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Physicists embark on a hunt for a long-sought quantum glow
A new approach could make it possible to detect the elusive Unruh effect in
hours, rather than billions of years.
Jennifer Chu | MIT News Office
April 26, 2022

According to a prediction known as the Unruh effect, Millenium Falcon pilots would more likely see a
warm glow as they jump to hyperspace.

Image: Christine Daniloff, MIT

Editor's note: This article has been updated to clarify that the new study in Physical Review

Letters focuses on the detection of Unruh effect on a single accelerated particle, and to note

that other groups have also accumulated evidence of the Unruh effect.

For “Star Wars” fans, the streaking stars seen from the cockpit of the Millennium Falcon as

it jumps to hyperspace is a canonical image. But what would a pilot actually see if she
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could accelerate in an instant through the vacuum of space? According to a prediction

known as the Unruh effect, she would more likely see a warm glow.

Since the 1970s when it was first proposed, scientists have accumulated evidence for the

Unruh effect, most recently by a group that reported evidence for the effect in a particle-

accelerator experiment involving a large number of relativistic particles. The direct

detection of the fundamental Unruh effect on a single accelerated particle has still proven

elusive. This is because to study the effect as it occurs to an individual particle, such as an

accelerated atom, has been thought to require either unachievably large accelerations or

astronomical amounts of observation time.

 

Now, researchers at MIT and the University of Waterloo believe they have found a way to

significantly increase the probability of observing the Unruh effect in single particles,

which they detail in a study appearing today in Physical Review Letters.

Rather than observe the effect spontaneously as others have attempted in the past, the

team proposes stimulating the phenomenon, in a very particular way that enhances the

Unruh effect while suppressing other competing effects. The researchers liken their idea to

throwing an invisibility cloak over other conventional phenomena, which should then reveal

the much less obvious Unruh effect.

If it can be realized in a practical experiment, this new stimulated approach, with an added

layer of invisibility (or “acceleration-induced transparency,” as described in the paper)

could vastly increase the probability of observing the Unruh effect. Instead of waiting

longer than the age of the universe for an accelerating particle to produce a warm glow as

the Unruh effect predicts, the team’s approach would shave that wait time down to a few

hours.

“Now at least we know there is a chance in our lifetimes where we might actually see this

effect on a single particle,” says study co-author Vivishek Sudhir, assistant professor of

mechanical engineering at MIT, who is designing an experiment to catch the effect based

on the group’s theory. “It’s a hard experiment, and there’s no guarantee that we’d be able to

do it, but this idea is our nearest hope.”

The study’s co-authors also include Barbara Šoda and Achim Kempf of the University of

Waterloo.

https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.025015
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Close connection

The Unruh effect is also known as the Fulling-Davies-Unruh effect, after the three

physicists who initially proposed it. The prediction states that a body that is accelerating

through a vacuum should in fact feel the presence of warm radiation purely as an effect of

the body’s acceleration. This effect has to do with quantum interactions between

accelerated matter and quantum fluctuations within the vacuum of empty space.

To produce a glow warm enough for detectors to measure, a body such as an atom would

have to accelerate to the speed of light in less than a millionth of a second. Such an

acceleration would be equivalent to a g-force of a quadrillion meters per second squared (a

fighter pilot typically experiences a g-force of 10 meters per second squared).

“To see this effect in a short amount of time, you’d have to have some incredible

acceleration,” Sudhir says. “If you instead had some reasonable acceleration, you’d have to

wait a ginormous amount of time — longer than the age of the universe — to see a

measurable effect.”

What, then, would be the point? For one, he says that observing the Unruh effect would be

a validation of fundamental quantum interactions between matter and light. And for

another, the detection could represent a mirror of the Hawking effect — a proposal by the

physicist Stephen Hawking that predicts a similar thermal glow, or “Hawking radiation,”

from light and matter interactions in an extreme gravitational field, such as around a black

hole.

“There’s a close connection between the Hawking effect and the Unruh effect — they’re

exactly the complementary effect of each other,” says Sudhir, who adds that if one were to

observe the Unruh effect, “one would have observed a mechanism that is common to both

effects.”

