
‘Key Science’ for Subaru GLAO

I. Iwata (Subaru Telescope, NAOJ)



Very Wide-Field Near-Infrared Instrument

• Optical Design by Optcraft



Very Wide-Field Near-Infrared Instrument

• Spot Diagram at Detector Focal Plane

by Dr. Yamamuro (Optcraft)

100μm
=0.59”

r=8.1’

r=6.0’

r=4.2’

r=3.0’



KMOS for VLT

• 24 Deployable IFUs

• 0.2” Sampling, 2.8”x2.8” FoV

• 7.2 arcmin Patrol Field

• R: 3300 (IZ), 3400 (YJ), 3800 (H), 3800 (K)

• Pick-off Arm + Image Slicer

• Pick-off Arm operated at 140K
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2. THE SPECTROGRAPHS

Figure 1. Left: The layout of the optical components of a single spectrograph. Right: The EGS in the clean room test
facility. A.) 10 inch entrance slit. B.) Fold mirror at 45◦ to the plane of the optical bench/slit (folding the input beam by
90◦). C.) Collimator mirror sending the collimated beam towards a single grating. D.) Single grating of five on motorised
grating wheel. Positioned remotely. E.) 6-element camera barrel and F.) detector position.

2.1 Overview

Each spectrograph is identical and consists of a 10 inch (254 mm) entrance slit, fold mirror, collimator mirror,
grating wheel containing five gratings (bands Iz, YJ, H, K, HK), six lens camera and a Hawaii-2RG 2k×2k
detector. The layout of each spectrograph is given in Figure 1. The three spectrographs (each a 120◦ sector)
combine to form a circular optical bench, 2m in diameter.

To date, an engineering grade spectrograph (EGS) and a full science grade spectrograph (SGS) have been
completed, with optical testing conducted on the EGS only. The EGS was constructed to the same standards as
the SGS, however the grating wheel contains only one of the gratings (H-band) and the detector is an engineering
grade Hawaii-2RG. Also, the fold mirror material is currently BK7, whereas in the final SGS modules it will
be Zerodur. The EGS was used to obtain an initial data set through the full spectrograph optical train and to
evaluate flexure once integrated with two of the deployable IFUs in the full instrumental setup at the ATC.

2.2 Spectrograph Sub-Assemblies

2.2.1 Fold Mirror

The fold mirror assembly consists of a black organically anodised, aluminium triangular frame, angling the fold
mirror surface at 45◦ to the plane of the optical bench (Figure 2). This directs the input beam from the entrance
slit towards the collimator. The mirror material is BK7 for the EGS and Zerodur for the three final SGS modules.
The following numerical references are to Figure 2.

Alignment was achieved using a co-ordinate measuring machine (CMM), by defining a plane at (4) and setting
the angle between that plane and the plane of the datum. The assembly was located on the spectrograph optical
bench against three dowels, using three machinable shims for any further adjustment.

The CMM probe (2) was used to define planes at (1) (the fixed datum plate) and (4) (the mirror frame/support).
Adjustment to the relative angles of the two planes (in the XZ and YZ planes) was achieved via three screws
compressing three spring supports (5). Once the design specifications of the angles were met, rigid supports were
secured at the vacant positions between the triangular web frames and the mirror support (4). (3) indicates a
shim position - used to locate the assembly against the datum during alignment.
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Instrument(s) for Subaru GLAO?

• Very Wide Field Near-IR Imager and Spectrograph

• ‘Super MOIRCS’?

• Multi-Object IFS with GLAO can be an Unique, Strong Instrument

• Optical Imager and Spectrograph?

• GLAO will achieve Significant Seeing Improvement in Optical Wavelengths

• Compete with Massive Spectrographs (DEIMOS, VIMOS, PFS)

• Thermal Infrared (>2μm) Imager and Spectrograph

• Significant Sensitivity Improvement Thanks to Reduced Number of Optical Elements



Expected Sensitivities



Expected Sensitivity in Imaging: Point Sources



Expected Sensitivity in Imaging: Extended Sources



1hr, S/N=10 Point Source Continuum Sensitivity 

K-band



1hr, S/N=10 Line Sensitivity for Hα at z=2.3 (2.16μm)

0.25” size, 400 km/s
read noise=10e- (NIRSpec: 5e-)
* Between OH lines*



1hr, S/N=10 Line Sensitivity for Hα at z=2.3 (2.16μm)

0.25” size, 400 km/s
read noise=5e-
* Between OH lines*



1hr, S/N=10 Line Sensitivity for Lyα at z=12 (1.58μm)

0.2” size
read noise=5e-
* Between OH lines*



Spectroscopy Sensitivity

• ~ Factor of 2 Improvement from Seeing-Limited Obs.

• For Continuum Detection, JWST/NIRSpec is much more 
Sensitive than Subaru-GLAO.

• For Line Observation for Extended Sources, Subaru-GLAO 
can be Competitive with JWST/NIRSpec (at inter-OH line 
wavelengths).



