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Mass of planet host stars
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Mass of a host star (solar mass)
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 Extrasolar planets :  > 3600

 - Detected around solar type stars

 - We don’t know the enough number of 
    planets around massive stars
 
 - Host star mass dependence of the 
    planetary systems is key factor to 
    understand planet formation scenario.

 - But it is NOT easy to search for planets 
    around massive stars…



Dwarfs or Giants ?
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“Intermediate-mass giant stars”
           with 1.5-5 solar masses

 - Many absorption lines in their spectra
 - Many sample stars in this category
 - Bright enough to observe 
     by the high dispersion spectroscopy
     using 1-2m class telescopes
    => precise RV measurements with
                              precisions of 1-3m/s



Why East-Asian collaboration ?
• The East-Asian Planet search Network, EAPS-Net 
• precise RV monitoring to search for planets around MANY giant stars 
• Using the 2m-class telescopes in East-Asia 
• Sample stars of the planet search : >700 in total  
• Need to observe many times and long term monitoring 

• Planet search program in the collaboration between researchers in Korea 
and Japan 
• To search for planets around intermediate-mass giant stars with mass 

es of 1.5-5 solar masses 
• Using BOAO 180cm and OAO 188cm telescopes for precise RV 

measurements 
• Target : 190 late-G - Early K type giants (V=6.2-6.5) fainter than 

Okayama planet search program  
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Goal:  To understand the planetary systems and their 
formation scenario around intermediate-mass giants
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1.8m telescope + BOES (with Iodine cell)
  BOES: BOhyunsan Echelle spectrograph
Resolution: R=λ/Δλ~50,000
Wavelength range: 3800~9000Å
Fine day ratio: ~30 % (2005/1-2016/6)
Precision: ~8 m/s (S/N~150photons/pix@5,500Å
Number of Sample: 80 stars + α

Bohyunsan	Op,cal	Astronomy	Observatory	(BOAO)

Okayama	Astronomical	Observatory	(OAO)

1.88m telescope + HIDES (with Iodine cell)
  HIDES: High Dispersion Echelle Sepctrograph
Resolution: R=λ/Δλ~65,000
Wavelength range: 3850~7500Å
Fine day ratio: ~50 % (2005/1-2016/6)
Precision: ~5 m/s (S/N~150photons/pix@5,500Å
Number of Sample: 110 stars + β



Precision RV measurements
• Calibration:  Iodine cell 
• Observed with an Iodine 

cell 
• Kambe+02, Kim+07 

• Analysis: Modeling technique 
• Model the observed spectra 

from templates 
• Fit the model spectra to 

the observed spectra 
• Sato+02, 12 

• Calculate a RV for each 
segment with ~3Å 

• Precision of RVs 
• OAO >3 m/s 
• BOAO >8 m/s (Omiya+09)
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Gas cell (I2) technique

Marcy & Butler (1992)

Valenti et al. (1995)

Butler et al. (1996)

SNR =200 for 3 m/s

ǂǋưƨǅĚÒƮǋƫƀĜ¸�

	�λ������λ���λ�Δλ�
�	
�ǍButler et al.1996ǎ�

• �A(λ) :ŜǂƙþƀƭǉƺǆǋƯ�

• �S(λ) :ŜªƀƭǉƺǆǋƯ�
ŜŜŜŜŜŜǍŏ,ĜĊƦƼƟƯǅǎ�

• �I(λ)  :ŜªǏǂƙþƀƦƼƟƯǅ�

• �IP     :ŜInstrumental Profile 

→�v = cΔλ/λ 

ǊŜưƬƺǃǋƤƸƯżIPŦƵǃǀǋƫ�
ǊŜIPƁ5Ǘ10�ƀƞƙƤƗǉƔāƈDƓŲźǁƮǅ4�
ǊŜƦƼƟƯǅƔ¡Ŕó�ƀ¡100�ƀƨƠǀǉƯſ5-ŷźĜ¸�

Gas cell template (Iodine absorption lines)

Stellar template

Model (dots) & Observation (line)

Residuals

Marcy & Butler 1992, Valenti et al. 1995 
Butler et al. 1996, Sato et al. 2002



Strategy of the planet search

1. Observe the RVs and spectra of each original sample  
• To screen planet candidates with large RV variations 
• Sample: 80 stars (BOAO), 110 stars (OAO) 
• Determine stellar properties  
• mass, radius, abundance, chromospheric activity 

etc. 

