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(ULTIMATE-Subaru project office

«  Michitoshi Yoshida (NAQJ, Project PI)

*  Yosuke Minowa (Subaru, Project Manager)

*  Yusei Koyama (Subaru, Project Scientist)

« Takashi Hattori (Subaru, wide-field imager)

* Yutaka Hayano (Subaru, GLAO development)

« Junichi Katakura (Subaru, Project controller)

« Kentaro Motohara (NAQOJ, wide-field imager, WFI)
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*  Yusei Koyama (Subaru)
Tomoko Suzuki (IPMU)
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* Sakurako Okamoto (Subaru)
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ULTIMATE science core team

Shogo Nishiyama (Miyagi Univ. Educ.)
Daisuke Suzuki (Osaka)

Takafumi Kamizuka (Tokyo)
Kumiko Morihana (Subaru)

Yuhei Takagi (Subaru)
Tsuyoshi Terai (Subaru)
Takashi Moriya (NAOJ)
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*  Masahiro Konishi (Univ. of Tokyo, wide-field imager) _ .
265 * Shiang-Yu Wang (ASIAA team lead, project management)
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Development Team
(AO & instruments)

ULTIMATE core

Project scientist

(project management team)

(Yusei Koyama)
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ULTIMATE-Subaru
science team
(Sep 16™ 2022)

A. High-redshift Universe

B. Local Universe / Our Galaxy / Solar System

C. Time Domain science
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Science Goal (1): ULTIMATE for Deep Universe

Unveiling the life of galaxies across cosmic time and environment from elementary scale
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GOODS-S(HAWK-I)

1) Birth of Galaxies _ﬁz R 0 | 2) Growth of Galaxies
Unprecedentedly deep émo ot | -1 Stellar build-up inside T Lmw _;
and wide NB imaging to & s -1 the galaxies at the 22 H
search Lya emittersin % ., I cosmicnoon (z~2-3) SEEESE, _
the epoch of cosmic S epoch with deep and R R RN T

log (Survey Area) [degz]

sharp NB(Ho/[Olll])
imaging in K-band.

reionization (at z>>7) a

0 20 40 60 80 100 120 140 160
Comoving distance [Mpc]

Sharp & Wide JHK+NB

» Spatially resolve nearby
galaxies (D<10Mpc) into stars

3) Death of Galaxies

Understand the nature and environment of massive
(quenched) galaxies by detecting the most massive
galaxies at z~4-5 with deep/wide MB(K) imaging.

N —r m & w1 K3l ] and star-forming regions.
: 2 : : SEDs of | ° Sharp/deep imaging

§ 4 of SF regions in the

i 1 galaxy Milky Way to study the

IMF.

o e e o e



1) Galactic Center

Sharp & Wide JHK + NB

* High/low cadence survey
toward the Galactic Center with
ULTIMATE, to reveal hidden
objects (blackholes and free-
floating planets) in the Galactic
Center with microlensing and
astrometric approach.

b (deg)

3) High-z Supernovae

Deep K-band imaging

« SNe search at z>6 - visiting ~1-deg? every 180-
days down to K> 26 mag (AB) will allow us to
detect Poplll pair-instability SNe at z>6.

* Boost the SNe detectability by targeting
protoclusters/overdense regions identified by
HSC (and Euclid/Roman) survey.

[cMpc]

