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OUTLINE

 Background & Motivation

e OStatistical analyses using new large samples of Mg I1

e Stacking & Galaxy-Absorber Correlations in the SDSS

e Direct detections of Mg Il host galaxies at high-z

e New results from the 3D-HST Survey (Lundgren et al. 2012)

e Future Work

BRITT LUNDGREN IPMU COLLOQUIUM - OCT. 29, 2012



COLLABORATORS

e Yusra Al Sayyad (U. of Washington), Robert Brunner (U. of Illinois), Alison
Coil (UCSD), Scott Croom (U. Sydney), Pushpa Khare (Utkal U., India),
Nikhil Padmanabhan (Yale), Gordon Richards (Drexel), Don Schneider
(PSU), Jeremy Tinker (NYU), Daniel Vanden Berk (St. Vincent), Pieter van
Dokkum (Yale), David Wake (Yale), Don York (U. of Chicago),

+ the greater SDSS I/11 & 111, 3D-HST and AUS Collaborations

BRITT LUNDGREN IPMU COLLOQUIUM - OCT. 29, 2012



WHAT ARE QUASAR ABSORPTION LINES?

e Absorption features in the
spectra of quasars, produced
by gas and dust

e Probes of:

¢ (Quasar outflows &
host galaxies

¥ Mpc/h

* Foreground galaxies:
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QUASAR SPECTRA:
CosmMIC CORE SAMPLES

The spectrum of a distant quasar
can trace the evolution of the
baryon content of the Universe
throughout as much as 90% of
cosmic history.
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QUASAR SPECTRA:
CosmMIC CORE SAMPLES

Animation Credit:
Andrew Pontzen, Cambridge
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QUASAR SPECTRA:
CosmMIC CORE SAMPLES

Animation Credit:
Andrew Pontzen, Cambridge
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QALS AS PROBES OF GALAXIES
AND THEIR ENVIRONMENTS

e Quasar Absorption Lines (QALs) trace gas, not stars!

¢ The detection of luminous matter becomes more difficult at high-z...
but not so for QALs

e QALs are sensitive to wide ranges in metallicity, N, kinematics, &
ionization temperatures

e (QALs provide direct, luminosity independent measurements of:

e The gas content of galaxies (= 200 kpc)

e (Galaxy environments (e.g., low luminosity satellites, tidal streams)

e Halo-disk processes (e.g., gaseous disks, outflows, cold gas accretion)

e IGM
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PERSISTENT CHALLENGES

In theory, QALs are exceptional
probes of galaxies. However,

7z=0.928

. QAL hosts are often too faint for imaging
confirmation
e [tis often unclear which part of the galactic
S Q1436-0051
structure is being probed
SOAR 4.1m imaging (Meiring et al. 2011)
and SDSS DR7 Spectrum of Q1436-0051
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PERSISTENT CHALLENGES

e No obvious trends among local (z < 0.4) absorbing galaxies
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PERSISTENT CHALLENGES
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MOTIVATION FOR STUDYING QAL
ORIGINS & ENVIRONMENTS

e Qutstanding questions regarding the origins and
environments of QALs:

How does one best distinguish quasar outflows from
foreground matter in the Hubble flow?

o  What types of galaxies host what types of QALs?

* How are QALs generally distributed in galactic haloes, and
what processes do they primarily probe?

With these determined, we can use QALs to expand our
understanding of gas accretion and feedback processes in galaxies and
the evolution of the content & distribution of baryonic matter from

high-z
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MG Il ABSORBERS

e FEasily identifiable doublet (2796, 2803A)

e Arises in photo-ionized gas with T~10,000K

(Bergeron & Stasinska 1986; Hamann 1997)

& Prolificin optical spectra for 0.3sz=2.0

® Some association with DLAs (Nu>101 cm2)
(Wolfe et al. 1986; Turnshek et al. 1986)

