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AGBasics

Some basics

e “Third dredge up” -- 1=C transported to surface, C/O
ratio increases. Sparser element locked into CO,
abundant element determines subsequent chemistry
(“O-rich AGB” or “C-rich AGB”).

e (Cooling (< 3000 K) leads to molecules.

e Pulsations levitate matter to cooler (< 2000 K)
regions where solid particles (dust) form.

e Dust interacts with radiation and couples with gas,
resulting in mass loss.

e Peak of the AGB SED shifts from near-IR into mid-IR
as dust accumulates. The change in circumstellar
chemistry can be seen in NIR and MIR CMDs.
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AGBasics

Color classification
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AGBasics
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AGBasics

Color classification
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Some questions

Questions

e What is the total AGB dust production rate (DPR)?

e How is this distributed between O- and C-rich dust?
e What is the fraction contributed by extreme AGBs?
e What is the chemical nature of the extreme AGBs%

e What does the AGB luminosity distribution look
like?

e How do answers to the above

e change with host galaxy properties? (i.e.,
metallicity, Eric’s talk)

e constrain the chemical evolution of the host
galaxy®
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Some questions

How do we do it?

e Use color as a proxy for DPR
(Matsuura+ 2009, Matsuura+ 2013)

e Use mid-infrared excess as a proxy for DPR
(LMC: Srinivasan+ 2009, SMC: Boyer+ 2012)

e Compute radiative transfer models for individual
sources

(e.g.: Sargent+ 2010, Srinivasan+ 2010)

e Find best-fit to observed SED from precomputed
grids of models

(Sargent+ 2011, Srinivasan+ 2011)
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Some questions

Where do we start?

e QOur galaxy?

e Foreground extinction in our galaxy means
uncertain distance estimates means uncertain
luminosities. Go away, come back later...

e Nearby galaxies?

e Magellanic Clouds! Low line-of-sight extinction,
known distance, entire evolved-star population
can be resolved and identified in NIR and MIR
data.

e SAGE/SAGE-SMC programs
e This talk: LMC only (SAGE data)
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Surveying the Agents

%, ¢ of Galaxy Evolution
e 2-epoch Spitzer survey of
the LMC (Meixner+ 20006)

e WeuselIRAC 3.6,4.5,5.8 |
8 8 um and MIPS 24 um.

e SAGE data sensitive
enough to detect ENTIRI]
ma.ss-losing AGB sample
(Srinivasan+ 2009).

&

Karl Gordon
e 2-epoch data used to % & SAGE Team
identify variable sources (Vijh+ 2009)

e (Combined with UBVI data from MCPS (Magellanic Cloud
Photometry Survey, Zaritsky+ 1997, UBVI) and 2MASS
(Skrutskie+ 2006) to get 12 bands.
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IR Excesses

—~~

>~
=
S

SN
"
7]
)
0
x
W
£
3
0
48]
&)
<
<
L
-

|

O

107

1077¢

o
-
o
N
+
C
S
n
S
2
-
O
wn

1078

107

Dust Mass Loss Rate (Mg yr™')

10—10 L

10~" -
10™ 1 10 100 10° 10*
8 um Excess (mJy)

Sundar Srinivasan

e Reprocessing of stellar
radiation by the dust
results in an excess in the
mid-infrared which
should increase with
increasing luminosity
and dust mass-loss rate.

e (Calibrate the excess-DPR
relation and use it to

compute the global DPR.
Color class [DPR (10 Mgun yr')
O-rich | .4
C-rich 2.4
Extreme 23.6
Total 27.4
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s Radiative Transfer

Sargent+ 2010
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Srinivasan+ 2010 (C-rich)
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e Models for individual stars
would be great, but chugging
away on detailed RT for >10%
stars?! Is a better way*

e Need a compromise between
the “one-size-fits-all” excesses
approach and detailed
models.
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[ { )The Grid of iSG and AGB IVlodelS

* o RSG & O-rich AGB: Sargent+ 2011
Carbon stars: Srinivasan+ 2011

r,,,“'

e (Choose a central star (photosphere model), put a
certain amount (optical depth) of dust of a specific
type (dust properties) into a shell of a certain size
(shell properties). Stir well.

Now, calculate the DPR and output spectrum

(radiative transfer). Compute synthetic photometry.
Garnish with coriander leaves.
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The Grid of ESG and AGB I\IodelS

-

INPUT

Stellar photosphere modeils
O-rnch: PHOENIX (Kudinskas et al. 2005, 2006)

C-rich: COMARCS (Aringer et al. 2009)

Dust shell geometry
Sphencally symmetnic, constant mass-loss rate.

Ro/Recar=3.7, 1 1, IS (O-rnich)

1.5, 3,4.5,7, 12 (C-rich)
Rout/Rin= 1000
Vexp=10 km s’

Dust species

O-nch: oxygen-deficgent siicates (Ossenkopf et
al. 1992)

C-rich: amorphous carbon (ACAR of Zubko et
al. 1996) + 10% SiC (Pégouné 1988)

Grain size distribution
Sphencal grains wath KMH (Kim et al. 1994)
prescription:
n(a) ~aY e** fora > amn
where Y=3.5, 20n=0.01 pm
and a0=0.1 pm (O-rich) or | uym (C-nch)

Optical depth
O-rich: T(10.0 pm) = 10~ to 26
Corichc 7 (113 pum) = 107t0 4

RADIATIVE
TRANSFER

Code used: 2Dust (Ueta & Meoaner 2003)

Sundar Srinivasan

OoOUTPUT

Number of models
O-rch: >66,000. C-rnich: > 12,000

Range of luminosities
O-rich: 10? - 10* Lo
C-nch: |03 - 3X|0‘ Lnun

Range of dust mass-loss rates

O-rich: 3x10"3 - 3x10° Mau yr!
C-rich: 1.5x10'2 - 2. I1x107 Mgyn yr!

