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ACEP (Alpha Centauri Exploratory Probe) – Overview 
 
The Alpha Centauri Exploratory Probe (ACEP) is a highly advanced spacecraft designed for autonomous interstellar exploration 
of the Alpha Centauri system. Unlike crewed vessels, ACEP operates entirely without human intervention, focusing solely on data 
collection and transmission. Its compact and efficient design optimizes the utilization of onboard resources and propulsion 
systems to achieve high-performance levels in a small form factor. 
 
ACEP was designed to be fully compatible with the Vulcan Centaur rocket, selected for its exceptional launch performance and 
reliability. The rocket’s name, inspired by the mythological Centaur and the Roman god Vulcan, highlights its role in supporting 
humanity’s ambitious Alpha Centauri exploration program. This compatibility ensures ACEP can be deployed efficiently, 
seamlessly aligning with the mission’s objectives to advance interstellar exploration. 
 
ACEP is powered by a scaled-down version of the DCMCAAFR reactor, which provides the energy needed for its scientific 
equipment and propulsion. Autonomous control is handled by a single instance of the AURAI AI system, which continuously 
monitors and optimizes mission parameters, including trajectory adjustments, propulsion efficiency, and power distribution. 
The probe's mission is to conduct high-resolution mapping of the planetary surface, analyze surface features, and identify 
potential landing sites for future missions. Advanced imaging systems, including high-resolution cameras, thermal imaging, and 
spectrometry, are coupled with powerful communication systems to ensure efficient data transmission back to Earth. ACEP’s 
propulsion technology allows for precise maneuvering and adjustments, ensuring mission-critical objectives are met with 
maximum reliability. 
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1 OVERALL CONSTRUCTION AND ARCHITECTURE 
 
The ACEP is a compact, modular spacecraft engineered for planetary exploration and data collection and transmission. Built with 
advanced lightweight materials, it integrates scientific instruments, propulsion, and power systems within a streamlined 
framework. 

 
 

Key Components: 
 

• ACEP Atmos: A dedicated atmospheric probe designed for testing planetary atmospheric composition and conditions. 
Intended for one-time use, it will enter the atmosphere, collect data during descent, and transmit its findings before 
being destroyed or crashing on the surface. 
 

• Hardware Housing Unit: Houses cameras, sensors, computational systems, and communication equipment for 
planetary surface mapping and analysis. 

 

• Main P-B11 Tank: A robust container for the primary fusion fuel, enabling efficient propulsion and power generation. 
 

• DCMCAAFR Compact: A scaled-down Dual-Core Magnetically Confined Antimatter Augmented Fusion Reactor providing 
high-efficiency constant thrust for interstellar travel 

 

• Magnetic Nozzle: A durable structure for plasma exhaust management, integrated with three dual-side radiator panels 
to dissipate waste heat. 

 
 
 
 

2 BASIC DATA AND DIMENSIONS: 
 

 

2.1 WEIGHT (IN METRIC TONS): 
• ACEP Atmos: 0.2t (structure 0.1t, equipment 0.1t). 

• Hardware Housing Unit: 0.5t (cameras 0.1t, sensors 0.1t, computers/comms 0.2t, structural 0.1t). 

• Fuel Tanks: 3.5t (main tank 3.0t, structural support 0.5t). 

• Reactor Module (DCMCAAFR Compact): 3.5t (core 1.5t, shielding 0.5t, tanks 0.8t, injectors 0.2t, structure 0.5t). 

• Magnetic Nozzle: 0.8t (radiators 0.3t, magnets 0.3t, structure 0.2t). 

• Total Dry Mass: 8.5t. 
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2.2 FUEL TANKS: 
 

• Main Tank: 
Fuel Capacity: 37.25t 
Tank Mass: 0.15t 
Volume: ~14.58 m³ 
Description: The main P-B11 tank is a compact, geo-spherical structure 
designed to store and regulate fusion fuel efficiently under controlled 
conditions, sized appropriately for ACEP's propulsion needs. 
 

• Metallic Hydrogen Tank: 
Tanks: 1 
Fuel Capacity: 14kg 
Tank Mass: 30kg 
Volume: ~50,000 cm³ (50 liters) 
Description: The Metallic Hydrogen tank is a cryogenically stabilized, 
compact vessel engineered to store high-energy-density fuel safely. 
 

• Antimatter Tanks: 
Tanks: 2 
Fuel Capacity: 16kg each, 32kg total 
Tank Mass: 640kg total (320kg each) 
Volume: 0.15m³ each (150 liters each, 300 liters total) 
Description: The two Antimatter tanks, one per core, utilize a Penning-Ioffe 
trap system for magnetic containment. These highly specialized tanks are critical 
for controlled antimatter usage in propulsion augmentation. 
 

• Combined Fuel and Volume: 
P-B11: Mass 37.25t, Volume ~14.58 m³ 
Metallic Hydrogen: Mass 14kg, Volume ~50,000 cm³ 
Antimatter: Mass 32kg (16kg each), Volume 0.3m³ (0,15m³ each) 

 
 

2.3 DIMENSIONS: 
 

• ACEP Atmos: 40cm high, 1m diameter 

• Hardware Housing Unit: 1,6m high, 1,8m diameter 

• P-B11 Fuel Tank: 3,5m high, 3,5m diameter 

• Reactor Module: 2,4m high, 1,7m diameter 

• Magnetic Nozzle: 7,5m long, 1,6m diameter 

• Total footprint: 16,8m length, 4,6m diameter 
 
 

2.4 OPERATING ENVELOPE LIMITATIONS 
 

• Speed: 95% Speed of Light (limited by space debris countermeasures) 

• Maximum acceleration: hard-coded 1G, 9,80665 m/s2, up to  10 m/s2 for 
emergency operations 

• Maximum structural mass: 49 tons 

• Maximum reactor total power output: 375 MW 

• Maximum waste heat sustainable: 6,3 MW 

• Maximum / average expected space debris events daily: 1 
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2.5 LAUNCH SEQUENCE: 
 
The deployment of the Alpha Centauri Exploratory Probe (ACEP) is a coordinated operation between the 
United States and China, leveraging launch systems from both nations. The mission begins with ACEP’s insertion 
into a 200 km low Earth orbit (LEO) using the Vulcan Centaur rocket, launched from Cape Canaveral Space 
Launch Complex-41 (SLC-41). The subsequent deployment of its refueling payload is executed by the Long 
March 5 rocket, launched from the Wenchang Space Launch Center. While this mission involves international 
collaboration, the ACEP spacecraft is privately funded. 
 
The Vulcan Centaur rocket, equipped with two BE-4 main engines and six solid rocket boosters, delivers the 27-
ton ACEP spacecraft to orbit. Its upper stage, powered by the RL10 engine, performs the orbital insertion 
maneuver with high precision, achieving a 200 km circular orbit at an inclination of 28.5°. This trajectory 
minimizes energy losses while aligning ACEP for its interstellar mission. 
 
The Long March 5, a heavy-lift launch vehicle utilizing two YF-77 hydrolox engines in its core stage and four YF-
100 kerolox boosters, carries a payload consisting of 22 tons of granulated P-B11 fusion fuel and a refueling 
module. The payload includes autonomous docking mechanisms and precision fuel transfer systems. The Long 
March 5 reaches the same orbital altitude and inclination, positioning its payload to rendezvous with ACEP 
within a tightly defined window. 
 
The inclusion of 32 kg of antimatter, stored in specialized Penning-Ioffe containment units aboard ACEP, 
necessitates stringent safety protocols. Containment systems are actively monitored throughout all mission 
phases to ensure magnetic field stability and prevent material breaches. The refueling procedure employs high-
efficiency pumps and controlled transfer systems to move granulated P-B11 into ACEP’s main tank. The process 
is completed in less than 10 minutes, leveraging ACEP’s internal sensors to verify fuel distribution. 
Emergency Protocols 
 
The launch timing for the two rockets is precisely synchronized to ensure successful orbital rendezvous. The 
Vulcan Centaur launches first, deploying ACEP into orbit at T+12 minutes. The Long March 5 follows 
approximately 30 minutes later, entering the same orbital plane and initiating a phased approach to ACEP. 
Both spacecraft rely on autonomous navigation systems for rendezvous and docking. These systems utilize laser 
guidance, radar sensors, and gyroscopic stabilization to achieve alignment with millimeter accuracy. The entire 
sequence, from ACEP’s deployment to fuel transfer completion, is executed within approximately 60 minutes, 
minimizing exposure to orbital debris and ensuring operational efficiency. 
 
 

2.5.1 Vulcan Centaur Launch 
 
The primary launch vehicle, Vulcan Centaur, is configured with six solid rocket boosters to accommodate the 
ACEP spacecraft’s mass of 27 tons. The rocket’s performance parameters allow for the delivery of this payload 
into a circular LEO with an inclination of 28.5 degrees, chosen to optimize the spacecraft’s trajectory for its 
interstellar mission. During this phase, ACEP is launched with only 15 tons of P-B11 fusion fuel, reducing mass 
and optimizing compatibility with the Vulcan Centaur payload capacity. 
 

• T-0 (Liftoff): The BE-4 engines and solid rocket boosters are ignited, producing 4.2 million pounds of thrust. 
The vehicle ascends, passing through maximum dynamic pressure. 

• T+1:30 (Booster Separation): The six solid rocket boosters burn out and are jettisoned. The BE-4 engines 
continue to propel the rocket toward orbit. 

• T+4:00 (Payload Fairing Jettison): The payload fairing is jettisoned at approximately 80 km altitude, exposing 
ACEP to the vacuum of space. 

• T+8:00 (Main Engine Cutoff and Stage Separation): The BE-4 engines shut down, and the Centaur upper stage 
separates. The RL10 engine ignites to perform the orbital insertion burn. 

• T+12:00 (Payload Separation): ACEP is released into its designated 200 km circular orbit. The spacecraft 
utilizes its solar panels to augment SSB battery power until refueling. 
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2.5.2 Long March 5 Launch 
 
The Long March 5 rocket, launched from the 
Wenchang Space Launch Center, carries a 
payload consisting of 22 tons of granulated P-B11 
fuel and a refueling module. This payload is placed into the 
same orbital altitude and inclination as ACEP to facilitate an efficient 
rendezvous. 
 

• T+30:00 (Liftoff): The Long March 5 rocket lifts off, delivering 
its payload through successive staging events. 

• T+40:00 (Final Stage Deployment): The final stage, containing 
the fuel payload and refueling system, is placed into the same 
200 km circular orbit. Autonomous systems onboard ensure 
alignment with ACEP’s trajectory. 

 
 
 

 
 

 
 
 

2.5.3 Rendezvous and Refueling 
 
The rendezvous phase is executed less than 30 minutes after ACEP’s separation from the Centaur upper stage. Both 
ACEP and the Long March 5 final stage utilize autonomous navigation systems to achieve docking. 
 

• T +42:00 - Docking: The refueling module approaches ACEP and establishes a secure connection to the 
spacecraft’s main P-B11 tank fuel intake line. 

• T +50:00 - Fuel Transfer: Granulated P-B11 is transferred directly into ACEP’s main tank. The process, designed 
for high efficiency, completes in under 10 minutes. 

• T +60:00 - Undocking and Deorbiting: Upon completion, the Long March 5 final stage detaches and performs 
a controlled deorbit to minimize space debris. 

 

2.5.4 Reactor Startup and Mission Commencement 
 
Following refueling, ACEP initiates its reactor startup sequence. The DCMCAAFR is activated, transitioning 
the spacecraft from battery and solar power to reactor-driven systems. This enables full operation of 
propulsion, scientific instruments, and communication arrays. 
 

• T +65:00 - System Checks: ACEP verifies the functionality of all systems, including reactor stability, 
propulsion readiness, and communication links. 

• T +70:00 - Trajectory Initiation: Upon successful validation, AURAI control system initiates its interstellar 
trajectory, marking the beginning of its mission to explore and analyze the Alpha Centauri system and 
the Proxima b planet. 
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3 ACEP ATMOS: 
 

3.1 DESCRIPTION 
 

The ACEP Atmos module is a highly specialized probe designed to conduct atmospheric analysis during its descent into 
the planet’s atmosphere. Compact and lightweight, this module is engineered to withstand the extreme conditions of 
atmospheric entry and perform critical scientific tasks during its brief operational window. The data collected by ACEP 
Atmos will provide invaluable insights into the planet’s atmospheric composition, pressure, and temperature, forming 
a foundation for future exploratory missions. 
 
The module’s design reflects its single-use mission profile. Constructed from advanced lightweight alloys and ablative 
heat-resistant materials, ACEP Atmos is equipped to endure intense thermal and mechanical stresses during its descent. 
Its aerodynamic, capsule-like shape facilitates stable entry dynamics while ensuring the protection of its onboard 
scientific payload. Integrated systems prioritize efficiency, combining cutting-edge instrumentation with a robust 
communication setup to transmit all collected data back to the ACEP mothership in real time. 
 
 

3.2 MISSION PROFILE 
 

The mission of ACEP Atmos begins with its precise deployment from the ACEP spacecraft as the mothership approaches 
the target planet. The probe is released along a trajectory optimized for atmospheric entry, descending under the 
influence of gravity without active propulsion. During this phase, the module’s ablative heat shield protects its internal 
systems from the intense heat generated by atmospheric friction. 
 
As the probe descends, its onboard instruments activate to conduct a suite of atmospheric and surface analyses. 
Advanced sensors measure gas composition, temperature, pressure, and other key atmospheric parameters, while 
imaging systems capture high-resolution visuals of the surface and atmospheric phenomena. The module's LIDAR 
system generates topographical data to map the planet's surface features in three dimensions. All data is transmitted 
to ACEP in real time using a high-gain communication link, ensuring the mothership receives critical information before 
the probe’s operational end. 
 
The mission concludes with the destruction of ACEP Atmos, either through extreme atmospheric conditions or upon 
impact with the planetary surface. The module is designed to maximize data transmission up to the final moments, 
ensuring no opportunity for scientific discovery is lost. 
 
