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Exoplanetary characterization

Multiplanetary systems

) Inner bulk composition

{IASM
¢t @

Ly Rocky or gaseous?
\_ Atmosphere? Formation & evolution? Y,

Comp arative Planet()logy Millholland et al. 2017

> j mpositions | il . ¢ - ¥ ¥
Comparison of bulk compositions ) c ®. © s ..
> Relative planet sizes, masses, and > ©®,.. . ® P »
. . —E a o ® ® : ® [ J : . ® v e :
orbital separations L eo. ¢ .| ..
> Mutual inclinations and mamaaazmssams&szés:azssags

> ... J




The TOI-561 system

The host star
V' =10.525 mag CHECKLIST
Ve L
M, = 0.806 M, -\// Old: t ~11 Gyr
| V] Quiet:log R, = -5.003
R* = 0.843 R, -\// Metal-poor: [Fe/H] = -0.40
T = 5327 K -\// a-enhanced: [a/Fe] = 0.23
\// High proper motions

A thick disk star
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Credit: Kaley Brauer, MIT



The TOI-561 system

Literature summary
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The TOI-561 system

Literature summary

60 HIRES RVs
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The TOI-561 system

Literature summary
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The TOI-561 system

CHEOPS/HARPS-N collaboration

1.006 |
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1,004 4 561 d (25.7 d)
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Nice confirmation of the 25 d period planet and

witness of a successful CHEOPS/HARPS-N collaboration!



The TOI-561 system
CHEOPS observations

TOI-561b = P=045d TOI-561c = P=108d TOI-561d = P=25"7d
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The TOI-561 system

Planetary properties

e e HIRES
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The TOI-561 system

Planetary properties
Planet b e HIRES
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The TOI-561 system

USP planets
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The TOI-561 system

Planetary properties

TOI-561 c
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The TOI-561 system

Planetary properties
Planet d e HIRES
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The TOI-561 system

Planetary properties
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The TOI-561 system

Planetary properties
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The TOI-561 system

Mass-radius diagram
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The TOI-561 system

Internal structure modelling

Bayesian approach assuming a fully-differentiated 4-layers model: _P»\"\’&
[Core + Mantle] + Water layer + \Noﬁwﬂ
TOI-561b TOI-561d
. Mg, = 1-3t8:2 wt% M, < 0.9 wt%

My o = 367}, wt%

]

TOI-561e

MH2O = 311-;3 Wt%




The TOI-561 system

Atmospheric evolution modelling

X
Bayesian approach (PASTA code, Bonfanti at al. 2021) to compute the Q)oo‘{"‘o

VA
atmospheric content at the dispersal of the protoplanetary diSk:\N o&‘é\;ﬁ%"%@

2 5 Planet b Planet ¢ 10 Planet d Planet e
2 100
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60
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1 40
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0 ' ' 0 ' ' 0 3 0
0O 02 04 06 08 1 0O 02 04 06 08 1 0 0.008 0.016 0.024 0 0.002 0.004 0.006
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atm,b pl atm,c pl @ atm,d pl atm,e pl

Planets b and c underwent strong envelope loss, while

planets d and e did not experience strong atmospheric escape



https://ui.adsabs.harvard.edu/abs/2021arXiv211009106B/abstract

The TOI-561 system

An additional signal

TOI561 HARPS-N + HIRES ¢; periodogram
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The TOI-561 system

An additional signal

What is it?

> P,=473[-25,+36]d

> K ,=194+027ms’

> Stellar origin = magnetic fields
(S-index low-frequency peak)

> Planetary origin = Found in
SCALPELS independent analysis (not

\\ a CCF shape-driven signal) /

5-keplerian fit, with the 5™ keplerian both
compliant with a planetary companion or
a stellar signal
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THE TOI-561 SYSTEM:

AGLOBALVIEW

P-1078d
R=2092+004R,
8 M-54:07M,

TOI-561: an old,
metal poor, thick

disk star

- TOl-561b: = . |

a'USP super-Earth . * - |

' TOl-561 c:

Msin(i) ~20 M_ | |
’ An external
companion?

c

. TOIl-561 e:
" alnother) mini-Neptune

' a gaseous mini-Néeptune >
P-044d : i PR
R=142+007R, % | ;i ' "
M=199%0.22M, .+ . TOl-561d:

\ - . ©~ amini-Neptune®

The lowest density USP |
planet known to date!

P=2571d

R=283+007R,
M=132+109 M,




