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* High-Dispersion Echell Spectrograph
* Coude focus of the 188cm telescope
* 3 CCD (2k x 4k) mosaic camera

* Spectral resolusion (R=A/A\)

* Instantaneous spectral coverage ~ 3,900 A
e Limiting magnitude:

HIDES

— R =110,000 using 0.4" slit
— R=70,000 using 0.7” slit

— 12 mag. (V-band, 1 hour exp., S/N=10@6000A)

* |, cellmode

— max. accuracy of radial velocity measurement ~ 2 m/s
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What is HIDES ?

 High dispersion echelle spectrograph placed at the Coude focus of
the OAO188cm reflector. Operational since 2000.

* Most frequently used instrument at OAO
(~70% of the common user observation time is spent every year)
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Program

188cm reflector HIDES lodine cell

¢ Okayama planet search program since 2001
— Doppler technique (precision ~5 m/s)
— 188cm reflector at Okayama Astrophys. Observatory, NAOJ
— High dispersion echelle spectrograph (HIDES, ~2000)
— lodine cell (~2001)
— ~300 G-type giant stars from Hipparcos catalogue
* 0.6<B-V<1.0, stable against pulsation, G6~K1lIl
« —3<M_v<2, corresponding to 1.5<M/M_sun<5
e &>—25°, observable from Okayama
V<6, to achieve high S/N which warrants an accuracy better than
10m/s

Known variables and spectroscopic binaries are excluded
beforehand

Exoplanet search in G-giants

G-giants are descendant of intermediate-mass stars & are
suitable targets for planet searches around massive stars
Doppler O

many lines, slow rot,.

Doppler X
Massive stars on M.S. few lines, rapid rot.
(early-type O-A stars)

:only few broad lines

T

Massive evolved stars: o
(late-G giants)

.rge intrinsic-
' variability)
R~10-20R,

Massive stars U
) Solar-type
1.5-5M. (many known

:many sharp absorption lines
:low surface activity

B A F G planets)
0.6<B-V<1.0 ¢ G6~K1lll s a8 3.8

—3<M_v<2 ¢ 1.5<M/M_sun <5 - ' -

What from G-giants

* How common are planetary systems in intermediate-mass stars?
— Many young B, A stars have proto-planetary disks (HAEBE stars)

— almost no planet searches targeting massive stars (O-A type stars,
>1.5M,,,)

* Dependence of properties of planets on host stars’ mass
— More massive stars have more planets and more massive planets?
— Suppressed by strong radiation from early-type host stars?

* Constrain timescale of planet formation

— Lifetime of proto-planetary disk around massive stars are shorter than
those around lower mass stars

* Evolution of planetary systems
— How do planetary systems react to the red giant phase?

This slide is modified after the submissio
First “Japanese Planet Candidate”: HD 104985b
(The Extrasolar Planets Encyclopaedia,
http://exoplanets.org/linkframe.html) (2003)

250 T
200 [ 3 E

GOl (V=5.8, 100pc)
P = 1985d
K = 164 m/s
e = 006
[Fe/H] = —0.15
M1 = 23MO
m2sini = 8.3 MJ
a = 0.88 AU

-50
-100
-150
-200 F

Velocity (m/s)

~
o =229m/s ]

—250 I I I I I I Sato et al. 2003, Astrophys. J. Letters,
1800 2000 2200 2400 2600 2800 3000 3200 | 597,1157-L160, First planet candidate
around G-type giant
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This planet is in the list of 305 well-characterized exoplanets
that are the targets of “NameExoWolrds: An IAU Worldwide
Contest to Name Exoplanets and their Host Stars!” v

Comparison of the Planetary systems




The first discovery of a planet in
an open cluster member (¢ Tau) in 2007
This is also the target of “NameExoWorlds”
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Example of HIDES data

(Th-Ar arc line spectrum)
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Linking the Cassegrain focus and the Coude focus
by optical fibers of 1) high efficiency and 2) high

HIDES ms#zs-nsxz 2009B~2010A
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HIDES Fiber System
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Cassegrain fiber input unit

HE input port (at Cassegrain focus)

~440 um

Fiber peripheral
MR $0.00

D044

wire E microlens

Rear side of the input port

Front side of the input port

Fiber input port
@Cassegrain focus

Output port of the High
resolution mode (HR-out)
attached to the entrance
of HIDES. Next to it is
the output port of the
high efficiency mode (HE—
out) and the conventional [ E|=EHT
slit. Anyone of the three
observing mode can be
selected from remote. (Kambe et al. 2012, in “Okayama User’s Meeting 2012”)

