Quantum Information in Physics Dept.  {@wsconsiy

WISCONSIN QUANTUM INSTITUTE New funding and initiatives
MSPQC - M.S. Degree in Physics- First program in the country to
Quantum Computing offer MS in Quantum computing.

Now in year 5

Quantum hiring Three new hires

Collaborations, projects, funding Lots going on



MSPQC Program

@WISCONSIN

First professional quantum masters
program in the country.

Now in year 5 and there are now
close to 10 competing programs.

Despite the competition we have
continued to increase enrollment.

Current cohort 25 students.

Graduates are placed in industry and
PhD programs.

Deniz Yavuz
MSPQC director

Elizabeth Baldridge Katerina Moloni
MSPQC Student Services Associate Director, MSPQC and
Coordinator wal
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Quantum Science and Engineering at UW-Madison

Wisconsin Quantum Institute T
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Katerina Moloni
Associate Director
WQI and MSPQC
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WISCONSIN QUANTUM INSTITUTE @WISCON_S[N

Quantum Science and Engineering at UW-Madison

The WQI started in physics but has grown to a campus wide community.

33 Physics, Chemistry, Computer Sciences, Electrical & Computer Engineering,
faculty Engineering Physics, Materials Science, Mathematics, Statistics

Including 14 physics faculty

|

New hires:

llya Esterlis Roman Kuzmin
Theoretical Solid E Experimental
'

Matt Otten
. Theoretical/computational
| quantum information

(start Jan. 2024)

state physics Pk

fr quantum simulation



WISCONSIN QUANTUM INSTITUTE @WISCON_S[N

Quantum Science and Engineering at UW-Madison

This year we have
started a monthly
seminar series that is
bringing 9 distinguished
speakers to campus.

. L] m
Fundlng AMERICAN FAMILY
 INSURANCE P

Inzure carciully, dream fearlessly.

Physics Dept. (HERB seminars)
MSPQC program

Foundation (QC donations)

September 21 (Lincoln Carr, Colorado School of Mines)

October 11 (Eugene Simon Polzik, Niels Bohr Institute — University
of Copenhagen)

November 16 (David D. Awschalom, Director — Chicago Quantum
Exchange, University of Chicago)

December 14 (John Nichol, University of Rochester)

January 25 (Menno Veldhorst, QuTech — Delft University of
Technology)

February 22 (Antoine Browaeys, LCF — Univ. Paris-Saclay, Institut
d’Optique Graduate School, CNRS)

March 12 (David DiVincenzo, Forschungszentrum Jilich GmbH)
April 18 Dan Blumenthal, UCSB

May 2 (Evelyn Hu, Harvard)



https://www.physics.wisc.edu/events/?date=2023-09-21&name=WQISeminar
https://www.physics.wisc.edu/events/?id=8101&name=WQISeminar
https://www.physics.wisc.edu/events/?id=8101&name=WQISeminar
https://www.physics.wisc.edu/events/?id=8426&name=WQISeminar
https://www.physics.wisc.edu/events/?id=8426&name=WQISeminar
https://www.physics.wisc.edu/events/?id=8402
https://www.physics.wisc.edu/events/?id=8400&name=WQISeminar

Collaborations @WISCONSIN

=78 THE UNIVERSITY OF l I LLI N o I s

Campus as represented C | CAG{:} & CHICAGO

by the WQI is a member of 2 Fermilab
QUANTUM  ofemiar O

CQE serves as a hub for all EXCHANGE Argome

things quantum in the midwest.

WISCONSIN

With CQE partners (and other institutions) we have strong participation in two large
quantum centers established as part of the NQI:

Quantum Leap Challenge Institute:

HQAN Hybrid Quantum Architectures and Networks G} NEXT $25M/year for

' NEXT GENERATION QUANTUM

SCIENCE AND ENGINEERING
S years

, U.S. DEPARTMENT OF UWM share

Office of Science

$5M/year for 5 years
UWM share $1.8M/year



Research Areas @WISCONSIN

Quantum computing: superconductors, Si quantum dots, neutral atoms,
guantum error correction

Quantum simulation: superconducting device arrays

Quantum communication: remote entanglement, quantum repeaters,
microwave-optical transduction

Quantum sensing: atomic magnetometry, NV centers for magnetometry
and noise spectroscopy, atomic clocks
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We have reaChed quaﬂtum Speed—up (advantage, supremacy)

Random Circuit Sampling was
demonstrated in 2019, but was
soon thereafter classically
simulated.

By mid 2023 the speed-up of
gquantum hardware increased
exponentially.

It nothing else, quantum
computing has had a major
impact on the development of
classical techniques for
simulating high dimensional
quantum problems.

)

Phase transition in Random Circuit Sampling

ar X 1v-23()2 O-
Gt:n:>gle Qua.nturﬂ Al and Collaborators ar ‘\‘]\ LD 04] I I I )

Quantum computers hold the promise of executing tasks beyond the capability of classical com-
puters. Noise competes with coherent evolution and destroys long-range correlations, making it an
outstanding challenge to fully leverage the computation power of near-term quantum processors. We
report Random Circuit Sampling (RCS) experiments where we identify distinct phases driven by
the interplay between quantum dynamics and noise. Using cross-entropy benchmarking, we observe
phase boundaries which can define the computational complexity of noisy quantum evolution. We
conclude by presenting an RCS experiment with 70 qubits at 24 cycles. We estimate the computa-
tional cost against improved classical methods and demonstrate that our experiment is beyond the
capabilities of existing classical supercomputers. -

Flops for Tensor Network Contraction
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VWe have not reached quantum utility

A recent claim of quantum utility
by IBM was premature.

Evidencefor the utility of quantum
computing before fault tolerance
500 | Nature | Vol 618 | 15 June 2023

H=-] ) ZZ, +hz

L)

/4 3n/8
Ry angle 6,

The results have been duplicated in
seconds on a laptop.

Fast classical simulation of evidence for the utility of quantum computing before fault
tolerance
arXiv:2306.16372

Califors

Pauli dynamics can efficiently ~.1mul'1te qu an-
jubits of IBM’s Eagle pmc

than the mpmted “"Ll]tll‘l‘le of the quantum si well as h:.tm than the estimated quan-
tum hardware runtime without classical processing, and are in good agreement with the zero-noise
extrapolated experimental results.

—— Exact

- @ Quantum

—— SPD (this work)
— MPS
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Paths to utility

NISQ

HP-N ISQ (high performance)
Higher gate fidelity >0.999
More qubits >1000

Error mitigation
New or tailored algorithms

FTQC (fault tolerant QC)

Higher gate fidelity 0.999
Many more qubits >100,000
Quantum error correction
Advanced classical control

hw&sw

May enable utility for
specific scientific or
commercial applications
Timeline: 2-5 years

Will unlock the full range
of valuable applications
Timeline: 5-10 years
or longer

11



Challenges @W'SCONSIN

 Research space to expand experimental activities
« Start up packages for experimentalists

« Under-represented in theoretical quantum information: quantum
algorithms, error correction theory, quantum networking

* Victims of success — it has become very difficult to hire good
postdocs because of competition with quantum industry
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