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The California-
Kepler Survey

• Keck/HIRES high-resolution spectra of 
1305 stars hosting 2025 planet 
candidates 

• Precision spectroscopy: 

• Teff, logg, Fe/H, mass, radius, vsini 

• Stellar radius precision: 39% —> 10%

Petigura et al. (2017)
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Johnson, Petigura et al. (2017)Huber et al. (2014); Mullally et al. (2015)
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The Radius Gap

Fulton et al. (2017)
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Super- 
Earths

Sub- 
Neptunes

The Radius Gap

Fulton et al. (2017)
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Photoevaporation
Fulton et al. (2017)

Owen & Wu (2017)
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Major Implications  

•Constrains core mass distribution 

•Earth-density cores  
(water-poor) 

• Large scale migration after 
100 Myr is uncommon

Observations

Model
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Gaia DR2
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Spectroscopy + Parallax
6 Fulton et al.

Figure 1. Left: Distribution of fractional stellar radius uncertainties from this work (black) compared to those from J17 (grey).
Right: Same as left but comparing fractional planet radius uncertainties.

Figure 2. Left: Comparison of stellar radii derived from asteroseismology (Silva Aguirre et al. 2015; S15) and spec-
troscopy+astrometry (this work) for 29 stars in common. Equality is represented by the dashed green line. Our radii are
1.8% larger on average and there is a 1.8% RMS dispersion in the ratios. Right: same as left but comparing our radii to Huber
et al. 2013 (H13). Our radii are 1.7% larger on average and there is a 3.4% RMS dispersion in the ratios.

on follow-up resources directed specifically at KOIs not
at the parent parent population. After filtering, 24981
stars remain.

We calculated planet occurrence using the methodol-
ogy of F17. In brief, we account for the detection sen-
sitivity of the survey using the injection-recovery tests
performed by Christiansen et al. (2015). We calculated
planet occurrence as the number of planets per star in
discrete bins as

f
bin

=
1

N?

n
pl,binX

i=1

wi. (3)

where N? = 24981 and wi is the product of the inverse
pipeline detection efficiency p

det

and the inverse transit
probability p

tr

for each detected planet. Values of wi,
p
det

, p
tr

are listed in Table 5.
Computing these weights requires knowledge of the

distribution of radii and noise properties of stars in the
parent stellar sample. As in F17, we used the Combined
Differential Photometric Precision computed by the Ke-
pler project (Mathur et al. 2017) as our noise metric.
Unlike F17, we used the R? from Gaia DR2 as opposed
to photometric R? to characterize the distribution of
parent stellar radii. F17 found that plausible statisti-

CKS-Gaia 5

Table 1. Error Budget

Parameter Median Uncert.

Te↵ 60 K
mK 0.02 mag
AK 0.004 mag
µ 0.01 mag
BC 0.03 mag
R? 2.2%
Rp/R? 4.1%
Rp 4.9%

4. PLANET POPULATION

4.1. Distribution of Detected Planets

Using our updated stellar radii we derived planet radii
using the values of Rp/R? tabulated in Mullally et al.
(2015). We also computed the incident stellar flux S

inc

using our updated R? and T
e↵

. These Rp and S
inc

mea-
surements are listed in Table 3. Figure 4 shows the
distribution of planets in the P -Rp and S

inc

-Rp planes.
As in F17, we observe a narrow gap separating two

populations of planets at ⇡2 R�. While the gap is
clearly visible in this sample of 1944 planets, we cau-
tion that the distribution of detected planets does not
convey the underlying distribution of planets, due to se-
lection effects that we discuss in Section 4.2.

4.2. Intrinsic Distribution of Planets

Here, we measure planet occurrence, the number of
planets per star, as a function of P , Rp, and S

inc

. In
order to measure the intrinsic distribution of planets, we
must account for selection effects in the construction of
the CKS target list, geometrical transit probability, and
pipeline completeness. Our methodology follows that of
F17.

