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New material provides a key to explaining superconductivity

Superconductors are materials that conduct electricity with almost no resistance, and
engineers are simply crazy about them. Physicists around the world are working hard to
explain this physical phenomenon. Yet, to this day, nobody knows exactly why some
materials suddenly become superconductors below a certain temperature. Researchers at
Helmholtz-Zentrum Berlin fir Materialien und Energie (HZB) present new findings in the
current issue of Nature Materials that could finally resolve a long-standing dispute as to
which theory is correct.

One thing is for sure: a phase transition from “non-conducting” to “conducting” occurs at
around the transition temperature — below which electrical resistance drops to barely
measurable. The atoms in the crystalline lattice rearrange themselves, and the material can
take on new properties. One theory proposes that superconductivity is a property already
inherent in the source materials used to produce superconductors. These source materials
are always insulators; that is, materials that do not conduct electricity. They only become
conductive after a process called doping, where foreign atoms are incorporated into the
crystalline lattice. The second theory proposes that two phases “compete” as the material
approaches the transition temperature, and that superconductivity arises out of this
phenomenon. “Our findings confirm the correctness of this [latter] theory”, says Dimitri
Argyriou of HZB.

He and his team investigated a lanthanum-strontium-manganate compound. This material is
not an actual superconductor, but it is similarly produced by doping an insulating material.
As it is, however, lanthanum-strontium-manganate is a poor conductor. Argyriou and his
team studied this novel metal by neutron scattering and discovered a difference from
normal metals.

In pure metals such as copper, there are free electrons that allow the flow of electric
current, where present theory has it that these electrons accumulate to form a so-called
electron gas.

In lanthanum-strontium-manganate, the HZB researchers have discovered, the free
electrons only briefly behave as an electron gas. They do not “forget” that they originated
from an insulator and suddenly become trapped again in the crystalline lattice. They actually
alternate between these two states, becoming free (conductive) for a time, and then
becoming trapped (non-conductive) again.

“This behaviour proves that the insulator property remains anchored in the doped material’s
memory, and that the property of superconductivity does not exist in the source material”,
Dimitri Argyriou concludes.

The Helmholtz-Zentrum Berlin fiir Materialien und Energie (HZB) operates and develops large scale facilities for research with photons
(synchrotron beams) and neutrons. The partially unique experimental possibilities are used annually by more than 2500 guests from
universities and other research organisations world wide. Above all the HZB is known because of the unique sample environments that can
be realised (high magnetic fields, low temperatures). The HZB undertakes materials research on those themes that especially benefit from
and match with the large scale facilities. Research themes are magnetic materials and functional materials.

In the focal point solar energy the development of thin film solar cells stands to the fore, but also chemical fuels from sunlight are a vital
research theme. HZB has around 1100 employees with around 800 on the Campus Lise-Meitner in Wannsee, and 300 on the Campus
Wilhelm-Conrad-Rontgen in Adlershof.
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