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Emission-lines; breaks/absorption-lines; PAH Spectroscopy
By z~12, emission lines at >3700A fall 
in MIRI spectral coverage;
Balmer-break and Mg5176 at z<8-11 
with NIR instrumentation;
Lyɑ at z>4 & Lycont at z>5.6;
Hɑ and [SII] in MIRI at z>6;
PAH3.3um accessible “only” at z<8;
PAH6–8um at z<2-4;
[NIRSpec 3’x3’; NIRISS 2.2’x2.2’]

JWST
Redshift machine
Chemical tagging machine
Ionization characterizer 
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The Big Questions on Epoch of Reionization
in order of increasing redshift

1.When and how did reionization occur?
-> high S/N spectra of these objects to study the properties of the IGM at high redshift and further constrain the history of 
reionization. 

2.What sources caused reionization?
-> by identifying faint sources down to AB~31 and studying the spectral properties of galaxies down to AB~28-29, JWST will 
identify the sources responsible for completing reionization

3.What are the first galaxies?
-> JWST will be able to push the study of galaxies to much higher redshift than presently possible and it is likely that the nature of 
the first galaxies will be effectively explored by JWST

4.When and how did the active galactic nuclei form?
-> JWST will be unable to detect the direct collapse black holes and thus it will make discrimination between models indirect and 
model dependent. On this basis we expect that this question will not be fully answered by JWST.

5.When and how did the first stars form?
-> finding these objects by other techniques and studying them spectroscopically with JWST may be the best solution.



First stars and galaxies

High-z LAEs in
ionizing bubbles

David Sobral et al. (2015)
Matthee, Sobral, et al.

(2015, 2019, 2020)

JWST
NIRCam/NIRISS/NIRSpec

Will extend this type of study to z>6.2



First stars and galaxies

Nebular Continuum in Population Synthesis
FADO accounts for Nebular Continuum

Neglecting it induces significant bias
M* and M*wgt-age overestimate

Lwgt-age and metallicity underestimate
Leandro Cardoso, Jean Michel Gomes, and Polychronis Papaderos (2019)

High-z populations
Light-dominated by young stars
Strong nebular continuum
High-EW lines

JWST
Identify young/evolved systems

Need proper Pop. Synthesis
Fado does that!

Roberts-Borsani et al.(2020)



Big Questions on Assembly of Galaxies
1. Determine how galaxies and the dark matter, gas, stars, metals, morphological structures, and active nuclei within them evolved 
from the epoch of reionization to the present day.

2. Where were stars in the Hubble Sequence Galaxies formed, when did luminous quiescent galaxies appear?

3. Where and When are the Heavy Elements Produced and to What Extent do Galaxies Exchange Material with the Intergalactic 
Medium? 

4. When and how are the global scaling relations for galaxies established? 

5. Do Luminous Galaxies Form through the Hierarchical Assembly of Dark Matter Halos? What are the Redshifts and Power 
Sources of the High Redshift Ultra Luminous Infrared Galaxies?

6. What is the relation between the Evolution of Galaxies and the Growth and development of Black Holes in their nuclei?

7. Initial Mass Function...



Structure of the cosmic web

Galaxy growth
Stellar-Mass and Environment are key

Filaments/Groups seem to be a sweet-spot
Galaxy pre-processing

Ana Paulino-Afonso, David Sobral, et al. (2020)

JWST
NIRCam FoV ~ 1.5x0.7Mpc2 @z=6
Wide/Medium/Narrow-band imaging

NIRSpec MSA (1Mpc2)
NIRISS Slitless (0.5Mpc2)



The Hubble sequence

Disc-Bulge Decomposition
Disc may flatten/decrease at the centre

Sérsic fits are not optimal and induce systematics
Iris Breda, Polychronis Papaderos, and Jean-Michel Gomes (2020)

JWST
NIRSpec+MIR IFU => extend these 

studies to much higher redshift



The Hubble sequence

Early-Universe relics
in the Local-Universe
Compact and Massive

(Re<2kpc; >8E10Msun)

Not just in dense env.
Fernando Buitrago et al. (2018)

JWST
NIRSpec+MIR IFU
Metallicity gradients
Structural analysis



Machine Learning to the rescue

Decoupling SEDs
PCA can decouple stellar 

emission from PAH and hot-dust
Meidt et al. (2012)

[see also: Mentuch+09,10; Messias+13]

JWST
Such analysis can be extended up 

to the end of the re-ionization

old stars
@3.6um

dust+PAH
@3.6um

dust+PAH
@8um



JWST GTO and ERS (AGN-related see Dominika’s presentation)
JWST Medium-Deep Fields (GTO1176)
Ram Pressure Stripping in ESO 137-001 (GTO1178)
NIRSpec GTO observations of NGC 4654 (GTO1223)
NIRSpec+MIRI IFU Observations of Arp220 (GTO1267)
The Metallicity of Galaxies in the MAC J1149.5+2223 Field (GTO1199)
CANUCS: The CAnadian NIRISS Unbiased Cluster Survey (GTO1208)
NIRSpec IFS of BR1202 (GTO1220)
Cosmic Re-ionization, Metal Enrichment, and Host Galaxies from Quasar Spectroscopy (GTO1222)
Exploring the End of Cosmic Reionization (GTO1243)
NIRSpec and MIRI IFS of SMGs (GTO1264)
NIRCam-NIRSpec Galaxy Assembly Survey - GOODS-S/N (GTO1180, 1181, 1210, 1286, 1287)
MIRI in the Hubble Ultra-Deep Field (GTO1207, 1283)
NIRSpec WIDE MOS Survey - GOODS-N/AEGIS/COSMOS/UDS (GTO1211, 1213, 1214, 1215)
Integral Field Spectroscopy in GOODS-S/COSMOS/EGS (GTO1216, 1217, 1262)
MIRI IFS of COS-zs7-1and B14-65666 (GTO1284)
Through the Looking GLASS: A JWST Exploration of Galaxy Formation and Evolution from Cosmic Dawn to Present Day 
(ERS1324)
The Cosmic Evolution Early Release Science (CEERS) Survey (ERS1345)
TEMPLATES: Targeting Extremely Magnified Panchromatic Lensed Arcs and Their Extended Star Formation (ERS1355)

