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My personal research interests are focused on fusion concepts relyi g ative light ‘
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nearfuture technology reach. In this talk | will discuss: nuclear fusion in general; highligh
. jalyzed nuclear fusion; LaSer driven proton_
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A THE UNIVERSITY

“oFArizona My fusion credentials

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

A 1978, 1985 1992: Muoncatalyzed fusion

A 201% 2015pB fusion and lasers

A 2021z present: Moving into plasmonic fusion
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Fusion reactions initiated by laser-accelerated
particle beams in a laser-produced plasma

C. Labaune!, C. Baccod!, S. Depierreuxz. e Gc-yc-nz. G. Loisel!, V. Yahia' & J. Rafelski®

The adwvent of high-intensity-pulsed laser technology enables the generation of extreme
states of matter under conditions that are far from thermal equilibrium. This in turn could
enable different approaches to generating energy from nuclear fusion. Relaxing the equili-
brium requirement could widen the range of isotopes used in fusion fuels permitting cleaner
and less hazardous reactions that do not produce high-snergy neutrons. Here we propose and
implement a means to drive fusion reactions between protons and boron-11 nuclei by colliding
a laser-accelerated proton beam with a laser-generated boron plasma. We report proton-
boron reaction rates that are orders of magnitude higher than those reported previously.
Beyond fusion, our approach demonstrates a new means for exploring low-energy nuclear
reactions such as those that occur in astrophysical plasmas and related environments,
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HYDROGENIC MESOMOLECULES AND MUON CATALYZED FUSION

J. Rafelski

CERN -- Geneva

ABSTRACT

Hydrogenic mesomolecules are discussed with
particular emphasis on their r8le in the p cata-
lyzed fusion process. Recent theoretical and ex-
perimental evidence for weakly bound mesomolecules
ddp and dtp derived from resonant mesomolecular
formation and its dependence on the temperature is
described. The fate of the muon stopped in dense
hydrogenic target is followed as well as that of a
muon sticking to the fusion product.

Lectures at the International School of Physics of
Exotic Atoms, Erice

25 March -- 5 April 1979
Ref.TH.2679~-CERN

8 June 1979



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?
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e Chariot (1,000s of years).

What can we change?

We can change the type of nuclear
fusion fuel used and method of

4 \ confinement e.g. replacing gravity

¥ force with magnetic fields. Result:
i, Development of deuterium-tritium
. fusion reactor for past 70 years.
This is like the evolution of the

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

BBN in a homogenous thermally
equilibrated plasma which is
dynamic and expands over time.
Most stellar nucleosynthesis is an
equilibrium process which is
continuous and stable over large
periods of time.

Bopne larger manmade fusion
reactors are designed to operate
for short pulsed periods of time.
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Part |l:
Short overview of natural fusion reactors

Cauldrons 1n

the Cosmos

Recommended introductory reading on nuclear processes in astronomy
and cosmology. Published in 1988, so not entirely up to date.



The fusion reactor powering the solar system

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

A The Sun produces energy by

Solar Fusion Reactor

converting hydrogen into helium -4.
Two processes are well known:
A Proton-Proton (PP) chain
A Carbon-Nitrogén=Oxygen
(CNO) cycle

A Gravity provides the confining force
which balances the explosive
radiative pressure.

A ltproduceso® p m 7 and has
been continuously running for 4.6
billion years.

A The Earth is habitable by the grace
I £ 1 OOstable Solaicore
fusion nuclear reactor.



