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Whatever it is primordial one or thermal one, there is a process called preheating after inflation.
According to the thermal inflation model1, the spectrum of perturbation seems to evolve into some
asymptotic state. We can study this preheating problem analytically. On the one hand, we have a
Lagrangian; so, it is easy to derive a field equation. And, we can deal with the equation perturbatively.
However, the calculation became messy and as a result we lose the physical meanings.
On the other hand, there is a systematic way to account for all of these couplings, neglecting the
information of the phase of each oscillation mode. Namely, we can write down a Boltzmann equation
for smoothly distributed particles. Now, let’s consider the real classical flaton field which played a
crucial role in the thermal inflation model. Then, we can write down the interaction terms.

One may think that the Bose-Einstein distribution

will be realized. Or, in the classical field limit, the energy per each mode becomes the same and is
1

G. N. Felder, H. Kim, W. Park and E. D. Stewart, Preheating and Affleck-Dine leptogenesis after
thermal inflation, 2007.

proportional to the temperature, which means an equipartition

is realized. Such a classical treatment breaks down at a quantum cutoff.

By applying the original Boltzmann equation to this classical field case, we can derive the time
derivative of occupation number. I attached the part of the research note.

In conclusion, we derived some first-order differential equations from Boltzmann equation. We will
solve these equations numerically. Such thermodynamics of preheating is quite interesting since it can
describe the evolution of statistical state of the universe.

