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Researchers at the Center for Quantum Information and Quantum
Biology at Osaka University used trapped ions to demonstrate the
spreading of vibrational quanta as part of a quantum random walk. This
work relies on their exquisite control of individual ions using lasers, and
can lead to new quantum simulations of biological systems.
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Here's a simple game you can play with a group of friends. Everyone
lines up shoulder to shoulder, and then each person flips a coin to decide
whether to take a step forward or backwards. After a few rounds of
flips, you will find that your neat line will have spread out randomly.
While this game sounds very simplistic, scientists have found that these
"random walks" are incredibly useful for explaining diverse phenomena
from molecular diffusion to problems in statistics and probability.

Among the very weird features of quantum mechanics—the laws of
physics that govern the behavior of small objects like individual
atoms—is the surprising mix of randomness and predictability. In
particular, while the probability of finding a particle at a certain location
spreads out predictably over time, like ripples in pond, when you actually
make a measurement there is inherent uncertainty. This makes quantum
random walks fundamentally different from their conventional
counterparts. Unlike gas molecules spreading out in a room, the waves of
a quantum random walk can interfere with itself, creating a distinct
oscillation pattern.

  
 

  

First, a phonon is prepared at the location of ion 2 with an illuminating light. The
vibration propagates among the four ions because of the Coulomb interaction
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between them. After a certain time (which varied between 0 to 0.01 seconds),
the probability of finding the phonon at each ion was measured with another
beam of light. The probability shows a complex pattern, which matches precisely
with theoretical expectations. Credit: Osaka University

The scientists at Osaka University started by creating an artificial crystal
by trapping a row of four calcium ions with lasers. The ions could still
influence each other with their electric charge. Then, the team showed
that they could start one ion vibrating by shining a separate laser on it.

This minimum possible vibration, called a phonon, acted like a packet of
energy that could be passed to a neighboring ion. As first author Masaya
Tamura explains, "By employing the capability to prepare and observe a
localized phonon, its propagation in a four-ion linear crystal can be
observed with single-site resolution." By waiting for various lengths of
time up to 10 milliseconds, the phonon locations measured matched the
theoretical predictions.

"Our system using phonons offers a platform for realizing quantum
simulations for studying open questions in chemistry and biology," says
senior author Kenji Toyoda. "For example, it has been hypothesized that
the incredible 95% efficiency of photosynthesis depends, at least in part,
on the fact that quantum random walks act differently compared with
classical randomness. The system shown here may be able to resolve
these and other important issues."

  More information: Masaya Tamura et al, Quantum Walks of a
Phonon in Trapped Ions, Physical Review Letters (2020). DOI:
10.1103/PhysRevLett.124.200501
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https://phys.org/tags/calcium+ions/
https://phys.org/tags/phonon/
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