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Observation of an unconventional collective mode on the surface
of a topological insulator XUETAO ZHU, XUN JIA, SHUYUAN ZHANG, In-
stitute of Physics, Chinese Academy of Sciences, Beijing 100190, China, RAMAN
SANKAR, Institute of Physics, Academia Sinica, Taipei, 11529, Taiwan, FANG-
CHENG CHOU, Centre for Condensed Matter Sciences, National Taiwan Univer-
sity, Taipei, 10617, Taiwan, E.W. PLUMMER, JIANDI ZHANG, Department of
Physics and Astronomy, Louisiana State University, Baton Rouge, Louisiana 70808,
USA, JIANDONG GUO, Institute of Physics, Chinese Academy of Sciences, Bei-
jing 100190, China — Using a high resolution electron energy loss spectroscopy
(HREELS) system with the function of two-dimensional energy and momentum
mapping, we studied the surface collective modes of a prototypical three-dimensional
topological insulator Bi2Se3 with Dirac surface state, and observed a new surface
collective mode with energy dispersing from 0 to 10 meV. In contrast, on the surface
of Mn-doped Bi2Se3, the mode does not exist due to the absence of the Dirac sur-
face state because of magnetic doping. Thus we conclude the observed low energy
collective mode is originated from the surface Dirac electrons. This new HREELS
system allows us to detect the collective modes in a large momentum range up to the
second Brillouin zone center of Bi2Se3. Unlike the plasmons from regular conducting
electrons, which decay into incoherent electron-hole excitations (Landau damping)
when entering the electron-hole pair continuum, and disappear at large momen-
tum, this new mode remains prominent in a large momentum range far beyond the
electron-hole pair continuum.
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