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Session overview

& Part 1: ULTIMATE--sciehtifio capabilities

E 3

o ULTIMATE AO wrde f|eId/narrow field mode .‘ e YOShItO Ono (Subaru)

® ULTIMATE instruments , Kentaro Motohara (NAOJ)
o D- SHOOTER a new concept for LTAO mstrument Takashi Moriya (NAOJ) -
T

Summary of ULT]MATE unlque pomts S0 - Yus’ei'K'oyama (Subaru), 3 .

Part 2 SC|ent|f|c synergy W|th other space/ground missions in 20208 \

,,'_ULTIMATE for NIR muItl object ) Ken-l,ohl Tadaki (NAQJ) £

" ULTIMATE high-redshift survey man/Euc . “Akio Inoue (Waseda)
,.Galactlc center microlensin / Roman . Daisuke Suzuki (Osaka)

. Potential synergy with JASM . = \Daisuke Kawata (MSSL/UCL)
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GLAO mode

More than 90% sky-coverage in major deep fields
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Wide-field seeing improvement over 14°’x14’ science FoV by correcting the ground
layer turbulence using ASM, 4 LGSs (10’ off-axis), and 4 tip/tilt NGSs.
~0.2” in K-band FWHM (x2 gain comparing to seeing)

Statistical GLAO simulation
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Narrow-field GLAO mode

Better performance by narrowing the GS configuration and science field. ¢
<0.2” FWHM in K-band at Nasmyth IR focus (LGS = 4’-5’ off-axis) ‘ Y Ono
In the current design, the GLAO system can go down to 1’-2’ LGS separation (<0.15” FWHM)

WFI and MOIRCS are not optimized to <0.15” FWHM

Less sky-coverage for narrower-field modes (Quantitative evaluation is on-going)
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See a poster by M. Akiyama (ULTIMATE-START)

LTAO mode

On-axis diffraction limited AO (like LGS-AO188 but much better performance)

[ J
e GLAO ASM and LGS system + new dedicated WFS system at Nasmyth IR focus
e One NGS is needed for low-order WF control
e Trade-off study is on-going (performance vs sky-coverage)
o High (SC=1.5-5%), Moderate (SC=10-30%), Low(SC=30-70%) for major deep fields
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Instruments (Phase-1 : MOIRCS Relocation to NsIR)

Functions

Initial Imaging
MQOS spectroscopy

Sensitivity

~0.2mag deeper than seeing limited
observations at CsIR

>25.4magAB (5hr, 50) with good seeing
condition

26.0
258
£ 256

S-sigma
¥ op B
B B B

K. Motohara



Instruments (Phase-2 : WFI)

Specifications

l
hara

e 14’x 14’ FoV covered by Four H4RGs k. f\notoi
Four-barrel optics with <0.11” PSF (@0.9-2.5
um)

e 15 filters per barrel

Sensitivity

e ~0.4mag deeper than seeing limited
observations

e >26magAB (5hr, 50) with good seeing
condition

15mm (0.52)
| CaF2 ||
. Field |}
i Lens ||
j 1§ Unvignetted |
E I FoV !
: h 7.2 x72" |

5-sigma limiting AB mag (5 hrs)

Cassegrain Focus

___ ofthe Telescope

Field Lenses
__Squarex4

Vacuum Window

——_ 230%4

Broad-Band

= Filter Wheel
T~ x4

Narrow-Band
Filter Wheels

™~ 2layersx4

Detectorx4

. (atthe end of each barrel)

'WFI at Cassegrain (with GLAO correction)
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Instruments (Phase-3 : MO-IFU)

P
K. Motohara

Multi-object Fiber-Fed IFU ?

telescope focus

Starbug system?

/wide field corrector
_field plate

- ¢t wb 0
=254l iR

\‘fore—opt\cs and IFUs Sub-systems

. Wide field corrector unit
. Starbugs units

. Integral field units

4. Fibre cable and slit unit

Wavelength coverage beyond 2um will be a
challenge, due to

| Aibre arrays

|
2
.\
3

e Limited material for optical fibers
e Thermal emission

fibre cable

re-imaging optics
mask

]

N
MOIRCS fore-dewar MOIRCS main-dewar




Working members: Y. Koyama, Y. Minowa, M. Yoshida, K. Motohara, S. Ozaki, Y.
D-S H OOTE R Ono, M. Ouchi, Masaomi Tanaka, N. Tominaga, N. Takato, Y. Matsuoka, T. Nagao, Y.
Hayano, M. Akiyama

