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Dust emission in the ISM
Dust emission for the DISM at high galactic latitude
Amorphous silicates :

DustEm model [Compiègne et al. 2011]

PAHs

VSG

Amorphous
carbon

• Cold dust is a good tracer of the interstellar
medium
• Cold dust emission in the FIR/submm is
used:
• to derive interstellar clouds mass
• to study star formation
• Cold dust emission in the FIR/submm needs
to be subtracted for cosmological studies
• Huge amount of new data with the Herschel
Space Observatory and the Planck mission
& from ALMA, NOEMA

K. A. K. Gadallah et al.: Analogs of solid nanoparticles as precursors of aromatic hydrocarbons

Gadallah et al. 2013

Dartois et al. 2005
Fig. 1. HRTEM images for non-processed HACs (a) and for heated HACs (b).

Experimentally, vibrational modes of HAC materials (or carbon
soot) have been tabulated by several authors (e.g., Dischler et al.
1983; Jäger et al. 2008). In the current study, the IR transmission

from La by using the geometric characterizations of the hexagon
form of a carbon ring (with a C-C bond = 1.42 Å);
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Modeling of the dust emission in the FIR/submm
Assumptions:
• Grains in thermal equilibrium with the radiation field
• Optically thin medium
• No temperature gradient on the line of sight

}

Iλ ∝ κ(λ) B(Teq,λ)

• κ is the dust mass absorption coefficient (MAC) or opacity
• κ expression is derived from the Lorentz/Debye model in the FIR/submm is:

κFIR/submm(λ) ∝ κ(λ0) . (λ/λ0)-β
with the spectral index β :
‣ β = 2 or β = 1-2
‣ independent on T
‣ unique over the whole spectral range

!! κ is the sum of all dust species contributing to the FIR emission !!
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Gordon et al.
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Dust emission observed by Herschel and Planck
Reach et al. (1995)

Submm/FIR excess = excess emission seen at
submm wavelengths above that expected for dust
grains with a single temperature and an emissivity
law defined by a single effective emissivity spectral
index βeff: λ-βeff
The Astrophysical Journal, 797:85 (19pp), 2014 December 20

FIR excess

Gordon et al.

Hi-GAL Paradis et al. (2012)

➢ Also observed in galaxies at 500 & 850 µm [Gordon et al.
2014 and ref therein]

K. Demyk, Cold Cores 2017

Dust emission observed by Herschel and Planck
Cautions:
Herschel/Planck observations of 116
‣ T and β are degenerated
‣ All fitting methods (𝜒2, MC, Bayesian,
Cold cores
are biased [Kelly et al. 2011, Juvela et
A&A proofs: manuscriptHierachical)
no. tb
β = 1.8-1.9 βmm = 1.6-1.7 βFIR = 2.0-2.1
al 2013]
can
produce
artificial
– β temperature,
anti‣ Noise
sity
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withan
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than
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Juvela et al. 2015
Fig. 23. Colour temperature and spectral index fits for surface brightness data averaged over FWHM=100 beams centred on each of the 116

two column
intervals but mm is 0.07 units lower for the
[shettydensity
et al. 2009]
lower
column densitymixing
sample. along the line of sight:
‣ Temperature
When the fields are divided based on their colour tempera[Shetty et al 2009, Juvela & Ysard 2011, Ysard et al.
ture, di↵erences in the spectral index are more noticeable. The
2012]
average
signal of cold fields has FIR that is higher by ⇠0.1. The
data are averaged over 100 beams and, for both samples, over
almost 60 fields. Thus the noise should be very small although
‣ βcan
≠2
the results
be a↵ected by systematic errors if these cause
scatter between
the T and for
estimates
of individual
‣ β is different
different
Tdustfields. The
zero point errors are one such possible error source although, by
‣ β changes
withdensity
λ central areas, their e↵ect
concentrating
on high column
should be limited. Compared to FIR , the parameter mm should
be more insensitive to T errors but it also shows a clear di↵erence, mm being 0.12 unit higher for the cold field sample. This
is not necessarily very significant, considering the limited wavePossible
origins:
length
range. On the
other hand, the 217 GHz point is in every
case-several
abovedust
the spectrum
extrapolated
with FIR?.
intrinsic
emissivity
variations
The
CO correction is one of the main uncertainties re- changes
of dust
? Our default
garding the magnitude
of theproperties
217 GHz excess.
correction assumed a line ratio (2–1)/(1–0)=0.5, which is consistent with the average line ratio obtained from Planck Type
1 CO maps (see Fig. 1). In reality the line ratio is not spaDemyk, clumps.
Cold Cores
tially constant and could be higher in K.
individual
To 2017

FIG. 4.ÈAbsorption coefficient per unit mass vs. wavelength for FAY.
Curves from top to bottom refer to 295, 200, 160, 100, and 24 K.