28

HE output (coude focus; FFP[star] slice mode)

image slicer od Inagn
microlense T
(f=2. S}

star image

HIDES slit entrance

image slicer and sliced image

HIDES fiber-link first light &
Early performance verification results
from commissioning observations

* Engineering first light: 11-12 Oct, 2009

- First trial of the whole HE mode system attached to the telescope
- Resolution (R~52,000) & Usable waveband (A > 440 nm
for red cross disperser) confirmed to be as designed
- No significant improvement in the throughput due to insufficient optics alignment

Th-Ar

aCMi




Features of High Efficiency (HE) mode optics

e Linking the Cassegrain focus of the 188cm reflector to
its Coude focus with an optical fiber (commercially available)
( 34 mirror (0.8) x 4t mirro (0.8) x Coude room window (0.9)=0.58 =» 0.9X
or 0.87x 0.87x 0.93= 0.70 & 0.90)
¢ Introducing light falling intod2.7” area at the Cassegrain focus
into the fiber with a 100um core
( F-transformation by microlens F18=» F3.7 )
o Slicing the star (or pupil) image into 3 pieces by an image slicer
at the entrance slit of HIDES
( F-transformation by microlens F3.7 F29 )

Far Field Pattern (pupil) Slice. Near Field Patter(image) Slice changeable
slit efficiency 0.4 (0.75”, R~70,000) = 0.8X (FOV 2.7” /3 slices; R~52,000)

« lodine cell insertion/extraction available
Investigate the precision in RV measurements achievable with this system

High resolution mode of the fiber-link for HIDES

i -
High resolution (HR) mode next to high

efficiency mode (HE) attached to the
Cassegrain focus of the 188cm reflector

at OAO. (Kambe et al. 2012)

High efficiency and high resolution modes of the fiber-link for the high
dispersion echelle spectrograph (HIDES) (Kambe et al. 2013)

el -
Measured total efficiency of the high resolution mode

High efficiency mode provides a peak (R~100,000) including the telescope reflectance and
efficiency reaching 10% including atmospheric extinction by observing the star, alpha Leo in
atmospheric extinction and December 2012. One red line corresponds to one
telescope reflectance (red line). It is rpeasurement from one exposure. Diﬂerences»between the
very high for a high dispersion lines are d}ue to guiding errors and sky fluctuation. The

. black line indicates an expected spectrum of alpha Leo
spectrograph. Green Im_e Show_s the when the total efficiency is 5% at every wavelength. The
case for usual observations using a figure shows that the actual efficiency is higher than 4% in
conventional slit. the range from 550nm to 650nm, which is 4 times better
than usual observations with a conventional slit.

Noteworthy performances and features of HIDES fiber system

® a reciprocal wavelength resolution (R) of 50,000 for a wide field of view
(FOV) of 2.77
v' owing to development of high-throughput image slicer
v much wider FOV compared to the typical seeing size at OAO (1.5”)
® as high as 10% total throughput including everything
v very stable performance since its first-light in December , 2009
® |ess than 2 m/s long-term precision in radial velocity measurement precision
v adopt an iodine cell for our non super-stabilized spectrograph
v verified by multiple groups (Kambe+, 2013; Beck+2015)

® 2 high wavelength resolution fiber-feeding route is under development
v R of 110,000 for a FOV of 1.6”, thus much higher FOV compared to slit
configuration (0.38”)
v" more than 4 % peak total throughput is already reached
v will open to community in a year
® astro-comb project is ongoing
v the target wavelength is 3

380 nm to 540 nm
v’ first test may come in early 2016

This slide was added after the submission of the material

Precision of radial velocity measurement
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Beck et al. 2015 “Detection of solar-like oscillations in the bright red
giant stars y Psc and 1 Tau from a 190-day high-precision spectroscopic
multisite campaign” , AA, 573, id 138,
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This slide is modified after the submission of the material

Distribution of 2m-class telescopes equipped with a high )
resolutiqlnvsp_?é:trogra h & an iodine cell in East Asiagf}er 2004 East-Asian Planet Search Network

{EAPSNET} For G, K-gaints
=

MOkayama 1.88m tel., Japan
0300 GK eiants (V<6). since 2001
O 20 planets and 2 brown dwarfs
ONew 3 yr-project started in 2013(--2016)

WXinglong 2.16m tel., China & Okayama
0100 GK eiants (V~6). since 2005
O 1planets and 2 brown dwarfs
OLiu, Wang, Zhao et al.