Science Cases







The morphologies of Hα emitters at z=2.2
z814 H160

z814 - H160 Mass SFR

off-center clump

nuclear clump

3″~ 25kpc

Slide by Tadaki-san



クランプが崩壊

クランプは崩壊せず、中心核へ落ちる

ガスの分布を見ると

The fate of clump

feedback強い

feedback弱い

Genel et al. 2012

Slide by Tadaki-san



Genzel et al. (2011) 

Toomre Q value map 

Clumpのある位置は確かにQ<1（Jeans不安定）となっている。 

Slide by Kodama-san



blue wing = outflow 
blue wing = outflow 

Signatures of outflows (500-1000km/s) 

Genzel et al. (2011) 

Slide by Kodama-san



Simulating Integral Field Spectroscopy of z~2 Galaxies

• Spectrograph:
• 7.5AA Dispersion (R~2500 at 2.2μm), 3.75AA Dispersion

• Spatial Sampling: 0.12”

• Coverage: 1.3 - 2.5 μm

• Dark: 0.1e-/sec

• Read-noise: 10e-/pix

• Throughput:
• 5 optical components for spectrograph, each 90%

• Primary and secondary mirrors, each 90%

• Disperser: MOIRCS HK500 Grism

• H2RG QE from Teledyne



Star-forming Galaxy (sBzK) at z=2.3, K(AB)=21.86

HST ACS WFC3/IR IRAC ch1
5” 6” 9”

model by GALFIT (F160W)
Re=1.4 kpc

F125W F160W

Vel. Dispersion
Peak 100 km/s

Rotation
-200 to 200 km/s



Star-forming Galaxy (sBzK) at z=2.3: Hα Kinemetry

Vel. Dispersion

Rotation

Model
Diffraction

Limited
GLAO Seeing



sBzK (1) K(AB)=21.86: Rotation Curve

Re



Galaxy morphology with GLAO  

1 How well does GLAO imaging (K, 5hrs) reproduce the morphological 
parameters of z~2 sBzK galaxies? 

����0�3��� ����0�3��� ����0�3�� 


� GLAO, �: natural seeing 

Slide by Minowa-san



Fundamental Questions are still Unresolved

• What does ‘Main Sequence of Galaxy Formation’ means?

• Merging or Steady Accretion (‘Cold flow’)?

• Initial Mass Function?

• Feedback? How and When?



Key Scales

• Distant Star-forming Galaxies: ~1kpc

• Effective Radius: 1 - 3 kpc

• ‘Clumps’: ~ 1kpc

• Star-forming Regions: ~100pc

• Giant Molecular Clouds: <100 pc

• H2 Regions: < 100 pc - 1 kpc



1kpc

100 pc

GLAO

Seeing

JWST NIRCam

TMT IRIS

@ 2μm

How fine can we resolve them?



1e40 erg/s

1e39 erg/s

GLAO

Seeing

JWST NIRSpec

TMT IRIS

Emission-Line Sensitivities



VLT/SINFONI Surveys - SINS, AMAZE, LSD, MASSIV

Contini+ 2012 arXiv:1111.3631



星形成銀河の分布 ① 

4 

XCS2215 cluster @ z=1.46 

RXJ1716  
@ z=0.81 

XCS2215  
@ z=1.46 

[OII]輝線銀河 Hα輝線銀河 

銀河団中心部の比較 

Core 

Outskirts 

Filament 

Field 

[OII]輝線銀河の分布 

Slide by Hayashi-san

環境効果とその進化



銀河「解剖学」

• 0.1” - 0.2”はz=1-3の銀河を分解して研究するために
Criticalな空間分解能

•中心部 / 周縁部での星種族 / ガスの性質の違い

•個々のClumpを観測

•個別銀河の面分光観測は進行中 (VLT/SINFONI, Keck/

OSIRIS etc.)

• ~100個規模のサンプル



銀河「解剖学」+「統計学」: Legacy Survey

• z=1-3の多様な銀河(UV星形成銀河、dusty星形成銀河、星
質量大/小、合体銀河)を

•多様な環境((原始)銀河団中心、周辺/フィラメント、
フィールド)で

•面分光して

•巨大サンプル (10,000個規模)を構築

• 50個/nightで200夜, 25個/nightで400夜



その他のサイエンスケース(検討報告書から)

• 銀河系中心

• 球状星団・Streamの同定と分光観測 (千葉さん)

• アストロメトリ(Nuclear Star Cluster, Cluster Remnants, Hyper Velocity Stars) (西山さ
ん)

• K, L-bandでの合体銀河撮像 (今西さん)

• アウトフロー銀河 (澁谷さん)

• 狭帯域撮像による星形成領域のアウトフロー (表さん)

• 高感度観測による軽い系外惑星の探査(深川さん)





Subaru Next-Gen AO Working Group

• From Jan. 2011

• Now Preparing Initial Version of ‘Subaru Next-Gen AO Study Report’

• Members (as of May, 2012):

