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S|I|cate dust mmeralogy

L _Si- o 0- s: 0
Amorphous

Mass Abs. Coefficient

= m ll’cond > :
_Tcond <_ : : R atoms in mineral
freeze out - Wavelength [um]

amorphous silicate may occur

The glass temperature for silicates



Siliéatedust: ?miher'alogy

Variations in graln shape S|ze, Iattlce structure temperature &

composmon alter the feé'{ure proflle

Olivine:. c
with 1 = x= 0_
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Saturated in oxygen.
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Inosilicates (Single Chain)

Share oxygen with other units.

Wavelength [um]




Why do we care about crystallme
S|I|cates7

In evolved stars they tend to
be found in stars with high
‘mass-loss rates.

o™
mEFLL 9 ':
p e g _ | Questi the formati
/ VR | Questions on the formation:
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= SaRe et WA e ' L=
5 / *h*"‘"” NALEVNGERE amorphous grains?
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“’"“‘““"’”:T“‘“j«m BN What determines the onset
A "”uﬂ Co : . = .
A of crystallinity:
| |
o The
o Or
L The ?

Sylverster et al. 1999



Formatioh' df 'crys_ta" i-h-é. silicates by
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Gail & Sedimayr 1999
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[1760-1300K]
Al,O;, Alumina

[1625-1400K]
Ca,Al,SiO,, Gehlinite

1 [1440-1050K]

Mg,SiO,, Forsterite
[1450-1100K] l

CaMgSi,0g, Diopside

1 [1350-1040K]
MgSiO;, Enstatite
[1360-1000K]
CaAl,Si,O4, Anorthite l
[1100-950K]
[Mg,Fe],SiO,, Olivine

Tielens 1990




Formation of crystalline silicates by

| M=4x10"° My/yr
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Does the crystallme fractlon depend on the
orthe Ust cal nsity?

T evap ~1500 K

T glass
~1000 K for
silicates

Condensation
zone




Does the crystallme fractlon depend on the
7

T evap ~1500 K

T glass
~1000 K for
silicates

Condensation

zone Log R

Dust temperature (K)

5 10 20 50 10
R/ E.



Does the crystallme fractlon depend on the
gas density or the PEIRBIimn density?

- SMC
A ~0.27,

- SMC

Globular
" Clusters

= <02 7,

GLC

We can investigate this by varyinQ the metallicity
(and thus the gas/dust ratio).



FIR x C-AGB REG ® *-AGB @ a0-AGB O-AGE @

b ' SAGE-Spec

o |
y __};.;Spit*zer'lRS spectra (A = 5.2-38 ym)
;}1000 IRS obsérvations'in LMC

b (including 197 from SAGE-Spec legacy
al program*) .,

~250 IRS observations In SMC

‘Use spectral information to verify
photometric classification .

Characterise dust cOmposition of
object classes

C-evolved @
O-evolved @
RASG @
Y50 @
Galaxy
Other &

* Kemper et al. 2010
Woods et al. 2011
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Selectlon Crlterla
- CIaSS|f|ed as O-AGB or RSG

- M .< -71for RSG:

- O- rlch silicate features in
emlssmn

134 Mw (ISO SWS & Spitzer IRS)
114 LMC (Spitzer IRS)
32 SMC (Spitzer IRS)

39 Spitzer IRS from 14
Galactic Globular Clusters



O-ich grid of 68000 GRAMS
models = .. it 2

Range of
Parameter Values Increment

Star

Terr (K) 2100-4700 +200
log(g) —().5 suin
l0g(Z | Z.gy)* —().5 s
Luu(Lo) 107-10° x1.08, % 1.3
Dust grains

Pdust ':E."I':m;?e: 33
" —-15

L]

Ainl pm ¥

agl ppm)* 0.1
Assumed values

Rmax/Rmin® 107 HV 5715

| : o bright O-rich AGB star

Vggp (km s77)* 10 . & {,\\

Rg T
)
t

Dust shell
SSTISAGEIC J052206.92-715017.6 ..
1074-26 i O G
THJ — faint O-rich AGB star

Ruin( Rtar) 3.7.11, and 15 T i
Maa(Mg yr™) 3% 10759-3 % 1077

LS

model star spectrum
model star + shell spectrum, S10
model star + shell spectrum, this grid
e observed photometry
e model photometry
---- model star spectrum
-—- model star + shell spectrum, S10
— - model star + shell spectrum. this grid

M | 1 I 1 1 1

1

A (um)
Sargent et al. 2011




GRAMS lﬁd'delé:' dui;t mass-loss rate
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log Flux [W/m?]

Conv.
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Flux density [Jy]
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Dust Mass-Loss rate Vs Feature S'Htrength
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Jones et al. 2012




Total Mass-Loss rate vs Feature Strength
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Jones et al. 2012



Crystalline silicate absorption features

OH 32.8-0.3 |

OH 26.5+0.6

IRAS 17276 |
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Does the crystallme fractren depend on the

gas, den5|ty orthe 1 15t G .

| MLRS

. 5 are more prevalent in
hig ite objects o AR
The GUSE MEEEN appears to have a

greater mfluence on the crystalline fraction.



9 R
i :i‘""' X




Does Crystalllne Slllcate dust productlon \£:18Y
Wlth metalhmty”

27 28 29
Wavelength [um]

Forsterite Enstatite Forsterite




Does Crystalline Silicate dust production vary
- with metallicity?

=
S
-
-
—
=
0
O
O
p -
2
@
O
00
o
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Jones et al. 2012



Does Crystalllne Sillcate dust productlon \£:18Y
Wlth me 'allcny’? "

."

Maybé a different condensation sequence
operates at low metallicity?









Does Crystalline Silicate dust production vary
- with metallicity?
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Jones et al. 2012
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Background: AGB Stars

Asymptotic

Giant Branch /

exhaustion

20,000 10,000 5,000
Temperature (K)

AGB stars: evolved low

‘to intermediate mass
stars (1=M=8M )

4

'Bright populations in
the infrared |

High mass loss rates:
up to 10*M_/yr



Dust production in AGB stars

ISM

Molecules condense into dust grains
T~ 1000 K



Why do we care dust productlon in evolved
i stars’? |

Primordial abundance Sources of Milky

Solar System abundance | -
Elements in dust ' way dl_.lSt..

-t
N

-t
=

O-rich AGB stars: 67%

log abundance
N

Gehrz (1989)
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0

20
atomic number

Image courtesy of Greg Sloan
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