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Abstract

A pulsed space propulsion system using position antimatter to induce Deute-
rium-Tritium fusion through an ultra-intense laser incident on a gold target is
conceptually presented through fundamental performance analysis. As op-
posed to traditional strategies positron antimatter is considered rather than
antiproton antimatter. Positron antimatter can be produced by an ultra-
intense laser incident on a high atomic number target, such as gold. The ul-
tra-intense laser production of positron antimatter mechanism greatly alle-
viates constraints, such as requirements for antimatter storage imperative for
antiproton antimatter. Also the ultra-intense laser and associated energy
source can be stationary or positioned remote while the pulsed space propul-
sion system using position antimatter to induce Deuterium-Tritium fusion is
in flight. Various mechanisms for antimatter catalyzed fusion are considered,
for which the preferred mechanism is the antiproton hotspot ignition strategy.
Fundamental performance analysis is subsequently applied to derive positron
antimatter generation requirements and associated propulsion performance.
The characteristics of the pulsed space propulsion system using position an-
timatter to induce Deuterium-Tritium fusion through an ultra-intense laser
incident on a gold target imply a promising non-chemical propulsion alterna-
tive for the transport of bulk cargo to support space missions.
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1. Introduction

The recent capability of ultra-intense lasers has enabled new strategies for non-

chemical propulsion systems. For example, ultra-intense lasers have demon-
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strated the capacity to generate positron antimatter while incident on a high
atomic number target, such as gold. LeMoyne and Mastroianni conceptually
demonstrated an approach to achieving pulsed antimatter propulsion through
the production of positron antimatter by means of an ultra-intense laser striking
a gold target. A notable aspect of the proposed ultra-intense laser positron anti-
matter pulsed propulsion system is the decoupling of the propulsion apparatus
and laser energy source proximity, for which the energy source of the laser can
be ground based while the propulsion system is in flight [1] [2] [3] [4].

Another non-chemical propulsion system incorporates photofission as a pro-
pulsive energy source. Photofission is resultant of ultra-intense laser energy in-
cident on a high atomic number target, such as natural lead or uranium-238,
which is a predominant isotope of uranium. Using a pulsed propulsion configu-
ration LeMoyne and Mastroianni proposed a pulsed propulsion system incor-
porating photofission as the energy source for the propulsive fluid. An advantage
of photofission is the use of naturally abundant target sources, such as natural
lead or uranium-238 [5].

Further observation of the characteristics were manifested in Project New
Orion as advocated by LeMoyne and Mastroianni. In contrast to the original
Project Orion, which advocated a thermonuclear detonation of considerable
magnitude, Project New Orion elucidated a more feasible perspective with re-
gards to testing and evaluation. Using advanced energy conversion techniques,
such as magneto-hydrodynamic generation, to provide an energy source for the
ultra-intense laser, the system demonstrated the capacity to impart a kinetic
energy impulse on a launch vehicle upper stage [6].

Fission enables realizable pathways to non-chemical nuclear propulsion, such
as conceptual designs for the NERVA rocket and Project Orion [7] [8] [9]. A
representative fission reaction is demonstrated in Equation (1). However, issues
can arise, such as the side effects of the fission byproducts and complex mechan-
isms for regulating the inherent neutron flux [5] [6]. Another serious considera-
tion involves fission byproducts, such as strontium-89, which is chemically ana-

logous to calcium [10].
Fission: jn+ 35U — ' Ba+ J.Kr+3,n (1)
Fusion: [H+H — JHe+ jn [10] (2)

Another mechanism for a nuclear reaction is fusion. Fusion offers a superior
specific energy yield to fission. The byproducts of a fusion reaction are relatively
cleaner by contrast to fission [10]. Equation (2) offers a representative perspec-
tive of a fusion reaction. Note that the mass of the fusion reactants and products
are considerable less than the fission reaction. However, large scale and control-
lable fusion is a scientific aspiration pending fruition. Nuclear fusion generally
requires a preliminary fission event of an extraordinary scale. The pending ther-
monuclear yield from uncontrolled nuclear fusion transcends the yield of fis-
sion-only strategies [11].

Localized fusion catalyzed by antimatter offers a realistic pathway to a more
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controlled form of fusion propulsion. The current strategy involves the applica-
tion of antiproton derived antimatter. This conceptual perspective has mani-
fested in Ion Compressed Antiproton Nuclear (ICAN) system, which are con-
ceptualized as ICAN and ICAN-II [12] [13]. However, storage and production of
antiproton derived antimatter are debatable in terms of feasibility.

