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Ultra-high resolution spectroscopy \\wé
using Mid-Infrared Laser Heterodyne
Instrument (MILAHI)

» FEFMATRESD

ERY by

F.r,, Ab
3 He

1005l E (G|

=5

SEEE10M/sLl L) ZiERK

BRERANT AT DN ERIKRFTHRHAE V. FF

RTIE. ZORREEREICOWTCHEZT %o

FAERMEERIET—7 a3y 7, ®RILKE, 98, 20134.

LT, BARAT, 3

R

F1, §

I, T

7)1 B,

[11]

AEFE—2, G. Sonnabends

18RS, 2\ T K22, 3L UK,




1. A7 Rlaz DK R BEEELLER

3 [ — s
EET? ?%ﬁ AIERIEIEEICEX, hOER ‘“’V”“\ r”\ /M

| Sample spectrum
+ &t 20° North and 150* East

- H20VCH4%3 E D SREREICA T2

A
30 | COMICS
PFS/MEX /SUbaru In Mars rest thomo [em7)
TEXES [Villanueva et al., 2009]

= /IRTF(100,000) . o
=, FTS/CFHT(180,000)
>
S 10
o’ IR Hetero Mars
= CH,
8 —
=y OMEGA /
(dp)

5 IMEX IRCS/Subaru __— CSHELL/RTF )/

o CRIRES/VLT(100,000) '
NIRSPEC/Keck Il (40,000)
D difference x2
1 SOIR/VEX FTS70FHT(180,000) '
2979.00 2979.10 2979.20 2979.30
1E2 1E3 1E4 1E5 1E6 1E7 1E8 Wavenumber (cm’)
Resolving Power [Krasnopolsky et al., 2004]

Fig. Spectral resolution of the current equipments onboard ground-based telescopes and spacecrafts.
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Fig. View of the optical part of the MILAHI. =

’

Rrtoa = eB(Tsurf)e™t + Ruw

Thermal radiance of the planet travels through its atmosphere.

Inet = RToa (X) RLo

The celestial signal radiance combined with local oscillator (laser)
Inet = Ipc + IIF = Ps + PL + 2/ PsPLcos(2myirt-@)

A heterodyne spectrometer converts an IR spectrum into a radio frequency spectrum.
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Size 600 mm x 600 mm x 600 mm
Weight ~ 80 kg
Wavelength 7 - 13 micron

Resolving power > 1,500,000 (0.00066 cm-1)

Operating range 7.7 (1293-1297 cm-1),
8.0 (1230-1245 cm-1),
9.6 (1043-1048 cm-1), and
10.3 (968-973 cm-1) micron

Signal level

med-fjjiter
Sensitivity < 3,000 K at 9.6 micron "
Detector MCT photo diode
- Bandwidth 3,000 MHz
Back End Digital FFT spectrometer

- Bandwidth L 1,000 MHz (0.033 cm-1)
H 500 MHz (0.016 cm-1)

- Channels L 61 kHz resolution
(=0.000002 cm-1 sampling)
H 31 kHz resolution
(16,384 sampling)

Configuration Nasmyth, Cude, Cassegrain
Field of View 0.85” (2.5 m telescope)
(Beam size) at 10.3 micron
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Fig. Tuneable wavelength range, including O3, CO2 and its isotopes, H20 and HDO, H202, N20, CH4, C2H2 etc.
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Fig. Observed spectrum of the terrestrial ozone at Sendai, Tohoku University, in 2012.
Integration time is ~ 10 min. The background is the solar radiance.
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Fig. System noise temperature of MILAHI at 10.3 micron.
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Fig. IR spectra of planets [Hanel et al., Exploration of
the Solar System by Infrared Remote Sensing, 2003]
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Table. Comparison between the expected signal level and the background radiation level.
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