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> IOV INITT
L=+ CodeV(h), ZEMAX, LightTools, Virtual Lab, Poynt
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INMEEDEIDE SN (LiH)

» LiH (= Laboratory of infrared High-resolution spectroscop

» 2015FE4H KYIEE)
> FRAEE DD XIZELBIZTAITURX BRIZEEL =S

I rEW IR I)‘"//Y— T0Ix2 b WRAE
L H Al Topics Members Projects Research

TRIMBRER TR Z A

Laboratory of Infrared High-resolution spectroscopy

|| [FRAEEDESR] ICDWNT BUFETS
FMESHTSALH)E, ERAORRENESEREEOTHEE SRS ARNZONSTT.
8l - EEMREVOEFEZAVT, EXFEELUEENECEII 3B/ BART—JEEELTVET.
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» 0.9-1.35um(z,Y,J-bands)DETTELD Y25
> BOEL. L. Y% (Kondo+2015|keda’l
> 2017FELDONTT (3.6m) (CFEs% Ly
» FEME(Z. FEME (P02) &AIE (PO5) DIRAS—

Wide mode++ Hires-Y mode Hires-J mode

Wavelength Coverage 0.90-1.35um 0.95-1.11um 1.14-1.35um
Maximum Spectral Resolution 28,000 (2pix sampling) 80,000 (2pix sampling)

Slit Width 100um (0.54”)+, 200pum, 400um

Slit Length 3.12mm (17”)+

Total Throughput > 50% ~32% ~42%
Volume 1750mm(L) X 1070mm(W) X 500mm(H)

Operation Temperature 270-300K (except for camera lens and IR array)
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» 0.9-1.35um(z,Y,J-bands)DETTELD Y25
> BOEL. L. Y% (Kondo+2015|keda’l 014
> 2017FELDONTT (3.6m) (CFEs% Ly
» FEME(Z. FEME (P02) &AIE (PO5) DIRAS—

Throughput Coverage
A A
WIDE.  WINERED M1 @ 0o
50% HIRES-Y&J WIDE IGRINS (McD)
@
APOGEE (SDSS) VINROUSS cRiRES+ (wiT)
0% O WINERED O
IGRINS (McD) VINROUGE o
IRCS (Subaru) 1
RETRE e iSHELL (IRTF) @ ~roGEE (sDss) HIRES-Y&J i
o0 O A/10 @ nirsPEC (keck2) _ i
10% IRCS (Subaru) o CRIRES+ (VLT) ISHELL (IRTF) |
GIANO (TNG) I
> >
20K 60K 100K 20K 60K 100K

Spectral Resolution Spectral Resolution
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NIR line atlas (Sameshima+ in prep, lkeda+ in prep)

newly discovered NIR DIBs (Hamano+2015, 2016a, 2016b) CN abundance in comet (Kawa
' "Comet C/2013 Rl (Lovejo:
20 | Synthetic CN lines (T=300E]
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VINROUGE

» 2-5.5um(K,L,M-bands)DE &7 ¢2s (Arasaki+2016,
» B=57ET 1 R=80,000 w/ Ge immersion grating

_ b
» 2019 7 —RXA S h=BIET .

o s N 9
g - mﬁﬂ"ﬂ ocs —
8 = B — - g &
= : CH, ., W CHOH o, COs = C,H :‘_'_'Hc;‘\'
| " co H. C-O T LH.CN
2 % F
e T ——',. f - 3 C:H,‘.?. 273
S T M | At R
2+ Col ? H.CO
85 ‘ | CHOH « 1
3‘% - w ¢ OCH ~_c:;ox. = CHy gy »CHONE" = CHLN
2 25 3 3s 4 45 5 55 R OHeECHOE W B0 I / o
2. . CH, BB ety ____u_q-__.cx ONH e CHON
Wavelength [um] GH.CO+ S CHEO = = =~ — 3— =¥ cmym o CHMH
fg T \CHNH,

. AH:C)\ ___’ HON

Key species controlling the astrochemistry for various organic
molecules in astrophysical plasmas (Herbst & Klemperer 1973).
Rich chemistry of complex molecules; “Molecule Zoo” in ISM, that
is also interesting in astrobiology, on the origin of terrestrial life
(Ehrenfreund & Charnley 2001; Goesmann et al. 2015).

The most fundamental molecules in ISM (for the determination of
thermo-kinetic properties; temperatures and gas-densities).




