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Dust and galaxy evolution: The ISM lifeeycle
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Dust Gnd gcquy evoluhon Sdmple
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Dust and galaxy evolution: ingredients

— as a function of metallicity

See also:
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Same « strong line » method for
the whole sample
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Dust and galaxy evolution: ingredients

Same « strong line » method for
the whole sample

"

— as a function of metallicity

Use model:
* MW dust: silicates+graphite+PAHs
* |SRF from
* Power-law distribution for radiation field
intensity

See also:




Dust and galaxy evolution: ingredients

Atomic gas-mass : Hl

Molecular gas mass : H2, use X, ,
from Same « strong line » method for

\ the whole sample

— as a function of metallicity

Use model:
* MW dust: silicates+graphite+PAHs
* |SRF from
* Power-law distribution for radiation field
intensity

See also:




Dust and galaxy evolution: ingredients

From same dust model

— as a function of SSFR




Dust and galaxy evolution: ingredients

From same dust model

— as a function of SSFR

Empirical prescription from NIR
bands




Dust and galaxy evolution: ingredients

SSFR = SFR/S

SFR from Ha. measurements,
From same dust model corrected for dust attenuation

with L;; (Kennicutt&Evans+12)

— as a function of SSFR

Empirical prescription from NIR
bands




Dust and galaxy evolution: G/D and metaliicity
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Dust and galaxy evolution: G/D and metaliicity

Rémy-Ruyer+14
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» Not coherent at low metallicities with a simple description of dust evolution in the ISM



Dust and galaxy evolution: Chemical evolution
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Dust and galaxy evolution: Chemical evolution

Rémy-Ruyer+14
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Dust and galaxy evolution: Chemical evolution
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Dust and galaxy evolution: Chemical evolution

Rémy-Ruyer+14

107 +

10°

10°

10*

G/D

10°

T = 50 Gyr

reference scaling

|

DGS + [
KINGFISH Vv

T = 5 Gyr

7.5

12+Iog(O/H)

8.0

* Chemical
evolution model by

 « Critical »
metallicity over
which dust growth
is the main process
in the dust mass
evolution

* Depends on the
star formation
timescale

»Scatter can be explained if you account for the different star formation histories of

the sources




Dust and galaxy evolution: b/s and SSER
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Dust and galaxy evolution: b/s and SSER
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Dust and galaxy evolution: b/s and SSER
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Dust and galaxy evolution: b/s and SSER
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» Dust growth in the ISM is fundamental
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A new dust model: Motivations
» Key is dust growth in the ISM...

... but previous model uses homogeneous grains




A new dust model: Motivations
» Key is dust growth in the ISM...

... but previous model uses homogeneous grains

Galliano+11 based on Zubko+04,
but also Draine&Li+07 and others

Silicates « Astronomical silicates »

Olivine-type
(MgFeSiO,) * Modified to fit the data

Carbons Graphites
+
PAHs
* No observational evidence of
graphite or PAHs in the diffuse
ISM




A new dust model: Ingredients

» New dust grains with a « core-mantle » structure
* Optical properties derived from laboratory measurements
* Consistent with elemental abundances

Galliano+11 based on Zubko+04, Jones+13 & Kohler+14
but also Draine&Li+07 and others

Silicates « Astronomical silicates » Amorphous pyroxene & olivine
with Fe/FeS inclusions
Olivine-type
(MgFeSiO,)

Carbons Graphites Hydrogenated amorphous
+ carbons
PAHs




A new dust model: Caveats of previous models

» Inconsistency between the emission and extinction measurements
Planck Collaboration X1 (2014)

‘Draine&Li+07
Compiegne+11
[ (amorphous carbon

© 0.030
o
S
Toozs
S 0.020
m
w

Ext: quasars from SDSS |

Em: Planck

1.0 1.5 2.0
tau353 (10"-6) —> Mmass




A new dust model: Consistent extinction & emission

» Explain self-consistently emission and extinction measurements
Ysard+15, Fanciullo+15
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A new dust model: Consistent extinction & emission

» Explain self-consistently emission and extinction measurements
Ysard+15, Fanciullo+15

Draine&Li+07
Compiegne+11
Jones+13

& Kohler+14
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Ext: quasars from SDSS |

Em: Planck

1.0 1.5 2.0
tau353 (10"-6) —> Mmass

e Tested and validated in the diffuse ISM
e Tested and validated in the dense ISM




Impact on G/D and.D/s
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Impact on G/D and.D/s
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* Global trend is still the same
* Absolute scale is changing: variation of a factor of ~4 -5 in the dust mass
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 Global trend is still the same E
* Absolute scale is changing: variation of a factor of ~4 -5 in the dust mass

* Graphite -> Amorphous carbons: ~2 - 2.5

* « Astronomical » silicates -> new amorphous silicates: ~2 - 2.5 (mass density)
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 Global trend is still the same E
* Absolute scale is changing: variation of a factor of ~4 -5 in the dust mass
* Graphite -> Amorphous carbons: ~2 - 2.5
* « Astronomical » silicates -> new amorphous silicates: ~2 - 2.5 (mass density)

» Important consequences for estimating D or G from G/D and metallicity
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* Dust growth is the key to explam G/D and D/S

* Large scatter can be explained with different star formation
histories and different evolutionary stages
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Summory Take > away messages

m .

* Dust growth is the key to explam G/D and D/S

* Large scatter can be explained with different star formation
histories and different evolutionary stages

* A‘'more physically consistent description of dust
* No Graphite, No PAHs, No « Astronomical » Silicates !

* Core-mantle structure : amorphous silicates and amorphous carbons
 Optical properties derived from laboratory measurements

* Consistent in size : from small to big carbon in one grain family
 Consistent with both extinction and emission together

e Tested and validated in the diffuse and dense ISM
* Imply significant change in the derived dust mass |
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Dust and galaxy evolution: IR wavelengih coverage
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Grain Formation accretion coagulation
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A new dust model: Validated on the diffuse ISM

e Consistent with emission and extinction

e Consistent with elemental abundance constraints
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New mo'del validated-on the diffusedSM
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Caveats of previous, models
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