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The optical science of the solid state materials is investigated for development of new coherent light sources, nonlinear
wave-conversion techniques and photonics devices. New solid state laser materials and new laser technologies with the LD
pumping and computer programmed electronically wavelength tuned method realize practical ultra-short pulse lasers and
broadly tunable light sources from EUV to THz region. We believe that new light sources would be developed in our lab. to give
a breakthrough in the biotechnology, nano-science, medical applications, industrial applications and so on.

1. Research on creation of new solid-state optical materials

(1) Development of 1-micron laser crystals
Ultra short pulse lasers are progressing toward practical use in various applications such as industrial fabrications, industrial
diagnostic, medical treatment and so on. Especially, Yb-doped laser crystals attract much attention as a laser medium for
direct-LD-pumped ultra short pulse lasers. = Recently, vanadate crystals are expected as host crystals of Yb since the emission
cross section of them is larger than that of the Yb:YAG crystal, which is conventionally used for ultra short pulse generation.
The quantum defects are also smaller than that of Nd-doped crystals. In our previous work, we grew the Yb-doped YVOu,
GdVO4 and LuVO4 by the floating zone (FZ) method successfully. In this work, we measured the optical and thermal
properties of these crystals at room temperature. As the results, these crystals had large absorption near 980nm. The
commercial laser-diode can be used for pumping the crystals at the wavelength near 980nm. In addition, the wide
fluorescence spectrum of 50nm was observed around 985nm. In addition, thermal conductivities of these crystals were
measured by the Temperature wave analysis. Thermal properties of Yb-doped vanadates were as same as conventional
Yb:YAG crystal. From these results, Yb-doped vanadates have potential for new laser material for ultra short pulse lasers.

(2) Development of the Nd:CagLa(VO4)7 crystal for LD pumped ultra short pulse laser
We investigated new laser crystals based on Nd-doping crystals for ultra-short pulse generation. For ultra
short pulse generation, Ti:sapphire is used widely because wide spectrum decided by the time-spectrum
product is obtained. However, since absorption spectrum exists in the blue-green region, LD pumping is not
allowed. Therefore, efficiency from electrical power to light is very low. On the other hand, instead of
Ti:sapphire, recently, Yb doped crystals attract much attention, because of possibility of efficient
LD-pumping. However, laser transition to near ground state privent from efficient short pulse generation.
Nd laser is the most popular solid-state laser because of 4-level laser action and efficiency. Problems for
ultra-short pulse generation are narrower spectral width less than 2 nm. In this research, we introduce
new host material such as CasLa(VO4)7 for expand of the bandwidth of laser. We successfully grow the
material without micro inclusion in the crystal and observed fluorescence spectrum, which is more than 17
nm in the wavelength rregion form 1040 to 1070nm. Observed band width is enough for ultra-short pulse
generation. Absorption coefficient at 800 nm reachs to 22 cml. The optical property shows Nd:
CagLa(VO4)7is one of good candidates for new laser material for ultra-short pulse generation.

2.Development of high-performance coherent light source based on the solid-state laser material

(1) Development of all-solid-state coherent 589 nm light source
Nonlinear frequency conversion is widely needed to realize coherent light sources required in scientific measurements and
observations. We realized the quasi-continuous-wave coherent 589 nm light source for the realization of laser guide star
adaptive optics in the Subaru telescope and we proceeded a principle research concerning a pulsed 589 nm coherent light
source for measurement of temperature in the polar circle using a sodium lidar system. The coherent light source will be
achieved with a single longitudinal mode, a repetition rate of < 1 kHz, an average output power of 4 W, and a pulse width of 40
ns. We also carried out the principle research on high-efficient second harmonic generation of a broad band laser. Although
fiber laser is a candidate in the next generation, its output spectrum is broadly spread without controls by injection seeding and
fiber Bragg grating. An system for active dispersion non-tracking frequency conversion, which satisfies quasi-phase matching
for the whole range of the broad band, was designed using periodically poled MgO-doped LiTaOs (PPMgO:LT) as a nonlinear
optical crystal. In the design, a conversion efficiency of approximately 10 % was achieved using a fiber laser of an average input
power of 430 nm with a wide spectral width of 5 nm, a duration of 3 nm, and a repetition rate of 100 kHz. The output power of
second harmonic wave increased in proportion to the square of the input power. The conversion efficiency using the broad band
laser is a level with that using a narrow band laser. In the case of frequency conversion using periodically poled MgO-doped
LiNbO3 crystal, we observed photorefractive effect for an input intensity over 10 MW/cm? and it dropped output power of
second harmonic wave. We demonstrated that photorefractive effect can be avoided with the same input intensity using the
PPMgO:LT.