2. Follow-up the planetary candidates by both observatories 
• To determine the orbital parameters of planets quickly 
• To check false positive of the planetary signals 

3. Monitor the long time RVs of the samples
10



RV jitter and planet candidates
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RV jitter (without the orbital fit) m/s

RV jitter (without the orbital fit) m/s
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RV variations of BOAO sample

  Typical jitter: 10-30 m/s

  Planet candidates: 28 stars

  Binary candidates: 12 stars

  

RV variations of OAO sample

  Typical jitter: 10-20 m/s

  Planet candidates: 23 stars

  Binary candidates: 19 stars

  



A substellar companion

12
Fig. 3. Upper panel: radial velocities of HD 119445 observed at BOAO (filled circles) and OAO (open

circles). The Keplerian orbital curve we determined is shown by the solid line. Lower panel: Residuals

to the best Keplerian fit.

Fig. 4. Bisector quantities calculated by cross-correlation profiles between the stellar templates of HD

119445 at peak (300−400 m s−1) and valley (−400m s−1) phases of the radial velocities. Shown are

the bisector velocity span with an offset of 400 m s−1 (BVS, circles), bisector velocity curvature (BVC,

triangles) and bisector velocity displacement (BVD, squares). Average values and standard errors are

shown in the figure. Dashed lines represent mean values.
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Omiya et al. 2009



Fig. 2. Upper panel: radial velocities of HD 100655 observed at BOAO (filled circles) and OAO (open

circles). The solid line represents the Keplerian orbital curve. Lower panel: Residuals to the best Keplerian

fit.

Fig. 3. The Lomb-Scargle periodgram of the radial velocity variation of HD 100655. A dominant peak

appears at a period of 157.78 d (a frequency of 0.006338 c d−1) with a False Alarm Probability (FAP ) of

10−5.

12

A planetary companion

13

Omiya et al. 2009



Planetary companions
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Jeong et al. 2017

G. Jeong et al.: Detection of planetary companions around K giants

4. Results

4.1. HD 40956 (HIP 28951)

We obtained a total of 58 spectral data of HD 40956 with the
BOES and the HIDES between April 2015 and January 2006
(Table 3). The RV data are plotted over six cycles in Fig. 2
(upper panel) along with a best Keplerian orbital fit to the
data. The L-S periodogram of the RV measurements exhibits
a dominant peak at a period of 573 days in Fig. 4 (top panel).
Orbital parameters were fitted by an orbit with a period of
573.2 ± 3.0 days, a semi-amplitude K = 68 ± 2 m s�1, and an
eccentricity e = 0.24 ± 0.05. Whereas the typical uncertainties
of the RV for OAO observations were about 5 m s�1, those of
the BOAO observations were about 20 m s�1. We note that the
rms scatter of the RV residuals is 24.2 m s�1, which is adequately
larger than the typical RV uncertainty.
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Fig. 2. (Top) the RVs of HD 40956 observed at BOAO (blue dots)
and OAO (magenta diamonds). A Keplerian orbital fit is exhib-
ited by the solid line. (Bottom) the RV residuals after subtracting
the companion model acquired by the orbital fit.
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Fig. 3. The phase diagram of the RV measurements for
HD 40956 folded with the orbital period.

