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Dust emission for the DISM at high galactic latitude
DustEm model [Compiègne et al. 2011]

PAHs

Dartois et al. 2005

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

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
measurements were taken in situ (ex situ for #4) by using the
FTIR spectrometer Bruker 113v. They were corrected directly
during the measurements by using a blank substrate as reference
for the transmission spectrum for each sample. A baseline cor-
rection of all spectra was performed to subtract the continuum
absorption.

3. Results and discussions

3.1. Aromatization of HACs

According to the structure of HACs, aromatization can be
explained through the variation in the average length of the
graphene layers (La) with heating. Thus the amorphous struc-
ture of the carbonaceous materials can be thermally modified,
resulting in more aromatic structures. The linear dimensions of
the disordered graphene layers can be measured analytically by
high-resolution transmission electron microscopy (TEM) of an
HAC material. This material produced by laser ablation is char-
acterized by its bent graphene layers. It is clearly visible in TEM
images, as shown in Fig. 1, that most of these layers are strongly
deformed with heating. In these TEM images, an increase in La
of these layers was observed with heating as evidence of form-
ing more aromatic units in the internal structure of HACs. La in-
creases from 7.2 Å for non-processed HACs to 20 Å with heating
to 703 K, as shown in Fig. 1.

The aromatic structure (sp2 clustering) is generally given in
forms of carbon chains and deformed (five- / six-fold rings)
and ordered (six-fold rings) aromatic layers. Both pentagons
and hexagons could be particularly important to form small
fullerene-like carbon structures. For simplicity, we illustrate the
aromatization in amorphous hydrocarbons with aromatic units
consisting of six-fold rings. For a single graphene sheet with di-
mensions of La, the number of six-fold rings, NR, can be esti-
mated by the product of the integer values mzig and narm, which
are the number of carbon rings in zigzag and armchair directions,
respectively, as shown in Fig. 2a. These numbers can be derived

from La by using the geometric characterizations of the hexagon
form of a carbon ring (with a C-C bond = 1.42 Å);

mzig =
La − 1.23

2.46
, (1)

narm =
La − 0.71

2.13
· (2)

Figure 2b represents the aromatic domain with La = 7.2 Å in the
structure of non-processed HACs while Fig. 2c represents that
with La = 20 Å in the structure of heated HACs. As a result of
this concept, we have found that NR is directly proportional to
the temperature of the heating process. It increases from six car-
bon rings for the non-processed sample to 63 carbon rings for the
sample heated up to 703 K. Consequently, this increase is gen-
erated by the reduction of the hydrogen fraction, XH, which is a
function of the H/C ratio (XH = H/C/(1 + H/C)). This fraction
can be estimated from infrared spectroscopy, as will be described
in Sect. 3.2. As will be shown there, XH decreases from 0.44 to
about 0.1 in the atomic structure of HACs with heating. In Jones
(2012a), the general trends of the fractional abundances of aro-
matic sp2 C=C, aromatic and olefinic sp2 =CH and aliphatic sp3

CH groups have been shown in dependence on XH for the ex-
tended random covalent network model. Our experimental re-
sults of the variation of La and NR with hydrogen loss, due to
the thermal processing of HACs, agree with the calculations of
those reported in Jones (2012a), in which La and NR for this
model vary inversely with XH.

For our original HAC samples with an average La of 7.2 Å,
less than 50% of the graphene layers may have dimensions like
those of compact (circular) PAHs, which need at least dimen-
sions of 8.61× 7.1 Å for zigzag and armchair directions, respec-
tively. Others (more than 50%) may have dimensions like those
of catacondensed PAHs, having more open-PAH structures. For
the larger dimensions of graphene sheets after heating, similar
PAH structures can be mostly compact. In aromatic units with
dimensions La = 20 Å, approximately 63 carbon rings can be
arranged to form larger PAHs.
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Gadallah et al. 2013

Dust emission in the ISM & cosmic dust models ingredients

[Chown+2023]


Orion Bar Atomic photo-dominated region

Colloque PCMI, Bordeaux, 28-31 octobre 2024 [McClure+2023]

Dense molecular clouds : protostellar envelopes



‣  Characterising optical properties of dust analogues to interpret astronomical observations : Herschel/
Planck/ground based mm, JWST observations …


