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Weak gravitational waves that fill the Universe are enough to disturb quantum superpositions and ensure that
large objects behave according to classical physics.
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NIST

Large-scale quantum weirdness. Thousands of rubidium atoms placed in a superposition state
(in this case being in two places at once) generate this striped pattern as the superposition is
allowed to break up and the two components interfere. Cosmological gravitational radiation will
break up any such large-scale superpositions that might have spontaneously arisen anywhere in
the Universe, according to new calculations.

The Universe may have begun as a quantum event, but astrophysical and terrestrial phenomena today are
distinctly classical in nature, with no hint of quantum indefiniteness. The ultimate reason, a new report in
Physical Review Letters suggests, may be a tiny but ubiquitous background of gravitational waves left over
from the big bang. These waves randomly disturb quantum states everywhere enough to ensure that real-life
Schrödinger’s cats are never seen.

Quantum mechanics allows the existence of the strange states known as superpositions, in which, say, an
electron can be both spin up and spin down at the same time. While single particle superpositions can be
fairly stable, theorists have wondered why larger objects never seem to appear in such states, exemplified by
Erwin Schrödinger’s famous half-alive, half-dead cat. Many theorists now believe that macroscopic
superpositions, in which numerous quantum components must maintain a precise relationship with each
other, are disrupted by continual environmental influences. Such disturbances, acting differently on each
component of a superposition, “decohere” it into a classical state that is, say, dead or alive, but not both. Even
a system as small as an atom requires extraordinary protection from stray electromagnetic fields in the lab to
remain in a superposition.

Since gravitational fields are both pervasive and inescapable, researchers have proposed that they play a
fundamental role in ensuring that macroscopic systems behave in a classical way. Miles Blencowe of
Dartmouth College in Hanover, New Hampshire, has now calculated the decoherence caused by the cosmic
background of gravitational radiation, small ripples in spacetime representing “echoes” of the big bang. This
background is a cousin to the more familiar cosmic microwave background but is thought to be at a slightly
lower temperature of about  kelvin. Although these gravitational waves would rarely be the largest
environmental influence on an object, Blencowe wanted to see whether they alone would guarantee that
macroscopic quantum superpositions would never be seen in the wild.

A gravitational wave represents a disturbance in space and time that, as it travels across a superposition, can
push its components out of sync. To get a sense of the size of such effects, Blencowe studied a simple model
of an object that could be placed in a superposition. He theoretically constructed an atomic-scale blob of mass
and energy consisting of an arrangement of a fictitious field. He then imagined this blob prepared in a
superposition of a ground state and an excited state separated by one electron volt (eV) in energy and
estimated how quickly gravitational background radiation would upset it. The answer: not quickly at all. It
would take about  seconds, or  times the age of the Universe, for such a superposition to decohere.

This result isn’t surprising because the interaction of weak gravitational waves with a small object like an
atom is tiny. But Blencowe showed that the decoherence rate rises with the square of the energy difference
between two states in a superposition. For a larger object, equivalent to Avogadro’s number of atoms
prepared in an overall superposition, that difference would be  x  eV, and the decoherence time would
fall to about  seconds.

In inflationary models of cosmology, the gravitational radiation background is likely to be more complicated
than the simple form assumed by Blencowe, says Claus Kiefer of the University of Cologne, Germany. Still,
he says, whatever gravitational radiation exists would lead to decoherence in the way Blencowe describes.
The new result is “certainly interesting because it shows the ubiquitous action of decoherence,” says Kiefer.
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–David Lindley

David Lindley is a freelance writer in Alexandria, Virginia, and author of Uncertainty: Einstein, Heisenberg,
Bohr and the Struggle for the Soul of Science (Doubleday, 2007).

Previous Focus | Next Focus

Article Options
Printable Version

Export Citation (BibTeX)
Export Citation (RIS)

Subject Areas
Cosmology
Gravitation
Quantum Physics

Related Articles

More Cosmology

Cosmology Near and Far
Synopsis | Jun 13, 2013
A Second Dish of Dark Matter
Synopsis | May 23, 2013
All Cosmology »

More Gravitation

Fundamental Constant Doesn’t Budge in High Gravity
Synopsis | Jul 3, 2013
Black-Hole Hunting with a Gas Cloud
Synopsis | May 30, 2013
All Gravitation »

More Quantum Physics

Particle Physics Theory Inspires Optics
Synopsis | Jun 6, 2013
A New Look at the Hydrogen Wave Function
Viewpoint | May 20, 2013
All Quantum Physics »

Share/Email This

http://physics.aps.org/articles/v6/77
http://physics.aps.org/articles/print/v6/78
http://physics.aps.org/articles/export/10.1103/Physics.6.78/bibtex
http://physics.aps.org/articles/export/10.1103/Physics.6.78/ris
http://physics.aps.org/browse/subjectarea/cosmology
http://physics.aps.org/browse/subjectarea/gravitation
http://physics.aps.org/browse/subjectarea/quantum
http://physics.aps.org/synopsis-for/10.1103/PhysRevLett.110.241305
http://physics.aps.org/synopsis-for/10.1103/PhysRevLett.110.211302
http://physics.aps.org/browse/subjectarea/cosmology
http://physics.aps.org/synopsis-for/10.1103/PhysRevLett.111.010801
http://physics.aps.org/synopsis-for/10.1103/PhysRevLett.110.221102
http://physics.aps.org/browse/subjectarea/gravitation
http://physics.aps.org/synopsis-for/10.1103/PhysRevLett.110.233902
http://physics.aps.org/articles/v6/58
http://physics.aps.org/browse/subjectarea/quantum


New in Physics
Squeezing Out More Information About Entanglement
Viewpoint | Jul 15, 2013
A Long-Term Memory for Light
Viewpoint | Jul 15, 2013
Constraining the Photon Lifetime
Synopsis | Jul 11, 2013
Circuit Ready
Synopsis | Jul 11, 2013
Data Mining for a Graphene Cousin
Synopsis | Jul 8, 2013
Energetic Neutrinos on Ice
Synopsis | Jul 8, 2013
Modeling the Not-So-Steady Heart
Focus | Jul 8, 2013

Contact Us
FAQ
Privacy
Policies
For Contributors
APS Journals
RSS Feeds
APS

ISSN 1943-2879. Use of the American Physical Society websites and journals implies that the user has read
and agrees to our Terms and Conditions and any applicable Subscription Agreement.

http://physics.aps.org/articles/v6/79
http://physics.aps.org/articles/v6/80
http://physics.aps.org/synopsis-for/10.1103/PhysRevLett.111.021801
http://physics.aps.org/synopsis-for/10.1103/PhysRevLett.111.026804
http://physics.aps.org/synopsis-for/10.1103/PhysRevX.3.031002
http://physics.aps.org/synopsis-for/10.1103/PhysRevLett.111.021103
http://physics.aps.org/articles/v6/77
mailto:physics@aps.org
http://physics.aps.org/faq
http://www.aps.org/about/webpolicies.cfm#privacy
http://publish.aps.org/policies
http://physics.aps.org/contributors
http://publish.aps.org/
http://feeds.aps.org/
http://www.aps.org/
http://www.aps.org/
http://publish.aps.org/info/terms.html
http://librarians.aps.org/sitelicense.pdf

