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ULTIMATE-SUBARU PROLOGUE E: !

SUBARU STRATEGIC PLAN TOWARD 2030

Subaru is going to be a “wide-field survey oriented” telescope:

|. Very wide-field optical imager ---------------------m-mmmmmmmmomos HSC (201 3-)
2. Wide-field multi-object spectrograph -------==-===-=---------o-o- PFS (2022-)
3. Wide-field NIR imager and MOS/IFU spectrograph w/ AO ------ ULTIMATE (2026-)
Dark nights (AT {R) Bright nights (F:45})
< > < =

Spec. PFS (~2022_)

ULTIMATE
(~2026-)

Img. HSC (2013_)

T ATum] 2

ULTIMATE = ULTRA-WIDE-FIELD LASER TOMOGRAPHIC IMAGER and MOS with AO
for TRANSCENDENT EXPLORATION by SUBARU
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GLAO : WIDE-FIELD ADAPTIVE OPTICS ON SUBARU

Improve image quality over ~20-arcmin at everywhere on sky
FWHM~0.2" @ K-band = resolution of HST/WFIRST @ Y, J,H

éround Layer AQ seeing
GLAO GLAO
Reference & & (0.2”) SEElng
Stars
K-band, Maunakea
High c.f. 0.3”7-0.4” (@ VLT
Altitude ( 3 ¥ @
Layer
Ground / ‘:;'_-;u_“" 600
Layer w FHWM (mas)

Telescope

Ground Conj. DM

e’
==
—_
a
=0
o=
—
—
—
p—
L
——
—
o

WFC

T"‘r,' - . d 3
WFS | !
3 L i

Fraction

6.5 6 5.5 S
https://www.eso.org/sci/facilities/develop/ao/ao_modes/.html log( countrate [counts s
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ULTIMATE-SUBARU KEY SUBSYSTEMS

Cass. Focus Nasmyth IR Focus
(FoV~20 arcmin @) (FoV~14 arcmin 9)

....... —_—

=TT
o=l ) | A 1L D
L2519 ¢

Preliminary Subaru
ASM design by
Adoptica

. Phase 1: Reuse MOIRCS at Ns. IR
. Phase 2: Wide-field imager (WFI) at Cs.
. Phase 3: Fiber-bundle multi-IFU at Cs.

ber laser (589nm) x 2
Generate 4 laser guide stars




ULTIMATE-SUBARU UNIQUENESS

ULTIMATE-SUBARU = GLAQ + NEW IR INSTRUMENT

NIR (K-band) facilities available in 2020s and beyond.

'MOIRCS x 7! IRCS X 200!

Subaru/MOIRCS ' — .
@xn) . |(cfHsC=scamx7) . | oy

u

[typical classical AO] *
- L

L]

HST/WFC3 -
‘(2.0'x2.3’)

VLT/HAWK-| : | JwsT/NIRcAM
(75'x75) ULTIMATE Subaru (2x2.2'x2.2"),

[w/ GRAAL]

(14’ x14’)




ULTIMATE-SUBARU UNIQUENESS

* Narrow- & medium-band imaging (1.0<A<2.3um)

* Broad-band imaging at K-band

* High-resolution MOS spectroscopy at H+K (Phase-l1 w/ MOIRCY)
* AO-assisted multi-object IFU at | + H (+ K) (Phase-3)

ULTIMATE has >20x survey
power than JWST !

HUGS(HDF)

Rl HUGS(UKIDSS) OULTIMATE'K

MODS UKIDSS(UDS) (~ 100 nights)
(deep)

D - ULTRA VISTA
MODS (U Deep)

MOIRCS
ULTIMATE riss
JWST

I WISH
F164N

| NB imaging

uLtrA-visTA R

Lim. Mag(100)

26

"Bl UkiDss(Dxs)

|

K-band limit mag [50, AB]

AEGIS D

- , NOAO
K imaging DIW survey

1 10 100 1000
Survey area [deg?]

ukiDss(LAS) I

10 100

FoV / Shot (aremin®)




ULTIMATE-SUBARU UNIQUENESS

Narrow- & medium-band imaging (1.0<A<2.3um)
Broad-band imaging at K-band
High-resolution MOS spectroscopy L

AQO-assisted multi-object IFU at | + JeE
28

lll]lllil'li'l]l

ULTIMATE has >20x survey
power than JWST !

