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IRAS/COBE Galactic Dust

100 micron map



ACS Nearby Galaxy Survey Treasury (ANGST)
Holwerda et al. (2008)

some numbers





Lifetime of dust grains

Draine & Salpeter (1979): for 106 < T < 109 K

τ (100 kpc) ~ 4 x 109 yr

Fukugita & Peebles (2005)
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The Cosmic Energy Inventory 
Fukugita & Peebles (2004)



Fukugita & Peebles (2004)



ΩM   ~ 0.25
Ωb    ~  0.044
Ω* (including remnants) ~ 2.7e-3

Ωfuel   ~ 4.0-5.4 e-3



Ωfuel   ~  Ω*  ×  1.6 
          ~ 4.4 e-3  

Observed:
Ωfuel   ~ 4.0-5.4 e-3

Consistency of the inventory

Rate of type Ia Supernovae:
R = [2.7(+1.7,-0.8)] × e-5 /yr/Mpc3 

Observed (SDSS, Dilday et al 08):
R = [2.9 ± 1] × e-5 /yr/Mpc3 

Extragalactic background:
(opt + FIR + neutrinos)
Ω = [5.2 ± 1.5] × e-6

Nuclear binding energy 
in heavy elements: Ω = [-5.7 ± 1.3] × e-6

Fukugita & Peebles (2004)



Ωfuel × 0.6 is in the stellar population today
        × 0.4 has been released

Dust production:  assuming that Si, Mg, Fe and 15% of C condense, 
we get    ρdust / ρZ = 0.22
Mean metallicity: <Z> = 0.016

Ωdust,released  = ( Ωfuel  × 0.4 ) ×  <Z> × ρdust / ρZ 
                   ~ 6.3 e-6

Ωdust,observed ~ 2.5 e-6

(Fukugita 2010, in prep)



1. Theoretical argument (M. Fukugita)

2. Probing intergalactic dust

3. MgII absorbers

What is the global amount of dust in the Universe?

(Driver et al. 2006) 



ACS Nearby Galaxy Survey Treasury (ANGST)
Holwerda et al. (2008)

some numbers



Statistical approach

• 20 million galaxies at z ~ 0.3
• 85,000 quasars at z > 1
(all photometric)

We can constrain these effects 
statistically by measuring

SDSS



Magnification by large-scale structures



Gravitational magnification of point sources

Magnification increases flux (amplification) and decreases density (dilution)
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Magnification by large-scale structures



Magnitude change:

Color change:



Correlation between QSO colors 
and galaxy overdensities

<  [ mQSO(λ) - mQSO(λ’) ] . δgal > 

B. M. et al. (2009)

filters: u g r i z



Previous attempt to detect dust on large-scales

Zaritsky (1994)
“Preliminary evidence for dust in galactic halos”



Extinction curve

⇒ RV = 4 ± 2.5

or



Probing the extinction curve

GALEX

with D. Hogg
& D. Schiminovich

SDSS



The galaxy-dust correlation function
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Magnification corrected for extinction



(Ménard et al, 2009)

The galaxy-mass correlation function

(Sheldon et al, 2004)



Dust-to-total mass ratio:

using Weingartner & Draine (2001),
assuming SMC type dust
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Lower limits on the 
opacity

Churchill et al.



Steidel et al. (1997)

Dust in absorber systems



Mg II  λλ 2796, 2803 Angstrom, zabs > 0.4
C IV  λλ 1548, 1550 Angstrom, zabs > 1.5
Si IV  λλ 1393, 1402 Angstrom, zabs > 1.8
N V  λλ 1238, 1242 Angstrom, zabs > 2.2
O VI  λλ 1031, 1037 Angstrom, zabs > 2.8
Ca II  λλ 3933, 3968 Angstrom, zabs < 1.0
Na I D  λλ 5889, 5895 Angstrom, zabs < 0.3

MgII as a tracer of baryons

Steidel & Sargent (1992)

SDSS: ~ 20,000 MgII 
absorbers detected in the 
spectra of 100,000 QSOs

dN/dz ~ 0.2



The SDSS sample of MgII absorbers

dN/dW0   SDSSDR5

Nestor et al. (2005, 2010)

dN/dz   SDSSEDR



Statistical analyses & composite spectra

MgII absorber at z=0.825



Statistical analyses & composite spectra
York et al. (2005)



The dust content of MgII absorbers

York et al., 2006

We can measure reddening values at the 1% level!

Reddening by absorbers: Fall & Pei (1989), B.M. & Péroux (2003), Khare et al. (2004), Murphy et 
al. (2004), Ellison et al. (2005), B.M. et al. (2007), Vladilo & Prochaska (2007), Wild et al. (2007)



Dust reddening by CaII absorbers

Wild et al., 2007



The dust content of MgII absorbers

B.M. et al. (2007)

=> EB-V(z),   AV(z)

Opacity induced 
by MgII absorbers:



A lower limit on the opacity of the Universe

inferred without 
any assumption
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Fukugita & Peebles (2005)


