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Best seeing condition at OAQO

Seeing Image Size
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Organization structure
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2000 F Mo DR AT EED
(B EDIHEA—R)

2000.01 HIDES open-use began
2000.07 Large Project program began (first case: PI: Y. Takeda, Inst.: HIDES)

2001.06 Dr. M. Yoshida took over the Director of OAO
2002. ---

2003.11 Discovery of HD104985b announced
2004.04 HIDES new CCD cryostat production initiated

2005.04 HIDES completion project initiated (mosaic CCD & fiber feeding)
2006.04 Dr. E. Kambe joined OAOQ, fiber feeding project accelerated
2007.05 Discovery of epsilon Tau b announced

2007.12 new CCD camera with 3 chips in a new cryostat installed
2008.01 Open-use of the 3-CCD camera began

2009. ---



2000 F Mo DR AT EED
(B EDIHEA—R)

2010.10 Dr. H. Izumiura took over the Director of OAO
2011.01 Open-use with shared-risk cond. of high eff. fiber feeding began

2011.04 KAKENHI Kiban (A) “Automation of extra-solar planet searches” started

2013.03 188 cm telescope and its dome refurbishment completed
2014.11 development of automatic observing system began

2015.12 tests of queue observing system began

2015.12 NameExoWorlds results announced

2016.01 Open-use with shared-risk cond. of high res. fiber feeding began
2016.04 KAKENHI Kiban (A) “Robotic Spectroscopy Telescope” started
2017.08 tests of automatic observing system began

2017.12 End of open-use at OAO

2018.03 Okayama Astrophysical Observatory will be terminated

2018.04 Okayama Satellite Office will open

2018.04 Dedicated uses of the 188-cm telescope equipped with an automatic
observing functionality will begin

16
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HD104985b

Comparison of the Planetary systems



Number of exoplanets and brown dwarfs detected using the
188cm telescope is currently 41 (as of 2017 December)

BEE HED FEERE |(HEFE |[FRCHS | HERFE|LEAY DEROEFERES HEICEL s LRE"
ANT FIVE(ABEE) |(KEFE) |((REEE ) |(AU) (H) HESEE|(FerH] (dex) "

