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ABSTRACT

We report precise Doppler measurements of two stars, obtained at Lick Observatory as part of our search for
planets orbiting intermediate-mass subgiants. Periodic variations in the radial velocities of both stars reveal the pres-
ence of substellar orbital companions. These two stars are notably massive with stellar masses of 1.80 and 1.64M�,
respectively, indicating that they are former A-type dwarfs that have evolved off of the main sequence and are now
K-type subgiants. The planet orbiting �CrB has a minimummassMP sin i ¼ 1:8 MJup, eccentricity e ¼ 0:146 and
a 1208 day period, corresponding to a semimajor axis a ¼ 2:7 AU. The planet around HD 167042 has a minimum
massMP sin i ¼ 1:7 MJup and a 412.6 day orbit, corresponding to a semimajor axis a ¼ 1:3 AU. The eccentricity
of HD 167042b is consistent with circular (e ¼ 0:027 � 0:04), adding to the rare class of known exoplanets in long-
period, circular orbits similar to the solar system gas giants. Like all of the planets previously discovered around
evolved A stars, � CrBb and HD 167042b orbit beyond 0.8 AU.

Subject headinggs: planetary systems: formation — stars: individual (� CrB, HD 142091, HD 167042) —
techniques: radial velocities

1. INTRODUCTION

Most of what is known about planets outside of our solar sys-
tem comes from Doppler surveys of Sun-like stars, with spectral
types ranging from K0 V to F8 Vand masses between 0.8 and
1.2M� (Valenti & Fischer 2005; Butler et al. 2006b; Takeda et al.
2007). However, recent results from planet searches around low-
mass M dwarfs (Bonfils et al. 2005; Endl et al. 2006; Butler et al.
2006a) and evolved, intermediate-mass stars (Reffert et al. 2006;
Johnson et al. 2006a; Sato et al. 2007; Niedzielski et al. 2007;
Lovis & Mayor 2007) have expanded into the frontiers at either
end of the stellar mass range. These surveys have begun to reveal
important relationships between stellar mass and the properties
of exoplanets. For example, planets around ‘‘retired’’ (evolved)
A-type stars reside preferentially in wide orbits, with semimajor
axes ak 0:8 AU (Johnson et al. 2007b) and appear to have larger
minimum masses than planets around Sun-like stars (Lovis
& Mayor 2007). Also, the occurrence rate of Jovian planets
(MP sin i � 0:5MJup, a � 2:5 AU) increases with stellar mass,
rising from<2% aroundM dwarfs, to approximately 9% around
F and A stars (Johnson et al. 2007a).

The effects of stellar mass on other characteristics of exo-
planets, such as orbital eccentricity andmultiplicity, will become
evident as the sample of planets around intermediate-mass stars
grows. Here we report the detection of two Jovian planets orbit-
ing stars with masses of 1.64 and 1.80 M�. These planet detec-
tions come from our sample of intermediate-mass subgiants
that we have been monitoring at Lick and Keck Observatories
(Johnson et al. 2006a). We describe our observations in x 2. In
x 3 we present our data, and describe the characteristics of the
host stars and the orbits of their planets. We conclude in x 4

with a summary of our results and a discussion of the properties
of planets orbiting evolved A-type stars.

2. OBSERVATIONS AND DOPPLER MEASUREMENTS

We have been monitoring a sample of 159 evolved stars at
Lick and Keck Observatories for the past 3.5 yr. The stars were
selected from the Hipparcos catalog based on the color and
magnitude criteria described by Johnson et al. (2006a), namely,
0:5 < MV < 3:5; 0:55 < B� V < 1:0, andV P 7:6.We exclude
from our sample clump giants with B� V > 0:8 andMV < 2:0,
as well as stars within 1 mag of the mean Hipparcos main se-
quence, as defined by (Wright 2005). These criteria allow us
to take advantage of the widely spaced, nearly parallel stellar
model tracks of the subgiant branch to estimate precise ages and
masses.
We obtained Doppler measurements of the stars presented