® Associated with luminous galaxies, 0.5-0.7 L*

(Bergeron 1986; Lanzetta & Bowen 1990, 1992; Steidel et al. 1994; Zibetti et al. 2005; Nestor et al. 2007; Kacprzak et al.
2007)
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e (lassical Picture:
e Kkinematic structure in strong lines (e.g.,Churchill & Vogt 2001)

e absorption equivalent width « velocity dispersion of galaxy halo
(e.g., Bahcall & Spitzer 1969)

e But new insights from the SDSS have tested (and challenged)
this paradigm....
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THE SLOAN DIGITAL SKY SURVEY

e Dedicated 2.5m telescope at Apache Point Observatory, NM

e 120 megapixel camera with ugriz filter set

e Multi-object spectrograph (640 fibers)
e Seventh Data Release (DR7)

e ~10,000 sq. degrees imaged
e ~1 million galaxy spectra

e ~110,000 quasar spectra
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SDSS DR7 QAL PIPELINE

105,783 Quasars

DR7 Quasar Catalog — Spectrum
(Schneider et al. 2007) l

Continuum Fitting

v
QAL Catal()g (York, Lundgren, et al. 2012 in prep.) Line Detection
=~60,000 QALS of various species
" (0.3<z<46 ¥
Redshift ID

‘ I

Confidence Grading
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SDSS J145907.194+002401.2 2z=1.39448 A 2=2.29242 A 2=2.76708 A 2=2.89421 C
DR7 ID: 310-350-51990
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SDSS-1Il BARYON OSCILLATION
SPECTROSCOPIC SURVEY

e 5-year survey in the SDSS-1/1I footprint (10,000 deg?)
e 15MLRGstoz~1
e  ~200,000 quasars (most at 2<z<4)
e Upgrades to the SDSS spectrograph

e moderately higher throughput, resolution

e broader wavelength coverage

e DR9 Quasar Absorption Line Catalog

* Projected identification of ~100,000 metal absorption systems by
survey Completion (Lundgren et al., in prep.)
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Mining Metals in the BOSS Quasar Spectra

Britt Lundgren (Wisconsin), Don York (UChicago), Yusra AlSayyad (Washington)
+Project 37 co-authors, and the SDSS-III Collaboration

t& SDSS-III: BOSS Quasar Search Results
Quasar AbSOI'ption Ijne Database DR7 ID: 2528-54571-527 Previous Designation: None

i.i on. AlSa . BOSS Spec ID: 221947056 BOSS Photo ID:
SDSS (Lan o, York et al., & prep.) Right Ascension: 16h17m06.89s Right Ascension degrees: 2442787
Declination: +12d26m06.3s Declination degrees: 12.4351
Redshift: 1.639 PSF Magnitudes
SMNing: . 18.26
o SMNinr: : 18.01
Welcome to the SDSS-IIl QSOALS Project site. SN in i : 17
BROWSE QSOs by plate number Photometric Morphology: point source it 17.63
SEARCH QSOs by celestial coordinates, SDSS name, or Plate-Fiber designation Plate: 4070 = 17.56
Color Indices No ROSAT Data
-g: 025 No FIRST Data
http://www.astro.yale.edu/sdss3/boss/sdss3bl/ K Lo
j . . ° / ° -i: -0.62929

0.07000

Sloan Navigate Page
" Search for galaxies within ) 1 arcmin

Metal absorption line catalogs for |alaiaats

System Redshifts System Grade Rest Frame Wavelengths lons Present

the VACS quasars - modeled on DR7 e : = e,
database (YO rk et al. 20 I 2’ in Pre P) Data Sets are listed with recent runs first

Data Set 1

Data Files Plots
Raw Data Spectrum Overplot (Aug. 2011)
Line List File Normalized Spectrum (Aug. 2011)

BOSS DR 10 database now online.. ESRrEl
feedbaCI( WeICOme! ack to plate 4070 page
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http://www.astro.yale.edu/sdss3/boss/sdss3bl/
http://www.astro.yale.edu/sdss3/boss/sdss3bl/
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QAL DETECTIONS IN THE
SDSS-1Il BOSS SURVEY

—— BOSS (VAC4): 16767
- SDSS DR7: 13071

Number of CIV QAL

4

—— BOSS (VAC4Y): 15431
-—-- SDSS DRT: 30503
- Quider et al: 17042
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3D SDSS MG Il - LRG
VISUALIZATION

o Credit: Mark SubbaRao (Adler Planetarium, Chicago)
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Luminous Red Galaxies
vs. Mgll Absorbers