HD 2952 b KO 1l 25 12 1.6 1.2 312 0.3 0 0AD, 2013

HD 4732b KO IV 1.7 54 24 1.19 360 013 0 OAO, AAT, 2013

HD 4732 ¢ - - — 24 46 2732 0.23 - OAD, AAT, 2003

HD 5608 b KO IV 1.6 55 14 19 793 019 0.06 OAC, 2012

HD 14067 b Galll 24 124 78 34 1455 0533 -0.1 Subaru, OAQ, Xinglong, 2014

75 Ceth G3 1Nl 25 10.5 3 2. 692 012 0 0AQ, 2012

81 Ceth G5 Il 24 11 5.3 25 953 0.21 0.06 0AQ, 2008

£ Taub Ko 27 137 76 1.93 595 015 013 0AO, 2007

6Llynb KO IV 1.7 5.2 24 2.2 899 0.3 0.3 OAQ, 2008

oUMab G4 11- 3.1 14.1 4.1 39 1630 013 -0.09 0AQ, 2012

HD 81688 b KO 111-IV 21 13 27 0.81 184 0 -0.34 0AQ, 2008

HD100655b | Gl 24 93 1.7 0.76 158 0.085 0.15 0AOQ, BOAQ, 2012

HD104985b | GSlIl 23 11 83 0.95 198 0.09 -0.35 0AOD, 2003

11 Comb GE Il 27 19 19.4 1.29 326 023 -0.28 0AO, Xinglong, 2008

HD119445b | G&lIl 39 205 376 1.71 410 0.08 0.04 OAQ, BOAD, 2009

HD120084b | G7II 24 91 45 43 2082 0.66 0.09 0AQ, 2013

oCrBb KOl 21 105 1.5 0.83 187 0.9 -0.29 0AQ, 2012

w Serb Ga Il 22 123 1.7 1.1 277 01 -0.24 0AQ, 2013

kK CrBb KO IV 15 5 16 26 1251 0.09 0.1 0AO, 2012, confirmation

HD 145457 b | KOl 1.9 99 29 0.76 176 0 -0.14 Subaru, OAQ, 2010

v Ophb KO Il 3 15.1 24 19 530 0.3 0.13 0AQ, 2012

v Ophc = = = 27 6.1 3186 017 = 0AQ, 2012

HD167042b | K1V 1.5 45 1.6 13 416 0.1 0 0AQ, 2008

HD173416b | G8III 2 13.5 27 1.2 324 021 -0.22 OAO, Xinglong, 2009

HD175679b | G8III 27 11.6 37 34 1367 038 -0.14 0AQ, Xinglong, 2012

HD180314b | KO 26 92 22 14 396 0.26 0.2 Subaru, OAQ, 2010

€ Aglb Lo 22 12 28 0.68 137 0 -0.18 0AQ, 2008

18 Delb G6 Il 23 85 103 26 993 0.08 -0.05 0AO, 2008

HD210702b | K1V 1.7 5.1 19 1.2 355 0.7 0.01 0AQ, 2012, confirmation

14And b Ko 22 11 48 083 186 0 -0.24 0AO, 2008
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A PAIR OF GIANT PLANETS AROUND THE EVOLVED
INTERMEDIATE-MASS STAR HD 47366: MULTIPLE CIRCULAR
ORBITS OR A MUTUALLY RETROGRADE CONFIGURATION
Sato, B. et al. 2016.03, ApJ, 819

velocity (m s~1)

0-C (m s~ 1)

JD (—2450000)

Fic. 4. Upper:- Radial velocities of HD 47366 obtained with
HIDES-S (red), HIDES-F (blue), CES-O (brown), CES-N (ma-
genta), HRS (cyan), and AAT (green). The error bar for each
point includes the extra Gaussian noise. The double Keplerian
model for the radial velocities is shown by the solid line. Bottom:
Residuals to the Keplerian fit.

-

~— 100 F

| 2

? 50 F

E -

E 2

0 -

> -

-.-_I -
e =50 F .
o - mJsini = 1.75 M, ]
2L _100 B HD 47366 b a = 1214 A
100 EHHHHHHEH ::I':
i - P=6B47d K, =301ms " ]
l E e = 0278 :
» 50 ¢ "
=) e :
c _ - E
L") 50 mysint = 1.86 M, ]
L a = 1.853 ALY
i L1 S T PR T T L,

Phase

Fic. 5.— Phased radial velocities and the I\oplon an models for
the inner (upper panel; signal of the outer planet is romowd) and
the outer (bottom panel; signal of the inner planet is removed)
planet. The error bar for each point includes the extra Gaussian
noise. The symbols are the same as those in figure 4.



A PAIR OF GIANT PLANETS AROUND THE EVOLVED
INTERMEDIATE-MASS STAR HD 47366: MULTIPLE CIRCULAR
ORBITS OR A MUTUALLY RETROGRADE CONFIGURATION

Sato, B. et al. 2016.03, ApJ, 819

—T T —T T
0.8 |- (a) prograde — 0.8 [ (b) retrograde

-4 -2 0 2 4
logg D/(deglyr)

Fic. 9. Mean motion diffusion D (stability index) of the
HDA7366 system. The best-fit orbital parameters are used as
the initial parameters for the orbital integrations except for semi-
major axis and eccentricity of planet ¢, whose best-fitted values
are marked by red crosses with their 1o errors. The absolute
mass of planets used in the simulations are m; = 1.75 M; and
m,. = 1.86 M; (i, = i, = 90°). The dashed lines show the orbit-
crossing boundary where the apocenter distance of planet b is equal
to the pericenter distance of planet ¢. (a) prograde coplanar con-
figuration. (b) retrograde coplanar configuration.

TABLE 5

ORBITAL PARAMETERS FOR HD 47366

Parameter

HD 47366 b

HD 47366 ¢

Period P (days)

RV semiamplitude K (ms—!)

Eccentricity e

Longitude of periastron w (deg)

Periastron passage Tp (JD—2450000)
Minimum mass mosini (Mj)

Semimajor axis a (AU)

Semimajor axis ratio ay, /a.

