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Only the least massive outer giants occur more 
frequently in the presence of inner super-Earths



Planets in the Solar System
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Credit: NASA.

✓ Terrestrial (Mercury, 
Venus, Earth & Mars).

✓ Neptune-Like (Uranus & 
Neptune).

✓ Gas giants (Jupiter & 
Saturn).

 Super-Earths.



Are super-Earths and cold Jupiters
correlated?

Yes!

Zhu & Wu (2018): 90−20
+20% of

stars with Jupiter analogs also
host an inner super-Earth (RV & 
transit).
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Credit: Zhu & Wu (2018).



Are super-Earths and cold Jupiters 
correlated?
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• Barbato et al. (2018): we estimate the frequency of inner low mass planets in 
the presence of outer giants as 𝑓𝑝 < 9.84% (RV).

• Bryan et al. (2019): 102−51
+34% of stars with Jupiter analogs also host an inner

super-Earth (RV).

• Bonomo et al. (2023): occurrence rate for cold Jupiters with inner small
companions is 9.3−2.9

+7.7% (RV).

• Rosenthal et al. (2022): 42−13
+17% of cold giant hosts also host an inner small

planet (RV).



Could Jupiter explain the absence of a SE?

Mulders et al. (2021): “in systems with both super-Earths and gas 

giants, the planet's masses should be anti-correlated (i.e. the most 

massive super-Earths should not exist in systems that also harbor the 

most massive giant planets).”
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Testing the SE-CJ correlation

• Radial velocity survey.

• 719 stars.

• 178 confirmed
exoplanets.
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California Legacy Survey (Rosenthal et al. 
2021)



Are CJs without inner SE companions more 
massive? 
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• Median mass of super-Earths with outer

giant companions: 10.07−2.36
+2.60𝑀⨁.

• Median mass of super-Earths without outer

giant companions: 10.71−0.88
+1.43𝑀⨁.

• Median mass of cold Jupiters with inner

super-Earth companions: 0.26−0.07
+0.09𝑀𝐽.

• Median mass of cold Jupiters without inner

super-Earth companions: 1.68−0.22
+0.10𝑀𝐽.



Cold Jupiters without inner super-Earth
companions seem to be a lot more massive.
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Accounting for detection bias
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Detection completeness: 
fraction of detectable planets
for a certain mass and period.

Credit: Rosenthal et al. (2021).



Accounting for detection bias

We obtain the intrinsic number of 
planets, by dividing the number of 
planets by the average detection 
completeness inside each mass-sma bin.
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Grid plot for CJs with inner SE companions. 
Completeness contours correspond to SE hosts.



Intrinsic median mass
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Cold Jupiters are 5.65 times more 
massive when not in company of an

inner super-Earth.



Occurrence rates
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Top 50% most massive cold
Jupiters (𝑀𝑠𝑖𝑛 𝑖 > 1.5𝑀𝐽).

50% least massive cold
Jupiters (𝑀𝑠𝑖𝑛 𝑖 < 1.5𝑀𝐽).

The occurrence rate of Saturns increases
while in company of an inner super-Earth.

* 𝑃 𝑆𝐸 ≈ 14%



How does this compare to other studies?

• Zhu & Wu (2018): positive
correlation.

• Bonomo et al. (2023): negative
correlation.

• Bryan et al. (2019): positive
correlation.
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Credit: Zhu & Wu (2018).



Conclusions

• Cold Jupiters are 5.65 times more massive when not in company of an inner 
super-Earth, which is a significant mass difference between the two groups.

• Super-Earths are 1.01 times more massive when not in company of an outer giant 
planet.

• Occurrence of Saturns is enhanced by a factor of ∼4 when in presence of an 
inner super-Earth (and vice versa).

• The absence of a super-Earth in the Solar System may be explained by Jupiter 
having grown too massive.
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Backup slides
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A bit of context
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Cold Jupiters and super-Earths

• P(CJ) ≈ 23% (Fulton et al. 2021).