X-Shooter-like spectrograph combined with LTAO (“Daughter of X-Shooter”)

o Simultaneous wide wavelength coverage (~400 - ~2000 nm, TBD) like X-Shooter.

o Better sensitivity (~ 1 mag gain at NIR) thanks to LTAO.
o Attractive instruments for many science cases (e.g., time domain, etc)!

o JSPS proposal to get budget submitted. If you're interested, please contact us!

ol ; ; : 5
5) o) O
[ o) o
z o
Vt’_ 20 0 . .
©
© O
3 Q) .Qo. O e [
2 00 @® s o o O o 00 o ()
g o2 Q00000 o o O
g o oo
£ a9 S L
2 ® o © X-Shooter
‘ Subaru +LTAO
500 1000 1500 2000

wawelength (nm)



Uniqueness of ULTIMATE - 1

e Phase-1: GLAO + MOIRCS @NsIR

o PSF<0.2” in moderate conditions.

Y. koyama

o Enhanced sensitivity in both imaging and MOS spectroscopy with improved image quality.
o For spectroscopy - we can use narrower slits (hence higher resolution).
o Spectroscopy at H+K wavelength - complementary to PFS.

(@)

K-band spectroscopy would be most unique - Roman/Euclid grism does not cover A>1.9um.
m  Our only competitors would be Keck/MOSFIRE and NIRSPEC/JWST

e Phase-1: LTAO mode

o Diffraction limit (<0.1”) at all A from optical to NIR, if suitable guide stars are available.
o Potentially an ideal tool to follow-up your targets with highest sensitivity and resolution before TMT.
o ULTIMATE team is collecting scientific demands.
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Uniqueness of ULTIMATE - 2

Phase-2: GLAO + WFI @Cs o K;’yama

PSF~0.2” over ~14’x14’ in moderate conditions.

o

@]
o

O

Survey area [degz]

Achieve ~0.15" (better than Roman) in ~20% best conditions
Better GLAO image quality than GLAO @ VLT site

NB/MB/BB imaging (best performance in K-band)
Most powerful NB (+MB) imaging machine.

Potential to perform deepest + widest NB survey in NIR
No NB on Roman/Euclid

JWST has only a few NBs (no NB in J, only 1 in H)
NBs and MBs @ K-band are extremely unique.

Reach >26 mag (AB) in BBs with reasonable observing time

Comparable to Euclid Deep field

Roman can go much deeper and wider

JWST can easily go deeper, but not good at wide-field mapping
Long-term monitoring beyond the lifetime of space missions.

Wider NB(J [NGRST HLS
A

ULTIMATE Euclid ari
uclid grism
(NBJ, ""’50“) Euclid DF

NBI185
ULTIMATE NB

U-VISTA

Roman grism  [ULTRAVISTA NB118
NGRST Deep Grism

JWST
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Synergy with PFS (K. Tadaki) 1
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-PFS will provide a large sample of star-forming galaxies at z=1-3 with Lya and/or [Oll] detection

-ULTIMATE will allow us to detect the Ha/[Olll}/HB emission lines by deep H+K-band
spectroscopy



Synergy with Euclid/Roman - high-z galaxies (Inoue)

ULTIMATE narrowband imaging for Lya emitter surveys 1,57 T o201t s R P=YE
in Eulcid/Roman broadband imaging survey areas ) - 52;1‘;?2"&5‘53‘?& ) e Vi1
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~100 at z=7.7 (NB1063)
~10 at z=8.8 (NB1185)
(Left)
Based on Inoue+18 simulations:
Cyan: LAEs to be detected with
ULTIMATE/NB1063 (<26.8AB)
Pink: LBGs to be detected with

Roman/J129 (<26.7AB) " 6.5<z<8.5
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(D. Suzuki)

RO , High cadence to measure the rogue planet mass
=....= . ' 1 Av L) '_ > "Q 12
sutSEy TR S, v . Yo o

: F N v o] e 4 exposures/night during Roman

SPACE TELESCOPE

window if it is visible from Hawaii
i o Only the way for mass measurement
of free-floating planets

3 I 1 1 1 1

Extinction map: Gonzalez et al. (2012)

Magnification

0 1 1 1
0.2 0.4 0.6
Time since UT 00:00 April 19 2025 (days)

Low cadence w/ GLAO to measure the BH mass

—{1.0

Hos 216 e 4 exposures/yr (Mar-Oct)

o0 % e Fill the gap of Roman

S [f T mrayanons @ & o  Orbital parallax for BHs
eg] ApJS 241, 3 2 02 46 8101214161820 o Ty e [
Roman Galactic Exoplanet Survey = \ Lk Ll gt . .
O ~2deg? ﬁ Astrometric microlensing for BHs
Q@  ~1/15 min. cadence for 72 days x 6 seasons| ﬁ Lens flux detection
150 200 250 3
= 432 days Time (days)