WBohyunsan 1.8m tel., Korea & Okayama
140 GK eiants (V<6.5). since 2005
O 1planets and 1 brown dwarf
OOmiya, Han, Lee et al.

BWsubaru 8.2m tel,, Japan & EAPSNET
[>200 GK giants (6.5<V<7), since 2006
O 1planets and 1 brown dwarf
DJapan-China-Korea collaboration

ETUBITAK 1.5m tel., Turkey
050 GK giants (V~6.5). since 2008
O Selam, Yilmaz, Bikmaev et al.

[? planets and ? brown dwarfs

“Wmm e .

Astronomy with precise radial v. measurements :.., + of d sub-stell
- Extra-solar planet sear y - ] T Llsf;o detecge SM Ste db Eomfg?nl o
(since 2006) s o . ;i ii: OIS

= KxSreeh Kdrea-Japah collabora“tlon
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Exoplanet in G-giants (Sato et al. in prep.) Major planet searching groups with

(Project program at OAO+EAPSNET Collaborations) Doppler technique (in solar-like stars)
* Low mass planets(< 1 M_Jup) Red dots: sub-stellar objects discovered at Butler, Fischer e
« Short period planets OAO, blue dots: low-mass planet candidates ’ Keck, AAT, M

e 1987

. f identified at OAQ, blank circles: planets in
Distant (>5AU) planets P FGKM d (1200

solar-type and giant stars detected by others.

¢ High eccentricity planets 100 T T T T N2K for hot Jupite
¢ Multiple planet systems 3
--------- 10
* 3 planets newly added ;_‘:,
* Intotal 23 planets and = 1
6 brown dwarfs detected -5 i
+ Amounting to about half & 0.1 & o e . 3
of known planets in Fos -;g;’ . E":zlg -t E:ﬁi
giant stars 0.01 3 — = -Ky=40 m s (14) |
* Leading the world E L L - L 3
] 1 2 3 4 5

(as of 2014-08-22)

Stellar Mass (Mg)




Refurbished in 2013 by a grant from JSPS
| Currently achieved:

pointing: 9.5”rms at Cass.foc. (1.2”rms for mounting alone)
tracking: 1” rms for 3min. (<0.1” rms at encoder)

guiding: 0.3” rms (<0.1” rms at encoder)

188cm Reflector
Grubb Parsons (UK) k. Classical English equatorial mount
Produced in 1959 & Slow primary mirror (F4.9)

Section drawing of
the 188cm telescope

* ¢ Replace
ey g +mechanics
g +drives
+electronics
+software

| + (Dome contrl.) |

Pointing Accuracy

» We pointed the telescope to ~100 stars scattered over the
whole sky, collecting the pointing errors, and performed

the telescope analysis using TPOINT. .C i
. assegrain Frocus
| After the refurbishment .
Cassegrain N
Focus

RMS ~9.5” RMS ~ 1.2”

1.2” RMS was achieved in the TPOINT analysis of the finder measurements.
Pointing errors due to the drives and gears have been mostly eliminated.
Significant improvement was also found at the Cassegrain focus.
There is room for further improvements (primary and secondary mirror supports).
45

Improved control of
the 188cm reflector

ISLE (instrument)
- NIR Imaging
- Pixel size: 0.25"0
- Image area:256"x256"

B . “OAO” by dithering
- Height ~64"

B - Spacing of dots for
‘A"~8.4"

(c) 2013,

This slide is modified after the submission of the material

188-cm telescope: Remote Observing Environment

We have constructed remote observing it
environment for the 188-cm telescope at Okayama -
Astrophysical Observatory using a KVM-over-IP. ° .
It redirects displays and keyboards to remote sites.
Demonstration was made in the last December from
Mitaka/Tokyo and got successful results: the
operation through the remote console was
indistinguishable from that through the on-site
telescope console.

On-site Console at OAO. Dec. 2014

This activity presented as “Construction of the remote observing environment for the 188-cm Telescope at Okayama Astrophysical
Observatory” by Yanagisawa et al. has been awarded “512014 Excellent Lecture Award” from The Society of Instrument and Control Erigineers,
SICE at SICE System Integration Division Annual Conference held at Tokyo Big Site on December 14th 2014.
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