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Planets in'the Solar System

v" Terrestrial (Mercury,
Venus, Earth & Mars).

Exoplanet Types

Terrestrial

Earth-sized or smaller, mostly
made of rock and metal. Some
could possess oceans or
atmospheres and perhaps
other signs of habitability.

v Neptune-Like (Uranus &
Neptune).

Neptune-Like

Similar in size to our own

Neptune and Uranus, with hydrogen

or helium-dominated atmospheres.
“Mini-Neptunes,” not found in our
solar system, are smaller than Neptune
but larger than Earth.

v" Gas giants (Jupiter &
Saturn).

Super-Earth

Typically “terrestrial,”" or
rocky, and more massive
than Earth but lighter than
Neptune. They might or
might not have atmospheres.

Gas Giants

The size of Saturn or Jupiter, or much
larger. They include “hot Jupiters"- scorching
planets in close orbits around their stars.

Super-Earths.
Credit: NASA.
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Are super-Earths and cold Jupiters
correlated?

o —

-0.5-0.3-0.1 0.1 0.3
[Fe/H]

Yes!

Zhu & Wu (2018): ‘
stars with Jupiter analogs al§@
host an inner super-Earth (
transit). "

Minimum mass (Mg)

102
Period (days)

Credit: Zhu & Wu (2018).
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Are super-Earths and cold Jupiters
correlated

- Barbato et al. (201

the frequency of inner low mass planets in
the presence of oute |

(RV).

e Bryan et al. (2019): Jupiter analogs also host an inner

super-Earth (RV).

 Bonomo et al. (2023): occurre )ld Jupiters with inner small

companions is (RV).

e Rosenthal et al. (2022): 4271290 ¢ t hosts also host an inner small

planet (RV).



Could Jupiter.explain the absence of a SE?

Mulders et al. (202 tems with both super-Earths and gas

giants, the planet’'s ma d be anti-correlated (i.e. the most

massive super-Earths sh | t in systems that also harbor the



Testing the SE:CJ correlation

Full sample

* Radial velocity survey.
* 719 stars.

* 178 confirmed G o
exoplanets. o % o o°% o Cold Jupiters

Inner Super-Earths
® Rest of the sample
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Legacy Survey (Rosenthal et al.



Are Cls.without inner SE companions more
maSS|Ve? esoe— | Super-Earths and their outer companions

Median mass of

Super-Earth definition
Super-Earths with
outer giant companions

Quter cold Jupiter companions

Median mass of | - e
: +1.43 &

:10.0713:3 M-

outer giant companions

o
<)

0.1 . . 1.0 .
Semi-major axis [au]

Cold Jupiters and their inner companions

Cold Jupiter definition

(]
~
Completeness

Median mass of
:0.26%3:09M;.

M sin(i) [Me]

Median mass of cold Jupiters without inner
super-Earth companions: 1.68f8j%(2’M].

0.1 1.0
Semi-major axis [au]
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Accountingifer detection bias
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Accountingifer detection bias
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by the average detectloh
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002

Completeness

Semi-major axis [au]

arid plot for CJs with inner SE companions.
Completeness contours correspond to SE hosts. 10



Intrinsic median mass

Sample

SEs

Table 1
Median Projected Mass of Each Subsample

With Without
Median Companions Companions

Observed  10.07'35 M- 10.711 g3 M.

—(.88

Debiased 10.741353 & 10.871508 M,

Observed 0.26 007 M; 1.681025 My

Debiased 031109 My 175913 M,

Cold Jupiters
massive when
inner su;

imes more
mpany of an
rth.
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Occurrence rates

've cold
_M]).

Sample P(CJI|SE) P(SE|CI)

| (%) (%)
Cls 8.6 - 43.2 ' 49.0
Super-Jupiters

—_—

dq Saturns 30.0 + 13.0 56.6 = 17.1

*P(SE) = 14%

currence rate of Saturns increases

50% least massive cold )
n company of an inner super-Earth.

Jupiters (Msin(i) < 1.5M;).
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How does this compare to other studies?

S —
~0.5-0.3-0.1 0.1 0.3
[Fe/H]

e Zhu & Wu (2018):
correlation.

* Bonomo et al. (2023): =

correlation. 2 107
* Bryan et al. (2019):
correlation. T Lo
104
Period {days)
Credit: Zhu & Wu (2018).
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assive when not in company of an inner
ass difference between the two groups.

e Cold Jupiters are 5
super-Earth, which i

e Super-Earths are 1.01 tim
planet. '

e when not in company of an outer giant

* Occurrence of Saturns is enhan or of ~4 when in presence of an

inner super-Earth (and vice vers

* The absence of a super-Earth int tem may be explained by Jupiter

having grown too massive.
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A bit of context
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Saturns, but Not Super-Jupiters, Occur More Frequently in
the Presence of Inner Super-Earths

Etienne Lefevre-Forjan and Gijs D. Mulders
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Cold Jupiters,and super-Earths

* P(CJ)

* P(SE)

25/03/2026
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Planet Mass or Mass*sin

Planet Mass or Mass*sin(i) vs Orbital Period

exoplanetarchive.ipac.caltech.edu, 2025-08-14

() [Jupiter Mass]

|
o
N

® Discovery Method

® Transit

® Radial Velocity

4 Transit Timing Variations
Imaging
Eclipse Timing Variations
Microlensing
Pulsar Timing

*  QOrbital Brightness Modulation
Astrometry
Pulsation Timing Variations
Solar System

=
o
R

102 10°  10*
Orbital Period [days]

Credit: NASA.
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* Chachan et al. (2022): ou
simultaneously (pebble ac

presence of a cold Jupiter, allo
(planetesimal transport).

e Bitsch & Izidoro (2023): too mass

of super-Earths (pebble accretion

etion).

uper-earths could be formed

sported to the inner system in
On of short-period planets

piters could reduce the survival rate

18



* |s the occurrence re
giants?

