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we first have to consider neutrons and protons in the early universe
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neutron-proton conversions (weak interactions)

ingredients:
• relativistic particles: photons, electrons and positrons + decoupled neutrinos
• nonrelativistic particles: baryons

without any asymmetry, baryons and antibaryons would have been depleted by

the abundance of baryons to photons today corresponds to the baryon-antibaryon 
asymmetry of the early universe: 
• the early universe is radiation-dominated!
at temperatures above 0.1 MeV, all baryons are in the form of n and p 
(collisions with high-energy photons prevent formation of nuclei)
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deuterium 
bottleneck
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for a system in equilibrium, one would expect all nucleons 
to fuse into iron

in an expanding universe, the rates of the nuclear 
reactions have to compete with the rate of expansion

by the time the temperature falls to below 0.1 MeV, the 
reaction rates are too low to produce heavier elements

no stable isotope with A>5 → only nuclei up to 4He are produced with significant 
abundances (in stars 3 4He → 12C)

almost all neutrons will go into 4He; a simple calculation gives abundance of around 25%, 
which matches observations

Dodelson, Schmidt: Modern Cosmology
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Big Bang nucleosynthesis: nuclei

the relevant nuclear reactions:

by improving our knowledge of the reaction rates in certain critical energy ranges, we 
can hope to allow stronger cosmological inferences to be made (e.g. restriction on          ) 

Dodelson, Schmidt: Modern Cosmology



Takeaways



Takeaways

the early universe is radiation-dominated, with photons, neutrinos, 
electrons/positrons, protons and neutrons all interacting



Takeaways

the early universe is radiation-dominated, with photons, neutrinos, 
electrons/positrons, protons and neutrons all interacting

whether a certain reaction is effective depends on how it compares with the 
expansion rate (otherwise -> “freeze-out”)



Takeaways

the early universe is radiation-dominated, with photons, neutrinos, 
electrons/positrons, protons and neutrons all interacting

whether a certain reaction is effective depends on how it compares with the 
expansion rate (otherwise -> “freeze-out”)

first part of project: explicitly solve for neutron abundance in the range of interest



Takeaways

the early universe is radiation-dominated, with photons, neutrinos, 
electrons/positrons, protons and neutrons all interacting

whether a certain reaction is effective depends on how it compares with the 
expansion rate (otherwise -> “freeze-out”)

first part of project: explicitly solve for neutron abundance in the range of interest

second part: introduce nuclear reactions for light element formation



Takeaways

the early universe is radiation-dominated, with photons, neutrinos, 
electrons/positrons, protons and neutrons all interacting

whether a certain reaction is effective depends on how it compares with the 
expansion rate (otherwise -> “freeze-out”)

first part of project: explicitly solve for neutron abundance in the range of interest

second part: introduce nuclear reactions for light element formation
+ examine dependence of deuterium abundance on those reaction rates



Takeaways

the early universe is radiation-dominated, with photons, neutrinos, 
electrons/positrons, protons and neutrons all interacting

whether a certain reaction is effective depends on how it compares with the 
expansion rate (otherwise -> “freeze-out”)

first part of project: explicitly solve for neutron abundance in the range of interest

second part: introduce nuclear reactions for light element formation
+ examine dependence of deuterium abundance on those reaction rates

goal: find energy ranges in which more accurate rate measurements are needed to 
improve theoretical knowledge of deuterium abundance



Thank you for your attention!
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