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Definitie

= Exoplaneet = planeten buiten het zonnestelsel
= Rond ster
= Solitaire planeten

= Melkweg 100 000 ly

17000 ly




Classificatie e

What's Out There? Exoplanet Types

= > 5000 exoplaneten

Neptune-Like
Similar to Uranus or Neptune

Super Earth

More massive than Earth,
lighter than Neptune
Gas Giant Terrestrial
Similar to Jupiter or: Satum Rocky, in Earth's
- size range

For. more information, please visit exoplanets.nasa.gov




Classificatie: Gasreuzen

= He, H
= Grootte >= Jupiter

= Hot Jupiters
A. Dicht bij ster ontstaan
B. Gemigreerd naar binnen in vroege jaren
C. Gemigreerd naar binnen in late jaren



Classificatie: Gasreuzen

NASA EYES ON EXOPLANETS

Kepler-16b

=" Dubbel stersysteem

You are
245 light-years
from Earth

Kepler-16 b &

A giant planet composed mainly of gas




Classificatie: Gasreuzen

NASA EYES ON EXOPLANETS

Kepler-451d

Ou are
1,293 light-years

rom Earth

Kepler-451d @

A giant planet composed mainly of gas




Classificatie: Gasreuzen

51 Pegasib

" De eerste!

= 50 ly

= Periode: | ’

4 dagen

51 Pegasi b




Classificatie: Gasreuzen

51 Pegasib

" De eerste!

= 50 ly

= Periode: _
4 dagen 51 Pegasi




Classificatie: Neptunus-achtige

= \aste kernen: gesteente en metaal
= Dichte atmosferen: H en He
= Grootte en massa = Neptunus, Uranus

= \oorbij de sneeuwlijn

= Hot Neptunes?



Classificatie: Neptunus-achtige

Exoplanet Radius vs. Distance from Star
= Hot Neptunes?

= \oorbij de sneeuwlijn
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Classificatie: Neptunus-achtige

HAT-P-11b NASA EYES ON EXOPLANETS
= 0.05254 AU
* Hot Neptune

You are
123 light-years
from Earth

HAT-P-11b &

A Neptune-like gas giant planet




Classificatie: Neptunus-achtige

HAT-P-11b
= Waterdamp!

‘Transmission Spectrum
~ of HAT-P-11b
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Classificatie: Super Aardes

= ‘Mini-Neptunussen’
= Aarde < grootte < Neptunus
= Zeervarierende samenstelling: gas, gesteente of combinatie



Classificatie: Super Aardes

TOI1 270 systeem

TOI-270 c

TOI-270 d TOI-270 b




Classificatie: Super Aardes
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Classificatie: Rotsachtige

= Samenstelling: gesteente

= Grootte <= Aarde



Classificatie: Rotsachtige

TRAPPIST 1
systeem

TRAPPIST-1 h

\_ TRAPPIST-1b>p|gT.1 TRAPPIST-1g

™~ TRAPPIST-1c

TRAPPIST-1d TRAPPIST-1e

TRAPPIST-1f




Classificatie: Rotsachtige

TRAPPIST-1
System

Feb. 2018

Orbital Period
Distance to Star
Planet Radius
Planet Mass
Planet Density
Surface Gravity
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Solar System

Rocky Planets

Orbital Period
Distance to Star
Planet Radius
Planet Mass
Planet Density
Surface Gravity
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Zoektocht: leven

Goudlokjeszone

= zonhe rond ster waar de
temperaturen het toelaten om
vloeibaar water te hebben.

The Habitable Zone Size Comparison

TRAPPIST-1
SYSTEM
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Mercury Venus Earth Mars Inner Solar System

Green bands represent the orbital distance from a star at which temperatures could
allow liquid water on the surface of a planet. While this depends on other factors, including the
presence of a suitable atmosphere, it's a useful way for astronomers to begin sorting among
potential targets in the search for possible signs of life.