The periodogram of the RV measurements shows another
peak at 352 days. This was also discovered in the periodogram
analysis of the RV residuals. The false alarm probability (FAP)

of a peak at 352 days in the RV measurements was around
5 ⇥ 10�2. The FAP was estimated using a technique based on
the Monte Carlo method; the detailed procedure is described in
Cumming (2004). Here we appended a phase diagram with an
orbital period of 573.2 days for detecting any features, in Fig. 3.
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Fig. 4. The L-S periodograms of the RV measurements and
residuals (top), HIPPARCOS photometries (middle), and the line
bisectors of the span and curvature (bottom) for HD 40956. The
vertical dashdot line indicates a period of 573 days.

The periodogram of the HIPPARCOS measurements shows
no correlations with RV variations (middle panel in Fig. 4).
Figure 4 also shows the line bisector analysis of BVS and
BVC, which have no correlation around the 573 day orbital
period (bottom panel). We concluded that the RV variations to
HD 40956 can be explained by the existence of an exoplanet.
The calculated orbital elements on the Keplerian are listed in
Table 2.

4.2. HD 111591 (HIP 62653)

Since February 2005, we have collected a total of 44 RV data of
HD 111591 at BOAO and OAO (Table 4). Figure 5 presents the
RV variations, which span four orbital periods. In Figure 7, the
L-S periodogram of the RV measurements shows a primary peak
around 1056 days with an FAP of the peak less than 1 ⇥ 10�5

(top panel). The rms of the RV residuals to the Keplerian fit
was 21.9 m s�1, and we cannot find any significant periodic-
ity in the RV residuals. The common uncertainties of the RV
were about 10 m s�1. By using non-linear least-squares fit-
ting, we calculated the orbital elements as follows: a period of
1056.4 ± 14.3 days, a semi-amplitude K = 59 ± 3 m s�1, and an
eccentricity e = 0.26 ± 0.10.
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Table 2. Orbital parameters for three exoplanets

Parameter HD 40956 b HD 111591 b HD 113996 b

P (days) 573.2 ± 3.0 1056.4 ± 14.3 610.2 ± 3.8
K (m s�1) 68 ± 2 59 ± 3 120 ± 9
Tperiastron (JD) 2455351.32 ± 12.09 2455602.40 ± 30.85 2453309.94 ± 23.67
e 0.24 ± 0.05 0.26 ± 0.10 0.28 ± 0.12
! (deg) 156.57 ± 8.64 78.72 ± 11.94 92.06 ± 17.25
m sin i (MJ) 4.3 ± 0.7 4.4 ± 0.4 6.3 ± 1.0
a (AU) 1.7 ± 0.1 2.5 ± 0.1 1.6 ± 0.1
Slope (m s�1 day�1) -3.1 ⇥ 10�2 – –
Nobs 58 44 62
rms (m s�1) 24.2 21.9 39.3
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Fig. 5. (Top) the RVs of the HD 111591 observed at BOAO (blue
dots) and OAO (magenta diamonds). A Keplerian orbital fit is
exhibited by the solid line. (Bottom) the RV residuals after sub-
tracting the companion model acquired by the orbital fit.
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Fig. 6. The phase diagram of the RV measurements for
HD 111591 folded with the orbital period.

We found that the RV variation does not correlate to
other properties in Fig. 7. This means that the RV variations
were not caused by line profile shape variations, that is, there was
no stellar activity signal in the RV measurements of HD 111591.
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Fig. 7. The L-S periodograms of the RV measurements and
residuals (top), HIPPARCOS photometries (middle), and the line
bisectors of the span and curvature (bottom) for HD 111591. The
vertical dashdot line indicates a period of 1056 days.

4.3. HD 113996 (HIP 64022)

Observations for HD 113996 were carried out using the BOES
between February 2005 and February 2016. We obtained a total
of 62 RV measurements, which are listed in Table 5 and plot-
ted over the best orbital fit in Fig. 8. We found a strong peak
around 610 days with an FAP of less than 1 ⇥ 10�6 (upper panel
in Fig. 10). The orbital fit yields a period of 610.2 ± 3.8 days,
a semi-amplitude K = 120 ± 9 m s�1, and an eccentricity
e = 0.28 ± 0.12.