(2) Development of high power ultra short pulse laser by using the regenerative amplifier
High intensity radiation with ultra short pulse width realized the material fabrication without thermal distortion, ultra-first
time resolve measurement. Therefore, amplifier for ultra short pulse laser is of importance for industrial applications.
However, since practical laser crystal and technology are still in the research stage.

In this year, we grew the laser material for practical amplifier of ultra short pulse laser, and development of a oscillator and a
regenerative amplifier with ceramic Yb:YAG crystals. At the present, we obtained 6.4W output power at 1030 nm, 75% of
Slop efficiency, and 50% of light-light conversion efficiency. On the other hand, for the amplifier, we realized 10 W of output
power with 1 ps pulse width and 100 kHz Repetition rate. = Pulse energy reach to 100 J. The laser system has applied to
material fabrication system.
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3. Applied research by using the coherent light
(1) Mid-infrared laser

Many molecules have many absorption lines in mid-infrared region based on vibrational and rotational transitions. Therefore
the mid-infrared region is called “fingerprinted region” of molecules. Rapid and random wavelength tuned mid-infrared laser
can be controlled by PC is so importance for laser spectroscopy. Furthermore the development of the spectroscopy automation
system can tune and detect mid-infrared wavelength is so importance for biochemistry and medical science. Before now we
have realized the rapid and random wavelength tuned mid-infrared laser by using dual-wavelength oscillation in an
electronically tuned Ti:sapphire laser with nonlinear wavelength conversion. The tunable mid-infrared laser was achieved wide
tuning range from 5 m to 12 m. In this year we found the wavelength stability of the mid-infrared wavelength was less than
+1.1 x 10? m. We substantiated that the tunable mid-infrared laser can be applied for the mid-infrared spectroscopy.
Furthermore we realized the mid-infrared spectroscopy automation system. And we obtained good spectral data so as to be able
to compare it with FT-IR by using our spectroscopy automation system. We are advancing the preparation for a spectrum
measurement of the living body sample etc. considering the application to biochemistry and the medical treatment now. Also, in
the next year, we will continue to the spectrum measurement in the mid-IR region for the living body samples and demonstrate
the advancement of our spectroscopy automation system together with nonlinear-optical spectroscopy and infrared
microspectrometry.

(2) Toward generation of a Bose-Einstein condensate
Efforts were devoted to generate a Bose-Einstein condensate of the 87Rb atom. The laser system was regulated in order to
stabilize the laser frequency to the 87Rb hyperfine splitting transitions. The laser system consisted of the trapping laser and the
repump laser. The trapping laser is a 1W MOPA (master oscillator power amplifier) laser with semiconductor external cavity
diode laser (ECDL) as a seeder, and the repumping laser is a 50 mW semiconductor ECDL. Those laser frequencies are locked
to the 87Rb 5S12F=2 to 5P32F’=3 and 5S12F=1 to 5P32F’=2 transitions, respectively. A 1/3 fraction of the output of the seeding
ECDL laser of the MOPA was picked up for the stabilization system. The sampled beam was frequency modulated, and the
trapping beam was not done directly, which treatment did not alter the output spectrum. The trapping beam was red-shifted by
roughly 15 MHz from the center of the hyperfine resonance point by using an acousto-optic modulator (AOM). The repumping
laser was directly modulated and locked to the atomic transition by using the current modulation. For these lasers the
saturated absorption spectroscopy was adopted to measure the atomic transitions in the 87Rb gas cell. In the room temperature
the line width of atomic hyperfine transitions, several MHz, are broadend by the Doppler effect of flying atoms, which prevent
the measurement of the true line width at atomic rest frame. The saturated absorption spectroscopy clarifies the true line
width. The modulation frequency was 10-100 kHz, and is superposed to the AOM and laser driving current. The signal of the
saturated absorption spectroscopy was extracted by demodulating the output of the photo-detection signal by using a lock-in
amplifier. This signal represents the differential of the hyperfine spectrum, and the zeros of the differential signal correspond
to the absorption peak of the hyperfine structure. The laser frequency feedback circuit was realized by superposing this
differential signal to the control voltage of the Piezo electric transducer of the laser frequency control grating. The vacuum
system was also improved for the trapping chamber of the 87Rb atom. The chamber was designed and purchased as an
assembled one. There were many deficits to prevent from obtaining an ultra-high vacuum. Several change of the chamber and
the final 250 degree bake out enabled to reach to the ultra-high vacuum of 1.4X109 Pa. At present the vacuum is stable and is
keeping this low pressure.
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