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Requirements

1. Spatially-resolved spectroscopy of z=1-5 galaxies.

High spatial and spectral resolution deployable multi-1FU
spectrograph covering wide target field.

0.05x0.05” sampling IFUs with 2”” FoV
R=10,000 spectroscopy for v~30km/s

2. Integrated spectroscopy of z>5 galaxies.
3. Follow-up spectroscopy of candidates of z>8 galaxies

Wide-field high-sensitivity (moderate AO correction) multi-
object spectrograph in short NIR wavelength range

0.3x0.3” — 0.5”%x0.5” aperture integrated spectroscopy

R=3,000 (5A resolution, 2A/pix) for absorption/emission
lines with rest-frame EW of 1A.
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Three Science Drivers

1. How is the internal structure of local
galaxies established ?

2. What is going on in galaxies in the early
universe ?

3. Hunting for galaxies/AGNs at z>8



1. How is the internal structure of
local gaiaxies establis

Turbulent / High-density
disks at high-z

Typical galaxy seen
in the local universe

Very compact Clumpy
galaxies at galaxies at
high-z high-z



1. Galaxy “establishment” history

Example image of a massive galaxy at z=1.0

Even if we put this galaxy at z=1.5, TMT IFU
spectroscopy can detect Ha-line / stellar continuum
from the colored regions shown below with 0.2”
resolution
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Stellar kinematics of z~2 quiescent massive galaxies

« Integrated stellar kinematics of quiescent massive galaxies at z~2.
« X-shooter 0.9” slit with R=5100 @ 1.4um, 2hour inteq.

« Jap(1.75")=21.09 and Jap(1.75")=20.59  (Should be SN=15 with
J=21.09 aperture loss of 0.50), SN=10 with J=21.9)
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Figure 4. Rest-frame optical part of the spectrum focused on the Balmer break. As in Figure 3, the X-Shooter spectrum is shown in black, but this time in higher
resolution (~4 A observed, or ~100 km s~! rest frame). The most prominent absorption and emission features are indicated by the blue dashed lines. The clear
detection of absorption lines enables us to measure stellar velocity dispersions. We use pPXF to fit the best-fitting BC03 r-model to the spectrum and find velocity
dispersions that range from 275 to 435 km s '. The convolved best-fit BC03 template is shown in red.
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Targets of Multi-IFU Observations
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2. What is going on in galaxies in the
early universe ?
Rest-frame UV features of star-

forming galaxies

Average of rest-UV spectra of

z~3 star-forming galaxies
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Diagnostic lines for high-z galaxies

Most of the redshifted UV diagnostic lines fall within 700-
1800A for galaxies at z>5-9.
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Sizes of high-z galaxies

 7>) galaxies are compact, but still extended compared
with the diffraction-limit of TMT.
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— Red (MOAO), blue (GLAO), green (seeing-limit) lines show
the detection limits for each system with different aperture size.

— SN=10 for continuum with 10h integration
— R=3,000 spectroscopy binned to R=500
— Typical size of z>5 galaxies: effective radius of 0.1”



Number density

 Red (MOAO), blue (GLAOQO), green (seeing-limit) lines show
the detection limits for each system.

e Number density of luminous z~6-7 LBGs is not so high.
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3. Hunting for galaxies/AGNs at z>8

* Follow-up spectroscopy of candidates of high-z galaxies / AGNs
picked up by wide-field IR surveys (Euclid, WFIRST, SPICA,,,),
and wide-field X-ray surveys (Athena, STARX,,,) from space.
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BASELINE DESIGN
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RAVEN: Subaru Multi-Object AO
engineering and science demonstrator

Calibration Unit




RAVEN : MOAO demonstration

Simultaneous AO correction for two objects by tomography
estimation with three NGSs within d=3’ FoR.
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Ground-layer AQO optical design
e d=10" FoV AO optical design.
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Pupil distortion needs to be smaII to be

used as an AO system.




Pick-off Opt-mechanics Mock-up

» Classical r-theta pick-off arm system.
» 20 pick-off arms will be put around the corrected focal plane.

Optical alignment test is underway




Integral Field Unit optical design
» Optical design and prototyoing for the IFU by Yutaro Kitagawa.

Image Slicer

Input beam

I Output
Slit
Image F
Slicer ’%

Prototype of the image slicer optics
made by

griding + coating + ultra-fine polishing.
The unit will be used in TAO/SWIMS
instrument.



IFU spectrograph optical design

(FQ/TD K)
\fo/ra4.l)

 Optical design studies for F8/F2.5 spectrograph by Optcraft.
o F2.5 output and slit length of 194mm are achieved.
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The camera system require

10 lenses including CaF2 lens with 295mm diameter.



ALTERNATIVE IDEAS




Idea 1: Pick-off arms as “multi-slits”

» Pick-off arms can be used as object picker same as multi-slits to
conduct multi-object spectroscopy.

 |f we consider d=10" FoV, TMT focal plane is large (d=1320mm).

| , ,:-v | e “ R VLT/KMOS




Idea 2: GLAO optical design with
“shrinked” focal plane

Focal Plane

d  $300mm

8.5m

2300 mm

k, = 0.06
k, = 0.05

G1300 mm

k=0.21
k,=0.12
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5 kl -14a A .
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GLAO corrected focal plane
Is smaller (d=300mm) with
faster F-ratio (F3.5).

Imager / multi-slit MOS /
fiber MOS can be put on the
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Idea 3: IFU spectrograph
only with high-resolution mode (F24/F7.6

/Ay )\

o Compared to F8/F2.5 spectrograph design, the slow F-ratio

design is much simpler and more feasible.
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Three alternative specifications

. d=10 arcmin multi-pickoff-arm MOS spectrograph with
GLAO correction (w/o imaging capability)

. d=10 arcmin imager / MOS instrument with GLAO
correction with shrunk focal plane

3. d=5 arcmin multi-IFU (0.05” sampling) spectrograph with
GLAO+MOAO correction with optimized spectrograph for
high-spatial sampling mode.

Which configuration does your science prefer ?




ULTIMATE-Subaru
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— BOROBREEITEL. Ml ?
— HLOETREE Seyfert-class ?

z>5 DM DOINEEEBIN S, EALY R Zy|ZH
FEeHHICEZDLH?

— B AD outflow / infall ?
— IMF ?

TMT ZH\ 7z wide-field (d=10’) narrow-band
surveyer ?

FoV: TMT (d=15’-20’) vs. E-ELT (d=10’) vs. GMT (d=20’)






