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Solar System （chemistory）	

Exoplanets （kinematics,chemistry）	

Stars  （kinematics,chemistry）	

ISM （kinematics,chemistry）	

Star Formation （kinematics,chemistry）	

Mass-loss Stars （kinematics,chemistry）	

Galactic nuclei  G.C. （kinematics）	

IGM （kinematics,chemistry）	

Astronomy 
天文学	

Re-ionization era (chemistry）	

Cosmic expansion (kinematics）	

Physical constants 
 

Astrochemistry 
Astrobiology (bio-marker) 
 

Almost all 
Astronomy fields 

Short IR (<2.5um) 

             Getting into high-precision era	

IR High-resolution Spectroscopy 
赤外高分散分光	

Thermal IR (>2.5 um) 

Physics 
物理学	

Chemistry/Biology 
化学・生物学	

Three fields 
  w/overlap 

星間ガス	

銀河間ガス	

彗星など	

TMT 



Introduction to WINERED �



Instrument	 Telescope	 λ	[μm]	 Rmax	 Slit	width	 Coverage	

CRIRES	 VLT	8m	w/NGSAO	 1–5.5	 100,000	 0″.2	 λ/70	

PHOENIX	 Gemini	8m	 1–5.5	 		80,000	 0″.2	 λ/200	

NIRSPEC	 Keck	10m	w/LGSAO	 1–5.5	 		30,000	 0″.3	 λ/10	

CSHELL	 IRTF	3m	 1–5.5	 		30,000	 0″.5	 λ/240	

IRCS	 Subaru	8m	w/LGSAO	 1–5.5	 		22,000	 0″.15	 λ/6.5	

1-6um IR High-resolution Spectrograph 
 In the world (before 2011) 

Sorted by R_max 

◎Only few instruments have been available for long time.... 

●Started w/８m-class telescopes, which has a larger budget 
●Little coverage 
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Instrument	 Telescope	 λ	[μm]	 Rmax	 Slit	width	 Coverage	

iSHELL*	 IRTF	3m	 1.3–5.5	 80,000	 0″.25	 λ/10	

GIANO	 TNG	3.5m	 0.9–2.5	 50,000	 0″.5	 λ/1.3	

IGRINS*	 HJST(McD)	2.7m	 1.4–2.4	 40,000	 0″.68	 λ/2	

WINERED	
WINERED**	

Any	1	–	10m	telesc.	
w/high-throughput	

0.9–1.4	 28,000	
80,000	

0″.2–0″.6	 λ/3	
λ/6	

APOGEE	 SDSS	2.5m		
w/300	fibers	

1.5–1.7	 		22,500	 0″.5?	 λ/8	

1-6um IR High-resolution Spectrograph 
Newly commissioned (after 2011-) 

*:   w/immersion grating,  **:w/high-blazed echelle 

◎The number of NIR HRSGs is rapidly increasing 
◎Clear trend of wider wavelength coverage with large format IR array 

●Expanded to smaller telescopes (for  long-term observations) 
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Arena of heavy competition 

Newly Commissioned 

VLT/CRIRES (-5.5um) 

WINERED-HIRES (-1.35um) 

Large-format 
IR array 

Many others 
are being developed 
worldwide// 

Note that R_max/coverage are not the only parameters that characterize NIR HRS. 



Three New Directions 

1. Extremely-wide λ coverage  GIANO@TNG 
→Radial velocity search, object classification 
      Pros: No. of lines, Cons: throughput 

2. Multi-objects w/fibers   SDSS-APOGEE 
→ Field stars (bulge, disk), globular clusters, dSph... 

     Pros: No. of objects, Cons: modal noise (fringe)? 

3. High sensitivity   WINERED 
→Highest-z objects, fainter objects 

    Pros: sensitivity/clean spectra, Cons: smaller coverage 

Diversity? 

Specific features are required for cutting-edge results// 
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   Specifications 
    * Limiting the λ-coverage to shorter NIR (0.9-1.4um)  “niche” 
    * Non-cryogenic optics except for the camera.            “unusual” 
  

          →Very high optical throughput (~50% w/Q.E.)   “double“ 

WINERED  by LiH (U.of Tokyo &  Kyoto S.U.) 
     (First-light on May 2012, now under normal operation) 

     Ikeda+2016, in prep for SPIE 

High res-mode 
 R~80,000 
   w/high-blazed(R5.3) echelle 
   (Just commissioned  
                in June AY2016) 

Wide-mode 
 R~30,000 
  w/R2 echelle 



Very high throughput!�



Kyoto Sangyo U. 1.3 m telescope 
     (in the middle of the city) 

WINERED Inside WINERED 

Slit	

←	collimator	

←	echelle	gra,ng	

VPH	X-disperser	→	

Camera	lenses	->	

Detector	->	

Cooled (77K) 

Warm (Room T.) 