 

3.3 ONBOARD EQUIPMENT 
 
The ACEP Atmos module is equipped with a compact suite of 
scientific, communication, and operational systems, all designed to 
perform critical atmospheric analysis and surface mapping during 
its descent. The selection of equipment balances the need for 
precision and reliability with the limitations of space and power. 
 

• Atmospheric Composition Sensors: These sensors analyze 
the chemical composition of the atmosphere by capturing air 
samples through small intake vents. A built-in mass spectrometer 
and gas chromatograph work together to identify and quantify 
gases such as nitrogen, oxygen, carbon dioxide, and trace elements. 
This data provides a detailed profile of the planet’s atmosphere, 
crucial for assessing its potential habitability. This system uses 5W 
of power. 
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• Pressure and Temperature Sensors: Compact and integrated into the module’s external shell, these sensors 
continuously monitor atmospheric pressure and temperature changes during descent. A micropressure transducer 
provides real-time data on the atmospheric profile, while thermocouples measure temperature gradients, revealing 
dynamic weather patterns and heat distribution. This system uses 3W of power. 
 

• High-Resolution Imaging Cameras: These systems captures detailed visual data using optical fibers embedded in the 
probe’s sidewalls to transfer light to insulated imaging units. Protected from heat, the camera utilizes a 15 MP sensor 
and adjustable aperture, delivering sharp images for surface and hazard analysis. This system uses 10W of power. 
 

• Thermal Imaging Systems: Infrared radiation is collected via heat-resistant optical fibers and directed to a protected 
thermal sensor. This system maps heat signatures, such as geothermal activity, with a resolution of 0.1°C, providing 
valuable data on temperature distributions. This system uses 8W of power. 
 

• LIDAR (Light Detection and Ranging): Laser pulses are emitted and received through sidewall-mounted optical fibers, 
protecting the core system from heat. The LIDAR generates real-time 3D scans of surface elevation and irregularities, 
aiding in landing site identification. 
 

• High-Gain Antenna: A compact parabolic dish transmits data to the ACEP mothership during descent. Optimized for 
high-bandwidth interplanetary communication, this antenna ensures reliable transmission of scientific data, even 
through dense atmospheric layers. This system uses 15W of power. 
 

• Omnidirectional Backup Antennas: Two rod antennas antenna provide continuous telemetry data to the mothership, 
ensuring communication stability in the event of orientation changes or disruptions in the primary link. This system uses 
3W of power. 
 

• Solid-State Batteries: The module is powered by two pre-charged solid-state batteries, each measuring 10x10x20 cm 
and offering a combined capacity of 900 Wh. These batteries are designed to supply power to all onboard systems, 
supporting continuous operation for the duration of the descent. With a total power draw of 51 W, the batteries provide 
approximately 17 hours of operational time, ensuring sufficient energy for all mission-critical tasks. 

 

• Heat Shield: The ablative heat shield at the base of the module protects its internal components from the extreme heat 
generated during atmospheric entry. Made of advanced carbon composites, the shield gradually burns away to dissipate 
thermal energy, maintaining the integrity of the equipment. 

 
 

3.4 SCIENTIFIC VALUE AND MISSION CONTRIBUTION 
 

The ACEP Atmos module was designed with a clear objective: to sacrifice the probe in the pursuit of invaluable 
atmospheric data critical to the mission. Its purpose is to gather detailed information on the target planet's atmosphere 
and surface conditions during descent, transmitting data in real time to the ACEP mothership. The decision to sacrifice 
the module ensures that resources and capabilities are focused entirely on maximizing the scientific return within its 
short operational window. Attempting to include a full landing system for safe recovery would drastically increase the 
probe's mass, complexity, and cost, making it impractical within the mission's scope. By dedicating the entire design to 
one-way data collection, the module can remain lightweight and efficient while still achieving its critical objectives. 
 
The data collected by ACEP Atmos is vital for understanding the planet's atmospheric composition, pressure, 
temperature, and density, all of which are essential for future exploration. Atmospheric composition sensors analyze 
gases like nitrogen, oxygen, carbon dioxide, and trace elements, providing insight into the chemical makeup and 
potential habitability of the planet. Pressure and temperature profiles gathered during descent reveal atmospheric 
dynamics, including weather patterns and potential storm activity. The probe's high-resolution imaging and thermal 
systems identify surface features and temperature gradients, while LIDAR transmits 3D scans of the terrain, even 
through dense atmospheric layers. By foregoing a full landing system, the ACEP Atmos module remains a streamlined 
and focused scientific instrument, able to descend deeper into the atmosphere or even impact the surface without the 
limitations imposed by recovery requirements. This approach ensures that the mission prioritizes data transmission over 
structural survivability, making the most of the module’s brief but invaluable operational period. The atmospheric and 
surface data collected will serve as the foundation for future missions. 
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4 ENERGY & PROPULSION: 
4.1 FUEL 
4.1.1 Fuel Types 

 

• Proton-Boron-11 
Proton-Boron-11 (p-B¹¹) is the primary propulsion fuel used for the spaceship, offering an exceptionally 
dense, efficient, and radiation-safe energy source tailored for advanced interstellar propulsion. The fuel 
is a carefully prepared solid-state mixture of hydrogen nuclei (protons) and boron-11 nuclei, with a 
precise mass fraction of approximately 8.388% hydrogen and 91.612% boron-11. This composition 
achieves a density of around 2,340 kg/m³, maximizing energy storage per unit volume while maintaining 
long-term stability under standard conditions. Its solid form eliminates the complex cryogenic or 
pressurized storage requirements typical of liquid or gaseous fuels, enabling straightforward handling 
and delivery to the fusion chamber as either controlled streams or precision-engineered granules. 
 
The p-B¹¹ fusion reaction is highly efficient, producing helium nuclei (alpha particles) as the primary 
byproduct and emitting minimal neutron radiation. The baseline fusion process supports a reliable 
specific impulse (ISP) of 3 million seconds, ideal for meeting the sustained high-energy demands of 
interstellar travel. Moreover, the fusion process can be augmented with antimatter as a catalyst to 
increase energy output and with metallic hydrogen (Met H) to preheat or stabilize the fuel input, 
enhancing the plasma state and boosting the ISP to as much as 20 million seconds under optimized 
conditions. 
 
The p-B¹¹ fuel in its solid-state form is finely granulated and compacted, resulting in a texture similar to a 
dense powder or fine crystalline material. This ensures that the fuel can be broken down into small, 
uniform particles for easy handling. Each individual particle is on the micron scale, resembling small, shiny 
crystals or metallic dust. When stored in bulk, the fuel forms a somewhat cohesive block but remains 
easy to fragment into controlled quantities. The p-B¹¹ mixture has a metallic sheen, primarily due to the 
properties of boron. The color tends to vary between dark gray and metallic silver depending on the 
lighting. This gives it an almost reflective, shimmering appearance, reminiscent of a finely ground metal. 
The particles reflect light irregularly, giving a sparkling effect when viewed under direct light, akin to 
glitter or crushed minerals. This effect results from the unique combination of boron and hydrogen nuclei 
packed in a precise ratio. 
 
The p-B¹¹ mixture is compacted into a solid, stable form without the need for cryogenic cooling or 
pressurization. The compaction process relies on advanced sintering or high-pressure binding to form the 
dense solid state, which is both physically robust and chemically stable. Chemical bonding between boron 
and hydrogen atoms in the mixture creates a lattice-like structure, which maintains the stability of the 
solid fuel under varied conditions. This lattice ensures that the fuel can endure the vibrations and stresses 
of space travel without degradation. The fuel can be molded or formed into blocks, plates, or engineered 
pellets depending on the specific application within the spacecraft. This versatility allows for customized 
packaging to optimize the fuel injection system for the fusion reactor. Typically, the p-B¹¹ is stored in a 
compact block form within the main tank to maximize density. When being used, it is granulated or 
fragmented into smaller pieces or even pelletized for precise delivery to the reactor. 
 
The solid-state p-B¹¹ is designed for controlled incremental delivery to the fusion reactor. The fuel is 
gradually fed into the reactor using precision feeder systems that break off small amounts or shave layers 
from the main fuel block. This material is then heated to form plasma, making it suitable for initiating and 
sustaining the fusion reaction. The solid form offers excellent stability and safety for handling, as it is not 
inherently reactive until subjected to the extremely high temperatures and pressures of the reactor 
chamber. This is a key advantage over liquid or gaseous fuels that require elaborate containment 
measures. 
 
From a technical perspective, p-B¹¹ is a near-perfect fusion fuel for advanced propulsion systems. Its high 
energy density ensures long-range capability without excessive fuel mass. Additionally, its availability in 
a stable solid form simplifies storage and transport logistics, making it highly adaptable to complex 
spacecraft designs. 
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• Antimatter 
The mission’s use of antimatter, with a density of approximately 1760 kg/m³, introduces a revolutionary 
efficiency boost to the Proton-Boron-11 (p-B¹¹) fusion propulsion system. When introduced in precise 
micro-quantities, antimatter catalyzes the p-B¹¹ fusion reaction, achieving a remarkable 3.9-times 
increase in fuel efficiency. This enhancement allows the fusion reaction to reach an exhaust velocity of 
0.65c, critical for sustained high-speed travel over interstellar distances. Antimatter’s annihilation with 
regular matter releases extreme energy, precisely timed to interact with and amplify the energy yield 
from the p-B¹¹ reaction. This controlled boost minimizes fuel consumption, gradually reducing the fuel 
burn rate from an initial 23.37 kg/s to a final 0.13 kg/s over the course of the mission. The antimatter 
acts as a powerful catalyst, enabling highly efficient, sustained propulsion, effectively transforming the 
fuel’s potential for long-duration space travel. 

 
 

• Metallic Hydrogen 
Metallic hydrogen, stored in a 14-kilogram tank onboard, is one of the most energy-dense fuels ever 
synthesized, with an estimated density of 1,700 kg/m³ and an extraordinary energy density of 3 GJ/kg 
(3,000 MJ/kg). Its unique properties make it indispensable for applications requiring compact, powerful, 
and highly efficient propulsion and energy systems. Produced under extreme pressures exceeding 400 
gigapascals (GPa), metallic hydrogen transitions from its molecular form into a metallic state, where its 
electrons move freely, akin to the behavior of metals. This state is stabilized within high-pressure 
containment systems specifically designed to maintain its structural integrity, ensuring safe storage and 
controlled utilization. Upon release, metallic hydrogen reverts to molecular hydrogen, unleashing an 
energy output 10 times greater than conventional liquid hydrogen-oxygen systems, making it vastly 
superior for advanced aerospace applications. 
 

Metallic hydrogen in its stable form possesses a distinct 
silvery metallic luster, similar to a highly reflective metal 
like aluminum or silver. Under controlled lighting, its 
reflective surface gives it a mirror-like quality, 
showcasing a near-perfect reflection of its surroundings. 
Its color is typically a brilliant, glossy silver, and when 
viewed in bulk, it has a somewhat ethereal appearance, 
almost as if glowing faintly due to its unique metallic 
properties. This gives it an aesthetic that is both striking 
and unique, unlike any typical metal. Metallic hydrogen 
in its solid state is extremely dense, with a hardness that 
rivals some of the strongest metals known. It has a 
crystalline structure, which gives it a smooth, hard 
surface when formed into blocks or pellets. It is generally 
maintained in compacted blocks or as smaller pellets, 
which are easier to manipulate and inject into the 
propulsion systems or auxiliary devices. The density and 
compact form contribute to its efficient storage, allowing 
for maximum fuel to be stored in minimal volume. 
 
Metallic hydrogen is formed under extreme pressure 
conditions, similar to those found in the cores of gas 
giants like Jupiter. On the spacecraft, this form is 
stabilized using advanced containment technology, 
which maintains the fuel at low temperatures and under 
high pressure to prevent it from reverting to its 
molecular form. The stabilized structure is highly 
crystalline, akin to a metallic lattice, which helps it retain 
its metallic properties and incredible density. The 
crystalline form of metallic hydrogen allows for easy 
conduction of heat and electrical currents, which is 
particularly useful for its dual role in propulsion and 
energy systems. Unlike typical cryogenic hydrogen, 
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which requires specialized piping for its gaseous or 
liquid form, metallic hydrogen is easier to handle once 
stabilized in its solid form. The containment systems use 
magnetically suspended containers to avoid physical 
contact, reducing the risk of destabilization or 
unintended reactions. Unlike gaseous or liquid 
hydrogen, metallic hydrogen is incredibly dense, 
resulting in far greater energy per unit volume. This is 
particularly important for long-duration missions, as it 
allows the spacecraft to carry more energy without 
taking up excessive space. Traditional cryogenic 
hydrogen needs to be stored at very low temperatures 
and moderate pressures to remain in a liquid state, 
requiring constant maintenance and posing risks of boil-
off. Metallic hydrogen, while requiring high pressure, is 
stable in solid form, which eliminates the risk of 
evaporation and greatly simplifies storage.  
 
The delivery system for metallic hydrogen is designed to 
interface seamlessly with both the fusion propulsion 
system and auxiliary devices, such as the thrusters for 
orbital maneuvers. The fuel is precisely metered using 
advanced feeders, which can adjust the flow in real-
time based on the demand for power or thrust. The 
energy density of metallic hydrogen is far superior to 
both liquid hydrogen and traditional chemical 
propellants, offering a unique combination of high 
thrust and high ISP. This dual capability allows it to serve 
not just as a propellant but also as an energy enhancer 
for the primary fusion system, which significantly 
extends the range and capability of the spacecraft. 
 
Metallic hydrogen is a cornerstone fuel for multiple 
critical systems onboard the spacecraft. It powers 2 
Neutral Beam Injection (NBI) units, with two units 
dedicated to each of the dual tokamak cores. These NBI 
systems inject high-energy hydrogen particles into the 
plasma to heat it to fusion temperatures and stabilize 
the reaction, enhancing the performance and efficiency 
of the Proton-Boron-11 (p-B¹¹) fusion process. 
Additionally, 2 direct metallic hydrogen injectors deliver 
precise quantities of metallic hydrogen directly into the 
tokamak cores, either to initiate plasma states or to 
boost reaction dynamics during high-power operations. 
Metallic hydrogen is also essential for the propulsion 
system’s auxiliary thrusters. These three thrusters, 
located on the far end of the magnetic nozzle, ensure 
maneuverability and orbital adjustments, with 
redundancy built into the system. 
 
