Quantum simulation with arrays of superconducting qubits

First applications in probing many-body localization
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Last two years ...
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Quantum computational advantage using photons
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Does the Fermi-Hubbard model describe High-Tc
Superconductors?
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Does the Fermi-Hubbard model
Superconductors?
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Quantum simulation with cold atoms
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“Many”-body localization
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Quantum simulation in a 9-Qubit system

TODAY’s QUESTION:

Probing the exotic dynamics of
disordered interacting systems
(Many-Body Localization)
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Building artificial atoms with superconductors
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UCSB

readout

- qubit

Superconducting circuits simulate
Hubbard-like interacting bosons
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w : Disorder strength
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Absence of Diffusion in Certain Random Lattices
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Classical transmission probability

T(E)=1
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Quantum interference leads to particle localization
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Is localization stable in the
presence’of interactions?

Giamarchi, Schulz (1988)
Basko, Aleiner, Altshuler, Annals of Physics(2006)
Pal, Huse, PRB (2010)



Diffusion in interacting systems

“Interacting systems explore all (micro) states allowed by energy
conservation, they forget about their initial conditions and thermalize”

Octopus in a box (Diffusion) Ludwig E. Boltzmann
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Many-Body Localization (MBL)

MBL systems relax towards “non-thermal” states and keep memory about the initial state

p(z, 1)

Local particle
density
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M. Serbyn, Z. Papic and D. Abanin PRB (2014)
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Exotic entanglement properties
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Emergent integrability : Local Integrals of Motion

B it P W : Disorder strength
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Emergent integrability : Local Integrals of Motion

B it P W : Disorder strength
H = Zezai a; +J Z (ai a; + h.c) € W W]
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M. Serbyn, Z. Papic and D. Abanin PRL (2013)



Emergent integrability : Local Integrals of Motion

W : Disorder strength
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Many-Body Localization (MBL)

MBL systems relax towards “non-thermal” states and keep memory about the initial state
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Boson transport : Diffusion vs Localization

Initial state
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Boson transport : Diffusion vs Localization
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The presence of dephasing and losses
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Localization
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Slow dynamics in 2D
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Direct measurement of LIOMs

)

2

H(1)

[/'/x] 1.0
(o;
0.5
0.0

0

\

250 500 750 1000
evolution time ¢ (ns)



Exponential decay with distance
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Growth and preservation of entanglement

Sycamore circuit

Photo credit: Eric Lucero

Arute, F. et al. “Quantum supremacy using a programmable
superconducting processor’, Nature (2019)
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Watch out the entanglement entropy |
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Open questions about MBL

Ergodic-to-localized transition and mobility edge
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Nucleation of ergodicity by a single impurity in
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Quantum dynamics in solid state simulators

Information Scrambling in Computationally Complex Quantum Circuits
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Google Supercomputer (2019/ ?) Eniac Supercomputer (1946/1955)

“I predict that within 100 years,
computers will be twice as powerful,
10,000 times larger, and so expensive
that only the five richest kings in Europe
will own them.”
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A four-qubit germanium quantum processor
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