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Dust Growth in the ISM
u Dust growth in the ISM is required to explain 

dust masses across cosmic times (Draine
2009, Boyer+2012, Rowlands+2014, 
Zhukovska+2016)

Zhukovska & Henning (2013)

AGB Dust Production in the LMC
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Dust Growth in the ISM

Zhukovska & Henning (2013)
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u Dust growth in the ISM is required to explain 
dust masses across cosmic times (Draine 
2009, Boyer+2012, Rowlands+2014, 
Zhukovska+2016)



--- Herschel  10pc resolution study of dust and gas (Gordon+2014, Roman-Duval+2014)

--- Use all-sky surveys (IRAS 100 µm ; Planck 350 µm, 550 µm, 850 µm) to probe large-scale 
variations of dust abundance in the LMC and SMC out to edge of HI disk (Roman-Duval+2017)

Probing dust in the LMC and SMC in the FIR

HI
Planck 350 µm
IRAS 100 µm 



Probing dust in the LMC and SMC in the FIR

Mis-calibrated 
opacity?

Mis-calibrated 
opacity?

Constant 
G/D in HI 
(Roman-
Duval+2014)

u Fit the IRAS + Planck SED with a modified black-body of varying b
u Gas-to-dust ratio decreases by factors 3 and 7 in the LMC and SMC between 

diffuse and dense ISM (but dust surface density generate with opacity)



HST-METAL: Metal Evolution, Transport, 
and Abundance in the LMC

u 33 FUV+NUV spectra (STIS + COS) of 
massive stars in the LMC         Depletions

HI (Kim+2003)
CO 1-0 (MAGMA, Wong+2011)
Herschel/PACS 160 µm 
(Meixner+2013)

✕ Metal Targets (33)
O SN remnants 
(Temim+2015)

u Parallel imaging with 
WFC3 in the NUV-NIR

Extinction maps



Counting metals in the gas: abundances
Modeling of absorption 
features using apparent optical 
depth method (Jenkins 1996)

ü HI column densities
ü Interstellar gas abundances 

and depletions for Si, Fe, Mg, 
O, Ni, Cu, S, ZnModeling of Lyman-a 1216 A 

absorption line using 
Lorentzian profile fitting
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Counting metals in the dust: 
depletions

Metals in the gas
(HST-METAL)

Metals in the dust
(What we want)

Metals in young stars
(VLT/optical spectra)
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Interstellar depletions vs log N(H)

Roman-Duval+2018



The gas-to-dust ratio from depletions

Roman-Duval+2018

For log N(H) = 21 cm-2

FIR

FIR

u LMC D/G consistent between 
depletions and FIR/21cm

u SMC D/G lower in the FIR/21 cm 
compared to depletions
u Could be due to contribution of 

dust poor HI envelope in the SMC, 
included in the FIR mapping but not 
the pencil beam spectroscopy

u Observed relation between D/Z 
can be reproduced by models that 
include dust formation and 
destruction, and inflow and outflow



Gas abundances: MW = SMC = LMC!
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Relation between depletion and dust 
properties

More dust

Bigger dust
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Depletion of Si

u R(V) and d(Si) derived from 
different, independent data, 
wavelength, techniques

u First time a correlation between 
the size of dust grains and their 
abundance is observed



Lessons Learned (see also RD2019)
u The fraction of metals in the dust phase increases as the HI and/or H2 column density 

increases
u D/G increases with increasing N(H)
u Should take D/G variations into account when estimating gas masses based on dust

u The fraction of metals in the dust phase decreases as metallicity decreases
u Gas phase metallicity of the SMC is the same as the MW
u D/G varies increases non-linearly with Z

u Correlation between dust grain size/optical properties and abundance from depletions

u Metallicity tracers for DLAs deplete significantly (Si, S, Zn)

u Difficult to interpret abundances in neutral gas without accounting for depletions

u We must understand                                      in nearby galaxies in order to understanddust gas

chemical enrichment in galaxies and DLAs (i.e., over cosmic times)

metals



Thank you!


