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Subaru’s Wide-Field Strategy toward 2020s

HSC
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2013
2019

ULTI-
MATE

2023

Secure budget, 
Support from Community, etc.

1. Very wide-field optical imager 

2. Wide-field multi-objet spectrograph 

3. Wide-field near-infrared imager and multi-object spectrograph

SupCam ̶> HSC (2013)

FOCAS, FMOS ̶> PFS (2019)
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IRCS, MOIRCS ̶> ULTIMATE-Subaru (2023)

Extend Subaru’s survey 
capability to near-infrared



What is ULTIMATE-Subaru?
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Figure 6.3: Left: Improvement of the seeing probability distribution (dotted line) to GLAO performance
probability distribution (red line). The error bars are the standard deviation along the time axis. Right:
confirmation of simulation results by Raven used in GLAO mode: the white star shows the result of no
correction while the green star is the result of RAVEN.

Result of MOAO performance simulation

We plot the wavefront error in Fig. 6.7. Total wavefront error is shown in filled square. Cross mark shows
a tip-tilt wavefront error from natural guide star and open square shows a high-order wavefront error
from laser guide star. Plots from upper left to lower right correspond the guide star constellation, which
is shown in Figure 6.6 from left to right. The horizontal axis shows a distance from the center of field of
view, which starts from the bottom to the top of the guide star constellation shown in Figure 6.6. Three
natural guide stars lies at the vertical dash line in triangle, and five laser guide stars at the vertical doted
line in pentagon. The horizontal lines at the wavefront error of 350nm and 240nm are equivalent to the
Strehl Ratio of 0.4 and 0.2 at K band, respectively. The wavefront error become minimum at the center
and positive side of dotted line, where the laser guide star resides. High-order wavefront error increases
with larger separation of each guide star. This degradation in performance for wider constellation of
laser guide star is caused by the increase of uncovered area by the laser guide star especially at the
higher altitude. (See Figure 6.6.) Further, the tip-tilt wavefront error increases in the same manner,
because of the large separation of natural guide stars. Tip-tilt wavefront error is smaller than the high-
order wavefront error for compact guide star constellation. Both tip-tilt and high-order wavefront errors
becomes equivalent at the guide star constellation of (3).

The more practical measures of MOAO performance in observation are Strehl ratio and ensquared
energy rather than wavefront error. Strehl ratios are plotted in Figure 6.8. The cross, open square and
filled square indicate J band, H band and K band respectively. The values of Strehl ratio are calculated
from simulated image of point source, which are consistent with estimated Strehl ratio derived from the
wavefront error.

Ensquared energy within the area size of 0.12′′× 0.12′′ and 0.24′′× 0.24′′ are plotted in FIgure 6.9 and
Figure 6.10. Ensquared energy within 0.12′′×0.12′′ is rapidly reduced for the wider constellation of guide
stars. When we require the minimum ensquared energy as 50%, the field of regards (FoR) is limited by
60′′ in radius. On the other hand, ensquared energy within 0.24′′×0.24′′ is not drastically reduced at wide
guide star constellation. The tolerance in reduction of ensnared energy at larger area size is interpreted
as follows. The major degradation of wavefront error is caused by the tip-tilt wavefront error due to the
wider guide star constellation, not caused by high-order wavefront error. Thus the energy in jittered core
of point spread function (PSF) can easily captured by enlarging the area size, while the energy in halo
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☆On-sky performance verification with RAVEN

• Uniform seeing improvement over ~20 arcmin FoV 
• FWHM < 0”.2 at K-band

GLAO performance simulationGLAO performance simulation at Subaru

(Oya et al. 2014)

Ground-Layer Adaptive Optics 
 x  

Wide-Field near-infrared instrument

GLAO Seeing GLAO Seeing

Wider FoV and better image quality than VLT GLAO 
(Seeing 0”.8 ̶> GLAO 0”.4 at K, FoV~7’.5)



ULTIMATE-Subaru: System Overview

(1) Adaptive Secondary Mirror

Preliminary Subaru ASM 
design by Microgate ADS

(2) Laser Guide Star system 
TOPICA fiber laser(589nm) x 2 
Generate 4 laser guide stars

(3) Wavefront Sensors
Cs. Focus  

(FoV~20 arcmin)

(4) Wide-field NIR  
instruments

• New wide-field imager (WFI) at Cs. 
• Reuse MOIRCS at Ns. IR 
• (Optional) Fiber-bundle multi-IFU at Cs. 
proposed by AAO, Australia

