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Interstel lar Molecul&stected in IR  Only(=Nonpolar)

oSimple Hydrides, inorganic species :

H,, CH,, CO,, SO, OCS, SiH,,

omolecules in cyclic (AROMATIC) form :
CqH; (benzene), Csg Cro

o"Cyanopollynes, polyacetylenes and related “LINEAR Carbon chains” : (Spitzer)

C; C, C,H,, HC,H(diacetylene) ,

HCgH(triacetylene), C,H,, ) HNCCC, HCCNC, HC:N, HC,N, HCgN,
olons :

Hj",

, H,O*, H;0*, OH*, SH*, H,Cl*(Herschel)

oRadicals :

CH3_| ) SH,

oAldehydes, Alchoholes, Ethers, Ketons, Amides and related species(‘Pre-Biotic”

molecules) 11 s 11 e AL LM ILINIASA 1IN NILL LI LIS LI NI MALIL I
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Few IR “line survey in IR, “No~ laboratory IR data



Science in N-Band
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“All molecules have Vibrational transition

H,, C,H,, ..., Carbon Chain, “PAH s

= (S10),
» Chemistry Related to Star Formation

querprmt region for Complex Organic

molecules: v=2x\(k/u), k: force constant




lon molecule reaction network
for Carbon

Ho> Key ions:
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Required Spectral Resolution

“Rotationally resolved” vibration spectrum is useful for
Odefinite identification of a “new” molecule
Oaccurate derivation of abundances and excitation

Othe understanding the “chemistry”=formation pathways
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Germanium Immersion Grating
Resolving Power, R = A/AL = AL/A =2nL/A (n ~ 4 for Ge)
— Compact Cryogenic Optics
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Grooves on the Ge Surface : Fabricated by RIKEN s ELID (ELectrolytic In
process Dressing) Micro-machining Method (Ebizuka et al., 2003)

- > - .

30 mm i 3 .
Surface Roughness: < :
~3 nm

30 mm

R~51,000 @ 10um =
For 25mm beam diameter &



Optical design of GIGMICS

« Slit width 0.612 arcsec (0.488 mm) at R = 50,000, F/12.5
 Echelle grating Ge immersion grating
Groove interval : 0.6 mm
Blaze angle : 68.75 deg.
Order : 344-560
 Cross Disperser Short wavelength (7.5-10 pm)
Groove constant : 100 grooves/mm Blaze angle : 26.7 deg.
Long wavelength (10-13.5 um)
Groove constant : 61.97 grooves/mm Blaze angle : 18.1 deg.

- Collimator Al spherical mirror Focal length : 500 mm (F/20)
- Camera Ge and ZnSe lenses  Focal length : 192.5 mm (F/7.7)
- Detectors 512 x 412 Si:As IBC (Spectrograph) 5K cooled

256 x 256 InSb (Slit viewer) 30K cooled
(Cryostat x 2, for 5K, 30K for optics, 70K for Radiation shield)
- Cryogenic actuators 4 (Filter Slit, Cross disperser, Focus)



Optical layout of GIGMICS

* Before mounting filter and slit turrets
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Motions(1): Focus adjuster &
Crossdisperser stage A

eCommercial stepper motors

(Escap P 430-258-005), bearings of
which are replaced with MoS2
sputtering bearings of NTN Corp.

(Z-Lab, Nagoya Univ.)

Focal lens mount stage:+/- 1.0 mm, Resol. 0.01 mm

Flexture stage with
parallel spring

I Spur gear I




Motions(2): Filter Turret & Slit Turret




Echelle Spectral Formats
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Echellegram of NH; in Emission at 370 K
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Comparing Echellegram with FT Spectra

Relative Intensity (Arb. Units)

Va =1'0,

P(1,0)s

m=416

IRHS, 1.7 min. integration.
T~100 C, P~2 Torr of NH 3.

FWHM = 0.03~0.05 cm’!
R~30,000
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Laboratorzy GIGMICS spectrum g ({ methane
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Laboratory GIGMICS spectrum (IIl): allene
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GIGMICS now at KANATA 1.5-m telescope,
Higashi-Hiroshima Observatory,
Since Dec. 2010 for the first light

Targets:

Vib.-rot. Transitions of
Methane, Ethane,
Ammonia, N,O, O, SO.,,
H,O, CO,, SO,, H,S, NO
Halogen Oxides, etc.,

in the Planets, Stellar
Atmosphere, bright SFRS
CSE of late type stars,
and the upper
atmosphere of the Earth




Supl: Sensitivity

N, poon(Dark) = 150 photons-pixel!-s' : Good!
Observed Ratio of “Signal-to-Noise Ratio (SNR) ~

(SNR)gc/(SNR)gr = 100
» Ratio of Theoretical SNR

» for Single-Channel System (Detector Noise Dominant),
(SNR);/(SNR)z = [N]1/2 ~ 0.002
» for Multi-Channel Grating Spectrometer (Echellegram)
(SNR)g.p, /(SNR)pr = [N 7/2 + N = 100 (N, ~ 50,000)
» Jf Modulation Noise Dominant
[(SNR) g, /(SNR) p] = [N]*¥2 - Ny~ 2 X 107

» N=512 X412 = 210,944 (Number of Spectral Elements).



Echellegram of CO, Laser with Thermal Radiation

|3 = nAlcinia + gin(y]
11.03 um (907 cm’!)
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Dispersion : 64 ~ 8 X 10> um-pixel'! (~0.007 cm!-pixel!) @ 10.6 um



First-Light Observation with Slit Viewer
e Mitaka 1.5m Telescope, March — May 2005
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Mitaka 1.5me, F/12.5 i
Subaru simulator Field'ofView :15arcsec (88.7 fim/arcsec)

o Slit Viewer Performance : ~50% of Estimated

- Limiting Magnitude : 7.1 mag. at K-band (2.2 mm)
(1.0 sec exp. time, S/N = 10, seeing = 1".0, N,

readout

= 620¢)



Signal Detectability of IRHS

N, poton(Dark) = 150 photons-pixel! s

N, noton(Background Radiation) :

T. . =290K : 1,500 photons-pixel!-s!

room

T=210K : 250 photons-pixel'-s'

e

cf. Full-well Capacity (Si:As, 5 K)
~ 200,000 photons-pixel! (t= 500 sec for T = 210 K)

Detectable If Nphoton(Signal) > [Nphoton(BR)]l/ 2
= 16 photons-pixel!'s? (T;= 210 K)

Cryogenic Cooling Allows Us to Extend Integration Time
& Enhance Signal-to-Noise Ratio.



