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Fig. 1. (a) Schematic drawing of the electron scattering geometry in HREELS; (b) the setup of
traditional commercial HREELS, ELS-5000 from LK Technologies (http://www.lktech.com/); (c) the

schematic of the structure and the trace of the electron beam in the 2D-HREELS system.
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Table 1. Changes of the intensity and angular resolu-
tion of the electron beam as a function of the diver-

gence angle.
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Fig. 2. Design and simulation of the exit lens system with high-angular-resolution: (a) Perspective view of

the three lens elements, and the red line indicates the simulated trace of the electron beam; (b) top view

of panel (a) which shows the horizontal divergence angle o of the beam; (c) front view of panel (a) which

shows the vertical divergence angle 8 of the beam. The figure was adapted from Ref. [6], copyright (2015)

by AIP Publishing.
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Fig. 3. (a) Illustration of the 2D-HREELS system design; (b) the onsite picture of the 2D-HREELS sytem.
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Fig. 4. (a) 2D-HREELS energy-momentum mapping of Bi2212 at T' = 35 K, with E; = 60 eV, 6; = 60°,

and E}, = 5 eV, showing the inelastic scattering signal from Bi2212 along the nodal direction. The intensity

is plotted in logarithmical scale. The dashed lines are guides to the eye of the 5 energy loss features. (b) The

second derivative image along the energy deirection obtained from (a). (c) The energy distribution curves

at different momentum values, with the dashed lines showing the 5 energy loss features.
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Fig. 5. Illustration of the 7. enhancement in FeSe systems. T of bulk FeSe is ~8 K. With electron doping, Tc of

bulk FeSe can reach ~40 K. When single layer FeSe is grown on oxide substrate, Tc can be enhanced to ~60 K.
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Fig. 6. Comparison between experimental 2D-HREELS data and theoretical calculations for single-layer FeSe films:

(a) With checkerboard AFM spin configuration on Fe lattice; (b) without magnetic structure on Fe lattice. Coloured

backgrounds are 2D-HREELS phonon intensity mapping, and solid lines are calculated phonon dispersion curves.

Orange stars label the A1g mode (22.6 meV) and Big mode (25.6 meV) measured by Raman scattering (331, The

figure was adapted from Ref. [32], copyright (2018) by the American Physical Society.
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Fig. 7. (a) Energy-momentum mapping of 2D-HREELS measurements of luc-FeSe/SrTiO3 samples, where red solid

lines are guides to the eye; (b) plot and exponential fitting of the peak height of the o mode as a function of the

FeSe thickness (blue), plot and exponential fitting of the superconducting gap size for the K-doped FeSe/SrTiO3 as

a function of the FeSe thickness (red), with data extracted from Ref. [35]; (c) illustration of the penetration of the

electric field generated by the substrate oxide phonons into FeSe films. The figure (a) was adapted from Ref.[32],
and the figure (b) was adapted from Ref. [34], copyright (2018, 2016) by the American Physical Society.
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Fig. 8. (a) 2D-HREEL mapping of the acoustic phonon (AP mode) of Mn-doped BisSes; (b) 2D-HREEL
mapping of the acoustic plasmon (« mode) of BizSes; (c) the dispersions of the acoustic plasmon («
mode) of BizSes, and the acoustic phonon (AP mode) of Mn-doped BizSes, and the shaded zones label
the electron-hole pairing continuum of massless Dirac electrons and normal bulk conducting electrons; (d)
the normalized intensity and (¢) FWHM of the o mode of BixSes with different incident energies. The
normalized intensity and FWHM of the bulk plasmon (¢ mode) of BizSes are also plotted for comparison.
The figure was adapted from Ref. [52], copyright (2017) by the American Physical Society.
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Abstract

High-resolution electron energy loss spectroscopy (HREELS) is a powerful technique to probe vibrational and
electronic excitations at solid surfaces. A monochromatic electron beam incident on the crystal surface may interact
with the vibrations of adsorbed molecules, surface phonons or electronic excitations before being back-scattered. By
analyzing the energy and momentum of the scattered electrons, we can obtain the information about the chemical
bonds, lattice dynamics, occupation of electronic states, and surface plasmons. However the application of traditional
HREELS to dispersion analyses is restricted by its point-by-point measurement of the energy loss spectrum for each
momentum. Recently, a new strategy for HREELS was realized by utilizing a specially designed lens system with a
double-cylindrical monochromator combined with a commercial Scienta hemispherical electron energy analyzer, which
can be used to simultaneously measure the energy and momentum of the scattered electrons. The new system possesses
improved momentum resolution, high detecting efficiency and high sampling density with no loss in energy resolution.
The new HREELS system was employed to study the mechanism of the superconductivity enhancement at FeSe/SrTiO3
interface. By surface phonon measurements on samples with different film thickness, it is revealed that the electric
field associated with phonon modes of SrTiOs substrate can penetrate into FeSe film and interact with the electrons
therein, playing the key role in the superconductivity enhancement. The surface collective modes of three-dimensional
topological insulator was also studied by using this new HREELS system. A highly unusual acoustic plasmon mode is
revealed on the surface of a typical three-dimensional topological insulator BizSes. This mode exhibits an almost linear
dispersion to the second Brouillion zone center without reflecting lattice periodicity, and it remains prominent over a
large momentum range, with unusually weak damping unseen in any other system. This observation indicates that the
topological protection exists not only in single-particle topological states but also in their collective excitations. The
application of the new HREELS system with the ability to measure large momentum range with high-efficiency, will

definitely promote the development of related researches on condensed matter physics.
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surface plasmon, electron-phonon coupling
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