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Maunakea Ground Layer Characterization Campaign (Chun et al. 2009)
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ULTIMATE-SUBARU

with Wide-Field Ground-Layer Adaptive Optics

NAOQOJ/Subaru Telescope
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Ultra-wide-field
Laser
Tomographic
Imager and
MOS with

AO for
Transcendent
Exploration

by

7 SUBARU telescope.
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ULTIMATE-Subaru: GLAO AW (&)

Guide stars 4 LGSs + 3 NGSs
DM Secondary mirror mode‘:coa(i?oic:f\l/tlc_)'lr;SM.
HO-WFS > 8x8 SH visible, EM-CCD(TBD)
TT(F)-WEFS 2x2 SH or quad visible
Laser 20W CW TOPTICA (589nm)

(option: Rayleigh)

LGS constellation

|5’ in diameter

Laser Launch

~25cm dia. (TBD)

side launch




ULTIMATE-Subaru:
L FRIMRIRB D HEEARNYY (F)

Wavelength 0.8-2.5um
Plate Scale 0.06-0.1"/pix
FoV approx.|13‘x13’ | Wider with Split FoVs?
Imaging Broad+Narrow YJ,H,K, NB
Spectroscopy Multi Object Slit | Alternatively Multi-IFU
A Dispersion 2000(TBD) Under Investigation




Comparison: Imaging

Gemini VLT
HST Subaru : Subaru JWST
Flamingos | HAWK-I TMT IRIS
WFC3/IR [ MORCs | "7 2B | 00 | GLAO NIRCam
Telescope |, 4 | 8.2m 8.1m 8.2m 8.2m 30m 6.5m
Aperture
0.9-23 m
Wavelength| s 5 | 71/ m[0.9-2.5 4 m|0.9-2.5 4 m|0.9-2.5 1t m|0.9-2.5 yr m | O-8+24H /
Coverage m
2.4-50 4m
, 0.13"/pix | 0.117”/pix | 0.09”/pix | ~0.17/pix | ~0.1"/pix | 4 mas
spatial | pviMe lo4@2u | <017 |o2’@2u | 02’@2u | 1omas@i | 32 ™/
Resolution ., 64 mas
0.25 m @2 m m m Um
Field of , , : , , , ,
View 4.65 [ 28 O 40 5507 ~180 | 0075’ | 970

> 20204t




Comparison: Spectroscopy

Gemini
Subaru Keck : VLT Subaru JWST
MoIRCs | MosFire |Famingos2| ymos | grao | TMTIRIS | NiRspec
+GEMS
Wavelength 0.84-2.4
Coverage 09-25um|0.9-2.5 u m|0.9-25 4t m|0.9-2.5 u m}0.9-2.5 u m - 0.6-5 (1 m
Soncial | O-117/pix | ~07.18/pix | ~0".09/pix | ~0"2/pix | ~0.1"/pix
Res‘;*}u';on 0.4” <0"5 <0”| 076 0.2 | 4-50mas]|0.2"x0.45"
@2um @2um @2um @2um @2 m
Field of 12.24
. ~2500 | ~370 4071’ ~5200 | ~120 |o02-10 07| O'(MsA)
View s
3"x3"(IFS)
Slits
Single-Slit :
Functions | MOS MOS MOs | Mukites | MOS s |Microshute
IES Multi-1FS? ers
IFS
Spectral _ ) 4000 100, 1000,
Recoluion | 600-3000 [3000-5000] 3000  [3000~4000 -2000: 10000 2700

2020F ¢
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GLAO 14

LGS (10mag). @TTFGS (18mag)
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FWHM

i

R

J

H

K

Seeing

0.65”

0.51”

0.49”

0.44”

GLAO

0.41”

0.27”

0.23”

0.20”

Ensquared Energy (0.24”x0.24")

R J H K
Seeing | 9% 12% | 15% |17%
GLAO [16% |29% |36% |41%
Zenith angle dependency
0° 15° [(30° |45° |60°
Seeing | 0.44” | 0.49” | 0.52” | 0.60” | 0.76”
GLAO |0.20” | 0.28” | 0.31” | 0.38” | 0.55”
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Linear Size |[kpc]

Science requirement: Spatial Resolution

o
i

0.1

0.01

L L L L
Seeing (0”.5)

GLAO (0”.2) |

Bowens+04 (Size evolution of UV-dropout galaxies)

TMT (0”.01)

Redshift

* Can we spatially resolve ~1kpc scale star-forming clumps at z~2?
* Can we reconstruct morphological parameters of z~2 galaxies?

