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Everything gets dusty!

The bad sides:

Nuisance for inferring ‘true’ UV/optlcaI propertles
of e.g. galaxies, stars, SNe ...~ = =« . &

The good sides:

Advantage for sub-mm observations of high-z
galaxies (thermal dust emission)
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Quick and dirty!

Dust at high redshift - Galaxiesatz=4 -8

CANDELS: Galaxy Colors fromz=4to 8
Time Since z=20 %Gyr
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Finkelstein et al. 2012
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Large amounts of dust in galaxies!!

(M@ /yr) (M@) (M@)

E galaxy 0.01-0.1 10°-5 1011
Milky Way 2 5x 10/ 2 x 10
LMC 0.2-0.3 (1) 2 x 106 1010
SMGs 100-1000 1082 1011
QSOs > 1000 1082 101

Quasars at high redshift: My~ 2 -8 x 108 Mg
(e.g., Bertoldi et al. 2003, Wang et al. 2010, Michalowski et al. 2010)

Problem also in MW, SMC, LMC: only 4-10% stellar dust
(e.g., Draine 2009, Matsuura et al. 2009, Boyer etal. 2012)
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Dust sources

Observed amount | Theoretical Reference
of dust predictions

Pair instability up to 25 M, Nozawa et al. 2003,
S Cherchneff & Dwek 2009,
upernovae S

AGB starts up to 1-5x 103 M, up to 2 x 1072 M, Groenewegen et al. 1998a,
1998b; Ramstedt et al. 2008

Ferrarotti and Gail 2006

RSG and WR stars about 1% of AGB stars

LBV up to 0.4 M, Gomez et al. 2010

Core collapse Supernovae up to1l M, Matsuura et al. 2011,
Nozawa et al. 2007

Gall et al. 2011, A&ARv
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Core Collapse Supernovae

Observational evidence of dust from supernovae
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SN 1987A
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Life cycle of matter

,"t_.

Black holes
Neutron stars
White dwarfs

Galaxy evolution
Molecular J clouds SFR and history
IMF

Young stellar
objects

c,\a“‘ .

. AG B stars

5u
WR stars, LBVs
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Chemical Evolution models

> Star formation > Dust

(1) = wlm(f)[ - dA{ldt(t) =E () + E  ,gs(t) — E(2)

Ep(1) =n,()@W(1) + M ()R (1) + Wsypy)

f’ :12 mo(m)dm =1
'1 dM (1)
» AGB, SN rates = B0+, (DM (DR (1)

R(1) = f’:lU.m Yt -7,)p(m)dm — (1 -1y ()W) + Wypy)
» Metals

» Injection rates
dM, (1)

E(r) = J::lj:) Y(m)y(t - Tm)(/b(m)dm d = Ez(t) - T]z(t)(l/)(t) + lIJSMBH)
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Parameters Value Unit Description

Mig; 5x10°, 1x10",5x 10", 1.3x 10" M, Initial mass of the galaxy

ini 1 x10° M yr~ Star formation rate

Zini 10°¢ Z Initial metallicity

k 1.5 Power for the relation (f) oc Mgy ()"

M, 800, 100, 0 M, Swept-up ISM mass per SN

ME 15 M, Critical He core mass

&sn 0.93 SN dust destruction factor

Msyvgu 3x10%,5x 10° M, Mass of the SMBH

fSMBH 4 x 10° yr Growth timscale for the SMBH

fmax 10° yr Maximum computed age of the galaxy

Parameters Switch Description

Yz, Yg, Y (for SN) EITO8, WWO5, NO6, Georgy et al. (2009) Possibilities for the SN yields

Yz, Yg, Yo (for AGB)  van den Hoek & Groenewegen (1997) Possibilities for the AGB yields

d(m) Salpeter, mass-heavy, top-heavy, Larson 1, Larson 2  Initial mass function

SFR evolving/constant Additional switch for the SFR

eagr(m,”Z) only one case considered Dust formation efficiency, AGB

esn(m) max/low SN dust formation efficiency

&sn considered/not considered SN dust destruction

BH/SN SN when BH/no SN when BH Possibility, if a SN occurs even a BH
is formed or not

SMBH considered/not considered Growth of SMBH

Gall et al. 2011
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Chemical Evolution models

Tuning parameters

Most important:
SFR, IMF, Dust source, SN dust destruction

Good models:

Need to explain observations!
ATTENTION
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Rapid formation of dust!

Modeling quasars atz> 6

M, = 100 M,

Maximal SN efficiency |

1011 1012
M.(t) [Mg ]

Rapid evolution (30 Myr) with SN ~0.1-1 Mg
Gall et al. 2011A&A,525,13; 525,14
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Dust mass and SFR relation

1658 SDSS
galaxies

Mgysioc SFRPH

log ( Y / Mo Y'_. :'
da Cunha et al. 2010
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Dust mass and SFR relation
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Hjorth, Gall & Michalowski, 2013
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The Dust Mass Challenge

Who will win_th_e battle?

Or
Should we ask another question:

» |s there a balance between dust production
and destruction? And what could that be?
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Confidence
68.3% 7 = CNfaaH‘mf(a)a3Kext()L’a)da

99.7% Fla)=a R,=6.0

Best fit = = = -
Milky Way model
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.
i

Gall et al. 2013, submitted
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. - Confidence

Milky Way
68.3%
A

95.4%

Best fit: a=3.6,a,,, =4.2
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Gall et al. 2013, submitted
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Maeda et al. 2013

Emission dust mass

Extinction dust mass

100 150 239

N
-

Gall et al. 2013, submitted
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Grains > 0.1 um have highest survival rate, loosing < 30%

m) SN 2010jl: 80% of dust mass is in form of large grains !!
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Summary

How reliable are the observations?
* Dust composition, optical properties, temperature

What are the responsible sources?

e Stellar sources:

= AGB stars are not major sources at any redshift
= Progenitors of SNe: dust destruction critical, too little production

= SNe: Evidence of large and efficient dust production, more
observations needed

* None stellar sources:
= Grain growth likely slow process
= AGN outflows, winds,.... not major sources

Indication of fast and efficient process of dust formation
 Works with efficient SN dust production
* Dust destruction in the ISM still an issue
* Large grains?
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THANK YOU
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