here using the 3 m Shane and 0.6 m Coude Auxiliary Telescope
(CAT) at Lick Observatory. Both telescopes feed the Hamilton
spectrometer (Vogt 1987), which has a resolution of R �
50;000 at k ¼ 5500 8. Doppler shifts are measured from each
spectrum using the iodine cell method described in detail by
Butler et al. (1996) and summarized as follows. A temperature-
controlled Pyrex cell containing gaseous iodine is placed at
the entrance slit of the spectrometer. The dense set of narrow
molecular lines imprinted on each stellar spectrum from 5000
to 6000 8 provides a robust wavelength scale for each obser-
vation, as well as information about the shape of the spectrom-
eter’s instrumental response (Marcy & Butler 1992).
Traditionally, the Doppler shift of each stellar spectrum is

measured with respect to an observed, iodine-free template spec-
trum. These template observations require higher signal and res-
olution than normal radial velocity observations, which in turn
necessitates longer exposure times. Given our large target list
and the small aperture of the CAT, obtaining a traditional tem-
plate for each star would represent a significant fraction of our
allocated observing time, resulting in a smaller than optimal
target list. We therefore perform a preliminary analysis of each
star’s observations using a synthetic, ‘‘morphed’’ template
spectrum following the method described by Johnson et al.

1 Based on observations obtained at the Lick Observatory, which is operated
by the University of California.
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(2006b). Stars showing conspicuous Doppler variations are
reanalyzed using a traditional template to verify the signal and
search for a full orbital solution.

Internal uncertainties for each velocity measurement are es-
timated from the standard deviation of the mean velocity
measured from the �700 segments analyzed in each echelle
spectrum. A typical V ¼ 6, K0 star requires a 3600 s exposure
on the CAT for a signal-to-noise ratio (S/N) of 180 pixel�1,
which produces an internal precision of 3Y4 m s�1. The same
star observed on the Shane requires 300 s for the same S/N
owing to differences in the collecting area and plate scale at the
spectrometer entrance slit. The radial velocities for the two stars
presented here are listed in Tables 1 and 2.

3. STELLAR PROPERTIES AND ORBITAL SOLUTIONS

Ourmethods for determining the properties of our target stars
are described in Johnson et al. (2007b) and summarized briefly
here. We use the LTE spectral synthesis code SME (Valenti &
Fischer 2005) to estimate stellar effective temperatures, sur-
face gravities, metallicities, and projected rotational velocities by
fitting a synthetic spectrum to each star’s iodine-free template
spectrum.We use the Stephan-Boltzmann law to relate each star’s
radius and luminosity to its effective temperature, parallax-based
distance and bolometric correction. To estimate stellar masses and
ages, we interpolate each star’s Hipparcos absolute magnitude,
B� V color and SME-derived metallicity onto the stellar interior
model grids computed by Girardi et al. (2002). The stellar prop-
erties and uncertainties are summarized in Table 3. The position
of the two stars in the H-R diagram is shown in Figure 1, along
with their theoretical mass tracks and zero-age main sequence.

Johnson et al. (2007b) estimate uncertainties of 7% in stellar
mass and 1 Gyr for ages. Uncertainties in the SME-derived pa-
rameters are given by Valenti & Fischer (2005); however, these
estimates are based primarily on a sample of main-sequence stars
and may be unrepresentative of the values obtained for our sub-
giants. We therefore estimate uncertainties in the spectroscopic
parameters by exploring the degeneracy of the best-fit solution
using different input guesses to the SME code. We first solve for
the best-fit solution, and then use the resulting parameters as
input for two additional solutions, with�100 K perturbations on
Teff. The standard deviations of the parameters from the three
SME trials are then adopted as the 1 � parameter uncertainties. In

TABLE 1

Radial Velocities for HD 142091

JD� 2; 440; 000

RV

(m s�1)

Uncertainty

(m s�1)