MG Il DARK MATTER HALOS AT Zz~0.6

e (Cross-correlations with LRGs reveal a (weak) anti-
correlation between Mg Il equivalent width and DM halo

mass at z~0.6

<logM> ~ 11.3 £ 0.5
<logM> ~ 12.7 + 0.7
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EVOLUTION OF McG 11
DARK MATTER HALOES

2.6 i I I I I I | | | | | 1 | | | | 1 | | | | |
¢ (lustering can also [ === radius growth ]
constrain models of dark o [ == mass growth - s
matter halo mass and gas By O PORSTUNS ' :
. : 0 i il
radius evolution e [ -
() : 4
5 i /
S B -
o L -
P - — -
o T -
e 5o far, Mg II clustering is i 7
p T | @ Lundgren+09 (DRS5) i
consistent with a non- I _
. . 0 5 | ©Lundgren+11 (DEEPZ2) —
evolving DM halo mass 2T | | | -
1 1 1 1 11 1 1 1 1 1 L1 1 1
i/]\;ulildgl;enl e.t al. 201)1 ; Tinker, Lundgren, 0 05 { 15 5
ake, et al. in prep. cedataet
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INTERPRETATION OF THE W - M
ANTI-CORRELATION

e If not virialized gas in massive halos, then what’s
producing the large widths in these multi-component
absorbers? W pde

Super-winds from

star formation?

(Prochter et al. 2006; Bouche et al. 2006;
Murphy et al. 2007; Nestor et al. 2010)

e Trend only observed at high-z

e observational bias?

* galaxy evolution?
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MG Il ABSORBERS AS
TRACERS OF STAR FORMATION

* Mgll EW correlated with star-formation? (Zibetti et al. 2005)
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' 4
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MG Il ABSORBERS AS
TRACERS OF STAR FORMATION

 Quasar sight lines with Mg Il intervening

absorption found to contain dust 12 et York et al. 2006),

Absorber sample

Non—absorber sample

Relative Geometric Mean Flux
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MG Il ABSORBERS AS
TRACERS OF STAR FORMATION

 Quasar sight lines with Mg Il intervening

absorption found to contain dust 12 et York et al. 2006),

Absorber sample

e Dust content, [OII] emission found to
increase with Mg II equivalent width

Non—absorber sample

Relative Geometric Mean Flux
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i SMC Reddening (solid)
.0 - i M
° | ot
o : Lk g A gt \
20.8 ik |
o E(B-V)=0.0316
0.6 ff
M R R
2000 3000 4000
Absorber Rest Frame Wavelength, A (A)
BRITT LUNDGREN IPMU COLLOQUIUM - OCT. 29, 2012 'g @



MG Il ABSORBERS AS
TRACERS OF STAR FORMATION

 Quasar sight lines with Mg Il intervening

absorption found to contain dust 1y (York et al. 2006)

Absorber sample

e Dust content, [OII] emission found to
increase with Mg II equivalent width

Non—absorber sample

A |

| (Ménard et al. 2008)

Relative Geometric Mean Flux
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MG Il ABSORBERS AS
TRACERS OF STAR FORMATION

 Quasar sight lines with Mg Il intervening [T T T[T T T[T T[T rrTy

absorption found to contain dust - (Ménard et .
[ al. 2009) o B D d -

e Dust content, [OII] emission found to
increase with Mg Il equivalent width

—

| (Ménard et al. 2008) |

o
o
OlII line luminosity [10*° erg/s/A ]
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MG Il ABSORBERS AS

TRACERS OF STAR FORMATION

The [OII] luminosity function predicted from dNdW /dz of Mgl
absorbers traces the global star formation history (Menard et al. 2009)
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“SMOKING GUN” EVIDENCE OF

OUTFLOWS?

e Mg II absorbers can account for as much as 50% of the dust expelled from galaxies
(Ménard & Fukugita 2012)
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“SMOKING GUN” EVIDENCE OF

OUTFLOWS?

