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The Missing Baryon Problem
• Baryon mass expected: 17% of total mass 

• Baryon mass estimated: 3%-7% of total baryon mass (stars, dust, and gas in galaxies and clusters) 

• Other baryonic contents: 

• Lyα forest ~ 40% 

• circumgalactic medium (CGM) ~ 25% 

• warm-hot intergalactic medium (WHIM) ~ 25% 

• The halo missing baryon problem:  

• stars ~ 0.02-0.05 

• add cold ISM ~ 0.07 

• add X-ray halo gas ~ 0.08 

• missing ~ 60%

(M stars, gas /MDM ) / (Ωb /Ωm )



The Circumgalactic Medium (CGM)

Graphic credit: NASA/STScI/Ann Feild

ISM

CGM
IGM



The Circumgalactic Medium (CGM)

• CGM is a diffuse baryonic component within the 
dark matter halo that extends far from the inner 
regions to the virial radius and beyond. 

• CGM gas is too diffuse to be studied in emission.



The COS-Halos Survey

Graphic credit: NASA/STScI/Ann Feild
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COS-Halos Sample
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QSO Absorption Line Spectrum
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Fitting Absorption Lines

• Voigt profile fits 

• Absorption lines highlighted 

• good 

• saturated 

• blended 

• bad (saturated + blended) 

• +: velocity range
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Metal-Line Sample
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Ionization Parameter Scaling 
Relations
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Ionization Parameter and 
Volume Density Profiles
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Gas Surface Density Profiles
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Photoionization Modeling

Werk+2014

CLOUDY needs to know: 

• extragalactic ultra-violet 
background (EUVB) radiation 

• galaxy background radiation 

• gas metallicity 

• gas density 

• ionization parameter 

• geometry: 10 - 160 kpc 

to calculate column densities
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Total Mass of the Photoionized CGM

• Integrate gas surface density profile to get mass. 

• Strict Lower Limit:  

• AODM (Apparent Optical Depth Method) H I column density 

• The lowest ionization parameter 

• 160 kpc cut off 

• Include the 11 non-detections 

• Preferred Lower Limit:  

• Preferred values for log N_HI and log U 

• Exclude the 11 non-detections

2.1×1010M⊙

6.5 ×1010M⊙



Baryonic Budget
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Summary

• CGM could explain some of the ‘missing baryons’. 

• CGM is still mysterious.


