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Absorption line spectroscopy

- 1969: Bahcall & Spitzer postulate that metal absorbers live within 100 kpc around galaxies
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ABSTRACT

We propose that most of the absorption lines observed in quasi-stellar sources with multiple absorp-
tion redshifts are caused by gas in extended halos of normal galaxies.



Absorption line spectroscopy

- 1969: Bahcall & Spitzer postulate that metal absorbers live within 100 kpc around galaxies
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greater than 103, lead us to believe that most of the narrow absorption lines are produced
in material not associated with the quasi-stellar sources in whose spectra they are de-
tected. A few lines, which correspond to 7.1/¢ < 10~2, may plausibly be attributed to
material associated with the emitting object.

The number P of galaxies intercepted between z., and z. (see Bahcall and Peebles
1969; we assume for simplicity ¢o = 3 and A = 0) is

R, 7 No 2 _ 3
s 2[ 100 kpc] [0.03 galaxy Mpc"] L8R S R (LR (1)

Here Ry and N are the local radius and number density of the galaxies, and the Hubble
constant, Hy, has been set equal to 100 km sec™® Mpc—. We assume that the galactic
number density at z satisfies N(z) = (1 4 2)3N, but that the average radius is inde-
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Absorption line spectroscopy

- 1969: Bahcall & Spitzer postulate that metal absorbers live within 100 kpc around galaxies

- 1986: Bergeron observed the first metal absorber/galaxy association
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Relative Intensity

Absorption line spectroscopy

- 1969: Bahcall & Spitzer postulate that metal absorbers live within 100 kpc around galaxies
- 1986: Bergeron observed the first metal absorber/galaxy association

- 1995: first sample of ~50 galaxy/absorber associations 1s compiled by Steidel et al.
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Absorption line spectroscopy

- 1969: Bahcall & Spitzer postulate that metal absorbers live within 100 kpc around galaxies
- 1986: Bergeron observed the first metal absorber/galaxy association

- 1995: first sample of ~50 galaxy/absorber associations 1s compiled by Steidel et al.
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Absorption line spectroscopy

- 1969: Bahcall & Spitzer postulate that metal absorbers live within 100 kpc around galaxies
- 1986: Bergeron observed the first metal absorber/galaxy association
- 1995: first sample of ~50 galaxy/absorber associations 1s compiled by Steidel et al.

- 2000-2010: statistical studies: 100,000 QSO spectra and ~20,000 metal absorbers



Absorption line spectroscopy

- 1969: Bahcall & Spitzer postulate that metal absorbers live within 100 kpc around galaxies

- 1986: Bergeron observed the first metal absorber/galaxy association

- 1995: first sample of ~50 galaxy/absorber associations 1s compiled by Steidel et al.

- 2000-2010: statistical studies: 100,000 QSO spectra and ~20,000 metal absorbers
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Absorption line spectroscopy

- 1969: Bahcall & Spitzer postulate that metal absorbers live within 100 kpc around galaxies
- 1986: Bergeron observed the first metal absorber/galaxy association

- 1995: first sample of ~50 galaxy/absorber associations 1s compiled by Steidel et al.

- 2000-2010: statistical studies: 100,000 QSO spectra and ~20,000 metal absorbers

-2010-2020: BOSS, BigBOSS, PFS (Subaru): towards one million QSO spectra
galaxies are being used as background sources



Questions

1. What are these intervening absorbers?
e incidence
e size, density, temperature
e metallicity, dust content
e velocity dispersion

2. How are they related to galaxies?
e direction of motion: going in or out?
e spatial distribution, covering factor, azimuthal angle
e correlation with galaxy type: luminosity, color, SFR



Mgll as a tracer of baryons

Mg 11 A 27796, 2803 Angstrom, Zabs > 0.4
CIV A 1548, 1550 Angstrom, Zabs > 1.5
S11V A 1393, 1402 Angstrom, Zabs > 1.8
NV A 1238, 1242 Angstrom, Zabs > 2.2
O VI A 1031, 1037 Angstrom, Zabs > 2.8
Call A 3933, 3968 Angstrom, Zabs < 1.0
NalD AL 5889, 5895 Angstrom, Zabs < 0.3
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Absorber properties: high-resolution spectroscopy

Narmallzed Flux
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Mgll 1s a probe of metals weighted by cross-section and Av



