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Abstract

In this study, we investigate the consequences of replacing the Sun with black holes of various
masses, focusing on gravitational, thermal, and structural impacts on the solar system. Using
simulations, we analyze scenarios involving stellar-mass, intermediate-mass, supermassive,
and primordial black holes. Results indicate that such a replacement would destabilize the solar
system, leading to planetary freezing, orbital disruptions, and extreme radiation exposure,
rendering Earth uninhabitable. The study highlights the critical role of the Sun’s unique
Gravitational mass and radiative stability in sustaining life on Earth.

Introduction

The Sun plays the vital role of maintaining gravitational and energy equilibrium in the solar
system. Its gravity: The Sun’s improved position in establishing gravitational equilibrium is a
consequence of its enormous mass, which is responsible for over 99.8 percent of the total mass
of the solar system, e.g., [1]. Its disproportionate mass generates a gravity that is the dominant
centripetal force, setting the orbits of all the bodies, whether they are planets, dwarf planets,
asteroids, or comets. Newton’s Law of Universal Gravitation teaches us that the force between
two bodies is proportional to the product of the masses and inversely proportional to the square
of the distance between the centers of each of the two bodies.
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where F is the gravitational force, G is the gravitational constant, the masses mland m,, T is the

distance between the 2 masses from their center.

Because of the Sun’s immense mass, its force overwhelms the orbital path of all objects that
revolve around it. This gravitational force naturally maintains the stable orbits, preventing bodies
from falling towards each other or out of the system. The precise balance between the planet’s
tangential speed and the Sun’s gravity maintains stable elliptical orbits, as according to Kepler's
Laws of Planetary Motion. The precise balance between a planet's tangential speed and the
Sun's gravity maintains stable elliptical orbits, as according to Kepler's Laws of Planetary
Motion. This gravitational attraction was also very important in the process of early solar system
formation. Solar Radiation and Energetic Balance: The Sun supplies the only external energy
input to the overwhelming majority of solar system processes, such as Photochemical
atmospheric chemistry, Auroras, and thermospheric heating due to nuclear fusion in the core of
the Sun primarily.
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Introduction to all types of black holes:

Black holes are differentiated by their mass. Black holes are generally classified into three types
based on their mass: stellar-mass, intermediate-mass, and supermassive, but there is one
additional type, which is the primordial black hole. A stellar-mass black hole is a back hole that
is around 3-100 solar masses [2]. These form when a massive star (typically 20 solar masses)
exhausts the nuclear fuel in its core. Without the outward pressure from fusion reactions to
counteract gravity, the core becomes unstable and rapidly collapses inward under its own
weight. If it's big enough, it will compress beyond the neutron star stage, into an infinite point
density, surrounded by an event horizon, creating a black hole. The outer layers of the star are
often expelled in a powerful supernova explosion, while the collapsed core remains behind as a
stellar-mass black hole. Its Schwarzschild Radius is a few kilometers only.

An intermediate-mass black hole is a black hole that is around 100 to 100,000 MQ [3]. These

form from inside dense star clusters via either runaway collisions in dense star clusters or from
the merging of many stellar-mass black holes. Simulations suggest that if the timescale of these
collisions is shorter than the star’s evolution time, the mass gain becomes uncontrollable,
leading to “runaway collisions.” Supermassive black holes are believed to be formed by multiple
events, such as the Direct collapse of massive gas clouds in early galaxies, Growth from smaller
black holes through accretion and mergers, another pathway is through the growth of
stellar-mass black holes via long-term accretion of gas and dust, or through mergers with other
black holes during galactic collisions. Black holes that are already millions of solar masses can
reach up to billions. The most massive known supermassive black hole we know is TON 618,
located over 10 billion light-years away; it has an estimated mass of 66 billion MO and was

discovered through quasar spectral analysis [4]. These types of black holes are typically found
at the center of galaxies and play a vital role in holding them together. These black holes also
spew jets of energy that can lead to the creation of new types of stars. In this paper, we are
going to investigate the gravitational, thermal, and structural consequences of replacing the Sun
with various types of black holes.

Hypothesis
The event horizon of a black hole is the boundary defining the region from which nothing, not

even light, can escape. It's the point of no return around a black hole, where the gravitational
pull becomes so intense that anything crossing it is drawn inexorably towards the singularity at
the black hole's center, as detailed in [1].

