Science Highlight - June 2015

Spectroscopic Evidence for Negative Electronic Compressibility in a Quasi-
three-dimensional Spin-orbit Correlated Metal

Negative compressibility is a sign of thermodynamic instability of open or nonequilibrium
systems. In quantum materials consisting of multiple mutually-coupled subsystems, the
compressibility of one subsystem can be negative if it is countered by positive
compressibility of the others. Manifestations of this effect have so far been limited to low-
dimensional dilute electron systems.

In a recent paper published in Nature Materials, researcher Junfeng He from Prof. Ruihua
He’s group in Boston College, along with collaborators from Boston College, Northeastern
University, SSRL, ALS, Peking University, HiISOR and University of California Santa Barbara,
reported the spectroscopic evidence for negative electronic compressibility (NEC) in a three
dimensional spin-orbit correlated metal (Sr;-4Lay)sIr,O,, utilizing the high-resolution angle-
resolved photoemission spectroscopy (ARPES) experimental setup at SSRL Beam Line 5-4.
They found that the increased electron filling accompanies an anomalous decrease of the
chemical potential (u) as indicated by the overall movement of the deep valence bands.
Such anomaly, suggestive of NEC, is shown to be primarily driven by the lowering in energy
of the conduction band as the correlated bandgap reduces.

Photoemission can measure relative changes in p as a function of doping in the material
with reference to electronic states located sufficiently far away from the Fermi level such
that their energies are largely unaffected by changes in doping (see Fig. 1). The overall
upward shifts of the deep valence bands (Fig. 1 a,b,d,e) indicate the decrease of py with
increasing electron filling (summarized in Fig. 1c).
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The scientists noticed that these changes take place
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This work may enable new research on RF/optics and
it also points to a distinct pathway toward an
uncharted territory of NEC featuring bulk correlated Extracted  dispersions  of  the
metals with unique potential for applications in low- conduction band (circles), the
power nanoelectronics and novel metamaterials. shallow valence band (squares and

shaded areas) and selected deep
valence bands (diamonds, largely
overlapping), for various x values.
Results are plotted on a common
energy scale relative to their
respective chemical potentials
(dashed lines), with zero defined by
that of x=0.035.

Figure 2. Doping evolution of the
band structure of (SrixLay)sIr05.
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