Extra gaussian noises for HIDES-S s1 (ms—1)
Extra gaussian noises for HIDES-F so (ms—1)
Extra gaussian noises for CES-O s3 (m s“)
Extra gaussian noises for CES-N s4 (ms™!)
Extra gaussian noises for HRS s5 (ms—1!)
Extra gaussian noises for AAT sg (ms—1)
Velocity offset of HIDES-F ARVa_1 (ms‘l]
Velocity offset of CES-O ARVg_; (ms—1!)
Velocity offset of CES-N ARV4—1 (m s_l)
Velocity offset of HRS ARVs_; (ms—1)
Velocity offset of AAT ARVe—1 (ms™!)
Number of data of HIDES-S Ny

Number of data of HIDES-F N2

Number of data of CES-O Ny

Number of data of CES-N Ny

Number of data of HRS N5

Number of data of AAT Ng

RMS (ms—1)
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Telescope, dome & instruments

Telescope

Remote observing environment, provided for open-use from 2016A
Automatic observing environment, near the first release

Dome

Major maintenance work

Instruments

HIDES (high dispersion echelle spectrograph with 12 cell and fiber-link)

* The fiber-link’s high resolution mode with R=100,000 has been open as a PI-type instrument
since 2016A.

e Astro comb has been installed to the Coude room of the 188 cm telescope.

KOOLS (optical imager and low resolution spectrograph)

* Fiber bundle integral field spectroscopy unit has been accessible as a Pl-type open-use
instrument since 20158B.

ISLE (near infrared imager and low resolution spectrograph)
* stable

MuSCAT (a multicolor simultaneous camera for studying atmospheres of transiting
exoplanets)

* Accessible as a Pl-type open-use instrument since 2016B.



Remote observing environment
based on KVM-over-IP (K. Yanagisawa et al.)

[E R.‘-‘”Q'e ([ EuEXARIRT—5
- Site A

Okayama Astrophysical
Observatory

\E_ Y

a Remote Site B

e N

.

Provided for the open-use since 2016A.
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Remote observing environment
based on KVM-over-IP (cont.)
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Dome maintenance (E. Kambe & H. Tsutsui)

replacement of repair and caulking of outer panels
worn-out slit guide rail | '

four-yearly
slit wire rope
replacement

——
: 'r-""' -
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HIDES-F

* Proceeding to a robotic RV explorer

* Advance the 188-cm telescope and the high
dispersion echelle spectrograph (HIDES) +
Fiber-Feeding system into a robotic RV
explorer.

e JSPS grant KIBAN(A) for the period of
FY2016-2020.



Overview of the automated observing system

Weather data

™

Weather determination system

Obs. command
Dome generator \
telescope \ i /
AN >

Queue system
A I Exp. Log

V.

o
target list |

Q j

N I
Instruments
(Spearheaded (HIDES-F) m Observers
by Dr . H.Maehara)




Web based dashboards

Auto guider (+ acquisition

[) HIDES-F AG Status X

€ - € [ obslogoaonaoacip

v' Observing status can be S A s
checked via web browser.

Last exp.: 2016-07-29 ISZSIG(UTC) dt=—982202 sec
Guide Status: OK (1650.325337, 0.375000, -0550000)

