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Abstract : Fourier transform spectroscopy (FTS) is widely used in various fields due to its
advantages such as high signal-to-noise ratio, batch acquisition of broadband spectra, and
expandability to various types of electromagnetic waves. THz discrete Fourier transform
spectrometry in THz region (THz-dFTS) is achieved by focusing on the extremely accurate pulse
periodicity of frequency-stabilized mode-locked THz pulse trains, which is a time domain
depiction of terahertz frequency combs (THz combs). This makes it possible to achieve spectral

resolution beyond the theoretical limit of spectral resolution defined by the reciprocal of the

measurement time window.
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Fig. 1 Fourier transform for a measured temporal waveform A(#) of a
phenomenon.
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Fig. 2 Temporal overlapping of multiple repeating phenomena using
precisely periodic radiation with a repetition period 7.
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Fig. 3 Signal acquisition of portions of /() with different timings with a
time-window size equal to one repetition period.

%

1AM CRE SN I LBIGR D7 — ) ZJHAA~Y L4
KD L7l REEREA), B), (C), DI E ENDBFEFE D
& HE LIRSS B cos2nft N T FL A IRFRIREIL CRE 3
IE&V (Fig. 4).

J. Jpn. Soc. Infrared Science & Technology ~ Vol.31 No.2 (2022)



AERFERT b

* 8 HAE L(f: L\JE;‘&)’%SI{%%
cos2nft
i < WY
C
WA
+
'\/VVW\D\
L Y J
vy

Fig. 4 Fourier transform of portions of /(?) with different timings.
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Fig. 5 Temporal connection of portions of /() with different timings and
Fourier transform of the temporally connected A(#) without
limitation of the time-window size.
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Fig. 6 (a) Discrete Fourier transform spectrum and (b) continuous spectrum.
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Fig. 7 Temporal disconnection of portions of A(#) with different timings
and Fourier transform of the temporally connected /(?) when the
time window size is not equal to one repetition period.
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Fig. 8 Discrete Fourier transform spectrum for the temporally connected
h(t) and the spectral interleaving by changing 7.
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Fig. 9 Experimental setup.
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Fig. 10 Absorbance spectrum at th(e V)vater rotational-transition absorption
line with the expected pressure broadening linewidth of 10.6 MHz
for (a) =T, (b) 7=0.9995T, and (c) 7=T achieved by connecting

the temporal data for 0.9995T and the null data for 0.0005T.
WIZ, KRRV ERRO T ADRIE &Y SET Vo b &
VHHIE ST TRRME 23 I L 7=, Fig. 11128\, L7 m y R
SN, FRUEL TS NDIES LA O ME, SHE R > 7T —fins
D #E (EEERL), A7y MIFy v 7 LR dFTS A~
M OJERERRZ, TEIURL TS, RGO, 3
B, JESEA D RS L <IEF v » 7L A dFTS A7 hLod
JEREIIRRIC &> THIBRS M TOD Z L BSHERTE 5. Hafkiiie,
R 1.25 MHz OURIL ALY M VASEE S TE Y, BIERFRIZ 50

JEAUHIARY S ARy MVOFRRENFBLS TS,

HARTRIMRFSGE, 31525 2022 4F

4
10 , S
3 [ | —o— m=mes
5 107 b [ —a—= 2 omy v o
T E | —— EAiinto FRIE
> 2F [==-- R w75 —3Eht D FRlE
S10°L
]
T 101
§10 L
B 0 Fe
10 .
. 1 E
10 NPT BT BT BT
10° 10" 10° 10° 10*
£F (Pa)
Fig. 11 Pressure broadening characteristic of the water absorption line at
0.557 THz.
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Fig. 12 Fig. 12 Absorbance spectrum of low-pressure CH;CN gas within
a frequency range (a) from 0.2 to 1 THz, (b) from 0.6 to 0.7 THz,
and (c) around 0.6428 THz with a spectral interleaving interval of
25 MHz. (d) Expanded absorbance spectrum for two adjacent
absorption peaks around 0.643265 THz with a spectral
interleaving interval of 1.25 MHz.
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