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W= Science Goal (1): ULTIMATE for Deep Universe

ULT|MATE Unveiling the life of galaxies across cosmic time and environment from elementary scale
ubaru
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1) Birth of Galaxies NSRS ., | 2) Growth of Galaxies
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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.

Sharp & Wide JHK+NB

» Spatially resolve nearby
galaxies (D<10Mpc) into stars
and star-forming regions.

* Sharp/deep imaging

***

i . ;EES of of SF regions in the
- - 1 galaxy Milky Way to study the

1.5 2.5 3

IMF.

o o o



=i

M Science Goal (2): ULTIMATE for Transient Universe

IMATE Understanding the evolution of stars, blackholes, and planets near and far
HEBTSFBEE RHD
1) Galactic Center

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.

3) High-z Supernovae

U I 18 T T L ¥ I Al Ll Ll T Tl Ll Ll Ll l T 14 L) 13
Roman

ULTWATE (high @@d@@@@)

Sharp & Wide JHK + NB 2

* 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.

-—

* Boost the SNe detectability by targeting
protoclusters/overdense regions identified by
HSC (and Euclid/Roman) survey.
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* Revealing the Milky Way 3 *| ors002 < 277f g
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‘> ULTIMATE-Subaru - GLAO + WFI
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National
University Qptical/Mechanical design
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Wavefront
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Real-time Controller
+ Control system
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GLAO subsystem overview and status [SeEaatsca:,
Laser Guide Star Facility (LGSF) (PDR) Z£l > &18

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

gLTIMATE

ubaru

Adaptive Secondary Mirror (ASM)

* ®=1260mm deformable mirror with 924 actuators * Launch the laser beams from the side of the telescope.

* Adopt the well-developed technology from AdOptica/Italy. * Preliminary design ongoing. Laser Beam

+ Final design completed in FY2021 (O~300mm)

+ Fabrication started in FY2022 Australian
& National

= University

ASM will be installed in '_r:'“'-'?:h -

the existing Infrared  d OD’[ICa

Secondary Mirror
mount

Wavefront Sensors (WFS 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 Key Technology Prototvping

error that cannot be measured with the LGS. " " =
* Preliminary Design completed in FY2021. Australian * ULTIMATE-START - a Laser Tomography AO (LTAO) Wavefront Sensor with 4 x SH-WFS - has

_ t National been developed for testing the camera, real-time control, etc. for the future GLAO system.
Natural Guide Star (NGS) x 4 225y University « TOPTICA laser guide star has been integrated at Subaru to provide 4 laser beams for LTAQ.
A -2 T S~ + LTAO will be initially commissioned with AO188, and later be used with the ASM, providing
2 ¢ \* a narrow-field (<10”) LTAO mode in ULTIMATE. .
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4 <\‘ ~~o o _‘_k— /,* o 530 4 LGS WFSs
Laser Guide Star (LGS) x 4

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

- - - 160 seeing
Wavelength Good Seeing (25%) Moderate Seeing (50%) Bad Seeing (75%) GLAO GLAO
FWHM 3  EE50 | FWHM 3  EE50 | FWHM 3  EE50 140 -
(um) [arcsec] [arcsec] | [arcsec] larcsec] | [arcsec] [arcsec] 120 -
v 100 ] natural
J (1.26) : 146  0.46 . 143 0.61 : seeing
H (1.65) 149  0.40 1.44  0.53 . . *
Ks (2.15) . 1.63 0.36 . 1.55 0.46 . . . 601
- 40 -
7 (1.26) 041 1.69 061 054 1.78 077 | 068 152 0.99 20 ‘ ‘
H (1.65) 0.38 181  0.57 049 174  0.72 0.63 166 093 o | ol | ol
Ks (2.15) 0.36 1.88 0.54 0.46 1.82 0.68 0.59 1.73 0.88 200 400 600 800 1000
FHWM (mas)
J-band Moderate Seeing: EES0 median = 0.61 0.67 H-band Moderate Seeing: EE50 median = 0.53 0.600 K-band Moderate Seeing: EES0 median = 0.46 0.540
PSF uniformity w e e '
(APSF~10% | . )
over the entire ’
14'x14' FoV) |1