‣  Study dust properties and their evolution through the ISM cycle

Cryostat for low temperature measurements :

• 10 - 300 K

• solid samples

• 2µm - 1mm 

Infrared Fourier Transform spectrometer covering from 0.9 µm to 1mm


High temperature measurements :

HT/HP cell: 

• 300 - 1100 K 

• solid samples

• 2-20 µm

Gas cell + oven: 

• 300 - 850 K 

• gas species

• NIR to FIR

The ESPOIRS setup

Colloque PCMI, Bordeaux, 28-31 octobre 2024



Big grains : Variation of their properties in the ISM

M. Juvela et al.: Galactic cold cores. VI.

Fig. 22. As previous figures but with colours indicating the Galactic
latitude. The blue, green, and red symbols correspond to |b| < 5�,
5�  |b| < 20�, and |b| � 20�, respectively. The crosses indicate the
corresponding median values.

Fig. 23. Spectral index values as function of Galactic longitude and lat-
itude. Values are calculated using Planck and IRIS data. The blue sym-
bols correspond to the average surface brightness in the entire fields.
Red symbols correspond to the subset of pixels with ⌧(250 µm) =
(2.0 ± 0.5) ⇥ 10�3.

field, T and � are indicated for pixels ⌧(250 µm) = (2.0 ± 0.5) ⇥
10�3. Above the lowest latitudes, these are above the average
column density and have higher values of �. The median values
are 1.81 and 1.88 for all the pixels and for the ⌧(250 µ) ⇠ 2 ⇥
10�3 pixels, respectively. The di↵erence disappears below |b| ⇠
4�, because the average optical depth rises to and above 2 ⇥ 10�3.
The latitude dependence can indicate a change in dust properties.
However, at low latitudes local star-formation and the long lines-
of-sight may increase temperature variations within the beam,
thus decreasing the apparent values of �.

There is no clear dependence on Galactic longitude, although
the values for l = 0�10� are marginally above the average. We
do not see the strong systematic increase of � towards the in-
ner Galaxy that was found in Planck Collaboration XI (2014).
Partly this is because that e↵ect is strongest in the Galactic plane,
whereas all our fields are at latitudes |b| > 1� and, furthermore,
within |l| < 30� all are above |b| ⇠ 3�. Secondly, most of our
fields are dominated by emission from within one kiloparsec,
too near to probe physical variations related to, e.g., the Galactic
molecular ring.

4.4. Wavelength dependence of �

In the fits performed with the combination of Herschel and
Planck data, the 353 GHz and 217 GHz data consistently show
an excess relative to the modified blackbody that describes the
emission at wavelengths below ⇠500 µm. In Fig. 5 the relative
excess was larger in di↵use than in the dense medium. This re-
mains true for the joint fit shown in Fig. 16. As mentioned in
Sect. 3.1, this could be related to line-of-sight temperature vari-
ations that decrease the apparent FIR spectral index of dense

Fig. 24. Colour temperature and spectral index fits for surface bright-
ness data averaged over FWHM = 100 beams centred on each of the
116 fields. The data points correspond to values obtained from an anal-
ysis of the IRIS and Planck data (frame a)), and of the SPIRE and
Planck data (frame b)). The cyan symbols represent single component
fits that are restricted to frequencies ⌫ � 353 GHz. The other plot sym-
bols indicate two component fits that employ di↵erent spectral indices
below 700 µm (red symbols) and above 700 µm (blue symbols). The
Planck 217 GHz band is included in these two component fits. The plus
signs indicate median values.

regions. However, the quantification of these e↵ects would re-
quire detailed modelling of the individual sources.

We examined the wavelength dependence of � using aver-
age surface brightness values towards the centre of each field.
As in Fig. 3, the mean surface brightness is calculated with a
Gaussian beam with FWHM equal to 100. Figure 24 shows the
single component fits for two data combinations. These consist
of Planck data with ⌫ � 353 GHz and with either IRIS 100 µm
band or the three SPIRE bands. For the latter combination, the
scatter is larger but the median value of � is in both cases 1.8–
1.9. Alternative fits were performed using two � values, one be-
low and one above �0 = 700 µm. This model thus consists of one
intensity parameter, one colour temperature value, and two spec-
tral index values that are here named �FIR and �mm. The model is
required to be continuous at 700 µm. The Planck 217 GHz band
is included in these fits. In Fig. 24, the two component fits show a
clear di↵erence between the FIR part (�  700 µm) and the mil-
limetre part (217–353 GHz, ⇠850–1400 µm). In the millimetre
part the values are �mm = 1.6–1.7 for both data combinations. At
shorter wavelengths, the median values are significantly higher,
�FIR = 1.96 for IRIS+Planck and �FIR = 2.11 for SPIRE+Planck.

