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Dust in the early Universe🤔... Why?

1. Understand the dust cycle in galaxies in the Epoch of 
Reionization and in the first galaxies.

2. Understand the formation of the first low-mass stars.
3. Follow the universe’s star formation history to the first 

galaxie(s).

•Keywords: First Stars, First Dust Grains, First Galaxies
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How to form so much dust in the early universe?
Leśniewska & Michałowski (2019)
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How to form so much dust in the early universe?
Leśniewska & Michałowski (2019)

Too early and not efficient enough to produce enough dust

Might be OK but... without dust destruction 
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Dust and star formation
at very low metallicity
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• When gas collapses to form stars, gravitational energy 
is transformed to thermal energy that can halt the 
collapse. Thermal energy needs to be dissipated by :

• atomic fine structure line emission, 
• molecular rotational or vibrational line emission, 
• heating of dust grains.

• After pop. III stars become supernovae, they seed the 
cosmic gas with the first metals (time-scales < 50 Myr).

• A significant fraction (25 – 50%) of these heavy 
elements could be in the form of dust grains (Kozasa, 
Hasegawa & Nomoto 1989; Schneider, Ferrara & Salvaterra 2004). 

• This has important implications for the formation of 
the first low-mass and long-lived stars.
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Madau Plot (1996)
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Lower limits
(due to dust attenuation)

• Using results of the Canada-France 
Redshift Survey (CFRS: Lilly et al. 1995) 
over the redshift range 0 < z < 1

• HST results from the Hubble Deep Field

The Hubble Deep 
Field, an HST 

picture taken over 
the course of 10 

days in 1995.



UV & IR
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Estimating the Total Star Formation Rate Density (SFRD)
Burgarella et al. (2013) from VLT + Herschel

UV SFRD

IR SFRD
Total SFRD

+

=
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•We do not understand
the dust emission of 
high-redshift Lyman
break galaxies (LBGs)   
at z = 5 - 6 (~ 1 billion 
year after Big Bang)

• Their dust attenuation is
too low compared to 
what is expected from
their UV slope β.
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Detections in IR

Upper limits

Faisst et al. 2017



Outline of the Talk
• Introduction

o Dust in the early Universe🤔... Why?

• The FIR + sub-mm Emission of High-z LBGs @ 5 < z < 10
o Introduction
o Selection
o Method
o Results
o Discussion and Predictions

• The evolution of the relation stellar mass vs. dust attenuation with the 
redshift
• Conclusions
• NECO & IPhu

denis.burgarella@lam.fr, IPhU Seminars, 8 April 2021



Hi-z LBGs in EoR
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• 18 Lyman Break galaxies 
(LBGs) with zspec

• All have been observed in 
submm with ALMA

• Low-Mstar and probably low-Z
• Simple galaxies (simple SFH)
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• We densify the IR SED
• We fit all LBG SEDs

using this template
• We tried both with

modified blackbodies
and Draine & Li 
models in CIGALE. We
used Draine & Li.

• SFR (t) = t/𝜏2 e-t/𝜏with
short 𝜏 ~100 Myrs
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With models from
Draine & Li (2014)



Hi-z LBGs
id logM_star

logM_star_er
r logM_dust logM_dust_err L_IR logL_IR_err SFR SFR_err A_FUV A_FUV_err Age Age_err