Metallic hydrogen can be used in the spacecraft's 
energy systems by the Thermoelectric Generator (TEG) 
units, which convert heat from controlled metallic 
hydrogen combustion into electrical power, supporting 
critical systems onboard. This system ensures reliable 
electricity generation even in low-power scenarios, 
such as standby or emergency modes, when heat from 
the reactor alone is not enough to generate power. 

Fuel / Thermal 
Systems: 
 
p-B11 
Antimatter 
Metallic Hydrogen 
Heating 
Cooling 
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4.1.2 Fuel Containments 
 

• The main Proton-Boron-11 tank is a 3,5m-diameter geo-spherical 
storage vessel, carefully designed to store 37,25 tons of Proton-Boron-11 (p-B¹¹) 

fusion fuel. Given the density of p-B¹¹ at 2,340 kg/m³, the required volume for this 
capacity is 14,6 cubic meters. The construction of the main tank focuses on 
balancing lightweight efficiency with extreme durability. The primary material 
used is carbon fiber-reinforced polymer (CFRP), which offers excellent strength-
to-weight ratio properties. To enhance durability without significantly increasing 

mass, graphene layers are incorporated, providing additional mechanical 
resilience against stress and deformation. This combination ensures the tank remains 

lightweight while capable of withstanding the challenging conditions of interstellar 
travel at 1G acceleration. 
 

To ensure optimal strength and weight distribution, the tank is constructed using an 
octa-geodesic grid. This geometric framework is composed of interconnected triangular 

facets that distribute forces evenly across the structure, resulting in a storage vessel that 
is both strong and remarkably light. This approach not only minimizes mass but also 

effectively manages pressure changes during different mission phases. The mass of the tank 
is remarkably low at just 150kg, achieved through advanced material selection and efficient 

structural design. The tank’s external surface is covered in a ceramic-based coating to provide 
thermal insulation and additional protection from micrometeoroid impacts. 

 
 
 
 
 

• Antimatter tanks - the spacecraft utilizes two dedicated antimatter tanks, each capable of safely 
containing 16 kilograms of antimatter, for a total capacity of 32 kilograms. Antimatter, the most energy-
dense substance known, presents unparalleled challenges in containment and handling due to its 
inherent annihilation upon contact with normal matter. To address these challenges, each tank is 
equipped with a Penning-Ioffe hybrid trap, a state-of-the-art magnetic confinement system that suspends 
antimatter within a perfect vacuum. This system combines the precise electromagnetic field 
configuration of Penning traps with the advanced field geometries of Ioffe traps, ensuring absolute 
isolation from the tank walls and eliminating the risk of contact with residual particles. 

 
The containment system operates under dynamic field stabilization, allowing for real-time adjustments 
to fluctuations in antimatter density or distribution caused by environmental stresses such as 
acceleration or inertial forces. High-temperature superconducting grids power the magnetic fields, 
offering exceptional efficiency and reliability with minimal energy loss. To maintain the antimatter's 

stability, the tanks are equipped with a layered cryogenic cooling system that ensures temperatures 
near absolute zero. This cryogenic layer suppresses thermal activity that could destabilize the 

magnetic fields and is supported by quantum heat pumps capable of recycling waste heat 
from other spacecraft systems, optimizing energy usage. 

 
Structurally, the tanks are engineered from a composite of beryllium-copper 

alloys for non-conductive strength and graphene-reinforced aerogels for 
lightweight thermal insulation. The inner surfaces are lined with 

diamond-like carbon (DLC) coatings, providing impermeability to 
residual gases and ensuring chemical inertness. The tank's 

framework is constructed from 
a carbon nanotube lattice, 
offering exceptional tensile 
strength and resilience under 
mechanical stress. This design 
ensures that external forces, 

such as vibrations or 
accelerative loads, are 
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distributed and absorbed without compromising the magnetic containment fields. Each tank 
incorporates an advanced emergency quenching system that can neutralize the antimatter in a controlled 
and rapid annihilation event, collapsing the magnetic fields within microseconds to prevent catastrophic 
failure. Autonomous monitoring systems, governed by the spacecraft's AI - AURAI, continuously evaluate 
the integrity of the magnetic fields, cryogenic conditions, and structural stability, ensuring a rapid 
response to anomalies and maintaining operational safety. 

 
The antimatter tanks are seamlessly integrated into the spacecraft's energy and propulsion systems. 
Plasma-neutralization injectors convert antimatter annihilation energy directly into usable plasma for the 
Proton-Boron-11 fusion reactor, enhancing fusion efficiency and enabling thrust levels unattainable by 
conventional fuels alone. The tanks are linked to a network of thermal radiators to dissipate residual heat 
from the magnetic and cryogenic systems. This meticulous integration ensures that antimatter, despite 
its volatility, is harnessed with maximum efficiency and safety, supporting the spacecraft's interstellar 
mission objectives. 
 

 
 

▪ Metallic Hydrogen tank is located next to Core 1. This fuel is used for low-energy orbital maneuvers, for 
reactor startup and fusion augmentation of DCMCAAFR as well as for auxiliary power generation. 

 
Metallic hydrogen requires storage under extremely high internal pressures to maintain its metallic 
state, coupled with ultra-low temperatures to prevent phase transitions. The containment system must 
ensure minimal interaction with container materials to preserve fuel integrity and prevent degradation. 
Given the high-pressure requirements, the containment structure must balance the need for robustness 
with lightweight construction to optimize the spacecraft's mass. 

 
Metallic hydrogen storage is accomplished through high-pressure spherical capsules designed to 
withstand the immense pressures required for maintaining hydrogen in its metallic form. These capsules 
feature reinforced dome structures with multi-layered walls to distribute pressure evenly, ensuring 
structural integrity. Diamond-like carbon (DLC) coatings are applied to the inner surfaces for superior 
strength and chemical inertness, preventing any adverse reactions with metallic hydrogen. Cryogenic 

insulated tanks, integrated with active refrigeration units using liquid 
nitrogen or helium, maintain the necessary ultra-low temperatures to 
stabilize the fuel. Aerogel composites are employed in superinsulated 
panels for maximum thermal insulation, ensuring minimal heat 
exchange with the environment. The containment structures utilize 
titanium nanotubes, providing high strength-to-weight ratios 
essential for withstanding high pressures without adding excessive 
mass. Graphene coatings are applied to the inner linings to ensure 
impermeable and chemically inert surfaces, maintaining the purity 
and functionality of metallic hydrogen. 
 
The design of high-pressure spherical capsules for metallic hydrogen 
storage offers superior structural resilience and thermal stability. The 
spherical geometry ensures optimal stress distribution, capable of 
withstanding the extreme pressures required for metallic hydrogen. 
Advanced materials like DLC and titanium nanotubes provide the 
necessary strength while minimizing added mass, aligning with the 
spacecraft’s mass efficiency requirements. Cryogenic insulation and 
active cooling systems maintain the ultra-low temperatures essential 
for fuel stability, preventing unwanted phase transitions. The use of 
graphene coatings ensures chemical inertness, preserving fuel 
integrity. This containment design not only ensures the safe storage 
of metallic hydrogen but also optimizes mass and structural 
efficiency, making it ideal for the demanding conditions of interstellar 
travel. 
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4.2 MAIN PROPULSION UNIT – DCMCAAFR 
 

4.2.1 Introduction and Overview 
 
The Dual-Core Magnetic Confinement Antimatter Augmented Fusion Reactor (DCMCAAFR) is the primary power 
generation and propulsion system for the spacecraft, designed to operate under the extreme conditions of interstellar 
travel. The reactor combines advanced magnetic confinement fusion technology with antimatter augmentation to 
maximize thrust efficiency, specific impulse, and energy output. The use of dual cores enables redundancy and improved 
performance, ensuring the reactor maintains operational stability even during extended missions, providing up to 375 
MW of power. 
 
The DCMCAAFR represents a significant departure from conventional fusion reactors, adopting a vertically stacked dual-
core configuration. Each core operates independently, allowing for partial reactor operation in the event of maintenance 
requirements or emergencies. This dual-core architecture, combined with highly efficient antimatter-catalyzed fusion, 
delivers a propulsion system capable of achieving the extreme specific impulse required for interstellar missions. The 
reactor’s fuel of choice, proton-boron-11 (p-B11), is an aneutronic fuel known for its high-energy yield and reduced 
neutron production, minimizing radiation shielding requirements. 
 
Antimatter is utilized as an augmentation catalyst, injected into each core to facilitate higher fusion efficiency and energy 
output. By integrating antimatter injection into the fusion process, the DCMCAAFR achieves a specific impulse of 15 mln 
seconds, resulting in highly efficient propellant use and significant thrust output. The antimatter is stored in specialized 
Penning-Ioffe traps within the reactor module, capable of reliably storing large quantities of antimatter under controlled 
conditions. 
 
The core plasma in the DCMCAAFR is confined and shaped using advanced twisted magnetic coil designs. These coils, 
which are based on a combination of toroidal, poloidal, and correction magnetic fields, enable a more stable plasma 
state and reduce the risk of instabilities. The innovative use of C-shaped coils also allows for an opening at the bottom 
of each core, enabling direct plasma ejection for propulsion purposes, a feature not commonly found in traditional 
fusion reactor designs. 
 
Heat management in the DCMCAAFR is an essential aspect of its functionality, given the high energy output and extreme 
temperatures involved. The reactor incorporates multiple heat management approaches, including thermoelectric 
generators (TEGs) for waste heat conversion and a sophisticated thermal radiator network.  
 
The DCMCAAFR is integrated with a robust AURAI autonomous control system, which oversees reactor operations, fuel 
management, power distribution, and safety protocols. AURAI’s dual-AI configuration ensures that any decision related 

to reactor control 
is cross-verified for 
accuracy and 
safety, thereby 
reducing risks 
associated with 

autonomous 
system anomalies. 
The control system 
also provides 

continuous 
monitoring of 
critical parameters 
such as plasma 
density, magnetic 
field strength, 
radiation levels, 
and thermal states 
to optimize reactor 
performance. 
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4.2.2 Core Structure and Design 
 
The DCMCAAFR’s core structure is fundamentally characterized by its dual-core, vertically stacked configuration, which 
represents a significant advancement over conventional single-core fusion reactors. The two tokamak cores, referred to as Core 
1 (upper core) and Core 2 (lower core), are designed to work in tandem or independently, providing a level of operational 
flexibility and redundancy that is essential for prolonged interstellar missions. Core 1 is positioned above Core 2, with a structural 
distance of approximately 1 meter between the centers of the cores. Each core is built in a toroidal configuration, similar in overall 
form to traditional tokamak designs, but incorporating several innovative features to suit the requirements of deep-space 
propulsion. Core 1 and Core 2 are identical in terms of design, dimensions, and functional components, with slight adjustments 
to accommodate the stacked configuration and the plasma flow dynamics. 
 
The inner radius of the toroidal configuration, measured from the center of the torus to the innermost part of the plasma, is 
approximately 25 centimeters, while the outer radius extends to 1 meter. The cross-sectional shape of each core is not a perfect 
circle but an optimized oblate structure designed to enhance plasma confinement and stability. Each core is slightly elongated in 
the vertical direction, providing additional volume for plasma while minimizing instabilities often associated with a fully circular 
cross-section. At the center of the reactor stack lies the central structural column, which serves as the primary support for the 
stacked cores. This column is constructed from reinforced high-strength alloys that are lightweight yet capable of withstanding 

the stresses generated by the reactor’s magnetic fields and plasma activity. The central 
column also integrates several critical components, including dynamic cooling 
systems that manage the high heat loads generated within the cores and provide 

structural channels for various systems. 
 
The plasma flow mechanism in the DCMCAAFR is designed for efficiency and 
thrust optimization. Plasma in Core 1 is directed through the central region of 
Core 2, flowing through a specially designed central column channel that 
allows plasma from both cores to interact gravitationally but without mixing 
directly. Once each core’s plasma exits its confinement zone, they combine in 

a shared confinement tunnel leading to the magnetic nozzle. This arrangement 
minimizes imbalances in plasma flow and maximizes the stability and 

directionality of the exhaust, resulting in improved thrust characteristics. 
 

Each core is enclosed within a 3 cm-thick blanket that serves multiple purposes, including 
neutron moderation, gamma-ray absorption, and tritium breeding to facilitate the 
production of tritium needed for additional fuel reactions. The blanket is constructed from 

beryllium-lithium composite materials, providing high neutron absorption efficiency while 
keeping mass relatively low. The blanket also serves as a thermal management element, 

with embedded heat exchangers that allow for efficient extraction of the thermal energy 
produced during fusion reactions. 

 
The integration of advanced fuel injection systems in each core allows for precise 
control of P-B11, antimatter, and metallic hydrogen injections. The injectors are 
strategically placed around the upper and mid-sections of each core to ensure 
thorough mixing and distribution of the fuels within the plasma, enhancing the 
overall fusion efficiency. Each core is capable of independent fuel injection, with 

AURAI autonomously managing the precise ratios and timing based on plasma 
conditions and mission requirements. 

 
The structural layout of the DCMCAAFR cores, with their vertically stacked, 

independent yet interconnected design, provides a robust, redundant, and highly 
efficient fusion system. The use of C-shaped coils, a dynamic separation layer, and the 

innovative flow-through configuration of plasma from Core 1 via Core 2 distinguishes this system 
from any conventional fusion reactor design. These innovations collectively ensure that the reactor 

can provide the necessary power and propulsion capabilities while maintaining operational flexibility 
and stability during deep-space missions. 
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4.2.3 Magnetic Coil System 
 
The magnetic coil system of the DCMCAAFR is a critical component that ensures the stability, confinement, and control of the 
fusion plasma within both tokamak cores. Unlike conventional fusion reactors, the DCMCAAFR employs a novel combination of 
C-shaped toroidal coils, poloidal coils, correction coils, and transition coils (126 coils in total), all designed to function in harmony 
to manage the behavior of high-energy plasma in the unique dual-core configuration. The twisted configuration of the toroidal 

coils further enhances stability, improves confinement, 
and facilitates the extraction of plasma for propulsion. 

