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Observing the ISM of galaxies with JWST

● Sensitivity 
● IFU spectral imaging 
● Spectral resolution  

JWST will excel at studying the 
ISM in the MW and in individual 
galaxies in an unprecedented 
level of detail.



Open questions will be address by JWST

• How the clouds of gas and dust collapse to form stars? 

• Why do most stars form in groups? 

• Exactly how do planetary system form? 

• How do stars evolve and release the have elements they produce back into space for recycling 
into new generation of stars and planets? 

• How are the chemical elements distributed through the galaxies?



The evolution of galactic ISM with MIRI

● Silicates (9.7 and 18 um) 

● Crystalline silicates 

● PAHs (6.2, 7.7, 8.6, 11.3, 12.7 um) 

● C60 (7.0, 8.5, 17.4, 18.9 um) 

● Ices (methanol, CO/CO2, water) 

● C2H2 and other gas species 

● Alumina, oxides, quartz 

● SiC (11.3 um) 

● H2 (down to 2 →0, 28.2 um)

Herbig AeBe; post-AGB & PNe; C-rich AGB; O-rich AGB; mixed 

AGB; embedded YSO; HII-region/reflexion-Neb; mixed post-AGB

Roellig et al. (2009)

https://arxiv.org/abs/0905.4271
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● Silicates (9.7 and 18 um) 
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● H2 (down to 2 →0, 28.2 um)

(Tielens 2008)PAHs



Physics of the PDRs

• PDRs are extended regions of the ISM, in the interface between stars and molecular clouds. 
• Heating and chemistry are mainly regulated by uv photos. 
• Disruption of grains, ionization and dissociation of gas, and gas and dust heating.



Physics of the PDRs

• The physical process inside PDRs play a key role in the evolution of the ISM in our Galaxy and 
across the Universe from the era of vigorous star formation at redshifts of 1-3, to the present day. 

• The global PDR emission results from an intricate combination of physical, chemical and 
dynamical processes.



Physics of the PDRs
• The physical process inside PDRs play a key role in the evolution of the ISM in our Galaxy and across the 

Universe from the era of vigorous star formation at redshifts of 1-3, to the present day. 

• The global PDR emission results from an intricate combination of physical, chemical and dynamical processes.

JWST will resolve and directly observe, for the first time, the 
response of PDR gas to the penetrating far-ultraviolet (FUV) 
photons in its key zones: the ionization front and the H I/H2 

photodissociation front, at unprecedented spectral and spatial 
detail over the full 1-28 um range.



Early Release Science (ERS) - 1288

Radiative Feedback from Massive Stars as Traced by Multiband 
Imaging and Spectroscopic Mosaics — PI Olivier N. Berne.

• Obtain the first spatially resolved, high 
spectral resolution observations of a PDR 
with MIRI, NIRCam and NIRSpec. 

• Provide template data and science products 
for PDRs. 

• Guide the preparation of Cycle 2 proposals 
on star-forming regions in the MW and 
beyond.

 AstroPAH Newsletter, Issue 49, June 2018

http://jwst-ism.org/wp-content/uploads/2019/07/PAH_ERS.pdf


Early Release Science (ERS) - 1288

Radiative Feedback from Massive Stars as Traced by Multiband 
Imaging and Spectroscopic Mosaics — PI Olivier N. Berne.

• NIRSpec IFU moscaic: 1–5.3 µm spectral map covering 27”x3” at a 
spectral resolution of 2700 and an angular resolution of 0.1”-0.2”. 

• MIRI IFU mosaic: 5-28.5 µm spectral map covering 27”x3” at a spectral 
resolution of 1550–3250 and an angular resolution of 0.2” at 5 µm. 

• NIRCam imaging: single pointing with the full array in bright mode for 
a 9.7 arcmin2 FOV at an angular resolution of 0.1”–0.2” in the narrow and 
medium band filters 162M, 164N (probing [FeII] 1.64 µm), 210M, 212N 
(probing H2 1-0 S(1)), 300M, 335M (probing 3.3 µm PAH band), and 
405N, 410M (probing Br⍺), and the broadband filters 150W, and 444W. 

• MIRI imaging & NIRCAM parallel: 3x3 mosaic with the SUB128 
array for a 40”x40” FOV in the broad-band filters centered at 7.7, 11.3, 15, 
and 25.5 µm at an angular resolution of 0.2” at 5 µm.  AstroPAH Newsletter, Issue 49, June 2018

http://jwst-ism.org/wp-content/uploads/2019/07/PAH_ERS.pdf


• Targeted lines:  

- H2 1-0 S(1) @ 2.12 µm 
- PAHs @ 3.3 µm 
- Mid-IR PAHs. 
- PDR continuum and 
extended emission. 
- [FeII] @1.64 µm. 
- Br⍺ @ 4.1 µm. 