! ! T T L T
1550

ULTIMATE
27 [-HUGS (HDR) (~100-nights)

& UKIDSS(UDS)O

MODS <
(Deep) B‘. U-VISTA

MoDs  TJ-Deep)

26
25

M O I RCS J o0
ULTIMATE riss

] WISH

3. 22
J F1185
21

24 N
U-VISTA.

UKIDSS (DXS).\ .

L]
AEGIS
L]

NOAO N
D/W survey UKIDSS (LAS).

1 lllllul Ll

0.01 0.1 1 10 100 1000
Survey area [deg?]

JWST 23

K-band limit mag [50, AB]

Lim. Mag(100)

F'164N

NB imaging

1l 1 v el ! A T T B B 1 [ S T W ! ! 20
1 10 100

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

FoV / Shot (aremin®)
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ULTIMATE-SUBARU SCIENCE TEAM (>70 SCIENTISTS)

Masayuki Akiyama (Tohoku)
Fuyan Bian (ANU)

Jessica Bloom (Sydney)
Julia Bryant (AAO)

D. Calzetti (Massachusetts)
Andy Casey (ANU)
Masashi Chiba (Tohoku)
Scott Croom (Sydney)
Akihiko Fukui (NAQOJ)
Olivier Guyon (Subaru)
Daisuke lono (NAOJ)
Masatoshi Imanishi (NAOJ)
lkuru Iwata (Subaru)
Yuichi Harikane (NAOJ)
Masao Hayashi (NAOJ)
I-Ting Ho (ANU)

Akio Inoue (Waseda)
Hiroyuki Kaneko (NAQOJ)
Lisa Kewley (ANU)

Satoshi Kikuta (SOKENDALI)
Ji-Hoon Kim (Subaru)

Jin Koda (Stony Brook)
Tadayuki Kodama (Tohoku)
Kotaro Kohno (loA, Tokyo)
Naoki Koshimoto (Osaka)
Yusei Koyama (Subaru)

Toshiki Saito (MPIA)

Sarah Leslie (ANU)
Chien-Hsiu Lee (Subaru/NOAO)
Chris Lidman (AAO)
Yen-Ting Lin (ASIAA)

Yuichi Matsuda (NAOJ)
Noriyuki Matsunaga (Tokyo)
Yoshiki Matsuoka (Ehime)
Yosuke Minowa (Subaru)
Takashi Moriya (NAOJ)
Kentaro Motohara (Tokyo)
Tohru Nagao (Ehime)
Kimihiko Nakajima (NAOJ)
David Nataf (ANU)
Chow-Choong Ngeow (NCU)
Shogo Nishiyama (Miyagi Educ.)
Yumiko Oasa (Saitama)
Kazuyuki Ogura (Bunkyo)
Masamune Oguri (IPMU)
Sakurako Okamoto (Subaru)
Masato Onodera (Subaru)
Tae-soo Pyo (Subaru)
Christian E. Rusu (Subaru)
Toshiki Saito (MPIA)

Adam Schaefer (ANU)

Takatoshi Shibuya (Kitami Inst. Tec.)
Rhythm Shimakawa (Subaru)
Kazuo Sorai (Hokkaido)
Takahiro Sumi (Osaka)
Daisuke Suzuki (JAXA)
Tomoko Suzuki (Tohoku)
Ken-ichi Tadaki (NAOJ)
Tsutomu T. Takeuchi (Nagoya)
Ichi Tanaka (Subaru)
Masaomi Tanaka (Tohoku)
Masayuki Tanaka (NAOJ)
Tsuyoshi Terai (Subaru)
Yoshiki Toba (Kyoto)
Kazufumi Torii (NAOJ)