 
The toroidal magnetic field is produced by a 
series of 24 C-shaped coils that encircle the 

toroidal core. These C-shaped coils feature 
an intentional opening at the bottom, 
allowing for direct plasma ejection into 
the exhaust channel that leads to the 
magnetic nozzle. The unique geometry 
of these coils ensures that plasma can 
be efficiently confined within the 
magnetic field lines while also being 
accessible for controlled exhaust. This 
feature is particularly important for the 
dual-purpose nature of the DCMCAAFR, 

where the reactor must produce both 
energy and directed thrust. The toroidal coils 

in the DCMCAAFR are made of advanced high-
temperature superconducting materials to 

minimize electrical resistance and allow for the 
generation of extremely strong magnetic fields. The use 

of high-temperature superconductors reduces the need for 
excessive cryogenic cooling compared to traditional low-

temperature superconductors, making the system more 
efficient and lightweight, which is crucial for deep-

space applications. Each toroidal coil is 
approximately 74 centimeters in height and has 

a cross-sectional diameter of 46 centimeters, 
optimized for creating a strong and 

consistent magnetic field around the 
plasma. One of the most innovative 
aspects of the toroidal coil design is the 
twisted configuration. Each toroidal coil is 
twisted by approximately 5 degrees along 
its length, resulting in a total twist of 10 
degrees across the core. This twisting 
introduces a helical component to the 

magnetic field, which helps mitigate common 
plasma instabilities such as kink and tearing 

modes. By introducing a slight helical shape to 
the magnetic field, the coils reduce the tendency 

of the plasma to form edge-localized modes (ELMs), 
which can otherwise lead to localized bursts of energy 

that damage reactor components. This feature borrows 
principles from stellarator designs while retaining the 

compactness and efficiency of a tokamak. 
 



17 

 

The poloidal coils are arranged vertically around each core and are 
primarily responsible for shaping and positioning the plasma within the 
toroidal chamber. The DCMCAAFR incorporates sex poloidal coils per core, 
positioned symmetrically to ensure precise control over the 
plasma’s cross-sectional shape. These coils are actively controlled 
by the AURAI system, which monitors plasma conditions in real-
time and adjusts the current in the poloidal coils to maintain 
optimal confinement and prevent the plasma from 
drifting. The poloidal field also plays a key role in 
compressing the plasma, ensuring that it remains at 
the correct density and pressure for efficient fusion. 
 
Correction coils are distributed around each core to 
provide fine-tuning of the magnetic fields. There are 20 
correction coils fixed along the wall of each tokamak 
vessel, which are responsible for mitigating resonant 
magnetic perturbations that could lead to plasma 
instabilities. These coils are particularly important in a 
system like the DCMCAAFR, where the combined effects 
of antimatter injection and dual-core plasma flow can 
introduce unique dynamic instabilities. The correction coils help 
maintain a uniform magnetic environment, ensuring that the plasma 
remains stable even under the high-energy conditions induced by 
antimatter augmentation. 
 
Transition coils play a unique role in the DCMCAAFR, as they need to provide 
the combined effects of both toroidal field shaping and poloidal compression. They 
help guide the plasma as it transitions from the reactor's core confinement to the 
exhaust channel, ensuring that it remains stable and well-directed as it is 
ejected for propulsion. These 50 transition coils are specifically designed 
to manage the complex magnetic field gradients required during plasma 
ejection. Their configuration changes progressively from a 
predominantly toroidal orientation, responsible for confining the 
plasma in the core, to a poloidal component that shapes and 
directs the plasma as it exits. The gradual change in their 
magnetic field structure helps to stabilize the plasma stream 
during this critical transition phase, reducing turbulence and 
ensuring efficient propulsion. Transition coils also act as a 
separation layer between Core 1 and Core 2, actively 
countering the magnetic fields of each core, effectively creating 
a buffer zone that isolates the magnetic environments of the 
two cores. This prevents interference between the magnetic 
fields of Core 1 and Core 2, which is essential for maintaining 
independent control of each plasma stream. 
 
The Divertor Array of the DCMCAAFR plays a critical role in 
controlling the flow of plasma from the reactor core into the exhaust 
channel. Acting as a form of "throttle", the divertors regulate the amount 
of plasma that is directed downward through the exhaust port, thereby 
enabling precise control over the thrust output. The divertors are positioned at 
the bottom section of each core, around the 50 cm diameter circular exhaust opening 
that serves as the outlet for plasma flow into the shared exhaust channel and ultimately 
into the magnetic nozzle. 
 
The entire magnetic coil system is cooled using an advanced phase-change cooling mechanism. Each 
coil is equipped with an independent input and output pipe that circulates a high-efficiency cooling fluid 
through the coil windings. The power supply for the magnetic coils is provided by high-capacity 
superconducting feeders, which deliver the required current while minimizing energy losses.  
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4.2.4 Fuel Systems 
 
The fuel systems of the DCMCAAFR are designed to handle and manage the various types of fuel required for plasma generation, 
augmentation, and auxiliary systems. The reactor relies on a combination of proton-boron-11 (P-B11) for primary fusion reactions, 
antimatter for enhancing fusion efficiency and energy output, and metallic hydrogen (Met H) for plasma augmentation, auxiliary 
power generation and reactor startup. Each fuel type is stored and injected using specialized systems designed to maintain safety, 
efficiency, and reliability throughout the reactor's operation. 
 
P-B11 Fuel Injection System is the primary fuel injection mechanism responsible for initiating and maintaining the fusion process 
within the tokamak cores. P-B11 is a well-known aneutronic fuel that offers a high-energy yield with minimal neutron production, 
making it an ideal choice for deep-space propulsion, as it reduces radiation shielding requirements. The DCMCAAFR is equipped 
with two P-B11 injectors per core, strategically placed around the toroidal plasma chamber. These injectors are designed to 
introduce the preheated fuel uniformly into the plasma, ensuring homogeneous mixing and consistent fusion reactions 
throughout the core. Each injector is equipped with magnetic channels to ensure that the fuel particles are directed precisely into 
the plasma without disturbing the magnetic fields that confine the plasma. 
 

The antimatter 
injection system 
plays a critical role in 
enhancing the fusion 
process by catalyzing 
additional energy 
release within the 
plasma. Antimatter is 
stored in specialized 
Penning-Ioffe traps—
each capable of 
containing 16 kg of 

antimatter—and 
there are two 
antimatter injectors 
in total, one for each 
core. The injectors are 
positioned at three-
quarters height along 
the tokamak, allowing 
for the antimatter to 

be introduced directly into the plasma at a point where it can maximize energy release without destabilizing the plasma. The 
antimatter is delivered through magnetic pipes, ensuring that it does not come into contact with any material surfaces until it 
interacts with the plasma. The AURAI system manages the injection rate to ensure that the antimatter's contribution to the fusion 
process remains within safe and controlled limits. The precise timing and rate of antimatter injection are critical, as it allows for 
the reactor to achieve much higher temperatures and pressures, thereby increasing the rate of fusion and the overall energy 
output. 
 
Metallic Hydrogen (Met H) is utilized in multiple roles within the DCMCAAFR, including as a plasma augmentation fuel, a backup 
energy source for auxiliary power generation, and as a propellant for smaller thrusters used for spacecraft maneuvering. The Met 
H injection system includes one dedicated injector per core, which are positioned at the upper section of the tokamak, near the 
initial plasma formation region. Met H is injected into the plasma to enhance its density and temperature, providing additional 
thermal energy and thereby supporting the primary fusion reactions. The Neutral Beam Injection (NBI) units, which also use Met 
H, are used to further heat the plasma. These units are located on either side of each core and inject high-energy neutral particles 
into the plasma, transferring their energy to the plasma particles through collisions, thereby increasing the plasma temperature. 
Each core is equipped with one NBI unit, providing the additional heating required to maintain optimal plasma conditions, 
especially during startup and peak power demands. 
 
The AURAI control system plays an integral role in managing all fuel injection processes, monitoring the fuel flow rates, and 
ensuring the proper ratios of P-B11, antimatter, and Met H are maintained at all times. This monitoring includes the use of thermal 
and pressure sensors installed at strategic points along each fuel line and at each injector, allowing AURAI to adjust the flow in 
real time to compensate for any changes in plasma conditions or reactor demands. 
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4.2.5 Heating and Cooling Systems 
 

The heating and cooling systems of the DCMCAAFR reactor are integral 
to its efficient operation, ensuring that the reactor maintains optimal 

temperatures for fusion reactions while managing the 
enormous amount of waste heat generated during 
operations. Given the reactor’s power requirements and 
its dual role in both power generation and propulsion, a 
highly advanced and integrated thermal management 
system is necessary. The system incorporates dynamic 

heat cycling, phase-change cooling, and multiple heat 
extraction technologies to maintain the stability of the 

reactor and support other ship systems. 
 
Heating Systems in the DCMCAAFR are primarily focused on 

achieving and sustaining the temperatures necessary for 
efficient fusion of P-B11 and the augmentation provided by 
antimatter and metallic hydrogen. The primary heating 
mechanisms include: 
 

1. Neutral Beam Injection (NBI): The NBI units use 
metallic hydrogen to inject high-energy neutral atoms into 

the plasma. By introducing these high-energy atoms, the NBI 
units transfer kinetic energy to the plasma particles through 

collisions, thereby increasing the temperature of the plasma to fusion 
conditions. Each core has one NBI unit. 

 
2. Antimatter Injection: Antimatter serves as an augmentation fuel, 

introduced into the plasma through specialized injectors positioned at 
three-quarters height of each core. The annihilation reactions that 

occur when the antimatter comes into contact with the plasma 
release vast amounts of energy, contributing to increased 
plasma temperature and overall fusion efficiency. The precise 

control of antimatter injection by the AURAI control system 
ensures that the additional energy is distributed evenly within 
the plasma, minimizing the risk of localized overheating or 
instabilities. 
 
3. Metallic Hydrogen Augmentation: Metallic hydrogen is 
also injected directly into the plasma as an augmentation fuel. 

When injected, it increases the density of the plasma and 
contributes additional thermal energy, supporting the fusion 

process and sustaining the temperatures needed for efficient 
operation. The AURAI control system manages the rate and 

distribution of metallic hydrogen injection to maximize fusion efficiency. 
 

Cooling Systems are essential to manage the waste heat generated by the 
fusion process, magnetic coils, and other reactor components. The 

DCMCAAFR utilizes a combination of dynamic cooling systems, thermoelectric 
generators (TEGs), and heat radiators to effectively manage the thermal load. 

Key components of the cooling system include: 
 
1. Magnet Cooling Systems: The toroidal, poloidal, correction, and 
hybrid coils generate substantial heat as they confine and shape the high-energy 
plasma. Each coil is equipped with an independent input and output pipe through 
which a specialized coolant circulates. The cooling fluid absorbs the heat generated 
by the electrical currents within the coils, ensuring that they remain at optimal 
temperatures to sustain superconductivity. The coolant used in the magnet system 
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is a phase-change material (PCM) designed to absorb large amounts of thermal energy during the transition from 
one state to another, providing efficient thermal management while maintaining minimal coolant mass. The 
heated coolant is then routed to the central heat distribution pipe for further processing. 
 

2. Dynamic Heat Distribution System: The heat extracted from the magnetic coils, divertor plates, and other reactor 
components is routed to a central heat distribution pipe (aka “hot circle”). This hot pipe is a key feature of the 
thermal management system, functioning as the primary conduit for collecting and distributing thermal energy 
throughout the reactor module. The heat is then directed to several systems, including TEGs, and thermal 
radiators. The central heat pipe allows for AURAI to autonomously manage the thermal load, extracting and 
redistributing heat as needed to maintain thermal stability throughout the reactor. 

 
3. Thermoelectric Generators (TEGs): The DCMCAAFR is equipped with three TEG units, one with a capacity of 20 

kW and two with capacity of 40 kW each. The TEGs convert waste heat directly into electrical energy, providing 
power for the spacecraft's systems, including propulsion, life support, and communications. Each TEG unit has an 
array of advanced thermoelectric materials that generate electrical current when subjected to a temperature 
gradient between the hot coolant and a cooling surface. The TEG units are modular, allowing for flexible power 
generation, and are strategically positioned to maximize heat extraction efficiency from the central heat pipe. 

 
4. Divertor Cooling: The Divertor Array is subjected to extreme thermal loads as it comes into contact with the 

plasma stream, especially during thrust generation. To manage this, the divertors are equipped with PCM-based 
cooling pipes, which absorb the excess heat generated during plasma extraction. This cooling ensures the 
structural integrity of the divertor plates and minimizes the risk of thermal fatigue over prolonged periods of 
operation. 

 
5. Thermal Radiators: Excess heat that cannot be converted to electrical energy or stored is directed to the thermal 

radiators. The three radiators are capable of dissipating up to 6 MW of heat into space. The radiators feature 
multi-panel structures, with each panel capable of being independently controlled and shut down, depending on 
the thermal load requirements. The AURAI system dynamically adjusts the heat flow to the radiators, ensuring 
that optimal radiator surface area is utilized to balance the thermal load effectively. The radiators operate at 
temperatures of up to 3,000 K, providing passive heat dissipation during peak reactor operation. 

 
6. Hybrid Cooling and Separation Layer: The 3 cm-thick separation layer between Core 1 and Core 2 serves as both 

a magnetic shield and a cooling interface. This layer contains dynamic cooling channels that extract the heat 
generated due to magnetic field interactions between the two cores. The extracted heat is directed to the central 
heat pipe, contributing to the overall thermal balance of the reactor. This layer not only prevents interference 
between the two cores but also helps maintain optimal thermal conditions across the entire reactor module. 
 

