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Outline

* Introduction:
a) Galactic outflows
b) Intervening quasar absorption lines

* An ultra-strong Mgll absorber — GW connection!

e Composite (SFR([OII])) in Mgll absorber galaxies
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a) Galactic Outflows

AGN-outflows:

- AGN jets
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a) Galactic Outflows

AGN-outflows:

Credit: Daniel Proga
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a) Galactic Outflows

AGN-outflows:

Broad Absorption-lines
(BALs)
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a) Galactic Outflows

AGN-outflows:

Mini-BALs

Rodriguez Hidalgo, Hamann & Nestor, 2009
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a) Galactic Outflows

AGN-outflows:

I Narrow CIV absorbers

Narrow
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Nestor, Hamann &Rodriguez Hidalgo, 2008
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a) Galactic Outflows

Starburst-driven t<3 Myr: OB winds

. . t ~3-6 Myrs: WR winds
Galactic Winds: t <40 Myrs:  SNell

* Observed in all galaxies
where 2sF > 0.1 Mso yr! kpc?

* Cool gas observed in
blushifted absorption
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a) Galactic Outflows

Important for understanding:

e Enrichment of the IGM

Becker, Rauch & Sargent, 2008
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a) Galactic Outflows

Important for understanding:

e Enrichment of the IGM

* Galaxy M-Z relation

9.5 10 10.5
Log (M,,../M)

Erb et al., 2006
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a) Galactic Outflows

Important for understanding:

e Enrichment of the IGM
* Galaxy M-Z relation
¢ Sizes of disks

* Galaxy Luminosity

9.5 10 10.5

Log (M /M) Function

Erb et al., 2006
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a) Galactic Outflows

Important for understanding:

e Enrichment of the IGM
* Galaxy M-Z relation
¢ Sizes of disks

* Galaxy Luminosity
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a) Galactic Outflows
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ok Dave 2009 (arXiv0901.3149); Keres et al. 2009 (arXiv0901.1880);
i Scannapieco et al., 2008 (MNRAS 389, |137); etc.
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b) Intervening Mgll absorbers

Monday, 30 March 2009



b) Intervening Mgll absorbers

‘a

Intensity

1200
Wavelength/A
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b) Intervening Mgll absorbers
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QALs easily identify galaxies at virtually any z
but what do we really know...
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b) Intervening Mgll absorbers

virialised clouds?

gas-disk?

cold-stream
' accretion!?

outflow!?

...how to
Interpret
them? -

e & wet merger?
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b) Intervening Mgll absorbers

Past work:

Mgll absorbers can be
identified with galaxies
of various:

* colours,

* morphologies,

® impact-parameters,

* orientations,

* etc.

Emission/absorption correlations
are generally not found
(which is a problem).
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Outline

* Introduction:
a) Galactic outflows
b) Intervening quasar absorption lines

* An ultra-strong Mgll absorber — GW connection!

e Composite (SFR([OII])) in Mgll absorber galaxies
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Ultra-strong Mgll absorber — GWV connection

SDSS: allows for huge absorption-line surveys

Clues to the nature of
QALs in:

precision statistics?

number

ultra-strong Mgll absorbers!?

(AV = 107 km s! x REW A2796)
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Ultra-strong Mgll absorber — GWV connection

Average properties: stronger systems are...

...more enriched

(Nestor et al., 2003;
Turnshek et al.,, 2005)

W, [Angstrom]

...dustier.
(Ménard, Nestor .
et al., 2008) ...associated v.v/ bluer,
lower-b galaxies.
(Zibetti, Ménard, Nestor
et al., 2007)
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Ultra-strong Mgll absorber — GWV connection
Q

Q
large-scale
starburst event
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Ultra-strong Mgll absorber — GWV connection

Q
Q

Q

large-scale
starburst event
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Ultra-strong Mgll absorber — GWV connection

First proposed:

® Bond, Churchill, Charlton & Vogt (2001,Ap) 562, 641)
“High-Redshift Superwinds as the Source of the Strongest Mg 11
Absorbers: A Feasibility Analysis”

Direct detection of outflows in known (post-)starburst galaxies
at z > 0 (n.b. — not QAL):

* Tremonti, Moustakas & Diamond-Stanic (2007,Ap], 663, 77)
“The Discovery of 1000 km s-! Outflows in Massive Poststarburst Galaxies
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Ultra-strong Mgll absorber — GWV connection

Explore sample of
individual “ultra-strong”
Mgll absorbers
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Ultra-strong Mgll absorber — GVV connection
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Ultra-strong Mgll absorber — GWV connection
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Ultra-strong Mgll absorber — GWV connection
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Ultra-strong Mgll absorber — GWV connection
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Ultra-strong Mgll absorber — GVV connection
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Ultra-strong Mgll absorber — GVV connection
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Ultra-strong Mgll absorber — GWV connection
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Ultra-strong Mgll absorber — GWV connection

L~50%z=0) or .
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B SFR > 7.4 Mo yr!
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Ultra-strong Mgll absorber — GVV connection
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Wild et al., 2007
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Ultra-strong Mgll absorber — GVV connection
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Ultra-strong Mgll absorber — GVV connection

Wild et al., 2007
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Ultra-strong Mgll absorber — GVV connection

Are the age, velocity numbers reasonable!?