We first identified a subset of CKS planets drawn from
a well-defined population of parent stars by applying the
following cuts to our planet sample:

1. Stellar brightness. We restricted our sample to
the magnitude-limited CKS subsample, where Kp
< 14.2 mag.

2. Stellar radius. We restricted our analysis to dwarf
stars where

log
10

✓
R?

R�

◆
<

✓
T
e↵

� 5500K

4000K

◆
+ 0.2. (2)

3. Stellar effective temperature. We restricted our
planet sample to stars with T

e↵

= 4700–6500 K,
where the CKS temperatures are reliable.

4. Stellar dilution (Gaia). Dilution from nearby stars
can also alter the apparent planetary radii. For
each target, we queried all Gaia sources within
8 arcsec (2 Kepler pixels) and computed the sum
of their G-band fluxes. The ratio between this cu-
mulative flux and the target flux r

8

approximates
the Kp-band dilution for each transiting planet.
We required that r

8

< 1.1.

5. Stellar dilution (imaging). Furlan et al. (2017)
compiled high-resolution imaging observations
performed by several groups. When a nearby star
is detected, Furlan et al. (2017) computed a ra-
dius correction factor (RCF), which accounts for
dilution assuming the planet transits the bright-
est star. We do not apply this correction factor,
but conservatively exclude KOIs where the RCF
exceeds 5%.

6. Planet false positive designation. We excluded
candidates that are identified as false positives ac-
cording to P17.

7. Planets with grazing transits. We excluded stars
having grazing transits (b > 0.9), which have sus-
pect radii due to covariances with the planet size
and stellar limb-darkening during the light curve
fitting.

After applying these cuts, we are left with 859 planets.
Where possible, we applied the same filters on stel-

lar properties to the Kepler field star population. For
the stellar radius and temperature filters we used the
Gaia DR2 parameters. We could not apply the imag-
ing cut to the parent stellar population because it relies

Updated stellar and planetary 
parameters available upon request 

prior to publication

Fulton & Petigura (2018)
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Radius Distribution
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Radius Distribution
CKS + GaiaCKS Only

Fulton & Petigura (2018)Fulton et al. (2017)
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Fulton & Petigura (2018)

Stellar Mass Dependence
• Photoevaporation desert extends to lower fluxes for more massive stars 

• Gap and planets are larger around more massive hosts 

• Populations are split more cleanly when split up by mass 

• Period distributions are indistinguishable
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Stellar Mass Dependence
• Planets orbiting more 

massive stars are, on 
average, larger and hotter 

• Caveat: stellar mass is 
correlated with both 
metallicity and age

Mass and Scalings for Super-Earths 5

Fig. 4.— Changes in the peak-to-dip ratios in the size histogram
as the planet mass (and radius) is scaled by various values of � (eq.
[3]). The top panel shows the two peak-to-dip ratios, r1,� and r2,� ,
together with their poisson errors. A choice of � ⇡ 1 maximizes
both ratios. The lower panel shows a combination of these two

ratios,
q

r21 + r22/
p

2, where r1 = r1,�/r1,0, r2 = r2,�/r2,0, which

is also maximized at � ⇡ 1. We mark with the shaded grey zone
roughly the range of acceptable �, judged by twice the poisson
errors. To argue that this is not a chance event, we overplot (in
grey points) results of 100 runs where the planet-star associations
are scrambled randomly. None of the runs produce as large a peak-
to-dip ratio (i.e., as sharp features) as that at � ⇡ 1 for the real
run.

3. PLANET PARAMETERS – MODELS OF
PHOTOEVAPORATION

Here, we extract information about the super-Earths
by applying the model of photoevaporation. Based on
the above discussion, we adopt a normal distribution for
the planet mass, with a mean that scales with the stellar
mass as M1

⇤ . And when comparing theoretical results
against observations, we only compare the scaled planet
radii, R0

p = Rp(M⇤/M�)�1/4. This then allows us to
leverage the entire GKS for our purpose, rather than
having to restrict ourselves to one stellar group at a time.

