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The Asymptotic Giant Branch

Evolutionary Tracks off the Main Sequence

Asymptotic
Giant Branch

Red Giant
Horizontal Branch /| Branch
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Characteristics of AGB stars

Mass 0.8-8M,
Radius 200 - 600 R_
T 2500 - 3500 K
Luminosity 10°-10% L
Mass-loss rate 108 - 10" M _Jyr
Variability period 30 - 2800 days
AGB life time 10° - 5x10° yrs




Elemental composition of the ISM
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Composition and convection

CO degenerate

about 75% “He

about 22% "*C
about 2% 2?*Ne

<1%"0

core \ Intershell region:

Helium burning shell




Transport to the surface

H/He |convective envelope
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Evolution to a C star through TP

Evolution on the Thermal-Pulsing
Asymptotic Giant Branch
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The circumstellar envelope

nucieosynthesis + mixing molecule formation dust formation photochemical reactions

SiOmaser
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Mass loss on the AGB

e Observed to have a stellar wind

e Infrared excess showing dust is found at
some distance from the star (>10 R,)

e In some cases, detached shells are seen
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Source

C-rich giants
O-rich giants
Novae

SN type Ia

OB stars

Red supergiants
Wolf Rayet

SN type Il
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Evidence from presolar grains

s T————-supernovae e —
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dust-driven
outflow

2: Dust forms in the
wake of the shock
and is pushed
outwards by
radiation

pressure, ~—

gas is

dragged
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condensation

1: Stellar pulsation & convection

induce strong shock waves Isatina at h

in the extended atmosphere//r sasenitiod bl el
which push gas outwards




Density waves in pulsating stars




Velocity profile

e Stellar pulsation does not
lead to a wind without dust
formation T

® Vo, 10-50 km/s

Willson 2000

- grains in red giant .
-~ “star's atmsphere ejected gas

— o —

0 B
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without dust

radiation pushes on :
grains; grains push on gas € l
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Radiation pressure
(I/¢)Cp

Qpr = ’pr/7ra2

Qpr = Qabs + {1 — g(0)} Osca

L
For = naz(Qpr) (_2)

drr-c

F/F,.:
~2080 for carbon grains
~40 for silicate grains

- 167GMc as

3L [(Qpr)}



Time scales to grow dust grains

Dominik et al. 1989



Modelling the dust shell
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Observed mass-loss rates
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The extent of the dust shell

e Active investigation
e History of mass loss

e Dust survival upon entrance in ISM; shock

(Ladjal et al. 2010, Cox et al. 2012, Dharmawardena et al. 2019, Scicluna et al.
2022, Maercker et al. 2022)
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The infrared spectral zoo

MWC 922
IRAS 19442+2427

IRAS 17047-5650
NGC 7023
W33 A

IRAS 21282+5050 . IRAS 09425-6040

SAO 34504 . HD 56126 \Wwf"’\_‘
4 AFGL 5379

AFGL 5625




Condensation of Solar System solids
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Stability limits
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Condensation predictions

Tielens 2022, Cami 2001
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Early condensates
Mg-Fe oxides Corundum (ALQO,)

Dust emission | | | —SET Oy - ——— 5% Cor with Alum
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Early condensates: systematic fits

alumina

mellilite

silicates

periclase Heras & Hony 2005
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Silicates and alumina (AL O,)

Sloan et al. 2003



Modelling alumina and silicates

0% Alumina
25% Alumina
50% Alumina
80% Alumina

100% Alumina

Flux density [Jy]

15 20
Wavelength [zm]

T T T T T T T T T s m

Fractional Abundance of Alumina(%)

A O-AGB

€ RSG

® O-rich GRAMS
Alumina models

107
Mass-Loss Rate (M_,_ yr')

(3.6]-(5.8]

Jones et al. 2014

I BTG S [ S b

25

1.5
[3-6]-(8]



Amorphous silicates
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Sargent et al. 2010, 2011