The application of positron antimatter derived from an ultra-intense laser in-
cident on a high atomic number target, such as gold, offers the potential for re-
mote generation of positron antimatter and the associated ultra-intense laser
and energy source. As opposed to the requirement of an antimatter storage sys-
tem, the positron antimatter can be generated on demand. Multiple mechanism
pathways are available for antimatter catalyzed fusion. The objective of the re-
search is to elucidate position antimatter catalyzed fusion by means of an ul-

tra-intense laser through fundamental performance analysis.

2. Preliminary Mission Concepts Incorporating Antimatter
Initiated Fusion Propulsion

ICAN (Ion Compressed Antiproton Nuclear) utilizes Antimatter Catalyzed Mi-
cro-Fission/Fusion (ACMEF), which is envisioned for interplanetary space mis-
sions, such as Mars. Similar to Project Orion the ICAN utilizes a thruster shell as
an evolution to the pusher plate for capturing thrust from a micro-thermonuclear
detonation. The nuclear reaction pathway first involves a beam of antiprotons
being accelerated to a target pellet from a storage device. The pellet would con-
sist of uranium and hydrogen of sufficient quantities to evoke antimatter in-
duced fission with subsequent fusion [12] [13].

Further analytical evolution of the role of ACMF has derived ICAN-II. The
performance parameters for such a mission to Mars correspond to a specific
impulse of approximately 13500 seconds and 100 kN of thrust. Performance
projections correspond to 140 ng of antiprotons, which is equivalent to 10 an-
tiprotons. Such a degree of antiproton antimatter production would be on the
order of approximately one year of dedicated antimatter production from re-
sources, such as Fermilab. The mass estimations of ICAN-II are on the scale of
in excess of 700 metric tons [13].

Although ICAN-II provides considerable insight as to the future role of anti-
matter initiated types of propulsion, there are many barriers to the near term
operational likelihood of the concept. The storage of large quantities of antipro-
tons is not only a challenge by the shear economic magnitude, but also the safety
of antiproton storage and transport to a space environment constitutes consi-
derable risk. Furthermore the capacity to transport the supporting hardware to a
preliminary location is space orbit is a topic of concern.

Similar to the proposal of Project New Orion as a photofission derived test
and evaluation feasible alternative contrary to the thermonuclear proportion of
Project Orion, the conceptual non-chemical propulsion endeavor advocates po-
sitron derived antimatter production for eliciting a micro-scale nuclear fusion

event. Such a perspective is envisioned as more realistic for near-term testing
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and evaluation. The preliminary concept is elucidated through fundamental
performance analysis and identification of a suitable mechanism for positron

antimatter induced fusion.

3. Fundamentals of Antimatter Induced Fusion

The foundational geometry for antimatter initiated fusion is a pellet consisting
of materials amenable to nuclear fusion. These materials are arranged in a con-
centric manner. The antimatter incident on the pellet is sufficient to commence
nuclear fusion [14] [15] [16].

The characteristics of the fusion reaction can be a function of the selected ma-
terials for pending nuclear fusion. One configuration involves concentric spher-
ical layers of Li,DT. About the center of the pellet core would exist a sufficient
quantity of antiprotons antimatter in suspended state. An implosion mechanism,
such as through a chemical explosion, would commence antimatter-matter con-
tact and pending annihilation. The resulting annihilation would generate a suffi-
cient thermonuclear burn-wave throughout the majority of the Li,DT fuel for
fusion [14].

Antimatter Catalyzed Micro-Fission/Fusion can be produced by a Uranium
Deuterium-Tritium core. This core is encapsulated by gold representing a push-
er. A key to this nuclear reaction pathway is the use of antimatter antiprotons to
induce fission of the uranium from the interaction with antiprotons. Conven-
tional uranium fission produces approximately 2 - 3 neutrons for each fission
reaction. However for an antiproton triggered fission of the uranium yields on
the scale of 16 neutrons per fission event. This mechanism produces a high effi-
ciency fusion burn [15].

Alternative configurations for the Antimatter Catalyzed Micro-Fission/Fusion
concept exist, such as the material selection of the encompassing shell. A prima-
ry role of the shell is to provide mass for the temporary containment of the fu-
sion fuel, so that for example 5% - 10% of the fusion fuel can react. A prelimi-
nary uranium-238 shell with a surrounding Tungsten shell has been proposed.
Additional fusion neutrons incident on the uranium-238 could further advance
the fusion compression [16] [17].

There are two antimatter induced fusion mechanisms to be further investi-
gated:

1) Antiproton volumetric ignition

2) Antiproton hotspot ignition [18]

Antiproton volumetric ignition consists of Deuterium-Tritium that is seeded
with a heavy metal, such as uranium. The antimatter kinetic energy is adjusted
to deposit in the fuel. The antimatter annihilation with the uranium seed yields
short range super-fission. The resultant nuclear yield is the combination of the
antiproton annihilation, Deuterium-Tritium fusion, and uranium fission [18].

