PRI RE T B A EEDERFE
GIGMICS(Germanium Immersion Grating
Mid-Infrared Cryogenic Spectrograph)

Wide coverage: 7.5<A<13.5um, High dispersion:

R~40,000, Designed for line survey and search for
Interstellar molecules

echelle grating
groove interval : 0.6 mm
blaze angle : 68.75 deg.
order : 344 — 560 th
size : 30 X 30 X 72 mm
Surface roughness: ~3nm
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Spectroscopic observation in the
Astronomical “N-Band” : 8~13 um
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“All molecules have Vibrational transition™: n=1t y
. . . - . 20N/ 1T
« Fingerprint region (35X #818) for Organic molecules

e.g. streching of C-C C-O C-N, Bending of C-C-C

* vibration-rotation transitions of Methane, Ethane, Ammonia,
N,O, O4, SO,, H,0, CO,, SO,, H,S, NOx, Halogen Oxides, etc.

High  dispersion: R>30,000->Vib.Rot.  Transitions
resolvable for various "tri-atomic” molecules: CnHm(*+ ~)

==Key species in Astrochemistry
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Interstellar Molecules Detected in IR  Only(=Nonpolar)

oSimple Hydrides, inorganic species :

H,, CH,, CO,, 5 SiH,,
omolecules in cyclic (AROMATIC) form :
CgsHg (benzene), Cs0 Cro
o”Cyanopollynes, polyacetylenes and related “LINEAR Carbon chains” : (Spitzer)

ESRE C . : : : 5 C,H,, HC,H(diacetylene)
HCgH(triacetylene), C,H,,

o) ‘) . . 9 . It . o .

olons :
Hs",
, H,O*, H;0*, OH*, SH*, H,Cl*(Herschel)
oRadicals :
CHs, , SH,

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

Few IR “line survey” in IR, “No” laboratory IR data 1



The Mid-Infrared bands toward the new detection by GIGMICS/SUBARU

Species
(electronic
state)

CH,*

C2H2+(2nu)

C,Hj"
(Non-
classical)

linear—
CsH(?I)
cyclic—
C3H(*B,)

linear-C;H,
cyclic-C3H,

cyclic-
CsHj"

HCCCH,*

linear-
C,N(?10)
linear-
NCO-

Vibration
Mode

ab initio calculation

2942)
137767

3090), 310867

138767
3340)
74170
3159
24567%)

84579
1151

133270

94076)

1051, 1080
1316

9137
79879
108979
3206

1315, 131881

93981
112781
11508Y

1130

Transition frequency (cm™?)

Matrix spectrum

1159.879

1003, 999.2)
127978
88678

78878
106278
3130.4)

1276
90883

1066

2156

Gas-phase spectrum

—no data-—

—no data-—

3108

—no data-

3136 (IR difference Laser spectroscopy)
75471:)(Laser Induced Reaction+ion trap)
3136, 3142)(IR difference Laser spectroscopy)
2217 (IR laser photodissociation spectroscopy)

—-no data—
-no data—

-no data—

—no data-

—no data-

1277 (FTIR absorption spectroscopy)

—no data-—

7767 (FTIR absorption spectroscopy)

—no data-

318281 (IR laser photodissociation spectroscopy)

129381 (IR laser photodissociation spectroscopy)
—no data-—

11118V (IR laser photodissociation spectroscopy)
122281 (IR laser photodissociation spectroscopy)
1046/ (FTIR emission spectroscopy)

1210 (IR Laser spectroscopy, by hot band)

2182, 212487 (IR Laser spectroscopy, by hot
band)



2011:First Light Observation of GIGMICS

Kanata 1.5-m telescope at HASC, Hiroshima Univ., Altitude: 503m
=“Subaru simulator” at Mitaka, NAOJ, until 2005
2011: Jan-Apr, Target: Moon, Proto-Planetary Nebula, and Venus, etc.
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GIGMICS with KANATA: 8-13 ym Echellegram toward the moon

c02 (00° 1)- (10%) Vibration-Rotation transktions Rt =
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« 412 X 4260 mosaic image, Diffration order 420<m<520

Ref: Grating equation: mA = “n” X d[sin(p) + sin(y)]

« Assignment of the absorption “spot” by the HITRAN database
« —vibration-rotation transition for

. CO,:167. H,0 107, O; 78, N,O 78 lines, 377 in total.

» Least squares fit :A=A(m, X)

192.0 [ T . ( . (MAgps -
Xobs = — X6+ tan |arcsin [nsm {arcsm ( — SlflO() —a }]

0.03 n

—fitting rediuals (o) : 3.96 pixel
Definite assignment of m - daviated +1
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[S IVIIEfE DT VEVST (M2 HXK)
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0.0107 [S IV] emission

in NGC-7027 Center
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HST/NICMOS (Latter et al., 2000)

] »Flux : BILEEBRET HEENEHY

> Total Flux 1503Jy from 10"x4"” &M
» Total throughput of Kanata-GIGMICS: ~15%

1 >R R TOEALR R A =10.51130 (um)

> IR RS (ref. A =10.5105um)

3; >V, o ~22km/s

> S RS TR E (L1 N0V < 4kmis)
> BB Ty k&R
» AVewam ~40km/s resolved — T~1,000,000K:

Rest Frequency of [SIV] transition

A (um) Rops Reference
Lab. (A.q) 10.5105(1) 100,000 Martin et al. (1990)
ISO-SWS  10.510(5) 2,000 Bernard-Salas et al. (2000)
GIGMICS 10.51130(58),, 35,000 (AV~7.5 km/s)
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* GIGMICS (cermanium Immersion Crating 1/id-nfrared Cryogenic Spectrograph)
» 2011F4AH6H AM5:50 BHIFTMBERE

« BURIR%: 924 ~ 988 cm'!
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c HILEXRXE NMit-Li=5E

b GIGMICS (cermanium immersion Crating '/id-Infrared Cryogenic “pectrograph)
. 201154868 AM5:50 BAIFDEIE
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2013/12/03 2 O & L



FERKR[DBHHEIE

c FAEEAKET L
. AR FRIMRARIE TH B 1= BREL DR (L IARL.
KEHTF, BHTFICLZRROHEEE

Tsurfv
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« 8CO, v; < v, Measure vs Calculation
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GIGMICS A\ EiE 2 —T7HF R (BZ X )

GIGMICS Cryostat %7
Y v 5

(D PCX Lens f=6mm ¢6

@ CCTV Lens f=50mm F/1.4

® a pair of Half Mirrors

@ FEHEE1E AIris Diaphragm

® #E{&2 FAPCX Lens f=250mm ¢30

® Aperture Stop

@ Achromatic Lens f=75mm ¢25
Plossl Eyepiece f=25mm

@ CCTV Lens f=12mm F/1.2

CMOS Image Sensor (USBTPCA)
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IR 100mm, B O#&20mm

Material: Pyrex + BaF2 Window
Torr-Seal [ &k A EEHER P
AT RDN)—E

l

30H: ~LERENZEIE #

Eﬁk_b\ ' &Ib\bhf:h§s NEEN

HOF . BEMEH



Last Slide: GIGMICS in future

Carry-in instrument proposal submitted Jan. 2013
—~>Under Preshippment Review in Nagoya Univ. Landing: 20157

Mounting GIGMICS on Nasmith-IR stage: precise and quick alignment necessary
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