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NIR High-resolution Spectrograph Before 2011
In the world (before 2011) Coverage

©Only few instruments have been available for long time.... Vi

Subaru/IRCS
Sorted by R_max .

Instrument  Telescope Apm] R_max Slit w. Coverage

CRIRES VLT 8m w/NGSAO 100,000 0”.2 JCEYRIEAZE

PHOENIX Gemini 8m 80,000 0”".2
NIRSPEC Keck 10m w/LGSAO 30,000 0".3 (RS
CSHELL IRTF 3m 30,000 0".5 IRTF/CSHELL Gemini/PHOENIX

IRCS Subaru 8m w/LGSAO) 1-5 22,000 0".15

el ittle coverage 20000 40000 60000 80000 100000 R_max

eStarted w/8m-class telescopes, which has a larger budget

Before 2011 As a typical example of last generation
IRCS @Subaru8.2m
Kobayashi+2000, Tokunaga+1998

v'NIR-HRS for adaptive optics
° % < Subaru 8.2m
w/wide A-coverage -4 (Mauna kea,
=} Hawaii)
©(0.9-5.5um WA
KeeknIzEREe ®R=22,000, X-dispersed .
eSmall pix scale for AO: 0”.075/pix
@ vLT/CRIRES oSlit width: 0”.15, length: 4-10”
©1024x1024 InSb array (Raytheon Aladdin3) | .cao
eSize: 80x80x20cm Lot

65K w/Closed-cycle cooler (SHI)

IRTF/CSHELL Gemini/PHOENIX

20000 40000 60000 80000 100000 R_max




IRES echele spectrem of the Crion Nebols
RS MTp iz ARREIZERT VA CABDAAD R

After 2011
Coverage

GIANO
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WINERED

) :
Large-format re being developed 1
apocee @ | IR array ( orldwide// !

WINERED-

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

3. WINERED by LiH (U.of Tokyo & Kyoto S.U.)
(First-light on May 2012, now under normal operation)
Kondo+2014 (arXiv:1501.03403)

Specifications
* Limiting the A-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”

High res-mode
R~80,000-90,000
Being developed

w/R6-8 echelle

(and/or immersion grating)
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NIR High-resolution Spectrograph
Newly commissioned (after 2011-)

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

Instrument  Telescope Apm] R_max Slit w.

iSHELL* IRTF 3m 1.3-5 80,000 0”.25
GIANO TNG 3.5m 0.9-2.5 50,000 0".5
IGRINS* HJST(McD) 2.7m 1.4-2.4 40,000 0".68
WINERED Any1-10m 0.9-1.4 28,000 0".2-0".6
WINERED* | w/high-throughput} 100,000

APOGEE SDSS 2.5m lo2=1.7 22,500 0”57
w/300 fibers

*: w/immersion grating and/or R6-8 Echelle

eAvoiding a large telescope to use the instrument in long term

Three New Directions im.K

Diversity?

Specific features are required for cutting-edge results//

1. Extremely-wide A coverage GIANO@TNG

- Radial velocity search, object classification

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

3.High sensitivity WINERED
- Highest-z objects, fainter object
or give an opportunity to smaller teles
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B 2D Spectra

Y-Band  z-Band

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

WINERED
(R=28,300)

11000

APOGEE SDSS
(R=22,500)

(o]
8000 10000 12000 13000 14000

Wavelength [A]

15000 16000 17000

eEstablishment of z',Y,J-band HRS library (at Kyoto SU 1.3 m)
-Complementary to SDSS/APOGEE H-band HRS library
eBase for future chemo-dynamical study of distant stars w/4-10m telescopes
(refer to Sohei Kondo's talk)
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Kyoto Sangyo U. 1.3 m telescope
(in the middle of the city)

* Cooled (77K
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WINERED Inside WINERED

Infrared

1.10 115
Wavelength [um]

*NEW DIBs in NIR w/ high sensitivity and
wide wavelength coverage of WINERED

*Accurate profiles of NIR DIBs obtained w/ R=28,300
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R Hamano+2015, ApJ
& (also PhD Thesis)



LBVs I ' P Cyani Infrared spectra w/WINERED on Araki Telescope R = 20,000
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Limiting mag. R=30,000, 5/N=30, 8hr int. (1800sec x16) (RITtE)
Arak WHT Magellal Keck
W B 0w |
Location K aoqtﬁle dr? los EELS Campanas Mauna Kea (or immersion gr)%
yoto Japan Laulgalarﬁa,osspain e awat Fﬁ \4\7:': R=80,0000)
Seeing 30 0"8 0".6 0".4 (0".2%) E—REAVAN—=ILFE
Pixel scale 0".82 0".23 0".15 0".098
Slit width 1".65 0".47 0".30 0".20
Ambient 290 273 273 273
Temperature [K]
P HA ARYYIE
gamctﬁlgerrgut:s e ’ ’ o.o1 SEREE R = 28,300 R = 800,000
le-/sec/pix] EHET REEIS LI —F427 NMTL—Z or {7—Yav
m_J 17.4 — 18.3(18.9%) BUATRER R A =0.90-1.35 um (z,YJ/XVR) A=1.00-1.35um (YJ/XVK)
EBRIL—Tvh > 40% >30%
Current performance of Subaru IRCS éfﬁf@éﬁ V0= T3 otz em @ 181/
- 1-2 mag better sensitivity than other NIR-HRSs R = -
i 1.8m(L) x 1.1m(W) x 1.0m(H) 1.8m(L) x 1.1m(W) x 1.0m(H)

- “Extreme” sensitivity at 10m-class telescope
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