Ground-Layer AO+Wide-Field NIR instruments

Ns. Focus  
(FoV~6 arcmin)
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Table 7.7: Instrument parameters of Starbug based IFU spectrograph
IFUs

Number of IFUs 8-13a

Number of elements per IFU 61 Hexagonally packed
Spatial sampling per element 0.15 arcsec
Total field of view per IFU 1.18 square arcsec
Total patrol area φ ∼ 15 arcminb

Minimum separation between IFUs 25 arcsec
Spectrograph (MOIRCS)

Wavelength coverage 0.9-1.8 µm
Spectral resolving power 500-3000
Dispersion 1.6 Å per pix (J), 2.1 Å per pix (H)
Sampling 2-5 pixels in FWHM

Combined properties
Total efficiency 9% (J), 12% (H)
a This number can be increased by using a new larger spectrograph.
b FoV of the wide field corrector.

Figure 7.16: Block diagram of the starbug-based multi fiber IFU system, showing the sub-systems.
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Possible.filter.set.&.sensitivity..

Example.filter.set.(from.SWIMS(18)...
Note.that.this.is.just.an.example.!�

•  We.plan.to.install.many.filters.(BB/
MB/NB).on.WFC,.as.shown.in.left...

•  You.can.expect.sensitivity.improve(
ment.by.0.75(mag.compared.with.
MOIRCS.(for.point.source;.see.table.
below)..See.next.page.for.extended.
source...

•  Please.contact.us.if.you.need.
sensitivity.for.NBs...

Filter. Limit.mag.
(1h,.5σ,.AB).

J. 25.3.

H. 25.1.

Ks. 25.3.

These.estimates.are.from.MOIRCS.ETC.by.
changing.seeing.size.and/or.aperture.sizes...

ULTIMATE Wide Field Imager (WFI)

Wavelength Coverage 0.8-2.5μm
Plate scale 0”.1/pixel

FoV 14’x14’

Filter YJHK/MB/NB  
(+tunable filter) 

Detectors 4 x H4RG 
Efficiency > 40%

Baseline Specification

20’

LGS NGS

14’x14’

Conceptual design by J. Patzder (HIA)

Example of filter set for WFI 
(drawn from SWIMS-18 survey)
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Figure 7.23: The expected 5 σ limiting magnitude (AB) for star-forming galaxies at z ∼ 2 in broad-band
(K, left) and narrow-band (Brγ, right) achieved with the ULTIMATE-Subaru (GLAO) as a function of the
size (Re) of the galaxies. Filled circles, squares, and triangles show the limiting magnitude obtained with
GLAO correction at COSMOS, SDF, and SXDF. Open symbols show the limiting magnitude without
GLAO correction in each field. Thin solid line shows the expected limiting magnitude with SCAO
(diffraction limit). Horizontal dashed, dotted, and dot-dashed lines show the expected limiting magnitude
for point sources in COSMOS, SDF, and SXDF, respectively, with and without GLAO correction. Since
we found that the field dependence of the limiting magnitude for the galaxies is small, we only show the
limiting magnitude in the COSMOS field for the NB imaging in the right panel. In the lower panel, we
show the sensitivity gain due to the GLAO correction over the seeing condition.

Figure 7.24: Simulated S/N maps of Hα emitters at z ∼ 2.3 obtained by the ULTIMATE-Subaru NB
(Brγ) imaging with 5 hours integration time. Top and bottom panels show the maps with and without
GLAO correction, respectively.
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K-band Sensitivity improvement 
• 0.8-1.0 mag (PSF) 
• 0.5 mag (galaxies with Re~2kpc)

3~4 times more sensitive (or faster)



FoV(comparison(of(NIR(facilities(in(
2020s(available(at(λ>~2um(�

VLT/HAWK:I(
(7.5’(x(7.5’)�

Subaru/IRCS(
(1’x1’)�

HST/WFC3(
(2.0’x2.3’)�

ULTIMATE:Subaru(
(16’(x(16’)�

JWST/NIRCAM(
(2(x(2.2’(x(2.2’)�

Subaru/MOIRCS(
(4’(x(7’)�

ULTIMATE-WFI: Uniqueness
Widest FoV among NIR facilities in 2020s               
available at λ>2.0μm

(14’x14’)



(1) Complete census of galaxy evolution 
• Hα/[OIII] emission line survey at z=2-3 down 
to 109 Msun in stellar mass.  