Previous experimental studies

sists of the contributions of the smeared bands present in
the crystalline counterpart, is present in the amorphous
material. Moreover, an enhancement in the absorption at
long wavelengths is evident ; at 1 mm the absorption of
FAYA is enhanced by a factor of 6.5.
Important spectral variations take place in all samples at
low temperature. The opacity systematically decreases with
decreasing temperature (see Figs. 1È5). At 1 mm, the absorption coefficient for crystalline FAY and FOR samples at
24 K is, respectively, a factor of 1.9 and 2.6 lower than the

Most of the measurements are performed at room temperature and for λ<100/300 µm
No. 1, 2005

SUBMILLIMETER ABSORPTION IN SILICATE GRAINS

MgSiO3

Boudet et al. [2005]

277

Except:
• Bosch et al 1978
• Agladze et al. 1996
• Mennella et al. 1998
• Boudet et al. 2005
• Coupeaud et al. 2011
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Mennella et al. [1998]
Fig. 2.—Mass absorption coefficient for MgSiO3 glass synthetized by melting
at high temperatures: 300 K (solid line), 200 K (dot-dashed line), 100 K (shortdashed line), 30 K (dotted line), and 10 K (long-dashed line).

Fig. 4.—Mass absorption coefficient for 1.5 "m–sized silica monospheres. FIG.

5.ÈAbsorption coefficient per unit mass vs. wavelength for FAYA.
Curves from top to bottom refer to 295, 200, 160, 100, and 24 K.

least-squares fit to the data. The results are presented in Tables 3
MgSiO3
and 4 and in Figures 6Mg
and 27.SiO
It can
4 be seen that between 50
independent of morphology and composition and is character!1
and 100 cm the spectral index has values between 0.9 and
ized by a systematic decrease of the absorption when the tem1.7 at 300 K, quite stable or very slightly increasing when the
perature is lowered. This decrease is greatly enhanced as the
temperature is lowered to 10 K. Between 10 and 20 cm!1, the
wavenumber falls from 100 to 10 cm!1. The values of the mass
increase of the spectral index is much stronger, as shown in
absorption coefficients measured at 10 cm!1 are given in Table 2
Figure 8. In this wavenumber range, the spectral index increases
for each temperature. It appears that the mass absorption coeffifrom values in the range 1.1–1.6 at room temperature, to 2.1–2.8
cient is typically lowered by a factor of 10 between 300 and 10 K.
at 10 K, according to the samples. It should be noted that our
The absolute values of the mass absorption coefficient for SiO2 at
spectral index values at low temperatures are different from the
10 cm!1 and at low temperatures are close to the standard opacity
usual value of 2 adopted for interstellar dust.
value of 0.3 cm2 g!1 adopted for the diffuse interstellar medium
Our results show that we observe a general T-dependent opti(Draine & Lee 1984).
cal behavior in the submillimeter domain both for MgSiO3 samThe absorption decline is all the more important for lower
ples, which are considered astronomical silicates, and for simple
wavenumbers. In our log-log plots, the slope value is equal to the
silica samples. The coverage of our measurements enables us
spectral index. Thus, the regular decrease of the slope translates
to compare our results with those of Mennella et al. (1998) and
directly into an increase of the mean spectral index !. At room
Agladze et al. (1996) on amorphous grains. Unlike the results
temperature the absorption increases quite linearly with waveby Mennella et al. for amorphous FeSiO4, we clearly
[Coupeaud etobtained
al 2011]
number, resulting in a quite constant spectral index value over
distinguish two different absorption behaviors with wavelength.
the whole submillimeter range (! between 1 and 1.6, depending
We fit the FIR absorption with two different spectral index power
on the samples). As the temperature goes down, the absorption

➔ the MAC depends
on the temperature
and wavelength
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F

Studied samples :
‣ Aim: provide astronomers with the MAC of relevant silicate analogues containing Mg
and Fe

Mg rich samples : Mg, Fe rich samples : ‣ Characterization of the samples
• solgel & glass
•
•
•
•

