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Life In the Universe

nn What is Life?What is Life?
nn SETISETI
nn MarsMars
nn PanspermiaPanspermia
nn Exotic Life FormsExotic Life Forms
nn Extraterrestrial PlanetsExtraterrestrial Planets
nn Chemical Building Chemical Building 

blocksblocks

nnHabitable ZonesHabitable Zones
nnDrake EquationDrake Equation
nnFermiFermi ParadoxParadox
nnEuropa and other Europa and other 

moonsmoons



This Evening’s Topics

nnHabitable Zones (Mike)Habitable Zones (Mike)
nnThe Drake Equation (John)The Drake Equation (John)
nnTheThe FermiFermi Paradox (John)Paradox (John)
nnEuropa & other moons (Paul)Europa & other moons (Paul)
nnThe Rebuttal (Ray)The Rebuttal (Ray)
nnQuestions & Discussions (All)Questions & Discussions (All)



Habitable Zones

Mike RossMike Ross



What Advanced Life Needs

nnTimeTime

nnPlacePlace

nnNicheNiche



Time

nnFor rocky planets andFor rocky planets and JupitersJupiters to formto form

nnTo evolve complexityTo evolve complexity



Rocky Planets

nnToo early Too early -- lowlow metalicitymetalicity
uuno planets at allno planets at all
uuno Jupiterno Jupiter

nnToo late Too late -- highhigh metalicitymetalicity
uu large Earths with heavy elements  large Earths with heavy elements  
uumultiple gas giantsmultiple gas giants

nnMetalicityMetalicity increases 8% per billion yrsincreases 8% per billion yrs



Evolve Complexity (1)

nn 4.64.6 byabya Earth formedEarth formed
nn > 4.0> 4.0 byabya Oceans formOceans form
nn >3.>3.9bya9bya prokaryotes formprokaryotes form
nn 2.02.0 byabya oxygen inoxygen in

redbedsredbeds//eukaryoteseukaryotes
nn 1.71.7 byabya aerobic life takes over aerobic life takes over 
nn 11 byabya seaweedseaweed
nn 2.42.4 byabya to 630to 630 myamya Snowball Earths?Snowball Earths?



Evolve Complexity (2)

nn 620620 myamya Ediacara multicellularEdiacara multicellular lifelife
nn 530530 myamya Burgess Shale Arthropods Burgess Shale Arthropods 
nn>>350mya350mya Amphibians appearAmphibians appear
nn 320320 myamya Reptiles appearReptiles appear
nn 300300 myamya Proto Mammals AppearProto Mammals Appear
nn 230230 myamya Mammals AppearMammals Appear
nn 66 myamya Genus HomoGenus Homo



Evolve Complexity (3)

nn< 100,000< 100,000 yaya Modern ManModern Man

nn<     5,000<     5,000 yaya AstronomersAstronomers



Place

nnSomewhere in the Galactic suburbsSomewhere in the Galactic suburbs
nnNot in an active/elliptical GalaxyNot in an active/elliptical Galaxy
nnStable SunStable Sun
nnCircular planetary orbitCircular planetary orbit
nnLiquid waterLiquid water
nnNight and DayNight and Day
nnNot too close to a cool StarNot too close to a cool Star



Galactic Habitable Zones (1)

nnHub Hub -- too close totoo close to volitilevolitile centrecentre
uuBlack HoleBlack Hole
uuStar Forming RegionsStar Forming Regions
uuSupernovaSupernova
uuGamma RaysGamma Rays
uuXX--raysrays



Galactic Habitable Zones (2)

nnThick Disk & HaloThick Disk & Halo
uuMetalicityMetalicity too low too low -- older starsolder stars

nnThin DiskThin Disk
uuMetalicityMetalicity about rightabout right

nnDistance from Galactic centreDistance from Galactic centre
uuSunSun corotationalcorotational with the Galaxywith the Galaxy