• Stellar build-up history 
• Quenching mechanism 
• Mass and environmental dependency 

(2) Exploring very high-z galaxies 
• Lyα emission line survey at z=8, 9, 10… 
• History of cosmic re-ionization 
• Sensitivity of ULTIMATE-WFI in J-band NB is 
comparable to the JWST NIRCAM NB imaging.

ULTIMATE-WFI: Key Science Case

z=7.7�
z=8.7�

z=10.0�
z=11.8�

with%GLAO%(0.2”)� seeing�

Wide-field, high-resolution narrow-band imaging survey



ULTIMATE-WFI: Key Science Case
Mapping star-formation in galaxies at z=2-3 with Hα/[OIII] emission line 
with GLAO+NB imaging in K-band

IRCS+AO188 NB+K images of star-forming galaxies at z~2 in FWHM~0”.2 resolution.

ULTIMATE NB survey will provide >1000 of spatially-resolved          
Hα/[OIII] maps of SF galaxies at z=2-3 down to 109 Msun

Preliminary results from GANBA-Subaru



ULTIMATE-WFI:  
Key Science Case

ULTIMATE-K imaging survey Galaxy spectra 
at z=4

WFIRST

ULTIMATE-K
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Figure 3.9: The stellar mass functions (SMF) constructed by the ULTRA-VISTA survey (COSMOS;
1.62 deg2) as a function of redshift up to z = 4 (Muzzin et al. 2013). The ULTIMATE–K imaging survey
will probe the SMF to much lower masses and to higher redshifts.

time. This is the territory of redshift where only the UV-selections of star forming galaxies have been
available, such as Lyman break galaxies and Lyα emitters. The ULTIMATE-Subaru will open a new
window to this early epoch of galaxy formation with NIR selected galaxies. We plan to conduct a deep
imaging survey for 1 sq. deg. each (18 pointings each) in SXDF-UDS and COSMOS fields where HSC
Ultra-Deep optical imaging data (∼28mag) are also available.

If we spend a 10 hr net exposure in each medium-band filter (K1, K2, and K3) per pointing, we can
reach down to 26.1 magnitude in AB for point sources (5σ, 0.2′′ seeing, and 0.5′′ aperture). At this
depth, in the combined 2 sq. deg. area, we expect to find 2000 and 1200 galaxies in the redshift ranges of
3 < z < 4 and 4 < z < 5 down to 5×109M⊙ and 1010M⊙, respectively (above 5σ, and for the Kennicut
IMF). This estimation was made based on the extrapolation of the ULTRA-VISTA stellar mass function
at 3 < z < 4 (>1011M⊙) to fainter mass without any evolution (Fig. 3.9). From such unique truly
statistical sample of distant galaxies, the stellar mass functions can be constructed up to z ∼ 5 for the
first time. This size of medium-band survey in the K-band can be completed in 160 clear nights (including
30% overheads) with the ULTIMATE-Subaru wide-field camera (FoV=200 arcmin2), or ∼400 nights if
we complete all the 9 medium-band filters.

As shown in Fig. 3.9, we can go much deeper in stellar mass functions at z < 4 compared to ULTRA-
VISTA, as well as extending them to z = 5 for the first time. This will enable us to explore the earlier
phase and lower mass regime of mass assembly history back to the cosmic epoch when the Universe was
only 1 Gyr old.

Moreover, over the 2 deg2 field, we expect to find ∼2 progenitors of Coma-type rich clusters in each
redshift interval of ∆z=1 up to z = 5. In order to find those proto-clusters, we can make best use of the
medium-band filter photometry. As shown in Fig. 3.11, medium-band filters are excellent discriminators
of redshifts between 2 < z < 5 especially for quiescent galaxies. Therefore, we can enhance the visibility
of the intrinsic red sequence of each proto-cluster in medium-band colours, being much less affected by
the projection effect (the contamination is expected to be reduced by a factor of 3). With those newly
found proto-clusters, we can then utilize the depth of the photometry to investigate the evolution of
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• Wide-field K-band (BB and MB) survey 
is still unique in the era of WFIRST 

• Provide >1mag deeper and ~10 times 
wider survey data than UKIDSS.  

• Synergy between WFIRST (JH) and 
ULTIMATE-K is powerful to detect 
galaxies at z=4-5 (especially for rare 
objects such as quiescent galaxies) 

• LBG technique to detect z~15 
galaxies?

