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2. Sistemas Planetarios

Prof. Dr. César A. Caretta — Departamento de Astronomia, UGto.

El Sistema Solar

— Planetas

___ Planetas
Enanos
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Composicion quimica:
H 73%
He 25%
otros 2%

Esfera de plasma
extremadamente
caliente

T Presion Térmica y de Radiacion

| Gravedad
X

— Atmosfera

Capas externas,

radian la energia
producida en el

nucleo

gravedad — presién — calentamiento — fusidon del H en He — energia — transmisidon — radiacidn




e viven de 5 a 10 minutos




2000/06/06 00:18

viento solar,
eyecciones coronales
y el clima espacial

DAILY SUNSPOT AREA AVERAGED OVER INDIVIDUAL SOLAR ROTATIONS

SUNSPOT AREA IN EQUAL AREA LATITUDE STRIPS (% OF STRIP AREA) H>0.0% H>0.1% [0>1.0%

el ciclo

908
1870 1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

http://science.msfc.nasa.gov/ssl/pad/solar/images/bily.eif



Nortij Pole

Ty
\ &

N
‘J/;/j
/ %mmnce

South Pole
Copyright € 2005 Pearson Prentice Hall, Inc.




Orilla interna del
Cinturdn Principal de Astercides

Phobos

Venus (Mars Express)

((VELTEIET))

Mercurio
(transito 2003)

Mercurio
(Messenger)




El Cinturén Principal
de Asteroides

All asteroids with up to date orbits

Troyanos - .'.

ecliptic Y coordinate (AU)
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Dactyl
[(243)da 1]
16x1.2km
Galilea, 1993

243 Ida - 58.8 x 25,4 x 186 km
Gailleo, 1993

» F

5535 Annefrank
21%1x1km 66x50%34km
DeepSpace 1,199 Stardust, 2002

9969 Braille 2867 Steins
59x40km
Rosetta, 2008

Vesta « May 14, 2007
HSTWFPC2

25143 ltokawa
05x03x02km
Hayabusa, 2005

433 Eros-33x 13km
NEAR. 2000

o~

21 Lutetia - 132 101 x 76 km

Rosetta, 2010
253 Mathilde - 66 x 48 x 44 km 951 Gaspra - 182 10.5 X 8.9km
NEAR, 1997 Galieo

1e0,1991
! !

4 \Vesta

19P/Borrelly
8x4km
Deep Space 1,2001

Matilde
(NEO)

13

1P/Halley - 16 8 x 8 km
Vega 2,1986

§

9P/Tempel 1
7.6 x49km

Deep impact, 2005

o

81P/Wild 2
55%4.0%33km
Seardust, 2004




Los Planetas Externos o Gaseosos

Neptuno

Orilla interna del ‘ —Jupiter
Cinturdn de Kuiper | ‘ ‘ )Saturno

C.A.Caretta
2007
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New Horizons

El Cinturéon de Kuiper

Orbita de los planetas externos

0@ Plutinos

\

- [

Largest known trans-Neptunian objects (TNOs)

Dysnomia
A

Charon
s '

Makemake Haumea

€

-

Varuna

Flot prepared by the Minor Flanet Genter (2006 Mayz5).

Orbita de los planetas externos

O® Plutinos

THE OUTER SOLAR SYSTEM

This animation shows the motion of the outer part of the
solar system over a 100-year time period. The sun is at
the center and the orbits of the planets Jupiter, Saturn
Uranus and Neptune are shown in light blue (the locations
of each planet are shown as large crossed circles).

Comets: blue squares (filled for numbered periodic comets,
outline for other comets)

High-e ohjects: cvan triangles

Centaurs: orange triangles

Flutinos: white circles { Pluto itself is the large white crossed
circle)

"Claszical” TNO=: red circles

Scattered Disk Objects: magenta circles

The indiy |dl|¢|l frames were |:.1:|1l'rr.l ted on an OpenVMS syatem, using
inimation was put together on a




Los Planetas Enanos (2009)

Eris (2003 UB;;3)
(Michael Brown et al., 2005)

Dysnomia

Ceres .
(Giuseppe Piazzi, 1801) '

Makemake (2005 FY,)
(Brown et al., 2005)

Kerberos

# Pluto
Haumea (2003 ELg,)

* Charon

(Brown et al., 2005;
Ortiz et al., 2005)

Pluton
(Clayde Tombaugh, 1930) Hi‘iaka y Namaka

© West (1976)

Los cometas y la
Nube de Oort

Rick Scott

McNatight (2007)

