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Populacoes de exoplanetas

(Liu & Ji, arxiv:2009.02321)
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Planetas pequenos sao mais comuns que planetas grandes

¢ Removendo o viés observacional, e para estrelas tipo solar:

Hot-Jupiters (HJ) - 1%
Cold-Jupiters (CJ) - 5—-10%
Super-Earths (SE) - 30%

(Dong & Zhu, 2013)
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A ocorréncia de super-Terras se mostra muito menos dependente
da metalicidade estelar
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Super-Terras sao mais abundantes ao redor de estrelas anas
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o HJs possuem Orbitas mais circulares do que os WJs e CJs

Orbital Eccentricity
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Altas excentricidades e inclinacdes orbitais de planetas gigantes
podem ser causadas pelo efeito Lidov — Kozai (companheiro

distante) ou por outros mecanismos como o scattering planetario.

¢ Inclinacéo = inclinacdo mutua (entre planeta e compaheiro).
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Muitos HJs possuem grandes obliquidades, incluindo érbitas
polares e retrogradas

¢ Obliquidade = angulo entre o spin da estrela e 0o momento angular orbital do
planeta.

¢ Lidov — Kozai e scattering podem explicar as grandes obliquidades (Naoz + 2011,
2013; Chatterjee + 2008).

¢ Outros mecanismos podem ser: reorientacéo do spin estelar devido a processos

internos; inclinacdo do disco protoplanetario devido a interacdo com estrela
companheira (Lai, 2012; Zanazzi & Lai, 2018).
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o Dados do KEPLER revelam:

¢ Sistemas multi-planetarios tém excentricidades e inclinagdes relativamente baixas.
¢ Sistemas de um planeta exibem altas excentricidades e inclinagoes.

¢ Sistemas de um planeta — pertenciam a sistemas multi-planetarios e tiveram suas
Orbitas excitadas devido a interacdes planeta-planeta de longo periodo ou por
companheiros externos. Assim, eles aparecem como planetas “isolados” nos
levantamentos.
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HJs raramente possuem companheiros externos até poucas UAs

¢ Consistente com cenarios de mecanismos Lidov — Kozai e scattering
(Mustill + 2018).

¢ HNs predominam em sistemas de um planeta (Dong + 2018).
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~ metade dos Jupiteres mornos coexistem com planetas de baixa
massa
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Jupiteres frios tendem a estar acompanhados por super-Terras
quentes

¢ 25 — 30% dos sistemas contendo Jupiteres frios sdo também habitados por outros
planetas gigantes (Wittenmyer + 2020).
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A razao de periodos de planetas adjacentes nao mostra
concentracao em MMR nem distribuicao aleatéria

¢ Distribuicao assimétrica ao redor das 2/1 e 3/2 MMRs.

¢ Alguns mecanismos: mare; interacdo com planetésimos; migracao em discos
altamente turbulentos; instabilidades dinamicas em sistemas compactos (Delisle & Laskar
2014; Chatterjee & Ford 205; Batygin & Adams 2017).
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A taxa de ocorréncia de super-Terras quentes tem uma distribuicao
de raio bimodal, com um fator de queda entre Rp ~1,5-2R®

¢ Vale do raio ou deserto sub-Netuniano.

¢ Transicéo na composicao de planetas rochosos sem envelope gasoso de H/He para
planetas com envelopes de gas de alguns % da massa do planeta
(Lopez & Fortney, 2013).

¢ Mecanismos: perda de gas por fotoevaporacao (Owen & Wu, 2017); impactos que
removem atmosferas primordiais (Liu + 2015).

. 4

4= 10

g no

o 8-

D_l p—]

o @

o © o

c .

2 a- e

=

=

Z /
D 1 1 I I I ]. .

1 1.5 2 25 3 35 4 1
Planet Radius [R g ] Orbital Period [d]

(Van Eylen + 2018)



Planetas interestelares
¢ Formalmente n&o séo planetas (definicao I1AU).

¢ Detectados através de micro-lenteamento
(https:/lyoutu.be/6vVetESCEMA).

¢ Origem:

- planetas ejetados de sistemas planetarios jovens
(van Elteren + 2019, A&A, 624) ou velhos (Zink +
2020, arXiv:2009.07296).

- formacéao in-situ em regides de formacao estelar
(sub-brown dwarfs, ex: OTS 44).

¢ Numero de planetas interestelares pode superar
ao de estrelas na Via Lactea.