13121.906..................................... �22.08 3.75

13122.948..................................... �22.38 3.89

13123.890..................................... �23.23 4.04

13131.838..................................... �18.74 3.61

13134.904..................................... �25.03 3.78

13144.858..................................... �15.77 4.21

13145.887..................................... �16.16 4.12

13223.735..................................... �13.82 3.58

13242.679..................................... �9.57 3.74

13470.970..................................... 16.15 4.45

13476.824..................................... 17.74 3.85

13503.906..................................... 27.94 4.23

13518.921..................................... 13.54 3.96

13573.710..................................... 16.00 4.02

13575.763..................................... 28.69 4.06

13602.694..................................... 18.17 3.49

13640.656..................................... 27.58 2.89

13870.807..................................... 1.34 3.65

13880.791..................................... 19.02 2.62

13884.772..................................... 7.56 2.81

13891.828..................................... 9.93 2.89

13894.805..................................... �2.80 3.26

13896.825..................................... �5.25 3.46

13898.750..................................... 4.33 3.19

13900.783..................................... 7.34 3.23

13901.781..................................... 12.90 3.76

13922.745..................................... �3.08 3.47

13923.812..................................... 8.12 2.88

13924.765..................................... 6.96 3.34

13925.805..................................... 0.00 3.48

13926.747..................................... 3.12 3.14

13951.678..................................... �2.04 3.26

13998.623..................................... 5.83 3.82

14131.082..................................... �16.92 4.54

14137.046..................................... �15.92 3.78

14147.025..................................... �18.14 4.43

14169.962..................................... �24.70 3.69

14171.015..................................... �28.19 4.18

14233.764..................................... �23.33 4.67

14255.856..................................... �42.01 3.51

14274.812..................................... �25.99 3.90

14304.755..................................... �24.31 4.18

14318.753..................................... �13.24 4.94

14336.656..................................... �22.89 3.67

14337.658..................................... �27.05 2.45

14338.660..................................... �16.54 3.02

14399.613..................................... �13.43 3.52

14400.610..................................... �16.56 5.17

TABLE 2

Radial Velocities for HD 167042

JD� 2; 440; 000

RV

(m s�1)

Uncertainty

(m s�1)

13,181.937.................................... 5.64 3.40

13,182.835.................................... 6.45 3.36

13,192.971.................................... 12.66 4.71

13,471.006.................................... �19.63 4.64

13,520.854.................................... �3.08 4.03

13,574.796.................................... �3.30 4.02

13,602.721.................................... 5.63 3.36

13,641.710.................................... 29.19 3.16

13,868.944.................................... �10.32 3.64

13,902.825.................................... �12.20 3.64

13,921.848.................................... �25.72 3.73

13,922.772.................................... �18.33 3.18

13,959.673.................................... �20.84 3.46

13,966.672.................................... �17.38 4.00

13,998.646.................................... 1.37 3.44

14,001.669.................................... 4.61 3.42

14,035.620.................................... 8.49 4.29

14,137.078.................................... 44.99 3.81

14,147.063.................................... 47.89 4.63

14,170.039.................................... 33.69 3.56

14,182.036.................................... 31.74 4.94

14,216.930.................................... 12.83 3.63

14,232.868.................................... 14.60 4.14

14,244.873.................................... �0.97 4.65

14,274.859.................................... �8.79 3.88

14,288.829.................................... �13.25 4.49

14,304.764.................................... �32.06 4.32

14,318.828.................................... �17.73 4.78

14,357.668.................................... �25.54 4.93

14,377.725.................................... �5.72 5.36

14,417.653.................................... 14.48 4.52
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cases when our error estimates are less than those of Valenti &
Fischer (2005) we adopt the latter values.

