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The quantum confinement of strongly correlated electrons in artificial structures has heralded the possibility of
creating the novel quantum materials with extraordinary physical properties. By optimally combining sophisticated
oxide growth techniques and advanced analysis techniques using synchrotron radiation, we have designed and controlled
the novel quantum phenomena emerging in oxide artificial structures. The observed metallic quantum-well states in
digitally controlled ultrathin films of strongly correlated oxide SrVOs; exhibit characteristic features reflecting their
strongly correlated nature. Furthermore, the structural controllability of the quantum-well structures enables us to
investigate how the electronic structure changes as a function of dimensionality. The present study demonstrates that the
quantum-well structure of strongly correlated oxides will provide a new strategy for both investigating the behavior of
correlated electrons under varying interactions among their spin, charge, and orbital degrees of freedom and for

manipulating novel quantum phenomena in reduced dimensions.
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Fig. 1. (color online). Photograph of (a) BL-2A MUSASHI
beamline at KEK-PF and (b) “in-situ ARPES—Laser MBE
system” which is installed as an end station of BL-2A
MUSASHI.
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Fig.2. (color online). Line-shape analysis for SrVOs;
quantum well (QW) states. ARPES intensity plots for the 6-
ML (a), 7-ML (b), and 8-ML (c) SrVOs films. The inset shows
the in-plane Fermi surface and the ARPES measured cut. The
top panels show the MDCs at Er within an energy window of
10 meV. The MDCs have been fitted to a linear combination
of Lorentzian functions with a smooth background.
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Fig. 3. (color online). Self-energy for StVO; QW states. (a)-

(c) Im>(w) of each subband plotted as a function of @ for 6-,
7-, and 8-ML SrVO; films. The solid curves represent the
fitted curves based on Eq.(1). (d), (e) Respectively, quantiza-
tion energy E, dependences of B, and '} estimated from the
curve fits. The solid curves are the results of curve fitting
assuming quasi-1D DOS.
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Fig.4. (color online). Schematic illustration of orbital
selective quantization occurring in SrVO; QW structures.
Owing to the 2D nature of each V-3d t,, orbital in its
respective plane, the orbital selective quantizations of 2D—2D
for d,, and 2D—1D for d,./d.. occur.
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Fig. 5. (color online). A series of in-situ ARPES images of SrVO;-QW structures with various layer thicknesses of 2-8 ML.
The ARPES data were acquired at the photon energy of 88 eV with linear horizontal polarization along a k., slice near the X
point as shown by the dashed line in the inset of Fig. 2 (a), which includes only quantized d.. bands. Note that the series of
ARPES spectra are normalized to the incident photon intensity, and the ARPES intensity reflects the change in spectral weight

of the quasi-particle states. The dashed lines show the results of the tight-binding fitting for each QW state.
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Fig. 6. (color online). Self-energy > for SrVO; quantum-
well states. (a) Im2_ for the n = 1 state as a function of @ for 3-
6 ML. The solid curves represent the fitted curves based on
Eq.(2). (b) (Top) Plot of evaluated exponent @ with respect to
SrVOs; thickness. The value of @ gradually reduces from 2 to 1
in the dimensional crossover region of 4-6 ML and then
reaches to 1 at the two-dimensional limit of metallic QW states
(3 ML) on the borderline of a Mott insulating phase. Here, FL,
NFL, and MI denote Fermi liquid, non-Fermi liquid, and Mott-
insulating states, respectively. (Bottom) Structure plot of the
QW states as a function of layer thickness.
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