The L-S periodogram of the RV measurements shows no sig-
nificant peaks except a major peak. The rms of the RV resid-
uals to the Keplerian fit is 39.3 m s�1, which is su�ciently
large in comparison to the RV measurements of uncertainty of
5 to 14 m s�1. Because of the large rms, the period of the RV

5
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Table 1. Stellar parameters for the giant stars analyzed in the present paper.

Parameter HD 40956 HD 111591 HD 113996 Ref.

Spectral type K0 K0 III K5 III 1
mv (mag) 6.584 ± 0.001 6.594 ± 0.001 4.918 ± 0.001 1
B-V (mag) 1.011 ± 0.006 1.002 ± 0.002 1.482 ± 0.003 1

RV (km s�1) � 15.80 ± 0.25 5.67 ± 0.17 � 15.72 ± 0.01 2
⇡ (mas) 8.44 ± 0.51 9.22 ± 0.47 9.84 ± 0.22 1
Te↵ (K) 4869 ± 28 4884 ± 30 4181 ± 40 3
[Fe/H] 0.14 ± 0.05 0.07 ± 0.04 0.13 ± 0.08 3

log g (cgs) 3.02 ± 0.09 3.10 ± 0.10 1.86 ± 0.16 3
vmicro (km s�1) 1.20 ± 0.10 1.23 ± 0.11 1.53 ± 0.14 3

Age (Gyr) 1.35 ± 0.18 1.41 ± 0.14 3.24 ± 1.20 3
R� (R�) 8.56 ± 0.33 8.03 ± 0.49 25.11 ± 1.20 3
M� (M�) 2.00 ± 0.08 1.94 ± 0.07 1.49 ± 0.18 3
L� (L�) 46.17 38.07 291.00 2

vrot sin i (km s�1) 2.7 3.1 3.3 3
Prot / sin i (days) 158.9 130.5 389.9 3

References.— (1) van Leeuwen (2007); (2) Anderson & Francis (2012); (3) This work.

Table 2. Orbital parameters for three exoplanets

Parameter HD 40956 b HD 111591 b HD 113996 b

P (days) 578.6 ± 3.3 1056.4 ± 14.3 610.2 ± 3.8
K (m s�1) 68 ± 2 59 ± 3 120 ± 9
Tperiastron (JD) 2455341.88 ± 11.07 2455602.40 ± 30.85 2453309.94 ± 23.67
e 0.24 ± 0.05 0.26 ± 0.10 0.28 ± 0.12
! (deg) 338.62 ± 7.74 78.72 ± 11.94 92.06 ± 17.25
m sin i (MJ) 2.7 ± 0.6 4.4 ± 0.4 6.3 ± 1.0
a (AU) 1.4 ± 0.1 2.5 ± 0.1 1.6 ± 0.1
Slope (m s�1 · yr�1) -13 ⇥ 10�2 – –
Nobs 54 44 62
rms (m s�1) 21.1 21.9 39.3

3. Stellar properties

The stellar properties of HD 40956, HD 111591, and HD 113996
are summarized in Table 1. Visual magnitude (mv) and parallax
(⇡) were adopted from van Leeuwen (2007) revised from the
HIPPARCOS catalog (ESA 1997). The atmospheric parameters
(e↵ective temperature Te↵ , Fe abundance [Fe/H], surface grav-
ity log g, and microturbulent velocity vmicro) were derived from
the pure spectra by a spectroscopic method using the TGVIT
(Takeda et al. 2005) program, which uses equivalent widths
(EW) of Fe I and Fe II lines to determine their stellar parameters.
The spectral type, RV, and luminosity of these stars are obtained
from Anderson & Francis (2012). The stellar radius, mass, and
age of each star are calculated by a method of da Silva et al.
(2006).

