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Hace unos 2300 anos..

» "Hay infinitos mundos tanto similares como
distintos del nuestro”. Epicuro.

= "No puede haber mas mundos que uno”.
Aristoteles.
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The Exoplanet Data Explorer is an interactive table and plotter for exploring and displaying data from the Exoplanet
Orbit Database. The Exoplanet Orbit Database is a carefully constructed compilation of quality, spectroscopic orbital
parameters of exoplanets orbiting normal stars from the peer-reviewed literature, and updates the Catalog of nearb



Nuestra galaxia
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Sistema Solar

Mundos rocosos, gaseosos y helados

Linea de hielo
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Nebulosa protoplanetaria







HST « WFPC2

Protoplanetary Disks in the Orion Nebula

NASA, J. Bally (University of Colorado), H. Throop (SWARI),
and C.R. O'Dell (Vanderbilt University) ® STScl-PRC01-13



HD 141569 1 arcsec (100 AU) HR 4796A 1 arcsec (70 AU) 1 arcsec (20 AU)

Figure 10.4: Examples of imaged debris disks: (a) HD 141569 observed at 1.1 um with HST-NICMOS (Weinberger et al., 1999, Fig-
ure 1). (b) HR 4796A, observed in the optical with HST-STIS (Schneider et al., 2009a, Figure 2; this version courtesy G. Schneider).
(c) p Pic, from combined ESO 3.6-m ADONIS imaging in 1996 (outer region), and 3.6 um observations with VLT-NACO (inner re-
gion) revealing the probably planet, f Pic b (Lagrange et al., 2009b, this version courtesy A.M. Lagrange, D. Ehrenreich, and ESO).
In all cases, the geometric central structures are artefacts of the coronagraphic imaging.
















Principales elementos en el polvo: CHON




Nebulosa Protoplanetaria

* Hy He: 98.5%
= Minerales + “hielos": 1.5 %

= Minerales: primeros en condensar, generan
nucleos de condensacion
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Mercurilio

Dia = 2 ahos mercurianos !
-170 C < Temperatura < 400 C




Venus

Dia = - 117 dias terrestres
Temperatura media = 5oo C
Presion = go atm.

CO2
No hay agua




Roca solida y seca (basaltos)




Marte

Volcanes fosilizados
Erosion por fluidos
Agua en el pasado

June 26, 2001 September 4, 2001




Marte Sin agua superficial.

Hielo subsuperficial (permafrost)




Marte

Capas sedimentarias
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Ceres(planeta enano)

- - -~




Jupiter
H+ He
Temp.: -170C
Masa= 300 Tiert
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Encelado

Océano congelado
Temperatura: -200C
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Encelado




Encelado




Atmosfera de Nitrogeno
Temperatura media =-170C
Presion > 1 atm.

Metano solido en superficie
Lagos de nitrogeno




Tapetus

Compuestos de carbono







Urano y Neptuno CH4 + NH3

Temp: -220C

Masa= 20 Tierras
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Pluton y Caronte




Pluton

False Color







Jovenes (100 millones de afnos...) montanas de hielo.




TECNICAS



Star accretion (?)

July 2015 Exoplanet Detection ecallameous
1931 exoplanets ' Colliding planetesimals (1?)
Methods =

(1221 systems, 484 multiple)
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19 planets 603 planets 1 planet 35 planets 59 planets 1210 planets
Discovered: (14 systems, (452 systems, (1 system, (33 systems, (54 systems, (679 systems,
4 multiple) 108 multiple) 0 multiple) 2 multiple) 3 multiple) 358 multiple)

mmmm eXisting capability mu s projected (10-20 yr) n = planets known =p discoveries ——> follow-up detections
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PROPOSAL FOR A PROJECT OF HIGH-PRECISION STELLAR
RADIAL VELOCITY WORK