Muzzin et al. (2013)

Stellar-mass function to z~5

Balmer break galaxies at z=4-5



ULTIMATE-WFI: Preliminary Survey Plan
(A)(ULTIMATE(imaging(survey(#(1�

•  “Balanced”&survey:&&use&several&NBs&(in&all&JHK)&&&MB+BB&(in&K:band)&
to&exploit&as&many&“unique&points”&as&possible.&&

•  Assume&2:deg2&survey&in&COSMOS&&&SXDF.&&
•  Assume&broad:band&J/H&will&be&taken&by&WFIRST.&
•  Take&long&exposure&for&NB(J)s&because&these&filters&are&for&detecting&

very&high:z&(z>7)&LAEs.&&&

• Several NBs (in JHK), MB+BB (in K) imaging using ~300 nights to 
conduct survey for galaxies at z=2-3 in Hα/[OIII], z=4-5 in Balmer break, 
and z>8 in Lyα. 

• 2 deg2 survey in well-known deep field such as COSMOS/SXDF 
• Assume J and H-band data will be taken by WFIRST 
• If we concentrate only K-band (ULTIMATE-K), we can extend the survey 

field up to 20 deg2



ULTIMATE-MOIRCS (multi-object slit spectrograph)

MOIRCS at Cs.MOIRCS at Ns.
• Move to Nasmyth IR platform for better stability in spec. mode 
• New Grism will be installed for better total efficiency 
• With GLAO, MOIRCS can reach the sensitivity better than MOSFIRE 
• Extension of PFS spectroscopic survey to z>2 with ULTIMATE

Wavelength Coverage 0.8-2.5μm
Plate scale 0”.1/pixel

FoV φ~6’
Spectral resolution R~3000 (0”.2 slit)

No. of slits 40~60
Detectors 2 x H2RG 
Efficiency > 30%

Baseline Specification

R~1400&Hybrid&Grism&Design&(an&example)&Expected efficiency of MOIRCS new grism 
currently in development.

• MOIRCS will be reused for the first-light instrument for GLAO

Expected to be 2.0-2.5 times deeper than MOSFIRE

(D)(ULTIMATE(MOS(spec.(survey�
(Preliminary&design&by&Tadaki:san&et&al.&)&

•  “Completely&mass:limited&sample”&:&H+K&spectroscopy&for&a&
mass:complete&sample&of&~15,000&galaxies&with&logM>10.5&at&
z=2:2.6&selected&from&3&deg2&field.&&

•  “PFS&follow:up&survey”&:&NIR&(H+K)&spectroscopy&of&~10,000&
higher:z&targets&(LAEs/LBGs)&with&PFS&spectra.&&

•  200&nights&in&total.&&



ULTIMATE-MIFS (Multi-IFU spectrograph)
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Table 7.7: Instrument parameters of Starbug based IFU spectrograph
IFUs

Number of IFUs 8-13a

Number of elements per IFU 61 Hexagonally packed
Spatial sampling per element 0.15 arcsec
Total field of view per IFU 1.18 square arcsec
Total patrol area φ ∼ 15 arcminb

Minimum separation between IFUs 25 arcsec
Spectrograph (MOIRCS)

Wavelength coverage 0.9-1.8 µm
Spectral resolving power 500-3000
Dispersion 1.6 Å per pix (J), 2.1 Å per pix (H)
Sampling 2-5 pixels in FWHM

Combined properties
Total efficiency 9% (J), 12% (H)
a This number can be increased by using a new larger spectrograph.
b FoV of the wide field corrector.

Figure 7.16: Block diagram of the starbug-based multi fiber IFU system, showing the sub-systems.
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fibres (fiducials) on each Starbug, as shown in Figure 7.19. The IFU axis is defined with respect to these
metrology fibres. Additionally there are a number (∼ 16) of circumferential fiducials on the glass-field
plate. Thus, fine positioning is then achieved while the telescope is on target by referencing the Starbug
fiducials to the field-plate fiducials. Acquisition is then achieved by aligning guide bundles to guide
stars.The positional accuracy of Starbugs is better than 5 microns, corresponding to 10 milli-arcseconds
on sky, and typical reconfiguration times are achievable within the time taken to slew the telescope.

Figure 7.19: (Left) Starbugs on a field-plate, showing the green back-lit metrology fibres, and the red
slippers. (Right) Schematic view of the Starbug, showing the payload dock tube, metrology fibres, vacuum
port and wires access ports on the backside. The Starbug system used in the ULTIMATE instrument
shares much of the technology with the TAIPAN system which is currently working in the laboratory
and will be demonstrated its on-sky feasibility in early 2016.