HD 40956 is a K0-type star with a e↵ective temperature of
4869 ± 28 K, a stellar luminosity of 46.17 L�, and metalcity
with a [Fe/H] of 0.14 ± 0.05 that is consider to be located on the
red clump on the H-R diagram. A stellar mass, a stellar radius
and a projected rotation velocity are estimated to be 2.00 ± 0.08
M�, 8.56 ± 0.33 R� and 2.7 km s�1, respectively. The star is
one of the evolved slowly rotating intermediate-mass stars. HD
111591 is a K0III-type giant star with a e↵ective temperature
of 4884 ± 30 K, a stellar luminosity of 38.07 L�, and metalcity
with a [Fe/H] of 0.07 ± 0.13 which seems to be located on the
red clump on the H-R diagram. A stellar mass, a stellar radius
and a projected rotation velocity are estimated to be 1.94 ± 0.07

M�, 8.03 ± 0.49 R� and 3.1 km s�1, respectively. The star is
also one of the evolved slowly rotating intermediate-mass stars.
HD 113996 is a K5III type giant and slightly later than others.
The star has a e↵ective temperature of 4181 ± 40 K, a stellar
luminosity of 291 L�, and metalcity with a [Fe/H] of 0.13 ± 0.08
and would be located on the RGB branch on the H-R diagram.
A stellar mass, a stellar radius and a projected rotation velocity
are estimated to be 1.49 ± 0.18 M�, 25.11 ± 1.20 R� and 3.3 km
s�1, respectively. Thus, this star is a expanded slowly rotating
star and can be considered as a giant star evolved from F-type
MS star.

4. Orbital solutions

We calculated the orbital parameters by the iterated non-linear
least-square method assuming that the variation is a Keplerian
orbital motion caused by its planet. The parameters are summa-
rized in Tables 2.

4.1. HD 40956

The RVs of HD 40956 is listed in Tables 3 and shown in Figure
1 and Figure 2. A periodic variation is clearly seen in the RV
variation. We made a Lomb-Scargle (L-S) periodogram to look
for a period of the variation (Top panel of Figure 3) and found
a dominant peak at around 578 d in the periodogram. A liner
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Table 1. Stellar parameters for the giant stars analyzed in the present paper.

Parameter HD 40956 HD 111591 HD 113996 Ref.

Spectral type K0 K0 III K5 III 1
mv (mag) 6.584 ± 0.001 6.594 ± 0.001 4.918 ± 0.001 1
B-V (mag) 1.011 ± 0.006 1.002 ± 0.002 1.482 ± 0.003 1

d (pc) 117.97 ± 7.08 108.12 ± 5.51 101.57 ± 2.23 2
RV (km s�1) � 15.80 ± 0.25 5.67 ± 0.17 � 15.72 ± 0.01 2
⇡ (mas) 8.44 ± 0.51 9.22 ± 0.47 9.84 ± 0.22 1
Te↵ (K) 4869 ± 28 4884 ± 30 4181 ± 40 3
[Fe/H] 0.14 ± 0.05 0.07 ± 0.04 0.13 ± 0.08 3

log g (cgs) 3.02 ± 0.09 3.10 ± 0.10 1.86 ± 0.16 3
vmicro (km s�1) 1.20 ± 0.10 1.23 ± 0.11 1.53 ± 0.14 3

Age (Gyr) 1.35 ± 0.18 1.41 ± 0.14 3.24 ± 1.20 3
R? (R�) 8.56 ± 0.33 8.03 ± 0.49 25.11 ± 1.20 3
M? (M�) 2.00 ± 0.08 1.94 ± 0.07 1.49 ± 0.18 3
L? (L�) 46.17 38.07 291.00 2

vrot sin i (km s�1) 2.7 3.1 3.3 3
Prot / sin i (days) 158.9 130.5 389.9 3

References.— (1) van Leeuwen (2007); (2) Anderson & Francis (2012); (3) This work.
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Fig. 1. Spectra in the region of the Ca II H line. The vertical dot-
ted line is located in the center of the Ca II H regions (3968.5 Å).
Although there is a slight reversal in the core of HD 113996, it
can be ignored.

