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Observational Data

We can also fix       and map an R-S space with a colour code. These charts allow us to
see tendencies and relations between R and S that agree with observational data.

We can even compare different models: for example, the gravitational coupling can be
accounted for by varying all masses, or just by varying Newton’s constant.

        Let’s compare 
       these results to   
    observational data.
    At every simulation
    with fixed (    ,R,S) 
 we can check how far
    from the measured
   value the simulation
     falls, and attribute 
       a colour code
              to it

Look at the
weight of the

different 

PROBING UNIFICATION SCENARIOS WITH
BIG BANG NUCLEOSYNTHESIS

A recently published (2023)
python code for BBN

Simulates (among others) the
relative abundances of the light

nuclei produced in this era

The Code

 All variables that depend on the
couplings can be rewritten with a

perturbation in terms of 3 parameters

Grand Unification
Theories (GUT) are a
group of models that

describe the
unification of all

fundamental
interactions except

gravity

The different coupling
constants    describe
the strength of the

interactions

As energy increases,
couplings evolve,

and are predicted to
converge at very
high energies 

α

Can be
simulated with

numerical
models

GUT BBN
Big Bang Nucleosynthesis (BBN)
was the time when protons and
neutrons started forming the first

light nuclei

Very high energies is what
we had far back in time...

 Precision
measurements

to be
compared to

Perturbative
Approach

           If we could plug
   the coupling variations
   into models of an early
   time and compare to
  observable data...

That would give us the
perfect probe to understand 

the effect of varying the 
coupling constants

With the code ready to accept these three
parameters, we can plot the results of the
simulation as a function of one of them.

Note that they all
intersect at the point
corresponding to no

variations varying GN

varying masses

An S/R ratio seems a lot
more meaningful than
their values separately!

Varying nuclear rates randomly, we can draw frequency curves and find the
uncertainty related to them. This allows us to choose a database for nuclear rates

according to its precision vs exactness.

       D has the most
      reliable data - we
prefer to have the standard
   case agree there, even
    if that means lower
     precision: Nacre II

This thesis is still being written, we
continue to look for better restrictions

to put on models and parameters

Find a good
S/R ratio New

measurements
to compare to?
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To be continued...


