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AGB Interior
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Evolved Stars

Maercker 2009

1.6 Atmospheres of AGB stars 9

Figure 1.5: A schematic overview of an AGB from the core, out to the circumstellar
envelope (not to scale). The top half represents an oxygen-rich chemistry, the bottom
half a carbon-rich chemistry. Adapted from Habing & Olofsson (2003).

The detection of 99Tc is a direct confirmation that the s-process occurs
in the atmospheres of AGB stars. This isotope of Tc has a lifetime of only
2.1×105 yr, and must therefore have been produced recently in the star, in-
stead of being of primordial origin or having been transferred from a binary
star (Smith & Lambert 1988).

1.6 Atmospheres of AGB stars
The conditions in the atmospheres of AGB stars are likely to set the constraints
and initial values for the mass-loss mechanism, the physics and chemistry of
the CSE, and the morphology of the mass loss.

1.6.1 The radiation field
In hot stars like the Sun the radiation field can be approximated reasonably
well by a Planck function. For cool stars such as AGB stars the radiated spec-
trum is not as simple. The continuous absorption is dominated by free-free and
bound-free absorption through H−. The variation with wavelength of the con-
tinuous absorption is limited to the wavelength region in which hot stars emit
most of their flux. The minimum at 1.6µm however significantly affects the
flux maximum of cooler stars by moving it to the infrared. Other continuous
absorption mechanisms are free-free absorption on H−

2 , and, in the deepest
layers of the atmosphere, the excitation of H to the n = 2 and n = 3 levels
(Gustafsson & Höfner 2003).

Steve Goldman, October 10th 2019, East Asia Observatory
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Effects of metallicity

5,800 AGB stars

64% Oxygen
30% Carbon
6% x-AGB stars

24,559 AGB stars

70% Oxygen
25% Carbon
5% x-AGB stars

Blum et al. 2006; Boyer et al. 2011

LMC
SMC

Carbon and Oxygen samples
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Effects of metallicity

Goldman et al. 2017; Groenewegen et al. 2016Steve Goldman, October 10th 2019, East Asia Observatory
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Effects of metallicity

Data from Riebel et al. (2012)

O-rich
26%

C-rich
65%

RSGs
9%

TOTAL DUST PRODUCTION RATE (LMC)

Superwind phase
75%

Super Novae?
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Most metal poor
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Nearby Samples

Fe/H Sources
Fornax -0.99 7
NGC 6822 -1.0 50+
NGC 147 -1.1 168
NGC 185 -1.3 419
Phoenix -1.37 1
Leo I -1.43 26
IC 1613 -1.6 9
Sculpter -1.68 2
Sag DIG -2.1 3

Steve Goldman, October 10th 2019, East Asia Observatory

M15 -2.37 2 
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NGC 147: 43102

[3.6]�[4.5] = 0.2 mag
Color � = 21.4 %
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NGC 147: 69924

[3.6]�[4.5] = 0.51 mag
Color � = 6.8 %
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Amp = 0.95 mag
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[3.6]�[4.5] = 0.74 mag
Color � = 6.5 %
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NGC 147: 103716

[3.6]�[4.5] = 0.68 mag
Color � = 20.2 %

Period = 497, 293 days
Amp = 0.98 mag

Figure A1. continued
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NGC 185: 104944

[3.6]�[4.5] = 0.7 mag
Color � = 10.4 %

Period = 531, 283 days
Amp = 0.85 mag
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NGC 185: 109753

[3.6]�[4.5] = 0.4 mag
Color � = 11.2 %
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Amp = 0.6 mag
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NGC 185: 109870

[3.6]�[4.5] = 0.8 mag
Color � = 7.7 %
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Amp = 0.83 mag
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NGC 185: 110014

[3.6]�[4.5] = 0.52 mag
Color � = 6.6 %

Period = 435, 130 days
Amp = 0.81 mag
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NGC 185: 110254

[3.6]�[4.5] = 0.34 mag
Color � = 8.0 %

Period = 386, 125 days
Amp = 0.69 mag
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NGC 185: 114153

[3.6]�[4.5] = 0.74 mag
Color � = 7.4 %

Period = 497, 295 days
Amp = 1.0 mag
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NGC 185: 131142

[3.6]�[4.5] = 0.4 mag
Color � = 14.1 %

Period = 227, 987 days
Amp = 0.65 mag
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[3.6]�[4.5] = 0.19 mag
Color � = 32.0 %
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Amp = 0.47 mag
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[3.6]�[4.5] = 0.21 mag
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Sextans A: 86434

[3.6]�[4.5] = 0.47 mag
Color � = 10.6 %
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Amp = 0.51 mag
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Sextans A: 86559

[3.6]�[4.5] = 0.51 mag
Color � = 9.2 %
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Amp = 0.61 mag
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Sextans A: 90941

[3.6]�[4.5] = 0.46 mag
Color � = 10.5 %
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Amp = 0.45 mag
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Sextans A: 98908

[3.6]�[4.5] = 0.45 mag
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Figure A1. continued

88 sources

-1.1 > [Fe/H] > -1.85
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Overview

29

� Evolved Stars

� Effects of Metallicity

� Nearby samples

� DUSTiNGS survey

� Leo P

� The DESK

Steve Goldman, October 10th 2019, East Asia Observatory
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Leo P

30

Leo P

Skillman et al. 2013; Alec Hirschauer (private communication)

Leo P:
12+log(O/H) = 7.17 ± 0.04

Steve Goldman, October 10th 2019, East Asia Observatory
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Instruments
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Leo P

Steve Goldman, October 10th 2019, East Asia Observatory
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Spectra
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Leo P

Steve Goldman, October 10th 2019, East Asia Observatory
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Overview
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� Evolved Stars

� Effects of Metallicity

� Nearby samples

� DUSTiNGS survey

� Leo P

� The DESK

Steve Goldman, October 10th 2019, East Asia Observatory
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Dusty Evolved Star Kit
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DESK

Steve Goldman, October 10th 2019, East Asia Observatory
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The Bayesian Extinction and Stellar Tool 
(BEAST)
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The DESK

Gordon et al. 2016Steve Goldman, October 10th 2019, East Asia Observatory
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Overview
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� Effects of Metallicity à Important for understanding dust contribution

� Nearby samples à Laboratories for high-redshift galaxies

� DUSTiNGS survey à 88 new TP-AGB detections

� Leo P à Most metal-poor dusty AGB candidates

� The DESK à Easy to use SED fitter

Steve Goldman, October 10th 2019, East Asia Observatory
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