24 T
. — [cMpc]
* Synergy with JASMINE, Roman. SLSNe PN (Rzze) — | 0% 100 150200 250
S 2=08 - = 3
_______________________________________________________________________________________ g BT PISNe 80 —— R = ;"?ﬁ 200
i Sharp & Wide NB/MB E ool o “ | B 150
alactic Plane p ; T P
. . (Kamizuka et al. 2020) § . O ‘
* Revealing the Mllky Way z " omioa: < 7 Ty ==2 100
structure and hidden stellar g | % s + o
. - 28 E .
evolution (e.g. OH/IR stars). 3 . 2 mag brightened @ . :
. . . 5 b in ~2300 days. 55 350 5 340
« Pap/Bryimaging for cataclysmic : 2 AL RA. [deg]
. .A] v . 20 0 500 1000 1500 2000 2500 3000 i
Varlab|eS, to reveal the GalaCt|C : ‘5 2 0 oS 32 i days after explosion in observer frame Harikane+2019
Diffuse X-ray Emission RA offset (arcsec) ¢ e my Moriya+2019
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GLAO subsystem overview and status [Sessalisiosay
Laser Guide Star Facility (LGSF) (PDR) ZF3E

Adaptlve Secondary Mirror (ASM) * Use 2 TOPTICA high-power lasers (22W) to generate 4 Laser Guide Stars.

* ®=1260mm deformable mirror with 924 actuators * Launch the laser beams from the side of the telescope.
Adopt the well-developed technology from AdOptica/ltaly. * Preliminary design ongoing.
* Final design completed in FY2021
* Start fabrication in FY2022

Laser Beam

(CD 300mm)

[ <+ Australian
wS=/w Nationa
Bmszsy University

ASM will be installed in }
the existing Infrared ~ dUODLICA
Secondary Mirror

mount

Wavefront Sensors (WFES)

Launching Diagnostics
Telescope TOPTICA Bench
« Equip with the 4 LGS WFSs to measure the turbulence at the Laser Head
ground layer and another 4 NGS WFSs to measure the low-order Kev Technoloqv Prototvpinq

error that cannot be measured with the LGS.

« Preliminary Design completed in FY2021. * ULTIMATE-START - a Laser Tomography AO (LTAO) Wavefront Sensor with 4 x SH-WFS - has

20 arcmin

. & @ Qgﬁgggzlan been developed for testing the camera, real-time control, etc. for the future GLAO system.
Natural Guide Star (NGS) x 4 saczey University + TOPTICA laser guide star has been integrated at Subaru to provide 4 laser beams for LTAO.
4 » ~<. * LTAO will be initially commissioned with AO188, and later be used with the ASM, providing
d * \* a narrow-field (<10”) LTAO mode in ULTIMATE.
Il || \\ P .%?“.
! Sci FoV ' R T
s | {5 gy
Il* ': R e “
\ , TOHOKU
N /I IvERAITY

Tronh WIS

TOPTICA laser commissioned at Subaru LTAO WFS (ULTIMATE-START)

‘<‘ y ¢
L Z \‘xs___*,»’/
Laser Guide Star (LGS) x 4
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Subaru

1) MOIRCS

NsIRNF% 5%
FoV:4'x 7'
0.12" /pix

A: 0.9-2.5um
Imaging + MOS
spectroscopy

R—
27—RALS4 FEEE UTHAR

@ Fiber-bundle multi-obj IFU

* Cs (w/ MOIRCS/PFS)
FoV: 14" x 14

IFU FoV: 1.2"x1.2" \
A:0.9-1.8um
Multiplicity: 8-13
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NB/MB/BB imaging
K~26mag (AB 5c, 5h)
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ULTIMATE-WFI (Wide-Field Imager)
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ULTIMATE-WFI (Wide-Field Imager)

ULTIMATE®D £ 733 WFI at Cassegrain (With GLAO) Airmass=1.0 Water Vapor=1.0mm | ______
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ULTIMATE “narrow-field (LTAO)"” mode g

+ 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
favorite target!

59 Moffat FWHM vs Wavelength
— — — Diffraction-limited
0.8 —LTAO .
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AP— A 0 ° ° °
=07 SEEING 1 + diffraction limit
% 0.6 P
8 0
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S 04 (~0.2" @ K-band)
.
= 0.3 F
5
p 0.2
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NINJ
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Near-INfrared and optical Joint
Spectrograph with Adaptive optics —

Tokoku et al. (2022), 2022 FEMFEFRV204a(3RS)/V205a(FE)
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