Crystallinity of silicates

Amorphous

Crystalline




Crystallinity of silicates

TgIaSS ~1000 K (Teva ) ~1500 K)
T atoms in mineral are mobile,

crys%alllzﬁ‘:lon may occur

TgIaSS immediate freeze out — amorphous

d
S|ffé7ate
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Jones et al. 2012

0O-AGBs and RSG in the LMC, SMC and MW
dM/dt determined with SED fitting



Crystalline silicates

Dust Mass-Loss Rate (M, yr")
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Crystalline silicates

Sogawa & Kozasa 1999

e (K)
@
o
1S3

Dust Mass-Loss Rate (M, yr”)
o
S
S

Dust temperatur

 Annealing

jP\y i A i l ; 10 20 50 10(

0.00 0.05 o.10 . N 0.0 0.1 02 0.0 02
23 feature/continuum 28 feature/continuum 33 feature/continuum R/ R,

S
o
o

[4Y]
(=]
o

T evap ~1500 K

T glass
~1000 K for]|
silicates

MW DACD
W RSO .
!Fe

£ MCQace [ S—— 1 Cond.

L 550

Mass-Loss Rate (M, yr')

SMC CAOR

Dependinhg on gas density: direct condensation ~ © Dust condensation  Log R

GLC Cans zone

1 s L L 1 I ' 1

©.05 000 005 0.10 0.15 -0.1 0.0 0.1 0.2 0.2 0.0 0.2 0.4 Jones et a/. 2012

23 feature/continuum 28 feature/continuum 33 feature/continuum




Highly crystalline AGB stars

18354-0638

Generally a
crystallinity of 5~10%
IS observed

A good quantification
is lacking

el Jiang et al. 2013




Crystallinity not well quantified

e This becomes important when comparing with ISM dust in
our on Milky Way and external galaxies

e Open PhD project @ICE to address this

e See : https://www.ice.csic.es/about-us/jobs

e Understanding and quantifying crystalline silicate
production by evolved stars

e RL3, supervisor: F. Kemper

e Deadline: 7 July 2023



Fe?*-content of silicates

Chihara et al. 2002
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Fe?*-content of silicates

Amorphous silicates: unknown
Crystalline silicates: almost completely
Mg-rich (forsterite: Mgz(l_X)FeZXSiO4)
X=0%

de Vries et al. 2014

69 70

Wavelength (gm)



Metallic iron

Kemper et al. 2002




Carbonates

Note lake sediment but
formed as dust.
Successfully reproduced in
lab.

Kemper et al. 2002




Dust-forming molecules

Spatially resolved
observations with ALMA
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The mlssmg link: nanosilicates

05 structures and energies of Si O, nanoclusters

N @’% (Reber et al. 2006)

1.74 g
AE.=821eV AE.=1844eV AE.=2893eV AE.=3872eV AE.=49.15eV

structures, energies and IR spectra of Mg-rich
silicate nanoclusters (Macia Escatllar et al. 2019)

Si-O stretching modes
Clusters

AE.=102.70 eV AE.=11299 eV & AE.=12364eV
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et al.
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Post-AGB and PN evolution

PN formation Post-AGB
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SED evolution

' | HD 161796

———s

Habing 2004 f?um) 30 40 50 70 100




Circumstellar disk & bipolar outflow

ALMA Band 8 commissioning data (NAQOJ, 2013)



Crystallinity in disk sources
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DuaI chemlstry

Silicate dust is
preserved in a disk, as
the star has become
carbon-rich

. Molster et al. 2001




Secondary planetary systems

Circumstantial evidence:
e Transitional disks (left)
e Grain growth

Kluska et al. 2022




J0738+1835 (2)

Jura & Young 2014

Swept up ISM dust
Disintegrating primary
planets/asteroids

pufour et al. 2010 e Disintegrating secondary
planets/asteroids

J0738+1835 (1)



