Your source for the latest research news

Science News

from research organizations

Einstein-Podolsky-Rosen paradox observed in many-particle system for the first time
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University of Basel
Physicistshave observed the quantum mechanical Einstein-Podolsky-Rosen paradox in a
system of several hundred interacting atoms for the first time. The phenomenon dates back
to a famous thought experiment from 1935. It allows measurement results to be predicted
precisely and could be used in new types of sensors and imaging methods for electromag‐
netic fields.

a b v e g d

FULL STORY

A cloud of atoms is held above a chip by electromagnetic fields. The EPR paradox was observed be‐

tween the spatially separated regions A and B.
Credit: University of Basel, Department of Physics

Physicists from the University of Basel have observed the quantum mechanical Ein‐
stein-Podolsky-Rosen paradox in a system of several hundred interacting atoms for
the first time. The phenomenon dates back to a famous thought experiment from
1935. It allows measurement results to be predicted precisely and could be used in
new types of sensors and imaging methods for electromagnetic fields. The findings
were recently published in the journal Science.
How precisely can we predict the results of measurements on a physical system? In the world of tiny parti‐
cles, which is governed by the laws of quantum physics, there is a fundamental limit to the precision of
such predictions. This limit is expressed by the Heisenberg uncertainty relation, which states that it is im‐
possible to simultaneously predict, for example, the measurements of a particle's position and momentum,
or of two components of a spin, with arbitrary precision.
A paradoxical decrease in uncertainty
In 1935, however, Albert Einstein, Boris Podolsky, and Nathan Rosen published a famous paper in which
they showed that precise predictions are theoretically possible under certain circumstances. To do so, they
considered two systems, A and B, in what is known as an "entangled" state, in which their properties are
strongly correlated.
In this case, the results of measurements on system A can be used to predict the results of corresponding
measurements on system B with, in principle, arbitrary precision. This is possible even if systems A and B
are spatially separated. The paradox is that an observer can use measurements on system A to make
more precise statements about system B than an observer who has direct access to system B (but not to
A).
First observation in a many-particle system
In the past, experiments have used light or individual atoms to study the EPR paradox, which takes its ini‐
tials from the scientists who discovered it. Now, a team of physicists led by Professor Philipp Treutlein of
the Department of Physics at the University of Basel and the Swiss Nanoscience Institute (SNI) has suc‐
cessfully observed the EPR paradox using a many-particle system of several hundred interacting atoms for
the first time.
The experiment used lasers to cool atoms to just a few billionths of a degree above absolute zero. At these
temperatures, the atoms behave entirely according to the laws of quantum mechanics and form what is
known as a Bose-Einstein condensate -- a state of matter that Einstein predicted in another pioneering pa‐
per in 1925. In this ultracold cloud, the atoms constantly collide with one another, causing their spins to
become entangled.
The researchers then took measurements of the spin in spatially separated regions of the condensate.
Thanks to high-resolution imaging, they were able to measure the spin correlations between the separate
regions directly and, at the same time, to localize the atoms in precisely defined positions. With their ex‐
periment, the researchers succeeded in using measurements in a given region to predict the results for an‐
other region.

"The results of the measurements in the two regions were so strongly correlated that they allowed us to
demonstrate the EPR paradox," says PhD student Matteo Fadel, lead author of the study. "It's fascinating
to observe such a fundamental phenomenon of quantum physics in ever larger systems. At the same time,
our experiments establish a link between two of Einstein's most important works."
On the path towards quantum technology
In addition to their basic research, the scientists are already speculating about possible applications for
their discovery. For example, the correlations that are at the heart of the EPR paradox could be used to im‐
prove atomic sensors and imaging methods for electromagnetic fields. The development of quantum sen‐
sors of this kind is one objective of the National Centre of Competence in Research Quantum Science and
Technology (NCCR QSIT), in which the team of researchers is actively involved.
Story Source:
Materials provided by University of Basel. Note: Content may be edited for style and length.

