
 

Physicists race to demystify Einstein's
'spooky' science

August 27 2018, by Cynthia Dillon

  
 

  

Schematic of the 2018 “Cosmic Bell” experiment at the Roque de Los
Muchachos Observatory in the Canary Islands, where two large telescopes
observed the fluctuating color of light from distant quasars (red and blue
galaxies). The green beams indicate polarization-entangled photons sent through
the open air between stations separated by about one kilometer. Credit: Andrew
S. Friedman and Dominik Rauch

When it comes to fundamental physics, things can get spooky. At least
that's what Albert Einstein said when describing the phenomenon of
quantum entanglement—the linkage of particles in such a way that
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measurements performed on one particle seem to affect the other, even
when separated by great distances. "Spooky action at a distance" is how
Einstein described what he couldn't explain.

While quantum mechanics includes many mysterious phenomena like
entanglement, it remains the best fundamental physical theory describing
how matter and light behave at the smallest scales. Quantum theory has
survived numerous experimental tests in the past century while enabling
many advanced technologies: modern computers, digital cameras and the
displays of TVs, laptops and smartphones. Quantum entanglement itself
is also the key to several next-generation technologies in computing,
encryption and telecommunications. Yet, there is no clear consensus on
how to interpret what quantum theory says about the true nature of
reality at the subatomic level, or to definitively explain how
entanglement actually works.

According to Andrew Friedman, a research scientist at the University of
California San Diego Center for Astrophysics and Space Sciences
(CASS), "the race is on" around the globe to identify and experimentally
close potential loopholes that could still allow alternative theories,
distinct from quantum theory, to explain perplexing phenomena like
quantum entanglement. Such loopholes could potentially allow future
quantum encryption schemes to be hacked. So, Friedman and his fellow
researchers conducted a "Cosmic Bell" test with polarization-entangled
photons designed to further close the "freedom-of-choice" or "free will"
loophole in tests of Bell's inequality, a famous theoretical result derived
by physicist John S. Bell in the 1960s. Published in the Aug. 20 issue of 
Physical Review Letters, their findings are consistent with quantum
theory and push back to at least 7.8 billion years ago the most recent
time by which any causal influences from alternative, non-quantum
mechanisms could have exploited the freedom-of-choice loophole.

"Our findings imply that any such mechanism is excluded from
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explaining the results from within a whopping 96% of the space-time
volume in the causal past of our experiment, stretching all the way from
the Big Bang until today," said Friedman. "While these alternatives to 
quantum theory have not been completely ruled out, we are pushing
them into a progressively smaller corner of space and time."

  
 

  

Diagram of a run of the Cosmic Bell test. The regions of space and time where
an alternative, non-quantum mechanism could still have acted (limited to the red
and/or blue regions) corresponds to at least 7.78 billion years ago (blue
region). Light from the more distant quasar was emitted 12.21 billion years ago
(red region). Compared to the gray region, representing all of space and time
prior to the experiment, the alternatives are limited to within four percent of the
space-time volume since the Big Bang. Credit: Andrew Friedman and David
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In their experiment, the researchers outsourced the choice of entangled
photon measurements to the universe. They did this by using the color of
light that has been traveling to Earth for billions of years from distant
galaxies—quasars—as a "cosmic random number generator."

"This is a rare experiment that comes along only very seldomly in a
scientist's career: a pioneering experiment that sets the bar so high few,
if any, competitors can ever match it," noted UC San Diego
astrophysicist Brian Keating. "I'm so proud that my graduate student
David Leon had the chance to make a significant contribution to this
fascinating research, co-led by CASS research scientist, Dr. Andrew
Friedman."

Besides UC San Diego's Friedman and Leon, the full research team
included lead author and Ph.D. student Dominik Rauch, along with
Anton Zeilinger and his experimental quantum optics group from the
University of Vienna; theoretical physicists David Kaiser and Alan Guth
at MIT; Jason Gallicchio and his experimental physics group at Harvey
Mudd College, and others. Expanding upon their previous quantum
entanglement experiments, Friedman and colleagues went to great effort
to choose entangled particle measurements using 3.6 and 4.2 meter
telescopes in the Canary Islands, allowing them to collect sufficient light
from the much fainter, distant quasars.

To conduct their test, they shined laser light into a special crystal that
generated pairs of entangled photons, which the scientists repeatedly sent
through the open air toward both telescopes. From the quasar light
collected, the scientists could choose polarization measurement settings
while each entangled photon was in mid-flight. The group was allotted
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three nights and a few hours at the Roque de los Muchachos Observatory
in La Palma, amidst operationally challenging conditions including
freezing rain, high winds, and uncertainty about whether they would
have enough time to complete the experiment. Additionally, Friedman
and colleagues had to write software that could choose the best quasars
to observe on-the-fly—from a database of more than 1.5 million—and
predict the observation time needed to obtain a statistically significant
result.

"We pushed to the limit what could be done within the time constraints,"
said Friedman. "The experiment would not have been possible without
an amazing international collaboration. It was a roller coaster experience
to see it actually work."

  More information: Johannes Handsteiner et al. Cosmic Bell Test:
Measurement Settings from Milky Way Stars, Physical Review Letters
(2017). DOI: 10.1103/PhysRevLett.118.060401 

Dominik Rauch et al. Cosmic Bell Test Using Random Measurement
Settings from High-Redshift Quasars, Physical Review Letters (2018). 
DOI: 10.1103/PhysRevLett.121.080403

Provided by University of California - San Diego

Citation: Physicists race to demystify Einstein's 'spooky' science (2018, August 27) retrieved 13
March 2024 from
https://phys.org/news/2018-08-physicists-demystify-einstein-spooky-science.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

5/5

http://dx.doi.org/10.1103/PhysRevLett.118.060401
http://dx.doi.org/10.1103/PhysRevLett.121.080403
https://phys.org/news/2018-08-physicists-demystify-einstein-spooky-science.html
http://www.tcpdf.org