Junko Ueda (NAOJ)

Kenneth C. Wong (NAOJ)
Takuji Yamashita (Ehime)
Kiyoto Yabe (IPMU)

Chikako Yasui (NAQOJ)
Tiantian Yuan (ANU)

Tayyaba Zafar (Macquarie)
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KEY SCIENCE: “BIRTH", “"GROWTH", “DEATH" UF
GALAXIES IN THE CRADLE OF COSMIC STRUCTURE

. First galaxies (birth)

» Explore the LAE/LBG world toward the
frontier redshifts (z>>7) with ultra-
deep NB/BB imaging in NIR

08

1-77 7= 10.0

Transmission

L
13.8 billion

JS11} {0 uoneLIoy

REEREDD [TMT-
SubaruZwv 21 KD
WHIRST: (Bl — KR
24 25 26 27 28 29 30 1+*Redshift
muv [ABmag]
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KEY SCIENCE: “BIRTH", “"GROWTH", “DEATH" UF
GALAXIES IN THE CRADLE OF CUSMIC STRUCTURE

. First galaxies (birth)

> Explore the LAE/LBG world toward the [f§
frontier redshifts (z>>7) with ultra- o
deep NB/BB imaging in NIR

g = -

t y X >

1 § ” o « - - S. & ™ Present day
| REREDD [TMT- R L S - : u
Subaru7w9J K0 > véerao;;zoatfn =", -2 SF galaX|eS @ Z=2
WF'RST§ (BEE— KRS : e m """"" :
24 25 26 27 28 29 30 1+Redshif g
muv [AB]lla.g] ,
seeing | GLAO

2, Stellar build-up (growth)
» Deep & sharp & panoramic NB Ha/[OlII]
imaging galaxies at “cosmic noon”’(z=0.5-3.5)

3. Quenching (death)

» Tracking down the rest-optical SEDs of galaxies
@ z~5 with BB/MB imaging (in K-band).

WFIRST
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KEY SCIENCE: “BIRTH”, “GROWTH", ‘DEATH" OF | T8 |
GALAXIES IN THE CRADLE OF COSMIC STRUCTURE Lot -

. First galaxies (birth) - .7 4. End products

> Explore the LAE/LBG world toward the [F§
frontier redshifts (z>>7) with ultra- "
deep NB/BB imaging in NIR

» Complete census of ~60
nearby galaxies @
D<I IMpc with BB+NB.

: E X 25 . e il = W=
Subaru-+iEMiT T - E . E
[} % ,E - ~ h E Pre i‘e
i IREREDD TMT-| F= s SF galaXieS @ >=>

. l
SubaruZwy 21 &0 = Réibnizavon _t
WEIRST:  (1B&m@—KIZHY : '

. 10
24 25 26 27 28 29 30 1+Redshif \
muv [ABIlla.g]

2, Stellar build-up (growth)
» Deep & sharp & panoramic NB Ha/[OlII]
imaging galaxies at “cosmic noon”’(z=0.5-3.5)

3. Quenching (death)

» Tracking down the rest-optical SEDs of galaxies
@ z~5 with BB/MB imaging (in K-band).

seeing | GLAO

WFIRST
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Supernovae search at z>6 — visiting ~|-deg? every 180-days down to K > 26 mag (AB)
will allow us to detect Poplll pair-instability SNe at 6<z</.

WFIRST 26.5 mag limit (F184) ——

26.0 mag limit (F184) ——

ULTIMATE-Subaru 26.5 mag limit (K) —
26.0 mag limit (K)

tint = 180 days, Nd =2
Flat IMF, RSG only
Az = 0.1

number of Pop Il PISNe (Az'1 deg'z)

7/ 7.5

redshit  (Moriya et al. 2019)

Note: the finally combined image from this survey will reach K>27.5 (AB mag) .
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PRELIMINARY SURVEY DESIGN %

“"PREMIUMS”
Panoramic
REsearch with
Multi-band
Imaging by
ULTIMATE
Machine on
Subaru

ULTIMATE UItraDeep i ) Please give us your
,-~'0 5. deg - <0.2" inputs to maximize

D ° the legacy value of
LB heg ULTIMATE-Subaru,

and to provide our
best sample for TMT.

