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Instruments







• Near-Infrared (0.5-6 μm) Imaging and Spectroscopy


• Earliest stars and galaxies


• Stellar populations in nearby galaxies


• Young stars in Milky Way


• Kuiper Belt objects


• Circumstellar disks and planets



• Redshift z ~ 6 - 15 -> NIR-IR


Earliest Galaxies
Few hundred Myr - 1 Gyr after Big Bang



• Near-Infrared (0.5-6 μm) Spectroscopy


• Multi-object (200) Spectroscopy - Microshutter array


• Block interfering nearby light


• Large spectroscopic surveys: early galaxies


• Single-object: transiting exoplanets



• Near-Infrared (0.8-5 μm) Imaging and Spectroscopy


• Earliest galaxies detection


• Exoplanet detection, characterisation, transit 
spectroscopy


• Complementary resolution capabilities to 
NIRCam+NIRSpec



• Mid-Infrared (5-28 μm) Imaging and Spectroscopy


• Earliest stars and galaxies


• Stellar populations in nearby galaxies


• Young stars in Milky Way


• Kuiper Belt objects


• Circumstellar disks and planets

•



•

Few hundred Myr - 1 Gyr after Big Bang
Earliest Galaxies



Physics 



• Stellar evolution properties; light new particle 
interactions (8.3)


• High-redshift sources (9.2.1) 


arXiv:2110.10074




The First Stars and Galaxies

• Before the first stars turned on, a primordial night 
of hydrogen gas and dark matter ruled the 
universe - the dark ages. Gravity attracted gas 
and dark matter together, until stars and galaxies 
started lighting up the universe at cosmic dawn, 
in turn gradually ionizing the sea of hydrogen gas 


• Unique information about the big bang, gravity, 
dark matter, early dark energy and other exotic 
physics is imprinted in vast 3D atlases of stars, 
black holes, galaxies and hydrogen gas during 
these epochs - hidden from view in the later 
universe


• Observations of the first stars, black holes and 
galaxies (optical/NIR/IR) and gas observables 
(radio) can unveil the secrets of this final frontier

5-800



Early-Universe Physics
Early-Universe structure and gas observables allow 
a unique, clean view of potentially exotic physics on 
the smallest scales - “eaten” by baryonic processes 
at later times

5-800

Sabti et al., 2110.13161

Present-day galaxy 
scales



Broad Features

• Probes on small scales


• Population III stars


• Black holes (primordial, direct-collapse)


• Quasars


• Galaxies


• Models with features on small scales


• Free-streaming suppression due to light 
degrees of freedom


• Features on small scales due to e.g. 
primordial black hole formation 
mechanism


• Non-Gaussian density fluctuation 
statistics due to inflationary mechanism


• Novel physics in the early Universe: e.g. 
mixed / interacting dark matter, early dark 
energy, extensions to General Relativity





Yung et al. 2019

Intrinsic Dust attenuated Apparent



Light Dark Matter and Structure 
Formation

• May alter pre-recombination physics (relativistic, dark 
radiation) -> Hubble tension


• Light particles like warm dark matter (keV) have large 
thermal velocities and can free-stream over large 
distances in and out of gravitational potentials, since 
they also have very weak non-gravitational interactions


• They are generally not gravitationally bound to galaxies


• The formation of halos/galaxies on scales smaller than 
the mean-free path of the particles will be suppressed 
accordingly



Dddasdasdasdasdasd 

The lighter the particle, the larger the mean-
free path, the less structure on small scales

Massless neutrinosMassive neutrinos
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Light Dark Matter and Structure 
Formation



Light Dark Matter Prevents 
Galaxy Formation

Bode+ 2001, Pacucci+2013

-> Star formation starts 
later, in more massive 
halos, and proceeds faster, 
than in CDM 

-> Correlation function of 
galaxies / sources tighter, 
due to more massive halos 

-> Additional indirect 
feedback effects 

Corasaniti et al. 2017



GRAVITATIONAL LENSING

source lensing gravitational
potential

lensed images

distorted light-rays

Earth

Magnifies and brightens distant, faint sources

Reduces effective volume 
Pushes to fainter sources

Zoom in on small scales!



Constraints on WDM mass from 167 z~6 galaxies 

Menci+2016

Hubble Frontier Fields 

mWDM > 2.4 keV (95%)  



JWST UD Lensing z = 8

Prediction: JWST UD lensing

mWDM > 3.5 keV (68%)  

Sahlén, Pacucci & Mesinger, in prep.



Evolving Dark Energy Models

• Influences expansion and 
gravitational growth histories


• E.g. Early Dark Energy could 
influence pre-recombination 
physics and relativistic degrees of 
freedom —> Hubble tension

Menci et al. 2020

z ~ 4 - 7 galaxy abundance



http://galaxymc.cloud

http://galaxymc.cloud


Testing Cosmology and Astrophysics Models

arXiv:2105.05098



The First Galaxies and IGM

• Combine observations from future optical/infrared 
and radio telescopes to help answer questions 
about early-Universe physics:

5-800

2030s: Lunar Radio Telescopes

2027-2080: SKA Observatory 
The square-kilometre-size radio telescope 
array across multiple continents will 
create detailed 3D atlases of matter back 
to the first hundred million years.

• How did the Universe begin?

• Does gravity behave the 

same in the early and late 
epochs of the Universe?


• What is Dark Matter made 
of?


• Is there new exotic physics?


• When and how did the first 
stars, black holes and 
galaxies form? What are their 
properties?


• How did the vast cosmic 
reservoirs of hydrogen gas 
become ionized in the early 
Universe?



• Full modelling of galaxy correlation 
function


• Inclusion of non-standard dark matter 
models


• Integration of 21cm IGM modelling


• Galaxy + 21cm synergy statistics


• Machine learning emulator/
accelerator

Current and Future Work



Observational Plans



https://www.stsci.edu/jwst/science-execution/approved-programs













https://www.rymdstyrelsen.se/upptack-rymden/om-rymden/james-webb-
teleskopet/




