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2. Why we need JWST to understand evolution of galaxies? 
3. “Unfold the Universe” -  how JWST works? 
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1. Legacy of astronomical discoveries in the 
last decades 

 
paving the road for JWST

!31. Introduction



Hubble space telescope  
(launched 1990)
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1. Hubble space telescope: an infinite legacy

1. Introduction



!5

1.2 Distant Universe: Hubble (eXtreme) Deep Field (XDF)

1. Introduction

XDF

1 sq. degree1o
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1.2 Distant Universe: Hubble (eXtreme) Deep Field (XDF)

1. Introduction

XDF

1o

• Almost 6000 galaxies inside 
• The area is 1/30 million of the whole sky!!! 

1 sq. degree



!71. Introduction

XDF

1.2 Distant Universe: Hubble (eXtreme) Deep Field (XDF)
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Hubble eXtreme Deep Field  

 
Hubble Space Telescope (optical)

1. Introduction

1.3 Galaxy evolution: optical perspective
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Stars

Gas

1. Introduction

Hubble eXtreme Deep Field  
 

Hubble Space Telescope (optical)

1.3 Galaxy evolution: optical perspective



STARS GAS

ILLUSTRIS SIMULATION
1.3 Galaxy evolution

�101. Introduction



!111. Introduction

1.4 Searching for the most distant galaxies



!121. Introduction

The most distant galaxy confirmed before 2022 
GN-z11 (z=11.1) 

 
(Oesch et al. 2016)

1.4 Searching for the most distant galaxies



Credit: NASA, ESA, A.Field

redshift (z)
8 11 200

�131. Introduction

1.5 Galaxy evolution in pre-JWST era

• Current estimate 200 billion galaxies in the Universe identified… 

• … but predictions say that we yet have to find 10 times more!!!

Billions of years ago
0 13 13.3  13.78

1 6

12.8



2. Why do we need  JWST?

!142. JWST



Spitzer space telescope
(mid-IR)
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2. Galaxy evolution: an infrared window

Herschel space telescope
(far-IR)

2. JWST
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Hubble Ultra Deep Field  
 

Hubble Space Telescope (optical)  
SCUBA2 camera (far IR/mm)

2. JWST

2. Galaxy evolution: an infrared window
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Hubble XDF field without dust emission

 
Hubble Space Telescope

2. JWST
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Hubble Space Telescope 

ALMA (sub-mm)

Hubble XDF field with dust emission

2. JWST



�19

 

Stars

Gas

Hubble eXtreme Deep Field  
 

Hubble Space Telescope (optical)

2. JWST

2. Galaxy evolution: an infrared window
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Stars

Gas

Dust

Hubble eXtreme Deep Field  
 

Hubble Space Telescope (optical)

2. JWST

2. Galaxy evolution: an infrared window
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Stars
Gas

Dust

Cold gas is a fuel 
for star-formation

• Dust shapes galaxy view  
(absorb UV photons and re-emits in IR)


• Protect cold gas from heating up 
• Important for star-formation conditions

Hubble eXtreme Deep Field  
 

Hubble Space Telescope (optical)

2. Galaxy evolution: an infrared window

2. JWST
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Stars

UV light

2.1 Why worrying about dust in galaxies?

2. JWST
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Stars

Dust 
(Si, C…)

Infrared light

UV light

Gas 
(H2, HI, CO, C, HCN …)

Dust accounts only 1% of the interstellar medium mass, but it’s crucial in 
galaxies!

2.1 Why worrying about dust in galaxies?

2. JWST
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Credit: Casey et al. 2019

2.2. History of galaxy star-formation

2. JWST
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Improve 
SFR estimate 

by 
characterizing 

dust

Credit: Casey et al. 2019

2.2. History of galaxy star-formation

2. JWST



�26

How many smaller distant 
galaxies we miss?

Improve 
SFR estimate 

by 
characterizing 

dust

Credit: Casey et al. 2019

2.2. History of galaxy star-formation

2. JWST
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How many smaller distant 
galaxies we miss?

Improve 
SFR estimate 

by 
characterizing 

dust

Galaxies at 
z>11?

Credit: Casey et al. 2019

2.2. History of galaxy star-formation

2. JWST
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What is a fraction of SF vs. AGN galaxies?

Galaxies at 
z>11?

