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The role of small dust grains in the interstellar medium
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Role of grains

- Thermal balance

- Chemical balance

- Evolution of the interstellar medium

Very small grains (VSG)
(~nm, carboaceous)

Big grains 
~ µm, silicates ?

Atomic and 
molecular gas

Polycyclic atomatic 
hydrocarbons

(PAH)

Classical model
Désert et al. 1990 

With a number of open questions 

What are their physical, chemical, optical properties

Their contribution to the formation of molecules (H2, …, complex organics)

How dust grains evolve in different environments

Contribution to photo-electric heating

JWST
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The mid-IR bands in the universe
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(2006) using theHSTACS, which were found to have an average
age of 6:4 ! 0:5 Myr.

As shown in Figure 5, the [Ne iii]/[Ne ii] ratio increases from
0.15 to 0.27 with increasing distance from the galactic plane of
M82. This is counterintuitive, as one might expect a harder ra-
diation field at the location of the most luminous regions along
the plane. Away from the plane, a decrease of gas density relative
to the number of ionizing photons leads to an increase of the ion-
ization parameter, which then causes an increase of the [Ne iii]/
[Ne ii] ratio, as discussed in Thornley et al. (2000). Indeed, Fig-
ure 6 shows that the [Ne iii]/[Ne ii] scales with the ionization
parameter. The variation we observe in the [Ne iii]/[Ne ii] ratio
implies a variation by a factor of 5 in the ionization parameter.
This is equivalent to saying that the gas density decreases 5 times

faster than the radiation field, which decreases as "R#2, with R
being the distance to the ionization source. Shocks could also
contribute to the increase of the [Ne iii]/[Ne ii] ratio in the out-
flow region, but in x 4.5 we show this effect to be minimal. This
hypothesis could be tested using the [S iii] 18.6!m/[S iii] 33.6!m
ratio. Unfortunately, due to the problems reported in x 2, we could
not derive an accurate flux for the [S iii] 33.6 !m line in both LL
and LH spectra.

It is important to emphasize that even at higher angular res-
olution, the [Ne iii]/[Ne ii] ratio in M82 remains quite low for an
active starburst. We would have expected a larger variation, with
higher ratios locally corresponding to younger clusters and lower
ratios elsewhere. A comparison with the ISO SWS sample of
starburst galaxies (Thornley et al. 2000) shows that it is actually
lower than most starbursts, despite being closer and better re-
solved. The low [Ne iii]/[Ne ii] ratio could be caused by an aged
stellar population in which starburst activity ceased more than
half a dozenmegayears ago—although this possibility seems un-
likely given the large amounts of molecular gas still present at the
center of M82. An edge-on view of the galaxy could also con-
tribute to the low variation of [Ne iii]/[Ne ii] ratio.

As a comparison, we examined the 4:5 0 0 ; 4:5 0 0 area with the
highest [Ne iii] flux (Fig. 5), comparing the measured [Ne ii] and
[Ne iii] luminosities with the models to determine the enclosed
stellar mass. A single super star cluster of 5 Myr would have a
cluster mass of 106 M$, which is twice the mass of the super star
cluster in NGC 5253 (Turner et al. 2003). A single cluster in a
4:5 0 0 ; 4:5 0 0 area would correspond to a cluster number density
of "200 kpc#2, which is comparable to the cluster density found
in the fossil starburst region of M82 by de Grijs et al. (2001).

While the average age of the starburst population in M82
appears to be "5 Myr, ongoing star formation (%1 Myr) could
possibly be obscured by recent contributions of older stellar pop-
ulations (>5 Myr) to the neon ratio. Considering this possibility,

Fig. 3.—Decomposition of SL+SH spectrum of region 2. Red solid lines represent the thermal dust continuum components, the thick gray line the total continuum, blue
lines are dust features, while the violet peaks are atomic and molecular spectral lines. The dotted black line indicates the fully mixed extinction which affects all
components, with axis at right. The solid green line is the full fitted model, plotted on the observed flux intensities and uncertainties.

Fig. 4.—Average of the 5Y38 !m low-resolution IRS spectra of the regions A
and B, located approximately 200 pc above and below the galactic plane of M82.

SPITZER IRS SPECTROSCOPY OF M82 309No. 1, 2008
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Spectral differences Variation of the composition (and excitation conditions) of PAH / VSG
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Evolved starsProto-planetary disksStar forming regions Local (and high-z)  
galaxies

AKARI 8 micron 

What physical and chemical processes drive the evolution of PAHs and VSGs?

What is their impact on the evolution of matter?

A good tracer of physical conditions and geometry?

Observed in UV-rich environments (photo-dominated regions or PDRs) 

The shape and intensity  
of the IR bands 

depend on the detailed
physical conditions
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Spitzer: Mid-IR Aromatic bands in galactic PDRs

Reflection nebula NGC 7023 
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Differences due to:

‣ Abundances & excitation
• PAH, VSG 

  (charge, size distribution, …)

• H2

• Ionized gaz 

‣ Extinction on the LOS  

‣ Geometry of the source

G0 ~ 2600     

n(H) ~ 104 - 106 cm-3          

Tgas ~ 30 - 150K

VSG

PAH0

PAH+

evaporation of VSG
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PAH Neutres
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Template spectra + exinction model relative 
abundances

