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The Hubble diagram of SNe Ia
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The opacity of the Universe
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The opacity of the Universe
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mean absorption spectrum
York et al. (2005)



A grain of cosmic dust.

Credit: J. Freitag and S. Messenger

Interstellar material

composition: C, Si, Mg, Fe, etc.

dust to gas mass ratio: 
~1%

dust to metals mass ratio:
~ 25%



Dust extinction

The Dark Cloud B68 
at different wavelengths 

Gordon et al. (2003)

Draine & Weingartner (2001)







IRAS/COBE Galactic Dust

100 micron map





Lifetime of dust grains

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

τ (100 kpc) ~ 4 x 109 yr

Fukugita & Peebles (2005)



• how much dust is there outside galaxies?
• how far does it get?
• how long does it stay there?
• shape of extinction curve?

Amanullah et al. (2010)



• Gravitational lensing: < µ > = 1   => no mean shift in source brightness

What do we know about the opacity of the Universe?

Tolman/Etherington test:

In practice:

More, Bovy & Hogg 2008:  DA from BAO, DL from SNe Ia

If dust along the line-of-sight:



What do we know about the opacity of the Universe?

Tolman test:
More, Bovy & Hogg 2008



Liddle (2004)

opacity of the Universe: 
tau(z)

Parametrizing the cosmological model

base parameters candidate parameters



Avgoustidis et al. (2010)

opacity of the Universe: 
tau(z)

Liddle (2004)

base parameters



• Gravitational lensing: < µ > = 1   => no mean shift in source brightness

What do we know about the opacity of the Universe?

Tolman test:
More, Bovy & Hogg 2008

Tolman test + cosmo
Avgoustidis, Verde & Jimenez 2009



• Gravitational lensing: < µ > = 1   => no mean shift in source brightness

What do we know about the opacity of the Universe?

Tolman test:
More, Bovy & Hogg 2008

Tolman test + cosmo
Avgoustidis, Verde & Jimenez 2009

Mean QSO colors (z)
Moertsell & Goobar 2005



Steidel et al. (1997)



Steidel et al. (1997)

Churchill et al.





Mg II (λλ 2796, 2803), z > 0.4
C IV (λλ 1548, 1550), z > 1.5
Si IV (λλ 1393, 1402), z > 1.8
N V (λλ 1238, 1242), z > 2.2

MgII as a tracer of baryons

MgII absorber at z=0.825

O VI (λλ 1031, 1037), z > 2.8
Ca II (λλ 3933, 3968), z < 1.0
Na I D (λλ 5889, 5895), z < 0.3



The SDSS sample of MgII absorbers

dN/dW0  

Nestor et al. (2005, 2010)

dN/dz  

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

dN/dz ~ 0.2

z



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:



York et al., B. M. et al. 

z

B.M. (in prep)



inferred without 
any assumption

A lower limit on the opacity of the Universe



• Gravitational lensing: < µ > = 1   => no mean shift in source brightness

What do we know about the opacity of the Universe?

Tolman test:
More, Bovy & Hogg 2008

Tolman test + cosmo

Mean QSO colors (z)

Avgoustidis, Verde & Jimenez 2009

Moertsell & Goobar 2005

Dust in MgII absorbers
Ménard et al. 2007



The opacity of the Universe
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ACS Nearby Galaxy Survey Treasury (ANGST)
Holwerda et al. (2008)

some numbers



Quasars shining ‘through’ galaxies
Ostman, Goobar & Moerstell et al. (2006)



Statistical approach

• 20 million galaxies at z ~ 0.3
• 85,000 quasars at z > 1

We can constrain these effects 
statistically by measuring

SDSS



Correlation between QSO colors 
and galaxy overdensities

<  [ mQSO(λ) - mQSO(λ’) ] . δgal > 

B. M. et al. (2009)

filters: u g r i z



Extinction curve

⇒ RV = 4 ± 2.5

or



The galaxy-dust correlation function
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• Gravitational lensing: < µ > = 1   => no mean shift in source brightness

What do we know about the opacity of the Universe?

Tolman test:
More, Bovy & Hogg 2008

Tolman test + cosmo

Mean QSO colors (z)

Avgoustidis, Verde & Jimenez 2009

Moertsell & Goobar 2005

Dust in MgII absorbers
Ménard et al. 2007

Dust around galaxies
Ménard et al. 2010



Dust in numerical simulations
Zu, Weinberg et al. (2011)



What do we know about the opacity of the Universe?

Tolman test:
More, Bovy & Hogg 2008

Tolman test + cosmo

Mean QSO colors (z)

Avgoustidis, Verde & Jimenez 2009

Moertsell & Goobar 2005

Dust in MgII absorbers
Ménard et al. 2007

Dust around galaxies (o)
Ménard et al. 2010

Dust in simulations (x)
Zu et al. 2011

x
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The opacity of the Universe
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Extracting cosmological parameters
from supernova magnitudes

1:  Correct for dust extinction due to our Galaxy

2:  The distance modulus is described with an unknown 
stretch factor and an unknown extinction

Assumption: α and β are redshift independent

3:  A chi-square is performed to extract the cosmology 
and the best stretch and extinction coefficients



Extracting cosmological parameters
from supernova magnitudes

The observed color excess ci has several contributions:

Each of them should be corrected with the appropriate β or RB:

If not, a bias is introduced in the distance modulus estimate:



Effects on cosmological parameters
BM, Kilbinger & Scranton (2010)



Effects on cosmological parameters
BM, Kilbinger & Scranton (2010)
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~ 3% (or 0.4 σ) offset in w 



Next, there will be no guidance 
telling us if we are doing things right

Amanullah et al. (2010) for the past 10 years there has 
been some confidence that 

observers are on the right track 
because there is a reference model.

a wrong dust 
redshift dependence would lead 

to a non-zero w(a)



Departures from w=-1: Microphysics, 
High Energy Physics, Gravity.  

(as described in Eric Linder’s talk)



Trotta, Kunz & Liddle (2011)



SUMMARY

How to handle this: 
- observing in the infrared
- detect cosmic extinction from the SNe themselves

• A number of probes reveal a substantial 
amount of dust outside galaxies

• We start to have some idea of the 
opacity of the Universe at low redshift.

• Cosmic dust might affect current w 
constraints at the ~2-3% level.


