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Abstract

A new effect has been added to explain the disruption of the Tokamak which
involves the creation of a mini black hole by the hot electrons within the
plasma of the Tokamak. The problem arises because of the high density and
high temperature requirements for fusion since the current magnetic fields are
not strong enough to confine the hot electrons, but the use of superconducting
magnets could mitigate this problem. In the sun, the confinement is provided
by gravity. Since White Dwarf Stars are supported by electron degeneracy
pressure and not by gravity, they too give rise to these smaller sized black holes
before destroying themselves.
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1. Introduction

The Tokamak, a device used in nuclear fusion research to contain plasma, using
magnetic fields, has long been heralded as a potential solution to humanity’s en-
ergy crisis. Fusion, the process of powering the stars, promises a virtually limitless
clean energy source. However, the path to achieving practical nuclear fusion is
fraught with numerous challenges. Recent incidents, such as the charge of hot
electrons creating a mini black hole within the Tokamak leading to its destruction,
as in the case of White Dwarf Stars (Reference [1]) have highlighted some of these
critical issues.

Hot Electrons and Mini Black Hole Formation

R(e)/R(me) = 6.93 x 10* for electrons where R is the Schwarzschild radius of

the black hole being created, and that is the reason the charge of electrons (e) can
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create mini black holes while the mass of electrons (m.) or matter particles cannot.
The charge of a single electron, 1.6 x 1076 C, is equivalent to a mass of 6.32 x 10"
kg to create a Black Hole of the same Schwarzschild Radius R. Hence, charge dom-
inates the creation of smaller type black holes with charge while mass can only
create bigger sized black holes without charge [1].

One of the more intriguing and concerning problems with the Tokamak is the
behavior of hot electrons within the plasma. Hot electrons are high-energy parti-
cles that can significantly impact plasma stability. In a recent incident, the charge
of these hot electrons was found to create conditions akin to a mini black hole
within the Tokamak. This phenomenon refers to a region where plasma’s mag-
netic containment fails catastrophically.

The formation of this unexpected “black hole” by hot electrons led to the abrupt
loss of plasma confinement and the subsequent destruction of the Tokamak. Un-
derstanding and mitigating such occurrences is critical for the future of Tokamak-

based fusion research.

2. Runaway Electrons

Another significant issue is the generation of runaway electrons. These are elec-
trons that, under certain conditions, gain very high energy and speed, becoming
difficult to control. In a Tokamak, runaway electrons can be generated during
plasma disruptions, where sudden changes in plasma behavior due to the mini
black hole being created lead to the acceleration of these particles.

Runaway electrons pose a severe threat to the structural integrity of the Toka-
mak. Their high energy can cause substantial damage to the reactor walls and
other components, leading to costly repairs and extended downtime. Addition-
ally, they can trigger further plasma instabilities, compounding the challenges in

maintaining a stable fusion reaction.

3. Plasma Instabilities

Plasma instabilities are a perennial challenge in Tokamak operation. These insta-
bilities can manifest in various forms, such as magnetohydrodynamic (MHD) in-
stabilities, edge-localized modes (ELMs), and disruptions due to the formation of
mini black holes within the plasma. Each type of instability presents unique chal-
lenges and requires specific approaches to mitigate.

MHD instabilities [2] arise from the interactions between the plasma’s mag-
netic fields and currents. They can lead to the formation of structures within the
plasma that disrupt confinement and reduce overall performance. ELMs are
bursts of energy and particles from the plasma edge [3] that can cause significant
erosion of the Tokamak’s first wall. Disruptions are sudden, catastrophic losses of

plasma confinement that can result in significant damage to the reactor.

4. Material Challenges

The materials used in the construction of a Tokamak must withstand extreme
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conditions, including high temperatures, intense radiation, and mechanical stress.
Finding suitable materials that can endure these conditions without degrading
over time is a critical challenge.

Plasma-facing components, such as the first wall and divertor, are particularly
susceptible to damage from plasma interactions. These components must be able
to withstand high heat fluxes and particle bombardment while maintaining struc-
tural integrity. Developing materials that can meet these requirements and devel-
oping superconducting magnetic fields (as has been done in the case of particle
accelerators) that are strong enough to contain the hot, dense electrons is essential

for the longevity and performance of Tokamak reactors.

5. Conclusions

The Tokamak is a promising technology for achieving nuclear fusion, but it faces
numerous challenges that must be addressed before it can become a practical en-
ergy source. Issues such as the behavior of hot electrons, runaway electrons,
plasma instabilities, the formation of a mini black hole within the Tokomak to
suck in the plasma content of the Tokomak, and material degradation are signifi-
cant obstacles that require ongoing research and innovation. Since gravity is re-
sponsible for the confinement of hot electrons in the sun, a possible solution
would be the use of stronger superconducting magnetic fields to confine the hot
electrons inside the Tokomak.

Understanding and mitigating these problems are crucial steps toward realizing
the potential of nuclear fusion. As researchers continue to advance the science and
technology of Tokamak reactors, overcoming these challenges will bring us closer

to harnessing the power of the stars for the benefit of humanity.
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