* s the occurrence rate of

Earths?

ths enhanced by low-mass outer

ts enhanced by inner super-
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The California Legacy Survey
(Rosenthal et @k, 2021)

Full sample

e 719 stars.

e 178 confirmed
exoplanets.

Cold Jupiters
Inner Super-Earths
@ Rest of the sample

1.0 10.0
Semi-major axis [au]

o 0.23au < a < 10au.

au.

* Cold Jupiters: 30Mg < Msin(i)
 Super-Earths: Msin(i) < 30Mg

Completeness
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Cumulative distributions

Miass dependence?

* Kolmogorov-Smirov p-val: ¢
Earth mass distributions: 0z -  Super-Earths with

outer giant companions

Super-Earths without
outer giant companions

* Kolmogorov-Smirnov p-valuef R
. L sin(i) [Me]
Jupiter mass distributions: 0.00%.

Cold Jupiters without inner

super-Earth companions seemto ___ Cold Jupiters with inner
h super-Earth companions
be a lot more massive! Cold Jupiters without

inner super-Earth companions

2.5 5.0 7.5 10.0 12,5 15.0 17.5
M sin(i) [M)]
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Detection bias»

* It is not possible to det

HIRES pre 2004

every planet orbltmg.cer | HIREsS "
star. Some Of them WI” be . . 2000 4000 6000 Rosenthal et

missed. = s al. (2021).

100000.0

* Detection completeness: ; |
fraction of detectable planets:
with certain mass and period.

o
o

o
N
probability of detection

o
[N]
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Accountingifer detection bias
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Cold Jupiters with inner SE companions. : Cold Jupiters without inner super-Earth companions.
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Intrinsic.number of planets

Mass distribution of super Earths
With outer giant companions Without outer giant companions

[ Debiased 0.38 [ Debiased
I Observed B Observed
0.32

0.26
0.19

0.13

10
M sin(i) [Me]

Mass distribution of cold Jupiters
With Super-Earth companions Without Super-Earth companions
[0 Debiased ' 401 3 Debiased

| I Observed [ Observed

100 103 104 100 103 104
M sin(i) [Mg] M sin(i) [Mg]

Occurrence rate

Occurrence rate
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Occurrence rates

PCJ) P(CJ|SE)

Any Giant “ >
Planet Lt == . @

@
Super
Jupiter g : @
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assive when not in company of an inner
ass difference between the two groups.

* Cold Jupiters are 5.€
super-Earth, whichi

e Super-Earths are 1.01 ti ne e when not in company of an outer giant

arence between the two groups.

.,\

. . : B

* Super-Jupiters are not enhance ce when small inner planets are
present, while Saturn-mass plan ced by a factor of ~4.

factor of ~4 when in presence of a
when in company of a super-Jupiter.

* Occurrence of super-Earths is enh
Saturn-like giant, but they are not ¢
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Mass dependence?

[
.

Name T, . ") ' i) K M, sini

[BIDpg — 2.45E06] day [deg] [ms~'] [ Myupl

Kepler-68d 5892.0 £ 5.4 632.62 £ 1.0: . 0.102+ 0.016 2564104 17.20+0.29 | 0.749 £ 0.017
Kepler-68e 7791+ 3 3455 4.6 0.33+0.11 19671 3.73+0.39 ]0.272 +0.032
Kepler-454c TI51.87 +£0.69  524.19+0.20 1.287 +0.017 < 0.0053 - 111.58 £0.55 | 4.51£0.12

Kepler-454d 33+ 2 136 ey 8 - 28437 2.31#07
K2-312¢/HD80653c  8968.80 = 0. 921.2 £ 10.8 1961 +0.027 0 41.6 + 2. 194+17 5.41%022

Bonomo et al. (2023):
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Viass dependence?

—-0.5—-0.3-0.1 01 0.3
[Fe/H]

Minimum mass (Mg )

102
Period {days)

Zhu & Wu (2018):

correlation. Looks like t

may be

discrepacies
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Mass [MEartf'|]

pendence
to the
literature!

Period [days]

Bryan et al. (2019):
correlation.
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e Our results agree ion made by Mulders et al. (2021): “the most
in systems that also harbor the most

* Mass dependence is a feaSj ) to the discrepancies in the
) elation include less massive gas
giants, while studies in favor of. rrelation include more massive gas
giants. : |

tem could be explained by Jupiter
ets. We could test this hypothesis
Jupiters and Saturns.

* The absence of super-Earths in the
belonging to the group of massive
by improving the boundary betwee

30
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