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1 Shimano Group
Research Subjects: Optical and Terahertz Spectroscopy of Condensed Matter

Member: Ryo Shimano and Shinichi Watanabe

We study light-matter interactions and many body quantum correlations in: 1)optically excited high
density electron-hole systems in semiconductors, low dimensional systems such as 2) carbon nanotubes, 3)
quasi-1D organic conductors, 4)superconductors, and 5) strongly correlated electron systems. In order to
investigate the dynamics of phase transition in those materials, we are focusing on their low energy elec-
tromagnetic responses in terahertz(THz) (1THz~4meV) frequency range where quasi-particle excitations
and various collective excitations exist. The research summary in this year is as follows.

1. THz spectroscopy
(1)Carbon nanotubes: Carbon nanotubes are considered as one of the promising materials for the
study of one dimensional electronic systems. The dynamical aspects of their transport properties,
and photo-excited dynamics are important issues to understand the Coulomb correlation in such 1D
electron system. In this context, we are studying the low energy (~ meV) electromagnetic responses
of their ground state and photo-excited state. We determined the complex dielectric function of HiPco
single-wall carbon nanotubes (SWNTSs) by terahertz time-domain spectroscopy in the broad spectral
range from 0.2 to 20 THz. Real part of the dielectric function exhibits extremely large and positive
value at low frequency below 2THz, indicating the response of small gap SWNTs.
(2)Superconductors: Vortex lattice, or glass in superconductor can be recognized as a new class of
material phase which can be controlled by external perturbation such as magnetic field or temperature.
We study the interaction among the vortices and their dynamics as well as the quasi-particle dynamics
by THz conductivity measurements. A clear gap at 1.1THz is observed in NbN film of Tc=15K, which
disappears with increasing the applied magnetic field. The conductivity spectrum is analyzed based
on effective medium theory.
(3)Multiferroics: Antiferromagnetic resonance is observed in multiferroic material DyMnOg, where
ferroelectric and antiferromegnetic order coexist at low temperature. The correlation between ferro-
electricity and magnetism is systematically examined in THz frequency range, in order to investigate
the collective excitation of the ferroelectric order.

2. Instrumental Developments
(1)THz time domain ellipsometry at low temperature and under high magnetic field: THz
time domain ellipsometry at low temperature as low as 1.6K and under high magnetic field as high
as 7T is achieved. The available frequency range is between 0.2 to 2THz, which covers the BCS gap
of conventional superconductors, antiferromagnetic resonances, and cyclotron frequencies in typical
semiconductors such as Si, InAs, GaAs under the relevant magnetic field. A high sensitive polarization
spectroscopy, namely the THz time domain ellipsometry, is combined with this system, which allows
one to measure the magneto-optical Faraday rotation angle as small as 0.5mrad.
(2)Broadband THz spectroscopy system: In order to extend the conventional THz spectroscopy
range of 0.2 to 3THz of which upper limit is restricted by the laser pulse width 160fs, we installed a much
shorter femtosecond laser system with pulse width of 14fs. By adopting the optical rectification and
dipole antenna for THz generation and detection scheme, we suceeded in obtaining a broad spectral
range of 0.5 to 30THz(600um tolOum), which covers interesting response range of those abundant
materials listed above.
(3)Development of compact THz spectroscopy system: Compact and mobile terahertz time
domain spectroscopy (THz-TDS) measurement system is quite useful as one can perform the measure-
ments anywhere including what conventional setup cannot be accessible, e.g. inside a cryogenic system
with no optical windows. Also useful is a diffraction-limited THz imaging system with high spatial
resolution, as one can quantitatively extract the spectroscopic information of small objects, particu-
larly when their sizes are in the order of mm, comparable to the wavelength of THz waves. For this
purpose, we have developed a very compact THz-TDS imaging system with high diffraction-limited
spatial resolution, which is designed so as to put the whole system except for pump and probe laser
lines inside a cryostat with 25 millimeter diameter sample space.