Hyakutake (1996)
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Halley (1910)

Halley (1986, Giotto)
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Upcoming Events

2013

Sep: LADEE Launch/Ol Moon
Oct: Juno FB Earth

2016 ) :
Jan: Exomars-TGO Launch
Mar: InSIGHT Launch
Jul: Juno Ol Jupiter

2014

Jan: Rosetta Wake-up

May: Rosetta App Churyumov-Ger.
Aug: ICE FB/OI? Earth

Nov: DSCOVR Launch
Dec: Hayabusa 2 Launch
2015

Feb: Dawn Ol Ceres

Solar Orbiter Launch

Orion EM-1 Launch/FB Moon
2018+

Chang’E 5 Launch/SL Moon

Nov
| Nov
Dec

: MAVEN Launch
: Mars Orbiter Mission Launch
: Chang‘E 3 Launch/SL Moon

Aug: Rosetta Ol Churyumov-Ger.

Nov.
Nov.

: Rosetta/Philae SL Chu-Ger.
: Sunjammer Launch

FB: Flyby; Ol: Orbit Insertion; App: Approach; Dep: Departure;
EDL: Entry, Descent and Landing; SL: Soft Landing; EOM: End of Mission

Jul: New Horizons FB Pluto
Aug: Bepi-Colombo Launch
Nov: Akatsuki Ol Venus
Chang'E 4 Launch/SL Moon
Luna Glob 1 Launch

Sep: OSIRIS-REx Launch
Luna-Glob 2 Launch
2017

Sep: Cassini EOM

Oct: Juno EOM

Deep Impact FB Earth

Solar Probe Plus Launch
Exomars Rover Launch

Deep Impact FB 2002 GT (2020)
(US Mars Rover) Launch (2020)




47 U Majoris GJ 179 HD 7924 ~ Cephel v Andromedao
55 Cancri - HIP 57050 p Cr Borealis. GJ 648
83 Leonis 70 Virginis. | t Bootis 14 Herc * Vega HD 188733
Pollux HD 128311 HD 154345
GJ 436 GJ 176 54 Piscium

Otros sistemas
planetarios

http://exopl anet. eu/

GJ 849
Fomalhaut
GJ 1214
i GJ 876
. GJ433 ¢ - . GJa3z
HD 40307 s | Arap *, GJEBBTC HD 217107
61 Virginis . HD 10647 4 GJ 674 HD 192663
£ Reticuli - HD 147513 y
HD 69830 T Mensae GJ 3021 < HIP 79431  stars 0-42 light years
GJ 37 € Eridani LI GJ e stars 43-65 light years
i Pictoris GJ 581 | Horolegii

Deteccion de planetas extrasolares
GQ Lup

1. imagen directa
fe B Pic

0.5 arcsec
size of Saturn's orbit

giant planet B Pic b
seen in £"band (3.8 ym)
in October 2003

B Pictoris

position of the star (artificially subtracted) in November 2009

HR8799

Fomalhaut b Planet Infrared view of the planetary system around the young star B Pictoris
composed with images taken at the European Southern Observatory telescopes in Chile:
€

« the 3.6-m telescope + ADONIS instrument in La Silla (Mouillet et al. 1997)

« the Very Large Telescope + NACO instrument in Paranal (Lagrange et al. 2009-2010)

Formalhaut

2. transito

Curva de luz

Brightness




Deteccion de planetas extrasolares

3. astrometria

4. velocidad radial

HOST STAR

.
3 *
i & J
N .
o b component
) 1998 2000 2002 2004
Date

I - S
EXOPLANET

The Radial Velocity Method
— ) +

Deteccion de planetas extrasolares
(14 de julio de 2013)

Sistemas Planetas Sistemas
planetarios multiples

imagen
directa

transito

astrometria +
veloc. radial

microlentes
gravit.

pulsares
TOTALES




Condiciones para la Habitable Zone of Main Sequence Stars
existencia de vida

Hot Zone Warm ‘Habitable’ Zone Cold Zone

1. Fuente de energia

Stellar Temperature (K)
adA] Jejj@1s

2. Agua liquida (temperatura)

T W L e OB v VA Lt e o WAV ) S o VA 0 e o i

Thermal Planetary Habitability Classification (T-PHC) ) 1 P) 3 4
Stellar Distance (AU)

CREDIT: PHL @ UPR Arecibo

Eiement relatively abundant

Atoric number —w/ 20k [ SEET EEREY 5

Class hP . Class hT
planet ps e E : hyperthermoplanet . Eﬂ":::gm::gy Ca~— Eenentsymbol
elements ——» 11
Calcium |

-50°C 0°C 50°C 100°C 150°C

Exoplanet Mean Global Surface Temperature

3. Composicidon quimica adecuada

D = Required for all
life-forms.
[] =Reguired for some. s
Tie-forms
[<.] = Moderataly toxic: either siightiy foxde to
alllife-forms or highly toxic to & few forms

[3] = Highly toxic to allite-forms, even in low concentrations

Liquid Water in the Solar System

Condiciones para la
existencia de vida

Habitable Zone

-
l'..