¢ Candidatos existem em outras galaxias (RXJ
1131-1231, Dai & Guerras 2018, ApJL, 853)




Nancy Grace Roman Space Telescope

About the Roman Space Telescope

The Nancy Grace Roman Space Telescope (formerly known as WFIRST, the
Wide Field Infrared Survey Telescope) — a mission concept to answer vital
qguestions in both exoplanet detection and dark energy research.

The powerful role that spaceborne telescopes can play in the future was
underscored by a seminal study in 2010 called New Worlds, New Horizons in
Astronomy and Astrophysics, written by the U.S. National Research Council. That
study, which laid out a blueprint for ground- and space-based astronomy and
astrophysics for the decade of the 2010s, rated the Roman Space Telescope
(then called WFIRST) as the top-priority large-scale mission.

lllustration of Mancy Grace Roman Space Telescope
Credits: NASA

¢ A previsao é de detectar ~ 250 planetas interestelares com massas minimas similares a
massa de Marte (Johnson + 2020, AJ, 160).

¢ Lancamento dentro dos proximos 5 anos.



The Great Inequality and the Dynamical Disintegration of the Quter Solar System
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ABSTRACT

Using an ensemble of N-body simulations, this paper considers the fate of the outer gas giants
(Jupiter, Saturn, Uranus, and Neptune) after the Sun leaves the main sequence and completes its stellar

evolution. Due to solar mass-loss — which is expected to remove roughly half of the star’s mass — the

orbits of the giant planets expand. This adiabatic process maintains the orbital period ratios, but

the mutual interactions between planets and the width of mean-motion resonances (MMR) increase,
leading to the capture of Jupiter and Saturn into a stable 5:2 resonant configuration. The expanded

orbits, coupled with the large-amplitude librations of the critical MMR angle, make the system more
susceptible to perturbations from stellar flyby interactions. Accordingly, within about 30 Gyr, stellar
encounters perturb the planets onto the chaotic sub-domain of the 5:2 resonance, trigeering a large-scale

instability, which culminates in the ejections of all but one planet over the subsequent ~ 10 Gyr. After
an additional ~ 50 Gyr, a close stellar encounter (with a perihelion distance less than ~ 200 AT)
liberates the final planet. Through this sequence of events, the characteristic timescale over which the
solar system will be completely dissolved is roughly 100 Gyr. Our analysis thus indicates that the

expected dynamical lifetime of the solar system is much longer than the current age of the universe,
but is significantly shorter than previous estimates.



Planetas orbitando estrelas evoluidas

¢ Gigantes vermelhas

Compilation of Discoveries of Substellar Companions around Giant Stars

This is, to the best of my knowledge, a list of all credible planets orbiting giant stars. Typically, only refereed publications
are considered.
Planets orbiting subgiant stars are not included.

The table is now sortable (click on the column headers) and downloadable in cvs format!

P> 112 substellar companions in 102 systems
click here to download data in cvs format

- # name hip A" - + K - + sptype feh - + mstar -
[mag] [mag] [M_Sun]

1 iota Dra b 75458 3.29 0.671 K2 III 0.11 1.05 0.36
2 Pollux b 37826 1.16 -0.936 KO IIIb 0.07 1.86

3 HDI11977b 8928 4.68 2.590 G5 III -0.16 2.31
4 HD 47536 b 31688 5.25 2.383 K1 III -0.65 0.04 0.04 0.98 0.08
5 HD13189Db 10085 7.57 3.997 K2 II 4.5 2.5
6  epsilon Taub 20889 3.53 1.422 KO III 0.17 0.04 0.04 27 0.1

https://www.Isw.uni-heidelberg.de/users/sreffert/giantplanets/giantplanets.php



L = 4n°0T?R* - ao longo da fase RGB, o raio estelar cresce dramaticamente.

106+

2
I

SUI'I}

= 1021

Luminosity
!

1021

1041

Asymptotic
Giant Branch

Red Giant
Horizontal Branch /| Branch

exhaustion Estrelas evoluidas

i
40,000

| | | |
20,000 10,000 5,000 2,500
Temperature (K)



Planetas orbitando estrelas evoluidas

¢ Gigantes vermelhas

- Estrelas gigantes vermelhas perdem massa de forma significativa.