SINFONI/LGS-AO




Science requirement: Sensitivity

SINFONI spectroscopic survey of z~2 star

merger

 Can we detect Ha emission line corresponds
to SFR ~1-10 M, /yr to study < 10 1°M___
galaxies?

sun

>+ H

SINS - zC-SINF AO

SINS seeing R=4.5 kpc

Wisnioski AO

Swinbank AO

Law - Wright AO

Lemoine-Busserolle - Epinal seeing R>4.5 kpc
Epinat AO

15T TTTT] -

T TTI

-1
SFR (M, yr)
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* Wide Field NIR imaging
— Broad-band (BB) imaging
— Narrow-band (NB) imaging

* Multi-Object Slit (MOS) spectroscopy
— Emission line
— Continuum

 Multi-IFU spectroscopy
— Emission line



Imaging

Baseline Specification

Wavelength(|0.8um - 2.5um
Plate Scale ||0.10" |
Fov  ][13.6'x 13.6' |
Detectors (|4 Teledyne H4RCs (4 x 4096 x 4096 pixels)
Filters ||Broad-band and Narrow-band filters

 Wider than any NIR imager on 8m class telescopes

* The instrument throughput is assumed to be same as VLT/
HAWK-I (~60%@JH, ~50%@K)
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Broad-band imaging: Sensitivity

Star-forming galaxies at z~2
(Ks-band)

Re [arcsec]
0.2 0.4 0.6 0.8

[ @ COSMOS = SDF a SXDF/UDS

I ' I ' I ' I

PSF(GLAO)
; PSF(Seeing) 1
8 % 83
s E 1
8 g 58
sBzK (Ks—band, moderate seeing) 8
-+ A S
2 ° Woo E
1 I 8B, 1. ™80

1 2 3 4 3 6 14

Effective Radius Re [kpc]

& PSF:

0.7-1.0mag sensitivity gain over seeing
instrument (VLT/Hawk-I)

& Extended Source:

0.3-0.6 mag gain for compact galaxies
(<3kpc).

€ Comparison with TMT/JWST:

Limiting mag is more than 3 mag
brighter than TMT or JWST (~30mag in
K, Wright et al. 2010).

Broad band imaging cannot be
competitive

Wide-field capability might be useful
for finding rare objects like passively
evolving galaxies.
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Sersic index (n)

BB imaging: morphological parameters

Morphological parameters (Re, N) can be reconstructed from the GLAO
image for galaxies whose mass is larger than 101 M_ .

For lower mass galaxies 10° M, , we can reconstruct size (Re), but cannot
reconstruct Sersic index.

K mag (AB) K mag (AB)
29 24 23 22 21 29 24 23 22 21
T T | T T KI | T T T T | T T T T | T T T T | T 1 _I T I T T T T I T T T T I T T T T I T T T T I I_ 10
X - o . Lo e .-
: | = 1O :n=1(disk), A:n=4 (elliptical)
S . ]
n - .
—OE:4__. o o i_ L % —/_/ﬁ On:]. |
A m _ /,/ﬁ'
& v —§ en=t ] 8
an=1 g 2 - 4 1
S - 41 20.1 —
o 3 I 0
@ i [0
a5
o)
.
-+
o -
Seeing ﬁ Seeing
- GLAO = GLAO
- Diffraction Limited A Diffraction Limited | ( {
B | | X | | | | | | | | | | | | | T 001 1 1 1 1 1 1 1 1 | 1 1 1 1 | 1 1 1 [
8 9 10 11 12 8 9 10 11 12

log(M,) log(M,)



Narrow-band imaging
(1B REA/GLAO Science Workshop 2013F &R & ¥ KU k%)

Redshift of Ha
1.5

1.0 1.2 1.4 18
Afum]
J-band : z~1 HAE, z>7 LAE, z>2 QG
H-band : z~1.5 HAE
K-band : z~2 HAE



Narrow-band imaging: Ha map

e Simulated Bry-image of Ha emitters at z=2.3 with 5hrs integration
— made from HST/WFC3 images of star-forming galaxies in SXDF (Tadaki+13)

log(M./M,,,) ~10.8
SFR ~ 300 M___/yr

log(M./M,,) ~11.2  log(M./M

) ~ 8.9
SFR ~ 230 M, /yr SFR~ 90 M, /yr

sun

, , , |
7 8 9 10

GLAO

O'((E ~

Seeing

l ¥ od

S/N: 1 2 3 4 5 6



NB imaging: Sensitivity for detecting Ha from z~2 galaxies

25.5

0
A V)
o 31

Gain Limiting magnitude (AB, 5hrs, 50)
N
NN

Re [arcsec]
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0 1
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Effective Radius Re [kpc]

)

10
SFR [M®/yr], E(B—V)=0.2

20

Extended source Sensitivity gain:

— 0.3-0.6 mag deeper than seeing
limited (VLT/HAWK-I) for compact
galaxies (<3kpc)

Ho emitters with SFR < 10Msun/yr
for galaxies with re < 3kpc.