Ca II H line (3968.5 Å) (Eberhard & Schwarzschild 1913).
Periodical apparent variations may be caused by rotational mod-
ulations from spots or intrinsic stellar activities. For these rea-
sons, RV mutations can be misled as planetary signals (Queloz
et al. 2001). Due to these complications, we had to make extra
e↵orts to detect the planets around K giants in order to com-
pare them with the previously detected exoplanets around K
giant. Several evolutionary stages of chromospheric activity sur-

veyed around the late-type evolved stars allowed us to investi-
gate the oscillation of the magnetic activities of the late-type
giants. There were no significant emissions in the Ca II H line
from any of the targets, although very small reversals were de-
tected in HD 113996, which can be ignored (Fig. 1).

3.4. Line bisector variations

We investigated a line shape of the stellar spectrum to confirm
other possible RV variations. Asymmetric features in the spectral
line profiles due to pulsation, rotational modulation, and features
on the surface of a star, such as hot or cool spots or plages can
be found . There are some K giants known to be pulsating stars,
which usually pulsate for several conditions at di↵erent frequen-
cies with di↵erent amplitudes (Hatzes & Cochran 1998). These
can be sorted into radial and non-radial pulsations. Radial pul-
sations originate when the star grows and shrinks with a single
frequency. In general, K giants have pulsation periods of a few
days for the radial case. Because detected exoplanets in this work
have periods of over 570 days, we do not need to take radial pul-
sation into account. The mechanisms of non-radial pulsations are
more di�cult to identify than those of radial pulsations. There
are a broad range of periods for non-radial pulsations and thus,
the mechanism for this RV variation should be considered as
a crucial factor.

Here, two bisector quantities were calculated from the RV
measurements at two flux levels (40% and 80%) of the line pro-
file. One is the bisector velocity span (BVS = Vtop � Vbottom),
which is simply the di↵erence in velocity between the high
and low flux levels. The other is the bisector velocity curvature
(BVC = [Vtop � Vcenter] � [Vcenter � Vbottom]), which is the dif-
ference between the velocity span in the upper half and the span
in the lower half. Analyzing the spectral line shape, we selected
a Ni I (6643.6 Å) line which was a strong and unblended feature
(Hatzes et al. 2005; Lee et al. 2014, 2015). Since I2 line interfer-
ence was absent in the vincinity of the Ni I line, the blending
contamination could not a↵ect the measurements of the bisec-
tor. We determined that the Lomb-Scargle (L-S) periodograms
(Scargle 1982) of the bisector demonstrated no su�cient peaks
in bottom panels of Figs. 4, 7, and 10.
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Planetary systems around giants
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Intermediate-mass giant stars
        with 1.5-5 solar masses
  - Many cool giant planets
  - a few supper Earths  



Occurrence rate of planetary companions

Occurrence rates of giant planets with semimajor axis of <3AU decrease with increasing stellar 
mass in >2.0MSun stars. 
Our result is consistent with results of Reffert et al. 2015. 
Long period planets may be fruitful around massive stars. 
NOTICE: less massive giant planets with < 3MJupiter cannot be detected around massive stars. 
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and for βwe chose a range that encompasses the value measured
by FV05.

5. RESULTS

The best-fitting parameters and their 68.2% (1σ) confidence
intervals are listed in columns (2)–(3)of Table 1. We estimated
the confidence intervals by measuring the 15.9 and 84.1 percen-
tile levels in the cumulative distributions (CDF) calculated from
the marginal pdf of each parameter (e.g., eq. [6]).