Post-starburst field: Av = 385 km/s
if T=200 Myr

b = 38 kpc b =63 kpc
v> 185 km/s v >300km/s
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Ultra-strong Mgll absorber — GVV connection

Are the age, velocity numbers reasonable!?

Starburst field: Av = 850 km/s
if T= 60 Myrs if T= 30 Myrs
b = 60 kpc b =29 kpc

v = 1000 km/s
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Outline

* Introduction:
a) Galactic outflows
b) Intervening quasar absorption lines

* An ultra-strong Mgll absorber — GW connection!

e Composite (SFR([OII])) in Mgll absorber galaxies
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Another approach:
stacking spectra in abs. rest-frame

| . Mgl
SDSS O o =l doublet 1
fiber size il ol
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Another approach:
stacking spectra in abs. rest-frame
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Outline

* Introduction:
a) Galactic outflows
b) Intervening quasar absorption lines

* An ultra-strong Mgll absorber — GW connection!

e Composite (SFR([OII])) in Mgll absorber galaxies

P - $ ke 3 P -’ N ™ & Tl S N ° ® v, i e . X =, - - 4 2 A thh Loadl
oy 2 bl giia® - : 'y o T T~ 1 ﬁk ; Lo N 3 5 P - E LA 8 5. -~ R o )
AP Sengy BN (S5 e s ot > VI ] 3 v ROt o PR ' D Lot e A [ SN PN 2 LR R . "" o 2 g nTe
\ - v | | v | 1) . y 5 3 _ 3 - L [ y - ) 4 - g % / y L . ') L
alda ¥ | g sl y v N F — Yaa W« N C° 1 \ ; | 9591

Monday, 30 March 2009



What fraction of the global SF density
is traced by USMg2 absorbers?

= (SFRY x (dn/dl x 07

B H UNIVERSITY OF
<P CAMBRIDGE
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What fraction of the global SF density
is traced by USMg2 absorbers?

= (SFRY x (dn/dl x 07

/05 <§F€> =R OSN3 s
(/.e., 2o N0y yr>

B H UNIVERSITY OF
<P CAMBRIDGE
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What fraction of the global SF density
is traced by USMg2 absorbers?

o= (SFRY x (dn/d/ x 0

/05 <§F€> =R OSN3 s
(/.e., 2o N0 /V/So//yr>

/03 {dn/dl}) = -s.0F 0.0%

B H UNIVERSITY OF
<P CAMBRIDGE
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What fraction of the global SF density
is traced by USMg2 absorbers?

= (SFRY x (dn/dl x 07

/05 <§F€> =R OSN3 s
(/.e., 2o N0y yr>

=i ROl ). 0%

/03 0=k i
(i e., 400 2o ,000 kpc'2)

B H UNIVERSITY OF
<P CAMBRIDGE

Kuala Lumpur, 30 March 2009
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What fraction of the global SF density
is traced by USMg2 absorbers?

= (SFRY x (dn/dl x 07 = 1075 F 041, spppes

/05 <§F€> =R OSN3 s
(/.e., 2o N0y yr>

=i ROl ). 0%

/03 0=k i
(i e., 400 2o ,000 kpc'2)

B H UNIVERSITY OF
<P CAMBRIDGE
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What fraction of the global SF density
is traced by USMg2 absorbers?

= (SFRY x (dn/dl x 07 = 1075 F 041, spppes

/05 <§F€> =R OSN3 s
(/‘.e., 2o N0 /V/So//yr>

=i ROl ). 0%

/03 0=k i
(ie., 400 2o L,0OO rc2)

B UNIVERSITY OF
<P CAMBRIDGE
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What fraction of the global SF density
is traced by USMg2 absorbers?

= (SFRY x (dn/dl x 07 = 1075 F 041, spppes

/05 <§F€> =R OSN3 s
(/‘.e., 2o N0 /V/So//yr>
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Conclusions

Quasar absorption lines Galactic winds

are potentially-powerful probes

| are important for understanding:
of galaxies that are:

o effective over large span of * IrTéaPS/]S-me.tar:huty relation
redshift . enrichment

e completely independent of 2 g.atlaxy |u.m|n05|ty function
galaxy luminosity * size of disks, etc.

The strongest Mgll absorbers likely select starburst-driven galactic winds,
while weaker systems trace the patchily-enriched halos at later epochs.

The total star formation density selected by ultra-strong Mgll absorbers
seems to be a significant fraction of the total at z~0.7.

This implies that the bulk of the star formation at this redshift occurs with
> sk high enough to cause large-scale outflows.
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