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What is the Dominént Source of Dust? .

Growth

Supernovae in the ISM
SN1987A (ALMA) T

AGB Stars
R Scl (ALMA)

Wolf Rayet Stars
WR 140 (JWST)

)

000000000000000

Maercker et al. (2012) Lieb et al. (2025) Indebetouw et al. (2013) Dartois et al. (2024)
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AGB and SNe in Du._ét Evolution Models.

Similar AGB & SNe input

Dust injection rates [M, pc? Gyr1]

Zhukovska et al. (2008)

v §NIa, Fe T

AGB, Car]
SNII, Car

AGB, Sil |

AGB, SiC]
AGB, Fe ]

SNIL, Sil ]

SNIL SiC
SNIL, Fe -
s 5 1 5 4
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Mass (Mg)

SNe dominate

Dwek et al. (2011)

Starburst

10

time (Myr)



AGB and SNe in Dust

Evolution Models

Similar AGB & SNe input
Zhukovska et al. (2008)
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ISM Grain G.rowth_in Dust Evo‘lutionModeIs ;

Some models show that AGB stars can dominate dust production over ISM
grain growth and/or Type Il SNe at low OR high metallicity

High Metallicity

1-0_ — — ] ___I_____::____ —————————

8 sl ] SO

E T 7 —_—

@ - ] 5

3 06 E

s b i

2 04 - E Model |

ke - — =— Stardust n = Model Il

2 - —— ISMdust 1 1 Model I .

e e N T : U AGBdust | o [ :
0.0 L o= SNlidust 1 Stardust ol
70 7.5 8.0 8.5 9.0 Grain growth — -
Zhukovska (2014) 12 +log(O/H) De Looze+2020 1 10

log Age | Gyr
Also see poster #98 by Dian Triani g Age [Gyr]
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' Mea‘SuringtheAGB Dust Input -

SMC Spitzer Data
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Requires multiwavelength data from optical to mid-IR
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10714 ¢

SEDs of dusty AGB stars in the SMC
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Gordon et al. (2011)
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' Mea‘SuringtheAGB Dust Input -~ .

Decreasing Metallicity
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AGB Dust in the Milky Way

Inventory of Milky Way

Dust Producers

O-rich AGB

Gehrz (1989)

(also Tielens et al. 2005)

Boyer | Dusty Universe 2025

Inventory of Milky Way dust producers showed AGB stars
dominating over SNe

O-rich AGB stars are the primary source of dust (silicates)

Total dust input is up to about 20% of the ISM dust mass



AGB Dust in the Milky Way

Inventory of Milky Way Dust Producers Presolar Grain Type

Presolar Grain Breakdown

Presolar grains appear to be primarily from AGB stars

Most grains are silicates (O-rich AGB) and SiC (C-rich AGB)

C-rich AGB

100%

90%

80%

70%
60%
50%
40%
30%
20%
10%

0%

Silicates

Graphite

Oxides

Gehrz (1989)

Hoppe (2010, 2022)
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New Dust EStimate_s fo_.'r Milky Way AGB Stars .

Scicluna et al. (2022); McDonald et al. (2025)

N The Nearby Evolved Star Survey (NESS): a volume-
. limited sample of 850 dust-producing evolved stars
5 7 within 3 kpc
ST
*§ z . w O-rich stars account for “80-90% of the total AGB
8% . ° dust input
?_.) o
3 ™ . ¥ Total dust input is similar to Gehrz (1989) when
-12 ¢’ volume-averaged dust-production rate is extrapolated
~2.0 ~15 ~1.0 ~0.5 0.0 o5  to entire disk

logio(Distance [kpc])
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Global AGB Dust Input in

HST colors = dust type
Spitzer colors > dust-production rate

1.5 1 o,

=) Ky
(3]
E 10/
= 0
o™
o 0.5 OQ?
L|L . 90
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i 0.01 e Oxygen AGB

@ Carbon x-AGB

e Carbon AGB

-0.5
-20 -15 -10 -05 0.0 0.5 1.0

F127M—F139M (mag)

log (mass-loss rate) [Solar masses/year]

Spitzer + HST photometry indicate:

Y Dust is primarily from O-rich stars
w AGB dust accounts for up to 35% of the ISM dust
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Carbon DuSt |n M31?