Credit: Casey et al. 2019

2.2. History of galaxy star-formation

2. JWST



3. JWST - “unfold the Universe”

!293. JWST intro
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3. Unfold the Universe

1. Introduction

JWST primary mirror is the largest ever sent into space

3. JWST intro



!311. Introduction

Full Spectral Energy Distribution (SED) of galaxies

Dust emission
Stellar light

(young stars)

3. JWST intro

3. Unfold the Universe



!321. Introduction

Full Spectral Energy Distribution (SED) of galaxies

Ioinised 
gas

Silicates CII

CO

3. JWST intro

3. Unfold the Universe



JWST will cover the wide range of near-IR-to-mid-IR

!33

2. JWST - new window into (mid)infrared Universe 

3. JWST intro
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James Webb Space Telescope (JWST)

• Collaboration: NASA/ ESA/ Canadian Space Agency 
• Primary mirror: D=6.5m 
• NIR-instruments and MIR-instruments

3. JWST intro



JWST in a nuttshell

• In L2 point (1.5 billion km from Earth) 

• PRIMARY MIRROR  (D= 6.5m) 
(gold-plated beryllium) 

• 18 mirror segments / 5 sunshield layers  

• 4 SCIENCE INSTRUMENTS 
(near-IR and mid-IR)

3. JWST intro !35



• PRIMARY MIRROR  (gold-plated beryllium)  
Diameter = 6.5m 

• 18 hexagonal segments 
• Collecting area: 25 m2 

• SECONDARY MIRROR:   
Diameter =  0.75m 

• 132 micro-motors for mirror adjustments

JWST in a nuttshell

!363. JWST intro



Temperatures must be kept <50K  

• Sunshield  (Aluminium + dopped silicon)  

• Cryocooler (Helium) 

JWST in a nuttshell

!373. JWST intro



Credit: JWST/NASA
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3. JWST: instruments

3. JWST intro



Proposing science to JWST 
Extremely competitive… and it will be!

General Observer Program (GO) 

• Cycle 1  (1200 proposals / 24 500h requested)  

• Available (1600h) 





4. First results

!411. Introduction



JWST as time machine



4.1 Comparing the infrared view with other space telescopes



4.1 Mapping the dust in star-forming regions

Credit: STSCI/ESA

“Pillars of creation” (Eagle nebula, 6500 ly away from us)



4.1 View into star clusters:  
Earth telescopes vs. JWST

!454. Results

Credit: STSCI/ESA



4.1 Interplay of gas & dust around black holes

Credit: STSCI/ESA
!464. Results



4.2 The deepest view of galaxies …. EVER MADE

mid-IR near-IR



4.2 Images of very distant galaxies with JWST…



4.2 …and galaxy near-IR spectra with JWST



4.2 The deepest view of galaxies …. EVER MADE

Image of a galaxy @ z=12

SED of a galaxy @ z=12

(Finkelstein et al. 2022)



4.3 Observations vs. theory: tension with LCDM model?
maybe NOT, if we account for all biases…

!514. Results

Credit: Lovell et al. 2022



Future with JWST

How Universe become ionised plasma? 

!524. Results



Future with JWST

How Universe become ionised plasma? 

!534. Results



4.2 The deepest view of galaxies …. EVER MADE

We find many very distant galaxies so far… can we explain them?

(Finkelstein et al. 2022)

!544. Results



Future with JWST

Are high-z galaxies strongly clustered?

insight from simulations

!554. Results



Future with JWST

Are high-z galaxies strongly clustered?

• Future deepest survey with JWST will quantify number density of most distant galaxies

(Casey et al. 2022)

!564. Results



Take-away messages

•JWST provides completely new view on infrared & distant Universe. 

• So far, number of galaxies found within the first 1 Gyr after Big 
Bang is higher than expected from LCDM models. 