Figure 25 shows the SEDs that are estimated from surface
brightness values averaged over a 100 beam towards each of
the fields. The values are further averaged either over all fields,
over fields with column density below or above the median col-
umn density, or over fields with colour temperature below or
above the median colour temperature. The selection of the fields
is based on values (⌧(250 µm) and T ) derived from the analy-
sis of IRIS and Planck data (⌫ � 353 GHz) but all bands are
included in the fits shown in Fig. 25. As above, the fits employ
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Variation of dust properties in cold cores

➡ not an effect of noise, temperature mixing along the line of 
sight, bias from the fitting method, not likely mixing of dust 
populations 


➡ variation of the intrinsic properties of dust grains with 
temperature and/or the environment 

What about lab data? 

➡ Most of the measurements at room temperature and 

for λ < 100/300 µm

➡ Some showed that 𝜿 varies with T and λ [Mennella+1998, 

Boudet+2005]

➡ Do a more systematic study 

Modified black body model: 


 

‣ β independent of Td and λ

‣ β = 1 to 2 

Iν ≈ τBν(T) =
MdustBν(T)

d2Ω
κ0( ν

ν0
)β

Mass Absorption Coefficient

Colloque PCMI, Bordeaux, 28-31 octobre 2024
Planck Collaboration XI (2014)

Variation of dust properties in diffuse ISM
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[Demyk+2017a, b]

β(10K) > β(300K)

[See also: Coupeaud+11, Boudet+05, Mennella+98, Agladze+96 and Mény+07]

 MAC ↗︎ when T ↗︎ 
 β varies with 𝛌 and T 
 β(𝛌) ↗︎ when T ↘︎

Temperature variation of the mass absorption coefficient 
of silicates analogues

Colloque PCMI, Bordeaux, 28-31 octobre 2024

•  4 Mg-rich glassy silicates Mg2SiO4 → MgSiO3

•  8 (Mg,Fe) chaotic silicates Mg(1-x)FexSiO3, x= 0.1- 0.4 

• Submicronic grains

•  10 - 300 K

•  5 - 600/1000 µm

50 nm

MgSiO3 amorphous silicates



[Demyk+2022]

          measurement

- - - -  interpolation with T

          measurement

- - - -  interpolation with T 

New temperature-dependent optical constants 

https://www.sshade.eu/db/stopcoda

STOPCODAData (MAC and optical constants) available on 
the stopcoda database for the 12 species and 

all temperatures

Colloque PCMI, Bordeaux, 28-31 octobre 2024



Comparison with silicates in cosmic dust models

MAC at 100 µm: 
‣ lab: 81 / 87 cm2.g-1  
‣ astrosil: 37-44 cm2.g-1

MAC (cm2.g-1) at 1 mm: 
‣ lab: 0.56 - 1.36 at 10K 
‣ astrosil: 0.35 - 0.47 × 1.6 - 3.9 at 10K

 ×  2-2.3

MAC of small prolate grains (a/b=1.5)

Colloque PCMI, Bordeaux, 28-31 octobre 2024



‣ A versatile model: 

‣ Various silicate mixtures (olivine vs pyroxene)

‣ various mantle descriptions (aromatic vs aliphatic carbon)


‣ All can explain the observations (intensity and polarisation)

Different olivine/
pyroxene ratio 

Different silicate/
nano-C ratioDifferent 

𝛽 values

[Ysard+2024]

Themis 2 : the only model based on silicate low temperature data  

Colloque PCMI, Bordeaux, 28-31 octobre 2024

https://www.ias.u-psud.fr/themis/THEMIS_model.html



Perspectives : new measurements beyond 1 mm :
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• At Institut Néel & IPAG [F.X. Désert, A. Monfardini, M. Calvo]