7. Metallic Hydrogen Auxiliary Power Generators (APGs): In addition to its role in plasma augmentation, metallic 
hydrogen is also used to generate auxiliary power. The DCMCAAFR includes a combustion chamber that burn Met 
H, providing additional heat to the TEG units in situations where the reactor is offline or waste heat is insufficient. 
The Met H combustion chamber is a compact unit that provide controlled, high-temperature combustion, with the 
resulting heat being directed to the TEG units for power generation. This provides a reliable backup power source, 
ensuring that critical systems remain operational even during reactor shutdowns. 

 

 
 

The AURAI control system plays an integral role in managing all aspects of heating and cooling within the DCMCAAFR. AURAI 
monitors temperature, pressure, and energy levels throughout the reactor, dynamically adjusting the flow of coolant, the 
operation of TEGs, and the heat distribution to the radiators. This real-time control ensures that the reactor operates within safe 
temperature limits while optimizing power output and thermal efficiency. By balancing the flow of heat between power 
generation, storage, and dissipation, AURAI maintains the thermal stability of the reactor under a wide range of operational 
conditions. 
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4.2.6 Structural Components and Shielding 
 
The structural components and shielding of the DCMCAAFR are critical to ensuring the reactor's integrity under the 
extreme operational conditions encountered during high-energy fusion and propulsion. The entire reactor module is 
designed to balance robustness, thermal management, and mass efficiency, combining lightweight materials with 
sophisticated structural layouts that both house and protect the delicate components of the fusion reactor. 
 

The primary structural framework of the 
DCMCAAFR consists of a robust, lightweight 
truss structure that supports all reactor systems, 

including the cores, magnetic coils, injectors, 
and power generation units. This framework 

uses advanced carbon-fiber reinforced 
polymer composites and titanium alloys to 
provide high strength-to-weight ratios, 
necessary for withstanding both the 
physical stresses of spaceflight and the 
intense forces generated during plasma 
confinement and fusion. The structural 
framework is engineered with a modular 
design, enabling individual components of 
the reactor, such as coil systems or injector 
units, to be accessed or replaced with 
relative ease. 
 
Core Enclosure: The core enclosure serves 
as a protective housing around both cores of 
the DCMCAAFR, providing structural stability 
while maintaining separation from external 
elements. Unlike traditional tokamaks that 
use vacuum vessels to maintain a low-
pressure environment for plasma stability, 
the DCMCAAFR core enclosure is specifically 
designed to provide radiation shielding and 
integrate into the heat management systems. 
The enclosure is constructed with an outer 
shell made of lightweight titanium alloys, 
incorporating a toroidal shape that closely 
follows the magnetic coils. The enclosure’s 
design also includes multiple strategic 
openings to allow for the passage of injectors, 
cooling pipes, and auxiliary systems, while 
maintaining the shielding and structural 
integrity of the core. These openings are 
covered with angled baffles to block external 
radiation while allowing necessary conduits to 
pass through. 

 
Magnetic Coil Supports: The magnetic coils—

comprising toroidal, poloidal, correction, and hybrid 
coils—require specialized support structures to keep 

them in precise alignment, given the high forces involved in 
confining the plasma. The coil support structures are 

fabricated from titanium-carbide reinforced composites to 
withstand the extreme magnetic fields without deformation. 

These supports are integrated into the truss structure of the core 
enclosure, providing rigidity while distributing the forces across the 

entire reactor module to prevent stress concentration in any one area. 
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Divertor Structure: The Divertor Array is located at the base of each core, directing the extracted plasma into the 
exhaust channel. The divertor's structural components are designed to handle significant thermal loads during plasma 
extraction. The array is supported by high-strength alloy trusses, integrated with cooling channels to prevent thermal 
fatigue and structural failure. The divertor plates are made of tungsten alloys, chosen for their ability to withstand the 
extreme temperatures produced by direct plasma contact. 

 
Central Separation Column: The Central Separation 
Column is a crucial component, extending between the 

two cores to maintain their separation and minimize 
magnetic field interference. This column is constructed 

from tungsten-reinforced titanium and serves 
multiple purposes: it acts as a magnetic shield, an 
attachment point for coil supports, and a conduit 
for heat extraction. The central column is filled 
with dynamic cooling channels that transport 
waste heat from the region to the main heat pipe, 
reducing temperature differentials between the 
cores. 
 
Radiation Top Shielding: The DCMCAAFR 
incorporates a sophisticated multi-layer radiation 
shielding system to protect critical equipment from 
radiation generated by the fusion. The shielding is 
positioned directly above the reactor module, and 
consists of multiple layers designed to address 
different types of radiation. The shielding system is 
as follows: 
 

• Neutron Absorbing Layer: designed to 
absorb neutrons generated during the P-B11 

fusion process.  
 

• Gamma Radiation Shielding Layer: from a high-
density tungsten alloy, designed to attenuate gamma 
radiation produced during fusion, as well as from 
antimatter reactions used in plasma augmentation.  
 

• Thermal Insulation Layer: ensures that heat 
produced by the reactor does not transfer into the 
surrounding ship structure. 
 

• Electromagnetic Shielding Layer: made from a 
mu-metal composite which has very high magnetic 
permeability, allowing it to attenuate stray magnetic 
fields and prevent interference with onboard 
instruments. 
 

• Secondary Electromagnetic Shielding Layer: 
constructed from high-density polyethylene (HDPE), a 

lightweight, hydrogen-rich material designed for effective 
radiation protection in deep-space environments.  
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Exterior Protective Vessel: The entire reactor module is enclosed within an exterior protective vessel that serves as a 
secondary radiation shield and provides protection from external threats, such as micrometeoroid impacts. The vessel 
is constructed from aluminum-lithium alloys with a specialized multilayer insulation coating to provide lightweight 
protection while minimizing heat loss to the exterior environment. 
 
Access and Maintenance: Access to the reactor module for maintenance purposes is facilitated through entry points 
located in the protective vessel. 
 
 

 

4.2.7 Integrated Safety Systems 
 
The integrated safety systems of the DCMCAAFR are designed to ensure safe operation under all phases of the reactor's 
functionality. 
 
The magnetic confinement safety of the reactor is ensured by several critical components. Each core has 20 correction 
coils to fine-tune magnetic fields and correct resonant magnetic perturbations (RMPs), which could otherwise lead to 
plasma instabilities. The hybrid transition coils help guide plasma from the toroidal confinement region into the exhaust 
channel, preventing turbulence. Additionally, a dynamic magnetic shield between Core 1 and Core 2 prevents magnetic 
interference between the two cores, enhancing stability and maintaining independent magnetic field conditions. 

 
Fuel handling safety is managed through specialized storage and transport mechanisms. 

 
The AURAI control system monitors the reactor, detects anomalies, and executes 
safety protocols. Magnetic sensors (Hall-effect and flux loops) measure magnetic 
fields, while Thomson scattering sensors and spectrometers monitor plasma 
density, temperature, and impurities. Bolometers measure total radiated power, 
and thermal sensors include thermocouples and infrared cameras to assess the 
reactor’s temperature profile. Fuel flow monitors gauge flow rates and 
pressures in fuel pipelines, ensuring precise control. If any operational anomaly 
is detected, AURAI can initiate a controlled shutdown by adjusting fuel injection, 
divertor positions, or activating cooling systems. 
 
Radiation shielding provides essential protection for the reactor components. 
Above the reactor module, a multi-layer shield absorbs neutron, gamma, 
thermal, and electromagnetic radiation, ensuring that radiation exposure is kept 
within safe limits. The magnetic field shield between cores also helps to 
minimize magnetic field interference and cross-talk, enhancing the reactor's 
operational stability. 
 
The DCMCAAFR also features single-core operation capabilities as a redundancy 

mechanism. Each core has an independent set of fuel injectors, magnetic coils, 
and cooling systems, allowing one core to remain fully operational while the other 
is offline for operational reasons or due to an operational anomaly. Single-core 
operations are feasible after approximately 170 days into the Proxima mission 
when power needs fall below the threshold of a single core’s output capacity. 
During such operations, the reactor's systems adjust to maintain fusion efficiency 
while balancing plasma stability. Radiation shielding and magnetic containment 
are dynamically optimized to isolate the offline core, ensuring that no residual 
radiation or magnetic fields interfere with crew activities or ongoing operations in 
the active core. 
 

In conclusion, the integrated safety systems of the DCMCAAFR include magnetic 
confinement control, fuel handling safety, dynamic cooling, and redundant radiation 

shielding. Managed by AURAI, these systems ensure that reactor operations are 
maintained at optimal levels while risks are minimized. The safety systems allow for 

efficient, reliable operation of the reactor in deep space. 
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4.2.8 Magnetic nozzle 
 
The magnetic nozzle is a crucial component of the spaceship, responsible for converting the high-energy plasma 
produced by the dual-core tokamaks into usable thrust, thereby enabling propulsion for deep-space missions. 
Functioning in extreme conditions, the nozzle must withstand incredibly high temperatures, intense radiation, and rapid 
changes in plasma flow and density. The nozzle utilizes advanced magnetic fields to shape, accelerate, and guide plasma 
efficiently from the reactor exhaust into space. By leveraging controlled magnetic confinement, the nozzle optimizes 
thrust while minimizing physical contact with the plasma, preventing erosion and wear on structural surfaces. The 
magnetic coil system of the nozzle is designed to provide precise control over plasma behavior, maintaining both 
confinement and directional flow. The system features a set of 56 toroidal magnetic coils, similar to those found in the 
tokamaks. These coils, strategically placed along the length of the nozzle, create the magnetic channels that shape the 
plasma stream. Additionally, the magnetic nozzle contains a mid-section with a higher density of magnetic coils—
approximately half the length of the nozzle. This section provides enhanced compression, concentrating the plasma and 
building additional pressure before releasing it into the exhaust channel. This compression zone effectively increases 
the plasma velocity, improving the efficiency of thrust generation and providing the necessary conditions to achieve 
exhaust speeds of up to 0.65c (~15 mln ISP). 
 
Cooling is a critical aspect of maintaining the functionality of the magnetic nozzle. Due to the extreme heat generated 
by high-energy plasma, the nozzle is cooled directly through a network of pipes that carry coolant to heat radiators 
mounted along the length of the nozzle. The heat radiators then dissipate the thermal energy into space, keeping the 
coils and structural components of the nozzle at manageable operating temperatures. The heat radiators are carefully 
integrated into the nozzle's design to ensure effective cooling while minimizing any impact on plasma flow and nozzle 
efficiency. The structural integrity of the magnetic nozzle is ensured by an ultra-lightweight truss structure. 

 
The thermal radiators attached to the nozzle play an important role in heat management. Although the main cooling 
system of the magnetic nozzle utilizes the radiators directly, these radiators also serve a broader purpose within the 
spacecraft's overall heat dissipation network, sharing the task of expelling excess heat generated during high-energy 
operations.  
 
The maneuvering capabilities of the spacecraft are further enhanced by three sets of maneuver thrusters located at 
the very end of the magnetic nozzle. These thrusters are powered by metallic hydrogen (Met H) and serve a similar 
function to traditional reaction control system (RCS) thrusters, but with significantly higher efficiency. Positioned at the 
extreme end of the nozzle, these thrusters leverage the long lever arm from the spacecraft's center of mass, providing 
exceptional control authority during maneuvers. The thrusters allow for full spacecraft control using any two of the 
three units, while limited control is still achievable with just a single operational thruster. 
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4.3 HEAT DISSIPATION 
 

Heat dissipation is a critical aspect of spacecraft 
engineering, requiring efficient management of thermal 
loads generated during high-energy operations. In our 
design, several advanced systems work synergistically to 
achieve effective heat management. PCM-piped 
radiators radiate excess heat, capitalizing on their large 
surface area for efficient dissipation. The thermoelectric 
conversion system repurposes a portion of the waste 
heat into electrical power, optimizing energy utilization 
throughout the spacecraft. Additionally, the MADS, 
primarily designed for debris protection, also assists 
indirectly in managing localized thermal energy by 
ionizing and deflecting small particles, thus mitigating 
their thermal impact. Together, these systems provide a 
holistic approach to maintaining thermal balance in a 
high-energy interstellar environment. 
 

4.3.1  Heat energy available 
The heat energy available as waste from the DCMCAAFR 
reactor is approximately 1.5% of the reactor's total 
energy output. At peak reactor power levels, this results 
in a waste heat generation of around 5.6 MW. By the end 
of the mission, as the spacecraft's power requirements 
decrease due to reduced mass, the waste heat 
production drops significantly. This waste heat, while a 
byproduct of the reactor's energy generation, is 
managed through an array of heat dissipation systems, 
ensuring the thermal stability of both the reactor and the 
rest of the spacecraft. 
 

4.3.2 TEG Electricity Generation 
The thermoelectric generator (TEG) system aboard the 
spacecraft is an advanced waste heat recovery 
mechanism, designed to convert up to 100 kW of the 
reactor's waste heat into electrical power, supporting 
various critical ship systems. The TEG units operate using 
the Seebeck effect, a thermoelectric phenomenon in 
which an electric voltage is generated due to the 
temperature difference across dissimilar conductive 
materials. This principle allows for direct conversion of 
heat into electricity, making the TEG system highly 
efficient and well-suited for continuous operation in the 
demanding conditions of deep space. 
 
The spacecraft's TEG system consists of three TEG units, 
with two of them capable of generating 40 kW of power 
and one 20 kW during peak operation. The units are 
housed within rectangular modules. Thermoelectric 
materials used in the TEG units are lead telluride (PbTe) 
and bismuth telluride (Bi₂Te₃), known for their excellent 
thermoelectric properties at high temperatures. These 
materials are layered to form a series of thermocouples, 
which are arranged in parallel and series configurations 
to ensure optimal voltage and current output. The lead 
telluride layer is capable of withstanding temperatures 



26 

 

up to 900 K, while the bismuth telluride is used in lower-temperature regions of the TEG unit. The multi-stage 
arrangement ensures that the entire temperature gradient from the reactor waste heat is effectively utilized for 
power generation. These thermoelectric elements are embedded in a high-temperature ceramic matrix, providing 
insulation, mechanical stability, and protection from radiation. 
 