Active/Elliptical Galaxies

nnActive GalaxiesActive Galaxies
uuActive black holesActive black holes
uuStarburst/Starburst/SeyfertSeyfert GalaxiesGalaxies
uuColliding GalaxiesColliding Galaxies

nnEllipticalsEllipticals/Globular Clusters ?/Globular Clusters ?
uuOld and therefore metal poorOld and therefore metal poor



Planetary Habitable Zones

nnThe zone where water is liquidThe zone where water is liquid
nnFor the Sun between 0.85 and 2 AUFor the Sun between 0.85 and 2 AU
nnDepends onDepends on luminocityluminocity/mass of star/mass of star
nnMore massive stars are less stableMore massive stars are less stable
nnMore massive stars burn out quickerMore massive stars burn out quicker
nnLess massive stars risk rotational lockLess massive stars risk rotational lock
nnLess massive stars risk solar radiationLess massive stars risk solar radiation



Stars in our neighbourhood

nnThere are 35 stars within 13There are 35 stars within 13 lyly (inc Sun)(inc Sun)
nnOnly three are more luminousOnly three are more luminous
uuSirius ASirius A
uuProyconProycon AA
uuAlpha Centauri AAlpha Centauri A

nn26 are M or high K types26 are M or high K types
nnOnly 2 others are not binariesOnly 2 others are not binaries
uuTau CetiTau Ceti
uuEpsilonEpsilon EridaniEridani



Known Stars Less than 13 ly from Sun

* Solar Solar B.years Habitable Zone My Habitable Zone
Spectral Type No Luminosity Mass On Main Seq From (m) To (m) From (m) To (m)

A1 (Sirius A) 1 23 2.31 1 379.11 892.02 Jupiter/Saturn
F5 (Procyon A) 1 7.6 1.77 2.4 217.93 512.77 Jupiter
G2 (Alpha Centauri A) 1 1.58 1.1 7 99.36 233.80 Mars
G2 Sun 1 1 1 10 79.05 186.00 79.05 186.00 Earth/Mars
G8 (Tau Ceti) 1 0.47 54.19 127.52 Venus/Earth
K2 (Epsilon Eridani) 1 0.3 43.30 101.88 Venus/Earth
K5 (Alpha Centauri B) 3 0.44 0.88 80 52.44 123.38 Venus/Earth
K7 (61 Cygni B) 1 0.04 15.81 37.20 Mercury
M0 1 0.03 0.32 32.22
M2 4 0.012 8.66 20.38
M3 1 0.003 4.33 10.19
M4 (Ross 128) 6 0.0015 1.86 5.58 3.06 7.20
M5 4 0.0005 1.77 4.16
M6 (Ross 248) 6 0.0001 16,000 0.79 1.86
M7 1 0.000016 0.32 0.74
White Dwarf 2 0.003 4.33 10.19

35
* visible light

465.00 1,860.00



Niche

nnOceansOceans

nnLarge MoonLarge Moon

nnPlate TectonicsPlate Tectonics

nnOccasional Mass ExtinctionOccasional Mass Extinction



Oceans

nnProvide mix of land and waterProvide mix of land and water
nnDisipatesDisipates heatheat
nnContributes to atmospheric circulationContributes to atmospheric circulation
nnGives rainGives rain
nnProvides for tidal areasProvides for tidal areas



Large Moon

nnKeeps tilt of access constantKeeps tilt of access constant

nnGenerates higher tides in oceansGenerates higher tides in oceans

nn stops rotational lockstops rotational lock



Plate Tectonics

nnLubricated by waterLubricated by water
nn recycles carbon, oxygen etcrecycles carbon, oxygen etc
nnbuilds mountains, valleys etcbuilds mountains, valleys etc
nndisipatesdisipates heat from planetary coreheat from planetary core
uuVenus has differentVenus has different disapationdisapation methodmethod
uuMars has stoppedMars has stopped



Mass Extinctions

nnCreate new ecological nichesCreate new ecological niches
nnRemove old settled speciesRemove old settled species
uuTrilobytesTrilobytes
uuNautilusesNautiluses
uuDinosaursDinosaurs



But Not As We Know “It”

Molecular CloudsMolecular Clouds

Neutron StarsNeutron Stars
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