The Schwarzschild radius is the distance between the singularity and the event horizon. This is
the point where nothing can escape the grasp of the black hole, including light itself. It is
calculated using the following formula:
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Hawking radiation is a theoretical phenomenon where black holes are predicted to emit faint
thermal radiation, causing them to evaporate over extremely long timescales. This radiation
arises from quantum effects near the black hole’s event horizon, where particle-antiparticle pairs
are created, and one particle falls into the black hole while the other escapes as radiation.

In the context of this research, Hawking radiation would have an insignificant effect on the
stability of the solar system because of its faint intensity, but it does point out that even black
holes gradually lose mass and thus are not viable long-term star substitutes.

The Hypothesis section is key because it is the conceptual and definitional foundation of the
entire paper, connecting the broad topic in the Introduction to narrow investigations in the
Methodology and Results. It does this by formulating the most important black hole properties
like the event horizon, Schwarzschild radius, and Hawking radiation, that set the predicted
consequences of the replacement of the Sun. By establishing that a black hole, keeping the
gravitational mass of the Sun, in effect lacks the necessary radiative stability (i.e., heat and light)
and has an extreme boundary in gravitation, the Hypothesis explains the focus of the study on
gravitational destabilization and planetary freezing and therefore delineates the precise
conditions for the subsequent simulation and examination of how the solar system would be
made uninhabitable.

Black holes are differentiated by their size. Black holes are generally classified into three types
based on their mass: stellar mass, intermediate-mass, and supermassive, but there is one
additional type, which is the primordial black hole. A stellar-mass black hole occurs when the
back hole is around 3 to 100 solar masses (Me)' These form from the gravitational collapse of

massive stars, typically greater than 20 solar masses, after they run out of nuclear fuel and
undergo supernova explosions. Its Schwarzschild radius is a few kilometers only. An

intermediate mass black hole occurs when a black hole is around 100 to 105 MQ. These are

formed from dense star clusters via runaway collisions or from the merging of many stellar-mass
black holes. Supermassive black holes are formed (in theory) by multiple events such as the
Direct collapse of massive gas clouds in early galaxies, Growth from smaller black holes
through accretion and mergers, and much more. Black holes that are already millions of solar
masses can reach up to billions. The largest one that we have discovered reaches

6.6 - 10° Mo' These types of black holes are typically found at the center of galaxies and play a

vital role in holding them together. These black holes also spew jets of energy that can lead to
the creation of new types of stars. In this paper, we investigate the gravitational, thermal, and
structural consequences of replacing the Sun with various types of black holes. In this paper, we

are going to analyze the blackhole-sized asteroid to a mass of 10° solar masses due to the
simulation we are using.
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Methodology

In this study, we ask the following questions: what would happen if a black hole replaced the
sun? How would a black hole of different masses affect the solar system? How would the
different types of black holes affect the solar system?

The initial hypothesis of the study is to show and explain what would happen if black holes of
different masses replace the sun. To investigate the gravitational, thermal, and structural
consequences of replacing the Sun with various types of black holes, we utilized the Universe
Sandbox [5], a physics-based simulation tool designed to model gravitational interactions and
basic astrophysical processes in real time. The software allowed us to visualize and explore the
orbital dynamics of solar system bodies under different central mass conditions, as well as
approximate radiative heating effects using its built-in temperature modeling. Although Universe
Sandbox is primarily an educational tool and not a precision astrophysical simulation package, it
provided a useful framework for conceptual exploration and qualitative analysis. Relativistic
corrections, radiation transport, and detailed thermodynamic modeling were beyond the scope
of the simulation and are noted as limitations in our interpretation. The only tools used in this
research paper are “play the simulation”, “delete”, and “add”.

ranus

Figure 1. 1 Solar mass black hole
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Figure 2. 100 solar Mass black hole

Black Hole 10K-5olar Mass

Figure 3. 10,000 solar mass black hole.
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Figure 4. 1 million solar mass black hole.

Approach
For black holes significantly more massive than 10° M@' The effects within the solar system

become negligible. The gravitational sphere of influence would be so immense that the inner
solar system would be completely disrupted, and outer planets might be ejected. Since the
effects scale predictably with mass and the system quickly becomes unstable, black holes larger
than this threshold can be ignored for this study. The following are the models used in the
simulation:

e Model 1: Stellar-mass black hole (~1 MO)

e Model 2: Intermediate-mass black hole (~1000 Mo)

e Model 3: Supermassive black hole (~106 MQ)

e Model 4: Primordial black hole (~asteroid-mass)

A black hole of asteroid mass or a Primordial black hole would have a negligible gravitational
impact relative to the Sun. The solar system would effectively lose its grip on gravity, and
planetary bodies would wander off into interstellar space. Because Universe Sandbox does not
support objects of such small scales, this one cannot be directly simulated, but the result is
logical: the structure of the system would collapse without a large central mass.