We search for the best fitting Keplerian orbital solution to
each radial velocity time series using a Levenberg-Marquardt,
least-squares minimization, and we estimate the uncertainties in
the orbital parameters using a bootstrap Monte Carlo method.
We first subtract the best-fit Keplerian from the measured ve-
locities. The residuals are then scrambled and added back to the
original measurements, and a new set of orbital parameters is
obtained. This process is repeated for 1000 trials and the stan-
dard deviations of the parameters from all trials are adopted as
the formal 1 � uncertainties.

In the following subsections we describe the properties of the
two new host stars and planet candidates discovered from our
sample of subgiants.

3.1. � CrB

�Corona Borealis (�CrB, HD 142091, HR 5901, HIP 77655)
is listed in the SIMBAD database6 with a spectral type K0 IVand

in the Hipparcos catalog as a K0 IIIYIV star with V ¼ 4:79 and
B� V ¼ 0:996, and a parallax-based distance of 31.1 pc.7 The
star’s apparent magnitude and distance yield an absolute mag-
nitudeMV ¼ 2:32, placing the star 4.3 mag above the meanmain
sequence of stars in the solar neighborhood (Wright 2005). The
color and absolute magnitude of � CrB suggest an evolved star
on the subgiant branch near the base of the red giant branch, in
agreement with its published spectral classifications.
Our LTE spectral analysis suggests that � CrB is metal-rich,

with ½Fe/H� ¼ þ0:15 � 0:05. Our spectral analysis also yields
TeA ¼ 4970 � 70 K, Vrot sin i ¼ 1:5 � 0:5 km s�1 and surface
gravity, log g ¼ 3:47 � 0:09. We estimate the mass and age of
�CrB by interpolating the star’s color, absolute magnitude, and
metallicity onto the Girardi et al. (2002) stellar interior models.
We find a stellar mass M	 ¼ 1:80 M� and an age of 2.5 Gyr.
We also estimate a luminosity L	 ¼ 12:3 L� and radius R	 ¼
4:71 R�, assuming a bolometric correction,�0.302. The prop-
erties of � CrB are summarized in Table 3.
To assess the photospheric stability of � CrB, we searched the

Hipparcos Epoch Photometry database8 and found 135 observa-
tions. The measurements have a mean uncertainty of 4.7 mmag
and have an rms scatter of 4.7 mmag over a time span of 3.1 yr.9

Given its photometric stability, we can rule out significant pul-
sation modes that can contribute to intrinsic radial velocity var-
iability. Further, based on the lack of emission in its Ca iiH andK
line core, wemeasure log R0

HK ¼ �5:40 indicating �CrB is chro-
mospherically inactive, similar to other evolved stars (Wright
et al. 2004).
Beginning in 2004 April, we collected 48 Doppler measure-

ments at Lick Observatory, which are listed in Table 1 together
with their date of observation and internal uncertainties. The ve-
locities are also shown in Figure 2, and the error bars represent
the quadrature sum of the internal measurement uncertainties
and 5 m s�1 of jitter, which is typical for the intrinsic Doppler
variability of subgiants similar to � CrB (Johnson et al. 2007b).
Also shown in Figure 2 is the best fitting Keplerian orbital

solution with a period P ¼ 1208 � 30 days, eccentricity e ¼
0:146 � 0:08 and velocity semiamplitude K ¼ 24:0 � 1 m s�1.
The rms scatter of the data about the fit is 6.0 m s�1 and the

TABLE 3

Stellar Parameters

Parameter � CrBa HD 167042

V ......................................................... 4.79 5.97

MV ...................................................... 2.32 2.48

B� V ................................................. 0.996 0.943

Distance (pc) ..................................... 31.1 50.0

[Fe/H] ............................................... +0.15 (0.05) +0.050 (0.06)

Teff (K) ............................................... 4970 (70) 5010 (75)

Vrot sin i ( km s�1) .............................. 1.5 (0.5) 1.5 (0.5)

log g.................................................... 3.47 (0.09) 3.47 (0.08)

M	 (M�) ............................................. 1.80 (0.11) 1.64 (0.13)

R	 (R�) ............................................... 4.71 (0.08) 4.30 (0.07)

L	 (L�)................................................ 12.3 (0.04) 10.5 (0.05)

Age (Gyr)........................................... 2.5 (1.0) 2.2 (1.0)

SHK ..................................................... 0.10 0.11

log R0
HK ............................................... �5.40 �5.34

a HD 142091.