A transparent trajectory

The Unruh effect is predicted to occur spontaneously in a vacuum. According to quantum

field theory, a vacuum is not simply empty space, but rather a field of restless quantum

fluctuations, with each frequency band measuring about the size of half a photon. Unruh

predicted that a body accelerating through a vacuum should amplify these fluctuations, in

a way that produces a warm, thermal glow of particles.
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In their study, the researchers introduced a new approach to increase the probability of the

Unruh effect, by adding light to the entire scenario — an approach known as stimulation.

“When you add photons into the field, you’re adding ‘n’ times more of those fluctuations

than this half a photon that’s in the vacuum,” Sudhir explains. “So, if you accelerate

through this new state of the field, you’d expect to see effects that also scale ‘n’ times what

you would see from just the vacuum alone.”

However, in addition to the quantum Unruh effect, the additional photons would also

amplify other effects in the vacuum — a major drawback that has kept other hunters of the

Unruh effect from taking the stimulation approach.

Šoda, Sudhir, and Kempf, however, found a work-around, through “acceleration-induced

transparency,” a concept they introduce in the paper. They showed theoretically that if a

body such as an atom could be made to accelerate with a very specific trajectory through a

field of photons, the atom would interact with the field in such a way that photons of a

certain frequency would essentially appear invisible to the atom.

“When we stimulate the Unruh effect, at the same time we also stimulate the conventional,

or resonant, effects, but we show that by engineering the trajectory of the particle, we can

essentially turn off those effects,” Šoda says.

By making all other effects transparent, the researchers could then have a better chance of

measuring the photons, or the thermal radiation coming from only the Unruh effect, as the

physicists predicted.

The researchers already have some ideas for how to design an experiment based on their

hypothesis. They plan to build a laboratory-sized particle accelerator capable of

accelerating an electron to close to the speed of light, which they would then stimulate

using a laser beam at microwave wavelengths. They are looking for ways to engineer the

electron’s path to suppress classical effects, while amplifying the elusive Unruh effect.

“Now we have this mechanism that seems to statistically amplify this effect via

stimulation,” Sudhir says. “Given the 40-year history of this problem, we’ve now in theory

fixed the biggest bottleneck.”

This research was supported, in part, by the National Science and Engineering Research

Council of Canada, the Australian Research Council, and a Google Faculty Research
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Paper: “Acceleration-induced effects in stimulated light-matter interactions ”

PRESS MENTIONS

Gizmodo

Researchers at MIT and the University of Waterloo have discovered two properties of
accelerating matter that they believe could lead to the direct observation of the
Unruh effect, reports Isaac Schultz for Gizmodo. “We’d like to build a dedicated
experiment that can unambiguously detect the Unruh effect, and later provide a
platform for studying various associated aspects,” says Prof. Vivishek Sudhir.

 Full story via Gizmodo →

Scientific American

Researchers from MIT and the University of Waterloo have found a way to test the
Unruh effect, a phenomenon predicted to arise from objects moving through empty
space, reports Joanna Thompson for Scientific American. “If scientists are able to
observe the effect, the feat could confirm some long-held assumptions about the
physics of black holes,” writes Thompson.

 Full story via Scientific American →

Popular Mechanics

Researchers from MIT and the University of Waterloo have developed a new
approach aimed at significantly increasing the probability of observing the Unruh
effect, reports Juandre for Popular Mechanics. “Now at least we know there is a
chance in our lifetimes where we might actually see this effect,” says Prof. Vivishek
Sudhir. “It’s a hard experiment, and there’s no guarantee that we’d be able to do it, but
this idea is our nearest hope.”

Award.

https://link.aps.org/doi/10.1103/PhysRevLett.128.163603
https://gizmodo.com/unruh-effect-visible-in-the-lab-physics-1848977467
https://www.scientificamerican.com/article/physicists-find-a-shortcut-to-seeing-an-elusive-quantum-glow1/
https://www.popularmechanics.co.za/science/this-experiment-could-finally-show-us-what-hyperspace-looks-like/
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 Full story via Popular Mechanics →

https://www.popularmechanics.co.za/science/this-experiment-could-finally-show-us-what-hyperspace-looks-like/