The Starbug fiber positioner is a new technology developed by AAO. The Starbug will be used for
the TAIPAN instrument at the UK Schmidt telescope. TAIPAN is being built by AAO to carry out a
comprehensive spectroscopic survey and to prove the concept of the Starbug positioner, which is proposed
to use on the Giant Magellan Telescope. TAIPAN will start its commissioning in early 2016 and demon-
strate the feasibility of the Starbug technology, reducing the risk for the future ULTIMATE instrument.
The ULTIMATE Starbugs differ from the TAIPAN Starbugs in that they have a larger diameter, carry
a heavier payload, and will operate at a lower atmospheric pressure. Therefore the vacuum necessary
to adhere the Starbugs to the field-plate and allow normal operation will be tested by prototyping the
Starbugs for the ULTIMATE instrument.

Integral field unit

The IFU unit consists of three main components, the fore-optics, the lenslet array, and the fiber array.
These components are aligned and glued into position in a stainless tube and then the tube is inserted
into the Starbug.

The fore-optics magnify the beam from the telescope to provide an appropriate plate scale for the
lenslet array (magnification is about 3.5 to have a lenslet width of 250 µm for a sampling of 0′′.15 per
lenslet). In principle, one could place the lenslet array directly at the focal plane of the WFC without
using the fore optics. However, there are advantages to a larger physical lenslet size. Most fundamentally,
a large lenslet size compared to the fibre core diameter minimize shifts in the pupil image and geometric
focal ratio degradation (FRD). Secondly, small lenslets are not readily available from manufacturers and
are likely to be expensive and to pose a significant risk in meeting the required specifications. AAO has
significant experience working with larger lenslets, having used a 40×25 250 µm lenslet array. Additionally
the use of fore-optics has advantages other than its effect on lenslet size. First, the spatial sampling of
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AAO developed Concept of  
Fiber bundle multi-IFU system

(Ellis, S et al. 2016)
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Table 7.7: Instrument parameters of Starbug based IFU spectrograph
IFUs

Number of IFUs 8-13a

Number of elements per IFU 61 Hexagonally packed
Spatial sampling per element 0.15 arcsec
Total field of view per IFU 1.18 square arcsec
Total patrol area φ ∼ 15 arcminb

Minimum separation between IFUs 25 arcsec
Spectrograph (MOIRCS)

Wavelength coverage 0.9-1.8 µm
Spectral resolving power 500-3000
Dispersion 1.6 Å per pix (J), 2.1 Å per pix (H)
Sampling 2-5 pixels in FWHM

Combined properties
Total efficiency 9% (J), 12% (H)
a This number can be increased by using a new larger spectrograph.
b FoV of the wide field corrector.

Figure 7.16: Block diagram of the starbug-based multi fiber IFU system, showing the sub-systems.
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Comparison of ULTIMATE to existing and planned integral field spectrographs!
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Table 2. A comparison between the phyiscal characteristics of the IFUs used by ULTIMATE and SAMI, and the corre-
sponding spatial scales of the galaxies at the target redshifts.

SAMI ULTIMATE
Spaxel 1.6” 0.15”
Number of spaxels 61 61
FoV 15” 1.2”
Number of IFUs 13 7 – 13
Patrol field 1 degree diameter 14’⇥8’
Minimum separation 30” 25”
Spectral resolving power 1700 (blue), 4500 (red) 3000 – 5000
1.6” at z = 0.05 1.56 kpc –
0.15” at z = 0.5 – 0.92 kpc
0.15” at z = 1 – 1.20 kpc
0.15” at z = 1.5 – 1.27 kpc
15” FoV at z = 0.05 14.7 kpc –
1.35” FoV at z = 0.5 – 8.2 kpc
1.35” FoV at z = 0.1 – 10.8 kpc
1.35” FoV at z = 0.15 – 11.4 kpc

Figure 1. SAMI observations of an edge-on disk galaxy, taken from Ho et al. 2016.14 An SDSS image of the galaxy is shown
on the left. The dashed red circle corresponds to the SAMI FoV. Results from the SAMI observations are shown on the
right. In the top row, the intensity of H-alpha emission, and the velocity and velocity dispersion of the H-alpha-emitting
gas are plotted. Note the twisted rotation curve and the increasing size of the velocity dispersion as one moves away from
the disk. Note also the change in line ratios in the bottom row. Both are indicative of a turbulent outflow of material
that is, in this case, being driven by star formation in the disk of the galaxy. ULTIMATE will extend such observations
to 0.5  z  1.5.