The TEG units feature heat exchangers made of nickel-chromium alloy (Inconel), which has excellent resistance to 
high temperatures and thermal cycling. Waste heat from the reactor is transferred through these heat exchangers, 
which maintain a temperature differential of 500-800 K across the thermoelectric materials, providing the ideal 
conditions for maximizing electricity production. The TEG modules are connected to a central heat distribution 
system that ensures a steady flow of waste heat from the reactor core to each TEG unit. Cooling loops are 
integrated into each module to ensure the proper thermal gradient across the thermoelectric materials, utilizing a 
combination of phase-change material (PCM) and direct cooling channels leading to radiators. 

 

The cooling system for the TEG units is crucial in maintaining operational efficiency. Waste heat is extracted 
through PCM pipes. PCM pipes are embedded within the TEG modules to absorb excess heat and prevent thermal 
runaway. The integration of PCM allows for thermal buffering, ensuring that sudden temperature spikes are 
effectively managed, preserving the longevity of the thermoelectric materials. The PCM used in the TEG cooling 
system has a melting point of approximately 580 K, ensuring it remains effective at high operational temperatures. 
To further enhance efficiency, each TEG unit is equipped with graphene-based thermal conductors, which enhance 
the heat transfer rate within the system and ensure uniform temperature distribution across the thermoelectric 
elements. This uniformity is crucial for maintaining a consistent electrical output and avoiding localized 
overheating, which could lead to material degradation or reduced performance. Graphene's exceptional thermal 
conductivity, coupled with its resistance to radiation, makes it an ideal material for this application in the high-
radiation environment of space. 
 
The control and regulation of the TEG system are managed by the AURAI system, which dynamically adjusts the 
distribution of waste heat among the six TEG units. This capability ensures that the TEG units operate at optimal 
conditions, even as reactor output and waste heat production fluctuate throughout the mission. After the inertial 
reorientation maneuver, when the Microwave Active Debris Shield (MADS) is deactivated, the power 
requirements are reduced significantly. During this phase, limited number of TEG remain operational to produce 
the necessary electrical power for the spacecraft's systems. This dynamic adjustment minimizes energy waste while 
maintaining sufficient power availability. 
 
The modular design of the TEG units also provides redundancy. In the event of a malfunction in one or more units, 
the remaining TEG units are capable of increasing output to compensate for the loss, thereby ensuring continuous 
power generation for critical systems. The TEG modules are designed for a minimum operational lifespan of 15 
years, considering the wear induced by thermal expansion and contraction cycles. The robust materials, efficient 
cooling, and controlled operation make the TEG system an indispensable component of the DCMCAAFR. 
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4.3.3 Energy for MADS 
The Microwave Active Debris Shield (MADS) system continuously operates using 98.9 kW of dedicated energy for 
the first half of the spacecraft's journey, until the inertial reorientation maneuver for deceleration. The power is 
transported to MADS units through a series of high-capacity superconducting cables, which are embedded within 
the ship's structural framework. These cables are specifically designed to handle the significant power demands of 
MADS while minimizing energy loss. They operate at cryogenic temperatures to maintain superconductivity, 
ensuring efficient energy transfer even over the long distances within the ship. This infrastructure enables the four 
phased-array antennas to emit high-frequency microwave beams effectively, ionizing and neutralizing 
micrometeoroid threats in real-time as the spacecraft travels at relativistic speeds. 
 

4.3.4 Thermal Radiators 

Thermal radiators play a critical role in managing the thermal balance of the spacecraft, ensuring the removal of 
excess heat generated by the dual-core DCMCAAFR reactor and other high-energy systems, such as the magnetic 
nozzle and TEG units. The three radiators onboard the spacecraft represent one of the structures, designed to 
handle peak waste heat dissipation requirements, particularly during the early stages of the journey, when reactor 
output and power demands are at their highest. The radiators ensure that operational components remain within 
their optimal thermal range, contributing to both safety and efficiency. 
 
Each of the radiators is 6 meters in length and 1.5 meters in width. Combined, the three radiators have a total 
surface area of approximately 54 square meters, or 9 square meters per side. The radiators are made of a 
combination of carbon-carbon composites and molybdenum-based alloys, chosen for their excellent thermal 
conductivity, low weight, and resistance to radiation damage. Carbon-carbon composite is used primarily for its 
ability to withstand extreme temperatures without deforming or losing structural integrity, while molybdenum 
alloys provide a high thermal conductivity layer, efficiently transferring heat to the surface of the radiator panels. 

 
The design of each radiator 

consists of 3 structural 
trusses, which support 

2 identical radiation 
panels. Each panel 
can operate at 
temperatures of up 
to 3,000 K, a 
condition that leads 
to a distinctive 
orange glow during 
peak operation, 
visually indicative of 
the intense thermal 

radiation being managed 
by the system. 

 
The radiators utilize a network of high-capacity heat pipes and phase-change materials (PCM) 

to transfer thermal energy from heat-generating components to the radiator surfaces. Heat pipes made from 
titanium alloys are embedded within each radiator panel, providing an efficient pathway for heat transfer. These 
heat pipes are filled with a working fluid that undergoes evaporation and condensation cycles, carrying thermal 
energy from the hot reactor components to the colder radiator panels, where it can be radiated into space.  
 
The heat dissipation capacity of each radiator is rated at 2 MW, giving the three radiators a combined peak heat 
dissipation capability of 6 MW. This is sufficient to manage the waste heat generated by the DCMCAAFR Compact 
reactor and associated systems under maximum operational load. Structurally, the radiators are supported by 
titanium trusses that provide the necessary rigidity while minimizing mass. As the mission progresses and the 
energy demands decrease, the need for full radiator operation reduces significantly. The adaptable nature of the 
radiators, under AURAI’s management, allows for phased shutdown of individual panels, conserving energy and 
extending the operational life of the radiator system while still providing the necessary thermal regulation to 
maintain the safety and efficiency of the spacecraft's systems. 
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5 CONTROL AND MANAGEMENT 
 

5.1 AURAI 
 
The Autonomous Unified Redundant Artificial Intelligence (AURAI) is the central system managing all aspects of the 
ACEP spacecraft. Designed for complete mission autonomy, AURAI is capable of handling every phase of the journey, 
from launch to data collection and final transmission to Earth. With dual independent units operating redundantly, 
AURAI ensures uninterrupted control through continuous monitoring, predictive modeling, and adaptive decision-
making. AURAI autonomously manages propulsion, navigation, energy distribution, and the deployment of scientific 
payloads. It can execute thousands of scenario simulations in real-time to optimize mission parameters, ensuring that 
any deviations in system behavior are addressed proactively. For instance, if unexpected shifts in propulsion efficiency 
occur, AURAI can dynamically adjust the reactor’s parameters to maintain trajectory and conserve resources. Its 
decision-making algorithms prioritize mission objectives while incorporating safety measures to protect critical systems. 
 
During the final mission phases, AURAI independently launches the ACEP Atmos probe, configures the probe's systems 
for atmospheric entry, and ensures the seamless collection of scientific data. It then transmits this data, along with 
telemetry and imaging from the primary spacecraft, back to Earth. These functions are fully automated, requiring no 
intervention from Earth-based operators, although real-time adjustments from ground control can be integrated if 
necessary. AURAI's independence is further supported by its self-repair capabilities, which include diagnosing hardware 
malfunctions, rerouting functions to redundant components, and initiating recovery protocols for software anomalies. 
Every critical action by AURAI undergoes an internal consensus mechanism, ensuring decisions are verified across both 
AI units before execution. 

5.2 GROUND CONTROL 
 
While AURAI is designed for full mission autonomy, limited control inputs can be sent from Earth. These commands are 
restricted to non-critical functions, such as modifying scientific instrument settings, adjusting communication schedules, 
or prioritizing certain data transmissions. AURAI evaluates all incoming commands to ensure they align with mission 
objectives and will reject any instructions that could compromise system integrity or mission outcomes. Ground control 
also has the capability to request status updates, monitor telemetry, and analyze live mission data. In the event of 
significant anomalies, Earth-based operators may collaborate with AURAI to devise corrective measures, though AURAI 
remains the final authority for implementing changes. 

5.3 AUTONOMOUS MISSION MANAGEMENT 
 
The ACEP mission is designed to operate without human intervention, reflecting the vast communication delays inherent 
to interstellar distances. AURAI oversees the seamless execution of complex tasks, including: dynamic course corrections 
using onboard navigation systems, optimization of energy use based on remaining fuel, solar output, and operational 
requirements, deployment and monitoring of the ACEP Atmos probe, ensuring its scientific objectives are met, 
continuous data collection, storage, and transmission to Earth, including compressing and prioritizing data. 

5.4 SYSTEM REDUNDANCY AND BACKUP 
 
AURAI’s dual-unit design ensures redundancy at all levels, with both units continuously cross-verifying their calculations 
and actions. The spacecraft's critical systems, including propulsion, navigation, and communication, are designed with 
similar redundancies, allowing AURAI to reroute functions in the event of hardware failures. The ACEP Atmos probe 
operates with its own limited autonomous capabilities, allowing it to complete its mission objectives independently if 
separated from the primary spacecraft. This layered approach to redundancy and autonomy ensures that the ACEP 
mission remains resilient and capable of achieving its scientific goals, regardless of unforeseen challenges. 
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6 SCIENTIFIC EQUIPMENT 

 
The ACEP spacecraft is equipped with a range of advanced scientific instruments designed to gather detailed data on 
the Alpha Centauri system and Proxima b. These tools are compact, highly efficient, and tailored for unmanned 
operations, ensuring comprehensive observation and analysis of the target planet. Below is an overview of the onboard 
equipment and their respective roles. 
 
 

High-Resolution Camera System 

The High-Resolution Camera System (HRCS) aboard the ACEP spacecraft is a state-of-the-art imaging system, purpose-
built for capturing detailed visual data of Proxima b’s surface and atmosphere. This advanced system is critical for 
supporting geological analysis, surface mapping, and hazard detection, providing a foundation for the mission's broader 
scientific objectives. 
 
The HRCS consists of two compact units, each mounted on precision gimbals to enable dynamic targeting and stable 
imaging during spacecraft operations. Each unit is equipped with multi-spectral imaging capabilities, capable of 
capturing data across visible, ultraviolet, and infrared wavelengths. This broad spectral range provides a detailed 
understanding of Proxima b's terrain, atmospheric composition, and weather phenomena. The optical zoom system 
offers up to 50x magnification, enabling the detailed examination of specific surface features, such as potential landing 
zones, geological formations, or active atmospheric phenomena. 
 
AURAI oversees all HRCS operations, dynamically prioritizing targets and adjusting the camera's orientation based on 
real-time mission requirements. The system is capable of continuous imaging, utilizing advanced algorithms for data 
compression and transmission to optimize bandwidth usage. This ensures the spacecraft can collect and transmit high-
quality visual data even under the limitations of deep-space communication. 
 
The HRCS’s robust design and redundant configuration ensure reliability throughout the mission, maintaining 
functionality even in the harsh conditions of interstellar travel. Its ability to capture and analyze detailed imagery 
supports the mission’s overarching goals of understanding Proxima b’s geology, atmospheric dynamics, and suitability 
for future exploration efforts. 
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Compact Optical Zoom Camera 

The Compact Optical Zoom Camera is an advanced imaging instrument designed for high-resolution, long-range 
observation and surface analysis of Proxima b. Mounted on a precision-engineered gimbal, the camera is capable of 
targeting specific planetary features with remarkable stability, even under dynamic spacecraft conditions. It 
incorporates a cutting-edge optical zoom lens system, enabling magnification up to 100x for detailed examination of 
geological formations, atmospheric layers, and other scientifically significant phenomena. 
 
This camera plays a critical role in complementing the High-Resolution Camera System. While the high-resolution system 
captures wide-field and detailed surface images, the Compact Optical Zoom Camera specializes in targeted imaging, 
focusing on smaller regions or specific points of interest with unparalleled clarity. Its zoom capability allows for adaptive 
observation, from broad surface scans to close-up views of anomalies or transient events such as atmospheric 
disturbances or volcanic activity. 
 
AURAI autonomously governs the operation of the Compact Optical Zoom Camera, dynamically adjusting its focus and 
angle based on mission priorities. By analyzing incoming data and cross-referencing with other instruments, AURAI 
ensures the camera is consistently directed toward scientifically valuable targets. This collaborative approach maximizes 
the efficiency of data collection, allowing the spacecraft to adapt its observational strategies in real time. 
 
The Compact Optical Zoom Camera’s robust design ensures reliability in extreme conditions, from thermal fluctuations 
in the spacecraft's shadow to exposure to cosmic radiation. Its integration into the spacecraft’s scientific suite highlights 
its importance in gathering detailed imagery and data that are crucial for understanding Proxima b's surface, 
atmosphere, and potential for future exploration. 
 
 

Thermal Imaging Camera 

The Thermal Imaging Camera (TIC) is a specialized instrument designed to detect and map heat signatures across 
Proxima b's surface, offering critical insights into the planet's thermal dynamics. Mounted on a precision gimbal for 
flexible orientation, the TIC plays a key role in identifying and analyzing geothermal activity, volcanic hotspots, and 
atmospheric temperature variations. This capability makes it an invaluable tool for understanding the planet’s energy 
distribution and underlying geological processes. 
 
The TIC employs a highly sensitive infrared sensor array to generate detailed thermal maps, capturing subtle variations 
in surface temperature. These maps enable the identification of heat sources, such as active volcanic regions or 
geothermal anomalies, which may provide clues about Proxima b's geological activity and potential for supporting 
energy-related studies. The system also aids in monitoring atmospheric temperature gradients, contributing to the 
mission’s broader understanding of environmental conditions on the planet. 