The marginal joint parameter pdfs are shown in Figure 3. The
comparisons between the best-fitting relationship (eq. [1]) and
the data are shown in Figures 4 and 5. In both figures, the his-
tograms show the “bulk” planet frequency, with bin widths of
0:15 M⊙ and 0.1 dex, respectively. The filled circles denote the
median planet fraction predicted by equation (1) based on the
masses and metallicities of the stars in each bin. The diamonds

show the best-fitting metallicity and mass relationships, given
by fðM;F ¼ 0Þ and fðM ¼ 1; F Þ.

Our Bayesian inference analysis provides two additional
assurances that stellar mass and metallicity correlate separately
with planet fraction. The first is the lack of covariance between
α and β in Figure 3. This also demonstrates that our stellar sam-
ple adequately spans the mass-metallicity plane despite the
artificial correlation between stellar parameters in part of our
sample. The second check on our initial assumptions is seen
in Figure 4. While some of the increase in planet fraction as

TABLE 1

MODEL PARAMETERS

Parameter
Name

Uniform
Priora

(2)

Median
Value
(3)

68.2% Confidence
Interval
(4)

α . . . . . . . . . . . . . (0.0, 3.0) 1.0 (0.70, 1.30)
β . . . . . . . . . . . . . (0.0, 3.0) 1.2 (1.0, 1.4)
C . . . . . . . . . . . . . (0.01, 0.15) 0.07 (0.060, 0.08)

aWe used uniform priors on our parameters between the two limits listed in
this column.
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FIG. 3.—Marginal posterior pdfs for the model parameters conditioned on
the data.
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FIG. 4.—Planet fraction (f ¼ Nplanets=Nstars) as a function of mass for our
stellar sample (gray histogram). The red filled circles show the planet fraction
predicted by eq. (1) for the masses and metallicities of the stars in each histogram
bin. Note that we use a histogram only for visualization purposes; the data were
fitted directly without binning. The open diamonds show the best-fitting rela-
tionship between planet fraction and stellar mass for ½Fe=H% ¼ 0. The dashed
line shows the stellar-mass relationship predicted by Kennedy & Kenyon
(2008) for Solar metallicity.
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FIG. 5.—Planet fraction (f ¼ Nplanets=Nstars) as a function of metallicity for
our stellar sample (gray histogram). The red filled circles show the planet frac-
tion predicted by eq. (1) for the masses and metallicities of the stars in each bin.
Note that we use a histogram only for visualization purposes; the data were fitted
directly without binning. The blue open diamonds show the best-fitting relation-
ship between planet fraction and stellar metallicity forM⋆ ¼ 1 M⊙. None of the
52 stars with ½Fe=H% < & 0:5 harbor a giant planet.
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Collaboration in East-Asia
• East Asian Planet Search Network 
• Annual meeting in Japan, China, Korea 
• precise RV surveys in this network 
• To increase a number of sample stars in the surveys 

(planet search programs) 
• Future collaboration using planet hutting machines in 

East-Asia 
• Planet searches at 2m class telescope at OAO, BOAO, 

Xinglong observatories 
• New searches with HDS, IRD at the Subaru telescope 
• Plan to construct a new high dispersion spectrograph 

for the new 3.8m telescope at the Okayama observatory
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Telescopes and planet hutting machines 
 in Our Network
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NAOJ

OAO 1.88m BOAO 1.8m Xinglong 2.16m 

Subaru 8.2m InfraRed Doppler (IRD)

High Dispersion Spectrograph
(HDS)

Kyoto-Okayama 3.8m ?



Summary of my talk
• East-Asian Planet search Network (EAPS-Net) 
• Monitor RVs of ~700 GK-type giants in Japan, Korea, and 

China for 10 years 
• published many planets, candidates and some substellar 

companions 
• Recently two Jovian-mass planets (Jeong+17) 
• Continue our collaboration with a new strategy and new 

instruments 
• Properties of the planetary companions around 

intermediate-mass giant stars 
• Many cool giant planets 
• Frequency of planets around high mass stars is low? 
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It is different from planetary systems around solar type stars?
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