• P(SE) ≈ 42% (He et al. 2019).
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Credit: NASA.



What do theoretical models say?

• Schlecker et al. (2020): super-Earths are more likely to be destroyed while in 
company of outer giants (core accretion).

• Chachan et al. (2022): outer giants and super-earths could be formed 
simultaneously (pebble accretion).

• Best et al (2023): solid material can be transported to the inner system in 
presence of a cold Jupiter, allowing formation of short-period planets 
(planetesimal transport).

• Bitsch & Izidoro (2023): too massive cold Jupiters could reduce the survival rate 
of super-Earths (pebble accretion).
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Main questions

• Is the occurrence rate of super-Earths enhanced by low-mass outer
giants?

• Is the occurrence rate of low-mass giants enhanced by inner super-
Earths?
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The California Legacy Survey
(Rosenthal et al. 2021)

• 719 stars.

• 178 confirmed
exoplanets.
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• Cold Jupiters: 30𝑀⊕ < 𝑀𝑠𝑖𝑛 𝑖 < 6000𝑀⊕ ; 0.23𝑎𝑢 < 𝑎 < 10𝑎𝑢. 

• Super-Earths: 𝑀𝑠𝑖𝑛 𝑖 < 30𝑀⨁ ; 𝑎 < 1𝑎𝑢.



Mass dependence?

• Kolmogorov-Smirov p-value for super-
Earth mass distributions: 0.77.

• Kolmogorov-Smirnov p-value for cold
Jupiter mass distributions: 0.001.
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Cold Jupiters without inner
super-Earth companions seem to

be a lot more massive!



Detection bias
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• It is not possible to detect
every planet orbiting certain
star. Some of them will be 
missed.

• Detection completeness: 
fraction of detectable planets
with certain mass and period.

Credit: 
Rosenthal et 
al. (2021).



Accounting for detection bias

• To correct CJs with SE companions, we 
account for the detection 
completeness of SE hosts, as we want 
to know how high is the sensibility for 
detecting CJs in such systems.

• Calculate the average detection 
completeness per mass-period bin, 
picking 9 bins evenly spaced in log 
scale.

• Obtain the intrinsic number of planets, 
by dividing the number of planets by 
the average detection completeness
inside each bin.
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Grid for CJs with inner SE companions. 
Completeness contours correspond to SE hosts.
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Cold Jupiters with inner SE companions. Cold Jupiters without inner super-Earth companions.



Intrinsic number of planets
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Occurrence rates
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P(CJ) P(CJ|SE)



Summary

• Cold Jupiters are 5.65 times more massive when not in company of an inner 
super-Earth, which is a significant mass difference between the two groups.

• Super-Earths are 1.01 times more massive when not in company of an outer giant 
planet, which is not a significant mass difference between the two groups.

• Super-Jupiters are not enhanced in occurrence when small inner planets are 
present, while Saturn-mass planets are enhanced by a factor of ∼4.

• Occurrence of super-Earths is enhanced by a factor of ∼4 when in presence of a 
Saturn-like giant, but they are not enhanced when in company of a super-Jupiter.
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Mass dependence?
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Bonomo et al. (2023): negative correlation.



Mass dependence?
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Looks like the mass dependence
may be a solution to the

discrepacies in the literature!

Zhu & Wu (2018): 
positive correlation.

Bryan et al. (2019): 
positive correlation.



Conclusions

• Our results agree with the prediction made by Mulders et al. (2021): “the most 
massive super-Earths should not exist in systems that also harbor the most 
massive giant planets”.

• Mass dependence is a feasible explanation to the discrepancies in the 
literature. Studies in favor of a positive correlation include less massive gas 
giants, while studies in favor of a negative correlation include more massive gas 
giants.

• The absence of super-Earths in the Solar System could be explained by Jupiter 
belonging to the group of massive giant planets. We could test this hypothesis 
by improving the boundary between super-Jupiters and Saturns.
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