- A perda de massa tem impacto na evolucao do semi-eixo dos planetas:
da B a dM
dr Y T M+4m dr’
d de
(&).)=((&).)-0
dr J dr J .,

M= —ax 107 (22) (2 (2 B Mg yr™' i
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o @

Veras + (2015)

- da/dt > 0 -~ planetas se afastam da estrela



Planetas orbitando estrelas evoluidas

¢ Anas brancas

MAJOR PLANETS (4)

PSR B1620-26 (AB) b gov wate| WD 0806-661 b S imaang

Discovery: Thorsett, Arzoumanian & Taylor (1993) Discovery: Luhman, Burgasser & Bochanski (2011)
Sigurdsson, Richer, Hansen et al. (2003) | Origins: Rodriguez, Zuckerman, Melis et al. (2011)
Origins: Beer, King & Pringle (2004)
Sigurdsson & Thorsett (2005)

Veras (2021)



Planetas orbitando estrelas evoluidas

¢ Anas brancas

Os 4 planetas descobertos séo gigantes e se localizam a distancias muito
pequenas ou grandes da ana, revelando efeitos de viés observacional.

WD J0914+1914 b &, ==| WD 1856+534 b S= ™"

Discovery: Gansicke, Schreiber, Toloza et al. (2019) | Discovery: Vanderburg, Rappaport, Xu et al. (2020)

Origins: Veras & Fuller (2020) Origins: Mufioz & Petrovich (2020)
Veras (2020) Chamandy, Blackman, Nordhaus et al. (2021)
Zotos, Veras, Saeed et al. (2020) Lagos, Schreiber, Zorotovic et al. (2021)
STDphal'I, Naoz & Gaudi [:_;_._DE-E} O Cﬂnﬂ':'r_, Liu & Lai [2[}21}

Stephan, Naoz B Gaudi (2021)

white

L
dwarf evaporating 0.02 au
ice giant ) '4'F -
white S g

dwart intact

gas giant

Veras (2021)



Planetas orbitando estrelas evoluidas

¢ Buracos negros? -. Blanets




Planetas orbitando estrelas evoluidas

¢ Buracos negros? -. Blanets

THE ASTROPHYSICAL JoURNAL, 886: 107 (7pp). 2019 December | hitps:/ /doi.org /10.3847 /1538-4357 fabdcf0
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Planet Formation around Supermassive Black Holes in the Active Galactic Nuclei
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Absiract

As a natural consequence of the elementary processes of dust growth, we discovered that a new class of planets can
be formed around supermassive black holes (SMBHs). We investigated a growth path from submicron sized icy
dust monomers to Earth-sized bodies outside the “snow line,” located several parsecs from SMBHs in low
luminosity active galactic nucler (AGNSs). In contrast to protoplanetary disks, the “radial dnft barrier” does not
prevent the formation of planetesimals. In the early phase of the evolution, low collision velocity between dust
particles promotes sticking: therefore, the internal density of the dust aggregates decreases with growth. When the
porous aggregate’s size reaches (.1-1 em, the collisional compression becomes effective, and the decrease 1n
internal density stops. Once 10-100m sized aggregates are formed, they are decoupled from gas turbulence, and
the aggregate layer becomes gravitationally unstable, leading to the formation of planets by the fragmentation of
the layer, with 10 times the mass of the Earth. The growth umescale depends on the turbulent E;Lrs:nglh of the
circumnuclear dn‘k and the black hole mass Mgy, and it 1s comparable to the AGN’s lifetime (wlﬂ yr) for low
mass (Mpy ~ 10°M -) SMBHs.



Planetas em outras
Galaxias ?

nature astronomy

Explore content v  About the journal v  Publish with us +

nature > pature astronomy > articles > article

Article | Published: 25 October 2021

A possible planet candidate in an external galaxy
detected through X-ray transit

Rosanne Di Stefano [, Julia Berndtsson, Ryan Urquhart, Roberto Soria, Vinay L. Kashyap, Theron W.
Carmichael & Nia Imara

— Transito de ~3h em uma
binaria de raios X indica a
presenca de um planeta na
galaxia Messier 51 (23 Mlyr).

— Planeta do tamanho de
Saturno.

— Periodo orbital ~ 70 anos.




Exploracao

(1990 2003 2006 ETE 2013 2018 2019

NASA Spitzer Kepler/K2 TESS

CNSA/CAS Close-by Habitable MiYin

Exoplanets Survey
{CHES)

(aINASAESA Partnership
(e)NASAESA/CSA Pamnership
(NCNES/ESA Partnership

https://sci.esa.int/web/cheops
https://sci.esa.int/web/plato
https://sci.esa.int/web/ariel
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https://sci.esa.int/web/ariel

	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27

