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Abstract
Nuclear fusion energy powers the Sun. The objective of harnessing this abundantly 
available potentially non-radioactive source of energy on Earth has widespread interest.  
However, the zeroth-generation large ITER plasma fusion reactor under construction 
requires nuclear-weapon tritium cycle generating high energy neutrons.

My personal research interests are focused on fusion concepts relying on alternative light
isotope nuclear reaction cycles that sidestep the equilibrium plasma conditions which are beyond
near-future technology reach. In this talk I will discuss: nuclear fusion in general; highlight
ITER at cross-roads; and introduce: Muon catalyzed nuclear fusion; Laser driven proton
acceleration used to spark micro-explosion fusion; and laser driven coherent plasmon field
induced fusion. The three modern high tech approaches are world-wide under active study
supported by both private and government sponsored research programs.
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My fusion credentials

Å 1973: PhD from Frankfurt University with 
specialty in theoretical nuclear physics

Å 1978, 1985 ɀ1992: Muon-catalyzed fusion
Å 2011 ɀ2015: pB fusion and lasers
Å 2021 ɀpresent: Moving into plasmonic fusion
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There are many different fusion reactors 
natural and (planned) manmade

We can change the type of nuclear 
fusion fuel used and method of 
confinement e.g. replacing gravity 
force with magnetic fields. Result: 
Development of deuterium-tritium 
fusion reactor for past 70 years. 
This is like the evolution of the 
chariot (1,000s of years).

Can we facilitate nuclear fusion via a different path as compared to 
early Universe Big Bang nucleosynthesis (BBN) or stellar core reactors?

We can change the 
mechanism and 
process entirely by 
using lasers, 
plasmonics and 
light elements and 
their isotopes. 
Transport without 
wheels (200 years).

What can we change?
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Only one exists
Thousands will 

be built
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of fusion

There are many different fusion reactors 
natural and (planned) manmade

Can we facilitate nuclear fusion via a different path as compared to 
early Universe Big Bang nucleosynthesis (BBN) or stellar core reactors?

Å BBN in a homogenous thermally 
equilibrated plasma which is 
dynamic and expands over time.

Å Most stellar nucleosynthesis is an 
equilibrium process which is 
continuous and stable over large 
periods of time.

Å Some larger manmade fusion 
reactors are designed to operate 
for short pulsed periods of time.
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Part II:
Short overview of natural fusion reactors

Recommended introductory reading on nuclear processes in astronomy 
and cosmology. Published in 1988, so not entirely up to date.
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The fusion reactor powering the solar system

Å The Sun produces energy by 
converting hydrogen into helium -4. 
Two processes are well known:
Å Proton-Proton (PP) chain
Å Carbon-Nitrogen-Oxygen 

(CNO) cycle
Å Gravity provides the confining force 

which balances the explosive 
radiative pressure.

Å It produces σȢψ ρπ7and has 
been continuously running for 4.6 
billion years.

Å The Earth is habitable by the grace 
ÏÆ ÏÕÒ ȰÌÏÃÁÌȱ stable Solar core 
fusion nuclear reactor.

Solar Fusion Reactor

The sun is primarily made up of primordial hydrogen and helium.
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