3.1. Characteristic Planet Masses

We simulate planets in the Gaia-Kepler sample (1841
planets). For each planet, we adopt its host star mass
and its observed period as input. This saves us the labour
from having to model the distributions of these two vari-
ables. We also do not need to consider transit proba-
bility. We then produce 10 mock planets for each real
planet, subject them to photoevaporation, measure their
size distribution at a few Gyrs, and compare this against
the observed 1-D distribution (Fig. 6). We have to in-
troduce a number of parameters to describe this process,
and we perform a �2-minimization (using the downhill
simplex method, Press et al. 1986) to find the best-fit
parameters. The 2D (radius-period) distribution is not
used in this procedure.

We assume the mock planets are drawn from a homo-
geneous population with core mass (Mcore), core radius

Fig. 5.— Planet sizes have no correlation with host star metal-
licity. There are 1141 planets in GKS that overlap with the CKS
sample and therefore have known host star metallicities. These
are mostly around FGK dwarfs. We separate the planets into
three groups with increasing metallicity (ranges and mean values
as marked) and display their respective histograms for the scaled
radius (R0

p = Rp(M⇤/M�)�1/4). The average metallicity changes
by a factor of 2.4, yet there is little discernible progression in the
distribution. There is, on the other hand, an excess of Jovian plan-
ets for the metal rich group.

(Rcore) and initial H/He mass fraction (X) as,

dN

d logMcore
/ exp


�

(logMcore � logMc)2

2�2
M

�
,

Rcore =1.03R�

✓
Mcore

M�

◆1/4

,

dN

d logX
/ exp


�

(logX � logX0)2

2�2
X

�
,

(4)

where �M and �X are the respective dispersions in loga-
rithmic space.4 We explicitly set the characteristic mass
Mc = M0(M⇤/M�), where M0 is the planet mass if
the host star is solar. The planet core radius takes the
form as in Fortney et al. (2007) to account for com-
pression, and its normalization reflects our assumption
that the planet bulk density, if it has a mass of 1M�, is
⇢1M� = 5.0 g/ cm3 (the Earth has ⇢ = 5.5 g/ cm3), an
assumption we justify later.

The above ansatz assumes that planet properties do
not depend on orbital separation, an assumption we re-
turn to later. It also assumes no correlation between core
mass and envelope mass. A more nuanced treatment is
desired but is not granted by the amount of data we have
at hand.

With these initial conditions, we forward model the
photoevaporation process as discussed in Owen & Wu
(2017). In particular, we adopt a high-energy luminos-

4 We have experimented with Rayleigh distributions but see no
dramatic changes.

Wu (2018)

8 Owen, J. E. & Murray-Clay R.
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Figure 8. Same a Figure 4, but only for planets whose host stars
have masses in the range 0.85-1.15 M� and metallicities > �0.2.

work are safe if one is really interested in how planet forma-
tion varies with the protoplanetary disc’s total solid content.

Nevertheless, to investigate the trends identified in Sec-
tion 3 we take a narrow stellar mass range from 0.85 to
1.15 M� and exclude those planets with host star metallic-
ities < �0.2. In this sub-sample there is no strong mass-
metallicity trend and reproduce Figure 4 in this mass range.
The result is shown in Figure 8. It is clear that the trend that
“large” planets are bigger around more metal-rich stars still
holds true in this sub-sample, both at all periods and long
periods. Small number statistics prevent us confirming the
trend that at short periods, small planets are larger around
more metal rich stars. In order to investigate this further,
we alternatively cut the sample into a narrow metallicity
range with a spread of ±0.1dex around the median value
and compare the radius distribution for planets around high

Figure 9. Same as Figure 6, except this time just for those plan-
ets whose host stars have masses in the range 0.85 to 1.15 M�
and metallicities > �0.2.

and low mass stars (split at the median stellar mass value of
1.02 M�). Small number statistics prevent us from making
robust statements, but there is no statistically significant
evidence of a clear trend with stellar mass. This gives us
cautious optimism to presume that the significant trend of
bigger (more massive) solid cores around higher metallicity
stars is robust.

