Characterization of planet host stars for HWO:
the case of Ariel
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Know the star, know the small planet

Moving beyond the correlations between iron metallicity & planet presence,
stellar composition can be used more directly for planet formation & composition.

What is the compositional link between stars & planets?

Modelling interior structure
* Planet Mass & Radius ~ directly dependent on stellar M, R e Star composition (iron mass fraction) -? planet composition
e Uncertainties in planet mass & radius are still a limiting e Not enough precise & uniform planetary masses (errors
<25%)

factor for rocky composition & structure (e.g. Otegi+ 2020)
e Stellar Fe/Si, Mg/Si with low uncertainties (<3%) can improve

models (e.g. Valencia+ 2013, Dorn+ 2015)

e Limiting precision on stellar abundances (Fe, Ni, Si, Mg, O)
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Different Galactic components have
different chemistry/age/kinematics

Stars in halo
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Where are small planets formed in the Galaxy?

Different Galactic components have 50 |
° ° ) ° |:I Thln dlSk __—
different chemistry/age/kinematics 2ol |E=3 Thick disk i
: B hamr
credit to H. Spatschek Stars in halo
" " \\\ _30-E:j Halo |
* * * v
=
* i Z 20 i g
" Bulge/.""" : Thin disk g
= i 20 25 30 35 40 5
- » » f (%) fas]
0.5 I I I I I I I ] I I ] I ] I
| |. | | ] | i3
* 45 . . .
- 40 i 1 Thin disk
0.4 |- - .| 7 [ Thick disk ||
thick disc 0 il L e
% % T I Halo
03F o o skuii EXEE 823 i
R " ... [a/Fe] - sep g 20} [] il
fﬂ-‘ 1, | z
- ¥ m l. h.'.*;;.‘. 15
= s e -~ nign alpha metal | r— .
E 3L L L .. W 1‘19 alpha metal poo 10} ] ° TheOI’y predICtS that planetary Mmass &
I . i o t‘ A . 5 o e
halo P . iﬂl composition depend on [Fe/H] & a-
® N 2 _ 0O 40 50 60 70 80 90 100 :
0.1 | ¢ * vue :*‘}1# o - Water fraction (%) elements (adopted Nielsen+ 2023).
. CURR s i e Planets formed within different parts
L ’ *..;3:‘_,_. d Stars from different Galactic populations of the galaxy have inherently different
i e 4 ARy are expected to form rocky planets with mass & compositions
Adibelkyan+I 2071 2| | s significantly different iron-to-silicate mass
_0.‘1 | | | | 1 1 | | | 1 1 | 1 1 .
-1.5 -12 -09 -06 -03 O 0.3 06 & water mass fractions (Santos+ 2017).

[Fe/H]



The Ariel mission

Planned launch: 2029

Mission theme: Ariel will study the composition of 1000
exoplanets from rocky to giants & provide a

chemical census Dby
atmospheres.

ESA'S NEW AND FUTURE EXOPLANET MISSIONS
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Cheops

First step
characterisation
of known Earth-
to-Neptune size

exoplanets

H#ExploreFarther

Y

Webb

Detailed characterisation
of exoplanet atmospheres
through transit studies

and direct imaging

Plato

Studying terrestrial
planets in orbits up
to the habitable zone
of Sun-like stars,
and characterising
. these stars

analysing their

Ariel

Performing a chemical
census of a large and
diverse sample of
exoplanets by analysing
their atmospheres

HE NEED OF AN HOMOGENEOU

01
Observations

0 High resolution & S/N
1000 planet hosts (ESPRESSO, HARPS,
A-FGK-M types UVES, SALT, LBT)

Danielski+19

02
Atmospheric

para meters
Magrini+22
Tsantaki+25

03
Activity
indexes

05

04

Masses
Abundances

: Ages
CNO, refractory, LI g
da Silva+ 23, Bossini+ in prep.

Delgado-Mena+ in prep.
Tsantaki+ in prep.


https://sites.google.com/inaf.it/arielstellarcatalogue

Homogeneous -

stellar parameters .
for 358 FGK planet hosts with
. o 3 4.00 - . ;j%; ;:2‘:%?. 2
high resolution spectroscopy N e
4.50 - M Y R

Methods: + S CHTR

1. EqUivalent Widths of Fe Lines (I\/Iagrini+ 22) " 7500 7000 6500 6000 5500 5000 4500 4000

2.Spectral Synthesis Technique for Fast Rotators Terr (0

(Tsantaki+ 25) 100 ——————— I

To ensure consistency, the same ingredients were utilized: | ° . "
radiative transfer, atomic data, model atmospheres & logg w0 ‘ ° '4‘“{;%‘
from spectro-photometry. 5 ) e 43§;

Combined dataset: 358 FGK-type stars & 446 planets:
e 4200 < Teff <7100 K
° 290 < |Og g < 460 deX 06 08 1.0 12 1.4 1.6 18 2.0

e -0.60 < [Fe/H] <0.50 dex M (this workd [
e 0.6 <M=+<1.8 Msolar Improved & homogeneous masses based on isochrone fits
(Magrini+2022, Tsantaki+2025, Bossini+ in prep.)
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Planet hosts do not follow the metallicity distribution
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The Ariel Mission Candidate Sample so far
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More massive planets are formed predominantly around

[Fe/H]-rich stars and are mainly located in the

disc.

o disc stars are metal rich and should also be the

youngest.

e As stars get more chemically enriched over time, the
formation of more massive planets is also enhanced.

