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Antimatter Logistics

Production, Storage, and Timelines for Project Behemoth

Report on Industrial-Scale Antimatter Generation



1. Current Antimatter Production

Antimatter is not mined; it must be manufactured using immense amounts of energy.
Currently, facilities like CERN (the European Organization for Nuclear Research) and
Fermilab produce antimatter using particle accelerators.

The Process

To produce antiprotons, normal protons are accelerated to near the speed of light in a
synchrotron and smashed into a dense metal target (like iridium or copper). The sheer
kinetic energy of this collision converts into mass according to E = mc?, creating a shower of
subatomic particles. A tiny fraction of these particles are antiprotons.

These antiprotons are highly energetic. Before they can be stored or combined into
antihydrogen, they must be slowed down. They are channeled into an "Antiproton
Decelerator” (a ring of magnets and electric fields) which bleeds off their kinetic energy.
Simultaneously, positrons (anti-electrons) are gathered, usually from the natural
radioactive decay of isotopes like Sodium-22. Finally, the antiprotons and positrons are
carefully mixed to form neutral antihydrogen atoms.

2. Storage and Containment

Because antimatter annihilates upon contact with any normal matter, it cannot be kept in a
physical bottle. It requires perfect vacuum isolation.

Charged Antimatter (Penning Traps)

If the antimatter is kept as charged particles (bare antiprotons and positrons), it is stored in
a Penning Trap. This device uses a strong, uniform magnetic field to force the particles to
move in circular orbits, and an electric field to keep them from drifting out of the ends of
the cylinder.

Neutral Antimatter (loffe-Pritchard Traps)

Fueling a starship requires dense, neutral antihydrogen (preferably cooled to a solid or
liquid state). Neutral atoms do not respond to electric fields, but they do have tiny magnetic
moments. A Minimum Magnetic Field Trap (Ioffe-Pritchard Trap) creates a "magnetic
bowl" where the magnetic field is weakest in the center and stronger on all sides.



Cryogenically frozen antihydrogen is diamagnetic and will naturally seek the weakest point

of the magnetic field, levitating safely away from the containment walls.

3. Production Timelines for Project Behemoth

Project Behemoth requires a staggering 96 million metric tons of total propellant to

achieve 0.5c with a 6x safety margin. Assuming a 1:1 ratio of matter to antimatter, the

mission requires 48 million metric tons of antihydrogen.

The Modern Reality:
Currently, humanity produces roughly 1 to 2 nanograms of antimatter per year. At CERN's current

production rate, it would take approximately 2.4 x 1

025

universe) to produce 48 million metric tons of antimatter.

years (trillions of times the age of the

4. Speeding Up Production: Industrial Scale

To fuel a starship within a reasonable timeframe (e.g., 50 to 100 years), humanity must
graduate from laboratory-scale research colliders to dedicated, planetary-scale antimatter

factories.

Method

Dedicated
Factory Rings

Laser-Induced
Pair Production

Dyson Swarm
Solar
Accelerators

Description

Building accelerators specifically designed
for high-yield antiproton production rather
than high-precision research.

Firing ultra-intense, multi-petawatt lasers at
gold targets. The concentrated photon
energy directly creates electron-positron
pairs, and scaling up could theoretically
yield proton-antiproton pairs.

Orbiting millions of solar-powered particle
accelerators around the Sun. Harvesting
raw solar energy (which emits 3.8 x 1020
Watts) to manufacture antimatter in space.

Using magnetic scoops in orbit around gas
giants (like Jupiter) to harvest naturally

Feasibility for Starship Fueling

Low. Still fundamentally limited
by the inefficiency of target-
collisions (efficiency is around
0.00001%).

Medium. Requires massive
breakthroughs in continuous-
beam laser tech, but is more
scalable than circular
accelerators.

High (in deep future). This is the
only way to harness enough
total energy to synthesize
millions of tons of mass.

Medium. The total volume
available is uncertain, but it



Natural occurring antiprotons trapped in planetary bypasses the energy cost of
Harvesting radiation belts created by cosmic rays. manufacturing it.

Conclusion

To produce the fuel for Project Behemoth within a human century, humanity would need to
construct a partial Dyson Swarm—a megastructure array around the Sun dedicated purely
to converting the star's immense radiant energy directly into antihydrogen via large-scale
laser pair production or solar-powered collider loops. The synthesized antimatter would
then be condensed into cryogenic pellets and magnetically shipped to the mothership.
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