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Nuestro sistema planetario:
8 planetas, 5 planetas enanos y mucho mas...
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4410 planetas!

James Michel Didier

Peebles Mayor Queloz
“for theoretical “for the discovery of an exoplanet

discoveries orbiting a solar-type star”

in physical

cosmology”

THE ROYAL SWEDISH ACADEMY OF SCIENCES

‘Michiel Mayor & Di’ﬁ‘*r'(é?“@uﬁeIOZ"' -

Geneva Observatory
Premio Nobel de Fisica-2019
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Transitos exoplanetarios y La mision Kepler
(2009-2013, K2 continuacion hasta 2018)

En busqueda de planetas habitables




Transito: un planeta
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Observatorio GH operado por el INAOE en Cananea, Sonora
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WASP-6

Jupiter
Earth

WASP-6b

Detection of Na, K, and H20 in the hazy atmosphere of WASP-6b
(Carter et al. MNRAS, Abril 2020)






¢Qué es la Astrobiologia?

La Astrobiologia es |la ciencia que estudia el origen, evolucion y
distribucion de la vida en el universo. Integra conocimientos de la
biologia, fisica, quimica, astronomia y geologia que nos permiten
entender como surgio la vida en la Tierra, como evoluciong, la
interaccion entre el planeta y los organismos vivos, los procesos
qgue dieron lugar a la formacion de nuestro planeta, los lugares en
el espacio donde puede originarse la vida y las técnicas con las
gue podriamos detectar la presencia de vida en otros planetas.

1953: Exobiologia (Marte) 1995: Astrobiologia
1998: Instituto de Astrobiologia de la NASA
2000-2002: SMCVE SOMA



ADN: El codigo de la vida




Tabla periodica SIN estrellas
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Energia nuclear




Interior solar ~ 14,000,000 K
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All features drawn to scale
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G. Gamow
The Reactions of the CNO Cycle I f t t I
In stars the primary constituents are hydrogen and helium, but there are usually (rmuch) smaller amounts of heavier elements present. In y e e e C O u n e !

particular there can be Carbon (C), Nitrogen (N), and Oxygen (O} ions. If these are present, they can participate in the sequence of reactions
illustrated in the figure helow.
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The CNO cyele.

In this diagram heta* indicates a heta decay and the notation (a,b) means that the nucleus captures the particle labeled by "a" and emits the
particle labheled by "h™.
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Las estrellas nacen en oscuras
nubes moleculares gigantes




ICOMSs en el medio Iinterestelar

2 atoms 3 atoms 4 atoms 5 atoms 6 atoms 7 atoms 8 atoms 9 atoms 10 atoms 11 atoms 12 atoms >12 atoms
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El Gran Telescopio Milimétrico




EIGTM




CONACYT / INAOE & UMass

®* 50-m didmetro reflector primario
* A=4-0.85mm, 70 - 350 GHz

* Resolucion angular: 4 - 20 arcsecs

* Volcan Sierra Negra, Puebla
* Altitud 4600m

* Latitud +19N

* 2000 toneladas!

2000 m?




The Large Millimeter Telescope/El Gran
Telescopio Milimétrico: ORIGINS OF LIFE

A New Instrument for Astrobiology AND EVOLUTION
OF BIOSPHERES

William M. Irvine et al. (2003)

67" International Astronautical Congress (IAC). Guadalajara, Mexico, 26-30 September 2016.
Copyright £2016 by the International Astronautical Federation (TATF). All rights reserved.
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LMT Receiver Room (100 m?)
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Molecule  Isotopomer or v-state  Number of Observed Transitions Molecule  Isotopomer or v-state  Number of Observed Transitions
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La familia de Saturno (+62 lunas)

Saturn’s Moons - Mouse Over a Moon to Learn More
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L a Mision Cassini
(1997-2017)
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Searching for biomarkers

US Dept of State Geographer
© 2016 Google :
Data SIO, NOAA, U.S. Navy, NGA, GEBCO
Image Landsat

Fechas de imagenes: 12/13/2015  24°32'08.85" N 103°07'36.92" O elevacién 1402 m élt.:-_ib‘fa? 3.45 k
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Encelado: Plumas de gas!




Enceladus
Cassini (INMS+UVS)

Global Ocean on
Saturn’s Moon
ENCELADUS

Ice crust

Global ocean

Rocky core

South polar region
with active jets
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Table 1| INMS determination of plume composition on 9 October 2008

Species Volume mixing ratio

H.O 0.90+001

CO- 0.053 + 0.001

CO [0.044]

M [0.39]

HCO (31+1) =107

CHaOH (15+0.6)x 107"

CoH40 <70x% 1079
=<30x 1077

‘Agua

+Componentes
“Fuente de en

CaHy
CaHa
CaHa
CaHg
CaHy
CaHig
CeHe

(21+1) % 10"
(31x0.3)x 107°
(B2+0.2)x 2077 o

@rganlcos

E‘3'1+EI

el

<17 % 143‘
=<11= 107
(14+0.3)= 10~
=14%= 1073
(37+0.8) = 10"
(15+0.6)% 107"
(57+3) = 107"
(23+0.3)x 1077
=72 % 107°
<27 %1078
<62x% 107"
(B1+1)=10""




ENCELADUS LIFE FINDER

Jonathan Lunine, Cornell
International Astronautical Federation-Guadalajara, Mexico 2016
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ENCELADUS LIFE FINDER

Jonathan Lunine, Cornell
International Astronautical Federation-Guadalajara, Mexico 2016



Observable molecules with the LMT

Molecule MHz transition T
@3, and 1mm (SEQUOIA and 1mm R
receiver, 85-115.6GHz, 210-280GHz ) H2CO

218222.195 *3(0,3)-2(0,2) 4.0
225697.781 *3(1,2)-2(1,1) 5.0

co
. . 115271.202 1-0 60.0
Based on the mass fractions of Waite 230538.000 21 70.0

et al. 2009), a column density of CH,OH

_ . 107013.770 *3(1,3)-4(0,4) A++ 4.5
water of Hansen et al. (2011-UVS; 229758811 *34.8) 70 & s
N =1 x 10 cm2) and assuming LTE 240938.94 *5(0,5)-4(0,4) A++ =2 10.3
H20 — = _ i ' 240952.07 *5(2,4)-4(23)E =2  10.5
and optically thin transitions, we find 250924.342 *11(3,8)-11(2,9) A+  50.1
252252.807 *10(3,8)-10(2,9) A+-  55.9

that: H.S

2

216710.437 *2(2,0)-2(1,1) 0.32

HCN
88631.8473 *1-0 F=2-1 17.2
H,CO, CO, CH;0H, H,S, HCN, CH,CCH s ’

(C3H,), and H,0O C;H,
102546.023 *6(1)-5(1) 0.29
102547.983 *6(0)-5(0) 0.33

are detectable down to an rms~0.15 H,0
mK (O. Vega) 183310.087 *3(1,3)-2(2,0) 10.0
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LUVOIR
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Dragonfly: Aceptado-28 junio 2019!
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Gracias!




