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Left: All-sky HVC
map (Galactic coords.)
High-velocity clouds
detected in 21cm
emission (contours)
and O VI absorption
(filled circles). Colors
indicate velocity as
shown by the scale
bar.
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The Baryon Inventory
and the Missing Baryons

• Summing up the well-
observed baryons in the
nearby universe, only 30-
50% of the baryons
predicted by D/H and the
CMB can be readily
accounted for.
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The Missing Baryons:
Shock-Heated Intergalactic Gas?

• Cen & Ostriker (1999)
• Dave et al. (1999)
• Hydrodynamic

simulations of
cosmological structure
growth

• 30 - 50 % predicted to be
in low-density, shock-
heated gas at 105 - 106 K

Difficult to observe!



WIYN + HST image
of M82
(Gallagher et al.)

Halo physical conditions
and chemical enrichment 
constrain fundamental 
aspects of galaxy evolution.

For example, when gas accretes
onto galaxies, is it shock heated
to ~106 K (conventional model), 
or does it remain cool, (i.e., 
“cold mode” accretion, Keres et
al. 2005)? 

How do galactic superwinds affect galaxy
and large-scale structure evolution?
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Searching for the Missing Baryons
with UV and X-ray Absorption

Ion fractions from Shapiro & Moore:





Number of O VI Absorbers
per Unit Redshift:

• Tripp et al. (2006): survey of extragalactic O VI
absorbers in the spectra of 16 QSOs

• STIS echelle (E140M) and FUSE spectra
• 51 intervening O VI absorbers (excluding systems

within 5000 km/s of the QSO redshift)
• Absorber redshifts range from 0.002 to 0.495
• Danforth et al. (2006): survey of lower-redshift

QSOs/AGNs observed with FUSE



Number of O VI Absorbers
per Unit Redshift:



Number of O VI Absorbers per Unit
Redshift: Observations vs. Theory



Closest galaxy
is at a projected
distance of 999
kpc, and yet the
absorber has
a high metallicity:
[M/H] = -0.3

How did such
highly enriched
(and quiescent)
gas end up in 
this location?



Searching for the Missing Baryons
with UV and X-ray Absorption

• We’re finding lots of extragalactic O VI absorbers
• dN/dz statistics are consistent with predictions from

hydrodynamic simulations
• MORE WORK (AND MORE DATA) ARE

NEEDED.
• The detailed properties differ from naive

expectations, and it is likely that these absorbers will
provide a variety of insights about the role of the
IGM in galaxy evolution

SUMMARY