We need to be more cautious about the trend that
small planets at long periods are more frequent around lower
metallicity stars. There is weak, but not statistically robust
evidence, that both sub-samples covering a narrow range
in metallicity, but wider range in mass or a narrow range
in stellar mass, but a wider range in metallicity show the
trends that could be responsible for driving the original ob-
servations that small planets are more frequent at long pe-
riods around CKS stars with lower metallicities. However,
here we do not have the sample size to be confident about
the driver; one would suspect that both are playing a part.

Additionally, one might worry that because high-
metallicity stars are more massive (and hence brighter) in
the CKS sample, small planets at large periods are harder to
observe around these objects. Petigura et al. (2018), in mea-
suring absolute occurrence rates, confirm that at periods of
10-100 days, small planets are more abundant around low-Z
stars in both an absolute and relative sense (while larger
planets are more common around high-Z stars), indicating
that the trend we identify is not coming from this selection
bias.

Finally, we reproduce Figure 6 in Figure 9 for our nar-
row stellar mass range and see indeed that the trend iden-
tified previously is indeed robust to the correlation between
stellar mass and metallicity.

In summary, we have checked to see whether the trends
identified previously in Sections 3 and 4 are robust to the
correlation between stellar mass and metallicity present in
the Fulton et al. (2017) sample of CKS stars. We find no
evidence that metallicity is just a proxy for stellar mass in
driving these trends; except in the case where long-period,
smaller planets are more frequent around metal poor CKS

MNRAS 000, 000–000 (0000)

Owen & Murray-Clay (2018)

Fulton & Petigura (2018)
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Summary
Little change to 1D 
radius distribution

Gap widens and moves to larger radii for more 
massive stars

CKS-Gaia 5

Table 1. Error Budget

Parameter Median Uncert.

Te↵ 60 K
mK 0.02 mag
AK 0.004 mag
µ 0.01 mag
BC 0.03 mag
R? 2.2%
Rp/R? 4.1%
Rp 4.9%

4. PLANET POPULATION

4.1. Distribution of Detected Planets

Using our updated stellar radii we derived planet radii
using the values of Rp/R? tabulated in Mullally et al.
(2015). We also computed the incident stellar flux S

inc

using our updated R? and T
e↵

. These Rp and S
inc

mea-
surements are listed in Table 3. Figure 4 shows the
distribution of planets in the P -Rp and S

inc

-Rp planes.
As in F17, we observe a narrow gap separating two

populations of planets at ⇡2 R�. While the gap is
clearly visible in this sample of 1944 planets, we cau-
tion that the distribution of detected planets does not
convey the underlying distribution of planets, due to se-
lection effects that we discuss in Section 4.2.

4.2. Intrinsic Distribution of Planets

Here, we measure planet occurrence, the number of
planets per star, as a function of P , Rp, and S

inc

. In
order to measure the intrinsic distribution of planets, we
must account for selection effects in the construction of
the CKS target list, geometrical transit probability, and
pipeline completeness. Our methodology follows that of
F17.

We first identified a subset of CKS planets drawn from
a well-defined population of parent stars by applying the
following cuts to our planet sample:

1. Stellar brightness. We restricted our sample to
the magnitude-limited CKS subsample, where Kp
< 14.2 mag.

2. Stellar radius. We restricted our analysis to dwarf
stars where

log
10

✓
R?

R�

◆
<

✓
T
e↵

� 5500K

4000K

◆
+ 0.2. (2)

3. Stellar effective temperature. We restricted our
planet sample to stars with T

e↵

= 4700–6500 K,
where the CKS temperatures are reliable.

4. Stellar dilution (Gaia). Dilution from nearby stars
can also alter the apparent planetary radii. For
each target, we queried all Gaia sources within
8 arcsec (2 Kepler pixels) and computed the sum
of their G-band fluxes. The ratio between this cu-
mulative flux and the target flux r

8

approximates
the Kp-band dilution for each transiting planet.
We required that r

8

< 1.1.

5. Stellar dilution (imaging). Furlan et al. (2017)
compiled high-resolution imaging observations
performed by several groups. When a nearby star
is detected, Furlan et al. (2017) computed a ra-
dius correction factor (RCF), which accounts for
dilution assuming the planet transits the bright-
est star. We do not apply this correction factor,
but conservatively exclude KOIs where the RCF
exceeds 5%.