Antiproton hotspot ignition consists of a Deuterium-Tritium core. Peripheral
to the core is a concentric layer of Deuterium-Tritium interspersed with a heavy

metal seed, such as uranium. The heavy metal seed is positioned in the ablator
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not the fusion fuel proximal to the pellet core. An advantage of this scenario is
the clean Deuterium-Tritium fusion. The heavy metal only facilitates the ablator
section [18].

A preliminary performance analysis for the scope of pulsed space propulsion
has been conducted for antiproton volumetric ignition and antiproton hotspot
ignition. The performance analysis estimates the resultant rocket exhaust veloci-
ty. The antiproton volumetric ignition scheme requires 6.5 x 10" antiprotons
per target, which provides an exhaust velocity of 3.8 x 10° m/s. The antiproton
hotspot ignition strategy requires 1.9 x 10'® antiprotons per target, which pro-
duces an exhaust velocity corresponding to 8 x 10° m/s. The antiproton hotspot
ignition strategy is selected and produces a greater exhaust velocity, while re-

quiring a lower number of antiprotons per target [18].

4. Positron Antimatter Derived by Ultra-Intense Laser to
Initiate Fusion

LeMoyne and Mastroianni during 2014 disclosed a pulsed space propulsion
concept incorporating positron antimatter derived by an ultra-intense laser. The
antimatter propulsion system was based on the observation of Lawrence Liver-
more National Laboratory successfully generating positron antimatter through
applying an ultra-intense laser incident on a gold target to generate antimatter
[2]. The successful disclosure of pulsed space propulsion incorporating positron
antimatter through the operation of an ultra-intense laser, establishes the basis
for the presentation of positron antimatter initiated fusion pulsed space propul-
sion.

The pulsed space propulsion concept incorporates the fusion ignition of pel-
lets suitable for producing a nuclear fusion reaction. The mechanism for the an-
tiproton hotspot ignition will be applied with positron antimatter substituting
antiprotons. The pellets will consist of a Deuterium-Tritium core with a peri-
pheral concentric layer of Deuterium-Tritium and a suitable heavy metal, such
as uranium, to serve the function as an ablator. The positron antimatter will be
generated on demand through an ultra-intense laser incident on a gold target
positioned at the periphery of the pellet.

A notable benefit to this described concept is the alleviation of an antimatter
storage system. The positrons could be generated on demand as a function of ac-
tivating the ultra-intense laser. Therefore mission complexities, such as antimat-
ter storage and safety of antimatter transportation, are ameliorated.

Furthermore, the inherent nature of a laser beam decouples the propulsion
system from the energy source. For example, if the proposed positron initiated
fusion pulsed space propulsion system was applied to a Earth to Moon applica-
tion for the transport of bulk materials to a lunar outpost; the ultra-intense laser
could be positioned on the Earth, space station, or the Moon. Basically the ener-
gy source for generating the ultra-intense laser beam to generate the positron
antimatter could be far remote from the positron initiated fusion pulsed space

propulsion system. The use of an ultra-intense laser serves a critical link for the
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generation of positron antimatter.

5. Ultra-Intense Laser for Generating Positron Antimatter

The conceptual approach for generating positrons through a laser on the order
of 10* W/cm® was derived by Shearer et al. in the early 1970% [19]. With pro-
gressively diligent research, development, testing, and evaluation Lawrence Li-
vermore National Laboratory generated positron antimatter through an ultra-
intense laser incident on a high atomic number target, such as gold. Approximate-
ly 90% of the positrons are emitted aft relative to the laser beam incident on the
target. The selected target consisted of gold and approximately 1 mm in thickness
[20] [21]. The ultra-intense laser pulse caused interaction between electron cloud
and nuclei resulting in the generation of positron antimatter [20] [21] [22].

The mechanism for generating positron antimatter through an ultra-intense
laser is the result of the Bethe-Heitler process. During the Bethe-Heitler process
fast electrons generate high-energy bremsstrahlung photons that interact with the

nuclei to produce positron-electron pairs as illustrated in Equations (3) and (4):
e~ +Z>y+e + 2 (3)
y+Z> et + e + 2 4)

e+: Positron

e—: Electron

Z: High atomic number nuclei(such as gold)

y: Bremsstrahlung photons [20] [22]

The Bethe-Heitler process is predominant for gold targets with a thickness of

approximately 1 mm [22].

