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Homework 4 in one week

VOTE!



Helium is a poor baryometer because 
it varies little with the baryon density 
- we need a measurement accurate to 
the third place of decimals to 
constrain the baryon density. 

However, simply having a mass 
fraction of 1/4 it is strong 
corroboration of BBN. 

Observationally, it is challenging to 
measure helium lines with great 
accuracy, and interpret their 
abundance as the percent level. It is 
also challenging to differentiate 
between primordial helium and 
stellar helium production Ωb

Helium

YP = 0.25 ± 0.01
with lots of debate over the 3rd place of decimals!



D/H in absorption along the line of sight to high redshift QSOs

deuterium regular H 
damped

Deuterium

Many discrete absorbers in the Lyman 𝛂 forest, but 
no broad Gunn-Peterson trough from a neutral IGM



Deuterium

Deuterium is a good baryometer because D/H varies 
sensitively with the baryon density. 

In addition, we also expect the gas observed in 
absorption at high redshift to be minimally affected by 
stellar nucleosynthesis subsequent to BBN. 

Observationally, it is challenging to estimate the 
continuum level against which the absorption happens, 
and to compare a very weak deuterium line to a very 
strong hydrogen line.



Stellar spectra 
showing Lithium absorption

Lithium

Lithium is measured in old, metal 
poor stars for which there is hope 
that the surface abundance is little 
altered from the primordial 
abundance - the Spite plateau. 
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Lithium

Spite plateau



BBN gets the 
abundances of 
deuterium, helium, 
and lithium right if 
the mass density is 
about 4% of the 
critical density.

There is some 
tension in that 
lithium prefers a 
somewhat lower 
baryon density, but 
the basic picture is 
sound. 

Lithium is a challenging as a 
baryometer because the variation 
of Li/H with the baryon density is 
double-valued thanks to the 
competition between lithium and 
beryllium. 

It is hard to be sure that no 
astrophysical processes have 
altered the primordial abundance.

Ωb

Lithium
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BBN gets the abundances of 
deuterium, helium, and 
lithium right if the mass 
density is about 4% of the 
critical density.

h =
H0

100

BBN is one of the most robust aspects of the hot big bang, 
as each isotope provides independent corroboration. 

ωb = Ωbh2 = 0.022

ωb = Ωbh2 = 0.017

from deuterium

from lithium

Consequently, the baryon density is well-known, 
but far short of the critical density.

ωb = Ωbh2 = 0.019
from deuterium prior 
to CMB constraints[ ]

so ωb = 0.02 and H0 = 70
Ωb = 0.04means



BBN already old news in 1991

Ωbh2
50 = 0.05 ± 0.01

Walker et al. (1991)

ωb = 0.0125 ± 0.0025

so

was canonical for many years. Now

h =
H0

100

h50 =
H0

50

ωb = 0.0224 ± 0.0001 (Planck 2018)

take error bars with a grain of salt!



CMB

Dodelson & Hu (2004)



CMB

Planck best fit

Ωbh2 = 0.0224 ± 0.0001
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Lithium remains put

Helium has drifted upwards



There has been more growth in the baryon density than anticipated by the uncertainties, but the basic picture is sound. 

Where are the baryons now? Mostly in the intergalactic medium (IGM) (Shull et al. 2012)

Ly a = Lyman alpha forest (IGM) 
WHIM = Warm-Hot Intergalactic Medium 
ICM = Intra Cluster Medium (hot gas in clusters) 
CGM = CircumGalactic Medium (gas in galaxy halos) 
stars = stars in galaxies 
HI = atomic hydrogen in galaxies

Stars only about 7% of the baryons expected from BBN - for a long time there seemed to be a missing baryon problem. 
Perhaps there still is, but chiefly it appeared that way because most normal matter has not condensed into stars.



There is more gravitating mass than Big Bang Nucleosynthesis allows in normal matter.
Need non-baryonic dark matter.
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But estimates of  run higher: there’s more mass than meets the eye Ωm