“WIDE”	

“HIRES-Y&J”	



Wide	coverage	(0.9-1.35um)	w/2kx2k	HAWAII	2RG	array	

2D Spectra of “WIDE” mode	



WINERED: Hires-J&Y modes	

Flat-field	 arc-lamp	



High-blazed echelle grating  
for WINERED	

By	Photocoding,	CANON,	and	LiH	(Otsubo+2016,	SPIE)	

Efficiency	close	to	the	theore,cal	limit.	



First light spectrum (Arcturus)	



First light spectrum (Cyg OB2 No.12)	
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C2 (1,0) Phillips bands toward Cyg OB2 No.12
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(ENGINEERING, R=50,000)

(R=20,000)









LiH	(Laboratory	of	infrared	High-resolu,on	spectroscopy)		
at	Koyama	Astromical	Observatory	(Kyoto	Sangyo	Univ.)	

Koyama	Astronomical	Observatory	



Toward	Deeper	Universe	in	NIR	by	WINERED	in	Chile	
(3.6-m	New	Technology	Telescope	w/	WINERED)	

The	3.6-metre	New	Technology	
Telescope	(NTT)		

荒木望遠鏡（口径D=1.3m)	
		vs.	NTT	(口径D=3.6m)	:	集光力	7.7倍	
　　à	＆　晴天率：高、湿度：低　（好条件）	

南天（銀河中心・マゼラン銀河）	

2017年１月〜	



Initial Results from WINERED �



Hamano+2015,	ApJ,	800,137,	Hamano+2016,	ApJ,	821,42,	Hamano+2016,	in	prep	

NIR Diffuse interstellar bands (DIBs)	
n  Systema,c	search	for	DIBs	in	NIR	region	w/WINERED	(S/N=300-700)	to	iden,fy	

many	new	faint	NIR	DIBs	in	0.9-1.35	micron	(~50	so	far)	

9577Å	
9632Å	

Confirmed	C60+	lines	
(Fullerene	ion)	à	

EW	distribu,on	of	all	DIBs	
Op,cal	(Hobbs+09)	

Known	

New	(w/WINERED)	

H-band	
	(Cox+14)	



New IR spectral atlas & line list	



Line list for Arcturus	

※WIDE	mode	





Kondo+2016, in prep 

Spectra with high-quality close to those of optical HRS (S/N > 300) 

Microturbulences and metallicities 
of red giants	



Isotopic ratios in carbon 
and nitrogen in comets	

CN	Emission	Band	

n  Few	high-resolu,on	NIR	(0.9–1.3μm)	spectra	of	comets	have	been	reported	so	far.		
n  Isotopic	ra,os	of	carbon	and	nitrogen	can	be	determined	from	high-resolu,on	spectra	of	

of	CN	isotopologues	(12C14N,	13C14N,	12C15N）	in	NIR	wavelength	region.	

Comet	C/2013	R1	(Lovejoy)	

WINERED	(WIDE)	
à	R=28,000	
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13C14N	(model)	
12C15N	(model)	

12C14N+13C14N+12C15N	

Telluric	OH	emission	overlapped	
with	CN	band-head	accidentally	
(depending	on	geocentric	velocity	
of	a	comet).	

à	WINERED/HIRES-mode	(R=80000)	will	provide	beter	opportuni,es	
to	detect	CN	isotopologues	(13C14N	and	12C15N)	for	future	comets.	



By Venus-Express(ESA)	

CO2 in Venusian Atmosphere	



Vinusian Atmosphere	

htp://pages.uoregon.edu/jimbrau/BrauImNew/Chap09/7th/AT_7e_Figure_09_20.jpg	

CO2	



Vinusian Atmosphere	

Baines	et	al.	(2006)	

O2	(1.27μm）	



Dayside vs. Nightside	
Low-resolu,on	spectra	of	Venus	(lev:	dayside	,	right:	nightside)	for	1.05	–	1.6	um	region.	

Reflected	sunlight	(at	the	cloud	top)	w/	
absorp,on	by	Venusian	atmosphere.	

Thermal	emission	from	the	near-surface	
region,	and	atmospheric	airglow	(e.g.,	O2).	

