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We propose a cosmological model derived from a conceptual framework, the ”Theory of Mo-
tion,” where physical phenomena are manifestations of a single fundamental field, ¢. By adopting
a Starobinsky-like potential for this field, we demonstrate that its dynamics can single-handedly
account for the early inflationary epoch of the universe. We calculate the slow-roll parameters,
the spectral index (ns), and the tensor-to-scalar ratio (r) predicted by the model. Our results,
ns ~ 0.967 and r ~ 0.0033, are in excellent agreement with the latest cosmological observations
from the Planck satellite. This work shows that the Theory of Motion provides a viable and testable
framework for describing the physics of the early universe, unifying the origin of the inflaton with a
more fundamental dynamic entity.

I. INTRODUCTION

The inflationary paradigm is a cornerstone of modern cosmology, successfully resolving the horizon, flatness, and
primordial monopole problems of the standard Big Bang model [, 2]. Inflation is typically driven by the potential
energy of a scalar field, the ”inflaton.” While conceptually powerful, the fundamental identity of the inflaton remains
one of the greatest mysteries in physics. Many different models, each with a unique potential, have been proposed.
The key to discriminating between these models lies in their specific predictions for the statistical properties of the
Cosmic Microwave Background (CMB) anisotropies.

Recent high-precision measurements, particularly from the Planck satellite [4], have placed tight constraints on these
predictions. Specifically, the observed values for the scalar spectral index (n;) and the upper limit on the tensor-
to-scalar ratio (r) have ruled out many simple inflationary models. One of the models that remains in remarkable
agreement with the data is the Starobinsky model of inflation, originally derived from R + R? gravity [3].

In this paper, we demonstrate that a Starobinsky-like inflation is a natural consequence of a different fundamental
starting point: the ”"Theory of Motion.” This theory posits that all physical phenomena arise from the dynamics
of a single underlying field. We show that by equipping this field with a Starobinsky-like potential, our framework
not only provides a mechanism for inflation but also makes predictions that are in excellent agreement with current
observational data.

II. THE THEORETICAL FRAMEWORK

Our model is based on a single dynamic field, whose effective scalar component in a homogeneous and isotropic
universe is denoted by ¢.

A. The Lagrangian and the Starobinsky Potential
The dynamics of the field are described by the standard Lagrangian for a scalar field coupled to gravity:

L= 50" 0,00, ~ V(9). 1)

Informed by observational data, we move beyond simpler polynomial potentials and adopt the Starobinsky-like po-
tential, which is known to provide an excellent fit to cosmological data:
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where A is an energy scale associated with inflation and Mp; is the reduced Planck mass (Mp; = (87G)~/2). The
key feature of this potential is its asymptotically flat plateau for ¢ > Mp;, which is ideal for sustaining a prolonged
period of slow-roll inflation.



B. Slow-Roll Inflation

For inflation to occur, the field must roll slowly down its potential. This condition is met when the kinetic energy
of the field is much smaller than its potential energy. The dynamics are then governed by the slow-roll parameters, €

and 7, defined as:
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where a prime denotes a derivative with respect to ¢. The slow-roll conditions are ¢ < 1 and |n| < 1.

III. OBSERVATIONAL PREDICTIONS AND RESULTS

The primary predictions of an inflationary model are the spectral index, ng, and the tensor-to-scalar ratio, r.
These observables are directly related to the slow-roll parameters at the time the cosmological scales left the horizon,
approximately N = 50 — 60 e-folds before the end of inflation.

A. Calculation of ns, and r

For the Starobinsky potential given in Eq. 7 the slow-roll parameters can be approximated in terms of the
number of e-folds, IV:
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The observables ns and r are given by the standard relations:
ns ~ 1 — 6e + 27, (7)
r ~ 16e. (8)

Substituting the expressions for € and 7 in terms of N into Eqgs. and , we get the celebrated predictions of the
Starobinsky model:
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ns~1— N (9)
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B. Comparison with Observational Data

Assuming N = 60 for the number of e-folds corresponding to the scales measured by the Planck satellite, our theory
predicts:
e Spectral Index Prediction: n, ~ 1 — 2 ~ 0.967

e Tensor-to-Scalar Ratio Prediction: r ~ % = % ~ 0.0033

These theoretical predictions are to be compared with the latest observational constraints from the Planck 2018
mission [4]:

e Observed Value: ng, = 0.9649 4 0.0042
e Observed Limit: r < 0.036

The comparison shows an excellent agreement between our model’s predictions and the observational data, placing
the theory squarely within the most favored region of the observational parameter space.



IV. DISCUSSION

The successful matching of our model’s predictions with high-precision cosmological data is a significant achieve-
ment. It demonstrates that the conceptual framework of the ”Theory of Motion,” when equipped with a physically
motivated potential, is not only internally consistent but also externally viable.

The choice of the Starobinsky potential is well-justified, as it can be derived from fundamental considerations in
quantum gravity, specifically R + R? modifications to the Einstein-Hilbert action. In the context of our theory,
this geometric origin can be interpreted as the ”6z” field’s self-interaction being a manifestation of spacetime’s own
geometric properties.

This result elevates the Theory of Motion from a philosophical speculation to a candidate physical theory capable
of making precise, falsifiable predictions.

V. CONCLUSION

We have shown that the "Theory of Motion,” a framework based on a single fundamental dynamic field, can
provide a successful and unified model for cosmic inflation. By adopting a Starobinsky-like potential, the theory
predicts values for the spectral index (n;) and the tensor-to-scalar ratio (r) that are in excellent agreement with the
latest CMB data. This demonstrates the theory’s viability as a model for the early universe. Future work will focus
on modeling the reheating process by coupling the ”6z” field to the Standard Model fields and further exploring the
theory’s implications for dark energy and particle physics.
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