Strong Mg II in Galaxies: {32798 transition)

from C. Churchill’s website
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Mgll absorbers from the SDSS
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Statistical analyses & composite spectra
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Absorber sample

o

Non—absorber sample

—————  Metal absorbers are dusty

Reddening by absorbers: Fall & Pe1 (1989), B.M. &
Péroux (2003), Khare et al. (2004), Murphy et al.
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Z af MgH_: dust also seen through depletion measurements.
3 I R : See Vladilo et al.
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Metal absorber properties

consistent with

inflows outflows
- higher incidence at high z yes yes
- distribution of Wy (or Delta v) ? ?
- large Delta v no yes
- high dust-to-gas ratio no yes




Questions

2. How are they related to galaxies?
e direction of motion: going in or out?
e spatial distribution, covering factor, azimuthal angle
e correlation with galaxy type: luminosity, color, SFR



Studies of absorber-galaxy pairs

LI RN BARAE RARAE RAAL I | AMRA NS - 1
» ' i P s
. - - El . 1 | 3 ’
204173 ‘ S - W : 2=0.891:
z=0.298 z=0.312 z=0313 z=0.317 z=0.346 D=26.4 1 t 1 D=16.3
ok iy il e Ve s Ly ‘
) 1 30 0 -200 <100 0 100 200 300

2=0.368 2=0374 2=0.383 2=0.393 2=0.417
.

. . ] - .
2=0.430 2=0.437 7=0.441 2=0 472 2=0.494
2=0.524

. | . / .

» 2=0525 2=0.534 2=0.550 220,551

z=0.640

- . & - .
250553 2=0.591 ‘ ‘lL 2=0.656 2=0.661

»
- . ”» . -
2=0.702 2=0.729 2=0.787 2=0.752 2=0.798
e [ 2-0391
- ’ ", A . -
2=0.851 2=0888 || 7-0888 . " 2=0.948

2=04719
D=240

z=0) R913
D=182

20 5507
D=150

Apparent lack of correlation
with galaxy properties

. ,. -
&3 Fv'vvr( ~rr

..............................

...............................

:
‘ =0 H399

4’ D=21.1
. ey

‘ z=05250
D=264

-

Churchill et al. (2006)
Kacprzak et al. (2007)



Ay/kpe

Imaging MglII absorbing galaxies
with the SDSS

< QSO with absorber - nearby star > < QSO without absorber - nearby star >
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Spatial distribution of cold gas around galaxies
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fy, [erg sec! em~2 A-1]

Photometric properties of the light excess

The detected light directly constrains the type of galaxies
associated with the absorbers
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How can we probe OII emission
with absorber systems?




OIlI line luminosity

OIl line luminosity [10* erg/s/A ]
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The Mgll-star formation connection
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Another absorber/star formation connection

Weiner et al. (2009)

- (o) a7ze, 3720 QSO absorbers: no information
e on directionality
200 |-
. o Self absorption 1n galaxy spectra:
i 4: i St e 1 no spatial information
£ 2 These two sets of absorbers
3 10 might trace the same outflowing
material.
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A lines in the coadded spectrum of 1406 galaxies, relative tozero velocity as
defined by the redshift derived from [O11]. The [O 11] doublet lines are at



associated Mgll absorbers and star formation in QSOs
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Metal absorber properties

consistent with

inflows outflows

- higher incidence at high z yes yes

- distribution of Wy (or Delta v) ? ?

- large Delta v no yes

- high dust-to-gas ratio no yes

- stronger abs. around bluer galaxies yes yes

- absorbers correlate with SFR yes yes

- SFR correlates with blue-shifted abs. ?

yes




DEC (deg)

The OII luminosity function
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Measuring the luminosity density traced by Mglls
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MgllI absorbers trace star formation
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Mgll absorbers: a new probe of star formation
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Mgll absorbers: a new probe of star formation
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Relative Flux
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Metal absorber properties

consistent with

inflows outflows

- higher incidence at high z yes yes
- distribution of Wy (or Delta v) ? ?

- large Delta v no yes
- high dust-to-gas ratio no yes
- stronger abs. around bluer galaxies yes yes
- absorbers correlate with SFR yes yes
- SFR correlates with blue-shifted abs. ? yes
- excess perpendicular to galactic disks no yes




Normalized Flux
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Summary
Strong metal absorbers probe galaxy halos up to 50-100 kpc

We can now quantify their incidence, spatial extend, covering factor,
dust content, etc...

Most of these strong metal absorbers are consistent with being due
to outflows.

- What 1s the fraction of absorbers tracing infalling material?
- What mechanism drives the value of Wy?
- How to include this information in our models of galaxy formation?



Summary

Strong Mg II in Galaxies: {2796 transition)
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- How to include this information in our models of galaxy formation?