Mg2.3SiO4
Mg2.8SiO4
Mg2.05SiO4
CaMgSi2O6

• Mg2SiO4
• MgSiO3
• MgSiO3 - Mg2SiO4

by TEM/EDS, XRD, TEM, NMR,
Mössbauer spectroscopy to get
• solgel
the structure, size, shape,
• Mg(1-x)FexSiO3
composition, homogeneity,
• 8 samples
oxidation state of iron,
• x = 0.1, 0.2, 0.3, 0.4
polymerization degree of the
Cette
particule
est
assez
parlante,
• two states of Fe
zone à petits cristaux entourée,
SiO4 network
2+
3+
oxidation: Fericheand
en MgFe
à coté d’une zone plus

5-10 nm « monomers »

« lisse » pauvre en Mg
(typiquement Mg/Si = 1 ou moins)

50 nm
50 nm

MgO inclusions
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The experimental setups for spectroscopy :
ESPOIR setup @ IRAP

AILES beam line
SOLEIL synchrotron

‣ Spectral range :
‣ 0.7 µm – 1 mm at IRAP
‣ 250 µm – 1.5 mm at SOLEIL

‣ Transmission measurements of pellets of grains embedded in a matrix (polyethylene
or KBr)
κ = -ln(T) * πr2/m
‣ Effect of PE pellets taken into account [Mennella et al. 1998]
‣ Several pellets with increasing sample mass to cover the MIR-submm spectral range
‣ typically 0.5 mg to 100-200 mg

K. Demyk, Cold Cores 2017

Mg rich glassy samples - MIR & FIR
MgSiO3
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Mg(1-x)Fe(x)SiO3 - x=0.1- 0.2 - 0.3 - 0.4
2500

Fe3+
processed

1000

100

1500

2

MAC (cm /g)

2

MAC (cm /g)

2000

Fe 40%
1000

10

Fe 30%

200 K

Fe 20%

500

mean Fe3+ samples
Mean
Fe3+ samples
10 K
10
30 K K
100 K
300
K
300 K

Fe 10%

1

10

100

1000

λ (µm)

10

100
λ (µm)
1000

✓ Different behavior of the Fe2+ and Fe3+ samples
in the FIR
✓ The processing of the sample has a strong
impact on the MAC in the FIR
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2

• Bump at ~ 33 µm in the
samples but
absent in the Fe2+ processed samples :
• presence of Fe3+ oxides: Fe2O3 probably
• the reduction process has partly worked
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λ (µm)

Absorption processes in the FIR/submm

➢ The Lorentz/Debye model cannot explain these experimental results.
➢ The higher absorption efficiency and the temperature dependency are related to
the disordered nature of the materials:
➢ distribution of defects, network modifiers (Mg and Fe cations)
➢ degree of polymerization of the SiO4 tetrahedra
➢ From a theoretical point of view:
➢ one or two phonons difference processes [eg. Mennella et al. 1998]
➢ the TLS models for λ > 500/700 µm [Meny et al. 2007, Agladze et al. 1996,
Bosch et al. 1978]

➢ Boson peak (BP) for 100 µm <λ < 500 µm [Gurevich et al. 2003, McIntosh et
al. 1997]
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Averaged
averagedMAC:
MAC
Mg-rich glassy silicates :

Mg, Fe -rich amorphous silicates :
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Cosmic dust models:
Draine & Lee (1984): the astrosilicates &
graphite — ISM
‣ MIR : optical constants constructed
from the astronomical observations
‣ FIR : extrapolation in λ-2
‣ NIR - UV: experimental data on
crystalline silicates and extrapolation
Trapezium emission
[Gillet et al. 1975]

The THEMIS model [Jones et al. 2013]:
silicates & a-C(:H) — DISM & ISM

A&A 558, A62 (2013

Model dust compositions based on the optEC(s) (a) data and the dust observ
‣ Table
MIR1. (2.9-17.5
µm): measurements of
MgSiO
Mgradius
film[eV]from
Scott
3 and
2SiO
4 thin
Material
Typical
[nm]
Eg (bulk)
Eg (eﬀ.)
[eV] FUV
a-C
<1
0.1
>0.8
•
& Duley
(1996)
+
FeS
inclusions
a-C
1–5
0.1
0.1–0.8
•
-2
5–20
0.1
◦
‣ FIRa-C: extrapolation
in λ 0.1
a-C:H/a-C
100–200
2.5/0.1
2.5/0.1
×
‣ UV/VIS-NIR:
measurements
from Scott
a-SilFe /a-C
100–200
∼8/0.1
∼8/0.1 &
×
Duley
(1996)
and are
Mg
thinin Col. 1
2SiOas4 such
Notes.
1. The
materials of
for MgSiO
core/mantle 3particles
indicated
contributions
to the observed, FUV
extinction,
UV bump at 217 nm, visible-NIR ex
film
(amorphous)
and
of
forsterite
continuum emission. 3. The outer surfaces of the a-C:H grains are UV photo-pro
accreted
and UV photo-processed a-C mantle on the amorphous silicates is 5 nm th
(crystalline)

the UV bump and FUV extinction depend on the size distribution (see Sects. 6.2.1 a