Mass of star relative to Sun

1 ’ 10
1 1

Radius of orbit relative to Earth's

Current Potentially Habitable Exoplanets

Ranked in Order of Similarity to Earth

#2 #3 #4 #5 #6

Kepler-62e  Gliese 667Cc  Gliese 581 g* Tau Ceti e* Gliese 667Cf  Kepler-22b
0.83 0.82 0.82 0.77 0.76 0.75

#7 #8 #9 #10 #11 #12

¢ ¢

Gliese 163 ¢ HD 40307 g* Kepler-61 b Kepler-62f  Gliese 667Ce  Gliese 581 d . , L . X
0.74 0.72 0.72 0.67 0.60 053 Interior rocoso Océano liquido bajo el hielo

Capa de H,0

*planet candidates Number below the names is the Earth Similarity Index (ESI) CREDIT: PHL @ UPR Arecibo (phl.upr.edu) June 26, 2013




Clasificacion de exoplanetas

U ELE] (MTierra) Masa (Mjﬂpiter) m

Terrestre 0.05-2 Mercurio, Tierra

Super-Tierra 2-10

Gigante Congelado 10-60 Urano, Neptuno
Gigante Gaseoso 60 -1 000 0.2-3 Saturno, Jupiter
Super-Joviano 1000 -8 000 3-25

Enana Café (estrella)

Thermal Planetary Habitability Classification (T-PHC)

Exoplanets Mass Classification (EMC)

Relevant for Exoplanets

I Eaths | superfarths | Neptunes |  Jupiters |

I Minor Planets, Moons, and Comats T Terrestrial Planets {rocky composition) ] Gas Giant Planets -| Class M
Class hP Class P asaplanet Class T Class hT
r Asteroidan ] Mercurian I Subterran I Terran ] Superterran I Neptunian ] Jovian ] hypopsychroplanet psychroplanet “Earth-like Exoplanet” thermoplanet hyperthermoplanet
0 0.00001 0.1 0.5 2 10 50 5000 T T T T T T
Mass of Exoplanet (Earth Units) -100°C -50°C 0°C 50°C 100°C 150°C

Credit: 2011, PHL @ UPR Arecibo (phl.upra.edu)

Exoplanet Mean Global Surface Temperature

Credit: 2011, PHL @ UPR Arecibo (phl.upra.edu

Exoplanets Mass Classification (EMC)

Relevant for Exoplanets

I Earths ISupEr—Earthsl Neptunes [ lupiters [

I Minor Planets, Moons, and Comets I Terrestrial Planets (rocky composition) I Gas Giant Planets —l

rAsIermdan I Mercurian I Subterran I Terran I Superterran [ Neptunian ] Jovian I|

0 0.00001 0.1 0.5 2 10 50 5000
Mass of Exoplanet (Earth Units)

Credit: 2011, PHL @ UPR Arecibo (phl. upra.edu)




Distribucion de los exoplanetas

The Habitable Exoplanets Catalog: Periodic Table of Exoplanets

Terrestrial Planets 6as Giants
Mercurians Subterrans Terrans Superterrans Neptunians Jovians

Hot Mercurians Hot Subterrans Hot Terrans Hot Superterrans Hot Neptunians Hot Jovians

639 @56

M22.2 R5.1 M 1207 R133

Warm Terrans Warm Neptunians Warm Jovians

t{’s 1 €96

M 1416 R13.0

Warm Zone

Cold Jovians

€66

M 1763 R135

Cold Zone

(CC) Planetary Habitability Laboratory, (phl.upr.edu) Dec 2011

Caracteristicas de los exoplanetas

+ sesgo observacional

éSeria el Sistema Solar “raro”?