• 370 - 100 GHz, measured with the NIKA1.5 cryostat, 1mm kids array and a Martin-Puplett interferometer

• room temperature

• data at 10K coming soon

➜ Very good agreement with shorter wavelength studies 
➜ Reliability of the long wavelength extrapolations 

Colloque PCMI, Bordeaux, 28-31 octobre 2024



The Aromatic Infrared bands : modelling the emission of hot PAHs

Colloque PCMI, Bordeaux, 28-31 octobre 2024

[Chown+2023] ERS PDRs4All

Ionization
Photoelectric 
effect/ Gas heating

+ e-

+

PAH lifetime
Photodissociation

+ H, H2

VUV photon
 Radiative cooling	 	

 The Aromatic Infrared Bands 
(AIBs)

➡ Requires to simulate the spectrum of a family of 
PAH in a given radiation field knowing : 

• the excitation conditions (physical conditions, UV) 
and molecular complexity

• photo-absorption cross-sections

• vibrational modes  
• IR band positions and widths as a function of T

[Pech+2002]

Simulation with

UV radiation field of PN 
IRAS 21282+5050 :

11.3 µm



The Aromatic Infrared bands : modelling the emission of hot PAHs

See L. de Bentzmann et al. poster 
New tools to simulate the infrared emission of 

PAHs in astrophysical environments: 

https://cosmic-pah.irap.omp.eu

AIB Simulator
Environmental conditions

& specific PAHs

DB of simulated spectra

Simulation of PAH 
physics

• Monte Carlo code
• Differential equations

Comparison with
Astronomical Observations

Mixture of simulated spectra
Determine environmental conditions

(UV RF, nH, ne ...)
and PAH composition

Spectroscopy &
Molecular properties

• Quantum Chemistry DB
• Experimental DBs

The LAIBrary project :  
Library of simulated AIB spectra

Colloque PCMI, Bordeaux, 28-31 octobre 2024

• Transmittance measurements

• Solid state: 14K - 300K  &   300K - 723K 

• Gas phase: 300K - 673K

Anthracene (C14H10) series : 
• Anthracene (C14H10) 

• 2-Methyl Anthracene (C15H12)

• 9-Methyl Anthracene (C15H12)


Pyrene (C16H10) series :  
• 1-Methyl Pyrene (C17H12)

• 2-hydropyrene (C16H12)

• 4-hydropyrene (C16H14)

• 6-hydropyrene (C16H16) 

Decorated species: 

•  Anthracene (C14H10)

•  Pyrene (C16H10) 

•  Coronene (C24H12)

•  Ovalene (C32H14)

•  Dicoronylene (C48H20)

•  Fullerene C60

PAHs and fullerene :

Gas Gas & 
SolidSolid

MIR spectroscopy of solid state and gas 
phase PAHs as a function of temperature :

Coronene



The 3.4 µm bands

➡ Hydrogenated carbonaceous nanograins 
(THEMIS model), see Elyajouri+2024

[Berstein+1996]

➡ Decorated PAHs (methylated, hydrogenated)

[Joblin+1996]

Obs

Labo

matrix spectra

low temperature


methylated coronene

hydrogenated PAHs 

methylated coronene

gas phase spectrum


high temperature

[Chown+2023]

ERS PDRs4All

‣ 3.3 µm band : aromatic CH stretching vibration

‣ 3.4 µm massif : aliphatic CH stretching vibrations 


‣  several bands at 3.40, 3.46, 3.51, 3.57 µm

‣ I3.4 / I3.3 ↘︎ when Go ↗︎ [eg. Geballe+1989, Pilleri+2015, 

Chown+2023]

Karine Demyk, Journées MICMAC, 03-40/10/2024



Pyrene

Hexahydropyrene

Gas phase methylated and hydrogenated pyrene

Methylpyrene

Aromatic CH 
stretching

Aliphatic CH 
stretching

Tetrahydropyrene

• @ 3µm good agreement with low temperature data from Maltseva+18 (molecular jet)  
and Sandford+13 (Ar matrix)

