‘Key Science’ for Subaru GLAO

. Iwata (Subaru Telescope, NAQO))



Very Wide-Field Near-Infrared Instrument

* Optical Design by Optcraft
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Very Wide-Field Near-Infrared Instrument

* Spot Diagram at Detector Focal Plane
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KMOS for VLT

Fold Mirror Housing Translation Assembly

24 Deployable IFUs

0.2” Sampling, 2.8”"x2.8” FoV

7.2 arcmin Patrol Field

R: 3300 (1Z), 3400 (Y]), 3800 (H), 3800 (K)

Pick-off Arm + Image Slicer

* Pick-off Arm operated at 140K

Rotation Bearing Roof Mirror
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Instrument(s) for Subaru GLAQO!?

* 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 (>2pPm) Imager and Spectrograph

* Significant Sensitivity Improvement Thanks to Reduced Number of Optical Elements



Expected Sensitivities



Expected Sensitivity in Imaging: Point Sources

Point Source, 1O4 sec
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Expected Sensitivity in Imaging: Extended Sources

0.9" Extended Source, 1O4 sec
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lhr, S/N=10 Point Source Continuum Sensitivity

Continuum Limits for 1 hour
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lhr, S/N=10 Line Sensitivity for Hot at z=2.3 (2.16um)

Ha at z=2.3
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lhr, S/N=10 Line Sensitivity for Hot at z=2.3 (2.16um)

Hot at z=2.3
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lhr, S/N=10 Line Sensitivity for Lyo at z=12 (1.58um)

Lya at z=12
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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
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® OO0 Resolved Views of Calaxy Formation and Evolution
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The morphologies of Ha emitters at z=2.2

2814 H160

off-center cl

Fiii-Hia Mass SFR sjide by Tadaki-san



Slide by Tadaki-san

The fate of clump

722 ThBREE
HADRHZERD &

z=2.03, t=22Myr z=2.021, t=37Myr z=2.012, t=52Myr z=1.94, t=163Myr

Genel et al. 2012 /
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Slide by Kodama-san

Toomre Q value map

D3a15504 z = 2.39

ClumpDH AL E ITFHEMNZQ<1 (JeansAETE) EEDTLVS,
Genzel et al. (2011)




Slide by Kodama-san - Signatures of outflows (500-1000km/s)
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Figure 7. Hx spectra of ZC406690 (z = 2.195), for the entire galaxy (top left), as well as for selected clumps marked in the central He—ACS [~band composite
(Figure 2). The dotted gray curves in all panels denote the SINFONI spectral response profile measured from OH sky lines. Before construction of the integrated
spectrum, the galaxy rotation was removed for each pixel. The thin red curves show the broad He (clump A) or broad Ha + [N 1] (integrated spectrum. clump B)
components obtained from multi-component Gaussian fits. For region D, the thin red curve is the scaled broad He component of clump B, and the velocity scale is

relative to the systemic velocity of nearby clump B. G
enzel et al. (2011)




Simulating Integral Field Spectroscopy of z~2 Galaxies

* Spectrograph:
e 7.5AA Dispersion (R~2500 at 2.2um), 3.75AA Dispersion
 Spatial Sampling: 0.12”
* Coverage: .3 -2.5 Um

Dark: 0.1 e-/sec

* Read-noise: | Oe-/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
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Star-forming Galaxy (sBzK) at z=2.3: HX Kinemetry
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sBzK (1) K(AB)=21.86: Rotation Curve
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Slide by Minowa-san

Galaxy morphology with GLAO

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

sBzK morphology (GLAO moderate seeing 0".41)
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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: ~ | kpc
* Effective Radius: | - 3 kpc
* ‘Clumps’: ~ lkpc

* Star-forming Regions: ~100pc
* Giant Molecular Clouds: <100 pc
* H2 Regions: < 100 pc - | kpc



How fine can we resolve them?
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Emission-Line Sensitivities

|e40 erg/ s

le39 erg/s

Redshift



VLT/SINFONI Surveys - SINS,AMAZE, LSD, MASSIV
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MASSIV sample
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SINS Ha sample
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Slide by Hayashi-san
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Subaru Next-Gen AO Working Group

* From Jan.201 |
* Now Preparing Initial Version of ‘Subaru Next-Gen AO Study Report’

* Members (as of May, 2012):
- BB #H. KE B, 2R GH, BF G, R EA. aB 4. AR AR, KXE K5 BE B8R 5&E E
H. =R R R RE. BHR B FH R KF KIE. B SR RES 3B AREB e (BZRXA)
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Instrument(s) for Subaru GLAQO!?

* Very Wide Field Near-IR Imager and Spectrograph
* ‘Super MOIRCS”?

* Optical Imager and Spectrograph!?
* GLAO will achieve Significant Seeing Improvement in Optical Wavelengths
e Compete with Massive Spectrographs (DEIMOS,VIMQOS, PFS)

* Thermal Infrared (>2m) 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
(loA, Univ. Tokyo)

 Specifications:

* 0.8-25um
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

OBT: ©.0000, @.8P@E@ (OEG) OBI': 0.0000, ©0.070@0 (DEG)
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SPOT DIAGRAM

SURFACE 12: SUBARU FOCAL PLANET: @.008. (3

by Dr.Yamamuro (Optcraft)



Very Wide-Field Near-Infrared Instrument

* Preliminary Study by Optcraft Indicated that There are Optical Designs with Field-of-View of
®=13" - |6’ at Subaru Cassegrain Focus, with Good Performance.

e H4RG x 4 — Total Area 150 arcmin?

* 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
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Comparison: Imaging

Subaru
MOIRCS Subaru GLAO TMT IRIS HST WFC3/IR | JWST NIRCam
Telescope 8.2m 8.2m 30m 2.4m 6.5m
Aperture
Wavelength 0.9-2.3pm /
Coverz 0.9-2.5um 0.9-2.5um 0.84-2.4um 0.9-1.7um 2.4-5.0um
Spatial 0.1177/pix ~0.17”/pix 4 mas 0.137/pix 32 mas /
Resolution 0.4’@2um 0.2”@2pm |0mas@ | pm | FWHM~ 0.25” 64 mas
Field of View 28 ©’ ~120 o’ 0.075 &’ 4.65 o’ 9.7




Comparison: Spectroscopy

Subaru
MOIRCS Subaru GLAO TMT IRIS HST WFC3/IR | JWST NIRSpec
Wavelength
CovEram 0.9-2.5um 0.9-2.5um 0.84-2.4um 0.9-1.7pm 0.6-5um
Spatial 0.117”/pix ~0.1”/pix 0.13”/pix . "
Resolution 0.4°@2um | 0.2@2um 4-30mas | pvpM~g25e | 92704
: : _ : _ , . , 12.24 2’(MSA)
Field of View 25 o 120 © 0.2-10 o” 4.65 O 3"x3"(IFS)
Single-Slit Slits
Functions MOS Multi-IFS IFS Slitless Microshutters
IFS IFS
Spectr.a | 600-3000 -3000? 4000-10000 TBW 100, 1000, 2700
Resolution




