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What is the circumgalactic medium and how is it observed?

• Photoionization
• Collisional Ionization

Hamden+ in prep

Use atomic transitions!
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What is the circumgalactic medium and how is it observed?

Oxygen Ionization States

(generated from Cloudy)
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Keck + LRIS
Cantalupo+ 2014
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Extended lyman-alpha emission from quasars

Keck + LRIS
Cantalupo+ 2014



PCWI (IFU)
Martin+ 2014

Extended lyman-alpha emission from quasars
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What is the circumgalactic medium and how is it observed?

• In absorption ~ N

Steidel+ 2010



Need good spectral resolution to get column density from 
equivalent width due to Voigt Profile

Werk+ 2013
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COS Halos -- Tumlinson+ 2011

Need good spectral resolution to get column density from 
equivalent width due to Voigt Profile
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phase(density, temperature, metallicity, radiation field)

CGM is direct probe of feedback
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How can simulations be compared against these CGM observations? 

phase(density, temperature, metallicity, radiation field)
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phase(density, temperature, metallicity, radiation field)

How can simulations be compared against these CGM observations? 



O VI

phase(density, temperature, metallicity, radiation field)

How can simulations be compared against these CGM observations? 



Hummels+ 2013
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Make synthetic observations of simulated data

How can simulations be compared against these CGM observations? 



How can simulations be compared against these CGM observations? 

Radial profiles of different ions



Simulation Specifics



Chen et al. 2010

Prochaska et al. 2011

H I
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Si II

Werk et al. 2013

Hummels+ 2013



Chen et al. 2001
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Chen et al. 2010
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Tumlinson et al. 2011
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Different feedback models predict 
different CGM observations!

Hummels+ 2013



Chen et al. 2010

Prochaska et al. 2011

Tumlinson et al. 2011

Yao et al. 2008
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But why don’t any of them match 
all of the observations?

Hummels+ 2013
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O VI  Requirements

Hummels+ 2013
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The gas is too hot.

Hummels+ 2013
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Stinson+ 2012

How can simulations be compared against these CGM observations? 

Radial profiles of different ions



Ford+ 2013

How can simulations be compared against these CGM observations? 

Radial profiles of different ions



Shen+ 2012

How can simulations be compared against these CGM observations? 
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Marinacci+ 2014

How can simulations be compared against these CGM observations? 

Investigating inflow/outflow orientation



z = 2.0 - 4.0
z = 1.0 - 2.0
z = 0.5 - 1.0
z = 0.2 - 0.5
z = 0.0 - 0.2

Time

Time

How can simulations be compared against these CGM observations? 
Redshift evolution of radial profiles

Hummels+ 2013



How can simulations be compared against these CGM observations? 

Investigating inflow/outflow metallicities

Hummels+ in prepLehner+ 2013