Fig. 1.—H-R diagram illustrating the properties of the two subgiant planet
host stars ( pentagrams) compared to theirmain-sequence progenitors ( filled circles).
The connecting lines represent the Girardi et al. (2002) theoretical mass tracks
interpolated for each star’s metallicity. The thick, diagonal line is the zero-age
main sequence assuming ½Fe/H� ¼ 0:0.

Fig. 2.—Radial velocity time series for �CrB (HD 142091) measured at Lick
Observatory. The dashed line shows the best-fit orbital solution, which has an
orbital period of 3.309 years and �2

�

� �1/2¼ 0:97.

6 See http://cdsweb.u-strasbg.fr.

7 See ESA (1997), VizieR Online Data Catalog, 1239, 0
8 See http://www.rssd.esa.int/index.php?project=HIPPARCOS.
9 After rejecting a single outlier.
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reduced �2
�

� �
1/2¼ 0:97. Based on our stellar mass estimate of

M	 ¼ 1:80 M�, the orbital solution gives a minimum planet
massMP sin i ¼ 1:8MJup and semimajor axis a ¼ 2:7 AU. The
orbital parameters of � CrBb are summarized in Table 4.

3.2. HD 167042

HD 167042 (HR 6817, HIP 89047) is listed in the SIMBAD
database with a spectral type K1 III, suggesting the star is on the
giant branch. The Hipparcos catalog gives V ¼ 5:97, B� V ¼
0:943, and a parallax-based distance of 50.0 pc (see footnote 7).
Given its distance and apparent magnitude, we calculate an ab-
solute magnitude MV ¼ 2:48, which places it 4.2 mag above
the average main sequence of stars in the solar neighborhood
(Wright 2005). The position of HD 167042 in the H-R diagram
indicates the star is better classified as a K1 IV subgiant near the
upturn to the red giant branch, rather than a luminosity class III
giant.

Based on our LTE spectral analysis (SME; Valenti & Fischer
2005), we find that HD 167042 has solar metal abundance with
½Fe/H� ¼ þ0:050 � 0:06, and is slowly rotating with Vrot sin i ¼
1:5 � 0:5 km s�1. Our spectroscopic analysis also yields TeA ¼
5010 � 75 K and log g ¼ 3:47 � 0:08. Interpolation of the star’s
color, absolute magnitude and metallicity onto the Girardi et al.
(2002) stellar model grids provides a stellar mass estimate of
M	 ¼ 1:64 M�, and an age of 2.2 Gyr. Consistent with its postY
main-sequence evolutionary status, HD 167042 is chromos-
pherically inactive with log R0

HK ¼ �5:34, as measured from
its Ca ii H and K emission relative to the stellar continuum. We
also estimate a radius R	 ¼ 4:30 � 0:070 R� and luminosity
L	 ¼ 10:5 � 0:050 L�.

The Hipparcos catalog lists 115 photometric measurements
of HD 167042 spanning 3.25 yr. The star is photometrically
stable over this time baseline, with an rms scatter 11.2 mmag,
which is slightly higher than the median measurement uncer-
tainty of 6 mmag. Since a periodogram analysis of the pho-
tometric measurements shows no significant power at periods
ranging from 2 to 1200 days, we expect that the contribution to
the star’s radial velocity variability from star spots and radial
pulsation should be small. We follow Johnson et al. (2007b)
and adopt a jitter estimate of 5 m s�1, based on the velocity
scatter of other chromospherically quiet subgiants with prop-
erties similar to HD 167042.