@ Mainly W149, occasionally Z087, F213 used



ULTIMATE-JASMINE Synergy (Daisuke Kawata, MSSL/UCL)
JASMINE: NIR Astrometry mission by ISAS/JAXA, NAOJ (late-2020s)
for Galactic Centre Archaeology (Hw<15 mag) and Habitable Exoplanets Hunt|
ULTIMATE: Denser, Fainter stars proper motion and stellar populations
Nishiyama et al.

Baba & Kawata
(2020 "
e o8 A

120'~280 pc
e

‘ Nuclear Star
Nuclear Stellar Disk Cluster SC

(NSD ~102 M)

Link to high-z qalaxnes’?
10*

1

.

Effective Radius [pc]
3

—

National Geographics
L AL Barformatlon epoch Age of NSD
stelar Mass [M.] Kikuchihara et al. (2020) Impact to radial migration of the Sun?

104




Juestions for Part-2?
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Development Team

(AO & instruments)
\_

ULTIMATE core

(project management team)

Project scientist
(Y. Koyama)

(ULTIMATE science team (ver. March 4t 2021)

By

L

A. High-redshift Universe B. Local Universe & Milky Way C. Time Domain science
(T. Kodama / I. Iwata / A. Inoue / (T. ngashita / .S. Okamoto / S Nishiyama / ' (T Moriya)
K. Tadaki / T. Suzuki) D. Suzuki / K. Morihana / T. Kamizuka / Y. Takagi) :
I | ]
M. Akiyama R.Momose  F. Bian D. Calzetti ~ *Y.Koyama T. Saito T. Morokuma
T. Hashimoto  T. Nagao J. Bryant M. Chiba C.H. Lee S. Sorahana Masaomi Tanaka
Y. Harikane K. Nakajima J. Bloom A Fukui *Y. T. Lin K. Sorai *C. H. Lee
M. Hayashi K. Ogura A. Casey O.Guyon  N.Matsunaga T. Sumi K. Maeda
A. Inoue M. Onodera  S. Croom D. Iono T. Michiyama D. Suzuki T. Moriya
I Iwata C. Rusu S. Leslie M. Ishigaki ~ R. Miura M. Takada C. C. Ngeow
S. Kikuta T. Shibuya C.Lidman || K. Ito Y. Miyamoto Y. Takagi M. Oguri
T. Kodama R. Shimakawa L.Lin T. Kamizuka K.Morihana S. Takekawa K. C. Wong
K. Kohno D. Sobral D. Nataf H.Kaneko  T. Muto T.T Takeuchi|| _________________._
Y. Koyama T. Suzuki L. Kewle D.Kawata Y. Nakada T. Terai ’ ’ A
M. Kgbo K. Tadaki I. T. Ho Y J. H. Kim S. Nishiyama K. Torii t DeSHOOTER/ETAQ K
T T Tanaka A. Shaefer J. Koda C.C.Ngeow J.Ueda i M. Ouchi, *T. Moriya, !
Y. Matsuda M. Tanaka T. Yuan T. Kokusho Y. Oasa T. Yamashita ||, *Masaomi Tanaka, |
Y. Matsuoka  J. Toshikawa  T. Zafar S.Komugi ~ S.Okamoto  C. Yasui ' N. Tominaga, M. Yoshida 1
Y. Minowa Y. Toba Y. Kono H. Onozato ' S.Ozaki, *Y. Minowa |
T. Morishita K. Yabe N. Koshimoto T. Pyo ' N. Takato, *Y. Koyama /}

.




JSPS core-to-core program @mRiaBEEE)

“International research network toward the era of deep and wide NIR survey of the universe with
space and ground-based telescopes” Approved for 5-years (FY2021-2025)

e

Julie McEnery

4 y 1
Euclid-Subary ”: Michitoshi Yoshida  Roman-Subaru
synergy obs: Japan/NAOQOJ [synergy obs.

NACJ

National Astronomical
Observatory of Japan

S

Euclid (2022-)

' 5 USA/NASA
France/CNES
TIMATE (2026-)

p collaboration

. “ collaboration in ULTIMATE
in ULTIMATE
: Australia/ANU

Shiang-Yu Wang

i Australian ’ L
Taiwan/ASIAA eﬁ Australin e 1=y
Gy University ™G *




