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1. Exoplanet search in Korea

* Photometric methods
—Eclipsing binary
—Microlensing
—Transit method

e Spectroscopic methods

— Radial velocity measurement
* Periodic RV variation from orbital motion
e v/fc ~ 108



2. K-EXO Team

e Members

— Byeong-Cheol Lee, Yeon-Ho Choi, Inwoo Han, Kang-Min Kim,
Gwanghui Jeong (KASI)

— MGP, Tae-Yang Bang (KNU)

— Gennady Valyavin, Gazinur Galazutdinov (Russia), David E.
Mkrtichian (Ukraine), Artie P. Hatzes (Germany)

— Japanese & Chinese collaborators

* Exoplanets around bright F, G, K, M giants
— Long period (100 ~ 1000 days) RV variations



3. BOES

Bohyunsan Observatory Echelle Spectrograph
Completed in 2002

1.8 m
— Bright stars only

3,500 A~ 10,500 A
Spectral resolution R = 32000, 45000, 90000
Long-term rms scatter ~ 7 m s



BOES Configuration

— Slit Monitoring System for A&G
— (Calibration Lamp System

— Fiber output . .
. - Echelle grating & cross disperser
~ SPECTR/Long Slit Spectrograph _ eamera & CCD

— Fiber input
— Collimator



5. Search for Exoplanets around Northern
circumpolar Stars (SENS)

* Exoplanet search around F, G, K, M giants
— Long period (100 ~ 1000 days) RV variations
* All-year round observations

— Easy scheduling
— No aliasing from seasonal variations



Exoplanets from BOES

Program Duration Sample Exoplanets Candidates
1 K giant 2003-2018 ~50 11 1
2 F,M giant 2003-2019 ~20 0 1
3 G giant 2005-7? 188 2 ~10
4 K dwarf 2008-2013 40 2 0
5 Binary 2010-2019 9 0 1
6 SENS* | 2010-2018 ~220 20 ~10
7 SENS* || 2017-2021 200 0 ?

Total 700< 35 ~23



6. 8 Ursae Minoris

e Observation
—Jan. 2010 ~ May 2015
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Lomb-Scargle Power
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Parameters 8 UMi

a (J2000) 14 56 48.353
6 (J2000) +74 54 03.34
Spectral type KO

m, (mag) 6.83
HIPPARCOS,, (mag) 0.008

B -V (mag) 0.985 £ 0.010
Parallax (mas) 6.25 + 0.43
Distance (pc) 159.1 £ 11.0
Age (Gyr) 1.7:#0.2
Te (K) 48474 7.5
[Fe/H] —0.03 = 0.02
logg 2.57 £ 0.03
R, (Ry) 99+04
M, (M) 1.8 £ 0.1
Ly L] 55.94

Uror SiN i (km s71) 3.6
P.o/sin i (days) 139.1
Umicro (kms™1) 1.48 + 0.04

» Stellar parameters and orbital fit

Parameter 8 UMi b

P (days) 934 +4.5

T periastron JD) 2454 108.5 + 22.8
K (ms™) 46.1 £ 4.0

e 0.06 £ 0.18

w (deg) 91.0 + 84.6
msini (M) 1.5 £ 0.2

a (AU) 0.49 £+ 0.03
Nobs 26

rms (ms™!) 172
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Search for exoplanet around northern circumpolar stars
Four planets around HD 11755, HD 12648, HD 24064, and 8 Ursae Minoris*
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ABSTRACT

Aims, This program originated as the north pole region extension of the established exoplanet survey using the 1.8 m telescope at
Bohyunsan Optical Astronomy Observatory (BOAO). The d@im of our paper is to find exoplanets in northern circumpolar stars with a
precise radial velocity (RV) survey.

Methods. We selected about 200 northern circumpolar stars with the following criteria: 6 = 70°, 0.6 < B-V < 1.6,
HIPPARCOS, ., < 0.05 mag, and 5.0 < a1, < 7.0. The high-resolution. fiber-fed Bohyunsan Observatory Echelle Spectrograph (BOES)
was used for the RV survey. Chromospheric activities, the HIPPARCOS photometry. and line bisectors were analyzed to exclude other
causes for the RV variations.

Results. In 2010, we started to monitor the candidates and have completed initial screening for all stars for the past five years. We
present the detection of four new exoplanets. Stars HD 11755, HD 12648, HD 24064, and 8 UMi all show evidence of giant planets
in Keplerian motion, The companion to HD 11755 has a minimum mass of 6.5 My, in a 433-day orbit with an eccentricity of 0.19.
HD 12648 is orbited by a companion with a minimum mass of 2.9 My, a period of 133 days, and an eccentricity of 0.04, Weak
surface activity was suspected in HD 24064, However, no evidence was found to be associated with the RV variations. Its companion
has a minimum mass of 9.4 M), a period of 335 days. and an eccentricity of 0.35. Finally, 8 UMi has a minimum mass of 1.5 My,
and a period of 93 days with an eccentricity of 0.06,
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 Hon+ (2023) Nature
A close-ingiant planet escapes engulfment
byitsstar

