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MW- Sub-mm Spectroscopy in Japan
• Fukui U. ( S. Saito )
• Kanagawa Institute of Technology ( Y. Kawashima )
• Kanazawa U. ( M. Fujitake )
• Kyushu U. ( K. Tanaka )
• Okayama U. ( K. Kawaguchi )
• Shizuoka U. ( T. Okabayashi )
• Toho U. ( H. Ozeki )
• Tokyo Institute of Technology ( H. Kanamori )
• U. of  Tokyo ( Y. Endo )
• U. of  Toyama ( F. Matsushima )
------------------------------------------------------
• Ibaraki U.  ( T. Amano ) Waterloo



• TuFIR ~several THz  ( Toyama )
• BWO   ~860 GHz  ( Kanazawa, Kyushu, Tokyo   

Inst. Tech )
• Multiplier  ~1.5 THz ( Toho )

~830 GHz ( Fukui )
~360 GHz ( Okayama, Shizuoka )
~200 GHz ( Toyama )

• Emission Spectroscopy  ~650 GHz ( Toho, JAXA )
• FTMW  ~50 GHz ( Shizuoka)

~40 GHz ( Tokyo )
~26 GHz ( Kanagawa Inst. Tech )



Sub-mm Spectrometer at Waterloo







Sensitivity of the spectrometer
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High Sensitivity Submillimeter-Wave Spectrometer, 
Fukui Univ. (  ∼830 GHz)
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Frequency coverage  : Up to 1500 GHz (to be extended to 1700 GHz)

1100 – 1500 GHz
350 – 500 GHz
115 – 170 GHz

Source modulation spectrometer ( TOHO Univ. )



Emission Spectrometer 
Japan Aerospace Exploration Agency 

(JAXA)

RX Amp.

Local Oscillator

Spectrum analyzer

Gas cell

Frequency coverage: 610 - 660 GHz 
(Can be expanded by replacing local oscillator )



Fig.1 TuFIR分光計

Protonated rare gas atom
(molecular cation)

FuFIR system at Toyama



Frequency range: 
DC ~ 5.2 THz (normal CO2 laser)

~6.2 THz (isotope CO2 laser, sequence band)
~10 THz (combination with other gas lasers)

Accuracy：　 about　30 kHz
(assuming 25 kHz for each laser)　

　　　
Source power: 10-8 ~ 10-6 W　

Specs of TuFIR spectrometer



Molecules, radicals, and ions 
investigated with TuFIR in Toyama

(1) Rotational spectra of molecules and radicals

　　 LiH,  KH, １８OH, NH, N１８O

　　 H2O (including isotopes, vibrationally excited states)

(2) Torsion rotation transitions of molecules with 

internal rotation

　　 CH3OH

(3) Rotational spectra of protonated rare gas atoms (+ ions)

　　 HeH+，NeH+， ArH+， KrH+， XeH+ ，　 H2D
+

(including isotopes of rare gas atoms and H)

(4) Rotational spectra of molecular anions

　　 OH- ， OD-



ミラーの距離　110 mm

真空槽

L-Alanine　(sublime at 160~5℃)
Ar

150Torr

250℃

Rot. Temperature ~ 50－２０K　

Experimental Set UpExperimental Setup ( Okayama )

Vacuum chamber





α-Alanine simplest amino acid with optical isomers
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Data available below 71 GHz
Extended to higher frequency



Laboratory lines of alanine

JKaKc=99 1－88 0 JKaKc=2014 7－1913 6

88838 88839 88840 88841

88839.349

 

 Frequency[MHz]
172016 172017 172018 172019

172017.792

 

 Frequency[MHz]





Toyama University Molecular 
Spectroscopy Atlas

Vol. 1    Methanol  CH3OH
Vol. 2   Acetamide CH3CONH2
Vol. 3   Methyl formate HCOOCH3
Vol. 4   Ethyl methyl ether  C2H5OCH3

18~200 GHz
(to be extended up to 340 GHz)



HCOOCH3

Frequency/MHz



Future direction?

Funding
• ALMA-J
• JSPS (Japan Society for Promotion               
of Science)

Lack of man power

not promising