Journal Reference:
1. Matteo Fadel, Tilman Zibold, Boris Décamps, Philipp Treutlein. Spatial entanglement patterns and
Einstein-Podolsky-Rosen steering in Bose-Einstein condensates. Science, 2018; 360 (6387): 409
DOI: 10.1126/science.aao1850

Cite This Page:

MLA

APA

Chicago

University of Basel. "Einstein-Podolsky-Rosen paradox observed in many-particle system for the first
time." ScienceDaily. ScienceDaily, 26 April 2018.
<www.sciencedaily.com/releases/2018/04/180426141601.htm>.

RELATED STORIES

Controlling Quantum States Atom by Atom
June 9, 2016 — A new method has been developed to precisely alter the quantum mechanical states of
electrons within an array of quantum boxes. The method can be used to investigate the interactions be‐
tween various ... read more ∠
Quantum Teleportation? Producing Spin-Entangled Electrons

July 1, 2015 — Scientists have successfully produced pairs of spin-entangled electrons and demonstrat‐
ed, for the first time, that these electrons remain entangled even when they are separated from one anoth‐
er on a ... read more ∠
Like Sleeping Beauty, Some Research Lies Dormant for Decades, Study Finds

May 25, 2015 — A new study explores 'sleeping beauties,' research papers that remain dormant for years

and then suddenly explode with great impact upon the scientific community. A prime example is a seminal
paper ... read more ∠
Making Big 'Schroedinger Cats': Quantum Research Pushes Boundary by Testing Micro Theory for
Macro Objects
July 21, 2013 — Since Erwin Schroedinger's famous 1935 cat thought experiment, physicists around the
globe have tried to create large scale systems to test how the rules of quantum mechanics apply to every‐
day ... read more ∠

FROM AROUND THE WEB

Below are relevant articles that may interest you. ScienceDaily shares links and proceeds with scholarly
publications in the TrendMD network.
Plaxgen Pilots Test for Predicting Statin Response With Regional Hospital Group
360Dx
Post-IPO, Biocartis Looks to Build out MDx Platform, Develop New Technologies
360Dx
SomaLogic Developing Tests to Diagnose Latent Tuberculosis, Predict Progression
360Dx
Johns Hopkins flowFISH Cytometry Assay Predicts Risk of Genetic Diseases
360Dx
Mycobacterial Subversion of Chemotherapeutic Reagents and Host Defense Tactics: Challenges in
Tuberculosis Drug Development
Liem Nguyen et al., Annual Reviews
Bovine Tuberculosis in Cattle: Vaccines, DIVA Tests, and Host Biomarker Discovery*
H. Martin Vordermeier et al., Annual Reviews
Host Genetics of Mycobacterial Diseases in Mice and Men: Forward Genetic Studies of BCG-osis
and Tuberculosis
A. Fortin et al., Annual Reviews
Host-Pathogen Interactions in Emerging and Re-emerging Infectious Diseases: A Genomic Perspec‐
tive of Tuberculosis, Malaria, Human Immunodeficiency Virus Infection, Hepatitis B, and Cholera
Janet M. McNicholl et al., Annual Reviews

Powered by

Free Subscriptions
Get the latest science news with ScienceDaily's free email newsletters, updated daily and weekly. Or view
hourly updated newsfeeds in your RSS reader:

" Email Newsletters
# RSS Feeds

Follow Us
Keep up to date with the latest news from ScienceDaily via social networks:
$ Facebook
% Twitter
+ Google+
' LinkedIn

Have Feedback?
Tell us what you think of ScienceDaily -- we welcome both positive and negative comments. Have any
problems using the site? Questions?
( Leave Feedback
) Contact Us

About This Site | Editorial Staﬀ | Awards & Reviews | Contribute | Advertise | Privacy Policy | Terms of
Use
Copyright 2018 ScienceDaily or by other parties, where indicated. All rights controlled by their respective
owners.
Content on this website is for information only. It is not intended to provide medical or other professional
advice.
Views expressed here do not necessarily reflect those of ScienceDaily, its staﬀ, its contributors, or its partners.
Financial support for ScienceDaily comes from advertisements and referral programs, where indicated.

