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Quantum Blackhole (in condensed matter): When materials are tuned to a critical
point at absolute zero temperature, quantum effects dictate universal behavior in
material properties. The presence of a singular point is revealed through its
unusual electronic properties outside a new form of matter that hides the
singularity. Image: Los Alamos National Laboratory

(PhysOrg.com) -- Los Alamos National Laboratory researchers have
posited an explanation for superconductivity that may open the door to
the discovery of new, unconventional forms of superconductivity.

In a November 20 Nature letter, research led by Tuson Park and Joe D.
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Thompson describes a new explanation for superconductivity in non-
traditional materials—one that describes a potentially new state of
matter in which the superconducting material behaves simultaneously as
a nonmagnetic material and a magnetic material.

Superconducting materials carry a current without resistance, usually
when cooled to temperatures nearing the liquid point of helium (nearly
452 degrees below zero Fahrenheit). Superconductors are extremely
important materials because they hold promise for carrying electricity
from one place to another without current loss or providing indefinite
electric storage capacity. However, the cost of cooling materials to such
extremely low temperatures currently limits the practicality of
superconductors. If superconductors could be designed to operate at
temperatures closer to room temperature, the results would be
revolutionary.

Traditional theories of superconductivity hold that electrons within
certain nonmagnetic materials can pair up when jostled together by
atomic vibrations known as phonons. In other words, phonons provide
the "glue" that makes superconductivity possible.

Park and his colleagues now describe a different type of "glue" giving
rise to superconducting behavior.

Park and his colleagues cooled a compound of Cerium, Rhodium and
Indium to just above absolute zero, nearly minus 459 degrees
Fahrenheit. At this temperature, the material exhibits superconducting
behavior. However, they also subjected the crystal to pressure changes
and a magnetic field to perturb the alignment of electrons within the
material.

"We introduced very high quantum fluctuations in the material," Park
said. "In other words, we made the electrons like a traffic jam, where it
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would be very difficult for them to move."

This electronic traffic jam would discourage electron pairing by
phonons; nevertheless, the material continued to exhibit superconducting
behavior.

Based on the material's behavior under different pressures and
temperatures, researchers believe that the material reaches a quantum
critical point near absolute zero. At this quantum critical point, the
material retained properties of a metal with highly ordered electrons and
highly disordered ones—a previously undescribed state of matter.

Park and his colleagues believe that this quantum critical point provides
a mechanism to pair electrons into a quantum state that gives rise to
superconducting behavior. In other words, the research helps explain a
mechanism for superconductivity without phonons.

"This quantum critical point could be analogous to a black hole," said
Park. "We can see what is happening at or near the event
horizon—superconductivity—but we cannot yet see inside to understand
why."

A new mechanism for the electron-pairing glue that gives rise to
superconductivity could allow researchers to design new materials that
exhibit superconducting materials at higher temperatures, perhaps even
opening the door to the "Holy Grail" of superconducting materials—one
that works at room temperature.
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