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DUST : A TRACER OF GALAXY EVOLUTION

Local Universe: different laboratories to understand dust properties
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Dust modelling and current revisions




VARIATION OF BETA IN NEARBY GALAXIES

The Modified blackbody model, a classical prescription
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BETA-T ANTI-CORRELATION

Explanations?

- Laboratory experiments on dust analogues
Coupeaud et al. 2011, Demyk et al.2017

- changes in the composition and structure of

silicate or carbon dust
Meny et al. 2007; Jones et al 2013

Galametz et al 2012
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DUST, A COMPLEX MIXTURE

PAHs Very small grains
Their emission varies with their ionization, size ... Small grains

Sizes < 20nm
Can vary significantly
Large grains

Carbonaceous grains
and
Amorphous silicates

Grains at thermal equilibrium

Compiégne et al 2011




CONSTRAINTS ON THE DUST OPACITY FROM PLANCK

= Model the Galactic IR/submm emission (Planck, IRAS, WISE)

stellar observations in molecular clouds
optical estimates from QSOs in the diffuse ISM

= Compare A, With

Factor of 3 . s - I

Planck
Collaboration 2014
(Paper XXIX)
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AV,QSO = (0-31 Umin + 0-35) X AV,DL

= Not the right far-IR opacity of dust grains, even in the diffuse ISM




CONSTRAINTS ON THE DUST OPACITY FROM PHAT

The same discrepancy is observed in Andromeda
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—> Revision of the physical properties of current models




Evolution of dust grains in the ISM




DUST EVOLUTION PROCESSES

Grain Formation
* Grain condensation (Sne ejecta, AGB stars)

* Accretion of atoms and molecules (growth, mantle, ice) in the ISM

Grain Processing
» Shattering, fragmentation by grain-grain collisions

e Structural modifications (high energy photons, cosmic rays)
e Coagulation

Grain Destruction
* Erosion (thermal or kinetic sputtering)
* Photo-desorption of atoms and molecules

* Thermal evaporation
* Astration (incorporation into stars)
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DUST EVOLUTION PROCESSES

AGB star diffuse ISM molecular cloud PDRs/ HII reglons
dust formation R coagulation at

small a-C(:H)
a<20nm
aliphatic-rich
»CH

large a-C(:H)

a~ 200 nm

amorphoes carbon

large a-Silge
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From Jones et al 2013; schematic diagram of the THEMIS model



EMISSIVITY VARIATIONS

a-C/a-C:H

a-C/a-C:H

Core-mantle Core-mantle-mantle

[ —cm
f CMM

AMM, without smallest grain
AMM

— AMMI, without smalles grain
AMMI

100
Wavelength in um

Kbhler et al, 2015

Emissivity (1025 cm2/H)

N
A

iy
(&)

ry
L

o
o
iE

[100, 500 pm]

[100, 870 ym] [Herschel bands][Planck bands]
Fitting interval

-12 -




GAS-TO-DUST MASS RATIO EVOLUTION

Evolution of the ratio with metallicity

o < 0.5 Gyr + | . .
By ey Chemical Evolution models
T = ]1,5] Gyr
o] o from Asano et al (2013a)

110,50] Gyr

Tgr > 00 Gyr

ratios

The trend can be explained
when grain growth in the ISM
is taken into account in the
dust formation processes.
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Rémy-Ruyer et al, 2014
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SIGNATURES OF DUST EVOLUTION IN THE MAGELLANIC CLOUDS

Variations in the Gas-to-Dust ratio with the environment

= Decrease of G/D from the diffuse ISM to the dense clouds
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Dust surface density

Roman-Duval et al, 2014; 2017
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TAKE-HOME MESSAGES AND FUTURE

Need of refined / rescaled dust properties to fit the submm observations

Signs of dust properties variations from diffuse to dense medium

Spatially resolved studies : ALMA, JWST
—> dust heating in dense extragalactic PDRs

FIR spectroscopy: SPICA

—> better constraint on the shape of the SED
- IR polarimetry

Next tool to investigate the dust composition:

modelling the polarized dust emission
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DUST POLARISATION

A background star emits unpolarized radiation

A strong diagnostic tool - 7
to probe the AT Somegraneare
COmpOSItIOn Most likely grain Polarized light
orientation 1+, transmitted
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Guillet et al (2017)
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DUST POLARISATION IN NEARBY GALAXIES

Serkowski-law fit (K=1.15 fixed)
6+ Ara=0.23um, pr=8.5%

Observations versus Models
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A GOLDEN AGE FOR DUST POLARIMETRY

The arrays

Baloon exp.
BLASTPol,
PILOT

In space?

POL on SPICA
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