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The Context

chrate, precise, and homogeneous determination of stellar parameters and\

elemental abundances of planet host stars is crucial for a comprehensive

characterization of planetary systems:

1 To derive absolute planetary masses (and radii), which depend on precise
determination of exoplanet-hosting stellar masses (and radii)

1 To derive precise stellar ages

1 To measure stellar abundances (e.g., Fe, Mg, Si, C, O, N, S) and correlate
them with planetary abundances (e.g., to study the
formation/migration/evolution mechanisms)

O To distinguish features from stellar and planetary atmospheres

\Q / 0 Known Planets with transiting planets (e.g. RML, ATMO)

-> benchmark targets/study (Biazzo et al. 2022)
Known Planets with long period planets
Metal-Poor stars

M-type stars

Oper Clusters

Young Objects

Stars with Neptunian candidates

Q Other (asteroseismology, SPI, etc.) /
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The Method
Chemical and Kinematic analysis

G Approach to measure precise chemical properties (MOOG code+ATLAS models+HFS+NLTE):\
QO Line equivalent widths (T.g, logg, &, [Fe/H], [X/H])
Q Spectral synthesis (vsini, Li, CNO)
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The Method

Chemical and Kinematic analysis

G Approach to measure precise chemical properties (MOOG code+ATLAS mode|s+HFS+NLTEh
O Line equivalent widths (T.g, logg, &, [Fe/H], [X/H])
Q Spectral synthesis (vsini, Li, CNO)

QO Kinematic procedure:
O Space velocity components: Gaia parallaxes/proper motions and HARPS-N V,.4
O TD/D probabilities (Bensby prescriptions)

\ d Zmaxr €6 Rperi; Rapo: RGC (galpy paCkage)
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G YD/OD stars \

A No evident trend
with [Fe/H]

Q 4 stars with
Viot>70 km/s (thick
disk?)

Q 5 (old) stars with
TD/D>0.5
(lARmean'RGC|>1)

Q Stars with <5Mye,
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K older
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@ Chemical and Kinematic properties
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(EI All 5 targets with TD/D>0.5 show \ (EI [Fe/H]<-0.2: slight a—enhancement \
[Fe/Ti]<0.0 but different kinematics
Q All older (age>5.5 Gyr) targets show Q solar [Fe/H]: highest-[o/Fe] value for
[Fe/Ti]<0.0 the star with the lowest-mass planet
O Mean v,>20 km/s for targets with O [Fe/H]>0.2: a—enhancement for the

\_ [Fe/Ti]<0.0 ) most metal-rich stars )

— Kinematically hot stars, older, and a-enhanced
— Kinematically cold stars, younger, and less a-enhanced




@ Abundances as “Chemical clocks”

(/ X/Fe] versus Age:

production over shorter timescale with respect to iron
Q s-process elements (e.g., Y, Zr) over Fe have negative slope due to their delayed

AGB stars with respect to the early contribution of SNIa/SNII that produce iron
— abundance ratios of pairs of elements produced over different timescales can be

wed as "chemical clocks" (e.g., Nissen 2015, Casali et al. 2020)

O o-elements (e.g., Mg) over Fe have positive slopes with ages in agreement with their

production from successive captures of neutrons by iron-peak elements in low-mass

~

/

- mean 22 Gyr

First attempt done in
exoplanet hosting stars

Comparison with isochronal ages
(PARSEC models; Bressan et al. 2012)
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@ Abundances as “Chemical clocks”

(/ X/Fe] versus Age:

O o-elements (e.g., Mg) over Fe have positive slopes with ages in agreement with their
production over shorter timescale with respect to iron

Q s-process elements (e.g., Y, Zr) over Fe have negative slope due to their delayed
production from successive captures of neutrons by iron-peak elements in low-mass
AGB stars with respect to the early contribution of SNIa/SNII that produce iron

— abundance ratios of pairs of elements produced over different timescales can be

wed as "chemical clocks" (e.g., Nissen 2015, Casali et al. 2020)
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Lithium abundance
and
“chemical age”
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Ariel targets: first tests
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Comparison with isochronal ages
(Yonsei-Yale models; Han et al. 2009)
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Ariel targets: first tests ®

N L B B B R ( . \
oF [Y/A] mean 2.2:£1.8 Gyr Q Errorsin [X/H] < 0.2 dex
G ¢ 0 5000 < T« < 6500 K
: @ oo e Sl Q -0.5 <[Fe/H]< 0.3 dex
8 B 8
s | 5 8o : Tot = 60 stars
g o e SR 1 . . .
a @ g g DDD @, Comparison with isochronal ages
T e e 1 | (Yonsei-Yale models; Han et al. 2009)
NIl =) warm |
r I:/',/DD gl metal-poor : II
o low logg |
0 2 4 Ageﬁwe ) 8 10 12
R . \ R N R T L 35~ T T 1 T T T T
Lithium o0 e g ; E Lo
30 g F ] 3.0 —
abundance ., TR, @EEE b4
250 O o o ® — 250 ]
g Tot = 40 stars VAR : D Tophad m P h 1 0 A
S 20f o eo Bg % 1 |2 2<F 00?4 :
it 3 O Zg O O
" _ Pleiades (100 Myr) E " _ E
0‘5:_ | | ||©@0_ O-5:‘YaIeAlge .................._:

Tett (K) Agechem,Yn\a (GY')




G@ The importance of Mg, Si, C, O
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Lower-mass planet hosting star
shows higher Mg/Si ratio

r

- Mg,Si,C,0 play important role in the formation/migration of exo-planets
— Importance of the Galactic chemical evolution

—> Mg/Si, C/0O, (0-Mg-2Si)/Fe of the lowest-mass planet compatible with
\ olivine-rich mantle and large (iron) core
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Q Pyroxene-rich Olivine-pyroxene-mixed Propensity for a smaller core ~ Propensity for a bigger core
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(9 Mg,Si,C,0 play important role in the formation/migration of exo-planets A

— Importance of the Galactic chemical evolution
—> Mg/Si, C/0O, (0-Mg-2Si)/Fe of the lowest-mass planet compatible with

\ olivine-rich mantle and large (iron) core y




G@ The |mportance of Mg, Si, C, O
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- Mg,Si,C,0 play important role in the formation/migration of exo-planets
— Importance of the Galactic chemical evolution
—> Mg/Si, C/0O, (0-Mg-2Si)/Fe of the lowest-mass planet compatible with
\ olivine-rich mantle and large (iron) core D




@ Stellar abundances vs Planetary masses
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\ location in the Galactic disk?
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@Tracmg the Planet Formation Scenario...

Case A: Gas + Solids
4 T T T T T T T T

Case B: Gas Only
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N3 N

O C/N*>C/O0*>N/O* heavy elements dominated by the accretion of solids
QO N/O*>C/O0*>C/N* accretion from the disk gas

Name C/N. C/O« N/O.

C/N, C/O, N/O, |C/N* C/O* N/O*

HAT-P-12 2.0940.16 0.3140.18 0.15+0.16
WASP-10 2.00+0.21 0.3740.18 0.1940.18
HAT-P-26 3.80+0.15 0.55+0.12 0.14+0.12
WASP-39 3.73+0.12 0.514+0.12 0.1440.14

5.33+0.18 0.8040.15 0.1540.10(2.554+0.24 2.5840.23 1.00£0.19
6.31+0.32 0.8240.30 0.134+0.10(3.1640.38 2.2240.35 0.68+0.21
1.7940.16 0.25£0.13 0.14+0.10|0.47£0.22 0.45+0.18 1.00+0.16
1.734£0.16 0.26+£0.12 0.15+0.10|0.46+0.20 0.51+0.17 1.074+0.17

See also talks by Diego Turrini, Elenia Pacetti



G@ Tracing the Planet Formation Scenario...

Case A: Gas + Solids Case B: Gas Only
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O C/N*>C/O0*>N/O* heavy elements dominated by the accretion of solids
QO N/O*>C/O0*>C/N* accretion from the disk gas

Name C/N. C/O, N/O, IC/N, C/O, N/O, IC/N* c/O° N/O
HAT-P-12 2.0950.16 0.31£0.18 0.1520.16 5.33+0.18 0.80L0.15 0.15+0.1042.5510.24 2.58+0.23 1.00L0.1
WASP-10 2.00+0.21 0.37-0.18 0.1940.18 16.3140.32 0.82+0.30 0.13+0.1003.1640.38 2.2240.35 0.68+0.2
HAT-P-26 3.8040.15 0.5540.12 0.14-0.12 11.79+0.16 0.254+0.13 0.1440.1000.4740.22 0.45-+0.18 1.004+0.1
WASP-39 3.73+0.12 0.51-£0.12 0.1440.14 1.7340.16 0.264-0.12 0.15-0.1000.46-0.20 0.514-0.17 1.07+0.1

P: Kawashima & Min 2021 P/S

4 )
Q Accretion of solids + N-rich gas between N, and CO, snowlines (HAT-P-12), C-

enriched gas between CO,-CH4 snowlines (WASP-10)
\EI Formation outside the CO, snowline and accretion of gas (HAT-P-26 & WASP-39) y




@ Next-coming perspectives for Ariel targets

Stellar Characterization WG
(PI Camilla Danielski)

Spectroscopic method & Gaia astrometry/photometry | see talk by
Stellar Parameters sub-WG (INAF) Laura Magrini

) \

Elemental abundance determination Stellar Ages/Masses
Stellar Abundances sub-WG (CAUP) (1A)

[ Alternative age determination from chemical clocks? ]

Homogeneous Approach
= to correlate Stellar-Planetary Properties
- to study Planetary Formation/Evolution