We began monitoring HD 167042 in 2004 June and the first
10 observations, analyzed with a synthetic template, showed

correlated variability with rms ¼ 15m s�1. We obtained a tradi-
tional, observed template to confirm the variations with higher
Doppler precision. The full set of velocities is listed in Table 2
and plotted in Figure 3. The error bars in Figure 3 have been
augmented by adding 5 m s�1 of jitter in quadrature to the in-
ternal measurement uncertainties.

The best-fit Keplerian orbital solution is shown in Figure 3.
The solution has a 412:6 � 4 day period, a semiamplitude K ¼
32:7 � 2 m s�1, and an eccentricity consistent with circular,
e ¼ 0:027 � 0:04. The residuals to the fit have rms ¼ 6:6m s�1

and reduced �2
�

� �
1/2¼ 1:01, indicating that the scatter is adequately

modeled by the internal measurement uncertainties and estimated
jitter. Assuming a stellar massM	 ¼ 1:64M�, the best-fit solution
yields a semimajor axis a ¼ 1:3 AU, and minimum planet mass
MP sin i ¼ 1:7 MJup. The orbital parameters are summarized in
Table 4.

4. SUMMARY AND DISCUSSION

We report the detection of two Jovian planets orbiting
intermediate-mass subgiants. These detections come from our
sample of evolved stars that we are monitoring at Lick and Keck
Observatories. HD 167042 and � CrB have masses significantly
larger than solar, withM	 ¼ 1:64 and 1.80M�, respectively. Ex-
amination of the stars’ theoretical mass tracks reveals that these
current-day subgiants began life on the main sequence as A-type
dwarfs (Fig. 1).

The relatively low-amplitude Doppler variations induced by
� CrBb and HD 167042b would not have been detectable if the
starswere not in their current evolved state. YoungerA-- and F-type
dwarfs have large rotational velocities (Vrot sin ik50 km s�1)
and excessive pulsation-induced velocity jitter that can mask the
reflex velocity signal caused by a planet-mass companion (Galland
et al. 2005). On the other hand, older stars ascending the red giant
branch exhibit stochastic velocity variations in excess of 20 m s�1

(Hekker et al. 2006), which would make the planet orbiting � CrB
particularly difficult to detect since it induces a velocity ampli-
tude of only 24.0 m s�1. Subgiants, with their low rotation rates
(Vrot sin iP 10 km s�1) and low jitter (<10 m s�1), occupy an
observational ‘‘sweet spot’’ in the H-R diagram allowing our
Doppler survey to probe to relatively low planetary masses in a
wide range of orbital configurations.

TABLE 4

Orbital Parameters

Parameter � CrBba HD 167042b

P (day) ..................................... 1208 (30) 412.6 (4)

Tp
b (JD) .................................... 2,453,102 (100) 2,453,330 (130)

e................................................ 0.146 (0.08) 0.027 (0.04)

K (m s�1) ................................. 24.0 (1) 32.7 (2)

! (deg) ..................................... 204 (30) 29 (50)

MP sin i (MJup).......................... 1.8 1.7

a (AU) ..................................... 2.7 1.3

Fit rms (m s�1) ........................ 6.0 6.6

Jitter (m s�1) ............................ 5.0 5.0ffiffiffiffiffiffi
�2
�

p
......................................... 0.97 1.01

Nobs........................................... 48 31

a HD 142091b.
b Time of periastron passage.

Fig. 3.—Radial velocity time series for HD 167042 measured at Lick
Observatory. The dashed line shows the best-fit orbital solution, which has
�2
�

� �
1/2¼ 1:01.
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The growing sample of planets around intermediate-mass stars
is beginning to reveal important relationships between stellar
mass and the properties of exoplanets. Of the 15 planets detected
around evolved A-type stars (M	 > 1:5 M�), none have been
found orbiting closer than�0.8 AU, with the majority orbiting at
or beyond 1AU (Johnson et al. 2007b); �CrBb andHD 167042b
are no exception to this trend, with semimajor axes of 2.7 AU
and 1.3 AU, respectively. As noted by Johnson et al. (2007b) this
cannot be due to a decrease in detection sensitivity since, for
a given planet and stellar mass, the amplitude of the induced
Doppler wobble scales as a�1/2. Thus, the observed semimajor
axis distribution of planets around A stars is significantly dif-
ferent from that of planets around lower mass stars.

