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° Potqron based on spin excitations
Spin Polaron Theory for the Photoemission Spectra of Layered Cobaltates

Jif{ Chaloupka'? and Giniyat Khaliullin'
~ 'Max-Planck-Institut fiir Festkorperforschung, Heisenbergstrasse 1, D-70569 Stuttgart, Germany
t + + + + 2Department of Condensed Matter Physics, Masaryk University, Kotldskd 2, 61137 Brno, Czech Republic
H [ - — Z ¢ I ' ; F - tI’ . F (Received 3 August 2007: published 20 December 2007)
t ﬁ R +1 & ': a. ¢ “ ? -1 xc d T l‘¢ Recently, strong reduction of the quasiparticle peaks and pronounced incoherent structures have been
a observed in the photoemission spectra of layered cobaltates. Surprisingly, these many-body effects are
found to increase near the band-insulator regime. We explain these unexpected observations in terms of a
novel spin-polaron model for CoO, planes, which is based on a fact of the spin-state quasidegeneracy of
+ Co** ions in oxides. Scattering of the photoholes on spin-state fluctuations suppresses their coherent

4 ( + + ) ] motion. The observed ‘“‘peak-dip-hump” type line shapes are well reproduced by the theory.
.= o~ Fea —F F. + H.e.
Tope & (Bihe -BLE,) + n

DOI: 10.1103/PhysRevLett.99.256406 PACS numbers: 71.27.+a, 72.10.Di, 79.60.—i
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® experiment - polarons in 2D electron liquid at SeTi0; interfaces

A B

S ——————
2 exceptionally powert

Material o).

Fig. 1. Micrographs of LaAlO5-SrTiO; heterostructures. (A) Top view of a LaAlO3-SrTiO
bilayer containing eight monolayers of LaAlOs, taken by scanning force microscopy
(figure courtesy of S. Paetel). (B) Cross-sectional view of a corresponding sample con-
taining five monolayers of LaAlO; (figure courtesy of L. Fitting Kourkoutis and
D. A. Muller). (C) Optical photograph of a complete sample (figure courtesy of G. Hammerl
and K. Wiedenmann). (D) Scanning force microscopy image of a conducting ring
patterned by electron beam lithography into a LaAlO3-SrTiO; structure [from (8)].

J. Mannhart and D. G. Schlom, Science 327, 1607 (2010)

A
Al,Ga, ,As GaAs
2-DEG
B
LaAIO, SrTio,
Ti3d
2-DEL

standard semiconductors, for example, between GaAs and Al,Ga;_,As (A) and between LaAlO; and SrTiOs (B).
At the semiconductor interface, two-dimensional electronic subbands are formed within the quantum well
generated by band bending. At the oxide interface, the two-dimensional bands are generated in the potential
wells arising predominantly from the ionic charges. For the LaAlO5-SrTiO; interface, these are 3d bands of Ti
ions. The overall band bending lowers the electronic energies of the unit cells next to the interface, such that
the mobile electron system that forms a two-dimensional electron liquid (2DEL) resides predominantly in the
oxide planes next to the interface [after (46)]. (C) lllustration of the situation in (B): The LaAlO; is grown on top
of the SITiO5; the mobile electron system is depicted in yellow.
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Figure 3 | Theoretical phonon modes in cubic phase doped STO.

(a) Phonon dispersion at various electron doping levels n,, with our case
corresponding to n,~ 0.12. The arrows indicate the TO1 and TO2 modes
shifting as a function of n,. The imaginary modes at the R- and M-points
represent different octahedral rotation instabilities, whereas the one at the
I'-point in the undoped materials is the polar (quantum-paraelectric)
instability. (b,€) Atomic displacements associated with the breathing LO3
mode at the R-point and the polar TO1 mode at the I'-point, respectively.

C. Cancellieri et al., Nature Comms. 7:10386 (2016)



o
o

29x103

E-E (V)
E-E (eV)

S
<
o

[ e d &

S

2

=

1

wy

1 i | k, (A
-0.3 0.0 0.3 -0.3 0.0 03 -0.3 0.0 0:3
k, (A1) k, (A k (A1)

Figure 1| A two-dimensional liquid of large polarons in SrTiO3. a,b, Energy-momentum intensity map and curvature plot, respectively, for a 2DEL with
nap=2.9 x 10'3 cm~2 taken at a photon energy of 44 eV with s-polarization (Er is the Fermi energy and ky is the crystal momentum along [100]). Note the
dispersive replica bands at higher binding energy arising from strong coupling to the LO4 phonon branch of SrTiO3 with energy h$2,o4 approximately

100 meV. ¢,d, Data taken on a sample with nyp =3.7 x 10'® cm~2 using s- and p-polarized light, respectively, with a photon energy of hv =85 eV to
selectively excite the light xy and heavy xz/yz orbitals. e, Dispersion of the main and first replica bands extracted from the data in ¢ and d.

f, Photon-energy-dependent measurements showing the lack of dispersion along k,. All data were measured in the second Brillouin zone to avoid the
minimum of the matrix elements at normal emission.

Z. Wang et al., Nature Materials 15, 835 (2016)
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Figure 13. (a)-(f) ARPES spectra of the surface state on STO(00 1) acquired as a function of increasing carrier density. The images are
cuts through the I' point along (100) direction. The number on each panel is the 2D carrier density calculated from the Fermi surface size,
assuming each band crossing the Fermi level is spin-degenerate. (g)—(1) The same spectra enhanced using the 2D curvature method [114]
in order to clarify the replica bands. (m)—(r) Energy distribution curves evaluated at the Fermi momentum kg of each corresponding image.
The profiles in (g)—(j) are shown with fits of the main band and incoherent spectral tail to a Frank-Condon model with a single phonon
mode of about 100 meV. Reprinted by permission from [68].

Z. Wang et al., Nature Materials 15, 835 (2016)
N. Plumb and M. Radovic, J. Phys.: Condens. Matter 29, 433005 (2017)
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Energy Gaps and Kohn Anomalies in
Elemental Superconductors

P. Aynajian,* T. Keller, L. Boeri, S. M. Shapiro,? K. Habicht,* B. Keimer**
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bars indicate the statistical errors. (B) Dispersion relation of the same phonon
extracted from triple-axis data. (Inset) The phonon phase velocity (E/g)
computed from the data. The blue line in (B) and the black line in the (B) inset
represent the experimentally determined sound velocity (29).
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