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Direct Discovery of a Second Jupiter Shows the Power and
Significance of the SEEDS Project

(Kuzuhara et al. 2013)
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Subaru Telescope

Subaru-HICIAO Spots Young Stars Surreptitiously
Gluttonizing Their Birth Cloud (Liu et al. 2016)

Circumstellar structures of young stars

Images made from computer simulations
based on one theory for violent growth of a
star. (Left) Simulations of the motion of
circumstellar materials falling onto a baby
star. (Middle and right).
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Classical Nova Explosions are Major Lithium Factories in the
Universe (Tajitsu et al. 2015)
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Classical novae are strong candidates as

suppliers of Li in the universe.



Li/H (mass fraction)
l_‘h
o

9 Observed Li abundances

Toral of three components

Schematic Evolution of Li”’

IN the Universe
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Subaru Telescope
Chemical Signature of First-Generation Very-Massive Stars

The chemical abundance ratios (with respect to iron) of SDSS
J0018-0939 (red circles) compared with model predictions for a
supernova explosion of a massive star.

C O Ne Mg Si S Ar Ca

SDSS J0018-0939

P CI Sc V Mn Co Cu Qs

15 20
Atomic Number

Aoki et al. (2014) discover a Iow-mﬂass'hstar, SDSS J0018-0939, that exhibits the peculiar
chemical abundance ratios associated with the process of creating new atomic nuclei
(nucleosynthesis) in a first-generation very-massive star. Until now, no observational
evidence has supported numerical simulations of the existence of very-massive stars

among the first generation of stars formed after the Big Bang.




Subaru Telescope
Chemical Signature of Pair-Instability Supernovae
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|
C O Ne Mg Si S Ar Ca Ti Cr

| | [
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lJIl]lJlll

15 20
Atomic Number
The chemical abundance ratios (with respect to iron) of SDSS J0018-0939 (red circles)
compared with model prediction for explosions of very-massive stars. The black line
indicates the model of a pair-instability supernova by a star with 300 solar masses,

whereas the blue line shows the model of an explosion caused by a core-collapse of a
star with 1000 solar masses.




Subaru Telescope
The Ghostly Remnants of Galaxy Interactions Uncovered

In a Nearby Galaxy Group M81
Okamoto et al. (2015)




Subaru Telescope

The Ghostly Remnants of Galaxy Interactions Uncovered in a
Nearby Galaxy Group (Okamoto et al. 2015)

| Holmberg IX (r < Ras)

NGC3077 SE-stream




Subaru Telescope

Young main-sequence (MS) stars and red-giant branch
(RGB) stars around M81, M82, and NGC 3077

A [lly

Young MS stars HI Gas
Yun et al. (1994)
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Subaru Telescope

Composite Rest-frame Optical Spectrum of
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Subaru Telescope

Discovery of an Extremely Young Stellar Clump in the
Distant Universe (Zanella et al. 2015)

A group of French researchers discovered the birth cry of a massive
star-forming clump in the disk of a very distant galaxy. This giant clump
is less than 10 million years old, and it is the very first time that such a

young star-forming region is observed in the distant Universe.




Etoiles déja formées Etoiles en formation (SFR)




Subaru Telescope Detects Sudden Appearance of Galaxies
In the Early Universe (z=7.31)

A team of astronomers using the Subaru Telescope's Suprime-Cam to perform
the Subaru Ultra-Deep Survey for Lyman-alpha Emitters have looked back

more than 13 billion years to find 7 early galaxies that appeared quite suddenly
within 700 million years of the Big Bang (Konno et al. 2014).




Why Only 7 LAES?
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Wide variety of instruments Emphasis on surveys
Classical observations Queue observations
<5 nights per program ' Large programs |
Frequent instrument exchange Smaller number of instruments
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Change of Subaru Operations

Synergy with TMT - Subaru W|cl

and expensive. W caot"Kéep whole suite
of instruments co;npehﬁve to newer
generation mstruments in othertelescopes.

Strong prESs__gresito reduce budget In the era
of TMT operation.

Accepting PI-typ;thstruments

aE I

— Subaru as a development platform
— Cutting-edge technologies, sharp science cases
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Iﬁgtrument Timeline

e

2014 2015 2016 2017 2018 2019 2020 2021 2022

Suprime-Cam END
'» FMOS END
i HSC
PFS g e
FOCAS e (mEmc [ 1=]0)
COMICS Hibernate/END

~ MOIRCS Hibernate/END
vo ULTIMATE

SWIMS :l
Mimizuku _|Pl-type

HDS
IRCS
AO188

NS SCExAQ
IRD :| Pl-type

CHARIS

review
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Hyper Suprime-Cam has started
Open-use in March 2014




Hyper-Suprime-Cam (HSC)
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HSC Survey Area

0.050 0.089 0.159 0.282 0.503 0.895 1.594 2.838 5.054 9.000

e HSC Survey Area :
| . . Subaru Strategic Program
— Include the previous surveis

— Little absorption by dust 2014 — _2020
— Observable whole year 300 Nights




Image Quality of HSC

So far ~1.5 nights (Subaru has 8 instruments), but soon ~15nights

Subaru HSC image (riz: ~g._5hrs) COSMOS HST (640 orbits: ~500hrs)

——

1.0) i B

~
-

o
P PSR

Data reduced by HSC pipeline
(NAOJ, Princeton, Kavli IPMU) Hubble Telescope




SUBARUPRIMEFOCUSSPECTROGRAPH

Kavli IPMU,
U. Tokyo
PFS project office




... In Prime focus
Prime Focus unit “POptZ" with
Instrument  \WWide Field Corrector

Fiber cable

Fiber connectors

“WEFC”.