By Otto Struve

With the completion of the great radial-velocity programmes of the
major observatories, the impression seems to have gained ground that the
measurement of Doppler displacements in stellar spectra is less important
at the present time than it was prior to the completion of R. E. Wilson’s
new radial-velocity catalogue. |

I believe that this impression is incorrect, and I should like to support
my contention by presenting a proposal for the solution of a characteristic
astrophysical problem,

One of the burning questions of astronomy deals with the frequency of
planet-like bodies in the galaxy which belong to stars other than the Sun.
vl

. Strand’s' discovery of a planet-like companion in the system o
on] which wz ; onfirmed bv A, N_ Deitch? at Poulkova




Variacion de velocidad radial
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Espectrograto




Masa

planeta




Observacion directa
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Light From
Telescope

Adaptive Distorted
Mirror Wavefront

Beamsplitter

Corrected
Wavefront

High-resolution
Wavefront Camera
Sensor
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Transitos: radios
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Kepler

Schmidt Corrector
with 0.95 m dia
aperture stop

Thermal Radiator

Primary Mirror
1.4 mdia, ULE

Sunshade
55° solar avoidance

Focal Plane

Electronics:

clock drivers and

analog to digital converters

Focal Plane:

42 CCDs,

>100 sq deq FOV
Mounting Collet 4 Fine Guidance Sensors
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Lentes gravitacionales

observer
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RESULTADOS:
A) Orbitas y masas
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De planetas a estrellas

= Tierrasy SuperTierras: hasta 10 M1,

= Neptunos

" Jupiters: hasta 13M,,,

= Enanas marrones: fusion deuterio, masa >

13MJup

" Estrellas: fusion de H, masa > 8oM,,,



Kepler-22b

Kepler-69c Kepler-452b

Kepler-62f

Kepler-186f

Earth

M X

g




exoplanets.org | 9/23/2015

&
o

o
»

O
=
—
c
Q
Q
O
L
©
=
a
—_
@)

Semi-Major Axis [Astronomical Units (AU)]




Evolucidn orbital por 2Ma

Mercury, Venus, Earth and Mars

Tabare Gallardo
Facultad de Ciencias
Uruguay

www.fisica.edu.uy/~gallardo




Orbitas muy excéntricas

= Practicamente todas las teorias de formacion
planetaria previas a 1995 predecian sistemas
planetarios en orbitas cuasi circulares.

= ;Modelos muy crudos y sesgados al Sistema
Solar?

= ;(Auto)censura?
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Migracion
THE ASTROPHYSICAL JOURNAL, 241:425-441, 1980 October 1

© 1980. The American Astronomical Society. All rights reserved. Printed in U.S.A.

DISK-SATELLITE INTERACTIONS

PETER (GOLDREICH
California Institute of Technology

AND

ScotT TREMAINE
Institute for Advanced Study, Princeton, New Jerse

ICARUS 58, 109-120 (1984)

Some Dynamical Aspects of the Accretion of Uranus and Neptune:
The Exchange of Orbital Angular Momentum with Planetesimals

J. A. FERNANDEZ* anp W.-H. IP}

*Max-Planck-Institut fiir Kernphysik, 6900 Heidelberg, and t Max-Planck-Institut fiir Aeronomie,
3411 Katlenburg-Lindau, Federal Republic of Germany

Received September 6, 1983; revised January 2, 1984




Fernandez & Ip 1984
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Modelo de Niza: migracién + resonancias

1:2 Jupiter — Saturn
* | mean motion resonance Neptune
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Interaccion planeta-disco




Tres planetas migrando

)
=
u
@
©
t
s
—
o
un
2
£
E
@©
w

20000 40000 ©0000 80000 100000 120000 140000 160000

anos




Relacion entre periodos
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Exoplanetas: relacion entre periodos
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RESULTADOS:
B) Interiores y Atmdsferas
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Hot Jupiters

= Atmosferas extendidas

= [ntensas mareas estelares

= Circulacion atmosferica atipica
* [nteracciones magneticas




Tierras y SuperTierras

* Formados mas alla de la linea de nieve: gran
cantidad de agua (> 10%)

* Formados mas cerca de la estrella: ricos en rocas y
metales

= ;Planetas sin nucleo diferenciado?
= ;Planetas con C/O>1ricos en SiC (en vez de Si02)?