6. Planet false positive designation. We excluded
candidates that are identified as false positives ac-
cording to P17.

7. Planets with grazing transits. We excluded stars
having grazing transits (b > 0.9), which have sus-
pect radii due to covariances with the planet size
and stellar limb-darkening during the light curve
fitting.

After applying these cuts, we are left with 859 planets.
Where possible, we applied the same filters on stel-

lar properties to the Kepler field star population. For
the stellar radius and temperature filters we used the
Gaia DR2 parameters. We could not apply the imag-
ing cut to the parent stellar population because it relies

Updated stellar and 
planetary radii using 

Gaia DR2

More massive stars = 
larger and hotter 

planets
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Spectroscopy + Parallax
Stefan-Boltzmann Law

Teff from CKS spectra

single 
mag

extinction Distance mod.  
(parallax)

bolometric 
correction
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The Gap is Not Empty
•Simple toy model: 

•Count number of planets in several boxes  

•Simulate distributions of planets 

•Compare simulations to real detections  

CKS-Gaia 9

Figure 6. Left: Two-dimensional distribution of planet size and orbital period. The median uncertainty is plotted in the upper
left. Right: same as left but with insolation flux on the horizontal axis. In both plots, the two peaks in the population as
observed by F17 are clearly visible, but with greater fidelity.

Figure 7. Toy model demonstrating that the two populations of planets have intrinsic widths. Left: Real planet detections with
boxes demarking the boundaries defined for the population of large planets (Rp = 2.0–4.0 R�), small planets (Rp = 0.7–1.5 R�),
and the gap between them (Rp = 1.5–2.0 R�). We find that the data is well-described by two populations with a 60% intrinsic
spread in their radii (middle). Decreasing that width to 40% is a clear mismatch to the data (right). Our toy model is described
in Section 4.3.

4.4. Trends with Host-Star Mass

In order to investigate potential changes in the struc-
ture of the planet radius distribution as a function of
stellar host mass, we split the sample into three bins of
stellar mass: M? < 0.96 M�, M? = 0.96–1.11 M�, and
M? > 1.11 M�. We chose bin boundaries such that the
three bins captured equal numbers of planets. Figure 8
shows the planet population in the P -Rp and S

inc

-Rp

planes for each of the three mass bins. The gap is clearly
visible in each of the three stellar mass bins, and spans a
larger range of planet radii compared to the full sample,
shown in Figure 6.

We observe several trends with stellar mass. First, the
typical size of super-Earth and sub-Neptune planets in-
creases with increasing stellar mass, an observation that

we quantify later in this section. This explains why the
planet populations are better separated when one con-
siders a narrow range of stellar mass; when all three
mass groups are combined the distributions overlap. It
also helps to clarify why the planet populations in Van
Eylen et al. (2017) seemed to be more separated com-
pared to those in F17. The asteroseismic sample was
heavily weighted toward stars more massive than the
sun, and is more directly comparable to the P–Rp dis-
tribution of our high mass bin. The top right panel of
our Figure 8 is a closer match to Figure 2 from Van Eylen
et al. (2017) than the upper left panel of our Figure 8.

To quantify the change in typical planet size with stel-
lar mass, we calculated the mean planet radius for sub-
Neptunes (1.7–4.0 R�, and P < 100 days) and super-
Earths (1.0–1.7 R�, and P < 30 days). We weighted

Fulton & Petigura (2018)
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Photoevaporation

Owen & Wu (2017)
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Stellar Mass Dependence
• Planets orbiting more 

massive stars are, on 
average, larger and hotter 

• Caveat: stellar mass is 
correlated with both 
metallicity and age

12 Fulton et al.

Figure 9. Mean planet properties as a function of mean stellar mass for super-Earths and sub-Neptunes (left and right columns
respectively). The top, middle, and bottom rows show the weighted average of planet radius, insolation flux, and orbital period,
respectively. Planets around more massive stars tend to be larger and hotter than those around lower mass stars, but their
orbital periods are similar.

extinction. We thank Alberto Krone-Martins for discus-
sions regarding the Gaia mission and its data products.
Daniel Huber kindly assisted with the isoclassify pack-
age.