HZ1 10,32 0,04 6,77 0,26 10,20 0,26 6,06 0,84 0,1 0,1 231,5 11,2

HZ2 10,10 0,08 6,85 0,22 10,28 0,22 9,03 3,91 0,1 0,1 212,7 55,8

HZ3 10,15 0,04 6,99 0,24 10,42 0,24 5,51 1,13 0,2 0,1 216,9 14,1

HZ4 9,98 0,08 7,92 0,10 11,35 0,10 29,94 7,25 0,6 0,1 138,6 61,6

HZ6 10,50 0,04 8,10 0,02 11,54 0,02 29,13 2,15 0,7 0,0 172,6 8,4

HZ7 10,13 0,04 6,82 0,25 10,25 0,25 6,67 0,89 0,1 0,1 204,2 10,3

HZ8 10,13 0,04 6,72 0,26 10,15 0,26 7,94 0,86 0,1 0,1 195,2 9,3

566428 10,15 0,06 7,75 0,24 11,18 0,24 14,70 8,25 0,6 0,4 177,0 36,1

HZ9 10,04 0,11 8,36 0,05 11,79 0,05 56,65 10,21 1,8 0,1 191,7 93,8

HZ10 10,25 0,13 8,80 0,04 12,24 0,04 142,74 26,33 2,5 0,1 99,4 49,6

CLM1 10,41 0,05 6,62 0,22 10,06 0,22 9,82 1,44 0,0 0,0 217,8 14,2

WMH5 10,38 0,08 8,27 0,06 11,70 0,05 35,96 9,75 1,2 0,1 169,7 57,5

A1689z1 10,08 0,16 8,68 0,05 12,11 0,05 124,38 20,96 2,0 0,2 95,1 56,8

ID27 8,91 0,28 7,26 0,19 10,69 0,19 10,18 3,23 0,6 0,3 109,3 107,5

ID31 8,73 0,34 7,33 0,17 10,76 0,17 16,26 4,40 0,5 0,2 49,8 76,6

MACSJD1149 10,03 0,09 6,25 0,28 11,72 0,14 16,85 10,25 0,0 0,0 178,3 39,5

We estimate: sSFR = SFR / MSTAR, sMDUST = MDUST / MSTAR and Age
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M⦿ M⦿ L⦿ M⦿ yr
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Update with respect to Burgarella et al. (2020): 
we add the ALPINE sample (Béthermin et al. 2020)

• Burgarella et al. 2020
• ALPINE detected sample

• Burgarella et al. 2020
• Stacking galaxies at 5.5 < z < 5.9
• ALPINE detected sample
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Dust Formation Rate Diagram (DFRD)

To populate this area, we
need very large statistics

and maybe stack them
⇒ LSST

time
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Dust Formation Rate Diagram (DFRD)

Low-zZ

To populate this
area, we need

larger metallicities

time
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Very low metallicity
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How to form so much dust in the early universe?
Leśniewska & Michałowski (2019)

5.5                     6.0                     6.5                      7.0                     7.5                      8.0 8.5
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The evolution of the relation stellar mass vs. 
dust attenuation with the redshift
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The evolution of the relation stellar mass vs. 
dust attenuation with the redshift
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The evolution of the relation stellar mass vs. 
dust attenuation with the redshift
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Conclusions and perspectives
• We have constrained the very first phases of dust formation 

and destruction / removal in the universe and probably the 
first dust grains formed in the universe.

• We developed a model consistent with UV and IR 
observations that assumes no grain growth in the ISM.

• This model should be implemented in galaxy evolution
models to provide a better agreement with observations.

• We showed that the Mstar vs AFUV relation evolves in redshift.

• More information from JWST (approved CEERS and Cycle 1) + 
ALMA/NOEMA data (?)

• More modelling...
denis.burgarella@lam.fr, IPhU Seminars, 8 April 2021
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Final note: CNRS International Research Network for 
Extragalactic astrophysics and Cosmology (NECO) 
https://collaborations.lam.fr/neco/

NECO organized (Dec. 2020) a workshop 
entitled: Probing the Extragalactic Universe with 
High Energy and Very High Energy Sources

SCIENTIFIC TOPICS: three main domains:
• AGN cycle and galaxy clusters: feedback from AGNs, 

UFO, extragalactic cosmic rays, galaxy clusters and 
related AGN physics, HITOMI/XRISM and Athena 
sciences
• Multi-messenger astrophysics: GRB host galaxies, 

UHECR and nearby extragalactic populations, short and 
long GRB and associated gravitational events, 
constraining stellar populations in galaxies and the Hubble 
constant, revealing the black hole population with 
gravitational waves
• Probing extragalactic lines of sight: Extragalactic 

background light, InterGalactic Magnetic Field, search for 
LIV signatures in signals from AGN and GRB, contraints
deduced for cosmology and fundamental physics, CTA 
sciences

Student (Master and PhD) 
& researcher exchanges

Can 



Final note: CNRS International Research Network for 
Extragalactic astrophysics and Cosmology (NECO) 
https://collaborations.lam.fr/neco/

From https://www.univ-amu.fr/index.php/en/public/institute-physics-universe-iphu:
IPhU is a leading collaborative scientific research and education environment, with a strong 
attractiveness and international influence, dedicated to the Physics of the Universe and 
associated technologies, from the infinitely small scales of particle physics to the infinitely 
large ones of cosmology, with high-energy astrophysics in between. Its goal is to provide 
answers to the key questions of the field that defy our imagination: which fundamental laws 
govern the Universe? What is it made of? How did it form and how does it evolve? Do we 
understand the Universe in its extreme states?

Questions: 
1. Are IPhU members (LAM but not only) interested to contribute?
2. How Can IPhU help funding NECO and its activities?

https://www.univ-amu.fr/index.php/en/public/institute-physics-universe-iphu


Merci
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