• Main goals of future surveys are:  
 
1) detailed characterisation of warm dust in distant galaxies  
2) unveiling the census of SF vs AGN galaxies @z>7-15  
3) answering the question how many of these extremely distant 
galaxies are clustered or isolated  
4) how fast after their formation, galaxies enriched with dust and 
metals

!57Remarks



Comments/Questions

 @darkOenergy

darkdonevski@gmail.com

darko.donevski@ncbj.gov.pl

mailto:darko.donevski@ncbj.gov.pl
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3. JWST: instruments

1. Introduction2. JWST

imaging + spectra



Additional slides

 @darkOenergy

Email:  darko.donevski@sissa.it 

mailto:darko.donevski@sissa.it


Evolution of dusty galaxies  
interplay of SF and SMBH



Future with JWST

SF galaxies vs. AGN galaxies

• Is number density of AGN galaxies significant in early Universe???
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➡ Importance of dust modelling within the galaxy evolution framework

Interplay of metals, gas, stars and dust in galaxy evolution

1. Introduction



ADDITIONAL SLIDES
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Honeybee's compound eye structures. The cllustered receptors (ommatidiae) are arranged 
hexagonally with angular separation & each has its own small receptive field ∆ρ.

(credit: Wang et al. 2019)
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Honeybee view

1. Introduction



Honeybee's compound eye structures. The cllustered receptors (ommatidiae) are arranged 
hexagonally with angular separation & each has its own small receptive field ∆ρ.

(credit: Wang et al. 2019)
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Honeybee view

1. Introduction



HST image of Jupiter 
(credit: NASA)

!691. Introduction

1.1 Nearby Universe



!701. Introduction

1.1 Nearby Universe

HST image of Jupiter’s aurrora  
(credit: NASA)



!711. Introduction

1.1 Nearby Universe

First ever image of an exoplanet 25 light years away 
(~ Jupiter mass size, distant to the star at 11 billion km) 

 
(credit:Kalas/UC Berkley)



JWST NIRCam  (4 micron) alignment image



JWST



Worlds outsides our Solar system: EXOPLANETS

This video shows a fly-through of the bright double star Alpha Centauri A and B. In 
the final sequence we close in on Alpha Centauri B and a newly discovered planet 
swims into view. This Earth-mass planet is the closest exoplanet known and the 

lightest ever found around a star like the Sun. 



Worlds outsides our Solar system: EXOPLANETS



JWST



Worlds outsides our Solar system: EXOPLANETS



Worlds outsides our Solar system: EXOPLANETS



Credit: JWST/NASA
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3. JWST: instruments

1. Introduction2. JWST



Credit: JWST/NASA
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3. JWST: instruments

1. Introduction2. JWST

Credit: D. Law/ ManGA
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3. JWST: instruments

1. Introduction2. JWST

• Metalllicity 
• Star-formation rate
• History of star-formation
• Kinematics
• AGN presence…

Credit: D. Law/ ManGA
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3. JWST: instruments

1. Introduction2. JWST

• Metalllicity 
• Star-formation rate
• History of star-formation
• Kinematics
• AGN presence…

Credit: D. Law/ ManGA
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3. JWST: instruments

1. Introduction2. JWST

• Metalllicity 
• Star-formation rate
• History of star-formation
• Kinematics
• AGN presence…

Credit: D. Law/ ManGA



After launch deployment & commissioning



�85 853. Astrophysics of star-
forming galaxies

James Webb Space Telescope



Most distant galaxy discovered so far…



�87 873. Astrophysics of star-
forming galaxies

James Webb Space Telescope



Worlds outsides our Solar system 
EXOPLANETS

How did life 
develop on Earth?

What are the building 
blocks of planets?

Can we find a water on a 
planet in habitable zone?

Do comets and other 
icy & dusty bodies 

contain clues to our 
origin?

How many smaller 
distant galaxies we 

miss?

How first galaxies 
formed?

What is a role of 
aromatic molecules (PAH) 

in dust formation?

What is the metallicity of 
distant galaxies?

Co-evolution of 
galaxies and black holes 

over cosmic times…



Black holes

Spectra of the bright stars around black holes (MUSE instrument on VLT). 
More massive BHs cause stars to move faster. 

