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Mass (Distant Observer)

White & Black Dwarfs

Quantum Tunneling of Stellar Remnants: Calculating Decay Rates of Degenerate Astrophysical Objects

The polytropic index n (0 ≤ n ≤ 5) describes how mass is
distributed with radius inside a star. Smaller values of  n

correspond to a steeper initial rise, meaning mass
accumulates more rapidly at smaller radii.
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When stars exhaust their nuclear fuel, they collapse into one of
three objects: white dwarfs, neutron stars, or black holes. This
project investigates what physical conditions allow each of  these
objects to exist, and what ultimately determines their mass limits
and lifetimes. 

During stellar evolution, the internal pressure and gravity are at
equilibrium until the star exhausts its thermonuclear fusion
supply. Smaller stars ending their main sequence stage below 8
solar masses stabilize as white dwarfs with masses up to 1.44
solar masses. More massive stars ending their main sequence at
up to 25 solar masses collapse into neutron stars ranging from
1.3 to 3 solar masses. Stars exceeding 25 solar masses will
collapse into black holes.

To better understand the transitional boundaries and conditions
between the different final stages requires knowledge of  both
classical and relativistic physics to describe how matter behaves
under extreme densities and gravitational fields.

Abstract & Background

The normalized density, defined as the ratio of  density at a
given radius to the central density, describes how density is
distributed throughout a star's interior. Smaller values of  n
correspond to a more uniform density distribution, where
density changes gradually from the center to the surface.

The normalized pressure, defined as the ratio of  pressure at
a given radius to the central pressure, describes how

pressure is distributed throughout a star's interior. Pressure
decreases as the radius increases. Higher values of  n show

a steeper pressure drop, which reflects a less uniform
pressure distribution.

Lane-Emden Equation 

Equations of State

Methods

Black Holes

To study white dwarfs, we employed the Chandrasekhar limit equation using appropriate Lane-Emden index values for hydrostatic
equilibrium, which describes the balance between gravity and electron degeneracy pressure. 

For neutron stars, their density is far too great to be calculated using Newtonian mechanics, so we have to employ the general
relativistic extension of  the same idea; the Tolman-Oppenheimer-Volkoff  (TOV) equation for relativistic hydrostatic equilibrium. 

In the cases of  white dwarfs and neutron stars, we used the fourth-order Runge-Kutta (RK4) numerical method to solve the
resulting systems of  differential equations and generate structural profiles of  density, pressure, and stellar radius.

For black holes, we examined the Schwarzschild radius, which defines the event horizon of  a non-rotating black hole, and explored
Hawking radiation as a mechanism for their eventual decay.
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Tolman-Oppenheimer-Volkoff Equation

Neutron Stars

The internal pressure profile, defined as the
dimensionless pressure at a given radius, describes how

pressure is distributed throughout a neutron star.
Pressure decreases as radius increases to maintain

hydrostatic equilibrium.

The mass-radius curve describes the relationship between
a neutron star’s total mass and its radius. Mass increases

with radius up to a peak and then asymptotically
decreases, which reflects how more compressed stars

can support greater masses up to a certain limit.

The internal density profile, defined as the dimensionless
density at a given radius, describes how density is

distributed throughout a neutron star. Density decreases
with increasing radius, equaling zero at the boundary of

the star.
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