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Galaxies and gaseous halos

Steidel et al.



Detecting absorption lines



- Luminosity
- Slope
- Line Strength/Width
- Line Ratio

The diversity of quasar spectra

In addition:
- sky emission lines
- Galactic absorption lines
- Extragalactic absorbers



The JHU-SDSS absorber catalog
Zhu & Ménard (2013)

Fully automatic continuum estimate which can deal with:
• QSO emission lines
• Sky emission lines

• low S/N, missing data
• intervening absorbers



• Principal Component Analysis

Eigenvectors eigenvalues Final result

Method



• Non-negative Matrix Factorization (NMF)

Eigenvectors eigenvalues Final result

Lee & Seung (1999)

Method



5 Eigenspectra out of 12 in the Basis Set











Zhu & B.M. (2012)

50,000 MgII
absorbers

now
publicly 
available



The SDSS-JHU absorber catalog

• catalog publicly available
• 50,000 MgII, MgI & FeII absorbers  (0.4<z<2.5)
• DR11 update coming up (70,000 systems)







200,000 quasars from SDSS 1-3



600 million 
pixels

h�F�(✓) . �g(✓ + �)i
GalaxyGas

h�F�(✓) . �g(✓ + �)i



CaII absorption 
in quasar spectra h i.

SDSS galaxies 
at z~0.1

h�F� (rp) . �gi

N
or

m
al

iz
ed

 F
lu

x
Absorption 

Strength

10-3 

10-2 

U
ne

xp
lo

re
d

Pr
ev

io
us

 
de

te
ct

io
ns



CaII absorption 
in quasar spectra h i.

h�F� (rp) . �gi
SDSS galaxies 

at z~0.1



Stellar Mass Star Formation Rate

Azimuthal Angle

High-mass
Low-mass

Star-forming
Quiescent

Polar-axis
Disk-plane

Gas halo as a function of galaxy properties



600 million 
pixels

h�F�(✓) . �g(✓ + �)i
GalaxyGas

h�F�(✓) . �g(✓ + �)i



Mg II absorption 
in quasar spectra h i.

SDSS LRGs 
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2 Zhu et al.

Fig. 1.— Stacked continuum-normalized spectra of background quasars as a function of impact parameter from foreground luminous red
galaxies (LRGs). The light blue vertical ticks and dark blue colors mark the expected positions of Mg II ��2796, 2803 and Mg I�2853.

intrinsic continuum of the background source. For a sin-
gle cloud system, the optical depth ⌧(�) is determined
by surface (column) density ⌃ (N), oscillator strength f ,
and intrinsic line profile �(�) (e.g., Draine 2011):

⌧(�) =
⇡e2

mec
fN�(�) . (4)

The line profile follows the Voigt form determined by the
transition wavelength �

0

, the Doppler broadening factor
b and the line-of-sight velocity (redshift) vk (z

0

). Inte-
grating the flux decrement over the absorption line yields
the rest equivalent width:

W
0

=

Z
[1 � e�⌧(�)] d�

=

Z
[1 � R(�)] d� . (5)

For weak absorption (. 0.1 Å for b ⇠ 4 km s�1), we can
convert rest equivalent width to surface density via the

linear relation:

N = 1.13 ⇥ 1020 cm�2

W
0

f�2

, (6)

where both W
0

and � are in unit of Å, and f is
the oscillator strength and is 0.610 and 0.305 for
Mg II ��2796, 2803 (?). The surface density ⌃

Mg

=
m

Mg

N , where m
Mg

is the atomic mass, Our galaxy-gas
correlation estimator is then the mean rest equivalent
width:

hW
0

i (r
p

) = h�
gal

(r) · W
0

(r � r
p

)i . (7)

2.2. The data

With this estimator, we measure the galaxy-gas cor-
relation at moderate redshift z ⇠ 0.5, at which
Mg II ��2796, 2803 become accessible in the optical. For
the foreground galaxy sample, we use Data Release 10
(DR10, in prep) by SDSS-III (?), which includes data
from the first two years of observations of the Baryonic
Oscillation Spectroscopic Survey (BOSS ?). DR10 in-
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-- 1-halo term: NFW profile (dark matter) ⨉ gas-to-mass ratio 
-- 2-halo term: halo-mass correlation ⨉ ⟨gas-to-mass ratio⟩

The halo model for gas
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The halo model for gas
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Combining the Galaxy-Gas/Mass Correlations

Gas Mass

Gas
Mass

LRGs at z~0.5 LRGs at z~0.2
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Fig. 1.— Stacked continuum-normalized spectra of background quasars as a function of impact parameter from foreground luminous red
galaxies (LRGs). The light blue vertical ticks and dark blue colors mark the expected positions of Mg II ��2796, 2803 and Mg I�2853.

intrinsic continuum of the background source. For a sin-
gle cloud system, the optical depth ⌧(�) is determined
by surface (column) density ⌃ (N), oscillator strength f ,
and intrinsic line profile �(�) (e.g., Draine 2011):

⌧(�) =
⇡e2

mec
fN�(�) . (4)

The line profile follows the Voigt form determined by the
transition wavelength �

0

, the Doppler broadening factor
b and the line-of-sight velocity (redshift) vk (z

0

). Inte-
grating the flux decrement over the absorption line yields
the rest equivalent width:
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For weak absorption (. 0.1 Å for b ⇠ 4 km s�1), we can
convert rest equivalent width to surface density via the

linear relation:

N = 1.13 ⇥ 1020 cm�2
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where both W
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and � are in unit of Å, and f is
the oscillator strength and is 0.610 and 0.305 for
Mg II ��2796, 2803 (?). The surface density ⌃
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2.2. The data

With this estimator, we measure the galaxy-gas cor-
relation at moderate redshift z ⇠ 0.5, at which
Mg II ��2796, 2803 become accessible in the optical. For
the foreground galaxy sample, we use Data Release 10
(DR10, in prep) by SDSS-III (?), which includes data
from the first two years of observations of the Baryonic
Oscillation Spectroscopic Survey (BOSS ?). DR10 in-
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Dynamical information

1-halo (dark matter)

Line-of-sight velocity dispersion

2-halo
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-- 1-halo term for gas clouds
-- 2-halo term: halo-halo motion + virial motion in nearby halos

1-halo (gas)
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Galaxy-X Correlations: 

< �g · �dust >

Ménard et al. (2010)

Sheldon et al.
Mandelbaum et 

< �g · �mass >< �g · �g >

< �g · �X >

Zhu, BM et al. (2013)