6. Fundamental Performance Analysis of Positron Initiated
Fusion Pulsed Space Propulsion through the Application
of an Ultra-Intense Laser

In consideration of the capabilities of the Lawrence Livermore National Labora-
tory Titan laser, which is on the 10* W/cm”® ultra-intense scale, 2 x 10" posi-
trons can be generated with a roughly 1 ps pulse with laser beam incidence on an
approximately 1 mm thick gold target. On the order of 90% of the generated po-
sitrons are discharged anisotropic and aft of the incidence laser beam to the gold
target. The kinetic energy of the positrons is about 2 MeV. Therefore, each pulse
generates 1.8 x 10" positrons per 1 ps pulse for the positron initiated fusion
pulsed space propulsion application [20] [21].

The positron and electron pair comprises a rest mass of 2 mc = 1.02 MeV.
Positrons and electrons have the equivalent rest mass (m), and (¢) is the speed of
light. Kinetic energy is conserved as kinetic energy is assumed to be elastic [10]
[23]. With a positron energy of 2 MeV, the energy of each positron-electron an-
nihilation event is derived to be 3.02 MeV [2].

The rest mass of a proton and correlated antiproton is 938 MeV, so the pro-

ton-antiproton annihilation would be on the order of 1876 MeV [10]. Approx-
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imately 621 positrons would represent the equivalent energy yield of an anti-
proton antimatter annihilation event. Therefore, 1.2 X 10" positrons per gold
target would initiate positron induced fusion through the antiproton hotspot ig-
nition mechanism of a pellet using a Deuterium-Tritium core associated with a
peripheralconcentric layer consisting of Deuterium-Tritium integrated with a
heavy metal seed, such as uranium, and gold about the outer layer of the pellet.
Using positrons as an alternative to antiprotons to satisfy the energy thresholds
for the antiproton hotspot ignition strategy would require on the order of 6.7 x
10® pulses from an ultra-intense laser. A notable feature of the proposed positron
initiated fusion pulsed space propulsion through the application of an ultra- in-
tense laser is the observation that this application only requires roughly one or-
der of magnitude more of ultra-intense laser pulses when contrasted to the orig-
inal positron antimatter pulsed space propulsion system published by LeMoyne
and Mastroianni [2].

A notable feature of the proposed positron initiated fusion pulsed space pro-
pulsion is the considerable propulsive exhaust velocity. The performance analy-
sis assumes the resultant plasma generates the propulsive exhaust through expan-
sion with an ideal nozzle, such as a magnetic nozzle. The derived exhaust veloci-
ty is 8 x 10° m/s with respect to the antiproton hotspot ignition mechanism [18].

Since an ideal nozzle for expanding the propulsive flow is applied to the per-
formance analysis, the exhaust pressure is assumed to approach the equivalent of
the vacuum in space. Therefore the specific impulse is directly proportional to

the acceleration of gravity as demonstrated in Equation (5):

F_mv_v (5)
mg g

sp mg

1, : Specific Impulse (seconds)
F : Thrust (Nerwons)

m : Mass Flow(kg/s)

g: Gravily(m/sz)
v: Velocity(m/s) [24]

The specific impulse for the positron initiated fusion pulsed space propulsion
through the application of an ultra-intense laser is 8.2 x 10° seconds. The derived
specific impulse of the positron initiated fusion pulsed space propulsion through
the application of an ultra-intense laser using the antiproton hotspot ignition
mechanism implies suitability for the transport of bulk materials in support of

space missions.

7. Conclusion

A pulsed space propulsion system using position antimatter to induce Deute-
rium-Tritium fusion through an ultra-intense laser incident on a gold target has

been successfully presented and elucidated through fundamental performance
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analysis. Previous applications advocating antimatter induced fusion have fea-
tured the role of antiproton antimatter. However many associated challenges,
such as production, storage, and transport, impart considerable complexity. Po-
sitron antimatter can be derived from an ultra-intense laser incident on a high
atomic number target through the Bethe-Heitler process. As previously demon-
strated the use of ultra-intense lasers can decouple the laser and energy source
from the in flight generation of positron antimatter. With a review of the means
for deriving antimatter induced fusion the antiproton hotspot ignition mechan-
ism was selected. The mechanism encompasses a pellet consisting of a Deuterium-
Tritium core and a peripheral concentric layer of Deuterium-Tritium and a
suitable heavy metal, such as uranium, which functions as an ablator. Positrons
are generated by ultra-intense laser incident on a gold target about the periphery
of the pellet. Fundamental performance analysis derives a considerable specific
impulse, which implies mission suitability of the proposed propulsion system for

transport of bulk materials to support space missions.
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