () |
1a  27-qubit
19 ‘Falcon”
: al : I ; | 0
(C) _ Manhattan —(d) 14
65-qubit
_ |J|]J]W|J—LL\ 1 “Hummingbird”
| N ﬂ' 0
(e) Washmgton 7(f) 4 1q
0 : 12 . 127- QUbIt
* {1 & “Eagle”
| | | | | 0 o
(g) DIBM cloud 7(h) 14
B untuned m 2
1G) B | Z device
m , average
} \ O
() [14-B Falcon (k)
J .ig-i-lc | 10
P targeted
device
;1 0.5 0 0.5 1—0.5GHz (v) +0.:;GH(Z)


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

A — B — C frequency patterns

device layouts
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extreme disorder engineering
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2D geometries



Google’s

sycamore processor
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design
simulations

or how can we help avoiding chaos”
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many-body numerics to the rescue

simulations simulations
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Where to go
from here?



MM Thavat & Watnoe

R -‘ﬂ”“

L L I
bbbl L
e
SRR e

- AR
- N

e LLLLLLLL L

e R L L

‘s

: ‘.
e

m

84 Quantum

oy

New York City

-

-



summary

Nature Comm. (2022)
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Take-away messages

e [he transition to digital quantum computing has been ushered In
by “noisy intermediate-scale quantum”

° has been a key guiding principle.

e Transmon qubit architectures need to balance
and non-linear couplings.

e Quantum many-body perspective — stay close to
and away from chaos.
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