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FY2011: Subaru Next-generation AO ksk
FY2012: GLAO science workshop Haw,
FY2013: GLAO science workshop 2013 (H.
FY2014: ULTIMATE-Subaru Science W
FY2016: ULTIMATE-Subaru Science W
FY2017: Mini-workshop for ULTIMATE
FY2018: ULTIMATE-Subaru Collaborat
FY2019: Wide-field IR Astronomy Works
FY2019: ULTIMATE session in Subaru 20
FY2021: SUPER-IRNET online seminar se

FY2022: SUPER-IRNET in-person Workshop (NAOJ) ]
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- SUPER-IRNET: JSPS Core-to-Core Program

FY2021-FY2025, Pl: M. Yoshida (NAQOJ) °’9a“‘;|e’:‘ s (NAO)
SU PER « Online seminar series in FY2021-FY2022 (during pandemic) . Y-‘Ko.yama (Subaru/NAQOJ)
- Istin-person meeting in March 2023 @ NAOJ : ?'I\'\A/'(')yr?t:'zle\l(ANgioya)
I R N E T « 2nd meeting in July 2024 @ Beppu/Oita . D, Suruki (Osaka)
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Australia-Japan Fo

Australia-Japan Foundation grant
recipients, 2010-11

Australia-Japan Foundation grant
recipients, 2009-10

Australia-Japan Foundation grant
recipients, 2008-09

Australia-Japan Foundation grant
recipients, 2007-08

2-yrs program to
extend our existing
AU-JP collaboration
(mainly in AO
development) to full
community scale!
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Year 1:
R ULTIMATE-Subaru s:;' 000,00 Te,
A *
:' collaboration, Subaru ULTIMATE - Australia-Japan Year' 2 .
1 Scientific Innovation Telescope, National collaboration for a brighter ’ u
. X $16,600.00 "
. Astronomical Observatory of future at Subaru Telescope N
% . Japan o
L 4 ‘0

Australian Academy of

Australia- E i !
Scientific Innovation Technological Sciences and o |a. enan Shorong $20.20000
. . Leaders in STEM
Engineering
Ad ing Australia-J
The University of Western vancing husirata- apan $25,000.00

Scientific Innovation knowledge exchanges on

Australia P
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Sustainable material futures:

45,000.
Scientific Innovation University of New South Wales computational design for timber $45,000,00
architecture

Society, Culture and Arey Prolsota Cultural explorations in $43,253.08
Sport el materiality and design
Sokty: CRltirsa Arao City Cultflre Centre A stagt?d reading o.f the. play $40,000.00
Siisit (Chuo-Setsubi Stage Labo “Counting & Cracking” in

P Collaborative) Kyushu, Japan

i Artwork by Abdul Rahman

zozlretty, KRS Gt Art Front Gallery Co. Ltd. Abdullah at Hyakunengo Art $10,000:00

3 Festival
Society, Culture and The Australian Art Orchestra $30,000.00

Australian Art Orchestra
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™ ULTIMATE-Subaru : history (2)
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Project status and funding history:

FY2017: "ULTIMATE-START" started (with Kakenhi/Kiban-S, Pl: Akiyama)

FY2018: GLAO system Conceptual Design Review

FY2019: Start of NAOJ's official support as A-project (“Subaru GLAO Project”)
FY2021: Start of SUPER-IRNET, NINJA (both with Pl: M. Yoshida)

FY2021: ULTIMATE Instruments Conceptual Design Review

FY2022: Start of “Subaru-2.0" as MEXT Frontier Program

FY2022: GLAO system Preliminary Design Review

FY2022: Start of Kakenhi/ER5EERZE (ILR, Pl: Miyazaki)

FY2024: Start of Kakenhi/%3l# to develop ULTIMATE-WFI (PI: T. Kodama)



JSPS Kakenhi Tokubetsu-suishin - starting from FY2024 (7 years)

Pl: T. Kodama (Tohoku Univ)

Most distant  Massive Galaxies

« K. Nagamine (Osaka) Discover
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» K. Sugimura (Hokkaido) Objects
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BREAKING NEWS :

ULTIMATE-WFI Funded




Subaru/MOIRCS
(4 x7)

- | Subaru/IRCS
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Gemini/GeMS
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©) All-sky coverage Full performance everywhere - no
worry about guide star availability
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: unique science capabilities

@ Space telescope image quality

Comparable to HST/Roman,
higher image quality than
existing GLAO on VLT

SF galaxy at z=2
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1 hrs)

5-sigma limiting AB mag (exp time

Sensitivity - GLAO + WFI (broad-bands)

See poster (S. Ali et al.) for more details

* We can reach ~25-26 mag (AB) with reasonable observing time.
~0.5 mag higher sensitivity than no-AO cases in K-band (~0.3-0.5 mag in Y/J/H).

WFI at Cassegrain (With GLAO) Airmass=1.0 Water Vapor=1.6mm
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7 Sensitivity - GLAO + WFI (MBs/NBs)

*  We can reach ~24-25 mag (AB) in MBs/NBs. See poster (S. Ali et al.) for more details
e Filter setis still under discussion.

