
 

Emerging research suggests a new paradigm
for 'unconventional superconductors'
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This is an artist's conception of charge density wave domain walls in TiSe2 and
the emergence of superconductivity through their quantum fluctuations. Credit:
Young Il Joe, University of Illinois at Urbana-Champaign

An international team of scientists has reported the first experimental
observation of the quantum critical point (QCP) in the extensively
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studied "unconventional superconductor" TiSe2, finding that it does not
reside as predicted within the superconducting dome of the phase
diagram, but rather at a full GPa higher in pressure. 

The surprising result, reported in Nature Physics, suggests that the
emergence of superconductivity in TiSe2 isn't associated with the
melting of a charge density wave (CDW), as prevailing theory holds; in
fact the CDW's amplitude decreases under increasing pressure, but does
not disappear at zero resistance. The researchers find that the emergence
of superconductivity in this material is connected rather with the
formation of domain walls between commensurate and incommensurate
phase transitions. The discovery of this new phase boundary has
implications for our understanding of superconducting behavior.

The experiments, conducted by Young Il Joe, a graduate student at the
University of Illinois at Urbana-Champaign working with condensed
matter physicist Peter Abbamonte, employed a novel X-ray scattering
technique at the Cornell High Energy Synchrotron Source (CHESS) to
obtain the first ever measurements of the degree of commensurability of
the CDW order parameter. In this, the researchers took advantage of the
harmonics of the diffractive optics—usually filtered out in X-ray
experiments—to take two readings simultaneously. The wavelengths of
two simultaneous photon beams were carefully calibrated, one to
measure the periodicity of the crystal lattice, the other to measure the
periodicity of the electrons, and compare the two. At low energies, the
CDW was found to be commensurate, as expected, but above the
superconducting dome, incommensurate behavior emerged as the
temperature was increased.

The superconducting characteristics of TiSe2 are typical of other
unconventional superconducting materials that exhibit the universal 
phase diagram, suggesting a fundamental connection between
unconventional superconductivity and the quantum dynamics of domain
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walls.

This work sheds new light on our understanding to the theorized
connection between superconductivity and other ordered states, such as
charge density wave (CDW), antiferromagnetism, or stripe order and
could contribute to the eventual development of better superconducting
materials, and ultimately to the possible invention of room-temperature
superconductors. 

Provided by University of Illinois at Urbana-Champaign

Citation: Emerging research suggests a new paradigm for 'unconventional superconductors'
(2014, April 9) retrieved 17 May 2023 from https://phys.org/news/2014-04-emerging-paradigm-
unconventional-superconductors.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)

3/3

https://phys.org/tags/domain+walls/
https://phys.org/tags/superconducting+materials/
https://phys.org/tags/superconducting+materials/
https://phys.org/news/2014-04-emerging-paradigm-unconventional-superconductors.html
https://phys.org/news/2014-04-emerging-paradigm-unconventional-superconductors.html
http://www.tcpdf.org

