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LLS as the laboratory of 
choice



Questions

What is the LLS incidence frequency and column 
density distribution?



The  Column Density Distribution Function f(N,X)

SSB 1989





The low z 
road
O’Meara+ 2013

HST ACS/WFC3 
program at z~2.5



The middle z 
road
Fumagalli, O’Meara, 
& Prochaska 2013 
ApJ submitted
MagE  z~3



The high z 
road
Gemini GMOS
Worseck+ 2013 in 
prep
SDSS, Prochaska+ 
2010



Altay+ 2011 Rahmati+ 2013

f(N,X) at z=2.4
O’Meara+ 2013



Questions

What is the LLS incidence frequency and column 
density distribution?

What is the effect of the LLS on ionizing photons?



τeff,LL(z912, zq) =

zq
∫

z912

∞
∫

0

f(NHI, z
′){1 − exp [−NHIσph(z

′) ]}dNHIdz′

Faucher-Giguerre+08

LLS & The Mean Free Path



SDSS Stacked Quasar Spectra
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λmfp: SDSS Measurements (z>3.6)
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Prochaska, Worseck, & O’Meara 2009



Hot off the (hopefully) presses
Fumagalli, O’Meara, & Prochaksa, 2013 
Worseck+ 2013

(1 + z)↵ ↵ = �5.45± 0.39



Questions

What is the LLS incidence frequency and column 
density distribution?

What is the effect of the LLS on ionizing photons?

How many metals are locked up in the LLS?





OVI is hard at z > 2
to measure gas in the universe you must avoid gas in the 
universe
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The KODIAQ Survey
Keck Observatory Database (of) Ionized Absorbers (toward) Quasars



KOA
• HIRES data since 
1994
• Mosaic chip data 
since 2004



KODIAQ 
DATABASE
• >25,000 individual 
frames
• >500 unique objects
• Final data products 
will be made public



• >100 quasars 
surveyed for LLS + 
OVI + others
• Require both OVI 
transitions to make a 
measurement

THE SURVEY SO FAR



First Results
Lehner+ 2013 in prep



LYMAN ALPHA PROFILES
4 LLS, 5 SLLS, 4 DLA



OVI VS METALLICITY (OF THE COOLER GAS) AT Z<3.5

Z<1
Z>2



TOTAL GAS FROM OVI NOVI
HII = NOVI/(fOVI[O/H])

fOVI < 0.2



Questions

What is the LLS incidence frequency and column 
density distribution?

What is the effect of the LLS on ionizing photons?

How many metals are locked up in the LLS?

What is the link between LLS and outflows?  Infall?



Metallicity distribution of z ≤ 1.0 Lyman limit systems
[16.1 ≤ log N(H I) ≤ 18.5]
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LLS at lower z

Go to lower z and 
sample galaxies lower 
down the luminosity 
function

Easier to interpret 
metallicities

These are *HI selected*

Howk+ 2013, in prep



O’Meara+ (in prep.)
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Lyman limit systems at low redshift



Adding to the mix Tripp



Can We play this game at higher z?



The Hunt is On!
[X/H] < -4.2 [X/H] < -3.8

Fumagalli, O’Meara, & Prochaska 2011

Inflows? Cooke



Outflows/Mixing?

A whole lotta talks!



hmmm



Summary
What is the LLS incidence frequency and column 
density distribution?

Getting better here, but high z?

What is the effect of the LLS on ionizing photons?

Have determined the MFP over nearly the full 
range we can.  LLS only ~50%!

How many metals are locked up in the LLS?

A lot!

What is the link between LLS and outflows?  Infall?

Sit tight, it’ll be a good meeting!


