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What are exoplanets made of?
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𝜈!Lupi
G4V at ~15 pc

V = 5.8

Enter the 𝛎𝟐 Lupi system…



Three low-mass planets detected with HARPS

Udry+ 2019

P = 11.6 d
M sin i = 4.8 𝑴⊕

P = 27.6 d
M sin i = 10.8 𝑴⊕

P = 107.6 d
M sin i = 8.6 𝑴⊕

Planet b Planet c

Planet d



Planets b and c caught in transit with TESS

Planet d?

TESS did not 
cover any 

inferior 
conjunction 

Kane+ 2020 (note: reobserved during Sector 38 – two more transits of b and one more of c)

1.5 𝑹⊕ 2.6 𝑹⊕

Cycle 1 – Sector 12





Characterization of the stellar signal

𝜈"#$ = 2710± 77 µHz

First 
asteroseismic 
measurement 
with CHEOPS !

𝛼% = 1.14 ± 0.22 Flicker 
index

Delrez+ 2021, work by S. Sulis

Frequency at 
maximum power

𝝂𝟐 Lupi
Sun



An unexpected transit-like flux drop 
during the fifth CHEOPS visit

Occurred at 1.3𝜎 of an inferior conjunction of planet d (based on the HARPS RVs)

Delrez+ 2021



𝜈! Lupi d: the first long-period planet
detected to transit a naked-eye star 

Delrez+ 2021



Comparison between TESS and CHEOPS

2	transits

1	transit

4	transits

3	transits

1	transit

Typical RMS of the individual light curves :
~80 ppm / 10 minutes
~30 ppm / 1 hour

~15 ppm / 10 minutes
~6 ppm / 1 hour

Phase-folded detrended light curves
b

c

c

d

b

Delrez+ 2021

TESS CHEOPS



Comparison between TESS and CHEOPS

Delrez+ 2021



Comparison between TESS and CHEOPS

Consistent and CHEOPS significantly more precise
(higher photometric precision but also more transits) Delrez+ 2021



Comparison between TESS and CHEOPS

Best constraints
Ephemeris refinement: uncertainty in 2022 = 15.1 / 4.8 min for b / c (vs 140 / 164 min previously)

Delrez+ 2021



A system straddling the radius valley

𝑹𝒃 = 𝟏. 𝟔𝟔𝟒 ± 𝟎. 𝟎𝟒𝟑 𝑹⊕
(2.6%)

𝑹𝒄 = 𝟐. 𝟗𝟏𝟔$𝟎.𝟎𝟕𝟑)𝟎.𝟎𝟕𝟓 𝑹⊕
(2.6%)

𝑹𝒅 = 𝟐. 𝟓𝟔𝟐$𝟎.𝟎𝟕𝟗)𝟎.𝟎𝟖𝟖 𝑹⊕
(3.4%)

Delrez+ 2021



Internal structures

Planet b: bare core (no gas), mostly rocky 
Planets c and d: small H/He envelopes (≲1% in mass)

and large water fractions (formed beyond the ice line?)

Delrez+ 2021, work by Y. Alibert and J. Haldemann, based on Dorn+ 2015, 2017 



~0.07 wt% steam atmosphere
+ ~2 wt% of water in magma ocean

Alternative interior model for planet b

Lichtenberg & Dorn 2021 (see also poster by C. Dorn) 



Evolution of the atmospheric mass fraction

Planet b: 
completely lost its primary atmosphere at some unknown point in time

Planets c and d: 
- weakly affected by mass loss → low gas content of primordial origin

→ did not reach the critical mass
- core mass and gas-to-core ratio for two objects in the same system             

→ important anchor for formation models of sub-critical planets

Planet	b Planet c Planet	d

Delrez+ 2021, work by L. Fossati and A. Bonfanti, based on Kubyshkina+ 2019 

current
(internal structure modelling)
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current (internal structure modelling)

initial
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Potential for atmospheric characterization

Transmission spectroscopy 
metric of Kempton+ 2018

𝑇𝑆𝑀 ∝ //0012
1//34
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567
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𝝂𝟐 Lupi d is the best target
so far for studying the 
atmosphere of a mildly
irradiated small planet
around a Sun-like star

Exoplanets with well constrained masses and radii (<4 𝑅⊕)

Ongoing program with HST (PI: D. Ehrenreich) to study
the atmospheric escape of the three planets in the FUV

Delrez+ 2021



Stay tuned for more results!

Thanks to the CHEOPS team


