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Introduction 
 

 In the first moments of the beginning of our observable 

Universe, it underwent an unimaginably rapid expansion, 

known as inflation. This solves many of the problems cosmol-

ogists found with the standard Big Bang Theory, and is very 

widely accepted. 

 While a multitude of models have been put forward that 

attempt to describe inflation, a popular one is known as axion 

inflation. From a classical perspective, the axion field (a scalar 

field present at all points in space) is governed by a potential 

function: 

 The value of the axion field begins near a maximum, and 

begins “rolling” down toward the minimum, which causes in-

flation. The predictions this model makes about our Universe 

agree quite well with many observations, hence why it is so 

widely accepted. However, it neglects to take into account 

the effects of strong dynamics, which we have found to be 

quite consequential. 

Research Goals 
 

 Our research sought to understand the effect of strong 

dynamics (or quantum chromodynamics) on the theory of ax-

ion inflation, and determine whether the more complete the-

ory still agrees with observation.  

 To be a viable theory of inflation, a particular model must 

both solve the shortcomings of the Standard Big Bang, and be 

consistent with the matter distribution of the Universe ob-

served by satellites like the Planck. 

 To sufficiently address the problems of the Standard Big 

Bang, the Universe must inflate for a certain minimum 

amount of time. It has been well-demonstrated that axion in-

flation satisfies this condition. Thus, we aimed to find if this 

elongated inflation could still be attained when incorporating 

strong dynamics. 

 If inflation evolved classically, the Universe would be com-

pletely uniform, and the structures such as stars, galaxies, 

and super-clusters would not exist. However, local quantum 

effects during inflation gave rise to fluctuations in the density 

of matter, which, over time, coalesced into the structures we 

see today. This can be extrapolated backwards through time, 

resulting in a certain range of quantum fluctuations that must 

be predicted by any viable inflationary theory. 

Methods 
 

 The first step was to determine how the potential function 

should be modified to accommodate the gluon (represented by 

sigma) of strong dynamics. Essentially, this introduced an extra di-

mension to the potential in the “gluon direction,” represented by 

sigma:  

 We then wrote down the Friedmann’s equations, which de-

scribe the value of the axion and gluon fields at a given time: 

 This system is far too complex to have an analytical solution, so 

we utilized Wolfram Mathematica to generate numerical solutions. 

This also enabled us to test a wide parameter space of initial con-

ditions and constants to check their viability. While the exact val-

ues of the axion and gluon fields as functions of time can only be 

calculated numerically, the expressions and conditions that deter-

mine the length of the inflationary period and the magnitude of 

the quantum fluctuations were determined analytically. Checking 

these analytical findings against the numerics showed an extreme-

ly high degree of agreement. 

Results 
 

 The typical initial conditions assumed by the basic ax-

ion inflation model would correspond to the black dot 

shown in the image above. However, we found that if in-

flation should begin there in our model, it would “roll” 

quite quickly in the gluon (sigma) direction, and end in-

flation far sooner than is required to be a viable theory. 

Fortunately for axion proponents, we found that initial 

conditions that lie around the bright green line in the fig-

ure above allow for a sufficient period of inflation. Fur-

thermore, our analytical analysis, cross checked with nu-

merical solutions, showed that this new model predicts 

quantum effects that lie well within observed bounds. In 

short, incorporating strong dynamics into standard mod-

els of axion inflation provides a viable theory of inflation, 

provided one applies new initial conditions. 
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This plot depicts the relationship between e-folds and the initial value of the axion in 

the strong dynamics model of axion inflation. E-folds above a certain threshold indicate 

a plausible theory of inflation. The peak in this graph corresponds to an initial condition 

indicated by the green line in the colorful graphic on the right of the poster. 

A parametric plot of the behavior of the axion and the gluon. Relative to the motion of 

the axion, the gluon settles to its minimum extremely quickly. It is this fact that both re-

stricts the initial position of the axion, and also allows for much of the theory to behave 

similarly to standard axion inflation.  
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