VINROUGE

» 2-5.5um(K,L,M-bands)DE a3 ¢2s (Arasaki+2016)
» =77EY : R=80,000 w/ Ge immersion grating
» 2019F 7 —A S+ h=zB1Ed (PDEEH)

Band K L M
Wavelength coverage 21-26um  28-41um 44-55um
Spectral resolution 80,000
Total throughput > 25%
S/N=10
Limiting magnitude. ( ) 13.7 mag 12.5mag  10.3 mag
(SN=100) 10.0 mag 9.0mag  7.5mag
Slit width > length®*2 0.13 mm (0.187)* 3.64 mm (5.0)
Pixel scale (2 0.07 [arcsec / pixel]
Array 5.3 um cutoff HAWAII-2RG
*1 The integration time of 1 hr
*2 In case of 10m and f715telescope with AD.
&
........................... , , I
3 Q"
M (((((((( ;
g .\'..\\\ A\ ‘\“,l‘* f

Imazing area
{2048 pixel)
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Immersion grating

» BJfR~IR9ElEZE 3/ \— 9 Bimmersion grating DEIF
» MPEEABR~INI~AES AT AET

p KREIERIRE (TMT/RE) « FHERREANDESHZHIET
» Collaborators : F&Mf. LLNL. 17/ > BHilHAGRKRE

classical grating Immersion grating




» IGDMREICEANDMPUFEDIREAE (Ikeda+2009, K
» EEER (a[em']) . BIFE—RE (An) . ERAOJEE
» ERTFHEEEHETHEA (Kaji+2016)
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Immersion grating: ZnSe/Zn$S

» ZnSe (n=2.4)/1InS (n=2.2): 0.8~10um

» w/ fly-cutting method @LLNL (Kuzmenko+2006)
» KT T ADIG: 70mm x 50mm (Ikeda+, 2008,2010,201
» [EITRIER: 72.8% @1um

. ”.”.”..Iéﬁﬁ&aéﬁTS§3ﬁﬁ”._
CEme confi

imnersion config

1 1 1
1ono 1500 2000 2500
pixel



Immersion grating: Ge

» Ge (n=4.0) : 2.0~12um
» w/ planning method @CANON
» VINROUGEA : 110mm x 32mm (Sarugaku+ 2016)

» [EHTRIER: >80% @4.5um P S
IS
“ 0.8
Pt . l
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g 0.2

< 293K —o—
28K —=—

4500 4510 4520 4530 4540 4550
Wavelength: A [nm]




1 T T T T
. . i : measured
B — simulation(TE) ——
0.8 - : : : T . : B

Diff. efficiency

Immersion grating: CZT

» CZT (n=2.65) : 5~20um (for space application)
» w/ planning method @CANON (Sukegawa+2012)

» First machined-ideal grating: 22mm x 80.8mm (lkeda+ 2
» [EIFZIER: >80% @1.5um, 4.5um




Immersion grating: X}/

» JEBERFEUOrgFRhEE
(Ikeda+2008, Sarugaku+2016)
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1.5um&®&. 4.5umTF

[2] Mirror

(a)

[1] Tunable laser
(4.30-5.11um)

[5] Spatial filter
A R [6] Jariibie apsriire
[7] mirror
! N\ Reference
; i
(3] Mirror : ~—I e [14] Cryostat
mvzewe\S Y Y : 3
otabie) " f 3
[8]8S E
2 (Wedge plate) L) [15] Cold plate
= "'k G
I Y N e |
2 [12] R|detector | !, !, o
= (1-5 um) i ]
L [11] Focusing lens A [9] sample space =
i Reference
[10] Mirror mirror
[16] Motion feedthrough
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(Kaji+2016)
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» AIREDEURITD CEDRIZRE VESPoLA (Arasaki +2015)
» R=7,000, fRyCEIEABEAP < 0.1%
» R=20,000E— K. ARIEE— RDEN

0 (deg)

i +<(l ( \u;. 2])

From Telescope

Fold mirror
HCT mirror
HCT lamp

F conversion lens

Guide viewer camera

------

.__Glan-Talor prism

falibration unit

g LS.

& . Half wave plate
Polarization

% o Entrance slit
analysis unit

Field lens -~

¥ i Field viewer camera
Fold mirror —

Double Wollaston prism

Re-imaging lens

: +1d ( \u" 17)

Cross disperser

100 Loeysel
3

! I + |

200 F 1d (Aug IS)E

Collimator lens

Camera lens

Echelle grating

L1 545 e e e bt R o i e i o S v o 3 Loy

- W o B S B e S WS e
ot Radial velocity (knvs) Radial velocity (km/s) Radial velocity (knmvs) Radial velocity (knmv/s)

Science detecter -




LiIHSYORFE T —Y

» T/ EIAO CRAO (Fujishiro +2014)
» BEEEILIDMDREFE w/EIIIXXE, RS (1K)

-50V

FWHM 3.07“ FWHM 2.28“

-
1tE+2014

WFS
(Wave-front sensor) DM
(Deformable Mirror)

ave  1.415um

d2 Al |,
.

i Ao

DPL

(Double pass lens) Tip/TiltStage

SC (Science Camera

Field Stop
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Scientific data reduction and analysis

HCON lines
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