Model IR spectra of the 4 key transition regions from 
the HII to the natal molecular cloud.

https://jwst-ism.org/



Guaranteed Time Observation (GTO)

Physics and chemistry of PDRs fronts (GTO 1192) - P.I. Karl Misspelt

• Imaging and spectroscopy observations 
towards two PDRs, the Horsehead and 
NGC  7023. 

• MIRI, NIRCam and NIRSpec. 

• Targeted lines:  

- H2 1-0 S(1) @ 2.12 µm 
- PAHs @ 3.3 µm 
- PDR continuum and extended emission. 

NGC 7023 
Optical/Infrared - Hubble

Horsehead 
Infrared - Hubble 



Guaranteed Time Observation (GTO)

NIRCam filters - Imaging 
and MIRI IFU - NIRSpec

H2

PAH



Early Release Science (ERS) - 1309

Tracing the building blocks of the life with the James Webb Space 
Telescope — PI Melissa McClure

• Icy grain mantles are the main reservoir for 
volatile elements in star-forming regions across 
the Universe, as well as the formation site of pre-
biotic complex organic molecules (COMs) seen 
in our Solar System. 

• JWST will allow us to study in unprecedented 
detail the evolution of these icy grains through 
each physical stage of the star formation process, 
to see how much of these volatile materials is 
available to form planets.

  

http://jwst-ism.org/wp-content/uploads/2019/07/PAH_ERS.pdf


Early Release Science (ERS) - 1309

Tracing the building blocks of the life with the James Webb Space 
Telescope — PI Melissa McClure

• To obtain high spectral resolution and 
sensitivity observations from 3 µm to 15 
µm to compare them with modeled 
spectra. 

• To trace the evolution of ice chemistry in 
a low-mass star-forming region, from 
pre-stellar core, Class 0 protostar, Class I 
protostar, and proto-planetary disk 
(down to ~ 20-50 AU). 

• To identify when and where the 
formation of each ice species begin.

  

http://jwst-ism.org/wp-content/uploads/2019/07/PAH_ERS.pdf


AGB or SN cannot produce 
this much dust. 
Significant dust production 
in the ISM since high-z. 
Michałowski et al. 2015 
But it has to be quite quick! 
Zafar & Watson 2013

Dust-budget crisis

See also: 
Michałowski et al. 2010a 
Michałowski et al. 2010b 
Valiante et al. 2011 
Rowlands et al. 2013 
Michałowski et al. 2019

https://ui.adsabs.harvard.edu/abs/2015A%26A...577A..80M/abstract
https://ui.adsabs.harvard.edu/abs/2013A%26A...560A..26Z/abstract
https://ui.adsabs.harvard.edu/abs/2010ApJ...712..942M/abstract
https://ui.adsabs.harvard.edu/abs/2010A%26A...522A..15M/abstract
https://ui.adsabs.harvard.edu/abs/2011MNRAS.416.1916V/abstract
https://ui.adsabs.harvard.edu/abs/2014MNRAS.441.1040R/abstract
https://ui.adsabs.harvard.edu/abs/2019A%26A...632A..43M/abstract


Crystallinity of silicates
The glass temperature Tglass ~1000 K for silicates ( Tevap ~1500 K )  

Tcond > Tglass: atoms in mineral are mobile, crystallization may occur 
                    (formation close to stars, later spread via AGB or SNe winds) 
Tcond < Tglass: immediate freeze out → amorphous silicate 
                    (outer proto-planetary disks; condensation in the ISM)



Crystalline silicates in galaxies

(Kemper et al. 2004) 
Amorphous dominate Milky-Way’s ISM

(Spoon et al. 2006) 
12/77 starburst galaxies (6-13%)

See also: Stierwalt et al. 2014; Willett et al. 2011

https://ui.adsabs.harvard.edu/abs/2004ApJ...609..826K/abstract


Diagnostic tools: a model grid

SKIRT 

dust mixture: silicates, 
graphite, PAHs 

Result: 

10-20% above 
continuum

https://skirt.ugent.be/root/_landing.html


Fitting spectral features
Simple χ2 analysis 
inappropriate 

● Spectral data points not 
independent 

● Weighting between 
spectrum and photometry 
not clear 

AMPERE (Scicluna et al. in prep.) 
● Spectral fitting wrapper 
● Searches parameter space  
● Uses covariance matrix 
● Inspired by STARFISH 

(Czekala et al. 2015) 

The BEAST for SED fitting 
(Gordon et al. 2016) 

https://ui.adsabs.harvard.edu/abs/2015ApJ...812..128C/abstract
https://ui.adsabs.harvard.edu/abs/2016ApJ...826..104G/abstract


Conclusions

● JWST will provide unprecedented IR datasets that will allow the study 
of the evolution of the ISM in individual galaxies and the MW. 
● Detailed observations towards star formation regions will provide 

useful information about the physics and chemistry of PDRs, and the 
required components for life. 
● Significant grain growth in the ISM is necessary to explain dust-

content in galaxies. 
● Tracing the fraction of crystalline Silicates can help further understand 

the dust-formation mechanisms in action. 
● Good fitting tools to extract ISM properties are required.