This effect is reflected in the spectra —> spectral lines are broader if the stars are moving faster.

https://www.eso.org/public/teles-instr/paranal-observatory/vlt/


Most distant galaxy discovered so far…



After launch deployment & commissioning



JWST as spectral machine



Science we expect
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Star-formation markers
Full Spectral Energy Distribution (SED) of galaxies

Deo 3



Evolution of dusty galaxies  
interplay of SF and SMBH



Pristine gas Hot DM halo

Ejected 
materialBaryonic reservoirs

Legend:

Interstallar 
medium

1. Introduction �96

Interplay of metals, gas, stars and dust in galaxy evolution
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Hot DM halo

Star formation

Material 
recycling

Gas cooling
Feedback

Gas infall

Baryonic cycle

Baryonic reservoirs

Legend:

Pristine gas

Ejected 
material

Interstallar 
medium

1. Introduction

Interplay of metals, gas, stars and dust in galaxy evolution
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Hot DM halo

Star formation

Material 
recycling

Gas cooling
Feedback

Gas infall

Molecular clouds

Baryonic cycle

Baryonic reservoirs

Legend:

Pristine gas

Ejected 
material

Interstallar 
medium

Dust life cycle

Dust cycle

1. Introduction

Interplay of metals, gas, stars and dust in galaxy evolution
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Hot DM halo

Type II SNe  
dust formation

AGB stars 
dust formation

Star formation

Material 
recycling

Gas cooling
Feedback

Baryonic cycle

Dust cycle

Baryonic reservoirs

Gas infall

Legend:

Dust grain growth  
through accretion in 

ISM

Interstallar 
medium

(I)  Complex link of gas, stars & dust in galaxy evolution  !  

(II) Measure of different dust production/destruction processes !

1. Introduction

Dust 
destruction 

by sputtering

Dust 
destruction 

by SNe shocks

Pristine gas

Ejected 
material

Interplay of metals, gas, stars and dust in galaxy evolution
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Evolution of ISM from the early to the local Universe

Interstellar dust particles 
• Solid particles of size 0.3 um<r<0.3 nm  
• Made of heavy elements (mainly O, C, Si, Mg, and Fe)  
• Mixed with the gas in the ISM.  
• Accounting for only ︎1% of ISM mass… 
•… but, they have a radical impact on galaxies!!!

Carbon 
grains

Silicate grains

Why studying dust and metals over cosmic times?
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Dust

Increases the formation 
of H2  

(hydrogen forming onto 
surfaces of interstellar 

dust grains)

Additional cooling 
channel for gas  

(role in increaing 
star-forrmation)

Affecting galaxy spectral energy 
distribution (SED)

(Dust grains absorb stellar 
radiation in the ultraviolet (UV) and 

re-emit in far-IR)

Dust contributes to 
the metals in CGM

Stellar 
light

(young 
stars)

Dust emission

Why studying dust and metals over cosmic times?
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Dust, its spectral energy distribution (SED) and beyond…

Dust emission = combination of various meachanisms
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Dust, its spectral energy distribution (SED) and beyond…

PAH emission 

(PDR regions illuminated by UV-
bright stars; contribute up to 10% 

of the total IR luminosity) 

Dust emission = combination of various meachanisms
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Dust, its spectral energy distribution (SED) and beyond…

PAH emission 

(PDR regions illuminated by UV-
bright stars; contribute up to 10% 

of the total IR luminosity) 

Diffuse emission 

(majority of dust, mostly larger 
grains, heated by constant 

radiation field) 

Dust emission = PAH features + Diffusse emission
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Dust, its spectral energy distribution (SED) and beyond…
Dust emission = PAH features + Diffusse emission
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Why studying dust-metallicity relation at high-z (z>2)
Relation between dust mass and metallicity established only for 
local samples or for a handful of very massive samples up to z~2.3

dust-metallicity relation @z~0 
(Rémy-Ruyer + ’15)
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Dust, its spectral energy distribution (SED) and beyond…
Dust mass at z~2 order of magnitude higher than at z~0 
➡ tension with models! (e.g. they need to account for higher gas masses or SFE)

sSFR-metallicity relation @z~2 
(Shivaei + ’22)
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Dust, its spectral energy distribution (SED) and beyond…
To predict dust SED at high-z, one needs to correct overestimation for far-IR part 
➡ JWST + ALMA come into the game!
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Dust, its spectral energy distribution (SED) and beyond…
To predict dust SED at high-z, one needs to correct overestimation for far-IR part 
➡ JWST + ALMA come into the game!