https://dol.org/101038/541586-023-06029-0 Marc Hon'=, Daniel Huber'?, Nicholas Z. Rui®, Jim Fuller®, Dimitri Veras*®5,
. James S. Kuszlewicz'®, Oleg Kochukhov®, Amalie Stokholm®'"®", Jakob Lysgaard Rersted®,
RRCIVEN )2 Aupuit 202+ Mutlu Yildiz", Zeynep Celik Orhan", Sibel Ortel”, Chen Jiang", Daniel R. Hey',
Accepted: 28 March 2023 Howard Isaacson", Jingwen Zhang', Mathieu Vrard"™, Keivan G. Stassun',
: e Benjamin J. Shappee’, Jamie Tayar'"”, Zachary R. Claytor'”, Corey Beard",
Published online: 28 lune 2043 Timothy R. Bedding?, Casey Brinkman', Tiago L. Campante™*°, William J. Chaplin®,
M Check for updates Ashley Chontos'*, Steven Giacalone®, Rae Holcomb”, Andrew W. Howard™, Jack Lubin”,
Mason MacDougall*, Benjamin T. Montet™"# Joseph M. A. Murphy™, Joel Ong"*,
Daria Pidhorodetska™, Alex S. Polanski”, Malena Rice™, Dennis Stello****,
Dakotah Tyler®, Judah Van Zandt” & Lauren M. Weiss™

The red giant 8 Ursae Minoris (8 UMi; also known as Baekdu), was
discovered to host the giant planet 8 Ursae Minoris b (8 UMi b; also
known as Halla) on a close-in, near-zero eccentricity (e =~ 0.06) orbit
with a period of 93.4 + 4.5 days on the basis of observations from the
Bohyunsan Optical Astronomy Observatory (BOAO)™. The detec-




— 135 RV observations with HIRES on Keck-I
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— Keplerian fit

Orbital parameters Parameter 8 UMib
Orbital period, P 93.31+0.06days P (days) 03.4+45
Radial velocity semi-amplitude, K 56.172ms™ Tperiastron (JD) 2454108.5 +22.8
Eccentricity, e 0.062'292 K (ms™ 46.1 +4.0
Argument of periapsis, @ 0.942'35% rad e 0.06 + 0.18
Time of periastron passage (BJD), t, 2457601.379'%344 w (deg) 91.0 + 84.6
Instrumental parameters msini (M Jup) ﬁi 0.2
BOAO/BOES centre of mass velocity, Yaoes 13,333% ms™ a (AU) M +0.03
Keck/HIRES centre of mass velocity, Viyges -46.91+11.92ms™ Nops - 26

rms (ms™) 17.2

BOAO/BOES jitter, Ogoes

14.59'4% ms™

Keck/HIRES jitter, Oyzes

12.65358 ms™

Linear acceleration, y

0.014+0.005ms "' day™

Curvature, y (x107°)

0.49+015ms ' day?

Derived parameters
Planet mass, Msini L65:+0.06M,
Planet semi-major axis, a, 0.462+0.006 AU

The median values of the posterior distribution are reported. The lower- and upper-bound
uncertainties are the intervals between the median with the 16th and 84th percentile values
of the distribution, respectively. BOES, Bohyunsan Observatory Echelle Spectrograph.;

BJD, barycentric Julian date.




—TESS photometry
* Two 6 months data

— Asteroseismology
* Measured AIl = 320s

* Core-helium burning red giant:

AIl~250 — 400s
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— Star mass
* Spectroscopy
* Asteroseismology
* M, =1.51+0.05Mg,
=a = 0.462 + 0.006 AU
— Puzzle

* Stellar evolution predicts 8 Umi would have once expanded to about 0.7
AU.

* Host star > current orbital distance of 8 Umi b



/. HD 81817

e Hybrid star

— Cool stellar wind feature with emission features in UV or in X-ray

o~

TUE LOW |DISPERSION T
08 ECTS |k HD BIB17, WD 183770 (UPPER} z
4 F S
e
d
i -
o
S
co ot S cm b3
| 1 | [ e x
|
o)
~
<
j - 3
Mw\/‘w) fl

0.00

gt by Aty

| S | NG I !

1220.0 1300.5 1381.0 1461.5 1542.0 1622,5 1703.0 1783.5

reon ! (Reimers 1984)



RV (m/s)

« 2004 ~ 2018, 84 spectra
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* RV amplitude is too small for WD companion.

 Periodic variations in RV
— P1=1047.8 days
— P2 =627.9 days




Lomb—Scargle Power

NIE T
‘ Keplerian fit
- Parameter HD 81817 b
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8. o Persel

e Mirfak

* F-type supergiant
—1.8™
— Near the instability strip

* Low amplitude periodic RV variations
— 87.8, 9.8 days (Hatzes & Cochran 1995)

— 77.7 days (Butler 1998)
— 128 days (Lee+ 2012) Credit:Martin Gembec




2005 ~ 2020, 884 spectra
— Including 442 spectra from Lee+ (2012)
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o Persei — Variations of RVs and Bisectors
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Frequency (d")

Wavelet analysis — Mode switching?
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 Rotational Modulations?
— 130 days
— 66 days: harmonics?

— P,./sin i =136.1 days.
Almost edge-on? (Lee+
2012)

* Multiple frequencies

— Hard to explain by
rotational modulation
of surface features

—— 884 pts, this work
- 442 pts, Lee et al, (2012) o Per
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* Non-radial oscillations
— 130 or 66 days are too long for fundamental modes

— Non-radial g-mode with low m can produce low-amplitude and
long period RV variations (Hatzes & Cochran 1999)

— Mutiple periods are expected.

— Mechanisms of non-radial oscillations in giants are not fully
understood.

* Orbiting companions?
— Variations are seen both in RV and line bisectors variations
— Unlikely.
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