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Why study dust in YSOs? 2

?



• composed mainly of:
– Mg-rich silicates and silica
– carbon, iron

• micron-sized silicates: detectable in mid-IR

• different minerals have their own 
spectral fingerprints
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Survey of dust in T Tauris with JWST/MIRI 5

• aims:
– constrain dust composition in a 

statistically meaningful sample
– less common minerals?
– gas – dust connection?

• 26 targets
• SpT range M0 – G5
• Teff range 3300 – 5700 K
• L* range 0.16 – 5.7 L☉



Modeling: spectral decomposition 6

• new tool: DustComp
– blackbody components

• single temperature or radial 
temperature gradient

– fit opacity templates with linear 
least squares (optically thin) 

central 
star dusty disk 

inner rim

disk midplane
disk surface
• include dust opacities
• caveat: materials with featureless opacity 

curves cannot be inferred (e.g., carbon, iron)
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Dust opacities 7

Stoichiometry Amorphous 
species

Crystalline 
species

Mg2SiO4 amorphous 
Mg-silicate

forsterite

MgSiO3 amorphous 
Mg-silicate

enstatite

SiO2 amorphous 
silica

annealed 
silica

Opacity sets Grain shape model Note on optical data
DHS_nat distribution of hollow spheres (DHS) natural and synthetic materials

Grain sizes (µm) Note
[0.1, 2, 5 am.] 5 µm-size for am. only



Modeling results: example fits 8
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Modeling results: example fit 9

• Residuals usually within 3%
• 3 grain sizes are enough

– 0.1, 2, 5 μm
– large, 5 μm-sized 

amorphous grains are 
needed

• minor features
at 12.6 and 16.1 μm
– annealed silica

DHS_nat



10Residual dust 
features

forsterite

annealed silica

Residual dust features (amorphous Mg-silicate 
and featureless components subtracted)
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Residual dust features Molecular lines (13 – 15 µm)  

forsterite

ann. silica CO2

H2O
C2H2



Correlation between dust and gas 12

green: forsterite-rich group
purple: annealed silica-rich group
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Solids in chemical equilibrium (GGchem) 13

Solar
C/O

C/O=0.9*

SiO
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* elevated C abundance; other elements are Solar



C/O diagnostic plots (after Arabhavi+2026) 14

green: forsterite-rich group
purple: annealed silica-rich group
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• Forsterite        – H2O
• Annealed silica – CO2

• Silica-rich sources:
• evidence for elevated gas-phase C/O

• coupling between dust and gas
• thermo-chemical equilibrium
• possible cause: dust sublimation and 

subsequent recondensation

Correlation between dust and gas 15

Image credit: NASA / JPL-Caltech



• Dust
• Mg-rich (Fe-poor) silicates
• significant grain growth
• evidence for (5 μm-size) large amorphous grains
• evidence for annealed silica

• Correlation between dust and gas
• forsterite – H2O
• annealed silica – CO2 (& elevated C/O)

• Evidence for gas and dust approaching 
thermo-chemical equilibrium

Conclusions 16

Varga+2026