[Latest AG Image [RA-DEC ERROR

3 T T T -

RA
DEC

2

Offset (arcsec)
o

Queue system

2 F 4
{Hiiroyukil _ o X
[ Queue x -
€« C' [) obslog.oao.nao.acjp/~obslog/queue/index.htm woe @ = -600 -500 -400 -300 -200 -100 0
. 5 Time from last exp. (sec)
Status Queue command list
1=1464606061) 19) focus log (+=1464435405)
PID [B2016 fexec. parent || mand
Stmtus Gty id sequence |lgueue id
o Jomesitay 960 [domeslitpy open
e S - xposure Lo
os | [agetloy —f1=NONE
e B [hidesf point.py 14:39.00216 +64:17:29.84 EK_Dra 2 c y 20171010 :
obslog.0ao.nao.ac. maehara/log/obslog.py?date-obs=20171010 o O :
Foo_ 4 [asg [ag resume © o ap/- £ ot Q%
kot | luos | =0B propid=16A-0BS —observer=Machara —exptime=1200 — HE o) Firefox 7y5¥-4 201EDTVI-Y
bject=EK DRA *fnexp-1 ”'Flteﬂ NONE ;
Gz |6 [ag8 [exp.py —datatype=COMPARISON —observer=Mashara —exptime=3 —nexp=1 ——filter| =NONE _
= e OAO-188cm Exposure Log
Fod4 s hides point.py 15:59:30.161 +255512.59 T.CrB 6
Fos |l Fo4 lag resume Auto refresh: ON / OFF Descending order: ON / OFF
Eos |ho oa [exi.y =OBJECT ——propid=16A-0BS —observer=Naehara —exptime=1200 —object=T_CrB
”"em‘ —fihert =NONE DATE-OBS: 20171010 ( 2017/10/08 2017/10/09 2017/10/10 2017/10/11 2017/10/12)
507 504 [exp.py —datatype=COMPARISON —observer=Mashara —exptime=3 —nexp=1 ——filter| =NONE
Bos | 604 [ag pause Instrument: HIDES (Problem report form; Weather report form)
500 | me.py close
EXP.  [PROP- FOC-
s EXPID  |OBJECT DATA-TYP  |IST v o |OBSERVER aL [FILTER [CROSSD|CD_ANG|OBSMD2|Remarks
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id [status 00064063([COMPARISON|[COMPARISON|[18:01:58|  5.0/[CAL  |[AUTOMATED_OBSERVATION|-21.30[QUARTZ|RED  |-1.684 [normal
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493 |13 4m5e 135813 [tel_rest.py —s 0 file= ovhd064064_2.fits
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124 Jliz4834 134857 mepy close ° oA 58640.0 56580.0
bote-0r01 20To—04-01 00064064(HD140027  [OBIECT 18:20:11| 599.0(1-  [SATO -21.60|QUARTZ|RED  ||-1.684 |[12Cell .
a3 [Fol e s lexp.py —datatype=COMPARISON ——propid=CAL —-observer=hachara ——exptime=5 ~—nexp=1 ——flter=NONE |0 cPo1 Filiehiigsacilln
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192 Jliz4657 1347.07 g pause ° 7554365.0, 1.75"
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CcPo1 Photon monitor count =
7839560.0
file= ovhd064066_2.fits




Time-efficiency of observation

* Dead time between exposures: ~2min
— CCD readout time: ~50sec

 Comparable to the skilled observer
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Instruments

e Astro comb

Placed on the frame of the Hilger-Watts
spectrograph in the Coude room of the 188cm
telescope
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ISLE (Near-infrared camera and

)

spectrograph
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http://www.o0ao.nao.ac.jp/public/research/gj3470b/
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FEE x 10°

Demonstrating High-precision, Multiband Transit
Photometry with MuSCAT: A Case for HAT-P-14b,
Fukui et al. 2016, ApJ, 819,27
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MuSCAT (only recent results)

Gaudi, et al. "A giant planet undergoing extreme-ultraviolet irradiation by
its hot massive-star host” 2017.06, Nature, 546, 514-518,

Narita, N., Hirano, T., Fukui, A., Hori, Y., Dai, F., Yu, L., Livingston, J., Ryu, T,
Nowak, G. Kuzuhara, M., Sato, B., Takeda, Y., Albrecht, S., Kudo, T,
Kusakabe, N., Palle, E., Ribas, |., Tamura, M., Van Eylen, V., Winn, J. N. "The
K2-ESPRINT project. VI. K2-105 b, a hot Neptune around a metal-rich G-
dwarf", 2017.02, PASJ, 69, id.29(12pp.)

Onitsuka, M., Fukui, A., Narita, N, Hirano, T., Kusakabe, N., Ryu, T., Tamura,
M., "Multi-color simultaneous photometry of the T-Tauri star with planetary
candidate, CVSO 30", 2017.02, PASJ, 69, L2(6pp.)

Fukui, A., Livingston, J., Narita, N., Hirano, T. Onitsuka, M., Ryu, T., Kusakabe,
N. "GROUND-BASED TRANSIT OBSERVATION OF THE HABITABLE-ZONE
SUPER-EARTH K2-3D", 2016.11, AJ, 152, 171(12pp).



