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Signs of life

1. Size and structure of a planet:
» Not giant, gas/liquid , like Jupiter, but rocky, like Mars, Venus,..

2. Distance from the star:
» Not too close, but not too far for water to exist as liquid

Habitable Zone
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Planet size: 1-2x Earth




Signs of life Mars photos
1. Size and structure of a planet: e

» Not giant, gas/liquid , like Jupiter, but rocky, like Mars, Venus,..

2. Distance from the star:
» Not too close, but not too far for water to exist as liquid

We have to search beyond our solar system




Signs of life

1. Size and structure of a planet:
» Not giant, gas/liquid , like Jupiter, but rocky, like Mars, Venus,..

2. Distance from the star:
» Not too close, but not too far for water to exist as liquid

3. Long lived, stable stars:
» G-type (yellow, our Sun), K-type (orange, long living)




THE ATMOSPHERES OF THE SOLAR SYSTEM
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Signs of life

4. Chemistry:

» Liquid (gas phase) water
» Oxygen, O, (Ozone, O3)

» Carbon dioxide, CO,

» Methane, CH,

Other chemical forms may exist too, but the Earth-like 1s the 15 to look for
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Hunting for habitable exoplanets around the nearest very-low-mass stars




1995: beginning of the exoplanet era

A Jupiter-mass companion to a solar-type star
Michel May.or & Didier Quo!oz

The presence of a Jupiter-mass companion to the star 51 Pegasi is inferred from observations
of periodic variations in the star's radial velocity. The companion lies only about eight million
kilometres from the star, which would be well inside the orbit of Mercury in our Solar System.
This object might be a gas-glant planet that has migrated to this location through orbital
evolution, or from the radiative stripping of a brown dwarf.

A giant planet in very
short orbit around a
Sun-1ike star

Didier Queloz Michel Mayor Found by SWISS




A few dozen possible biospheres

Potentially Habitable Exoplanets

Ranked by Distance from Earth (light years)
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How to find exoplanets?

1. Exoplanets can only exceptionally be directly imaged (as bright spots):
» Planet reflects light of the star
» Planet is remote but large

» Planet rotates in the plane of the sky

2. Radial Velocity Method:

» Star and the planet rotates around the common center of mass

Star moves slightly back and forth relative to an observer

>
» Light from the star experiences periodic Doppler shift 3
>

Detection of the shift and the period enables an estimate of the
planet that disturbs the star motion (planet remains invisible);

Iodine gas spectral lines; accuracy of radial motion + 3 m/s.




How to find exoplanets?
2. Transit Method:

» Detects tiny reduction of the star’s brightness upon
the planet passing in front of the star. The reduction

. . dP
(Transient Depth): D — (ﬁ)z

1s periodic; detectable only, if the planet orbit intersects

the star disc on the side of observer.

S/N o< [t -N,

» Statistically, orbits of only a small fraction of

planets allow for observation of transits:
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5 where D is the star’s orbit major axis.
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Transit Properties of Solar System Objects
Orbital fﬂzrg; Transit Transit Geometric
Period / Duration Depth Probability
S P(years) | X5 [ “(hours) (%) (%)
y a(AU) ° °
Mercury 0.241 0.39 8.1 0.0012 1.19
Venus 0.615 0.72 11.0 0.0076 0.65
Earth 1.000 1.00 13.0 0.0084 0.47
Mars 1.880 1.52 16.0 0.0024 0.31
Jupiter 11.86 5.20 29.6 1.0100 0.089
Saturn 2R 9.5 40.1 0.75 0.049
Uranus Sl LBz 57.0 0.135 0.024
Neptune 164.8 30.1 71.3 0.127 0.015
P2M*= a3 o .
13sqrt(@)  |%=(d,/d*) d*/D




Telescopes on Earth, in air and space

Hubble
NASA Strategic Mission Spitzer

NASA Strategic Mission

Hubble Space Telescope ,
Spitzer Space Telescope

Webb
NASA Mission

James Webb
Space Telescope

Spectral range and signal stability are
limited by atmosphere Any wavelength, but expensive and limited lifetime
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TECHNOLOGY

ULTRASTABLE STRUCTURES

Exoplanet Roadmap

ADVANCED DETECTORS

~

STARSHADE TECHNOLOGY
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Detecting transients
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of exoplanets

Spectroscog

———
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1. Transmission Star+ Planet Star Planet
Detects spectrum of the star light that is attenuated by the planet atmosphere ! |

a) Measure spectrum of the star without planet (out of transient)
b) Measure spectrum of the star with the planet (during transient)

c) The spectrum of the planet is the difference of the two. |

The sensitivity is governed by the relative thickness of atmosphere. The most \\,# {\_\_\

sensitive method. e
Combined Spectrum Eclipse Spectrum Planet Spectrum

2

2. Reflection
a) Measure spectrum of the star.
b) Measure spectrum of the light reflected from the planet, when it is further

than the star from the observer, but outside of the star disc.
c) The difference gives absorption by the atmosphere and by the surface
together.