Minowa et aI 2020)
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(= ULTIMATE-WFI (Wide-Field Imager)

ULTIMATE
ubary o RARABFRIABERMEZBE
« MB7 1LY —DEMELXERTCEAR CTERER
Item Requirements
Field of View 15!7 x15!7
Effective Field of View 20700 (4x7!2x72) 2021 E (CHISEEStRE
Pixel Sampling 0711 /pix (CoDR) (CB&1&
Wavelength Coverage  0.9-2.5um Lens Holdng Overhang TS0
Image Quality FWHM<0710 5mm wide 216mm |
Number of Filters 5 N
Total Length 1500mm after the telescope focal plane CaF2
Field Lens
Motohara+2020 [ | W
* Four-barrel optical design u """ ttd
 Field is divided into four parts with independent relay optics v
+ 3 filter wheels to accommodate max. 15 filters per barrel 21 x >2<171r$1m)
« Accept many filters (BB, MB, NB) S, | E—

Design for easy filter replacement during downtime
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1.0 hrs)

5.0-sigma limiting AB mag (exp time

Sen5|t|V|ty GLAO + WFI (broad-bands)

Pomt source sensitivity (5o, 1-hour) for ULTIMATE BB/MB/NB filters:

* We can reach Ks = 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).

NP S
WEFTI at Cassegrain (With GLAO) Airmass=1.0 Water Vapor=1.0mm
25.6 =
H—o—
——
25.4 —
H@H
252 — H—o—
—&— —®—
25.0 o H@H
b ¢
IR — —
248 = ] —e—
Ks
24.6 — @ Good seeing
@ Moderate seeing
@ Badseeing 00—
| | I I H I | I
1.0 1.2 1.4 1.6 1.8 2.0 22

Wavelength [micron]

1.0 hrs)

5.0-sigma limiting AB mag (exp time

RN

WFI at Cassegrain (With GLAO) Airmass=1.5 Water Vapor=1.6mm

25.2 = @
25.0 —— —e—
}_._|
24.8 —
—®—
246 1 +H@H —&—
Y
24.4 — ——
I o —_—
24.2 — Ks
@ Good seeing
o B o
| | | I H I | |
1.0 1.2 1.4 1.6 1.8 2.0 2.2

Wavelength [micron]



1=y Sensitivity - GLAO + WFI (broad-bands)

ULTIMATE

ubaru

Point source sensitivity (5, 1-hour) for ULTIMATE BB/MB/NB filters:

* We can reach Ks = 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).

A 22
EEHTNPAT Sk IRERVREHF
WEFI at Cassegrain (With GLAO) Airmass=1.0 Water Vapor=1.0mm WFTI at Cassegrain (With GLAO) Airmass=1.5 Water Vapor=1.6mm
25.2 = o
25.6 =

R —o—i Roman _
£ —e— S e £ 250 —o— —ar—
3254— FEEEEEEEEEEEEERE KS/\JI\S }_._'
Il l—.—l = I
£ E&Fg £ 248
& 252 — —o— -
g7 —— —®— WIDE FIELD INSTRUMENT: IMAGING
on
g Wavelength (pm) Point-source sensitivity
2 250 —+HOH (AB Mag) 50 in 1 hour
g Y F062 (R) 0.48-0.76 279
£ ug— ' ‘J —0— — F087 (2) 0.76-0.98 276
g [ o F106 (Y) 0.93-119 275
& . F129 (J) 113-1.45 27.5
v 24.6 — @ Good seeing

@ Moderate seeing F146 (IIH) 0.93-2.00 279

@ Badseceing F158 (H) 1.38-1.77 27.4

—@®—
| | | I H | | | s 2
1.0 1.2 1.4 1.6 1.8 2.0 22 |:213 (KS) 195-2.30

Wavelength [micron]

Roman Science and Technical Overview (ver. Summer 2023)
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~0.5 mag higher sensitivity than no-AO cases in K-band (~0.3-0.5 mag in Y/J/H).

