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CHEOPS Science

2 CHEOPS OBSERVING PROGRAMMES

GUEST OBSERVERS' PROGRAMME,
proposed by the scientific community
worldwide

Ancillary science: non-time
critical observations from
other research areas such as
stellar physics and planetary
science

Searching for new planets
around bright stars that are
already known to host one or
more planets

Searching for special features
of particular planets (moons,
rings, tidal stretching)

#cheops

Eesa

GUARANTEED TIME OBSERVING
PROGRAMME, compiled by the
Cheops science team

Improving the size measurements
of planets for which transit and
radial velocity measurements are
already available, to provide better
estimates of their density

Searching for transits of
planets that were discovered
via the radial velocity method

Characterising the atmosphere
of planets using the phase
curve method
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What are exoplanets made of?

telluric
super—Earths'?

gas dwarfs?

massive core
subgiants?

gas
P ERE

ocean
planets?

mini
Neptunes?

. hydrogen/helium envelope

-thin atmosphere

D ice mantle/volatile envelope

D solid core (rocks+metals)



Ground-based

Ground-based transit surveys
RV surveys ! ..
l Reﬂnei pararrrl‘gtter: (radii), Space-based
Search for transits SOVe arciiletilis. transit surveys
study TTVSs, ...

of RV planets

Atmospheric follow-up
facilities
Ground-based
high-resolution spectroscopy
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Three low-mass planets detected with HARPS

Planet b
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Planets b and ¢ caught in transit with TESS

Cycle 1 — Sector 12
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1 Visit 4 - planet b

L —— Roll angle linear model (instrument)

m —— SHO GP (stellar noise)
—— Total model (transit + instrument + star)

—— Transit model
Detrended light curve

0.6

7
Tlme [BJD] +2.458967e6

Relative flux

Relative flux

Relative flux

Relative flux

1.

1.

1.

1

0.

0.

0.

0.

0.
0.

0.

-0.!

-0

-0.

Residuals [ppm]

0006

0004

0002

0000

9998

9996

9994

9992

9990

+
0002

0000 |

0002

0004

0006

N
=1
S

-200

1.00050

1.00025

1.00000

0.99975

0.99950

0.99925

0.99900

0.99875

0.99850

1.00000

0.99975

0.99950

0.99925

0.99900

Residuals [ppm]

N
=3
=3

o

-200

Visit 2 - planet c

—— Roll angle linear model (instrument)

(\/\/f\/\/\/\/\ —— SHO GP (stellar noise)
r —— Total model (transit + instrument + star)

—— Transit model
Detrended light curve

06
Time [BJD] +2.45895466

Visit 5 - planets ¢ and d

—— Roll angle linear model (instrument)
—— SHO GP (stellar noise)
—— Total model (transits + instrument + star)
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Characterization of the stellar signal

PSD (ppm?/uHz)

Frequency at

-- Oscillation envelope

Granulation

-- High frequency noise
== Combined GP model

Power law model

g = 1.14 + 0.22

maximum power

Vmax = 2710 + 77 pHz

First
asteroseismic

measurement
with CHEOPS !
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Delrez+ 2021, work by S. Sulis



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

Visit 5 - planets c and d
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Occurred at 1.30 of an inferior conjunction of planet d (based on the HARPS RVs)

Delrez+ 2021



v2 Lupi d: the first long-period planet
detected to transit a naked-eye star
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Comparison between TESS and CHEOPS

Phase-folded detrended light curves
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Typical RMS of the individual light curves :
~80 ppm / 10 minutes ~15 ppm / 10 minutes

~30 ppm / 1 hour ~6 ppm / 1 hour
Delrez+ 2021




Comparison between TESS and CHEOPS

Parameters
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(TESS+CHEQOPS+RV5s)
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Comparison between TESS and CHEOPS

Parameters

TESS
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Consistent and CHEOPS significantly more precise
(higher photometric precision but also more transits)

Delrez+ 2021



Comparison between TESS and CHEOPS
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Ephemeris refinement: uncertainty in 2022 = 15.1 / 4.8 min for b / ¢ (vs 140 / 164 min previously)
Delrez+ 2021

Best constraints




A system straddling the radius valley
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Internal structures

0 10 20 30 40 50 60 70 80 90100 0 1020 30 40 50 60 70 80 90100
metallic core (wt%) = metallic core (wt%) =

likelihood of posterior distributions

0 X

= = = } uncertainty on total planet radius

[] (] []3 uncertainties on layer thickness

water envelope

metallic core + rocky mantle
Earth
7 7 7 7 ¢ 1 1 7 7 (to scale)
0 10 20 30 40 50 60 70 80 90100

metallic core (wt%) =

Planet b: bare core (no gas), mostly rocky
Planets ¢ 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



Alternative interior model for planet b

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

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



Evolution of the atmospheric mass fraction

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

Planets ¢ 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

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



Potential for atmospheric characterization

Exoplanets with well constrained masses and radii (<4 Rg)

Transmission spectroscopy GJ1214b
metric of Kempton+ 2018
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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!
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Thanks to the CHEOPS team



