
Nuclear Equation of State Modifications from 
Spacetime Structure

Extra dimensions
The Kaluza–Klein theory is the first, simplest model considering extra
dimensions. It adds a fifth compactified spatial dimension to spacetime:
it is essentially curled up into a microscopic circle exhibiting a U(1)
symmetry and natural quantization. Originally it was meant ot unify
gravity with electromagnetism in a geometrical way, but its extensions
also consider modeling dark matter, dark energy or solving the hierarchy
problem. It features a scalar field as well, which is connected to the size
of the extra dimension.

The equation of state of dense nuclear 
matter is an open question. At high energies, 

perturbative QCD or lattice calculations allow for a 
precise modeling, while at low temperature nuclear 

physics and laboratory experiments provide reliable data.
 

But what happens in between?
 

Neutron stars provide a natural laboratory for observational 
tests, and a multitude of dense matter equations of state 

exist in the literature. However, could gravity have a 
significant effect on microscopic physics? What if the 

Structure of spacetime is not how the theory of 
general relativity describes it?
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Strangeness as a consequence of geometry

The additional U(1) symmetry of the Kaluza–Klein theory gives rise 
to a conserved chare. Effectively, it can be thought of as 
strangeness. From a phenomenological point of view, particles 
moving in the extra dimension gain quantized momenta inversely 
proportional to the size of the extra dimension.

From a 4-dimensional point of view, this can be thought of as 
particles with a new hadronic mass spectrum. If the size of the 
extra dimension is fixed to 0.33 fm, the first excited state of the 
neutron is the lambda baryon. 

Observations: neutron star
mass and radius

We used a zero-temperature Fermi gas 
equation of state to model neutron 
stars, which consists of the neutron as 
base and its 5-dimensional excitations. 
The model parameters are the radius of 
the extra dimension, rc, the maximum 
excitation number, Nexc and the strength 
of a repulsive interaction, $\xi$ with a
linear potential modelling the strong 
force. 
When multiple extra dimensions are 
considered, effects become more 
enhanced.

Observations: speed of sound

The conformal limit of the speed of sound 
behaves differently in an extra-dimensional 
spacetime, since its square approaches 
1/d, where d is the number of spatial 
dimensions.

The effect of strong gravity on 
microscopic physics
When writing a dense matter nuclear equation of state, the effects of 
gravity are generally neglected. However, the spacetime curvature 
caused by compact astronomical objects, such as neutron stars could be 
enough to cause an observable effect in the collective behavior of 
particles. Both the uncertainty and the dispersion relations of massive 
particles get a correction due to the curvature of spacetime, which can 
be translated into a modified thermodynamical description.

Reagon of possible constraints

When the size of the extra dimension is larger than about 0.2 fm,
it affects the maximal mass of neutron stars. Thus, with the
advance of observations, and realistic modelling it could be
possible to constrain the size of the fifth dimension.
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