Proc. of SPIE Vol. 9908  99081Q-3

Downloaded From: http://proceedings.spiedigitallibrary.org/ on 09/04/2016 Terms of Use: http://spiedigitallibrary.org/ss/termsofuse.aspx

Observe kinematics of ~3000 galaxies at z=0.5-1.0

- quenching mechanism 
- feedback process 
- galaxy transformation (e.g. mergers)

Glazebrook’s talk



Comparison with TMT/Space telescope in 2020sYoshiki Matsuoka (NAOJ)

ULTIMATE-Subaru Science Workshop 2016 (Jun 16-17, 2016; Mitaka)

Considerations: from SMBH/AGN perspective

ImagingImagingImaging MOSMOSMOS M-IFS

JH K MB, NB J H K JHK

Pointed 
observations JWST, TMT, ...JWST, TMT, ...JWST, TMT, ...JWST, TMT, ...JWST, TMT, ...JWST, TMT, ...JWST, TMT, ...

Surveys WFIRST

WFIRST
R~500
WFIRST
R~500

Surveys WFIRST
PFS
R~3000

✶ We may still want to do JH survey over the area overlooked by WFIRST.
    (e.g., HSC/PFS survey fields where abundant targets are available for follow-up.)
✶ AGNs are point sources and benefit from the sensitivity improvement with GLAO. 
  Do we also gain from the better spatial resolution?
✶ Broad-line AGNs are relatively sparse on the sky (~10 per 15’ FoV at i < 24 mag).

Slide courtesy of Y. Matsuoka

ULTIMATE-WFI
ULTIMATE-MOIRCS

ULTIMATE 
-MIFS



ULTIMATE-SUBARU
with Wide-Field Ground-Layer Adaptive Optics

Study Report - January 2016

Subaru Telescope
National Astronomical Observatory of Japan

ULTIMATE-Subaru 
Study Report 2016

• Science Case 
- High-z galaxies (Key Science) 
- Low-z galaxies  
- Galactic  

• Adaptive Optics 
- Performance modeling 
- System modeling  
- Interface with telescope 

• Instruments  
- Wide-Field imager 
- Multi-Object Slit spectrograph 
- Multi-Object IFU spectrograph 

• Development Plan 
- Team organization 
- Budget  
- Timeline

http://www.naoj.org/Projects/newdev/ngao/20160113/ULTIMATE-SUBARU_SR20160113.pdf



Phase 2 Design Phase 2 Fabrication

CY 2016 2017 2018 2019 2020 2021 2022 2023

GLAO

WFI

M-IFS
(TBD)

Prelim. Design Detail Design

Telescope Mod.

ASM Fabrication

AIT

Prelim. Design Detail Design Fabrication

AIT

AO experiment / Fibre Laser WFS / GLAO development

Concept / Prototype

Design            Fabrication AIT / Eng w/MOIRCS Science w/o GLAO

NAOJ investment for PFS

Concept Design

Concept Design

ULTIMATE Subaru: Timeline

→

GLAO
First Light

with 
MOIRCS

PDR for 
GLAO & WFI

CoDR for 
GLAO & WFI

Prototyping key components using the existing AO188 system 
• WFS upgrade using modern detector system 
• High-power fiber laser implementation to the telescope 
• Real-time system test using GPU



Summary
• ULTIMATE-Subaru is a Subaru’s next generation facility instrument plan after PFS.  

• ULTIMATE-Subaru will develop a ground-layer AO system and wide-field near-infrared 
imager, which provide ~14x14 arcmin

2
 FoV with 0”.2 spatial resolution in K-band.  

• Conceptual design of the GLAO and imager is ongoing, will be reviewed at the end of 
2017. Expected first light of GLAO is 2023.  

• Multi-Object fiber-bundle IFU spectrograph (M-IFS) is being planned in collaboration 
with Australia.  Instrument concept is designed by AAO.  

• Imaging survey using ~300 nights to map the galaxy evolution from z=1-8 is being 
planned.  

• Not only high-z science, we are collecting various science cases such as local star-
forming region, galactic archaeology, and near-by galaxies.  Any input from 
cosmology? 

• Any kind of participation in the ULTIMATE-Subaru project, Science case, Instrument 
development, is very welcome.    