Metal-rich ATON models:
Provide a good fit to the Spitzer & HST data
Imply that C-rich dust dominates (Gavetti et al. 2025)
8 Al P | =1 j High-resolution Mid-IR
% omwn | M T & data (A >5 um) are
./\\2 0.65 M - | T 5 | needed to constrain the
! 9, - i< . .
14 4 Lx ! = dust-production rates in
CRCTE 7 ®g z | .- & M31
— L ] %D - R QJ:
t (= -9 - ‘ c!
16 iy .0;7/ - F - .,:c,) i
/e 3L Q ! |
.:—r/ ! -10 Q :
% - Data v
17} = - i i ©“ - 1
2 4 H Simulation |
g -
18 = ' . — —12 A T P s s S S S
' ° [3.6]£[4.5] ? ’ ¢ 17 18 19 20
F160W (mag)

Boyer | Dusty Universe 2025



AGB Dust at Low Metallicity / High Redshift -

Observations: Massive dust reservoirs
(up to 108 M) are now being

detected out to z=8.
Watson et al. (2015), Tamura et al. (2019), Witstock et al. (2023)

Problem: Most models predict that
metal-poor AGB stars don’t make
enough dust in high-redshift galaxies.
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AGB Dust at Low Metallicity / High Redshift .

SMC, Spitzer

J004326.48-732643.3

log[ Flux (mdJy) ]

log[ Flux (mJy) ]

—
>
>
E
x
=
(T
o
o

wu

[4.5]-18.0] Boyer et al. (2012)

Gordon et al. (2011)
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AGB Dust in the Magellanic Clouds

SAGE: AGB stars account for 1-2% of ISM Dust

Dusty
tg & AGBstars

12f .

14| = il

[4.5]-[8.0]

SMC: Boyer et al. (2011, 2012); Srinivasan et al. (2016)
LMC: Matsuura et al. (2009); Srinivasan et al. (2009);

Riebel et al. (2012); Jing et al. (2024)
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AGB Dust in the Magellanic Clouds

SPIRE 250 SAGE: AGB stars account for 1-2% of ISM Dust

HERITAGE: ISM dust mass decreased 10x

Gordon et al. (2014)




AGB Dust in the Magellanic Clouds

Flux (Jy) (scaled)

10_8_

O J010810.28-731552.5 |

* J005212.91-730853.0
A J004631.56-732846.3
¥ J010902.23-712410.2

[0 J004452.53-731825.9 |

@ J005044.38-723739.0
11 | I 1

A (um)

Srinivasan et al. (2016)
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SAGE: AGB stars account for 1-2% of ISM Dust

HERITAGE: ISM dust mass decreased 10x
Far-IR Stars: AGB dust input increased 2x



AGB Dust in the Magellanic Clouds

10‘13 T |
107" E
1071°
10718 L Xeest ~ 0.1
J-Ks ~ 2.5
10-17 - SSTISAGEMAJ005446.84-731337.8
1078 . e
1 10
A [pm]

Nanni et al. (2018)
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SAGE: AGB stars account for 1-2% of ISM Dust

HERITAGE: ISM dust mass decreased 10x
Far-IR Stars: AGB dust input increased 2x
Updated Models: Increase AGB dust estimate 5x




AGB Dust in the Magellanic Clouds

SAGE: AGB stars account for 1-2% of ISM Dust

,-F‘
v

, HERITAGE: ISM dust mass decreased 10x
0 i Far-IR Stars: AGB dust input increased 2x
- N R : Updated Models: Increase AGB dust estimate 5x

" RSG 3 ‘

N w AGB stars could account for most ISM dust
10° 10° 10° 10° » Dominant dust species is highly stochastic
Luminosity (L, ) - 5% of the population produces most dust
- 5O i -ri ~ o)
Only 380 x-AGB stars (C-rich AGB) 5% of that is O-rich & produces ~30%

Only 17 FIR stars (O-rich AGB) of the dust.

