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In physical cosmology, Big Bang nucleosynthesis (or primordial nucleosynthesis) refers to the production 

of nuclei other than H-1, the normal, light hydrogen, during the early phases of the universe, shortly after 

the Big Bang. It is believed to be responsible for the formation of hydrogen (H-1 or simply H), its isotope 

deuterium (H-2 or D), the helium isotopes He-3 and He-4, and the lithium isotope Li-7. 

Calculating the output of BBN requires integrating a series of coupled differential equations representing 

the sources and sinks of various elements, encompassing cross-sections that are temperature dependent. 

Such integrals, of course, depend upon the initial conditions. Now, G. Lewis and colleagues revisited 

Wagoner et al. (1967), a classic contribution in the development of Big Bang Nucleosynthesis. They 

demonstrated that it presents an incorrect expression for the temperature of the early universe as a 

function of time in the high temperature limit, T ≳ 10
10

 K. Their findings recently appeared on journal 

Arxiv. 

In 1967, Wagoner and colleagues derived the dependence of the temperature of the early universe on time, 

in the high temperature limit T ≳ 10
10

 K. To do this, they first derived the work-energy equation for the 

Friedmann–Lemaitre–Robertson–Walker metric. After some algebra, they arrived at the following first-

order differential equation for the expansion R(T), 
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where ρ1 = ρe + ργ is the sum of the energy densities of electrons and radiation, and p1 = pe + pγ is the sum 

of the pressures of electrons and radiation. They then combined this equation with the Friedmann 

equation to arrive at a differential equation for T(t), 
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Now, at such high temperatures (T ≳ 10
10

 K), electrons are highly relativistic with energy density 7/4 ργ, 

the same as neutrinos. The coefficient of 7/4 comes from the number of species and allowed spin states of 

each respective particle. 

This gives ρ = 9/2 ργ and ρ1 = 11/4 ργ. Hence, assuming an equation of state of 1/3 for highly relativistic 

species, they finally arrive at a relationship between the temperature of the universe and time (their 

equation A15), 

T9 = (12πGarc
−2

)
1/4

 t
−1/2

 = 10.4 t
−1/2            
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Here, T9 is the temperature, G is Newton’s gravitational constant, ar = 4σ/c is the radiation density 

constant, σ = 2π
2  

 /15h
3
c

2
 is the Stefan-Boltzmann constant, and c is the speed of light. The right-hand 

expression gives the temperature of the universe in units of 10
9
K when the time, t, is measured in seconds 

from t = 0. 



 

 

Lewis and colleagues note in equation 3 that, while the second equality, T9 = 10.4t
−1/2

, is correct, the first 

equality is incorrect. Most obviously, the dimensions are incorrect. Working in cgs units, the central 

expression in Equation 3 has units of s
-1

K
-1

, which is clearly inconsistent with T9 having units of kelvin. 

They directly solved Equation 2 and found that, for time in seconds, 

T9 = (48πarc
−2

G)
−1/4

 t
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 = 10.4t
−1/2

                                              (4) 

This expression is dimensionally correct, with the central equation having units K, and yields the same 

numerical factor as presented in Wagoner et al. (1967). 

They also mentioned that such a minor typographical error in a paper has no significant consequences and 

so can pass unnoted. However, the incorrect expression presented in Wagoner et al. (1967) has been 

propagated into other key publications, and numerical codes for calculating BBN. They highlighted two 

such papers below: 

 Kawano (1992) which presents a fortran implementation of the integration of the coupled BBN 

equations named NUC123.  

 Arbey et al. (2020) which presents a C implementation of BBN known as AlterBBN.  
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