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Intro: what is dust?
“Soot and sand in space”

 − A. P. Jones

CARBON
• Amorphous?
• Graphite?
• Hydrogenated?

SILICATES
• Mostly amorphous (98%)
• Mineralogy?
• Embedded metals?

ICES
• Inside dark clouds
• Rich chemistry
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CARBON
• Amorphous?
• Graphite?
• Hydrogenated?

SILICATES
• Mostly amorphous (98%)
• Mineralogy?
• Embedded metals?

Molecules (PAH?)
< 1 nm

“Big” grains
� 100 nm Aggregates

ICES
• Inside dark clouds
• Rich chemistry

“Soot and sand in space”
 − A. P. Jones
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3

Tuesday 10 April 18



CARBON
• Amorphous?
• Graphite?
• Hydrogenated?

SILICATES
• Mostly amorphous (98%)
• Mineralogy?
• Embedded metals?

ICES
• Inside dark clouds
• Rich chemistry

“Soot and sand in space”
 − A. P. Jones

Intro: what is dust?

4

Tuesday 10 April 18



Intro: observing dust

MPIA - Markus Nielbock
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Intro: SED fitting

NGC 185 (De Looze+16)

Fλ = Md,surf × κλ × Bλ(T)

﹛

τλ Dust masses        Gas masses

Dust T        ISRF

Polarization        Magnetic field
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NGC 185 (De Looze+16)

Fλ = Md,surf × κλ × Bλ(T)

﹛

τλ Dust masses        Gas masses

Dust T        ISRF

Polarization        Magnetic field

T,  β,  τ0 [κ0]

﹛κ0 x (λ/λ0)−β       

Intro: SED fitting
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NGC 185 (De Looze+16)

Fλ = Md,surf × κλ × Bλ(T)

﹛

τλ Dust masses        Gas masses

Dust T        ISRF

Polarization        Magnetic field

T,  β,  τ0 [κ0]

﹛κ0 x (λ/λ0)−β       

Issues:

• Parameter degeneracy

• No single T

• No constant β / simple 
power law

• κλ depends on many things:

• Temperature

• Composition

• Grain shape

Intro: SED fitting
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Optical properties: lab vs observations

           Iλ  =  I0 e − τ(λ)

                       =  I0 e − κ(λ)⋅ρ⋅x

Depends on:
• Optical “constants” (n,k)
• Concentration reduction 

factor g(ε,f)
• Grain structure

Speck 2013
Draine & Lee 1984 

n

k

• Certain to fit (some) observations
• Unknown material
• Cannot track dust variations

Laboratory measurements Observationally derived
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Laboratory dust opacities

Amorphous (BE) carbon
(Mennella et al. ‘98)

MgSiO3 
(Coupeaud et al. ‘11)

~Mg2SiO4 
(Demyk et al. ‘17a)

Mg0.6Fe0.4SiO3 
(Demyk et al. ‘17b)

λ (μm) λ (μm)

κ λ
 (

cm
2  

g-1
)

κ λ
 (

cm
2  

g-1
)

11

Tuesday 10 April 18



• Interpolation on T

Laboratory dust opacities

�︎�︎

~Mg2SiO4 
(Demyk et al. ‘17a)
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• Interpolation on T

• Interpolation on λ
• 2D interpolation

Laboratory dust opacities

Amorphous fayalite
(Mennella et al. ‘98)
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• Interpolation on T

• Interpolation on λ
• 2D interpolation

• Smooth (if necessary)

• Correct for artifacts

Laboratory dust opacities
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Am. Fayalite (Mennella ‘98)
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Laboratory dust opacities

• Interpolation on T

• Interpolation on λ
• 2D interpolation

• Smooth (if necessary)

• Correct for artifacts
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Laboratory dust opacities

Grain shape and aggregates

Min et al. 2003 Köhler et al. 2012
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Lab results vs. observations

Mg0.7Fe0.3SiO3 
(Demyk et al. 2017b)

Gordon et al. 2014

Planck collab. 2014

Draine & Li 2001

■ CDE

● Spheres

20 K

150 K

NH = 1021 cm−2

G/D = 150
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Opacity from
Planck collab. 2014

Opacity from
Gordon et al. 2014

Lab results vs. (synthetic) observations

NH = 1021 cm−2

G/D = 150

T = 20 K (.999)
150 K (.001)

Mg0.7Fe0.3SiO3 
(Demyk et al. 2017b)

SPIRE 250

PACS 100

SPIRE 350

SPIRE 500

SCUBA 2
850
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Bias estimation (Work by Peter Scicluna)

Fits to synthetic photometry 
with 2-temperature dust

(30 K, 300 K)

BE Carbon (Mennella+98)
Am. Fayalite (Mennella+98)
MgSiO3 (Coupeaud+11)

T = 30 K

T = 300 K
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Conclusions

• Dust mass determination depends on choice of 
opacity

• Large differences between lab-derived and 
observation-derived opacities

• Power law (single-β) model inadequate

• Dependence on T

• Fits of synthetic photometry

➟ Mass overestimated by up to ~10x

• To solve: What effect of shape distribution? 
Cogulation?

PRELIMINARY
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Thank you for your 
attention!
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Extra Material
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X = 0.35 X = 0.40

X = 0.50
(laser melting 

+ cooling)

X = 0.50
(crucible melting 

+ quenching)

W
atson et al. 2015

(1-x)MgO-(x)SiO2
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Lab results vs. observations

Mg0.6Fe0.4SiO3 
(Demyk et al. 2017b)

Gordon et al. 2014

Planck collab. 2014
Draine & Li 2001
■ CDE
● Spheres

20 K

150 K

NH = 1021 cm−2

G/D = 150
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Opacity from
Planck collab. 2014

Opacity from
Gordon et al. 2014

Lab results vs. (synthetic) observations

NH = 1021 cm−2

G/D = 150

T = 20 K (99%)
150 K (1%)

Mg0.6Fe0.4SiO3 
(Demyk et al. 2017b)
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Work by Peter Scicluna, z = 1

Fits to synthetic photometry 
with 2-temperature dust

(30 K, 300 K)

BE Carbon (Mennella+98)
Am. Fayalite (Mennella+98)
MgSiO3 (Coupeaud+11)

T = 30 K

T = 300 K
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