Cumulative dust MLR (M__yr')

wwigoy
|B2ISSE[D
|
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Dust Evolution- Models in the Magellanic Clouds

[ T I T I T T T | | T T l T
Small Magellanic Cloud
108 -
AGB + SNe ﬁf
105 E,
i) o
2 3
3 [y B
10 1 AGB stars |
GB: ATON ]
108 ; SN shocl odel -
] I | ! | 1 | L ]
2 4 6 8 10 12 14
Time [Gyr]

Models agree that AGB dust can account for a significant

fraction of today’s ISM dust in the Magellanic Clouds.
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Schneider et al. (2014)
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AGB Dust Distribution

— Carbon AGB St%ars

1 1 M 1 1 M 1 1 M 1 1 1
3 {Boveretal o1y o ; , S
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® | C-AGB Stars ioooo N :Sandstrom et al.
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F =

AGB stars have migrated away from the dust destroyers ... but they don’t match the dust distribution
before they reach the dust-producing phase in the ISM (PAHs shown compared to C stars)
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AGB Dust at Very Low Metallicity?

Spitzer spectra of stars in metal-poor
galaxies show carbon dust

Only 5 examples with dust with
[Fe/H]<-1 dex

Sloan et al. (2012) ; Matsuura et al. (2007);
Lagadec et al. (2008); Sloan et al. (2009)

I I I 1 1 I 1 I I [ I I I I I I I I

SiC

. Y

Sculptor dwarf galaxy ]

6 8 10 12 14

A (um)
Adapted from Sloan et al. (2009)

Motivated an imaging survey of all nearby
dwarf galaxies with warm Spitzer
(DUSTINGS)

Sextans A
1.3 Mpc
13} : [Fe/H] = -1.85 |

12

05 00 05 1.0 15 20
[3.6] — [4.5]
Adapted from Boyer et al. (2015)
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Dust Forms‘EfficientIy._ét Very Low Metallicity -

Total dust input for each galaxy,
normalized to the galaxy stellar mass

%—12-0:"'|['H[""|""|""_
N d 3 . 3 g

E* —12.5F - d'Sr;h | More dust Stars with ~1% solar metallicity can
= _13.0F | @ dTrans| ] make as much dust as LMC stars
~ - ]
— —13.5F -

| : A ]

£ —14.0F LMC 3

: SN + SMC o . ...However...
= _14'5;_ N el E These may all be low-mass carbon
£ —15.0p | - ‘ stars that can’t contribute in the
a -15.5F : early Universe
\b—s 16 0E 1 1 1 ] 1 1 | L l L I | 1 | ] | 1 1 | 1 1 1 L LeSS dUSt

< ' -2.0 -1.5 -1.0 —-0.5 0.0

[Fe/H]

Fewer metals _:> More metals

Boyer et al. (2015), Goldman et al. (2019)
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Dust at High Redshift - Are AGB stars too slow?

A OO

Initial mass (Mg)
N w

0.7

L
'H more massive O-rich

stars are the high-z AGB

analogs

Most models predict that
dust production is limited to
carbon stars (<4 M) at low

metallicity

-2.5

-2

-1.5 1 [Fe/H)

0

0.5

Graphic by lain McDonald, models from Karakas & Lattanzio (2007)
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Carbon stars are too slow to produce dust
(100s of Myr).

The most massive AGB stars produce dust as

early as 30-50 Myr after they form, but these
are O-rich stars.

Can O-rich stars make dust at low metallicity?



Yes! Dust forms efficiently in metal-poor O-rich ,stars ;

w AGB dust is not limited to carbon stars at low metallicity

F127M F139M F153M

F'\ + constant

- M stars - {_—[H0

2600 K

A
Boyer et al. (2017)
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Can metal’.-poo,r O-rich stars produce dust? .

14 O

shdt 0% Sim O-AGB -

Data L

Sim C-AGB =t

--- synth. T —

___________
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Simulations that provided the best fit to the
Spitzer data show that massive O-rich stars can
produce a sizeable fraction of the total dust

input:

=15% in IC 1613 (=15% Z)
=6% in Sextans A (7% Z)

Dell’Agli et al. (2016, 2019)



» JWST. is Fan_tast.ic for AGB DUSf "

SMC AGB Spectra from Ruffle et al. (2015)
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F200W

15+

18}

AGB Dust,in Nearby_.GaIaxie's.with’ JWST .