https://www.stsci.edu/jwst/observing-programs/program-information?id=1176
https://www.stsci.edu/jwst/observing-programs/program-information?id=1178
https://www.stsci.edu/jwst/observing-programs/program-information?id=1223
https://www.stsci.edu/jwst/observing-programs/program-information?id=1267
https://www.stsci.edu/jwst/observing-programs/program-information?id=1199
https://www.stsci.edu/jwst/observing-programs/program-information?id=1208
https://www.stsci.edu/jwst/observing-programs/program-information?id=1220
https://www.stsci.edu/jwst/observing-programs/program-information?id=1222
https://www.stsci.edu/jwst/observing-programs/program-information?id=1243
https://www.stsci.edu/jwst/observing-programs/program-information?id=1264
https://www.stsci.edu/jwst/observing-programs/program-information?id=1180
https://www.stsci.edu/jwst/observing-programs/program-information?id=1181
https://www.stsci.edu/jwst/observing-programs/program-information?id=1210
https://www.stsci.edu/jwst/observing-programs/program-information?id=1286
https://www.stsci.edu/jwst/observing-programs/program-information?id=1287
https://www.stsci.edu/jwst/observing-programs/program-information?id=1207
https://www.stsci.edu/jwst/observing-programs/program-information?id=1283
https://www.stsci.edu/jwst/observing-programs/program-information?id=1211
https://www.stsci.edu/jwst/observing-programs/program-information?id=1213
https://www.stsci.edu/jwst/observing-programs/program-information?id=1214
https://www.stsci.edu/jwst/observing-programs/program-information?id=1215
https://www.stsci.edu/jwst/observing-programs/program-information?id=1216
https://www.stsci.edu/jwst/observing-programs/program-information?id=1217
https://www.stsci.edu/jwst/observing-programs/program-information?id=1262
https://www.stsci.edu/jwst/observing-programs/program-information?id=1284
https://www.stsci.edu/jwst/observing-programs/approved-ers-programs/program-1324
https://www.stsci.edu/jwst/observing-programs/approved-ers-programs/program-1345
https://www.stsci.edu/jwst/observing-programs/approved-ers-programs/program-1355


Epoch of Reionization
Reionization occurred rapidly and at later epochs than envisaged when JWST was 
planned, corresponding to 10<z<6
This increases the likelihood that galaxies were the dominant source of ionizing 
photons and that the earliest sources are within reach of JWST
Spectroscopy is the only route to addressing several outstanding challenges in 
confirming this picture:
 - the nature of the ionizing radiation field
 - the fraction of ionizing photons that escape 

- the nature of early metal enrichment
Traditional rest-frame optical diagnostics are only available for z < 9 but tools are now 
available to exploit the rich potential of rest-frame UV lines
Application of these tools already suggests some z>7 sources displaying Lyα are 
efficient ionizing sources perhaps indicative of unusual populations of hot stars; thus 
reionization may be more complex than we imagined
 

 



Epoch of reionization
HST/ WFC3 tells us z~10 galaxies are there but we need JWST to confirm their 
presence and image to higher z
JWST NIRSPEC will measure :
- stellar continuum & composition of gas in z ~ 8+ galaxies using UV and optical lines 
longward of 2 microns beyond reach of current & future ground-based telescopes.
- very accurate redshifts, and hence determine accurate rest-frame properties;
- measure emission lines (Hα, Hβ, [OIII], [OII]), to constrain: attenuation by dust, star 
formation rate; ionization state and metallicity of the interstellar gas.
- metallicity of galaxies, using the OIII] 1665 line down to 10-3 solar for galaxies 1.5 
magnitudes below M. This metallicity appears to be close to the metallicity of gas in 
first generation galaxies and would enable us to establish whether the galaxies we 
observe are evolved systems.
JWST MIRI could be used to identify older stellar population on the basis of the SED 
of the objects.

 



The Big Questions – galaxy evolution z<6
1. How did galaxies assemble their mass? SFHs and Spatial-spectro decomposition of 
bulge-disc

2. Why does the peak of SFRD happens at z=2-3? SFR vs feedback mechanisms (SF, 
AGN, alternatives?)

3. How did AGN and their hosts co-evolved? (Dominika presentation)

4. From proto-clusters to clusters (nature vs nurture)

5. IMF in foreground lensing-galaxies



Assembly of Galaxies
Key Requirements :
• Wide-area near-infrared imaging survey
• Low and medium resolution spectra of galaxies at high redshift
• Targeted observations of galactic nuclei

JWST instrument :  NIRISS 
Wide field slitless spectroscopy in FoV 2.2’ x 2.2’
Two R=150 grisms and 6 blocking filters from 0.9 to 2.2 microns.
Spatial resolution of 0.06”~0.5kpc

NIRISS enable studies of :
- large samples of low mass galaxy at the galaxy assembly epoch
- resolved properties of high-z dwarf galaxies with gravitational lensing
- Lya, CIII and UV continuum at the reionization epoch