Funded by Kakenhi (ILR
MBs by Kakenhi (ILR) NBs (assume MOIRCS NBs)
(PI: S. Miyazaki)
WEFT at Cassegrain (With GLAO) Airmass=1.0 Water Vapor=1.6mm WFI at Cassegrain (With GLAO) Airmass=1.0 Water Vapor=1.6mm
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We encourage everyone to carry in your custom filters !
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W= ULTIMATE to explore the Deep Universe

unmvare  A) High-redshift universe

aru
1) Cosmic Reionization Bubble . 2) First Massive Galaxies RSN N
. U 5 i 25 e, i : -
Deep & Wide NB | Understand the nature and environment of massive
120 R (quenched) galaxies by detecting the most massive
Unprecedentedly deep :

and wide NB imaging to galaxies at z~4-5 with deep/wide MB(K) imaging.

search Lya emitters in

Comoving distance [Mpc

the epoch of cosmic N 4| K2 W
reionization (at z>>7), to Z . 1 SEDs of
identify ionized bubbles 0 - N . 1 z=4

0 2() 40 ()() 80 100 120 ll() 160 - N = galaxy

in the very ea rly universe. Comoving distance [Mpc]

4) Supernovae Explosion of First Stars

Deep & Wide K/MB = S LSNe T 2:25 }S%%g; E
PISNe =5 — |

3) Early Galaxy Morphologies

Sharp & Wide NB 25
GOODS-S(HAWK-I) ULTIMATE- NBK E

O

SNe search at z>6
by visiting ~1-deg?

Stellar build-up inside
the galaxies at the

n
i

] MAHALO-Deep

26 §

MAHALO-Subaru

NB(K) [AB mag]

apparent K band AB magnitude

cosmic noon (z~2-3) = coFs(GFHn every 180-days 27

epoch with deep and T scisou “m {1 downtoK>26mag &,

sharp NB(Ho/[Olll]) = 11 will allow us to |\
imaging in K-band. et detect SNe at 2>6. Yol st o mo mw o

log (Survey Area) [degz]

-y R A —————

(Moriya+2019)



«: ULTIMATE to explore the Deep Universe
ware  B) Dense/Obscured Regions in the Local Universe

2) Galactic Center

Sharp & Wide JHK + NB |l Sharp & Wide JHK + NB

Spatially resolve nearby N . High/low cadence survey
galaxies (D<10Mpc) _HSC{(optical, ~0.8")" ULTIMATE (NIR, ~0.2") toward the Galactic Center

into individual stars o g e o 8| with ULTIMATE, to reveal

R : hidden objects (blackholes
and free-floating planets)
in the Galactic Center with
microlensing and
astrometric approach.

1) Nearby Galaxies

ULTIMATE FoV
(14'x14")

oy

ILTIN

ULTRAATE (vigh m})l
P - -

o

and star-forming =
regions, to study galaxy
formation history
(galactic archaeology)
and ISM physics.

O

3) Galactic Plane 4) Star Forming Regions

(Kamizuka et al. 2020)

* Revealing the Milky Way 2 s[omsroo2 [l " omoo:
structure and hidden stellar £ B
evolution (e.g. OH/IR stars). 2 s (.

 Pap/Bry imaging for o | - el regions in a variety of
cataclysmic variables, to ~ © %% = @ Kot environment within the

0 500 1000 1500 2000 2500

revea | th e G a | acti C D iﬁuse RA offset (arcsec) Time (Days)

X-ray Emission Sharp & Wide NB/MB

Milky Way to study the
variety/universality of IMF.

- m E Sharp/deep imaging of SF




Wide-field

+ moderate

« ULTIMATE is not only for wide-field science. correction
- GLAO

* Our "LTAO" mode can deliver ultimately high
spatial resolution and high sensitivity for your

| I
favorite ta rget Discussion session tomorrow
(future of Subaru NsIR)

Moffat FWHM vs Wavelength

0.9 :
i — — = Diffraction-limited _£:
0.8 RN ol A I\!arrom.l flel.d :
——GLAO + diffraction limit
0.7 N ——SCAO
'g' SEEING
2 0.6 g
@ e
50-5 GLAO e
Ltk (~0.2"” @ K-band)
<
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= 0.3 F
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= (~0.05" @
0.1}
[ ——————eara
oe=====""

Wavelength [um]



Near-INfrared and optical Joint Siit e

Spectrograph with Adaptive optics —

"=
See poster by Tokoku et al. ==

NINJ

» Kakenhi Kiban-S (Pl: M. Yoshida) 500
« LTAO-assisted, high sensitivity spectrograph Concavefield mirror
« Wide wavelength coverage, potential extension to visible. Optical Camera -
« Start science operation as Pl-type instrument from FY2026. Layout Detector |
1000 )
SRR 10.83-2.5 um |
FLE 1139 ‘ A [ 2.500 um ‘
2y ~E 10.35" (0.19 mm) (TBD) | 21289 ym B W W 2290 um
Ay kg A 5" (2.7 mm) _3 £ 2.049 um
U X—9RmEest 1597.7 mm P
B 43.0 mm AR
IJL—T1 VI BBE 56 lines/mm x NREREETD
IL—F1YITL—ZA 33 degrees = R
Bt 'HAWAII-2RG 18 S| I | 14838 Echelle
BEBERK 2048 x 2048 pix SRR format on
REBERY X |18 um/pix R the detector
#YFUVF(036"2Uv ) 3.3 pix 0905um; ;22e:02:
BESRAE R~3300 0.865um: ;i ;:;:;7:0.865um
+:0.828 um
y

NINJA team: C. Tokoku, M. Yoshida, T. Moriya, K. Motohara, S. Ozaki, K. Yanagisawa,

Y. Ono, Y. Minowa, K. Terao, Y. Hayano, Y. Koyama, N. Tominaga, M. Ouchi, 2048 pix
M. Tanaka (NAQJ), M. Tanaka, M. Akiyama (Tohoku), T. Nagao, Y. Matsuoka (Ehime),

K. Kushibiki, A. Yasuda, T. Yukino (Tokyo)

-~
-

Tokoku et al. (2022)
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