
ELECTRON SPECTROSCOPY STUDIES IN HEAVY FERMIONS

A. J. Arko
Argonne National Laboratory

Materials Science & Technology Division
Argonne, IL 60439

February 1986

bsra

CONF-860333—1

DE86 008129

To be submitted to the American Institute of Physics as a news release in
conjunction with the Invited Talk for the Las Vegas APS Meeting, March 1986.

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

This work supported by the U.S. Department of Energy, BES-Materials Sciences,
under Contract W-31-109-ENG-38.

DISTRIBUTION OF THIS DOCUMENT IS HMJJWT£D



ELECTRON SPECTROSCOPY STUDIES IN HEAVY FERMIONS*

A. J. Arko
Argonne National Laboratory

Materials Science & Technology Division
Argonne, IL 60439

Photoeraission experiments (whereby an electron absorbs a packet of light

energy and is able to escape from the host material due to its increased

energy) can measure directly the energy distribution of electrons in various

materials. Our measurements on a recently-discovered class of metallic

materials called "heavy fermions" show that the electrons that actually carry

the electric current in these metals exist only within an extremely narrow

range of energies. This range, which we will call the bandwidth, is narrower

than that found in ordinary metals like copper by at least a factor of 10.

Indeed it is surprising that they can carry electric current at all since such

narrow energy ranges (or band widths) are characteristic of electrons confined

to their host atoms, as in a non-metal, rather than of electrons that are free

to wander through a metal.

"heavy fermions" are a class of metallic compounds, usually containing

cerium or uranium as one of the elements, that are characterized by an

anomalously large heat capacity » ' (the amount of heat required to raise the

temperature of the material by 1° K) near absolute zero temperature, which can

be as much as 1000 times larger than that found in ordinary metals like

copper. Such a large heat capacity strongly suggests that electrons near the

Fermi energy (i.e., electrons with the highest energy allowed in a given
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material; viz., those electrons that carry electric current) behave in a very

2

sluggish fashion, as if they had a very large effective mass hundreds of

times heavier than that of a free electron in vacuum. Hence, the term "heavy

fermions." Such electrons would ordinarily not be expected to be effective

carriers of electric current (i.e., itinerant electrons) since they would most

likely be confined to their host atom (i.e., they are expected to be

localized). One would normally anticipate that such electrons would be

involved in causing magnetism. Some "heavy fermion" compounds do become

magnetic. Not only do the heavy electrons carry current in their sluggish

fashion (they are indeed itinerant), but in some instances the materials

actually become superconductors at low temperatures, i.e. , they have infinite

electrical conductivity.

It is the superconducting feature which causes most of the excitement in

the physics community, since it would appear that we are not dealing with the

ordinary type of superconductivity (BCS type) which is caused by the coupling

of electrons by the vibrations of atoms (phonons), and which as been proven to

exist in all previously discovered superconductors. Speculation persists that

the driving force for superconductivity in heavy fermion materials is magnetic

in origin rather than phononic. Indeed there appears to be a coexistence of

magnetic and superconducting behavior which is incompatible with ordinary BCS

superconductivity. Irrefutable proof that we are dealing with non-BCS

superconductivity has been elusive, but it is of fundamental importance to

solid state physics.

A number of theories have been proposed to explain "heavy fermion"

behavior in general, and its superconductivity in particular. While the

various theories differ in the particulars, they all require the existence of

a new low-temperature electronic state for the heavy electrons, which is



characterized by a strong interaction between the heavy electrons, while at

the same time they are free to move from one atomic site to another (in other

words, be itinerant). Various physical properties such as heat capacity

magnetic susceptibility, and electrical resistivity do indeed suggest the

onset of some new behavior for the "heavy" electrons at very low temperatures

about 10° to 20° K above the superconducting transition. It is believed that

this is a so-called coherent state which some theorists refer to as the "Rondo

lattice"^ while others use the phrase "Fermi liquid. Electrons in either

V

coherent this state are expected to have an extremely narrow range of allowed

energies or band widths.

Our photoemission measurements were initiated in order to obtain evidence

for the existence of the coherent state at low temperatures. We found,

however, that band widths of the uranium-based heavy fermions are narrower

than any observed to date even at temperatures above the formation state of

the coherent state. Yet from our measurements, the electrons are clearly

itinerant. Thus, we have a fingerprint for a pre-disposition toward this

anomalous behavior. We are unable as yet to unambiguously resolve an energy

scale as small as that expected for the coherent state. We expect to be able

to do so, however, in the very near future.

Collaborators in this work are C. G. Olson and D. Lynch of Ames Laboratory,

D. M. Wieliczka of the University of Missouri, and Z. Fisk and J. L. Smith of

Los Alamos.
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