Resul Analysi
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Model 1: Stellar mass black hole
Fora 1 Moblack hole(stellar mass), we find that the orbits will remain the same, but without the

sun would receive no sunlight. This means that we will be plunged into complete darkness with
no light or heat. According to the simulation, our planet will freeze with the average surface
temperature staying at -51.7 °C. This means that any life on earth will cease to exist or will
perish from the freezing temperatures.

Model 2: 1000M(D Black hole still a Stellar-mass black hole
For a 1000 MObIack holes would increase drastically, drawing the inner planets extremely close

to the black hole. This would cause extreme orbital instability, as Mercury would be sucked up
into the black hole, creating an accretion disk around the black hole. Since the other inner
planets would orbit at the edge of the accretion disk, their surface temperature would drastically
increase. Mars and the outer gas giants experience less extreme heating, but still shift above
their baseline cold states. This regime produces a stark contrast between overheated inner
planets and partially warmed outer planets.

Plants ;I;eér;perature 1 Mo 102M® 104M®
Mercury 155 245.05 - 96.2
Venus 465 674.15 783.15 -

Earth 15.10 -51.7 826.15 -

Mars -65 -221.45 682.15 -
Jupiter -145 -149.15 - -
Saturn -140 78.15 79.15 -187
Uranus -218 51.15 51.15 51.15
Neptune -201 46.15 46.15 46.15

Table |. Average surface temperature (after a few days)

Model 3: 10" MQbIack hole or Intermediate-mass black hole
The 1000 MObIack holes produce extreme accretion heating. Inner planets, particularly Mercury,

Venus, and Earth, are exposed to intense X-ray and UV flux from the accretion disk. Earth's
surface temperature rises dramatically, outside the habitability limits. Mars and the outer gas
giants are heated less intensely but still change above their default frozen states. This regime
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produces a stark dichotomy between scorching hot inner planets and relatively warm outer
planets.

Model 4: 10° MO supermassive black holes

In 1O6MO, the Supermassive black hole model, accretion-driven energy release totally

dominates. The accretion disk behaves like a quasar disk, emitting luminosities orders of
magnitude more than a typical star. Heating ensues on all planets, even the outermost like
Neptune and Pluto. Earth's calculated temperature goes catastrophically through the roof,
making any form of life impossible. Orbital stability begins to fail under the catastrophic
gravitational gradient, contributing to instability.

Conclusion:

This study confirms that replacing the Sun with black holes of different masses mostly
destabilizes the solar system, leading to cataclysmic impacts on planetary habitability. For a
stellar-mass black hole, even when gravitational equilibrium is preserved and orbits are not
disturbed, complete denial of solar radiation causes rapid freezing of the planets, rendering
Earth and similar planets uninhabitable in a matter of days [1]. Inner planetary orbits are
destabilized by gravitational perturbations for intermediate-mass black holes, while accretion
would fill the system with destructive X-ray and ultraviolet radiation along with thermal collapse
[5] . For supermassive black holes, tidal forces and the enormous size of the event horizon
would disrupt the inner solar system entirely, planets being destroyed or ejected into interstellar
space [5]. On the opposite end of the scale, an asteroid-mass primordial black hole would
produce no gravitational binding, and the planets would drift off into space as the solar system
dissolved into the galactic halo [5] .

Outside of the physical consequences, the determinative effects on habitability are obvious.
Across the board, the reduction in the radiative power of the Sun eliminates the driving force
behind planetary climate, biological energy, and atmospheric chemistry. Without sunlight, Earth's
surface temperatures would fall beneath life-support levels in a matter of days, oceans would
freeze over geologic timescales, and photosynthesis would be unsuccessful [6]. Even if the
accretion disks around more massive black holes emitted local radiation, it would be in the form
of deadly high-energy photons, rather than life-giving visible light, and hence complex life would
not be able to exist.

While speculative technologies such as Dyson spheres or orbiting artificial suns based on fusion
have been proposed as means of sustaining habitable conditions [7], these are far beyond our
current capability. Hence, replacement of the Sun by any type of black hole illustrates the
delicate balance required to ensure habitability in a planetary system. The particular mixture of
gravitational mass and radiative stability of the Sun is not replaceable in our system and which
makes its role pivotal for the sustenance of life on Earth.
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