Timing the Shadow of a Potentially Habitable Extrasolar Planet
Paves the Way to Search for Alien Life
(Object:K2-3d, instrument: MuSCAT)

Stellar brightnes

Time (hours)

GROUND-BASED TRANSIT OBSERVATION OF THE HABITABLE-ZONE SUPER-
EARTH K2-3D, Fukui, A. et al. 2016.11, AJ, 152




KOOLS-IFU

Low dispersion optical spectrograph with an integral field unit of a fiber bundle
Under upgrade for the 3.8m telescope

Cryostat modified/improved

Refrigerator maintenance made

CCD replaced: SITe 2k x4k -> Hamamatsu 2k x4k (better cosmetics)

Electronics replaced: Messia5+Mfront -> Messiab+Mfront2 (1/5 lower noise, faster
read-out)

Order sorting filter replaced (for red region) (x1.13 better transmission)
Dispersion elements replaced: Classical -> VPH (x2.5 better efficiency)

Works mainly done by K. Matsubayashi(KU->OAQ) supported by K. Ohta(KU) and
NAOJ(ATC, OAOQ, etc.)

Total throughput improved by a factor ~3(to be verified)
Read noise limit improved by a factor ~15(to be verified)

See details here http://www.0a0.nao.ac.jp/stockroom/extra_content/um17/
014 Ohta.pdf



NameExoWorlds

Valid votesv/

573,242

Voting behavior

LR

Number of votes
per person

1 vote I 7 0%
2votes B 10%
3votes B 4%
4votes B 2.5%
[ ]

5 votes 1.7%
6-19 votes B 6.4%
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NameExoWorlds

Naming contest for exoplanets led by IAU
- FF.HEBEDOIKEFE260NEEEKBI05DOHRENS20REEHA,
HREPTOBEDLDDOHBIANRIZED, BEOBEWIF-IZESNTI=I9TTMoDEREIZKYER,
IR A IEBEE BN ERICEAH O -RERAZFD20DH(Z6DIUN)—,
— REHIN20RICHL. BEFEOBWEISSICHIZESNT=I95TIZEYRFINIRESNT=,
- REINF-ZBANIHL. HRPOITRTOADNEEZTELTERENFUMNTFTENT-,
epsilon Tau (BOLEAT OV E =“Ain") . HR VD HEFE DRI KR E
—  Ain / Amateru_ (BHHNEIYKAEREE)

14 Andromedae (P RAAT E14EE):

—  Veritas / Spes_ (Roval Astronomical Society of Canada, Thunder Bay Center, Canada)

xi Aquilae (DLEEDAE£):

—  Liberty / Fortitude GEBKZFFEAEF A Libertyer])

HD 104985 (ZEVAENIELE): ERYIDRINKE

—  Tonatiuh / Meztli (Sociedad Astronomica Urania, Mexico)

18 Delphmu(L\éh\r‘m%E)

—  Musica_/ Arion

HD 81688 (B HSEEMDIEE):
— Intercrus / Arkas (EXREFEIMELFZARSO95T 1)
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NameExoWorlds

& iini: @ PSR 1257412
. M fe

@ 47 Ursae Majoris’

i @ Edasich (iota Draconis) 2
eldion @ HD 104985 @ HO14%026
$sCancii @

@ 42 Draconis
Pollux (beta Geminorum) @ .

@ Errai (gamma Cephei)

@ muArae

- @ Ain (epsilon Tauri) Upsi!on
@ Andromedae @ 14 Andromedae

@ 51 Pegasi

epsilon Eridani @

@ Fomathaut (alpha Piscis Austeini)
The nameable 20 ExoWorlds

@ 1 exoplanet @ 1star+lexoplonet @ 1star + 2 exoplanets

@ 1star+3excplanets @ 1star+4exoplanets @ 1star+ 5 excplanets

&L TR DIT7= eps Tau, 14 And, ksi Agl, HD 104985, 18 Del, HD 81638M6 2F KA RN K E-H 2%

ETHRRANDIFoNT=, 2015F 12 A 1I5BIZHREHZL RN RN (NHKEEZ2—XATHLHMEINT) .
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Results: future planning
“Requests from OAO users”
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http://wWww.0a0.nao.ac.jp/oaoweb/wp-content/uploads/RequestOAO 151207.pdf
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Further reading
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