Introductionto
the Subaru telescope

Studles on Exo-planets and protoplanetary disk
using the Subaru telescope
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* Primary mirror:
1: Prime Focus

D=8.2m(2.7ft.)

2: Nasmyth Focus

W=20cm (7.9in.)
* Height:
3: Nasmyth Focus /7
(Infrared) ;/ 22.2 m (72 ft.)
| * Weight:
612 tons
* 4 Foci:
— Primary
— (Cassegrain
— 2 Nasmyth

* Angular resolution:

4: Cassegrain Focus ~0.05" at NIR with AO

) MBTA Corporation Japan #150132



g Instruments on Subaru

1: Prime Focus
rograph

2: Nusmyth Focus
_ FOCAS !' (OP* HDS

——...

Suprime-cam
B

B, prilﬁ-c
’ — ) '."

FMOS

|m 5

a3

“(©

— | S ’ 1

-+ ES e -

O \ N

U . Ll

Q P

| &

(© g |

— :

o et

§
-

M ONICS FOCAS

S WRTA Corporation Japan #150132



- 116 FD CCD (4K x 2K)

- 104 science

- 4 auto-quide

- 8 focusing
- $1.5°FOV
- D8o < 0.3 arcsec
(0.47 — 1.2 um, full field)
* Hold 6 filters

* 2012 Sep: first
engineering light




HICIAO

* A=0.85~2.5um,
 HAWAII-2RG
S (0.017/pixel)
¥« FOV=20"x10" (PDI
), 6 x6~ (SDI), ADI
| ==y | * 4 occulting masks:
e 0.27,0.37,04",
Rekh, 1 0.6° > ~10E-5.5

Thalmann+ 2009



Laser Guid

S Sta.r'has.been opened for community

- All-Solid-State Sum-Frequency
laser

- Photonic crystal fiber feed

- 6.5 W (4.0W on-sky)

- R~ 11 mag

-SR~ 0.4 @K
- AO works up to R~ 18 mag
Tip/Tilt guide star

——

Wavelength [um]
Minowa + 2012



SEEDS -strategic [xplorationsof -
xoplanets and Disks with Subaru

® First “Subaru Strategic Program (SSP)” — a new open-use category
® 120 Subaru nights in 5 years from 2009; ~3/4 finished by now
® Direct imaging and census of giant planets in the outer regions
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See also,

“A New View of Transiitonal Disks from the Subaru-based
SEEDS Direct Imaging Survey”
Ruobing Dong (Talk on Thursday)

“SEEDS: Direct Imaging of Exoplanets and Their Forming
Disks with the Subaru telescope”
Tomoyuki Kudo (Poster ##)
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SEEDS disk galleries in <0.1arcsec resolution

Y Sy Inner ring - :
; (g: FRL Outer ring  Spiral Spiral

M Hashimoto+11 ~ Muto+12 00AU

Ring gap - Ring gap

100AU * gpiralarm ~ 100AU 100AU

Detection of Ring gap

morphological diversity
of protoplanetary disks

at wide-orbit planet radii.

100A
° 10 disk papers published/accepted. 100AU
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J160421.7-213028 (1Mo, 5Myr, 140pc)

Table 2

Observational Properties
Property Value

164+6 mJy

5240.1 Jy km/s
2600pm 5.1£0.5 mJy

Fco j=1-0 0.48 £ 0.04 Jy km/s
central position 16:04:21.645 -21:30:28.83
inclination 6°41.5°

position angle -5°9+10°

systemic velocity (LSRK) 4.7 km/s £0.1 km/s

]:HSH;: m

F CO J=3-=32

A RA (") A RA (")

(a) 880 pm continuum (b) Integrated CO 3-2 (c) CO peak velocity

G. S. Mathews, et al. 2012
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Carson et al. 2013, ApJL, in press



jetection of HAT-P-1 companion

First retrograde planet




SUMmMary: SEepS will explore detection + #
on of outer planets

SA0206462

SEEDS is directly detecting “outer planets” and their
candidates (3 planets, a few BDs so far).

® SEEDS is also detecting “signpost of planet” via directly
Imaging the unprecedented details of the protoplanetary disks

and debris disks.
® NEXT : From individual to statistics and New IR instruments (IRD)




Kepler planets are relatively

distant and follow-up is difficult. 300
There are many nearby M stars that :’ ggg

are not studied with high precision RV = 150

because they are faint at optical. g 100
Late-M stars and brown dwarfs are 3 90
best studied at IR Y
Infrared Doppler instrument (IRD) can ag
be a unique 1m/s precision IR Earths o

finder around low-mass stars on 8-m
class telescopes.

~1000 targets can be observed for
nearby M stars.

Providing good targets for future
direct imaging w/ TMT-30m (SEIT;
Matsuo et al. SPIE).

First Light target: 2014
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Stars within 30 ly vs. those w/ planets
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Planetary mass (Mg,)

0.01 01 1 10 100
Semimajor axis (AU)

Rocky planets(green), ice-rich super-Earths (blue), gas giants (red)
1m/s precision for M dwarfs with 0.2-0.4MSun



Summary

* HICIAO on the Subaru telescope has been
observing protoplanetary disks and
exoplanets.

-> Following up with ALMA is necessary

* The Subaru telescope will try to observe
earth-like planets with the IRD instrument.