— Can be a good sample provider for
the IFU study with TMT

Comparison with JWST/NIRCAM

— ~1.8 mag deeper than GLAO NB
image for galaxies with re~2kpc

— Legacy type survey with more
than 100hrs integration could be
competitive



Multi-Object Slit Spectrograph

Baseline Specification

Wavelength |[0.8um - 2.5um
Plate Scale ||0.10"
FoV 13.6'x 13.6'
Detectors [[4 Teledyne H4RGs (4 x 4096 x 4096 pixels)
Filters Broad-band and Narrow-band filters
MOS Multi Slit Mask
A Dispersion|[~3000

e Keck/MOSFIRE type instrument with 13'x13’ FOV
— Wider FOV than any existing MOS spectrograph on 8m class telescopes
* Assume similar throughput as Keck/MOSFIRE

— the highest throughput ever achieved (30-40%@JHK)
— Seeing performance is just same as Keck/MOSFIRE

e Slit width is assumed to be 0”.4 which is 2 times wider than GLAO PSF.



MOS Spec.: emission line sensitivity

(Re~1kpc or ~

Emission line sensitivity (point source)
-15
].O F T T T T |
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Line flux [erg/s/cm?] (50, 5hrs)
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Diffraction limit :
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Emission line 50 sensitivity for point source and extended source
0”.12 and N=1) with 5hrs integration.

Emission line sensitivity (extended source)
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MOS Spec.: Emission line sensitivity

* S/N of Ha emission line flux which corresponds to SFR~ 1 M_,./yr (assume

E(B-V)=0.2) with 5hrs integration

(Point Source) (Extended Source)

Wavelength [um] Wavelength [um]

WH‘ |H l‘ GLAO ] E i Seeing
|
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' : |
‘ ‘“M ‘ll ; 10 \ ‘ ‘| | N ”IWII
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MQOS. Spec: Summary

Emission line: GLAO can increase the S/N of emission lines by 2
times higher than MOSFIRE.

SFR~1M, . /yr can be detected with Ha emission line located
between sky emission line.

Provides better sensitivity than NB-imaging, which enables redshift
confirmation of the Ha-emitter discovered by NB imaging.

Although TMT can achieve 3 times better S/N than GLAO (based on
Law et al. 2006), the MOS capability is still required to enable rapid
follow-up of the target discovered by GLAO NB imaging.



Multi Object IFU

Baseline Specification

Wavelength 0.8um - 2.5um
Spatial Sampling [[0.125"
FoV per IFU 1.75" x 1.75"
Number of IFUs |24 (TBD)
Detectors 3-4 H2RGs? (TBD)
Patrol Area ~13'
A Dispersion ~3000
Imaging Capability||No

e VLT/KMOS type multi-IFU
* Throughput is assumed to be 80% of MOSFIRE due to the

optical components for IFUs.



Multi-IFU: mock image

e Simulated IFU S/N map of Ha emitters at z~2.3
— same objects as we used for NB imaging

1” 75x1 .75

GLAO

Seeing




S/N

1000

Multi-IFU: Sensitivity

100 |

10 |

0.1

Re=1.4Kpc

SFR=1Msun/yr can be detected with S/N=5 for galaxies Re=1.4kpc ]

Re=3.0kpc

0.1

1 10

Star Formation Rate [Msun/yr]

100



Multi-IFU: Summary

Star-forming cramps can be resolve with IFU.

GLAO IFU spectrograph can be detected Ha emission line
from z~2 galaxies corresponds to SFR™ 1Msun/yr, if size of
galaxies is less than 2 kpc.

TMT/IRIS can detect SFR~1Msun/yr from similar size galaxies
with S/N>40 (Wright et al. 2010)

To be competitive with TMT/IRIS, GLAO IFU should have
multiplicity of targets with more than 64 pick-off arm.
— Need to investigate if this number is technically possible.
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