Zoektocht: leven
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Zoektocht: leven
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Zoektocht: leven

n.x: b < bxfox [

The number of The rate of formation The fraction of The number of planets, The fraction The fraction The fraction of civilizations The length of time
technologically advanced of stars in the galaxy those stars with per solar system, of suitable planets of life-bearing planets that develop a technology that such civilizations release
civilizations in the planetary systems with an environment on which life on which intelligent life releases detectable signs of detectable signals

Milky way galaxy suitable for life actually appears emerges their existence into space into space

ast
The number of technological The number of habitable The likelihood of a h tt p S ://WWW- y O Ut

species that have formed planets in a given volume technological species arising

over the history of of the universe on one of these planets u b e . C o m/WatC h ?

the observable universe

v=HPQz-kdaxNo



https://www.youtube.com/watch?v=HPQz-kdaxNo
https://www.youtube.com/watch?v=HPQz-kdaxNo
https://www.youtube.com/watch?v=HPQz-kdaxNo

/oektocht: De tools, technieken

= Radiele snelheidsmethode
= Wobbeling
= Doppler

=" Transitie methode
= Dip

" Directimaging
= Sterlicht afblokken




/oektocht: De tools, technieken

= Gravitationele microlensing
= Einstein

= Astrometrie
= Wobbeling
= Beweging




Zoekt

First discoveries of
exoplanets in the 1990s
opened up the field of
exoplanet research.
New innovations and
discoveries continue
to this day

Pioneering stellar
seismology and
exoplanet hunting
mission

&£ @esa

1990

A targeted search for
terrestrial and larger
planets in or near the
habitable zone of a
wide variety of stars

First all-sky transit
survey satellite

First step
characterisation
of known Earth-
to-Neptune size

exoplanets

ocht: De tools, telescopen

Studying terrestrial

planets in orbits up
to the habitable zone
of Sun-like stars,
and characterising
these stars

Launch (@

% Eesa

Probing the
composition of
exoplanet
atmospheres

Studying exoplanet
signatures in
infrared light

Revealing exoplanets
through its all-sky survey
of the position, brightness

and motion of over one
billion stars

Detailed characterisation
of exoplanet atmospheres

through transit studies
and direct imaging

Performing a chemical
census of a large and
diverse sample of
exoplanets by analysing
their atmospheres

Dedicated exoplanet
missions

Exoplanet-sensitive
missions

Surveying a complete
sample of Milky Way
exoplanets, and pioneering
direct imaging of other
worlds.




Zoektocht

Planet Types Exoplanet Census

For planets with both measured or estimated orbital period and mass

O Transit (4147) Radial Velocity (1078) Microlensing (10)
Imaging (20) Pulsar Timing (7) O Other (55)

Neptune-like

Neptune-like )
Gas Giant

Gas Giant
Super Earth Super Earth
Terrestrial Terrestrial

Unknown Unknown

1k 10k 100k im 10m

YEAR 2024 | piscoveriest 5616
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Vervoer

One light-year

5.8 trillion miles




Vervoer: Hoe snel gaan we nu?

Om aan de zon te ontsnappen

\/ 2GM3uﬂ
UE‘ —
pe

= 42,1km/s—=2> 1,4%c

Naar Proxima centauri b: 29 902 jaar

Voor binnen mensen leven: 5,2% c halen

Haalbaar ??



Vervoer: Hoe meer snelheid halen?



https://www.leidensciencemagazine.nl/articles/exoplanets-here-we-come#WOW%20Orion

Vervoer: Andere mogelijkheden

Orbit of Sedna

Orbital Period: 11,400 years
Next Perihelion: 2076 AD
Last Perihelion: 9400 BC

“| propose that extraterrestrial civilizations may
use free-floating planets as interstellar
transportation to reach, explore and colonize
planetary systems,” Romanovskaya




Dé vraag: waarom?

@ beroemig

vroege!
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Bronnen

https://www.esa.int/Science_Exploration/Space_Science/Exoplanets
https://www.leidensciencemagazine.nl/articles/exoplanets-here-we-come

https://toughsf.blogspot.com/2021/01/moto-orion-mechanized-nucleatr-
pulse.html

https://www.nationalgeographic.nl/ruimte/2020/07/exoplaneten-meer-
planeten-dan-sterren-in-de-melkweg

https://exoplanets.nasa.gov
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J. M., & Hirsch, L. A. (2017) "The California- Kepler Survey 1. Agap in the radius
distribution of small planets*. the Bstronomical Journal, 154(3), 109.
https://doi.org/10.3847/1538-3881/aa80eb

Schmidt, G. R., Bonometti, J. A., & Morton, P. J. (2000). NUCLEAR PtrLSE
PROPCLSION - ORIO:\f A’I’D IBEYOND. American Institute of Aero Nautics and
as Tronautics. Inc., 2000-3865.
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