Star+dust spectra
Wavelength range: 0.1 pm to 1000 pm

Synthetic photometry
Currently available for UBVI, JHIK,, IRAC, MIPS,
AKARI and WISE bands

Publicly avallable data
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The Grid of ESG and AGB IVIiodelS

Synthetic
photometry in
good
agreement
with SAGE
data.

Reproduces
the range of
observed
colors.
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The Grid of ESG and AGB IVIiodelS

e Best-fit models
to redder, well-

o o T o studied stars
1000 also agrees
well with
previous
100 studies
R [caveat].
L%( 1.0:—
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LMC SED fits

Riebel pwns the LMC

: d e (Color-selected
ord mas 0 ~33,000
g1 AGB/RSG
e candidates.

et . dS
.1 d majilinnic cl. i
in d Maj oL, ik

e Performed y~
fitting to get best-
fit GRAMS model,
chemical class,
DPR and
luminosity.

uly 19 2012 at 1600 hrs

e Follow the saga:
Riebel+ 01k and
The Riebel PhD
Thesis.
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LMC SED fits

J054410.82-713721.6 y°: 30.64

P

0.0100:

0.0010+ i

Flux Density (Jy)

0.0001 1

Riebel+ 2012
Sample fi
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UBV | J HK;, [3.6] [5.8]8.0)
Wavelength

M,:

[24)

Riebel pwns the LMC
Lum: 8.1x10°  (Lg ¢ COlOP-SeleCted
1.1x10™° (ML;;,yH zzs,ooo
' AGB/RSG
candidates.

Performed %~
fitting to get best-
fit GRAMS model,
chemical class,
DPR and
luminosity.

Follow the saga.:
Riebel+ 2012 and
The Riebel PhD
Thesis.
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Some answers

Results for the LMC

e What is the total AGB dust production rate (DPR)?%

‘Table 9
Total M, by population

Population Total M, (x107 %M yr~!)  Percent of total
All Sources 21.1 0.6 27.4 100.0%
C-rich AGBs 13.64 1 0.62 64.6%
O-rich AGBs 0.0 0.2 26.0%
RSCGs 20x0.1 9.4%
Extreme AGBs 1574+ 0.6 74.2%

Note. Total of My broken down by classification. Column 3 lists
the fraction of the total evolved star dust mass injection to the ISM

each population contributes. Note that the category “Extreme AGBs”
is a subset of O-rich AGB and C-rich AGB (most extremes are C-rich).

e What is the fraction contributed by extreme AGBs?
~3/4th of the total dust originates from the reddest
4% of the population.
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Some answers

Results for the LMC

e How is this distributed between O- and C-rich dust?

e The production rate of carbonaceous dust is 2.5
times that of silicate dust.

e To convert to gas MLR, use gas:dust ratio...
carbon stars produce as much material as O-rich
AGBs and RSGs put together.

e What is the chemical nature of the extreme AGBs%
O7% of the 1340 extreme AGBs are matched to
C-rich models.

Caution! The small fraction of O-rich extremes
have large DPRs.
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Some answers

“I’'m learnding!”
- R. Wiggdum

e A majority of the mass ejection comes from a smaill
number of very red objects.

e (Good thing: If you can detect the brightest

sources, you have a good estimate of the total
DPR.

e “Ohno! The Bad Thing!”: You’ll significantly
underestimate the total DPR if you don’t
detect/include a handful of the reddest
objects!

Sundar Srinivasan DSLG 2013



Help me help you

Help me help you.

Have feedback® Talk to me!

GRAMS fits to your data?
Talk to me!

OR

Download the GRAMS models:
tinyurl.com/grams-models

OR

For a quick check: Use the Spa,nlsh Vlrtua,l Observatory )
Analyzer VO gheoretica service

(VOSA, Bayo+ 2008): f | ,
tinyurl.com/grams-vosa /"/ OS'A’\ VO SED Analyzer

i =
O
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vember

Pre-registration is open

The Life Cycle of Dust in the Universe:

Observations, Theory, and Laboratory Experiments -
Time: November 18-22, 2013 R

Place: Taipei, Taiwan tin uT[COﬂ”L/LCO@ZOI.S

&
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http://tinyurl.com/lcod2013
http://tinyurl.com/lcod2013

Pick one:

a) Thunderous applause, then bus to
dinner.

b) 30 slides that start with technical
details of the models, but digress into
rants about unnecessary hashtags,
misused memes and more. GLC must
live on. Sit, Ubu, sit. Good dosg.

Sundar Srinivasan DSLG 2013



*
AT
1

’0 "

Many AmC optical constant sets available!

N J
\
)
“Enia Vg

10.00

Draine & Li 1984

Preibisch 1993
Rouleau & Martin 1991
Suh 2000

Qabs

0.10

0.01

1 10 100
Wavelength (um)

Sundar Srinivasan DSLG 2013



