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Quantum Computing in 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

e

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

Development Roadmap IBM Quantum

2020 2021 2022 2023 2024 PAOPAS

——

Enterprise Use case exploration Workflow integration
Clients Problem mapping Application development
Skills building Skills building

Quantum model services

Model Natural Sciences Finance

developers Optimization Machine Learning

Qiskit application modules

Algorithm Natural Sciences Finance Prebuilt quantum Prebuilt quantum +

: . , runtimes HPC runtimes
cevelogers Optimization Machine Learning

Kernel Circuits Qiskit Dynamic Circuit libraries | Advanced control systems
developers Runtime circuits

Quantum it Falcon i Hummingbird Osprey Condor
systems 27 qubits % i 65 qubits i § 433 qubits 1121 qubits 1 1K-1M+ qubits

e 2 0,4
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Q#«é"_ﬁgf

IBM ClOUd Circuits Programs Models

https://research.ibm.com/blog/quantum-development-roadmap
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SBM quantum cloud devices with 5-127 qub
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IBM Quantum Services

View the availability and details of IBM Quantum programs, systems,

and simulators.
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cryogenic components, control electronics, and classical computing
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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
dispersion

cooper pair box

charge sensitivity
decays exponentially
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meet the team

Alexander Altland

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

H=4Ec> n? —> Ejcos¢; +T >, nin; Capacitive coupling
i j <ij>

E; E
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disorder / experimental settings

[‘natural disorder’ ‘intentional disorder’j
i.e. IBM cloud service i.e. TU Delft surface 7
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ov ~ 6Ec disorder
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0.4 § \
O
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L
14 gg ( 3
/
B 0
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many-body perspective

H—4ECZn —ZEJ cosp; +T >, nin;
I, >

series expansions
random-wave approximation

H=> v a;ra,- EC > al a,(a ai+1)+ > t,-j(a,-a}L + a}taj)
/ (i)
attractive Bose-Hubbard model

- SEE b= o VB

" ) plus disorder
i via variations of Josephson energy Ey

probability

«rﬂﬂ h]k Reference model for bosonic

12 14 16
EJ[GHZ]
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energy spectra — spagnetti plots

[£0
(finite cou pling)

48

H=4Ec> n? —> Ejcos¢; +T > nin;  Capacitive coupling
i i <ij>

N
5 24
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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

DKL Pllmesson

|o

S — 100 =
level statistics e, Chaos Chaos
r =Ae . /D€ b, T
Kullback-Leiber divergence L
100
Dy (P11Q) = 3 p, log(2)

experiments

=Y [{cly)|*
¢ dimH

IPR=1 \
perfectly localized

S i U—

l@|*

0 20 40 0 20 40
lattice sites T[MHZz] T[MHZ]


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

quantifying chaos
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quantifying chaos

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

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

pP-qubits

Princeton
3Department of Engineering Science and Physics, College of Staten Island, CUNY, Staten Island, New York 10314, USA

REVIEW B 90, 174202 (2014)

Phenomenology of fully many-body-localized systems

v4\ ,
\(V‘\“‘ "A ,

N»'

David A. Huse,! Rahul Nandkishore,? and Vadim Oganesyan®*
ysics Department, Princeton University, Princeton, New Jersey 08544, USA
Center for Theoretical Science, Princeton University, Princeton, New Jersey 08544, USA

*Initiative for the Theoretical Sciences, The Graduate Center, CUNY, New York, New York 10016, USA
(Received 27 August 2014; published 13 November 2014)

l-qubits

|cp| [GHZ]

PHYSICAL REVIEW LETTERS 125, 200504 (2020)

Suppression of Unwanted ZZ Interactio a Hybrid Two-Qubit System
Jaseung Ku®,' Xuexin Xu®,>> Markus vid C. McKay, Jalj ed B. Hertzberg®,"
Mohammad H. Ans dBLTPl rde®"”

'Department of Physics, Syracuse Universtty, Syracuse, New York 13244, USA
2 . : -
Grunb g Ins F Jiil

titute, orschungszentrum iilich, Jiilich 52428, Germany
n searc ( JARA), Fundamentals of Future Information Technologies, Jiilich 52428, Germany
IBM Qua IBM T.J. Watson Research Center, Yorktown Heights, New York 10598, USA
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disorder engineering




Google guantum processor
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Google’s

N
probability

6.0 6.6 6.7 6.8

B - B — ER— ,, — — ‘, R - V[GHZ]
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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

' asss
0 O S

20138 2019

e frequency patterns

:

control qubits v,
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2020

target qubits v,, v,
PRI
¢ w ¥

control qubits v,

A-B-C

via laser annealing

N=15 N=16 Un-tuned
gt median: median: N = 31
" 5.430 GHz 5.7046 GHz median:
-"_§' 5.7025 GHz
> °f
ke
3 4
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-
-
2 L
O | | | | 1
53 54 55 56 57 58 59 6.0
fO1 (GH2)
npj | Quantum Information 19 August 2021 -

ARTICLE
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@®'
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|IBM quantum processors

IBM'’s strategy to avoid

e Optimize device geometry

: :
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A — B — C frequency patterns

device layouts
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extreme disorder engineering
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Where to go
from here?



summary

Nature Comm. (2022)

Take-away messages

e [ransmon qubit architectures need to balance
intentional disorder and non-linear couplings
to stay away from an/|[1=15 = elell e ileiiiely

INlelplsl current experimental setupsiisnelenilE
dangerously close to chaos transition. 100

30 |
e Highly Connectedchips 60 |

will be even more susceptible to chaos.

Outlook

E;|GHz]

40 |

20 |
d Disorder engineering [glslsloERteNsY{olle](< 0
more complex staggering pattern than currently done.

o Dynamical «|lls/iteieisiciilel i will need delicate stabilization.
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