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Research Contents

[Infrared spectroscopy]

In the infrared region, materials show various resonance absorptions due to molecular rotation and vibration, lattice
vibration (phonon) and magnon. Infrared spectroscopy is important for material identification and for exploring
unknown optical responses in materials.

[Ultrafast spectroscopy]

Recent development of laser technique has enabled the generation of ultrashort optical pulses with a duration of less
than 107'2 s. Such ultrashort pulses are useful for realizing nonlinear phenomena and for observing ultrafast pnenomena.
By shining a strong pulse to excite a material and introducing weak second pulse for probing the condition of the
material, we can observe ultrafast response of the materials with fine time resolution.

[Broadening of the frequency region of ultrafast spectroscopy by nonlinear wavelength conversions]

The technique for producing ultrafast optical pulses was first established in the near infrared to the visible region.
Nonlinear wavelength conversion using crystals has enabled the generation of ultraviolet and near to mid-infrared
pulses. In the last two decades, the generation of terahertz pulses has been rapidly developed. Electromagnetic wave in
the terahertz region, which partly overlaps with the far infrared region, can transmit through paper and cloth, similarly to
X-rays so that it is attracting a lot of attention, however, the technique for generating ultrabroadband pulses covering
the wide frequency region including terahertz, mid—infrared, and near—infrared has not been realized.

[Development of ultrabroadband infrared spectroscopy system]

We have been studying the development of ultrabroadband coherent infrared spectroscopy system covering the
whole infrared region using transparent materials such as air and diamond as nonlinear media and intense ultrashort
optical pulses as a light source. So far, we have realized the generation and coherent detection of infrared pulses with
the frequency range of 1-200 THz using air and applied it to the time—-resolved spectroscopy of semiconductors such
as silicon and indium antimonide. Now we are improving the sensitivity of the detection using diamond crystals.
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Available Facilities and Equipment ‘

Pulse delay generator=C10149 (Hamamatsu photonics) DC servo actuator Z812B (Thorlabs)

Virtual instruments development system LabVIEW 2019 (National
Instruments)

Data acquisition system (DAQ) USB-6002 (National Instruments)
GCD spectrometer (Pasco PS-2600)

Ultrasonic motion sensor (Pasco PS—3219)
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