Spectrograph

system (SpS)

On the forth
floor

S\

Wide-field

corrector 2400 fibers
steered by
kpositionere_i)

Tertiary mirror floor

(IR side) S
ecttogtaph

==

POpt2 & WFC will be
shared with Hyper
Suprime Cam (HSC).

-
 —

Metrology camera

as a Cassegrain Software system
instrument

Subaru Telescope % Calibration system




Collimator

I

Spectrograph System

Yy
»y,

/

Mangin mirror T‘!?//// /’,
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Field Flattener & Detector /
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Mangin mirror

“N I R”
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Collimator F/#

Camera F/# 1.1

# of science fibers 597 or 600
Operating temperature 3 +/- 0.5degC
Input fiber core diameter 129um

Wavelength coverage | 380-650nm | 630-9700m | 710-8850m  940-1260nm
Resolving power 20 300 5000 4300

Type
Detector

Pixel size 15um

Readout noise ~4 e-/pix _

Dark ~0.4 e-/pix/hour _
Thermal background None _




Three Plllars of Suba ulPFS-_
Survey Smenc - s

_ + Galaxy & AGN evolution (100 nights) .

~ + Galactic Archaeology (GA) (100 nights)




ULTIMATE-Subaru

4 |_asers -

, ‘ (sil'de‘irradiation) o

Deformable
secondary
mirror

N R | Wave front
14" FoV WS Sensor
Multi-Object IFU ) —— g
Wide—field Camera




Science of ULTIMATE Subaru

— Sample of a few 1000 galaxies at 1<z<3 - morphology,
‘dynamical structure, physical parameters, environmental
effects, internal motion of stars/gas AGN contribution, heavy
eIements distribution

_ Search for highest- redshlft gaIaX|es W|th highly senS|t|ve %
narrow band imaging (z>10)

— Discover galaxies at z>7 5, physmal process of cosmic re-
ionization

e — Subaru Original Samples for TMT

« Sampling of the most interesting targets cannot be done
by HSC + PFS alone.

« Improvement of Telescope *’erformance contrlbutlng to
various science —_——
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Pl-type Instruments for EXopIanets

SCEXAOQO: Cc‘)ronagraphi‘c Extreme-AO (direct imaging)
CHARIS: Integral Field Spectrograph (discover and characterlzatlon)
IRD: Near-IR High-dispersion Spectrograph (Earth-mass planets around M- dwarfs)

Short time-scale of Cycles (Development- Commlssmnlng Sc:lence) to catch-up this
rapidly evolvmg research field

Frequency stability
< 0.7 MHz / week

Contrast
>20dB

970 nm 1750 nm

11,000 lines

Laser frequency comb




Strategy-fr.o.m Subaru to TMT

2012 2014 2016 2018 2020 2022 2024 2026 2028

Dark Matter Distribution Origin of Dark Matter

- - 20 Earth-like Habitable | ‘
: Search for H20/O2 Planets
TMT . Planets . _ .

Detailed i - A few Million

Research | . SUIRSIRINEY | Origin of Dark Energy
| Galaxies

| - W 1002575 Jhiss
: : Galaxies B Re-10nization
HSC Wide Field Survey ‘

IRD-CHARIS | Earth-like Planets, Young Planets
Subaru PFS  Expanding Universe
Wide . sy 0 _ _
Survey ULTIMATE-Subaru | Yltra high-z galaxies
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Subaru SSP @
'HSC Subaru Strategic Program

“Wide Field imaging with Hyper Suprime-Cam”
“Cosmology and Galaxy Evolution”

 S.Miyazaki (Pl) . 300 nights (2014 - 2018)

W4/MPERS
7 | AGT—Obderved |~ BOSS
: 3 — N

HSC-D/UD

0.089 0159 0.282 0.503 | 0.895 | 1.594 112:8381 N51054
Galactic Extinction E(B-VY)




Subaru SSP @
'IRD Subaru Strategic Program
“Search for the Earth in Habitable Zone
T.Kotani (Pl) 150 (?) nights (2017 - 2021)

1. Detection of habitabile Earth-like planets Number of Detectiof
around nearby M dwarfs
— Minimum Success

« Detection of at least 1, one Earth-mass planet in their
HZ

— Full Success
* Unveiling frequency and properties of habitable Earth

2. Statistical understandings of planet formation
around low-mass stars
— Minimum Success

» 25> Super-Earth - Jupiter-mass planets around low-
mass s stars

— Full Success
* 50> planets including Earth-mass planets




Subaru SSP ®

'PFS Subaru Strategic Program

“Galactic Archaeology, AGN & Galaxy Evolutlon
and Cosmology”

| H.M,urayama (P1) 300 nights (2019 - 2023) -




Synergy with Space Missions

~ Subaru Strategic Program (?)-

WFIRST 100-400 nights (2025 — 2030)
~ Euclid 100 nights,(2019 — 2022) .

TESS 40 nights (2017 — 2020)




Subaru Data. e

4 @ Apply for Open Use Program jointly




201 4. Subaru Wmter School

. 2014, Feb 25 2-7/Jangynungs1lﬂall#33l Kast -

Dv . Kere Asnmnmy ms |msn T Nati §F umi al Obsgrvator ory & Ja p lqul
- .' " University of Sci & Toc u ey tusn Graduat y for Advanced Studies (GUAS)
d S0




15t China-Subaru WS (Shanghai)
2014/11/29 - 2014/12/01




SOKENDAI Asian Winter School

" ,,.-N Asian Winter School in SOkEHdafﬂ
Ve ady




Subaru Internship