EAP acknowledges support from Hubble Fellowship
grant HST-HF2-51365.001-A awarded by the Space
Telescope Science Institute, which is operated by the
Association of Universities for Research in Astronomy,
Inc. for NASA under contract NAS 5-26555.

This research has made use of NASA’s Astrophysics
Data System

This work has made use of data from the

European Space Agency (ESA) mission Gaia
(https://www.cosmos.esa.int/gaia), processed
by the Gaia Data Processing and Analysis Consortium
(DPAC, https://www.cosmos.esa.int/web/gaia/

dpac/consortium). Funding for the DPAC has been
provided by national institutions, in particular the
institutions participating in the Gaia Multilateral
Agreement.

Finally, the authors wish to recognize and acknowl-
edge the very significant cultural role and reverence that
the summit of Maunakea has long had within the in-
digenous Hawaiian community. We are most fortunate

Fulton & Petigura (2018)

Mass and Scalings for Super-Earths 5

Fig. 4.— Changes in the peak-to-dip ratios in the size histogram
as the planet mass (and radius) is scaled by various values of � (eq.
[3]). The top panel shows the two peak-to-dip ratios, r1,� and r2,� ,
together with their poisson errors. A choice of � ⇡ 1 maximizes
both ratios. The lower panel shows a combination of these two

ratios,
q

r21 + r22/
p

2, where r1 = r1,�/r1,0, r2 = r2,�/r2,0, which

is also maximized at � ⇡ 1. We mark with the shaded grey zone
roughly the range of acceptable �, judged by twice the poisson
errors. To argue that this is not a chance event, we overplot (in
grey points) results of 100 runs where the planet-star associations
are scrambled randomly. None of the runs produce as large a peak-
to-dip ratio (i.e., as sharp features) as that at � ⇡ 1 for the real
run.

3. PLANET PARAMETERS – MODELS OF
PHOTOEVAPORATION

Here, we extract information about the super-Earths
by applying the model of photoevaporation. Based on
the above discussion, we adopt a normal distribution for
the planet mass, with a mean that scales with the stellar
mass as M1

⇤ . And when comparing theoretical results
against observations, we only compare the scaled planet
radii, R0

p = Rp(M⇤/M�)�1/4. This then allows us to
leverage the entire GKS for our purpose, rather than
having to restrict ourselves to one stellar group at a time.

3.1. Characteristic Planet Masses

We simulate planets in the Gaia-Kepler sample (1841
planets). For each planet, we adopt its host star mass
and its observed period as input. This saves us the labour
from having to model the distributions of these two vari-
ables. We also do not need to consider transit proba-
bility. We then produce 10 mock planets for each real
planet, subject them to photoevaporation, measure their
size distribution at a few Gyrs, and compare this against
the observed 1-D distribution (Fig. 6). We have to in-
troduce a number of parameters to describe this process,
and we perform a �2-minimization (using the downhill
simplex method, Press et al. 1986) to find the best-fit
parameters. The 2D (radius-period) distribution is not
used in this procedure.

We assume the mock planets are drawn from a homo-
geneous population with core mass (Mcore), core radius

Fig. 5.— Planet sizes have no correlation with host star metal-
licity. There are 1141 planets in GKS that overlap with the CKS
sample and therefore have known host star metallicities. These
are mostly around FGK dwarfs. We separate the planets into
three groups with increasing metallicity (ranges and mean values
as marked) and display their respective histograms for the scaled
radius (R0

p = Rp(M⇤/M�)�1/4). The average metallicity changes
by a factor of 2.4, yet there is little discernible progression in the
distribution. There is, on the other hand, an excess of Jovian plan-
ets for the metal rich group.