= Tierras calientes:; volatiles perdidos y nubes de Na
y K?

2 I‘SuierTierras como carozos de Neitunos?



Atmosferas: primeras detecciones




Na,H,C,0,agua, nubes

Secondary Eclipse
See planet thermal radiation
disappear and reappear

Primary Eclipse

Measure size of planet Leamn about atmospheric
See star's radiation circulation from thermal phase
transmitted through the curves
planet atmosphere
Figure by S. Seager



Espectros: ¢biosenales?
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Campos magneticos planetarios

= Campos magneticos: modulacion de |a
actividad de la estrella

* Mecanismo dinamo y constitucion interna

» Escudo protector




Sara Seager

Disciplinas
EXOPLANET
ATMOSPHERES. €mergentes

Physical Processes

Invited Review for Treatise on Geophysics. 2nd Edition
Yy

Exoplanetary Geophysics — An Emerging Discipline

Gregory Laughlin

UCO/Lick Observatory, University of California, Santa Cruz, Santa Cruz, CA 95064, USA
Jack J. Lissauer

NASA Ames Research Center, Planetary Systems Branch, Moffett Field, CA 94035, USA




ASTROBIOLOGIA



Astrobiologia:

* Naturalezay distribucion de los entornos
habitables

= Como emerge la vida a partir de los planetas u
otros entornos (;nubes?)

= Como evoluciona

» Limites ambientales para la vida

= Mecanismos que determinan su futuro

= Como detectar trazas de vida en otros mundos



Zona de Habitabilidad

Sun

Gliese 581

Mass of star (in solar masses)
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SETI:

Search ExtraTerrestrial Intelligence

el gran silencio




Ecuacion de Drake

x f

ahora

N = NpIanetas X fvida X fcivilizacion

N =10%2X0.1X0.1X100/10.000.000.000




Arecibo




Allen Telescope Array




Desafios

= Geofisica exoplanetaria: interiores,
superficies, planetas helados, oceanicos

= Atmosferas: quimica y dinamica
= Astrobiologia: diversidad de entornos

= Nuevas tecnologias: deteccion de planetas,
atmosferas, campos magneticos, actividad
biologica

= Estudios dinamicos: poder de computo para
procesar modelos mas realistas



Uruguayos exoplanetarios




Hace 25 anos..

Confirmada por ¢! Ejéreac

Masiva presencia

de ovnis en Chile
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RENSA n jaque a la defensa
: espainola®

O CARDENOSA
silencio estamos por fin en ¢ nformar
del episodio vivido en los i rante la
madrugada del 30 de noviembre de 1996.
T t
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\ nue lin Las pri-
S iones on in es da con-
vencional podia ofrecer ur en los ra-
dares pero, VNI estaba alli, Kima-
damente sobre la i e ) y el ta-
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UnV¥elodsimoy Extrano Aparato se Mantuvc

Todala Manana Sobre el Aeropuerto Centr
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The Exoplanet Data Explorer is an interactive table and plotter for exploring and displaying data from the Exoplanet
Orbit Database. The Exoplanet Orbit Database is a carefully constructed compilation of quality, spectroscopic orbital
parameters of exoplanets orbiting normal stars from the peer-reviewed literature, and updates the Catalog of nearb



Dentro de 25 anos.. ©

exomensajes.org

Mensajes

| 1618 amistosos
Table 24 Mensaies

~ belicosos

1642 Total mensajes

decodificados

3787 !Vlensajes

incomprensibles

| 5429 Total mensajes

recibidos

iMUCHAS GRACIAS!





