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1. Exoplanet search in Korea

• Photometric methods
–Eclipsing binary

–Microlensing

–Transit method

• Spectroscopic methods
–Radial velocity measurement

• Periodic RV variation from orbital motion

• v/c ~ 10-8



2. K-EXO Team

• 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 Å ~ 10,500 Å

• Spectral resolution R = 32000, 45000, 90000

• Long-term rms scatter ~ 7 m s-1



BOES  Configuration

- 대내 수요 예시- 대내 수요 예시

CIM (Cassegrain Interface Module) Spectrograph

- Slit Monitoring System for A&G

- Calibration Lamp System

- Fiber output

- SPECTR/Long Slit Spectrograph

- Fiber input

- Collimator

- Echelle grating & cross disperser

- Camera & CCD

Environment controlled

한인우/이병철



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-? 188 2 ~10

4 K dwarf 2008-2013 40 2 0

5 Binary 2010-2019 9 0 1

6 SENS* I 2010-2018 ~220 20 ~10

7 SENS* II 2017-2021 200 0 ?

Total 700< 35 ~23

~ Aug. 2023



6. 8 Ursae Minoris

• Observation

– Jan. 2010 ~ May 2015

Time series



Periodogram

Phase curve



• Stellar parameters and orbital fit





2019





• Hon+ (2023) Nature



– 135 RV observations with HIRES on Keck-I



– Keplerian fit



– TESS photometry
• Two 6 months data

–Asteroseismology
• Measured ΔΠ ≈ 320s

• Core-helium burning red giant: 
ΔΠ~250 − 400s



– Star mass

• Spectroscopy

• Asteroseismology

• 𝑀∗ = 1.51 ± 0.05 𝑀⊙

⇒ 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



7. HD 81817

• Hybrid star

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

(Reimers 1984)



• 2004 ~ 2018, 84 spectra



• RV amplitude is too small for WD companion.

• Periodic variations in RV

– P1 = 1047.8 days

– P2 = 627.9 days



Keplerian fit



8. α Persei

• Mirfak

• F-type supergiant

– 1.8m

– 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)



α Persei – Variations of RVs and Bisectors

- RVs, BVSs, and BVCs have 
the same primary periods of 
about 130 days both in 
whole data and in Data1.

- Primary period has changed 
in RVs, BVSs, and BVCs.



Wavelet analysis – Mode switching?

Radial Velocity Velocity Bisectors



• Rotational Modulations?

– 130 days

– 66 days: harmonics?

– Prot/sin i = 136.1 days. 
Almost edge-on? (Lee+ 
2012)

• Multiple frequencies

– Hard to explain by 
rotational modulation 
of surface features



• 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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