(Rcore) and initial H/He mass fraction (X) as,

dN

d logMcore
/ exp


�

(logMcore � logMc)2

2�2
M

�
,

Rcore =1.03R�

✓
Mcore

M�

◆1/4

,

dN

d logX
/ exp


�

(logX � logX0)2

2�2
X

�
,

(4)

where �M and �X are the respective dispersions in loga-
rithmic space.4 We explicitly set the characteristic mass
Mc = M0(M⇤/M�), where M0 is the planet mass if
the host star is solar. The planet core radius takes the
form as in Fortney et al. (2007) to account for com-
pression, and its normalization reflects our assumption
that the planet bulk density, if it has a mass of 1M�, is
⇢1M� = 5.0 g/ cm3 (the Earth has ⇢ = 5.5 g/ cm3), an
assumption we justify later.

The above ansatz assumes that planet properties do
not depend on orbital separation, an assumption we re-
turn to later. It also assumes no correlation between core
mass and envelope mass. A more nuanced treatment is
desired but is not granted by the amount of data we have
at hand.

With these initial conditions, we forward model the
photoevaporation process as discussed in Owen & Wu
(2017). In particular, we adopt a high-energy luminos-

4 We have experimented with Rayleigh distributions but see no
dramatic changes.

Wu (2018)
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Figure 8. Same a Figure 4, but only for planets whose host stars
have masses in the range 0.85-1.15 M� and metallicities > �0.2.

work are safe if one is really interested in how planet forma-
tion varies with the protoplanetary disc’s total solid content.

Nevertheless, to investigate the trends identified in Sec-
tion 3 we take a narrow stellar mass range from 0.85 to
1.15 M� and exclude those planets with host star metallic-
ities < �0.2. In this sub-sample there is no strong mass-
metallicity trend and reproduce Figure 4 in this mass range.
The result is shown in Figure 8. It is clear that the trend that
“large” planets are bigger around more metal-rich stars still
holds true in this sub-sample, both at all periods and long
periods. Small number statistics prevent us confirming the
trend that at short periods, small planets are larger around
more metal rich stars. In order to investigate this further,
we alternatively cut the sample into a narrow metallicity
range with a spread of ±0.1dex around the median value
and compare the radius distribution for planets around high

Figure 9. Same as Figure 6, except this time just for those plan-
ets whose host stars have masses in the range 0.85 to 1.15 M�
and metallicities > �0.2.

and low mass stars (split at the median stellar mass value of
1.02 M�). Small number statistics prevent us from making
robust statements, but there is no statistically significant
evidence of a clear trend with stellar mass. This gives us
cautious optimism to presume that the significant trend of
bigger (more massive) solid cores around higher metallicity
stars is robust.

We need to be more cautious about the trend that
small planets at long periods are more frequent around lower
metallicity stars. There is weak, but not statistically robust
evidence, that both sub-samples covering a narrow range
in metallicity, but wider range in mass or a narrow range
in stellar mass, but a wider range in metallicity show the
trends that could be responsible for driving the original ob-
servations that small planets are more frequent at long pe-
riods around CKS stars with lower metallicities. However,
here we do not have the sample size to be confident about
the driver; one would suspect that both are playing a part.

Additionally, one might worry that because high-
metallicity stars are more massive (and hence brighter) in
the CKS sample, small planets at large periods are harder to
observe around these objects. Petigura et al. (2018), in mea-
suring absolute occurrence rates, confirm that at periods of
10-100 days, small planets are more abundant around low-Z
stars in both an absolute and relative sense (while larger
planets are more common around high-Z stars), indicating
that the trend we identify is not coming from this selection
bias.

Finally, we reproduce Figure 6 in Figure 9 for our nar-
row stellar mass range and see indeed that the trend iden-
tified previously is indeed robust to the correlation between
stellar mass and metallicity.

In summary, we have checked to see whether the trends
identified previously in Sections 3 and 4 are robust to the
correlation between stellar mass and metallicity present in
the Fulton et al. (2017) sample of CKS stars. We find no
evidence that metallicity is just a proxy for stellar mass in
driving these trends; except in the case where long-period,
smaller planets are more frequent around metal poor CKS
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