 
AURAI autonomously manages the 
operation of the TIC, dynamically targeting 
regions of scientific interest and 
integrating its thermal data with input from 

other onboard instruments. This coordinated 
approach ensures that the TIC contributes 

effectively to the overall mission objectives 
while minimizing redundant data collection. 

 
Designed for reliability and efficiency, the TIC operates 

seamlessly alongside the spacecraft’s other scientific 
systems, providing consistent performance in the harsh 

conditions of interstellar exploration. Its compact 
design and advanced capabilities make it 

indispensable for understanding Proxima b’s 
thermal environment and surface dynamics, 

offering valuable data to support future 
exploration and potential resource 

utilization. 
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Spectrometer 

The onboard Spectrometer is a pivotal instrument designed to analyze the chemical composition of Proxima b's surface 
and atmosphere. With compact dimensions of 15 cm x 5 cm x 5 cm, it employs Raman and infrared spectroscopy to 
accurately detect and identify minerals, surface compounds, and atmospheric components. This capability is essential 
for determining the planet's geological structure and assessing its potential to support life. 
 
Unlike other gimbal-mounted instruments, the Spectrometer is fixed to the spacecraft's structure, relying on ACEP's 
precise orientation to target specific areas of interest. This streamlined design minimizes complexity while ensuring 
consistent performance. AURAI autonomously integrates the Spectrometer's operations with other scientific systems, 
optimizing its use during surface passes and aligning its observations with broader mission objectives. 
 
The data collected by the Spectrometer provides critical insights into the chemical makeup of Proxima b, contributing 
to a comprehensive understanding of its environment. By identifying key materials and atmospheric elements, the 
Spectrometer supports the mission's primary goal of assessing Proxima b’s potential for future exploration and 
habitation. Its reliable and efficient operation underscores its role as a cornerstone of the ACEP’s scientific suite. 
 
 

LIDAR System 

The Light Detection and Ranging (LIDAR) system onboard ACEP is a key instrument for generating high-precision 
topographical maps of Proxima b’s surface. Compact and efficient, it measures approximately 15 cm x 10 cm x 10 cm 
and utilizes a laser-based rangefinding technique to construct detailed 3D models of the terrain. The system emits laser 
pulses towards the surface and measures the return time with nanosecond accuracy, allowing for precise elevation and 
contour mapping. 
 
Mounted on a gimbal for directional flexibility, the LIDAR system is capable 
of scanning expansive surface areas during orbital passes, adjusting its focus 
dynamically to prioritize regions of scientific interest. AURAI governs its 
operation, coordinating with other instruments to ensure seamless 
integration of LIDAR data into the overall mission objectives. By leveraging 
advanced algorithms, the system processes raw measurements into detailed 
topographic data, aiding in geological analysis and the identification of potential landing sites for 
future missions. 
 
The LIDAR’s ability to create accurate elevation maps of Proxima b contributes significantly to the understanding of its 
surface dynamics and structure. Its robust design and precision targeting capabilities make it indispensable for exploring 
the planet's diverse terrain, from rugged mountain ranges to potential plains suitable for future exploration or 
colonization efforts. 
 
 

Magnetometer 

The Magnetometer is a specialized instrument designed to measure Proxima b’s magnetic field, offering critical insights 
into the planet’s core dynamics, geological activity, and potential magnetic shielding against cosmic radiation. Compact 
and lightweight at approximately 10 cm x 5 cm x 3 cm, it is securely mounted to the spacecraft’s exterior, enabling 
uninterrupted detection of magnetic field variations without the need for directional adjustments or gimbals. 
 
Using sensitive magnetic sensors, the Magnetometer captures detailed data on the strength, orientation, and anomalies 
of Proxima b’s magnetic field. This information is pivotal in understanding the planet’s internal structure, such as the 
composition and movement of its core, and evaluating its capacity to support or protect potential life forms from 
harmful cosmic rays. 
 
AURAI integrates Magnetometer readings with data from other onboard instruments, ensuring a cohesive analysis of 
Proxima b’s environmental and geological properties. By correlating magnetic field data with topographical maps, 
spectrometer findings, and atmospheric readings, the Magnetometer plays a vital role in building a comprehensive 
picture of the planet’s physical characteristics. Its reliability and precision make it an essential component of the ACEP 
mission’s scientific objectives. 
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Radio and Sound Wave Sensors 

The Radio and Sound Wave Sensors are designed to analyze atmospheric acoustics and seismic activity on Proxima b, 
offering a distinctive perspective on both atmospheric dynamics and geological processes. Compact at approximately 5 
cm x 5 cm x 10 cm, these sensors are securely fixed to the spacecraft’s structure to ensure stability and precision during 
data collection. 
 
Capable of detecting sound wave propagation and ground vibrations, these instruments provide critical insights into the 
planet’s atmospheric density, wind patterns, and internal seismic activity. By analyzing sound propagation, the sensors 
can infer properties of the atmosphere, such as pressure, temperature, and composition, while seismic data helps reveal 
information about tectonic movements and subsurface structures. 
 
AURAI autonomously manages the operation of these sensors, coordinating their use during surface passes or during 
the atmospheric entry phase of the ACEP Atmos probe. By integrating this data with information from other 
instruments, such as the LIDAR and Spectrometer, the sensors contribute to a comprehensive understanding of Proxima 
b's environmental and geological conditions. Their role is vital in painting a complete picture of the planet’s habitability 
and structural dynamics. 
 
 

Data Storage and Processing Unit 

The Data Storage and Processing Unit (DSPU) is the central system for managing and processing the vast quantities of 
scientific data generated by the ACEP spacecraft's instruments. Measuring approximately 15 cm x 15 cm x 5 cm, it 
features advanced solid-state storage capable of holding petabytes of data, ensuring ample capacity for the mission's 
extensive requirements. High-performance processors within the DSPU perform real-time analysis, compression, and 
prioritization, allowing efficient use of storage and transmission bandwidth. 
 
Managed by AURAI, the DSPU dynamically prioritizes data based on mission objectives, focusing on high-value insights 
such as atmospheric composition, detailed surface imaging, and thermal mappings. Onboard data compression and pre-
analysis minimize redundant or low-priority information, optimizing transmission to Earth. This ensures that critical 
findings, such as unique atmospheric patterns or geological anomalies, are sent first during constrained communication 
windows. 
 
The DSPU seamlessly integrates data from multiple instruments, enabling cross-referenced analyses that deepen the 
scientific understanding of Proxima b. Its robust design incorporates error-correction mechanisms and redundant 
storage layers, safeguarding the integrity of collected data against potential anomalies or environmental challenges. As 

the backbone of the spacecraft’s scientific mission, the DSPU exemplifies the fusion of 
reliability and innovation needed for interstellar exploration. 
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7 COMMUNICATION 
 
The ACEP probe is equipped with a sophisticated array of communication systems designed to maintain seamless data 
transmission across vast interstellar distances and diverse operational scenarios. These systems prioritize efficiency, and 
reliability, addressing unique challenges such as relativistic time dilation and electromagnetic interference. The communication 
architecture is modular, highly redundant, and scalable, ensuring adaptability to different mission phases and unforeseen 
conditions. 
 
 
 

7.1 DEEP SPACE COMMUNICATION SYSTEM - SKOJITOX 
 
 
The Shēn kōng jīguāng tōngxìn xìtǒng (SKOJITOX), a state-of-the-art deep-space communication system originally 
developed for the ISV Proxima Innes, has been seamlessly adapted for the ACEP mission. This advanced laser-based 
communication infrastructure is central to the spacecraft’s ability to transmit critical data from Proxima Centauri back 
to Earth. Its unparalleled range, precision, and reliability make it the only antenna capable of maintaining a 
communication link across the vast interstellar distances, ensuring the success of the mission’s data relay objectives. 
 
SKOJITOX consists of two laser emitters 
mounted on AI-controlled gimbal 
platforms, each measuring 1.8 
meters in length and 50 centimeter 
in diameter. These emitters are 
constructed with high-strength 
titanium alloy, featuring a matte black 
coating for thermal regulation and 
durability in extreme environments. 
Positioned atop the ACEP’s main P-B11 fuel 
tank, the emitters benefit from 
unobstructed line-of-sight operation, 
critical for maintaining precise alignment 
with Earth across 4.24 light-years of space. 
The gimbal platforms enable high-precision 
adjustments to counteract any spacecraft 
vibrations or shifts in orientation, ensuring a 
stable and continuous signal. 
 
Operating in the infrared spectrum at 1550 nm, SKOJITOX leverages this wavelength for its efficiency and minimal 
scattering properties, allowing for data transmission rates of up to 10 Gbps. Advanced multiplexing techniques ensure 
the system can simultaneously transmit telemetry, atmospheric probe data, and high-resolution imagery from the 
Proxima system. With its cutting-edge quantum encryption protocols, SKOJITOX ensures that all communications 
remain secure and impervious to unauthorized interception. 
 
The system’s architecture is designed to withstand the challenges of interstellar communication, including cosmic 
interference and minor physical disruptions. Modular and redundant optical components maintain beam integrity even 
in the presence of interstellar dust. Real-time AI-driven diagnostics and error correction protocols further enhance 
reliability, compensating for environmental disturbances. 
 
SKOJITOX is managed by the onboard AURAI system, which optimizes the batching and scheduling of data transmissions 
to account for the 4.24-year one-way communication delay and relativistic effects. With its robust design, SKOJITOX 
exemplifies the cutting edge of interstellar communication, embodying the precision and reliability essential for 
humanity’s exploration of distant star systems. 
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7.2 LOCAL SPACE COMMUNICATION SYSTEM (LSCS) 
The Local Space Communication System (LSCS) aboard the ACEP spacecraft is designed to support reliable and efficient 
communication within the local operational vicinity. Although its primary role is to manage interactions with the ACEP Atmos 
probe, it is also equipped to handle communications with other spacecraft that may arrive in the future, such as subsequent 
exploration or cargo missions. The system’s architecture emphasizes versatility and redundancy, ensuring robust 
functionality under a variety of mission conditions. The LSCS consists of two main components: a High-Gain Dish Antenna 
and an Omnidirectional Antenna, both of which are located on the hardware housing unit above the main P-B11 fuel tank. 
 
 
 

1. High-Gain Dish Antenna 
 
This parabolic dish, measuring 1.2 meters in diameter, is mounted on a pivoting arm for precise 

directional control. Its polished metallic surface ensures minimal signal loss and maximized 
reflection efficiency, making it suitable for high-bandwidth communication with distant 

assets such as landers or future spacecraft.  
 

The antenna operates in the Ka-band (26.5–40 GHz), enabling high-data-rate 
transmissions for telemetry, navigation updates, and data relays from ACEP Atmos or other external 

systems. Its dynamic alignment capabilities ensure stable communication even during spacecraft movements 
or when targeting rapidly moving local assets. 

 
2. Omnidirectional Antenna 
 
This rod-shaped antenna, 1.5 meters tall, provides 360° coverage for short-range communications. Constructed from 
lightweight, radiation-resistant alloys, it is designed to endure the harsh conditions of interstellar space. Operating in 

the X-band (8–12 GHz), it supports reliable line-of-sight communication with nearby assets, such as the ACEP Atmos 
probe during deployment or subsequent interstellar vessels within close range. 

 
 

7.3 REDUNDANCY AND SAFETY FEATURES 
 
Encryption safeguards all transmitted data using advanced cryptographic standards optimized for the spacecraft's 
autonomous operations. The system autonomously manages encryption keys, updating them regularly to maintain robust 
security. This ensures that critical mission data remains confidential and protected from external interference over vast 
distances. 
 
Error correction protocols are integral to maintaining the integrity of transmitted data. The system utilizes adaptive encoding 
techniques to detect and correct errors caused by cosmic interference or signal degradation. These protocols ensure the 
accuracy and reliability of telemetry, scientific observations, and operational commands, even in the harsh environment of 
interstellar space. 
 
Autonomous recovery is a core feature of the communication systems, with AURAI overseeing all recovery processes. In the 
event of hardware malfunctions or signal disruptions, AURAI dynamically reconfigures available resources to restore 
functionality. The SKOJITOX system is prioritized for long-range communication, while secondary systems such as high-gain 
and omnidirectional antennas provide local support. This autonomous capability minimizes downtime and ensures mission 
continuity without requiring external intervention. 
 
Redundant architecture is built into every aspect of the communication systems to eliminate single points of failure. Dual 
laser emitters within the SKOJITOX system ensure continuous operation, while secondary antennas are available for fallback 
communication. The modular housing design protects all components from mechanical and environmental stresses, ensuring 
the reliability of the communication infrastructure throughout the mission. 
 
Operational safety measures are integrated to maintain secure and efficient communication. Beam divergence in the 
SKOJITOX system is meticulously controlled to reduce detectability and improve transmission accuracy. Frequency-hopping 
technology in RF-based systems mitigates jamming risks, ensuring clear and uninterrupted communication in local 
operations. 
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8 SAFETY 
 

8.1 SAFETY SYSTEMS 
 
The spacecraft's safety systems ensure the protection of critical systems and equipment during the mission. AURAI 
autonomously manages hazard detection and mitigation, including the containment of potential onboard anomalies. 
The spacecraft's design incorporates real-time monitoring of environmental conditions in sensitive modules, allowing 
for automatic adjustments to maintain operational stability. Safety protocols, coupled with AURAI’s predictive and 
reactive capabilities, ensure the spacecraft remains resilient in the face of unexpected challenges. 
 