e Absorption stacks from galaxies probing 4,000 galaxies in zCOSMOS
(Bordoloi et al. 2011)
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DIRECT OBSERVATIONS
OF MG Il HOST GALAXIES

® 3D'HST Survey (van Dokkum et al. 2011; Brammer et al. 2012)

. 248 Orbit HST Program
o WEFC3 (G141 grism and F140W direct) and ACS (G800 grism and F814W)

e 600 arcmin? ~10,000 galaxy redshifts at 1 <z < 3; Az/(1+2)~0.4%
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DIRECT OBSERVATIONS
OF MG Il HOST GALAXIES

® 3D'HST Survey (van Dokkum et al. 2011; Brammer et al. 2012)

. 248 Orbit HST Program
o WEFC3 (G141 grism and F140W direct) and ACS (G800 grism and F814W)

e 600 arcmin? ~10,000 galaxy redshifts at 1 <z < 3; Az/(1+2)~0.4%
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WFC3/IR GRISM OBSERVATIONS OF
MG Il HOST GALAXIES AT Z > 1

e Advantages of HST grism data for
OAL science:

+5

e high sensitivity, resolving power

® capable of resolving faint

arcseconds

galaxies in close proximity to

quasar sight lines L

e large FOV for this depth

-5 0 S

arcseconds

WEFC3 F140W imaging of a quasar sight line in the GOODS-
N grism program (Weiner et al., in prep); Team Keck
Redshift Survey R-band image inset (Wirth et al. 2004)
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CENSUS OF QUASAR ABSORPTION

® A census of quasar
absorption lines with W > 0.4A
in the KTRS DEIMOS spectrum
reveals three strong (W, > 0.8A)
multi-ion Mg II systems in the
range 1 <z <2
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WFC3/IR GRISM OBSERVATIONS OF
HIGH-Z MG Il HOST GALAXIES

G-1 G-2 G-3

F140W

. Each identified Mg II absorption | e [Olll]
system matches to an isolated galaxy Emission

at 1 < z < 2 identified with 3D-HST Line Map
G141 grism observations with:
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WFC3/IR GRISM OBSERVATIONS OF
HIGH-Z MG Il HOST GALAXIES

G-1 G-2 G-3
® Properties of the Mg II host galaxies:
x 5 o F140W - -
¢ log(M/Mo) ~9.75
® SFRs>5 Mo/ yr
Emission

Line Map

® >SFRs > 0.3 Mo yr / kpc?
consistent with local starbursts and LBGs,

sufficient to launch large-scale winds e e T sl
e Evidence for SF-driven outflows reaching G141 |
distances of at least 60 kpc around galaxies L | :
® Suggests prolonged SF over > 150 Myr i i UL:) e i A i
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WFC3/IR GRISM OBSERVATIONS OF
HIGH-Z MG Il HOST GALAXIES
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e The data indicate no
strong evolution in the
W-o relation from z~2
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WFC3/IR GRISM OBSERVATIONS OF
HIGH-Z MG Il HOST GALAXIES
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0.035} I K12 (All; 2<1.1)

C — 2 K12 (Late-type; 2<1.1)

0.030}iF Klla/B12b (z~0.1)

— Azimuth Angle ()

Galaxy

— e wd —

Normalized Number
o
(]
N
o

o
o
[
w

|

|

|

|

® An evolving azimuthal distribution of Mg II 0-010r =~ i —
around star-forming galaxies from z~2 ? 0005 ey
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SUMMARY

e New large absorber catalogs from the SDSS have dramatically changed our
understanding of quasar absorption line origins in the past 5 years

e Stacking analyses suggest that Mg Il is a cosmic star formation indicator

e C(Clustering analyses determined the typical Mg Il environments and halo
masses, leading to a better understanding of galaxy halo evolution to z~2.

e Direct, unbiased detections of Mg II host galaxies at z>1 from 3D-HST indicate
that high-EW Mg II traces large-scale outflows from starbursting galaxies.

e New large overlapping surveys of absorbers and galaxies are on the horizon
(eBOSS, PFS?), which will allow for better measurements of

e galaxy-absorber correlations, the evolution of the IGM from z~5... more!
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