SEARCH & DISCOVERY

A shaken lattice of ultracold
atoms can simulate extreme

guantum chaos

Although atoms in an optical lattice typically have only local interactions, periodically
shaking them can effectively induce random long-range couplings.

By Sarah Wells

o understand the quantum chaos of many-
body systems, researchers in recent years
have turned to the Sachdev-Ye-Kitaev (SYK)
model. Named after theorists Subir Sachdev,
Jinwu Ye, and Alexei Kitaev, the model can be used
to study diverse research areas, such as how infor-
mation is destroyed inside a black hole and the be-
havior of high-temperature superconductors just
above the superconducting transition. But realizing
it with a practical experimental setup is challenging.
Charles Creffield (Complutense University of Madrid),
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Nathan Goldman (Université Libre de Bruxelles and
College de France), and colleagues have now offered
one solution to that problem: They demonstrate that
key characteristics of the SYK model can be simu-
lated by shaking ultracold atoms in a 1D optical
lattice.! Although the work was conducted using
computer simulations, the researchers say it can be
realized experimentally using existing cold-atom
technologies.

Proposed in the early 1990s and refined in 2015, the
SYK model has captured the attention of researchers

A In the Sachdev-Ye-Kitaev (SYK) model of extreme many-body quantum-chaos (left), each particle couples randomly to all the others. Charles

Creffield and colleagues have shown how periodically shaking an optical lattice (right) can generate quasi-random long-range couplings.
Although the interactions are weaker (indicated by the lower-opacity lines) for particles that are farther apart, the resulting behavior captures

many important features of the SYK model. (Image adapted from ref. 1.)
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because of how it describes collective behavior be-
tween particles that interact with all the other parti-
cles in the system with random coupling strengths.
The interactions result in an excitation spectrum that
is extremely dense at low energies and can be solved
directly. Those characteristics make the SYK model an
attractive tool for studying extreme many-body quan-
tum chaos systems that exhibit fast rates of informa-
tion scrambling via rapidly decaying correlations be-
tween particles.

The researchers found they could trigger the same
type of collective behavior between particles by shak-
ing ultracold atoms in an optical lattice roughly 1000
times per second. Atoms in an optical lattice can typi-
cally hop between adjacent lattice sites and repel each
other when on the same site. But shaking the lattice
suppresses the hopping of individual atoms, and they
instead interact—with nearly random coupling ampli-
tudes—with all the others in the lattice. Through nu-
merical simulations, the team found that periodically
shaking the lattice re-created key characteristics of
the SYK model, including fast information scrambling.
The lattice model, however, could not re-create the
truly random interparticle interactions that are in the
idealized SYK model, Creffield says. Instead, as illus-

trated in the figure, the shaking generates quasi-random

interactions that are weaker for particles farther
apart on the lattice.

Goldman says that in practice, shaking could be
created by moving a mirror back and forth to modu-
late the position of a laser used in creating the lattice.
Although such a kinetic approach should work for
both fermions and bosons, the researchers focused on
bosons—the boson SYK model has been less explored
than the fermion model. The boson implementation
may be more accessible for future experimental work
because the particles are relatively easy to cool down.

Among the next priorities for the team are extend-
ing the approach to higher-dimension lattices and in-
vestigating the equivalent fermion model. Although
lattice-shaking experiments are possible with existing
technology, researchers will need to develop methods
to extract data from the experiments to validate their
accuracy as SYK analogues. Such advances could pro-
vide a practical path to better understanding quantum
chaos in a variety of astrophysical and condensed-
matter contexts. PT
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The Nevada National Security Sites is proud to announce the Bruno Rossi
Distinguished Postdoctoral Fellowship in Science and Technology, established

in honor of Dr. Bruno Rossi, an experimental physicist who developed novel
instrumentation to capture extremely fast physics with the limited electronics of his

The Bruno Rossi Fellowship
offers a highly competitive
salary and up to $250K in
startup funds for:

« Equipment

- Research consumables

- Conference travel

- The opportunity to hire a postdoc,
grad student, or research associate

Fellows will also have access to an
NNSS mentor and state-of-the-art
facilities and technology.
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time. This prestigious fellowship aims to inspire the next generation of researchers to
drive advancements in national security.

The Bruno Rossi Distinguished Postdoctoral Fellowship is up to a three-year program
for recent PhD graduates (within five years of graduation) with expertise in accelerator
physics and a passion for applying data science, artificial intelligence, and machine
learning to model, control, and optimize complex systems. The Rossi Fellow will be
instrumental in developing and demonstrating next-generation capabilities for the
Scorpius accelerator and allied radiographic systems.

Specific initiatives include advances in the theory, computational modeling, and/or
machine learning applications; strong focus will be placed on computational efforts
aligning with electron-beam target interactions and/or other accelerator beam
physics.
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The Downstream Transport (DST) of the Scorpius accelerator handles critical safety, protection, and diagnostic
functions while converting the electron beam to x-rays. Its sections perform debris mitigation (1), specialized
beam transport (2), safety stops (3), transport to final focus (4), in-flight imaging and
diagnostics (5), and final focusing onto the target (6).

For more information on this year’s Rossi Fellowship
and to learn how to apply, scan this QR code.
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