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In their original paper and follow up articles Alpher, 
Betha and Gamow: 

Formulated  the theory of  “Big Bang 
Nucleosynthesis “

as  opposed to Stellar Nucleosynthesis

Calculated that BBN was completed by 13 minutes 
after the Big Bang.

current models and observations calculate this to have 
been  completed 10 – 20 minutes after the big bang.
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At this temperature, nucleosynthesis, or the 
production of light elements, could take 
place. 
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Big Bang Nucleosynthesis 
(or primordial nucleosynthesis, abbreviated BBN) refers to 
the production of nuclei other than those of H-1 (i.e. the normal, 
light isotope of hydrogen, whose nuclei consist of a single proton 
each) during the early phases of the universe.
Primordial nucleosynthesis  is believed by many scientists to 
have taken place just a few moments after the Big Bang and is 
believed to be responsible for the formation of a heavier isotope 
of hydrogen known as deuterium(H-2 or D), the helium isotopes 
He-3 and He-4, and the lithium isotopes Li-6 and Li-7.
In addition to these stable nuclei some unstable, or radioactive 
isotopes were also produced during the BBN: tritium H-3; 
beryllium  (Be-7), and beryllium-8 (Be-8). These unstable 
isotopes either decayed or fused with other nuclei to make one 
of the stable isotopes.









WMAP was launched on June 30, 2001 from the 
Cape Canaveral Air Force Base aboard a Delta II 
rocket.

As of October 2010, the WMAP spacecraft is in a 
graveyard orbit after 9 years of operations.

The WMAP objective was to measure the 
temperature differences in the Cosmic 
Microwave Background (CMB) radiation. The 
anisotropies then are used to measure the 
universe's geometry, content, and evolution; 
and to test the Big Bang model, and the cosmic 
inflation theory.





Baryon-photon ratio, (η).

 The baryon-photon ratio is a strong indicator of the abundance of light elements present in 
the early universe. Baryons can react with light elements in the following reactions:

(n,p) + 2H → (3He, 3H)

(3He, 3H) + (n,p) → 4He

It is evident that reactions with baryons during BBN will ultimately result in Helium-4, and also 
that the abundance of primordial deuterium is indirectly related to the baryon density or 
baryon-photon ratio. That is, the larger the baryon-photon ratio the more reactions there will 
be and the more deuterium will be eventually transformed into Helium-4. This result makes 
deuterium a very useful tool in measuring the baryonic change of the universe.





Observation of interstellar lithium in the low-metallicity 
Small Magellanic Cloud

Nature 489, 121–123 (06 September 2012)

Christopher Howk, Nicolas Lehner, Brian D. Fields & Grant J. Mathews

The primordial abundances of light elements produced in the standard theory of 
Big Bang nucleosynthesis (BBN) depend only on the cosmic ratio of baryons to 
photons, a quantity inferred from observations of the microwave background. The 
predicted
primordial 7Li abundance is four times that measured in the atmospheres of 
Galactic halo stars. This discrepancy could be caused by modification of surface 
lithium abundances during the stars’ lifetimes or by physics beyond the Standard 
Model that affects early nucleosynthesis. The lithium abundance of low-metallicity 
gas provides an alternative constraint on the primordial abundance and cosmic 
evolution of lithium that is not susceptible to the in situ modifications that may 
affect stellar atmospheres. Here we report observations of interstellar 7Li in the 
low-metallicity gas of the Small Magellanic Cloud, a nearby galaxy with a quarter 
the Sun’s metallicity. 
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The Small Magallenic Cloud

The Small Magellanic Cloud (SMC) is a 
dwarf galaxy in the southern constellation 
Toucana.
It is some 200,000 light-years away, has a 
diameter of about 7,000 light–years and 
contains several hundred million stars. 

The stars have approximately one 
quarter the heavier element 
abundance than our own star.







Relative Abundance of Lithium  (Li/H)

Traditional 
Model

“Early” Spectral 
Analysis

WMAP Recent Paper

10-9 2 -3 x 10 -10 2.4 x 10-10 10 – 8.99 
(±0.13)



Observation of interstellar lithium in the low-metallicity 
Small Magellanic Cloud

Nature 489, 121–123 (06 September 2012)

Christopher Howk, Nicolas Lehner, Brian D. Fields & Grant J. Mathews

The primordial abundances of light elements produced in the standard theory of 
Big Bang nucleosynthesis (BBN) depend only on the cosmic ratio of baryons to 
photons, a quantity inferred from observations of the microwave background. The 
predicted
primordial 7Li abundance is four times that measured in the atmospheres of 
Galactic halo stars. This discrepancy could be caused by modification of surface 
lithium abundances during the stars’ lifetimes or by physics beyond the Standard 
Model that affects early nucleosynthesis. The lithium abundance of low-metallicity 
gas provides an alternative constraint on the primordial abundance and cosmic 
evolution of lithium that is not susceptible to the in situ modifications that may 
affect stellar atmospheres. Here we report observations of interstellar 7Li in the 
low-metallicity gas of the Small Magellanic Cloud, a nearby galaxy with a quarter 
the Sun’s metallicity. The present-day 7Li abundance of the Small 
Magellanic Cloud is nearly equal to the BBN predictions, severely 
constraining the amount of possible subsequent enrichment of 
the gas by stellar and cosmic-ray nucleosynthesis. Our 
measurements can be reconciled with standard BBN with an 
extremely fine-tuned depletion of stellar Li with metallicity. They 
are also consistent with non-standard BBN.
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