Johnson et al. (2007b) considered the possibility that the lack
of close-in planets around K giants and clump giants may be
attributable to engulfment by the expanding atmospheres of the
central stars. However, stars crossing the subgiant branch do not
undergo significant expansion, with radii smaller than �5 R�
even at the base of the red giant branch. The fact that none of the
seven planets detected aroundmassive subgiants (M	 > 1:5M�)
has a < 0:9 AU strongly suggests that the lack of close-in planets
around A stars is due to the effects of stellar mass on planet for-
mation andmigration, rather than postYmain-sequence engulfment.

Stellar mass also plays an important role in the likelihood that
a star harbors a detectable giant planet. By measuring the frac-
tion of stars with planets in three widely spaced stellar mass bins,
Johnson et al. (2007a) found that the occurrence rate of planets
with MP sin i > 0:8 MJup and a < 2:5 AU is a rising function
of stellar mass. This analysis reveals that A stars appear to be
planet-enriched by a factor of 4.5 compared to low-mass M
dwarfs, with a measured giant planet occurrence rate of 9%
for 1:3 < M	/M� � 1:9M�. The planet fraction for higher mass
stars was based in part on three strong planet candidates from
our survey of subgiants, one of which is announced here (HD
167042 b; � CrBb orbits beyond the 2.5 AU cutoff ). This result
indicates that stellar mass is a strong tracer of planeticity, which
has important implications for the target selection of future planet
searches. Just as stellar metallicity is exploited in the search for
short-period planets around Sun-like stars (Fischer & Valenti
2005; Fischer et al. 2005; da Silva et al. 2006), stellar mass
should be an important consideration in the selection of targets
for future photometric, astrometric, and high-contrast direct im-
aging surveys.

The rising trend in planet occurrence toward higher stellar
masses also informs models of planet formation. Several theo-
retical studies of the effects of stellar mass on planet formation
have predicted that M stars should harbor fewer Jovian planets
than Sun-like dwarfs (Laughlin et al. 2004; Ida & Lin 2005).

More recently Kennedy & Kenyon (2007) studied planet for-
mation at higher masses by accounting for the evolving disk
mid-plane temperature due to stellar irradiation and viscous evo-
lution. They predict that the fraction of stars with Jupiters should
rise up to a peak of �20% near M	 ¼ 3 M�.
Testing this prediction requires searching for planets around

stars with masses greater than 2 M�. Unfortunately, the mass
range of suitable subgiants is limited to M 	 P 2:2 M�, primar-
ily due to our absolute magnitude criterion of MV > 2:0 (see
x 2). Doppler surveys of massive K giants with M	 > 2:5 M�
provide perhaps the most favorable avenue for exploring the
occurrence rate of planets around more massive A stars (Frink
et al. 2001; Sato et al. 2005; Niedzielski et al. 2007). In par-
ticular, Lovis &Mayor (2007) are searching for planets around
K giants in open clusters, which allows them to take advantage
of the uniform ages of the cluster members to derive accurate
stellar masses. The preliminary results from their survey indi-
cate that stars more massive than �2 M� have an enhanced
abundance of super-Jupiters and brown dwarfs compared to lower
mass stars.
To enlarge the statistical ensemble of planets detected around

intermediate-mass stars, we have expanded our planet search by
adding 300 additional subgiants at Lick and Keck Observato-
ries. If our current 9% detection rate holds, our expanded planet
search is expected to yield an additional 20Y30 planets over the
next 3 years. Together with the detections from Doppler surveys
of K giants and clump giants, the increased number of planets
orbiting intermediate-mass stars will add significantly to our un-
derstanding of the effects of stellar mass on planet formation and
planetary system architecture.
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