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Introduction

• Epoch of Reionization (EoR)


• What are star burst galaxies and why do we want to study them?


• Nearby star burst galaxies


• James Webb Space telescope


• Galaxies in the Epoch of Reionization with JWST



The epoch of reionization

• Last major phase change of the universe


• What are the sources responsible for the reionization?


• We need large amounts of photons ionising the neutral hydrogen


• Consensus in the literature: the first star forming galaxies create large 
ionized bubbles.


• How do these galaxies produce and leak ionizing photons?
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Stellar feedback

• Massive stars (10 - 100 times the 
sun) 


• ionising photons: ionizes the gas


• stellar winds and supernovae: 
moves the gas
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Star forming galaxies in the EoR

• Hubble Ultra Deep Field


• 400 orbits of HST observations (total: 11.3 days)


• Reveals galaxies all they way in the epoch of 
reionization:


• Cosmological redshift: EoR galaxies are red


• compact


• low-mass


• low metallicity


• forming stars at a high rate
Credit: NASA, ESA, and S. Beckwith (STScI) and the HUDF Team

http://www.nasa.gov/
http://www.esa.int/
http://www.stsci.edu/
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Local star burst galaxies as analogues

• Compact, low-mass, low-metallicity and forming 
stars at a high rate.


• forming stars much faster than a typical 
galaxies such as our Milky Way.


• exhausts its gas reservoir in much faster than 
a Hubble time.


• Contain lots of star clusters emitting ionising 
photons


• Ionized interstellar medium

M82, 12 million light year

NGC 1569, 11 million light year

Credits: NASA, ESA and the Hubble Heritage Team (STScI/AURA)



Integral field spectroscopy of starburst galaxies

• Emission lines tracing the gas in the 
galaxy


• Kinematics


• Star formation rate


• Emission line ratios: physical 
properties of the gas


• Integral field spectroscopy: a 
spectrum for each pixel in the Field 
of view covering the entire galaxy.

Bik et al, 2018
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ESO 338-IG04
• HST data and VLT-

MUSE data.


• 37.5 Mpc (122 million 
light year)

Hα



Kinematics

• Velocity map central 
regions


• Redshifted outflows: 
gas moving away 
from us.


• Caused by the 
central most 
massive star cluster
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Ionization of the gas

• [OIII]/[SII] line ratio: ionization 
of the gas.


• Blue contours HeII emission, 
highest ionization levels: 
location of the star clusters


• Ionization channels 


• Ionising photons could 
escape via those channels



Does ESO 338 leak ionising photons?

• We cannot detect it directly, but indirect indicators suggest it does.


• We observe ionized gas out to 20 kpc, far beyond the neutral gas.


• Gas is highly ionized, outflow is present.


• Photons travel far from the star clusters in the center.


• Is this what’s going on in the galaxies in the epoch of reionization?

Hα

Bik et al, in prep
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The James Webb Space Telescope



The James Webb Space Telescope 

• Successful launch 25th of December


• Since then: successful deployment


• Latest news: Mirrors are aligned


• Next: commissioning of the instruments


• Commissioning data will be released 
early summer.



© Gabriel Brammer, The Cosmic Dawn Center, Copenhagen
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Instrumentation

• NIRCAM: infrared imager: 0.6  - 5 micron


• NIRSPEC: Multi-object and integral field 
spectrograph: 0.6  - 5 micron


• NIRISS: slitless spectrograph and coronograph : 0.6  
- 5 micron


• MIRI: mid-infrared imager and spectrograph: 5 - 28 
micron


• Sweden is part of the building consortium of MIRI


• Guaranteed time observations.

MIRI



Galaxies in the EoR 

• Spectra with MIRI of the optical light of 4 bright 
galaxies in the epoch of reionization.


• Redshifted to the mid-infrared (z=7-8), emitted 
13 Gyr ago!


• Observe for the first time the optical emission 
lines.


• Spatially extended, what are the properties of 
the ionized gas?


• Deep imaging to find MANY galaxies much fainter 
than HST ever could detect. 

Simulations

© Pablo Pérez-González, Madrid

Simulations



Swedish involvement in JWST

• Eearly release science (ERS): from solar system objects to distant galaxies. 

• MIRI guaranteed time observations: from planet forming disks to galaxies in the epoch 
of reionization.


• 3 Swedish PI Cycle 1 programs:


• Dr. Angela Adamo (Stockholm), program to study feedback  in nearby spiral galaxies.


• Dr. T. Emil Rivera-Thorsen (Stockholm): program to study how ionised photons escape 
a lensed galaxy at redshift 2.4.


• Dr. Alexis Brandecker (Stockholm): program to study a hot super earth exoplanet.


• Swedish CoIs on many more proposals!