*

* artefactout-of-plane-CH bending

in-plane CH bending

CC stretching

Dihydropyrene

Colloque PCMI, Bordeaux, 28-31 octobre 2024



CH stretching evolution with temperature

➡ Variation of the band position and intensity with temperature

HexahydropyreneTetrahydropyreneDihydropyreneMethylpyrene

λ3.3µm 

pyrene

• Di- and tetra-hydropyrene disappear at  T ≥ 423 - 473 K

• Methyl-pyrene and hexa-hydropyrene are present up to T ≥ 623 K


➡ Related to our experimental conditions (high pressure)

Colloque PCMI, Bordeaux, 28-31 octobre 2024

Data available on the  
cosmicPAH-IRDB database 

See L. de Bentzmann et al. poster 
New tools to simulate the infrared emission of 

PAHs in astrophysical environments: 



Analysing the spectra : characterising the anharmonicity  

Colloque PCMI, Bordeaux, 28-31 octobre 2024

‣ Spectral decomposition at each temperature with the CosmicPAHmfit tool (see 
Louan de Bentzman poster)

‣ pseudo-Voigt profil

‣ Outside the studied temperature range : 

‣ combine with solid state and gas phase data if possible 

‣ find the best extrapolation

𝝌pos = -6.43E-2 cm-1.K-1

𝝌pos = -2.33E-2 cm-1.K-1

𝝌pos = -0.97E-2 cm-1.K-1

𝝌pos = -0.16E-2 cm-1.K-1

𝝌pos = -0.65E-2 cm-1.K-1

‣ Correct for rotational broadening 

‣ Linear or polynomial fit of the pos, width vs T  ⇒ 𝝌pos, 𝝌width on the measured range



cosmicPAH-IRDB

Colloque PCMI, Bordeaux, 28-31 octobre 2024



cosmicPAH-IRDB

Colloque PCMI, Bordeaux, 28-31 octobre 2024

List of species in 
the database



cosmicPAH-IRDB

Colloque PCMI, Bordeaux, 28-31 octobre 2024

Visualisation of spectra over the 
entire spectral range for each 

temperature

List of specific bands analysed:



cosmicPAH-IRDB

Colloque PCMI, Bordeaux, 28-31 octobre 2024
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Results on specific bands : 
anharmonicity coefficients



cosmicPAH-IRDB

Colloque PCMI, Bordeaux, 28-31 octobre 2024

Anharmonicity parameters



Comparison with JWST observations : spectral match

➡ Good spectral match for the aliphatic bands

➡ Aromatic bands not reproduced

Linear combination of :

• the experimental spectra 

• a plateau as in 

Pilleri+2015 (aromatic 
combination  and hots 
bands)

[Chown+2023]

ERS PDRs4All

Colloque PCMI, Bordeaux, 28-31 octobre 2024



Comparison with JWST observations : modelling of the emission

Colloque PCMI, Bordeaux, 28-31 octobre 2024

‣ Emission model from Joblin+02, 
Mulas+06


‣ Absorption of 3 and 6 eV photon

‣ All energy converted to IR bands

[Chown+2023] ERS PDRs4All

WORK IN PROGRESS !      



Comparison with JWST observations : modelling of the emission
[Chown+2023] ERS PDRs4All

Colloque PCMI, Bordeaux, 28-31 octobre 2024

➡ No contradiction with others long wavelength bands

[Chown+2023] ERS PDRs4All

WORK IN PROGRESS !      



Conclusions and perspectives

•  Laboratory astrophysics is essential to interpret observations


•  New set of optical constants of silicates analogues : 

‣  see the STOPCODA database

‣  use the new THEMIS 2 model

‣ continue characterisation beyond 1mm at low temperature


•  PAHs MIR spectra as a function of temperature: 

‣ Data available on the CosmicPAH-IRDB database : https://cosmic-pah.irap.omp.eu (for temporary access of 

the beta version see de Bentzmann’s poster)


‣  Hydrogenated and methylated PAH and the 3.3 / 3.4 µm bands :

‣ promising candidates : good spectral match with a combination of species + a plateau

‣ anharmonicity factor : ⇒ to be coupled with an emission model

‣ look for trends : investigate the effect of the size of the PAHs on peak position, anharmonicity factors


‣  Analyse set of data of compact PAHs (10 to 48 carbon atoms) & C60

‣ combine solid state and gas phase data

‣ investigate potential trends of the anharmonicity factors as a function of the size 


‣  Study 5-member rings PAH
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