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Title of Thesis: Measurement and interpretation of elliptically-polarized terahertz electric field vector

waveform using electro-optic crystals

Summary of Thesis: In terahertz frequency range, terahertz time-domain spectroscopy (THz-TDS), has
been actively conducted so far. By using this method, it is possible to directly measure the complex
refractive index of samples by comparing between the Fourier components of the terahertz time-domain
waveform measured with and without samples without utilizing the Kramers-Kronig relation. Recently,
efforts have been devoted to investigate the anisotropy in the complex refractive index of samples by
measuring the electric field (E-field) “vector” waveform of the terahertz optical pulse.

An electro-optic (EO) sampling method is well known as a representative terahertz E-field waveform
detection method in THz-TDS. In this method, a terahertz E-field waveform is measured by transferring
information of the terahertz pulse which is difficult to detect to information of near-infrared probe pulse
which is easily detected with a nonlinear optical effect in EO crystals. Recently, it has been demonstrated
that E-field vector waveform including not only its magnitude but also its direction can be measured by
using the EO sampling method.

However, in the EO sampling method, it is widely known that there is a so-called "phase mismatch"
problem, which originates from the difference in the travel velocity inside the EO crystals between the
terahertz and the near-infrared probe pulses. As a result, because the magnitude and direction of the
terahertz E-field vector sensed by the probe pulse within the EO crystal varies at different positions and
times, the measured waveform does not accurately reproduce the propagated terahertz E-field vector
waveform. This problem has been discussed since the development of the EO sampling method, and in
the previous research, it succeeded to reproduce the accurate terahertz E-field waveform from the
measured time-domain waveform by appropriately accounting for the phase mismatch effect. On the
other hand, a method for retrieving an accurate terahertz E-field vector waveform has not been
established.

In this PhD-thesis, we propose a methodology to interpret the time-domain waveform measured by the
EO sampling method including the polarization information, and demonstrate the retrieval of the terahertz
E-field vector time-domain waveform. By analyzing the measured vector time-domain waveform in the
frequency domain, it is possible to restore the exact polarization state of each frequency component of
terahertz pulse (Chapter 3). Considering the material parameter of the EO crystalsuch as the refractive
index, it was proven that an accurate terahertz E-field vector time-domain waveform can be retrieved
(Chapter 4). Furthermore, we shown that the terahertz E-field vector can be measured even if various
kinds of EO crystals with different crystal symmetry are used (Chapter 5).

Since the methodology proposed in this thesis is based on the universal Maxwell equation describing
the propagation of electromagnetic waves, it can be applied to detect the E-field vector waveform not

only in terahertz frequency range but also in various frequency ranges.




