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Cosmic missing baryon problem
Halo missing Baryon problem



𝚲CDM Cosmology

• non-baryonic cold dark matter
•whatever it is (e.g., WIMPs)

• dark energy
•whatever that even means

• dark baryons
• 29% not accounted for

We have direct knowledge of < 5% of the total mass-energy density of the universe
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BBN baryon density
gravitating mass density

halo missing baryon problem
(not enough baryons in each DM halo)

cosmic missing baryon problem
(not enough baryons for BBN)

cosmic missing mass problem
(not enough BBN baryons to explain all 
the gravitating mass in the Universe)

There is a hierarchy of missing mass problems

Ωb ≈ 0.05

Ωm ≈ 0.30

Ωb < Ωm

∑ Ωb (observed) < Ωb (BBN)

Mb < fb M200

baryon fractionfb =
Ωb

Ωm



Measurements of  the gravitating mass density
• Cluster M/L

– measure M/L of a cluster, combine with measured 
luminosity density of universe.

• Weak lensing
– measure shear over large scales

• Peculiar Velocity Field
– measure deviations from Hubble flow

• Power spectrum of galaxies
• Acoustic power spectrum of the CMB

The cosmic missing baryon problem

All yield Ωm ≈ 0.3

This is usually what people mean when the say “dark matter” or “missing mass”



The cosmic missing baryon problem

Cosmic baryon budget
(Shull et al arXiv:1112.2706)

@ z = 0

Big Bang Nucleosynthesis
CMB fits give 

⌦bh
2 = 0.022

⌦bh
2 ⇡ 0.017

Sum of known baryons only

⌦mh2 ⇡ 0.13

Total mass density

∑ Ωb (observed) < Ωb (BBN)



Baryon reservoirs
• Galaxies

• Stars

• cold gas

• circumgalactic medium (CGM)

• Clusters

• intracluster gas (ICM)

• Intergalactic Medium (IGM)

• Warm-Hot IGM

• Lyman 𝛂 forest

7%

2%

5%

4%

29%

28%

integrate luminosity function; 
estimate M*/L

integrate HI mass function; 
estimate molecular gas fraction

absorption of highly ionized gas 
along sight lines; 
estimate ionization fraction  
and covering factor 

integrate X-ray cluster  
luminosity function

absorption of highly ionized gas 
along sight lines; 
estimate ionization fraction 

Ly𝛂 absorption lines in QSO spectra

∑ Ωb (observed) < Ωb (BBN) Percentages are relative to the BBN baryon density.
The uncertainties are large

Maybe some extra in large scale filaments?
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⌦bh
2 = 0.019± 0.001

CMB 2015 (Planck)
BBN 1999 (pre-CMB D/H)
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BBN 1991 (Walker et al.)

⌦bh
2 = 0.02230± 0.00023⌦bh

2 = 0.0125± 0.0025

How many baryons are missing depends on how many BBN predicts

Our estimate of the baryon density  has grown over time.
The first step was in response to improved deuterium data;
the second was due to observation of the CMB acoustic power spectrum.

Ωb

Ωb = 0.0388Ωb = 0.0255 Ωb = 0.0455 for H0 = 70
Ωb = 0.05 for H0 = 66.8
Ωb = 0.04 for H0 = 74.7
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Enclosed mass within an over-density
Δ = 500

circular velocity

Clusters 
traced by X-rays

data are binned: 
many clusters per 
point; hides scatter

Spirals 
traced by 

circular velocity

extrapolated to R500

dwarf Spheroidals 
traced by 

velocity dispersion 
extrapolated to R500

McGaugh et al (2010)

Mass budget 

Basically an accounting 
exercise: for every 
object, how much 
normal matter is there? 
How much total mass?

Extended TF

 
from rotation curves
Vc = Vf

 
from rotation curves
Vc = 3σ

 
from X-ray data
M500



baryons missing
from each halo
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Expect each halo to contain a 
fair share of baryons, but no:
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fd =
Mb

fbM500

fb = 0.17
cosmic baryon fraction

The halo missing baryon problem

Mb < fb M200



R
atio of baryons lost 
to those retained

Feedback Invoked here to explain the halo missing baryon problem:

why aren’t the baryons visible?

The answer is unclear, but it is widely thought that either

(i) supernova feedback blows the excess baryons out of halos, or

(ii) feedback heats baryons so they don’t dissipate into the disk
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SN feedback is thought to be most effective in low mass galaxies with small potential wells 
that can’t retain material that explodes outwards.


You might expect these processes to be more effective when there is more star formation 
(more SN, more heating) but the opposite is observed. There is also more gas left over in 
galaxies that have suffered the most feedback, so it can’t blow out 100% of the gas.

fd =
Mb

fbM200

fV =
Vf

V200

log ε = 3 log fV − log fd



Big Bang Nucleosynthesis (BBN):

When the universe is just a few minutes old,
the Temperature and Density are just right
for it to be one Big Nuclear Furnace:

The light elements
Hydrogen, Helium, and Lithium

are made at this time.

Gamow
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recombination

nucleosynthesis (BBN)
~ 3 minutes

~380,000 year

T ~ 1010 K

T ~ 3000 K

particle soup

T ~ 1014 K
< millisecond

emission of CMB:
surface of last 
scattering

Early Universe

time Temp
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Protons and neutrons combined to make long-lasting helium 
nuclei when the universe was ~3 minutes old.

The proton-proton chain was enhanced by the presence of free 
neutrons, making the creation of deuterium easier.
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Big Bang theory prediction:   75% H, 25% He  (by mass)

Matches observations of nearly primordial gases
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Source:  Ned Wright:  http://www.astro.ucla.edu/~wright/BBNS.html

BBN reactions
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BBN products:

• 3/4 Hydrogen
• 1/4 Helium
• Traces of

– deuterium
– tritium
– helium 3
– lithium
– berylium

Abundances depend on the density of 
matter.  The higher the density 
parameter (Ωb), the more helium.



no stable mass 5 or 8

BBN restricted to isotopes of the 
light elements 

Stars skip over the mass bottleneck 
via the triple alpha reaction

3 4He → 12C*

BBN products limited to light isotopes



Made in Early Universe

Made in Stars

Made in the laboratory

Made in Supernovae/Neutron star collisions