- 早野 裕、 大屋 真、美濃和 陽典、有本 信雄、家 正則、岩田 生、臼田 知史、大橋 永芳、兒玉 忠恭、高遠 徳
尚、高見 英樹、瀧浦 晃基、田中 壱、寺田 宏、友野 大悟、西村 徹郎、服部 尭、服部 雅之 (国立天文台)

- 秋山 正幸、大野 良人 (東北大学)

- 本原 顕太郎、田村 直之 (東京大学)

- 白旗 舞 (JAXA)

- 渡邊 誠 (北海道大学)

• サイエンス検討 執筆者

- 小山 佑世　(国立天文台 / University of Durham)、斎藤 智樹　(東京大学)、今西 昌俊　(国立天文台)、澁谷 隆
俊　(総研大 / 国立天文台)、安井 千香子　(国立天文台)、千葉 柾司 (東北大学)、西山 正吾 (国立天文台)、
Tae-Soo Pyo (国立天文台)、深川 美里 (大阪大学)



Instrument(s) for Subaru GLAO?

• Very Wide Field Near-IR Imager and Spectrograph

• ‘Super MOIRCS’?

• Optical Imager and Spectrograph?

• GLAO will achieve Significant Seeing Improvement in Optical Wavelengths

• Compete with Massive Spectrographs (DEIMOS, VIMOS, PFS)

• Thermal Infrared (>2μm) Imager and Spectrograph

• Significant Sensitivity Improvement Thanks to Reduced Number of Optical Elements



Very Wide-Field Near-Infrared Instrument

• Current MOIRCS FoV: 4’ x 7’ (2 x 4’ x 3.5’)

• Challenges in Wide-Field NIR Instrument:

• Optics

• Cryogenics

• Weight

• Multi-Object Spectrograph - Mask Exchange Mechanism

• Expensive Detectors



Very Wide-Field Near-Infrared Instrument

• In Order to Fully Utilize the Capability of GLAO, We Need:

• Wider Field of View

• More Multiplicity in Multi-Object Spectroscopy

• How Wide We Can Achieve for NIR Instrument at Subaru Cassegrain Focus?

• Basic Study of Optical Design by Dr. Yamamuro (Optcraft) with Support from Motohara-san 
(IoA, Univ. Tokyo)

• Specifications:

• 0.8 - 2.5μm

• Goal: 0.15” FWHM in J, H, and K

• H2RG or H4RG

• Realistic Optical Components

• Optics Cooled Down to ~100K



Very Wide-Field Near-Infrared Instrument

• Spot Diagram at MOS Plate

by Dr. Yamamuro (Optcraft)

100μm



Very Wide-Field Near-Infrared Instrument

• Preliminary Study by Optcraft Indicated that There are Optical Designs with Field-of-View of 
Φ=13’ - 16’ at Subaru Cassegrain Focus, with Good Performance.

• H4RG x 4 → Total Area 150 arcmin2 

• Further Studies are Necessary:

• Large MOS Mask?

• Instrument Weight and Size?

• Split FoV?

• AR Coat for Optical Components?



Summary, or Subaru’s Roadmap 
for Resolved Views of Galaxy Formation

nuMOIRCS
•H2RG
•IFS
•Seeing Limited

GLAO + NewNIR Inst.
• Seeing Improvement
• 120 □’
• Multi-IFS

2012 13 14 15 16 17 18 19 2020

Concept Design

Prelim Design

Detail Design

Fabrication

Telescope Mod

Integration and Test Science Operation

Design

Fabrication and Test

Operation

Funding

FL

FL

TMT

Subaru Prime Focus Spectrograph



Subaru 
MOIRCS

Subaru GLAO TMT IRIS HST WFC3/IR JWST NIRCam

Telescope
Aperture

8.2m 8.2m 30m 2.4m 6.5m

Wavelength 
Coverage 0.9-2.5μm 0.9-2.5μm 0.84-2.4μm 0.9-1.7μm

0.9-2.3μm / 
2.4-5.0μm

Spatial 
Resolution

0.117”/pix
0.4”@2μm

~0.1”/pix
0.2”@2μm

4 mas
10mas@1μm

0.13”/pix
FWHM~ 0.25”

32 mas /
64 mas

Field of View 28 □’ ~120 □’ 0.075 □’ 4.65 □’ 9.7 □’

Comparison: Imaging



Subaru 
MOIRCS

Subaru GLAO TMT IRIS HST WFC3/IR JWST NIRSpec

Wavelength 
Coverage 0.9-2.5μm 0.9-2.5μm 0.84-2.4μm 0.9-1.7μm 0.6-5μm

Spatial 
Resolution

0.117”/pix
0.4”@2μm

~0.1”/pix
0.2”@2μm

4 - 50 mas
0.13”/pix

FWHM~ 0.25”
0.2”x0.45”

Field of View ~25 □’ ~120 □’ 0.2-10 □” 4.65 □’
12.24 □’(MSA)

3”x3”(IFS)

Functions
Single-Slit

MOS
IFS

Multi-IFS IFS Slitless
Slits

Microshutters
IFS

Spectral 
Resolution

600-3000 -3000? 4000-10000 TBW 100, 1000, 2700

Comparison: Spectroscopy