Pilleri et al., 2012
Berné et al. 2007

PAHTAT
PAH Toulouse Astron. Templates

I

II

http://userpages.irap.omp.eu/~cjoblin/PAHTAT/Site/PAHTAT.html
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AKARI: near-IR observations: a clue of the nature of VSG
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VSGs: tracers of the UV radiation field intensity
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Galactic PDRs: Spitzer IRS analysis
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O. Berné et al.: Very Large Telescope observations of Gomez’s Hamburger: Insights into a young protoplanet candidate
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Fig. 2. a) VLT-VISIR 8.6 µm (PAH1 filter) image of GoHam in color, the scale is in Jy/arcsec2. In contours : velocity integrated 12CO(2-1)
emission observed with the SMA from Bujarrabal et al. (2008, 2009). b) VLT-VISIR 8.6 µm (PAH1 filter, same as left panel) in color. Contours
shown the emission of 13CO (2-1) at 5.3 km/s where the gas clump (GoHam b candidate protoplanet) dominates the millimeter emission. This
region also corresponds to the local decrease of mid-IR emission seen in the VISIR image. c) Hubble-NICMOS image of GoHam, intensity scale
is in DN units (multiplied by 2.86e-19 gives ergs/cm�2/Å). Contours as in b).
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Fig. 3. Schematic representation of the di↵erent components of
GoHam’s disk with the main geometrical parameters.

4. GoHam b, an infrared dark, cold, dense
Jupiter-mass object

In the VISIR images (Fig. 2), GoHam b corresponds to a re-
gion of increased absorption. This can be understood as resulting
from a localized increase of dust and gas column density at the
position where Bujarrabal et al. (2009) detected an excess of CO
emission. This configuration is summarized in Fig. 3. The detec-
tion of GoHam b in absorption suggests that dust is cold in the
clump. This is in agreement with the detection of cold molecular
gas by Bujarrabal et al. (2009).

Since emission in the Northern half of the disk is no a↵ected
by the absorption due to GoHam b, while the Southern half is, it
is possible to obtain a map of the 8.6 µm and 11.3 mum optical
depths of GoHam b using the following approach. First, in order
to improve the signal to noise ratio, we convolve the images with
a gaussian kernel of 1”. We then remove (set to NaN) all the pix-
els with values below a threshold of 0.01 Jy/arcsec2. We create a
new image by mirroring this smoothed and cleaned image along
the axis of rotation of the disk z. The mirrored image is then di-
vided by the original image, providing an intensity ratio map.
Assuming the simplest exponential form of the radiative transfer

orbital period for a clump at 400 AU which is 236 years (parameters
from Table 1).

equation, this intensity ratio map can be converted into an opti-
cal depth map which is shown in Fig. 4. GoHam b clearly ap-
pears with optical depths of up to the order of 0.4 in both maps.
While emission at 8.6 and 11.3 µm results from UV-heated PAH
molecules, absorption is due to the large dust grains present in
the disk. Therefore, the optical depth map can be converted into
a column density map of the condensation, assuming a classi-
cal dust to gas mass ratio of 100 and the dust cross-section from
Weingartner & Draine (2001), which is Cext = 3 ⇥ 10�23 per
H atom, at both wavelengths. This yields a peak column den-
sity of the order of 5 ⇥ 1022 cm�2 for GoHam b. With a phys-
ical diameter of 1” (unresolved source) the minimal density for
GoHam b is 107 cm�3, in good agreement with the estimate of
Bujarrabal et al. (2009). By integrating spatially the column den-
sity map, one can obtain the mass of the condensation. Using this
method we derive a mass of 1.2 MJup based on the PAH1 image
and 0.9 MJup based on the PAH2 image. These two values are
in close agreement together as well as with earlier estimates by
Bujarrabal et al. (2009) who found values ranging between 1 and
a few Jupiter masses.

Overall, GoHam b consists in small (< 300 AU) and dense
(n > 107 cm�3) clump of cold molecular gas and dust. It is in this
sense comparable to pre-stellar core found in molecular clouds,
but in a smaller and denser version, embedded in a molecular
disk. Hence, it would not be surprising that the spectral energy
distribution of this type of object also shares similarities with
prestellar cores, as is already suggested by the detection of the
source in absorption in the mid-infrared.

5. GoHam b : a candidate protoplanet

5.1. Comparison to other substructures seen in disk

In the recent years, high angular resolution observations have re-
vealed the presence of structures inside protoplanetary disks. It
should be noted that most of these studies concern disks seen
face-on or tilted, but rarely edge-on disks. It is nevertheless in-
teresting to compare the condensation seen in GoHam to other
structures observed in disks. Spiral arms have been observed
in several disks (e.g. Muto et al. 2012; Casassus et al. 2012;
Rameau et al. 2012; Grady et al. 2013; Boccaletti et al. 2013;
Avenhaus et al. 2014), however it seems di�cult to understand
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The mid-IR spectrum as a tracer of extinction
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in PDRs

Galaxies: M82

PPDs

PdBI CS (J=2-1)

PdBI CS (J=3-2)

AV

AV Berné et al., 2015

Mass : ~ 1-10 MJup
Density : ~ 107 cm-3

Temperature : < 100K
Radius < 100 AU

Pilleri et al. 2012

Pilleri et al. in prep.
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Conclusions: Why JWST
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How do the physical conditions vary at short spatial scales?
What are the properties (chemical, physical, optical) of PAHs  & VSGs?
How do they evolve when they are subject to UV radiation?

PAH+ PAH0 VSG ERE

PAH bands are GREAT tracers for physical conditions in all UV-rich environments

Sharp interfaces  :   questions to be answered by JWST! 

Berné et al., 2008
Pilleri et al., 2015