5.0-sigma limiting AB mag (exp time = 1.0 hrs)

" Sensitivity - GLAO + WFI (MBs/NBs)

Point source sensitivity (5o, 1-hour) for ULTIMATE BB/MB/NB filters:

* We can reach Ks = 25-26 mag (AB) with reasonable observing time.

MBs

WFTI at Cassegrain (With GLAO) Airmass=1.0 Water Vapor=1.0mm

@
25.4 —

@

25.2 =

@ o
25.0 — @

H—,_oli e
J1 |_._|! o
24.6 —
: 2 —— —e—
. O o
K2

2= @ Good seeing o @

@ Moderate seeing O K1 K3
240 — @ Bad seeing -._|‘_'_q 3

H1 :
| | H2 | | | |
1.2 1.4 1.6 1.8 2.0 22 24

Wavelength [micron]

1.0 hrs)

5.0-sigma limiting AB mag (exp time

25.0 =

24.5 —

24.0 =

23.5 =

23.0 —

NBs
WFTI at Cassegrain (With GLAO) Airmass=1.0 Water Vapor=1.0mm
o
® 1@
®
) H@H
NB119 - ®
o Ve 'o»
[ ] NB2095
®
o © T% o
c fl
°© o ®
@ Good seeing W1657 H2 B231p5
@ Moderate seeing [Fell]
@ Badsceing
AR50
| I 1 I I I
1.2 1.4 1.6 1.8 2.0 22

Wavelength [micron]

Only for best conditions - please expect ~0.3-0.5 mag shallower depths in the case of lower elevations.
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JEY ULTIMATE “narrow-field (LTAO)” mode  ggrmrr

UITJTLMaA'!E + 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 LTAO

favorite target! EFYYe) Guyon'’s talk fore more details

about narrow-field capabilities

Moffat FWHM vs Wavelength

¥ — — —Diffraction-limited _£:
i Bl T I I\!arrom.l flel.d .
ik, % ——GLAO + diffraction limit
i Bk ———SCAO |

-~ SEEING

Moffat FWHM [arcsec]

o
—h

o

Wavelength [um] © ESO (VLT/MUSE)



. . - Collimator  Cross disperser
N I NJA Near-INfrared and optical Joint =L —— A
Spectrograph with Adaptive optics 1 S I

N o IRRY—6HSBBLEEL ’

-« LTAOMIG, @RELFEHINEE (Tokoku et al.) 500

- RHAE(ERS)(C KX DFHFE

. TERELEETRIMES R THAR < ENRRICE B TROM, " o ey
. 2021~202568, KF: SEHER @IRTE) biﬂif - AMRIE == el

. TIEBOPIY A TEBE UTIRETFE (20265 EERMBLEEE) ’ 000 —
SRR 10.83-2.5 um 1 N
FLt 139 | 2500 pmt 4 | |
20y B 0.35" (0.19 mm) (TBD) 21289 pm t 1 T
20y hE 5" (2.7 mm) 1|3 , T
. I U X—5 Kbt . 597.7 mm LL IR A ER il:
R 43.0 mm 5 RN ERED ]
IL—T 1 VIREE 56 lines/mm ;S' niffl
TJL—F1vIT - ' 33 degrees § ek BB LD
R | HAWAII-2RG 1 SRR T>x)
R BBEFR 2048 x 2048 pix TJ4#—<3 VK~
REBERY 1 X 18 um/pix oSl e 85 1 ¥ g
YYTUYF(035"2Uy ) | 3.3 pix e e -
SRS HREE 'R~3300 v : 2

NINJAX Y )\—: RETF b, SHEERN, STEFE, ARBEALS, EIEEX, YIEHEE, KFRA, < 2048 pix g

Eefine, SRME, 256, Wittt SXE, ANES, BPBE=E (BTRXS), BPKE,
MILIEE (RILAZR), REE, MERE (BIEKRS), Mi3I15Hs, REBED, ZHRE (FRAS) Tokoku et al. (2022)



....... Summary

ULTIMATE = 952 2 FFRDAKRZ B S RIERARHF@HELE x RIMREFHESE
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