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This entry surveys the role of extra dimensions in Newtonian quantum cosmology, with particular emphasis on
large, compactified, and warped dimensional geometries and their impact on the Newtonian potential in the early
universe. The discussion begins with a review of Kaluza—Klein type toy models, followed by models with large extra
dimensions in which gravity propagates into a higher-dimensional bulk, producing Yukawa-like modifications to the
inverse-square law at submillimeter scales. Compactification schemes on toroidal and spherical dimensions are
then examined, yielding the spectrum of Kaluza—Klein modes and quantifying their corrections to the Newtonian
potential. Warped extra dimensions of the Randall-Sundrum type are also considered, in which a warp factor
dimension is introduced; the resulting modifications to the Newtonian interaction in quantum-corrected

cosmological settings are discussed in detalil.

extra dimensions Kaluza—Klein theory warped geometry brane world compactification
higher-dimensional gravity modified Newtonian potential hierarchy problem
Randall-Sundrum model bulk spacetime

Over the past century, nature has yielded tantalizing hints that our universe may be made up of more than the
three familiar spatial dimensions that are directly accessible by traditional observation. In the early twentieth
century, Kaluza and Klein RIIEBIEIBIEIA attempted to extend spacetime to five dimensions to unify gravitational and

electromagnetic interactions.
Extra dimensions have since been invoked across a wide range of contexts, including
« addressing the hierarchy between the electroweak and Planck scales [EIQI19:

providing the additional compact dimensions required by string theory [11112][13][14].

generating fermion and neutrino mass hierarchies 1% and additional sources of CP violation 26I117:

supplying new mechanisms for inflation or other early-universe dynamics [28I[12][20]21]

Although these additional dimensions are not directly perceived, their presence may be inferred through their
influence on physical laws. Klein originally suggested that an extra dimension could be compactified on a circular

geometry (S1), with a radius on the order of the Planck length—small enough to remain hidden at observable
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energies. This idea has been expanded by modern theories, compactifying higher-dimensional spaces on more
complex geometries such as tori, spheres, or Calabi-Yau shapes. The momentum along these compactified
dimensions becomes quantized, much like a particle in a box. This results in a discrete spectrum of excitations
known as Kaluza—Klein (KK) modes [@. Although KK modes correspond to massive excitations, they are
undetectable at current energies because their mass is inversely proportional to the compactification radius. With a
radius near the Planck scale, the first KK excitation lies far beyond the reach of present-day accelerators. While

these modes are currently beyond direct detection, they offer a distinctive prediction of extra-dimensional models.

Several theories have emerged with the goal of exploring the implications of higher-dimensional spacetimes 4122
[23124] yniversal Extra Dimensions (UED) models allow Standard Model fields to propagate through all dimensions
(23] Other frameworks, like the Arkani-Hamed, Dimopoulos, Dvali (ADD) model, confine matter fields to a four-
dimensional “brane” within a higher-dimensional bulk, allowing only gravity to access the full spacetime 8126l

Randall-Sundrum (RS) models go further by introducing a warped geometry that localizes gravity near the brane [
10

The existence of extra dimensions has profound consequences for both classical and quantum theories of gravity.
One of the most direct consequences is a modification to Newton’s inverse-square law at small distances, often
expressed through Yukawa-type corrections [Z1[28129] These modifications to the gravitational potential are testable
through precision experiments and may provide evidence for—or constraints on—extra-dimensional physics. This
entry reviews several representative extra-dimensional frameworks and their gravitational signatures, focusing on
how compactification and warping alter the Newtonian potential through Kaluza—Klein modes and short-distance

departures from the inverse-square law, with applications to Newtonian quantum cosmology.
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