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Hubble Space Telescope « STIS

Fomalhaut System

STScl-PRC13-01a

NASA and ESA



3 LiVing
PLANETS

Artist’s rendering of extrasolar planet HD 1897330 With

its parent star peeking from behind the top.
IMAGE CREDIT: NASA, ESA, and G. Bacon (STScl)
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Sizes of Planet Candidates
Totals as of November, 2013

e 1 457 - Neptune-size
e 2=l

Super Earth-size - 1 076
(1 25 2 R) _'j. st

Earth-size - O/ 4
229 - yupiter-size, (6 -15 Ry)
© 102 - Larger, (> 15 Re)

- e -



ESI

. . 1.00 0.64
Current Potential Habitable Exoplanets @ :
Compared with Earth and Mars and Ranked in Order of Similarity to Earth Earth Mars
#1 #2 #3 #4 #5 H6 #7 #8 #9

Earth Similarity Index (ESI)
0.82 0.82 0.79 0.75 0.74 0.69

¢ @
: K:‘.'\“' -

0.50

0.68 0.67

¢

Kepler-62 e Gliese 581 g* Gliese 667Cc Kepler-22 b Tau Cetie* Kepler-62 f Gliese 163 ¢ HD 40307 g* Gliese 581d

Discovery Date
Apr 2013 Sep 2010 Nov 2011 Dec 2011 Dec 2012 Apr 2013 Sep 2012 Nov 2012 Apr 2007

*planet candidates CREDIT: PHL @ UPR Arecibo (phl.upr.edu) April 18, 2013



Planet's
distance from
red dwarf:
3 AU Planet's
: ~distance from
@ orange dwarf:

5 AU

Habitable zone models. Depending on stellar mass and
luminosity, planets on which liquid water could exist on the
surface will be at different distances from their parent star.

Habitable Zone
by Stellar Type

Earth’s
distance from
the Sun:

1 AU = 93,000,000 miles
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Methane in the planet’s
atmosphere absorbs starlight



Earth’s Spectrum

Spectroscopic signatures indicate the possible conditions conducive to life

“Blue of the sky”
mes

“Vegetation
j u m p!!
indicates
presence of
land plants

total amount
OfEUUSHEr &

Brightness
5

I".-
.'l
L

and ozone
were produced
by living organisms

Jplical

®.
, ergen\ |

- Water
vapor
suggests
habitability

Wavelength

Carbon dioxide
suggests possible
volcanic activity  Methane
indicates
presence of
N anaerobic
bacteria

i
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Kosmische achtergrondstraling

Planck 2013



Angular Scale
2° 0.5°

100 500
Multipole moment [

akoestische golven In vroege gas



Seven-Year Wilkinson Microwave Anisotropy Probe (WMAP)
Observations:

Angular Scale
2° 0.5°

100 500
Multipole moment [

akoestische golven In vroege gas



Spiral Galaxy M64

NGC 4038-4019 * Anvennae Galaxies

Active Galaxy M8z

.-t.n.-.t

NASA ESA and The Hubitle Hetage Toars (STSCVALRA) « Hubitde Space Telescope ACSMEC - STSel PRCDS. 140
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Time machine basics




Time machine basics

8 minutes
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Time machine basics

8 minutes

3.5 years '




Time machine basics

8 minutes

VAVAVAVAVAE

3.5 years

13 billion years




In an expanding universe light Is redshifted




In an expanding universe light Is redshifted

we need to look far away and in infrared
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JWST: leeftid sterren, gas, rotatiesnelheid



Op Jacht naar de eerste sterren

o . ¢ SR PR o bondten R +« HUDF 2009-2010 =
i g S Wi 'WFC3/Infrared

2 R ’:.ff-'- .-:_-" R « dstal E
- * - - - I ;
' . .

ok o W R W Object UDFj-39546284

500 mijoen jaar  z=10



Hubble heeft ziin Imiet berelkt

-~ ' . .. " . Hubble Probes the Early Universe
1990 w "' 3 — p -.) \C' _'oo :.' “. -{""_’ : .‘- / .

' Ground-based observatories * () < &

| 1995 !

Hubble Deep Field

: ” - . . . o : g = i’ . "o
2004@'.- S I O R R

Al
.

HubbleUnraDeepFueId , IR o B AR R Bt L%

2010 @'

) HubbleUltraDeepFleldIR %, e S B » W avii N i

v . _ . ."l" E »‘.'.‘....., ‘- -

,FUTUREM G e A BRI R PR R I R
Jameswebbspaove ees. . - Q ‘. | T B e ¥ IRAY . . : Fe ~,:‘ o i) .. ..

Redshift (2): - 1 4 5 6 7 8 10 >20

Time after  Present ' e o T b 1.5 . W A . . 800 480 200
the Big Bang : A ] | T ) billion ' _million million million
years years - ‘ _ years years  years
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