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Ices in Young Stellar Objects

Infrared spectrum shows a
large inventory of ices toward
YSOs;

Organics (C-bearing molecules)
observed between 5 - 8 microns;

CO is the most abundant
molecules in Low-mass YSOs
and CH3OH is the most
abundant organic.

Öberg+2011
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Methodologies to address 
chemical abundance
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Complex Refractive Index of 
astrophysical ices
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How the CRI are calculated?
Part I
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How the CRI are calculated?
Part II
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How the CRI are calculated?
Part II
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Public database of Complex 
Refractive Index of astrophysical ices

https://sites.google.com/view/astrow-en/research/databases
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Public database of Complex 
Refractive Index of astrophysical ices
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Ices in Class I object

Rocha,Pilling 
(submitted)

~70% of ices in the foreground clouds (Boogert+2002, Rocha,Pilling 2015)
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Ices in Class I object
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Ices in PPDs

Ice reservoir in very embedded
regions;

Models have shown very large visual
extinctions (Aikawa et al., Bergin et
al., Willacy et al., Woitke et al.,
Kamp et al., Thi et al., Glassgold et
al., Meijerink et al., Najita et al.,
Semenov et al., Walsh et al., …. )
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Ices in PPDs

Results from DIANA
project (Woitke+2016,
Kamp+2017, Woitke+
subm).

No ices in mid-IR
observed in PPDs!!!

Silicate and PAHs
emission.
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Ices in PPDs

Ices very embedded in the
midplace;

Not observable in optical;

We must move to far-IR. 
Problem: lack of quality
spectrum, although
Herschel helps a lot.
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Computational modelling of
ices in PPDs

Recent (unique?) modeling of ices in mid-IR (HD 142527)

Min+2016

MCMax
+

ProDiMo
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Computational modelling of
ices in PPDs
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Seeing ices in PPDs
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H2O Crystalline

H2O Crystalline
MCMAX

+
ProDiMo



Seeing ices in PPDs
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CH3OH

CH3OH Crystalline
MCMAX

+
ProDiMo



Seeing ices in PPDs
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H2CO

H2CO
MCMAX

+
ProDiMo



Seeing ices in PPDs
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CH3OH Clathrates (This is gonna be the first evidence of ice processing 
inside PPDs)

CH3OH clathrates
MCMAX

+
ProDiMo



Seeing ices in PPDs
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CH3OH Clathrates (This is gonna be the first evidence of ice processing 
inside PPDs)

CH3OH clathrates
MCMAX

+
ProDiMo



Final remarks
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