Sistema mudltiples

47 U Majoris

HD 125612

Upsilen
Andromedae

Py
g

Sistema mdaltiples

Gliese 581

Mass of star (in solar masses)

| 0
Il Possible extension of the habitable
20N due 10 various uncerainties,

1.0
Distance from star (AU)

Kepler-22 System
Kepler-62 System

Habitable Zone

Solar System

Kepler-22b




Proyecto de
Investigacion Cientifica

Mini-proyecto:
“caracterizacion de los exoplanetas”

http://exopl anet. eu/
http://phl.upr.edu/




Sistema Solar

Planeta simb. descub. descubridor num. de magnitud*| colof |albedd atmosfera
satélites
Sol O] - - 9 -26.8 | amarillo - -
8 Mercurio § - - 0 -1.9 naranja | 0.11 minima
ol
"5 Venus 9 - - 0 -4.4 blanco | 0.65 | 96%CQ, 4%N,
()]
= | Tierra fas) - - 1 - azul 0.37 | 78UN,21%0,
Q
= | Marte d - - 2 -2.0 rojo 0.15 | 95%CO, 3%N,
0 | Japiter 2 - - 66 2.7 blanco | 0.52 | 86%H, 14%He
o 2
g Saturno A - - 61 0.7 amarillo | 0.47 93%H, 5%He
S Urano ﬁ 1781 William Herschel 27 55 azul 0.51 | 83%H,15%He
H
Neptuno w 1846 |[J.G.Gallee H.L.d Arregt 13 7.8 azul 0.41 | 80%H,19%He
Ceres ? 1801 Giuseppe Piazzi 0 ninguna
8 Plutén E 1930 C.W. Tombaugh 5 13.6 blanco | 0.55 temporaria
c
g Haumea 2005 J.L.Ortiz et al. 2 ?
11
Makemake 2005 M. Brown et al. 0 ?
Eris 2003 M. Brown et al. 1 ?
diametro ecuatorial periodo| inclinacion masa densidad velocidad temperat.
de rotacion| del eje de escape | superficial
en km en en dias en grados en masas en g/cm en km/s en°C
diametros siderales de la
de la Tierra Tierra*
Sol 1 392 000 109 25-36 - 332 946 1.41 617.7 5 505
8 Mercurio 4879.3 0.382 58.65 0.0 0.055 5.43 4.25 167
‘3 Venus 12 103.2 0.949 -243.02 177.36 0.815 5.24 10.36 457
0]
% Tierra 12 756.2 1.000 0.9973 23.45 1.00 5.52 11.18 14
= | Marte 6 794,0 0.532 1.0260 25.19 0.107 3.94 5.02 -46
v, | Jupiter 142 985 11.209 0.4135 3.12 317.9 1.33 59.54 -121
o
% Saturno 120534 9.449 0.4440 26.73 95.2 0.70 35.49 -139
'g Urano 51115 4.007 -0.7183 97.86 14.5 1.30 21.29 -197
i Neptuno 49 533 3.883 0.6713 29.58 17.1 1.76 23.71 -201
Ceres 942 0.08 0.38 4 0.0002 2.08 0.51 -106
8 Plutén 2 296 0.19 -6.39 119.6 0.0022 2.05 1.23 -233
c
g Haumea 1150 0.370.16 0.16 ? 0.0007 2.6-3.3 0.84 -235
L | Makemake 1500 ~0.12 ? ? 0.0007 2.0 0.8 -243
Eris 2400 0.19 J0.3 ? 0.0025 2.25 1.37 -243




Sistema Solar

distancia promedia periodo de inclinacion | excentricidad velocidad
al Sol translacion de la orbita orbital promedia
en millones en en dias en en grados en
de km UA afos km/s
Sol - - - - - - -
% Mercurio 57.91 0.39 87.97 0.241] 7.005 0.206 47.87
% | Venus 108.21 0.72 224.70 0.615 3.395 0.007 35.02
g Tierra 149.60 1.00 365.25 1.000 0.000 0.017 29.79
& Marte 227.94 1.52 686.98 1.881 1.851 0.093 24.13
»n | Jupiter 778.41 5.20 43327 11.868 1.305 0.048 13.06
% Saturno 1426.73 9.54 10 759.5 29.447 2.484 0.054 9.66
8 Urano 2 870.97 19.19 30685 84.01f 0.770 0.047 6.80
i Neptunac 4 498.2! 30.07 60 19( 164.7¢ 1.76¢ 0.00¢ 5.44
Ceres 413.7 2.766 1679 4.599 10.59 0.080 17.88
8 Pluton 5906.38 39.48 247.92 17.14 0.249 4.75
E Haumea 6 484.0 43.34 285.4 28.19 0.189 4.48
L | Makemake 6 850.0 45.79 309.9 28.96 0.159 4.4
Eris 10 210.0 67.67 557 44.19 0.442 3.44