(see also Adibekyan+ 2012; Biazzo+ 2022; Swastik+ 2022)
Caution on the detection biases of low-mass planets.



The Ariel Mission Candidate Sample so far
1) Are hosts still chemically enriched after removing the effects of GCE?
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The HWO stars: Exploration Program Mission Star List

Living Worlds — WG Target Stars & Systems
Goal to “constrain important properties of host stars & their planetary systems”.

Target Stars for preparatory science Single stor NSO > @000 [(mm TeAl-
e 164 nearby (d<25pc) FGKM types Binary star [RSSSRSICTCOOC NN 102 | |E TierB|-
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The HWO stars: Exploration Program Mission Star List

Living Worlds — WG Target Stars & Systems
Goal to “constrain important properties of host stars & their planetary systems”.

Target Stars for preparatory science

e 164 nearby (d<25pc) FGKM types

e the most accessible for habitable exoplanets

e Prioritization can change depending on various stellar parameter:
stellar energy spectrum, stellar chemistry, definition of HZ (Ware+ 20

e Large discrepancies in some elements
e Need for homogenous analysis
e Lack of important elements

AISVI I T I T I T L] I 2 T T T T ] 1 I"]KT w0 rAxTSVk [LIIH] 7
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 1 g [C/H] /////////_ T
2 1 2F [N/H] LI, , -
- | 1 “°F . [O/H] LAY, 140 é .
- 20} EEL; R $ o oy [Na/H] 7777727 i > -
15f {" 10} 3 e O o Porpy’ 42~ TEL [Mg/H] 777 g
12- _- 5t "{: 0 resv ©0 ‘. . .. {u 'ﬂjf{%ggﬁv LAI/H] 48
2 X A, ixa% S o E NN .
OEH""-'-."" TP P . T TE 0: | P T T T & ‘.E\' | GBV _® m =0 ..*‘x-’}"’ le 2 i [SII{H] : WM 152
. . : . , . . 0 m° m N B ~TE A < KOV ) : :
OA 1 aien3t V4m5a r?|tu7de8 0.4 06M0a251“3| \1)2 1.4 1.6 s - .-. '3& 57 g g«,;:: (P/H1 B 11
L L 4D 2 Lo g0l skt wltT o [S/H] /////////_ 132
sk 1 35 3 K5V 2 “’;: ,/./“;x%ﬁ x K5V [K/H] 722 62 5
ok ] 2 Ly e X LT v el [Ca/H] I, 150
z 15} 1z 20 S |y ®TEES . Moy [Fe/H] ///////////_ 155
10F {1 15 Gs2* = .+ . "+ " Tier A [Ni/H] / 151
5 | 2 M2V o4 o , Tier B - M2y, —_— '
obd = | 3 , ] (L . Tier C. . 0 20 40 60 80 100 120 140 160 180
7000 6000 5000 4000 O15-190 =05 00 05 M3y L xrejected M3V| Number of systems
Effective temperature (K) Metallicity [Fe/H] o L T
0 5 10 15 20 A

Harada+ 2024

Distance [parsecs]

Mamajek & Stapelfeldt 2023

Harada+ 2024




log g

51|

4.0f

4.5}

5.0

Precursor science for HWO: benchmarking the host stars

Teff
® Spectroscopy
e Photometry (e.g. IRFM)
* [nterferometry

Mass, Radius, Age
e Asteroseismology (input of Teff, [M/H])
e Spectroscopy+isochrone fitting
e [nterferometry (only Radius)

Metallicity

Rotation, Activity
® Spectroscopy

High resolution spectroscopy is key! But a holistic approach on the
characterization can be beneficial.

. Run 0

Communication between stellar astrophysicists, planetologists &
astrobiologists

Experience from Ariel using a combination of data from
spectroscopy, photometry & astrometry for better constraints of

the target list.

see also Gaia benchmark stars (Heiter+ 2015)
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7000

6000 5000 4000 7000 6000 5000 200!
Terr [K] Torr [K]



Normalized Flux

Stellar charactetization: observational challenges

e Deriving precise & accurate abundances for key elements is extremely difficult:
only very high resolution & very high S/N spectra

e Some elements are not fully explored (e.g. blending)

e Some elements are not easily observationally accessible (e.g. nIR, UV)
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Fe correction (dex)

Stellar characterization: modelling challenges

Spectroscopy is model dependent!

Need to update our analysis methods for the elements most affected:
e non-LTE effects apply
e 3D model atmospheres

Evolution of Solar O over 40 years
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e The Galactic environment plays a very important role in shaping the planetary system.
These effects on planet demographics have so far been unexplored observationally.
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