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Photos of the Ye ar

IMAGES THAT CHANGED HOW WE SEE THE WORLD... AND BEYOND
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Refracting
telescopes

Reflecting
telescopes

Galileo Galilel
4 cm (1609)

Isaac Newton
5 cm (1668)

Yerkes Observatory
1 meter (1892)

William Herschel
1.2 meter (1789)




Palomar Observatory
b-meter (1949)

Keck Observatory
2 x 10-meter (1993)

Very Large 'lelescope
4 x 8.2-meter (1993)
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Hubble Space lelescope
2.4-meter (1990)

Ground: Subaru (8m) Space: HST (2.4m)
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At some wavelengths, the atmosphere is not transparent!




Why do we want infrared observations?

« Some atoms / molecules / black bodies emit In the infrared

Infrared light can go through dust with minimal attenuation

- Optical light from distant galaxies Is redshifted into the
infrared



Hubble’s law (1929)

Linear relation between the distance of a galaxy and its receding velocity
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James Webb Space "lelescope (JWS'T)
6.5-meter (launched December 25th, 2021)

Relatively big mirror (6.5 m)
- Very good spatial resolution

Sensitive to near- and mid-
infrared light

» Advanced spectroscopic
capabillities




Hubble Space Telescope vs James Webb Space Telescope




James Webb, NASA
Administrator [961-1968




Segmented Mirrors

Guido Horn d’Arturo developed
the first segmented mirror in

Bologna (1932-1952)

Fig. 12. The complex mechanism of 183 screws to
regulate the 61 tiles can be seen on the ceiling of the
small room placed under the 1.80 m mirror. (photo:
FE. Bonoli)

Bonoli (2018)

Then re-invented in the 1980s by Jerry Nelson for the design of the Keck telescopes
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Image stacking: from |8 small telescopes to one large telescope
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MIRI: First high-resolution images "
in the mid-infrared!
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Tiled
Tiled Hexagons
Hexagons with gaps
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Circle Hexagon

Aperture

Image of
a point
source




JWST has four instruments on the focal plane:
they receive light from the sky simultaneously
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133"
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Imaging
A “photograph’ taken in a
specific wavelength interval

Spectroscopy

Light 1s decomposed into

different wavelengths using

a disperser (prism, grating,
etc)




Distant galaxy observed at |.15 micron

MNSTA115w




Distant galaxy observed at different wavelengths

MNSTA115w IWSTALSOw JWSTH200w IWNSTN27 7w PNSTIAS%Gw IWSTNA4Lw
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"HST-dark” galaxies could not be seen beforel

Nelson et al. 2022



We can characterize the emission spectrum of a galaxy by using several filters
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Discovery of distant galaxies:
Redshift = 9, 10, '], 12...

FOS0W F115wW F150W F200W F27TW F356W F444W
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There are a lot of high-redshift galaxies in the first [WST images
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Wide-field slitless spectroscopy: every galaxy Is dispersed

NIRCam F115W+F200W +F356W WESS grismR modA (8.8 ks)

Matthee et al. (2022)
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Slitless spectroscopy Is noisy: we need “slits” to isolate the light from the target

Multi-object spectroscopy (MOS)

Beam s« Colimated
throughl elescope Optics
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JWST NIRSpec uses a revolutionary system based on micro-shutters

Scene on the sky Scene on the shutter mask Selection of Objects Spectra on the detector
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GALAXY CLUSTER

WEBB SPECTRA IDENTIFY GALAXIES IN THE VERY EARLY UNIVERSE
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Fuchd
1.2-meter (launched July lst, 2023)

CSd

Smaller mirror than JWST

Less infrared wavelength coverage

Less advanced spectroscopic
capabillities

...much, much bigger field of view!
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Fuclid field of view




EUCLID







Euclid

« Wil observe one third of the entire
sky

- Mostly useful for cosmology and .
galaxy evolution

+  One large team, one long observation

JWST

Wil observe only small, targeted parts
of the sky

Useful to study everything, from planets
to galaxies

Anyone can apply and obtain
observations



Euclid launch on July Ist

SpaceX Falcon 9 booster landing

T+00:08:34







EUCLID'S JOURNEY TO L2

Euclid will orbit the second Lagrange point (L2), 1.5 million kilometres from Earth in the opposite direction from the Sun. L2 is an equilibrium
point of the Sun-Earth system that follows the Earth around the Sun. In its orbit at L2, Euclid's sunshield can always block the light from

the Sun, Earth and Moon while pointing its telescope towards deep space, ensuring a high level of stability for its instruments.
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Euclid's orbit
around L2

......

Eesa

Launch (L)

L+2 days:

Euclid is on its way to L2
L+2 weeks:

Euclid cool-down is complete
L+4 weeks:

Euclid in orbit around L2

L+4 weeks:
Telescope aligned and all
instruments turned on

L+1-3 months:

Testing of scientific performance
and readiness for science

L+3 months:

Euclid begins its survey




Fuclid will be able to measure the geometry of
the universe using two methods:

Gravitational Lensing

Baryonic Acoustic Oscillations




galaxy cluster

distorted ght-rays

Fuclid will be able to

map the distribution
of dark matter




Eesa

WHAT EUCLID WILL MEASURE: BARYONIC ACOUSTIC OSCILLATIONS

During the first 300 000 years after the Big Bang, density fluctuations in the hot plasma (of protons, neutrons, electrons and photons) behaved as sound waves (bubbles) that
rippled through this primordial particle-radiation soup. At the end of this period, slightly more galaxies formed in clusters along the frozen ripples. The ripples stretched as

the Universe expanded, increasing the distance between galaxies. Euclid will study the distribution of galaxies over immense distances, teasing out these ripple patterns and
determining their size. This enables us to measure accurately the accelerated expansion of the Universe and teaches us about the nature of dark energy and dark matter.

P e atiomas i il o Artist's impression of the pattern of
baryonic acoustic oscillations imprinted
on the large-scale distribution of
galaxies (exaggerated)

Source: ESA and the Planck Collaboration / Gabriela Secara / Perimeter Institute




ACDM = Dark energy (A)

Dark Energy
Accelerated Expansion

Afterglow Light Pattern  Dark Ages
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Can we go beyond the current “standard model” for cosmology?

+ Cold Dark Matter

What are the constituents of our universe!?

D AstroKatioPlanck13