0.33
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size-dependent properties
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Cabs for astrosilicates oblate 2: grains
[Draine & Lee 1984]

Themis
population
[Jones
et al.In2013]
Fig.
1. Modeldust
dust populations,
as seen
in cross-section.
the upper part the a-C:H/a-C grains are shown, where black represents
aromatic-rich material and white aliphatic-rich material. In the lower
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Mg
rich glassy
samples
- FIR
Comparison
with
models:
(1)
Mg rich glasses averaged MAC
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mean Fe3+
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mean Fe2+
mean all Fe
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10 K
300 K
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sphere 0.1 µm − Themis amFo
1.0

0.1

sphere 0.1 µm − Themis amFo
1.0

sphere 0.1 µm − astrosilicates

sphere 0.1 µm − astrosilicates

distribution spheres − astrosilicates

distribution spheres − astrosilicates

distribution spheroids − astrosilicates

distribution spheroids − astrosilicates

10

100

1000

λ (µm)

MAC at 100 µm:
‣ lab: 170 cm2.g-1
‣ astrosil: 34 - 50 cm2.g-1
MAC (cm2.g-1) at 1 mm:
‣ lab: 4.8 at 300K
‣ lab: 2.2 at 10K
‣ astrosil: 0.34 - 0.47

0.1

10

100

1000

λ (µm)

× 3-5

× 10-14 at 300K
× 5-7 at 10K

MAC at 100 µm:
‣ lab: 252 cm2.g-1
‣ astrosil: 34-50 cm2.g-1

× 5-7

MAC (cm2.g-1) at 1 mm:
‣ lab: 4.8 - 6.4 at 300K
‣ lab: 1.4 - 2.8 at 10K
‣ astrosil: 0.34 - 0.47

× 13 at 300K
× 4.6 at 10K
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Mg
rich glassy
samples
- FIR
Comparison
with
models:
(2)

Mg rich glasses averaged MAC
1000.0

10 K
300 K

CDE : Continuous
distribution of ellipsoids
100.0
2

MAC (cm /g)

(All shape from a needle to a
pancake are equiprobable)

Compared to spheres:
In the FIR:
‣ same β
‣ opacity (MAC)
increased (factor of ~2)

10.0

Astrosilicates
sphere 0.1 µm

CDE
1.0

0.1

10

100

1000

λ (µm)

MAC at 100 µm:
‣ lab: 170 cm2.g-1
‣ CDE: 74 cm2.g-1

× 2.3

MAC (cm2.g-1) at 1 mm:
‣ lab: 4.8 cm2.g-1 at 300K
‣ lab: 2.2 cm2.g-1 at 10K
‣ CDE: 0.81 cm2.g-1

× 6 at 300K
× 2.7 at 10K
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Conclusions

‣ 16 silicate analogues have been studied at low T, in the 7-1000 µm range, all
show
‣ a dependence of the MAC with T in the range 30 - 300K
‣ a spectral shape ≠ λ-β
‣ Averaging the dust MAC smoothes the MAC but does not suppress the T and λ
behavior. At 10 - 30 K:
‣ β~1.8 (Mg rich glasses) - β~2.3 (Mg, Fe pyroxenes) @ ~ 150 - 500/700 µm
‣ β~2.2 (Mg rich glasses) - β~1.6 (Mg, Fe pyroxenes) @ ~ 500/700 - 1000 µm

‣ The value of the dust opacity is for all samples much higher than the one used in
astronomical dust models :
‣ by a factor of 3-7 for λ > 100µm error on dust mass determination
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Perspectives
‣ Derive the optical constants (n,k) to include them in cosmic dust models and
confront them to the observations
‣ Carbonaceous large grains may be important in the FIR/submm
‣ use existing low-T data from Mennella et al. 1998
‣ study more carbonaceous samples -> test of the THEMIS model
Carbon coating only
FeSiO Carbon-coated

FeSiO
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