
Dean Lee 
Facility for Rare Isotope Beams

Michigan State University

NSAC Long Range Plan Town Hall Meeting 
on Nuclear Structure, Reactions, and Astrophysics

November 14, 2022

Quantum computing and simulations for nuclear physics



2



QLCI-CI: NSF Quantum Leap Challenge Institute for Present and Future Quantum Computing

University of California-Berkeley; Start Date: 09/01/2020; Award Amount: $23,936,988

QLCI-CI: NSF Quantum Leap Challenge Institute for Robust Quantum Simulation

University of Maryland, College Park; Start Date: 09/01/2021; Award Amount: $20,950,000

QLCI-CI: NSF Quantum Leap Challenge Institute for Quantum Sensing in Biophysics and 
Bioengineering
University of Chicago; Start Date:09/01/2021; Award Amount: $20,950,000

QLCI-CI: NSF Quantum Leap Challenge Institute for Enhanced Sensing and Distribution Using 
Correlated Quantum States
University of Colorado at Boulder; Start Date:09/01/2020; Award Amount: $24,000,000

QLCI-CI: NSF Quantum Leap Challenge Institute for Hybrid Quantum Architectures and Networks

University of Illinois at Urbana-Champaign; Start Date:09/01/2020; Award Amount:$23,536,605

NSF Quantum Leap Challenge Institutes 
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approximately $115,000,000 over five years
4



5



6

Summary of Recommendations

• R1A: We recommend establishing one or more multi-
institutional Quantum Co-Development Consortia for 
simulation. These Co-Development Consortia should pursue 
and facilitate the development of quantum simulation 
capabilities for NP research and utilize NP expertise in 
quantum many-body physics and quantum field theory to 
impact quantum information science and quantum 
computing;

• R1B: We recommend establishing one or more multi-
institutional Quantum Co-Development Consortia for 
sensors focused on targeted, prioritized, cross-disciplinary 
developments in quantum-enhanced sensing for NP 
research;

• R2: We recommend that DOE and NSF encourage and 
support selected exploratory technologies and techniques 
that have promise to be of mutual benefit to NP and QIS 
research activities;

• R3: With the expectation of mutual benefit, we 
recommend strengthening the QIS and QC expertise in the 
NP workforce.
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up to $6,800,000 up to $10,000,000

8



Qubits
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The basic element in quantum computation is the qubit, which is a 
simply a two-level quantum system.

There are also extensions to systems with more than two levels, known 
as qudits.  But we will focus on qubits in these lectures.

In general, our qubit will be in a general superposition of the two states.

With proper normalization we have



Single-Qubit Gates
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Since the evolution of quantum systems is unitary, all quantum gates are 
unitary.

Pauli-X gate (NOT gate)

Pauli-Y gate

Pauli-Z gate



Phase gate

Hadamard gate
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Two-Qubit Gate

Controlled-NOT (C-NOT) gate

XOR
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[from Sofia Quaglioni]
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arXiv:2105.08910
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arXiv:2208.10535
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arXiv:2105.08910
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arXiv:2203.11353
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arXiv:2208.11567
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arXiv:2203.01478
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Rodeo algorithm

Choi, D.L., Bonitati, Qian, Watkins, PRL 127, 040505 (2021)
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Bee-Lindgren, Qian, DeCross, Brown, Gilbreth, Watkins, Zhang, D.L., arXiv:2208.13557



Vision for the future
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Real time dynamics and spectral functions



Vision for the future
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fault tolerant threshold

present day

error rate

qubits
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Vision for the future

Example:  lattice effective field theory on quantum computers
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