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• The most accurate dust models are currently constrained from 
observations of the Galactic diffuse ISM. They account for the 
following constraints:!
" "— the IR-to-mm emission (Zubko et al. 2004; Draine & Li 2007); !
" "— the UV-to-near-IR extinction curve (Zubko et al. 2004; Draine & 
Li 2007); " "!
" "— the elemental depletions (Zubko et al. 2004);!
" "(— the X-ray scattering halos; Dwek et al. in prep).!
" "=> abundance & size distribution of the various dust types.!



Very small grains (radius < 0.01 µm) are out of equilibrium with the 
radiation field.!



Very small grains (radius < 0.01 µm) are out of equilibrium with the 
radiation field.!



Very small grains (radius < 0.01 µm) are out of equilibrium with the 
radiation field.!



Very small grains (radius < 0.01 µm) are out of equilibrium with the 
radiation field.!



Very small grains (radius < 0.01 µm) are out of equilibrium with the 
radiation field.!



Very small grains (radius < 0.01 µm) are out of equilibrium with the 
radiation field.!



Very small grains (radius < 0.01 µm) are out of equilibrium with the 
radiation field.!



Very small grains (radius < 0.01 µm) are out of equilibrium with the 
radiation field.!





































1) A Quick Sweep of the Dusty Universe!
"• Basic dust physics, the models and their constraints!
"• Step by step building of a spectral energy distribution (SED)!
"• Observed SED evolution of galaxies!

2) The Dust Evolution Cycle and the Observed Dust Budget in Galaxies!
"• Open questions about dust evolution: sites of formation, efficiency of 
destruction!
"• Difficulties to interpret an observed galaxy's SED!

3) Bridging the Gap Between the Distant Universe and Nearby Galaxies!
"• A multiphase SED model!
"• A consistent dust and elemental evolution model!
"• The distinct evolution of PAHs and SN-condensed dust as a function 
of time!

Summary & Conclusion!

























• Dust formation by supernovae:!

"1) Individual SNe: ≈ 10-2 M/SN (Sugerman et al. 2006; Rho et al. 2008).!

"2) From the distant universe: SDSS J1148+5251 at z=6.42!



• Dust formation by supernovae:!

"1) Individual SNe: ≈ 10-2 M/SN (Sugerman et al. 2006; Rho et al. 2008).!

"2) From the distant universe: SDSS J1148+5251 at z=6.42!

(Walter et al. 2004)!



• Dust formation by supernovae:!

"1) Individual SNe: ≈ 10-2 M/SN (Sugerman et al. 2006; Rho et al. 2008).!

"2) From the distant universe: SDSS J1148+5251 at z=6.42!

•  Age ≈ 400 Myr!

•  L(IR) ≈ (1-2)×1013 L !

•  Mdust ≈ (1-5)×108 M !

•  M(H2) ≈ 2×1010 M !

•  SFR(LIR) ≈ 3000 M/yr!

(Walter et al. 2004)!



• Dust formation by supernovae:!

"1) Individual SNe: ≈ 10-2 M/SN (Sugerman et al. 2006; Rho et al. 2008).!

"2) From the distant universe: SDSS J1148+5251 at z=6.42!

•  Age ≈ 400 Myr!

•  L(IR) ≈ (1-2)×1013 L !

•  Mdust ≈ (1-5)×108 M !

•  M(H2) ≈ 2×1010 M !

•  SFR(LIR) ≈ 3000 M/yr!

(Walter et al. 2004)!

=> Dust yield ≈ 1 M/SN!

(Dwek, Galliano & Jones 2007)!



• Dust formation by supernovae:!

"1) Individual SNe: ≈ 10-2 M/SN (Sugerman et al. 2006; Rho et al. 2008).!

"2) From the distant universe: SDSS J1148+5251 at z=6.42!

• Dust condensation in dense regions of the ISM: short timescales (105 yr).!

•  Age ≈ 400 Myr!

•  L(IR) ≈ (1-2)×1013 L !

•  Mdust ≈ (1-5)×108 M !

•  M(H2) ≈ 2×1010 M !

•  SFR(LIR) ≈ 3000 M/yr!

(Walter et al. 2004)!

=> Dust yield ≈ 1 M/SN!

(Dwek, Galliano & Jones 2007)!



• Dust formation by supernovae:!

"1) Individual SNe: ≈ 10-2 M/SN (Sugerman et al. 2006; Rho et al. 2008).!

"2) From the distant universe: SDSS J1148+5251 at z=6.42!

• Dust condensation in dense regions of the ISM: short timescales (105 yr).!
• The lack of PAHs in low-metallicity environments...!

•  Age ≈ 400 Myr!

•  L(IR) ≈ (1-2)×1013 L !

•  Mdust ≈ (1-5)×108 M !

•  M(H2) ≈ 2×1010 M !

•  SFR(LIR) ≈ 3000 M/yr!

(Walter et al. 2004)!

=> Dust yield ≈ 1 M/SN!

(Dwek, Galliano & Jones 2007)!



Paucity of PAHs in low-metallicity environments!



Paucity of PAHs in low-metallicity environments!

PAH 



Paucity of PAHs in low-metallicity environments!

PAH 



Paucity of PAHs in low-metallicity environments!

PAH 



Paucity of PAHs in low-metallicity environments!

PAH 

(Madden, Galliano et al. 2006, A&A, 446, 877)!



Paucity of PAHs in low-metallicity environments!

PAH 

(Madden, Galliano et al. 2006, A&A, 446, 877)!
=> Need a SED model taking into account PAH destruction in HII regions!
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• General interstellar radiation field: population synthesis;!

• Radiative transfer: HII regions, PDR;!

• Dust model: stochastic heating, realistic optical properties for PAH+, PAH0, 
graphite, silicate (Zubko et al. 2004; Draine & Li 2007); !

• Self-consistency: energy conservation;!

• Each model parameter is constrained by the global panchromatic observed 
SED of 35 nearby galaxies.!
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• Distinct evolutionary trends between PAHs and Dust.!

• Benchmark for evolution models: comparison with theory.!
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conditions are not appropriate.!

Is a continuous star formation history realistic?!
"=> Survey of the dwarf galaxies of the local volume (Lee et al. 2009), 

starbursts are responsible for only a quarter of the star formation over 
the history of the galaxy.!

How relevant is the dust production by stellar progenitors?!
"Dust condensation in molecular clouds in ≈105 yr => indistinct!
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  Paucity of PAHs in 
low-Z: delayed 
injection of carbon 
dust condensed in AGB 
stars.!

  Bulk of the dust 
emission: SN-
condensed dust.!

  Outlyers: very cold 
dust or chaotic star 
formation history?!

(Galliano, Dwek & Chanial 
2008, ApJ, 672, 214)!



SAGE: Spitzer survey of the LMC: PAH enhancement spatially associated 
with AGB stars (Paradis et al. 2009). !
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1.  Determine the contribution of HII regions to the total SED; !

2.  Take into account stellar evolution;!

3.  Self-consistency (energy balance).!

Prospectives: !

•  better mass estimates => longer wavelengths & resolving the ISM 
(Herschel).!

•  better constraints on individual formation/destruction processes (ISM 
studies => measure production rates).!