Korablev	et	al.	(2012)	



Atmosphere of Venus w/WINERED	

HIRESモード試験観測期間中にデータを取得	
※Engineering観測のため、R〜50,000	

観測日における，地球から見た	
太陽光入射・射出角のコサイン	

10	pix（7”）を平均すると…		
										μ0	=	0.2~0.5,			μ	=	0.45~0.8	

à	Dayside	spectra	

Slit-viewer	image	



CO2 in Vennusian Atmosphere	

※太陽スペクトルで除算していないので、太陽スペクトルの吸収線（フラウ
ンフォーファー線）を含む。地球大気の透過率は未補正。	

金星大気中の雲で反射した太陽光を観測している（太陽光が金星
の雲に反射してから地球に届く間に通る、金星大気の成分による
吸収が見えるà	CO2など）	

大気中の散乱を考慮せず	

ß	モデル計算において単純
に(散乱を無視）光学的厚み
を計算するとバンド強度比
がまったく合わない。	

観測（昼面）	



CO2 in Vennusian Atmosphere	

※太陽スペクトルで除算していないので、太陽スペクトルの吸収線（フラウ
ンフォーファー線）を含む。地球大気の透過率は未補正。	

金星大気中の雲で反射した太陽光を観測している（太陽光が金星
の雲に反射してから地球に届く間に通る、金星大気の成分による
吸収が見えるà	CO2など）	

Sagawa	et	al.	(2016),	in	prep.	
大気中の散乱を考慮	

観測（昼面）	
Real	signal	(not	noise!)	



Vib-electronic transitions of CO2	

Herzberg	&	Herzberg	(1953)	

ν3	=	3	

ß	Hot-band	

1.0383	μm	
1.0507	μm	
1.0650	μm	

Fermi-resonance	
between	v1	and	v2=2v1	



Ding+ (2002) 実験室測定	

WINEREDスペクトル:	CO2	1.048	um帯のRブランチ．	



CΟ2 ν1+2ν2
l2=0+3ν3  

or  (20032)-(00001)  Pブランチ 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13CO2/12CO2 Ratio in Venus	
n 　9290	cm-1	付近に 13CO2のシグナルを検出	

(13)C	(16)O2	

S	 S	 S	 S	 S	 S	S	S	

黒： 観測データ（金星

＋太陽＋地球大気吸

収）．	

	

緑： 地球大気吸収．	

	

水色： 太陽スペクトル．	

	

青： 12CO2 のみを考慮

した計算結果．	

	

赤： 全CO2同位体を考

慮．そして，この波数域

だと 実質的に12CO2 + 
13CO2 だけ．同位体比は

地球大気と同じ値を利用し

て計算．	



Topics for WINERED  
in planetary science	

n Venusian	atmosphere	(CO2	and	its	isotopologues,	nightglow	
of	O2,	and	H2O	vapor	near	the	surface).	

n Marsian	atmosphere	(dayglow	of	O2).	
n Primordial	molecules	in	comets	(CN,	C2,	H2O,	and	other	
molecular	species	including	their	minor	isotopologues).	

n Methane	in	atmosphere	of	outer	planets	and	Pluto	(and	of	
their	satellites).	

n and	more	…		



O2 nightglow in  
                      Venusian atmosphere	

“Nightside”	spectrum	
	from	spacecrav	

Bailey	et	al.	(2008)	

O2	(a1Δg	−	X3Σ−g)	airglow	band	

à		WINERED/HIRES-J	(R=80000)	in	early	2017!	

Krasnopolsky	et	al.	(2010)		à	R=40,000	



金星の昼の側の大気の高高度では、太陽紫外線によるCO2破壊によって酸素原子が生成。	

酸素原子は大気の循環によって惑星の夜の側へ運ばれる。そこでは、これらの原子は高い	

大気から中間圏と呼ばれる低い層へ移動し再び結合して O2	になる。この過程で、波長

1.27μmバンド輝線発光が見られる。 	



Toward longer wavelength …	



VINROUGE spectral format (Arasaki+2016) 

L M K 

Wide wavelength coverage w/ 
high-resolution (R=80,000)	



Ge-immersion grating (Sarugaku+2016) 
 
                      ...completed 



VERY compact design ...“Table size spectrograph” 

Very	compact!!	



Topics for VINROUGE  
in planetary science	

n Primordial	organic	molecules	in	comets	(“molecule-zoo”).	
n Many	other	topics	related	to	the	organics	in	planetary	
atmosphere	(e.g.,	organics	and	H3

+	aurora	in	Jovian	planets).		



Summary	
n LiH	(Laboratory	of	Infrared	High-resolu,on	spectroscopy)	is	
working	for	developing	advanced	high-resolu,on	infrared	
spectrometers	and		immersion	gra,ngs	for	IR-spectroscopy.	

n WINERED	(R	〜	30,000	&	80,000	w/high-throughput)	is	
under	normal	opera,on	with	1.3-m	telescope	of	at	Koyama	
Astronomical	Observatory,	Japan.	WINERED	will	be	available	
at	3.6-m	NTT	in	Chile	aver	January	2017.	

n Researches	in	planetary	science	and	in	astrophysics	with	
WINERED	are	in	progress.	

n VINROUGE	(R	〜	80,000)	for	a	large	telescope	is	under	
development	(very	compact!).	The	key	component,	Ge-I.G.	
has	been	already	available.	