. ; . ° .
. AN
. : ¢
. = ° s . .

- COSMOS

http://candels-collaboration.blogspot.com/2012/07/cosmos-cosmic-evolution-survey.html © NASA/ESA/Z. Levay
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ULTIMATE FOR A VARIETY OF SCIENCE IN OlTR GALAXY:
GALACTIC CENTER & STAR- FURMING REGIUNS

{ Astrometry of Galactic_ -

; . o ”
s T e b g e “- .4 central stars _
TRV . P ey ichi

B R e Nishiyama) -
by e SR e
o\.:' ‘:‘A’. ¥ ”
. e ”
; » . ”
”
”
”
. ” W -
Globular cluster in L’ B
(M. Chiba) - of SF regions |- .
(T. Pyo) b————

Microlensing exoplanet -~ - ;
survey toward the .~ Spltzer bubble in the Galactic plane

Galactic bulge - ’ (K. Torii)

(C.H. Lee, _ P
DSUZUkI)/ ol Star formation and IMF in the
-7 - Y. Qasa) extreme outer Galaxy (C. Yasui)

“substellar” IMFs down to brown dwarfs & planetary mass
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"~ Wide field
+ moderate

correction
Narrow field

+ extreme

Please also recognize our

“narrow-mode” capability. correction

Our LTAO mode can deliver
ultimately high spatial
resolution and high sensitivity
to your favorite target!

Moffat FWHM vs Wavelength Strehl Ratio vs Wavelength

FWHM o e |l o | Strehl ratio

——GLAO " ['|——scao

~———SCAO I SEEING
SEEING A

LTAO

o
o
(0

T

o
(&)

GLAO
(0.2" @ K)

© ©
W s
1
o o
S
1

Strehl Ratio [arcsec]
o

Moffat FWHM [arcsec]

o
N

S HERT
FIEEHBR

o

'
o
R

: 1 1.5
Wavelength [um] Wavelength [um)]

o
o
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Wide fleld
+ moderate
correction

Please also recognize our SEIETALSE

+ extreme

“narrow-mode” capability. correction

cea ™ TTANN . V. - 1

Concept of “D-SHOOTER" for ULTIMATE
gﬁ@f@él&"ﬁ & E DETE (R~5,000)

=10)

A

. * MOSFIRE Keck o
.AAAA&AA A LA A A ,_ on ecC

%] O O X-shooter (New Moon
D-shooter (New Moon

N 0 ° X-shooter (Half Moon
B D-shooter (Half Moon

ooo BQ o X-shooter (Full Moon

D D-shooter (Full Moon

)

)

)

;

Y e, i D-SHOOTER on ULTIMATE P shootos (New “i
)

|

)

)

pPoEROGO

e D-shooter (New Moon
-%% o= X-shooter (Half Moon
D-shooter (Half Moon

T. Moriya, M. Ouchi, M. Tanaka, N. Tominaga, M. Yoshida, Y. Minowa,  X-shooter (Full Moon
D-shooter (Full Moon

Y. Koyama N. Takato, K. Motohara, S. Ozaki, M. Aklyama Y. Ono  X-shooter (Any Moon phase

Limiting AB magnituide (1hr, SNR

. D-shooter (Any Moon phase

1000 ' ' 1500 ' 2000
Wavelength [nm]

AKQ

Moffat FWHM [arcsec]

P " /Eﬁiﬁf
— (O°05\i@ 12) [ FE RS ~

|

e

1.5 . 1 1.5
Wavelength [um] Wavelength [um)]
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