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From interstellar dust to new stars and planetsFrom interstellar dust to new stars and planets

Comparisons between material forming new planetary 
systems  and  Solar System objects that contain ancient 
evidence of their beginnings can elucidate what happened 
after that material made its way into the early solar
nebula. 



Star forming Regions 

During the pre-stellar phase ice mantles become thick, which may imply 
that a rich ice chemistry starts in these early phases before the central 
protostar forms (Vasyunin et al. 2017).

It is not yet clear what fraction of the pristine ice survives until the 
protostellar phase, and further changes to the ice composition and 
morphology are expected as icy grains infall through the protostellar 
envelope onto the protoplanetary disk. 

Due to spatial gradients in temperature and density, some species with 
lower sublimation temperature (e.g. CO, T<20 K) sublimate from ice 
mantles in the protostellar envelope, while ices with higher sublimation 
temperatures survive. 

Similar segregation takes place in protoplanetary disks; ultimately these 
“snowlines”

 

change the bulk abundances of ice and gas available to form 
planets at different radii in the protoplanetary disk (O ̈berg et al. 2011b), 
and should influence the amount of volatiles each planet receives 
(Madhusudhan 2012). 



The Diffuse Interstellar Medium (ISM)

Massive stars disrupt their natal molecular cloud material by dissociating 
molecules, ionizing atoms, and heating gas and dust

These processes drive the evolution of the interstellar medium

Much of this occurs in Photo-Dissociation Regions (PDRs) where 
far-ultraviolet photons from stars create a largely neutral, warm region 
of gas and dust

PDR emission dominates the IR spectra of star-forming galaxies and 
provides insight into the physical and chemical processes
in diffuse clouds, protoplanetary disks and molecular cloud surfaces, 
globules, planetary nebulae, and starburst galaxies

Aliphatic (chain-like) hydrocarbons survive in the diffuse ISM in our galaxy 
and others





Comparison of the 3.4 um
absorption bands due to 
interstellar dust towards the 
Galactic Center and one of the 
most luminous stars in our 
Galaxy (Pendleton et al. 1994 
and 1995)
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10 um spectral comparison
of lab residues produced through 
energetic particle bombardment 
(data provided by M. Moore and 
G. Strazzula) 

Figure from Pendleton and 
Allamandola 2002, ApJ Supp. 138,75-98.



A composite data set
of diffuse ISM dust with a 
combination of ground-
based (Pendleton et al. 
1994 and ISO data 
(Chiar

 

et al. 2000) towards
the  Galactic Center.

Paucity of information in
5-8 um region

ERS proposals McClure et
al (#1309) and Berne et 
al. (#1288) will provide 
Near and mid-IR data for 
star formation and 
Photo-dissociation regions.



Unscrambling the Solar System Egg: Summary

JWST will enable us to spectrally understand the composition of primitive 
Solar System objects (especially KBOs

 

and some comets) today.

Understanding the origin and evolution of material in newly forming star 
systems plus insight into the cycling and processing of material

 

from the 
diffuse ISM to star forming regions will tell us about the heritage of the 
material from which our SS initially formed.

Significant information will come from similarities and/or differences in 
these spectral comparisons because they will shed light on processing that  
occurred.

Building this bridge between astrophysics and planetary science has strong 
implications for understanding the composition of exoplanetary

 

systems, 
aiding in modeling, data interpretation and, possibly, future missions.
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