JWST observations of galaxies in and around the Local Group are easily detecting

dusty AGB stars out

to 15-25 um

Follow up studies are fitting SEDs to quantify dust production at low metallicity
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Dusty AGB st.ars _detect_éble to at least 20 Mpc.

=161
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NGC 5068: 5.2 Mpc;

~0.43 Z,

E. Tarantino (priv. comm.)
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Oxygen-rich Duét in Sextans'A -

-
o

A OO0 ©

Initial mass (Mg)
w

N

Not enough
dredged up

0.7 1 | 1 1
-2.5 -2 -1.5 -1 [Fe/H] -0.5 0

0.5

— This O-rich star is massive (4-5 M)

- Its metallicity is ~¥3% solar, based on
metallicities of massive stars
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Fuv (Jy)

10>

| =—— 100% Fe

1 ---- Fe + 5% silicates

——- Amorphous carbon
¢ JWST data

= |WST/LRS spectrum
A Archival data

Dusty O-rich AGB star
in Sextans A, best fit with
100% metallic iron dust

Boyer et al. (2025)

Stellar photosphere model

10°

A (um)

- Metallic iron fits best

— 2-5 similar stars in Sextans A (based on photometry)

—> Iron dust may be common at high z?

-



Oxygen-rich Duét in Sextans'A -

-
o

Initial mass (Mg)
N w

0.7

A OO0 ©

F -ricih stars are the
~ high-z AGB analogs

— This O-rich star is massive (4-5 M)

- Its metallicity is ~¥3% solar, based on
metallicities of massive stars
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- Metallic iron fits best

dominates in
some LMC stars

Marini et al. (2019)

— 2-5 similar stars in Sextans A (based on photometry)

—> Iron dust may be common at high z?

-




Iron in ISM dust increases at low metallicity ;

 Depletions show that the fraction of ISM dust mass
contributed by iron increases at low metallicity

Milky Way LMC SMC
Dust Composition in the MW Dust Composition in the LMC Dust Composition in the SMC )
C mm O Mg : Si am Fe C = O Mg . Si N Fe ;C = O Mg - Si BN Fe
22.0 22.0 ' 22.0 1
f > o @ ¢+ | —— —
| S E—]
21.5 21.5

it

20.0

19.5 j——— = 19.5; 19.5
0.4 0.6 0.8

00 02 04 06 08 00 02 04 06 0.8 00 0.2
Fraction of dust mass contributed by X Fraction of dust mass contributed by X Fraction of dust mass contributed by X

AR EEEERREERESEERERERERER
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w o
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Roman-Duval et al. (2022)
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- Dust Pr‘oductio_n A_éros‘s Cosmic Time

s SN (0.1<Z/Zy <1) AGB (0.1 <Z/Zo <1)
SN (0.01<Z/Z, <0.1) AGB (0.01<Z/Z, <0.1)
SNrev.sh.(0.1<Z/Z, <1) w = WR
SN rev. sh. (0.01<Z/Z, <0.1) m— RS G

—2 T 2.—=30 z=198 16 1492908 ® 4 |
_3 -

Metal-rich SNe
Metal-rich AGBs

Iog (Mdust/Mstar)
L

I e Sy T A T
Age [Myr]

Schneider & Maiolino (2024)
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- Dust Pr‘oductio_n A_éros’s Cosmic Time

Only carbon and silicate dust is
included here.

If iron dust is included, the metal-

poor AGB dust contribution will be
higher at earlier times,

potentially similar to SNe at z>10.
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Summary

MW & M31: AGB stars contribute up to a third of the dust budget
¥¢ O-rich dust dominates at high metallicity

Magellanic Clouds: AGB stars might dominate the dust budget
¢ C-rich dust dominates, but the dominant dust type is highly stochastic

Dust forms easily in metal-poor nearby galaxies
¢ Both carbon- AND oxygen-rich dust forms in metal-poor galaxies

Metallic iron dust may be important at high redshift
w A significant amount of dust is forming around a Sextans A O-rich AGB star.
w The SED and spectrum are consistent with metallic iron dust

JWST data abound!
w JWST data can provide AGB dust estimates for galaxies out to at least 20 Mpc
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