Imprints of Formation on Exoplanets

The role of Stellar Mass and Metallicity

ILARIA PASCUCCI

Lunar and Planetary Laboratory, Department of Planetary Sciences
The University of Arizona



https://almascience.nrao.edu/alma-science/planet-forming-disks Mk # P

P B LK
Ponat | Scoie &

Lagrange et al. (2010)



Mcore (Mg) Moore (Ma) Mcore (Msg)

MCOfe (Mg)

10.0

1.0

0.1
10.0

1.0

0.1
10.0

1.0

0.1
10.0

1.0

0.1

3, (glem®) = 020

34

56

(S107) e 32 uosme

Stellar metallicity ~ Disk metallicity

Stellar mass and stellar metallicities —
amount of solids in a disk to form planets

0 see also lda & Lin (2004), Mordasini et al. (2012), Hansen & Murray (2013)
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Some definitions...
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H = Non-Metal ;
Li | Be - Metal B C|N|O|F |Ne
Na |Mg Al USi|P|S | alar
“Metals’: all elements heavier than He K [Ca | Sc | Ti| V |Cr|Mn| Fe|Co| Ni |Cu|Zn | Ga|Ge| As | Se | Br |Kr
Rb|Sr Y |Zr|Nb/Mo| Te |Ru/Rh Pd |[Ag|Cd|In|Sn|Sb|Te| 1 |Xe
Cs|Ba La|Hf | Ta|W |Re|Os|Ir Pt |Au Hg|TI|Pb| Bi|Po| At |Rn
Fr Ra|Ac lUannplUnhl

“Metallicity’: Fe/H content with respect to solar

[Fe/H] = log(Fe/H)star - log(Fe/H)sun
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See also Everett et al. (201 3),

Buchhave et al. 2014, De Cat et al.

- (Frasca et al.2016) [/

(2015), Endle & Cochran (2016)....

[Fe/H] in the Kepler field

Petigura et al. (2017)

CKS: ~1,300 KOI
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Fic. 13.— Comparison of Teg (left), log g (middle), and [Fe/H] (right) values between CKS and Kepler Input Catalog (KIC; Brown

6800

Mean(A) = -52 K
RMS(A) = 161K .

T

4800 5200 5600 6000 6400 6800
Ten (K) [CKS]

KIC - CKS

logg (dex) [KIC]

438

44

4.0

3.6

3.2

0.25
0.00

-0.25

.

| Mean(A) = 0.09 dex [*17%
RMS(A) = 0.29 dex

36 4.0 44
logg (dex) [CKS)

48

[Fe/H] (dex) [KIC)

KIC - CKS

Mean(A) = -0.194 dex
| RMS(A) = 0.254 dex

=04

[Fe/H] (dex) [CKS]

et al. 2011) for 1215 stars in common. Annotations indicate the mean and RMS differences between the samples.

Ten (K) [LAMOST]

LAMOST - CKS

F1G. 15.— Comparison of T (left), log ¢ (middle), and [Fe/H] (right) values between CKS and the LAMOST survey (De Cat et al.
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2015) for 283 stars in common. Annotations indicate the mean and RMS differences between the samples.

(talk by Teske on the challenges in deriving metallicities)

from Petigura et al. (2017)
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The giant planet occurrence rate increases with stellar mass
but drops for stars more massive than ~2.5Msun
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see also Johnson et al. (2010), Howard et al. (2012), Jones et al. (2016)
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B More solids available in disks around higher mass stars & \’\,\.
— W (giant planet formation via core accretion) " ALMA
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planet occurrence rate [%]

IIIIIIllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIl]l

= planets
30 ____| candidate planets
® Eq. 3, bin mean
= Eq.3,[FeH]=0
o5 q. 3, [Fe/H]
20

-t
(&)

10

lllllllllllllllllllIllllllllllllll

lllllllllIlIllllllllllllllllllllll

1 L1l

stellar mass [Mg_]

see also Carpenter et al. (2006), Dahm &
Hillenbrand (2007), Currie et al. (2009)
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Protoplanetary disk fraction (%)

Disks around stars more massive
than 2Msun disperse faster
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The giant planet occurrence rate increases with stellar metallicity

This finding supports giant planet formation via core accretion
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see also Udry & Santos (2007), Sousa et al. (201 1), Mortier et al. (201 3)



Planet mass [Jupiter masses|

Two giant planet populations: two formation processes!?

16

S

(£107) "Ie 3@ sojues

0
-1.0 -08 -06 -04 -0.2 0.0 0.2 0.4 0.6

(based on the exoplanet.eu and the SWEET-Cat catalogues)
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From RVs to Kepler: from planet masses to radii
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Rp> I ZRearth (Mp> 125 Mearth)

Jovians of mostly H and He for

In the sub-Neptune regime

(<4Rearth): Rocky planets for
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Rauer (2015), Chen & Kipping (2017)
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5 0 Planet Occurrence within 50 days
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occurrence rate P = 2.0 - 50.0 day

Cumulative Planet Mass [.\I@]
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M dwarfs have ~3 times more
|-2.8Reareh planets than FGK stars (but
two times less Neptune-size planets)

Most of the solid mass is in
| -3Rearth planets




Paucity of pebbles in ~2Myr-old disks around low-mass stars: faster
inward migration (link to giants?) and/or planetesimal formation

. , ,
- Pascucci et al. (2016)
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Are all types of planets more frequent around metal-rich stars!?
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Metallicity—Orbital Period dependence

RV - Transit
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Hot Jupiters and hot Neptunes are mostly
in single systems
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» Metallicity
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within 10 days
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T y— Take home messages:

—The amount of solids in a disk impacts the type of

planets that can form (higher stellar mass and/or higher
metallicity — higher occurrence rate of giant planets)

— Giant planets affect the formation of rocky planets

(e.g. single hot Jupiters and Neptunes, lack of giants = more pebbles in
the planet-forming zone)