=
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3. Emission

Detects spectrum of the planet, when it is closer than the star to the observer,
but outside of the star disc.

Gives information on chemistry of the planet atmosphere, but also of its

surface.
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Biomarker gases: O,, O3,
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Webb instrumentation

A/AA 100,1000, 2700 250k
Multi-Object  Fov/slit 3.4’x3.6'/0.2”x0.46” microshutters
[ 1
A/AA 100,1000, 2700 3250 2650 2000 1550
IFU FOV 3.07x 3. 3.0”x3.9” 3.5"x44” 52"x6.2” 6.1'x1.1"
[ ] |
A/AA 100,1000, 2700 ~100 (@7.5um)
Single Slit Slit 0.2”x 3.3”,0.4” x 3.65”,1.6” x 1.6” 0.51” x 4.7”
[ ] 1
NIRSpec MR
A/AA 150, 700 1450 ~100 (@7.5um)
Slitless FOV 2.2'’x 2.2’ 2.2’x 2.2 7.87 x 46”

NIRISS NIRCam | MRl
llilm EIII_------III---I

0.5 0.6 0.7 0.809 1 4 5 6 7 8 910 15
Not to Scale Wavelength (um)



NIRSpec

Mechanisms:

* Filter Wheel Assembly (FWA) — 8 positions, carrying 4 long pass filters for science, 2
broadband filters for target acquisition, one closed and one open position
* Micro Shutter Assembly (MSA) — for multi-object spectroscopy but also carrying the fixed

slits and IFU aperture
* Grating Wheel Assembly (GWA) — 8 positions, carrying 6 gratings and one prism for science

and one mirror for target acquisition

Operational temperature 38 K

Operational modes:

*  Multi-Object Spectroscopy ( up to 100 objects at time)

* Integral Field Unit (spatially resolved objects like galaxies; up to 30 slices)
* SLIT (narrows field of view; e.g., for transits)

* Image (photos)

Multi-object spectroscopy ( 4 arrays of 250 000 micro shutters)

Scene on the sky Scene on the shutter mask Selection of Objects Spectra on the detector
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Upper Coupling Optics

Micro-Shutter
Array

Filter Wheel

Assembly Refocus

Collimator .
Mechanism

TMA

FOR Optics
TMA

Camera
TMA

Calibration

Focal Plane Mirror 1

Assembly

Grating Wheel
Assembly

Integral Field g Calibration
Unit Calibration Mirror 2

Fold Assembly

Mirror



NIRSpec

TAM, GRAT, PRISM
(dispersing elements)

OTE-Image
Sphere

MSA plane
(spectrometer slits)

(spectral filter unit)

Telescope Fore-Optics Refocusing Collimator
Focus (f/20) TMA Mirror TMA
Assembly

Micro-Shutter
Filter Array (112.5),
Wheel fixed slits, IFU

Grating Focal Plane
Wheel Array (1/5.7)

Simplified optical scheme

Position
sensor

Index Ball
Bearing . Prism
Central ball
bearing axis

Ratchet
Flexural Motor C116
pivot
Support
ISMs to structure
instrument

base plate




MIRI (4.6-28.6 um)

Operational temperature 7 K
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The bright white "spots" and "streaks" are
high-altitude clouds of condensed convective
storms. Dark ribbons north of the equatorial
region have little cloud cover. The large pink
spot is narrow jet stream traveling 515
kilometres per hour.

COMPOSITION OF GAS AROUND ACTIVE BLACK HOLE

NIRCam and MIRI Imaging

MIRI IFU Medium Resolution Spectroscopy
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WEBB determines age of galaxies by measuring doppler shift

NIRCam Imaging

NIRSpec Microshutter Array Spectroscopy

11.3 billion years

>

Lowest redshift
A

Ao(H)=656.3 nm

12.6 billion years
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The further away is a star, the faster it moves, the larger is the Doppler redshift

Highest redshift



Webb images: “Cosmic Cliffs” in the Carina Nebula (NIRCam and MIRI Composite Image)