 

8.2 SPACE DEBRIS MANAGEMENT 
8.2.1 Chances of encountering space debris 

 
Conditions: 

• 4,42 light-years-long mission 

• Speed up to 95% of speed of light 

• Ship cross-section 4m diameter 
 

Summary: 
<1 cm – certain 
1-10 cm –probable 
10-20 cm – very low chance 
20-25 cm – improbable 
>25 cm – improbable 

 
 

 

8.2.2 Microwave Active Debris Shield (MADS) 
 

MADS operates continuously by using high-frequency 
microwave beams, typically in the Ka-band (26.5-40 GHz), to 
create an active barrier in front of the spacecraft. The system 
can detect and respond to debris at distances of up to several 
kilometers, depending on the size and composition of the 
object. The system typically operates at 98.9 kW, utilizing two 
phased-array microwave antennas, each measuring 1,7 
meters in length and 0.7 meters in width. These antennas emit 
microwaves at high power to ionize and deflect small debris 
particles, effectively vaporizing or altering their trajectories.  
The response capability is most effective at ranges up to 7 
kilometers for debris up to 1 centimeter in diameter. These 
antennas are positioned to ensure optimal coverage of the 
ship's forward path, forming an overlapping shield that 
deflects or vaporizes incoming debris. The high-frequency 
microwave beams are phased precisely to create a cohesive 

electromagnetic field, capable of 
neutralizing particles up to 1 
centimeter in diameter at 
ranges of up to 7 kilometers 
and deflecting larger 
particles of 10 cm diameter. 
 

 
 

Debris Size Expected Number of Events Chance of Event 

0,1 cm 1000 100 % 

1 cm 10 100 % 

10 cm 0,1 1 % 

15 cm 0,0001 0,01 % 

20 cm 0,00001 0,001 % 

25 cm 0,000001 0,0001 % 

30 cm 0,0000001 0,00001 % 

100 cm 0,00000001 0,000001 % 

 Microwave Active Debris Shield 
(MADS) 

Operational Range Up to 7 kilometers 

Debris Size Capability <1 cm annihilation 
1-10cm annihilation / deflection 
>10cm deflection 

Technology High-frequency microwave 
beams (Ka-band) 

Power Requirement 98.9 kW 

Detection and Engagement Ionizes and deflects/vaporizes 
debris 

Typical Power Output 98.9 kW (continuous) 

Number of Units Two antennas 

Unit Dimensions 1,7 m x 0,7 m x 0,7 m per antenna 

Latency Near-instantaneous due to 
continuous operation 

Primary Application Small debris neutralization 
Larger debris deflection 

Wavelength Ka-band (26.5-40 GHz) 

Expected Events 
as per 7.2.1 stats 

1000+ 
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8.2.3 Plasma Beam 
 
After the spacecraft's inertial reorientation maneuver, also known as the "flip maneuver," the plasma exhaust 
system becomes the sole debris mitigation mechanism. The plasma beam, emitted from the magnetic nozzle, 
effectively functions as a high-energy debris annihilation tool. This high-temperature plasma, rich in charged 
particles, ensures that all oncoming particulate matter is vaporized due to its extreme thermal energy and kinetic 
impact. The plasma exhaust, even operating at reduced reactor power due to the ship’s decreasing mass, retains 
sufficient energy to obliterate potential debris. Once the reorientation maneuver is complete, MADS antennas are 
deactivated. The plasma exhaust acts as a comprehensive shield, utilizing its inherent energy to neutralize threats, 
ensuring safe passage during the deceleration phase of the journey. 
 

 
 

8.3 BACKUP SYSTEMS AND REDUNDANCY 
 

8.3.1 Overview 
 
The ACEP spacecraft incorporates a comprehensive suite of backup and redundancy systems designed to ensure 
uninterrupted functionality and operational integrity throughout its interstellar mission. These systems include the 
DCMCAAFR cores, Metallic Hydrogen Power Generator, and UPS Solid-State Batteries (SSBs), each engineered to 
address critical operational demands such as propulsion, navigation, and essential electronic systems. These 
systems are managed autonomously by AURAI, enabling precise control and seamless integration across all 
mission-critical activities, even under anomalous conditions. 
 
The UPS-SSBs, provide essential power reserves capable of sustaining the spacecraft’s baseline load. These 
batteries are integral to the mission architecture, ensuring operational continuity during transitional phases such 
as post-launch and pre-reactor activation.  
 
Supplementary power is provided by UV-IR solar arrays, which are optimized for the radiation environment of 
Proxima Centauri. These arrays serve as a secondary power source, particularly during periods of reactor downtime 
or under specific operational scenarios that necessitate additional energy.  
 
The interplay of these advanced systems reflects the spacecraft’s meticulous design for redundancy and resilience. 
AURAI’s predictive algorithms and autonomous decision-making capabilities ensure that power generation and 
distribution remain uninterrupted, even during unexpected events. 
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8.3.2 DCMCAAFR Single Core Operations 
 

The Dual-Core Magnetic Confinement Antimatter-Augmented Fusion Reactor (DCMCAAFR) propulsion system 
ensures uninterrupted functionality by enabling operation on a single core when required. Each core operates 
independently within its shielded containment, providing thermal and electromagnetic isolation to prevent cross-
system interference. This design maintains critical propulsion and system functionality without compromising 
mission performance. 
 
Single-core operation becomes feasible approximately 120 days into the mission when power and propulsion 
demands reduce to levels manageable by a single core. AURAI, the autonomous control system, dynamically 
manages the transition by monitoring performance metrics, adjusting power output, and redistributing cooling 
and load requirements. Each core has sufficient capacity to sustain all essential spacecraft functions within its 
operational limits. 
 
During single-core operation, AURAI isolates the inactive core and reallocates resources to the active core. The 
inactive core undergoes diagnostic procedures using embedded sensors, including thermal and electromagnetic 
assessments, to ensure readiness for reactivation. When required, AURAI executes a structured reactivation 
protocol, performing staged validations, power ramp-ups, and real-time parameter checks to confirm operational 
integrity before reintegration. 
 
This redundancy enhances system reliability by allowing predictive diagnostics and maintenance without mission 
interruption. AURAI’s autonomous management minimizes downtime, ensuring seamless transitions and 
continuous propulsion capabilities critical for long-duration missions. 
 

 
 

8.3.3 Uninterruptible Power Supply - Solid-State Battery (UPS-SSB) 
 
The ACEP spacecraft features advanced compact solid-state batteries (SSBs) as a critical power source, supporting 
a variety of mission phases. These batteries play a dual role, functioning as a primary power source during key 
scenarios—such as post-launch, prior to reactor activation—and as a reliable backup in anomalous situations. With 
a total capacity of 5.4 kWh, the SSB system is capable of sustaining the spacecraft's steady operational load of 1.1 
kW for up to 5 hours on a full charge, ensuring robust energy availability for essential systems. 
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Each battery, measuring 15x10x15 cm, is built on cutting-edge solid-state technology, offering superior energy 
density, reliability, and compactness. The advanced design minimizes space requirements while ensuring stable 
power delivery under extreme mission conditions. Solid-state batteries are inherently maintenance-free, making 
them ideal for long-duration interstellar missions, where dependability and safety are paramount. 
 
The UPS-SSB system is managed by AURAI, which oversees power distribution with precision, dynamically adjusting 
to shifts in power demand. AURAI seamlessly transitions between power sources, ensuring uninterrupted 
operation of critical systems. In periods of reduced power consumption, the batteries efficiently supplement or 
fully power systems such as communication and navigation.  
 
 

8.3.4 Metallic Hydrogen Power Generator (MHPG) 
 
The Metallic Hydrogen Power Generator onboard the ACEP spacecraft serves as a critical backup power system, 
ensuring continuous electrical energy during periods when primary systems are inactive or undergoing 
maintenance. Utilizing metallic hydrogen stored in a single, highly specialized tank, the generator is designed to 
meet the spacecraft's power requirements with exceptional reliability and efficiency. Although the primary role of 
metallic hydrogen is to support critical maneuvers, such as orbital adjustments and the reorientation "flip" 
maneuver, the generator provides sustained electrical power whenever necessary. 
 
Following arrival at Proxima Centauri, the remaining metallic hydrogen reserve is sufficient to power the 
spacecraft's essential systems, including communication and monitoring, at a steady load of 1.1 kW for over one 
year. This extended standby capability ensures the spacecraft remains operational even in the absence of other 
power sources, supporting long-term mission objectives. 
 
AURAI dynamically manages the Metallic Hydrogen Power Generator, continuously monitoring its performance 
and seamlessly integrating its output into the spacecraft's power grid. The system is equipped to adapt to varying 
power demands, maintaining operational stability and efficiency. By providing a reliable and autonomous power 
source, the Metallic Hydrogen Power Generator reinforces the ACEP spacecraft’s capability to sustain mission-
critical operations throughout its journey and extended mission phases. 
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8.3.5 UV-IR Solar Array 
 
The UV-IR Solar Array system is a specialized power generation unit engineered to harness energy from the 
ultraviolet (UV) and infrared (IR) radiation emitted by Proxima Centauri. These panels are optimized for the star's 
unique spectral profile, where visible light is significantly diminished compared to the Sun. Each panel delivers a 
maximum output of 1.7 watts, ensuring a reliable energy source for the spacecraft’s essential systems. Mounted 
on opposite sides of the hardware housing unit, the panels are positioned to ensure unobstructed exposure to 
Proxima Centauri’s radiation. Due to their placement, only one panel can generate power at a time, as the 
spacecraft’s orientation naturally blocks the other from receiving direct radiation. This configuration ensures 
consistent power generation, with at least one panel always active relative to the star. A single panel can fully 
charge the UPS-SSB system in approximately five days, providing dependable backup power during periods of low 
primary system activity. 
 
The ACEP spacecraft is equipped with a "hibernation mode," designed to reduce power consumption to an absolute 
minimum when the mission's operational demands are low. In this mode, the spacecraft requires only 1.5 watts of 
power, which can be fully sustained by a single UV-IR Solar Array panel. This low-power mode maintains very basic 
AURAI functions, including Logging Basic Parameters (such as internal temperatures, battery status, and positional 
data), Ping Signal Transmission (approximately one per minute, to aid in future location by other vessels), System 
Status Checks (Routine scans of spacecraft systems to detect critical faults) and Wake-Up Capability (ability to 
initiate full system operations autonomously). 

 
Managed autonomously by AURAI, the UV-IR Solar Array system dynamically adjusts its operation to meet the 
spacecraft's power demands in hibernation mode, ensuring continuous function even in low-radiation 
environments. The hibernation mode, in conjunction with the UV-IR Solar Array, ensures that the spacecraft 
remains operational and ready to resume full activity when required, even after decades in hibernation. 
 

 

8.3.6 ACEP Atmos Interface 
 
The ACEP Atmos Interface connects the spacecraft to the ACEP Atmos probe, allowing access to its batteries, 
scientific instruments (e.g., accelerometers, gyroscopes), and other resources when needed. The interface ensures 
secure power and data exchange, managed by AURAI, to provide supplementary functionality or redundancy 
during the mission. 
 
Once the probe’s atmospheric insertion trajectory is established, the interface triggers an automated detachment 
sequence. A spring-loaded mechanism ensures precise separation, and all connections are cleanly disengaged. This 
system integrates redundancy with operational efficiency, supporting both spacecraft and probe objectives 
seamlessly. 
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9 MISSION OVERVIEW 
 

9.1 ALPHA CENTAURI SYSTEM OVERVIEW 
 
 
The Alpha Centauri star system, located approximately 4.37 light-years from Earth, is the closest stellar system to our 
solar system and consists of three stars: Alpha Centauri A, Alpha Centauri B, and Proxima Centauri. Alpha Centauri A 
and Alpha Centauri B form a binary pair, orbiting each other with a period of about 79.9 years. Alpha Centauri A is a 
G2-type main-sequence star, similar to our Sun, while Alpha Centauri B is a slightly smaller and cooler K1-type star. 
Together, these two stars create a bright, dynamic binary system that has long fascinated astronomers. 
 
Proxima Centauri, the third member of the system, is a red dwarf classified as an M-type star. It is the faintest and 
smallest of the three stars, with a mass of approximately 12% that of the Sun and a surface temperature of around 
3,042 K. Proxima Centauri orbits the central binary pair at a vast distance of roughly 13,000 astronomical units (AU) 
(0.2 light years), following a highly elliptical path that takes hundreds of thousands of years to complete. Due to its 
significant separation, Proxima Centauri is only loosely gravitationally bound to Alpha Centauri A and B. 
 
The Alpha Centauri system is notable not only for its proximity but also for the diversity of its stellar components, 
which provide an excellent laboratory for studying stellar evolution and dynamics. Proxima Centauri, in particular, has 
drawn considerable attention due to the discovery of at least two exoplanets in its orbit. The most well-known of 
these is Proxima Centauri b, a terrestrial planet that lies within the star's habitable zone. However, Proxima Centauri's 
frequent stellar flares present challenges for habitability, as they expose the planets to intense radiation. Despite these 
challenges, the Alpha Centauri system remains one of the most promising targets for interstellar exploration and 
astrobiological research, offering insights into planetary formation and the potential for life beyond our solar system. 
 
 
 
 

 
 
 
 
 
 

Proxima b planet 

. 

α Centauri A 
Spectral type: G 
Distance from Sun: 4.4 light-years 
Diameter: 1.2 times the Sun 
Mass: 1.1 times the Sun 
Heat: 5,770 K 

α Centauri B 
Spectral type: K 
Distance from Sun: 4.4 light-years 
Diameter: 0.86 times the Sun 
Mass: 0.9 times the Sun 
Heat: 5,350 K 

Proxima Centauri 
Spectral type: M (red dwarf) 
Distance from Sun: 4.2 light-years 
Diameter: 0.14 times the Sun 
Mass: 0.125 times the Sun 
Heat: 3,100 K 
Proxima has three planets, Proxima 
b, c, and d 
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9.2 PROXIMA CENTAURI OVERVIEW 
 
Proxima Centauri, the nearest star to Earth after the Sun, is located 4.25 light-years away in the southern constellation 
of Centaurus. It was discovered in 1915 by the Scottish-South African astronomer Robert Innes. Proxima Centauri is a 
member of the Alpha Centauri star system, being identified as component Alpha Centauri C. It lies 2.18° to the  
southwest of the Alpha Centauri AB pair and is currently 12,950 astronomical units (AU), or about 0.2 light-years, from 
the Alpha Centauri AB system, which it orbits with an estimated period of approximately 550,000 years. Despite being 
part of this well-known triple star system, Proxima Centauri is too faint to be observed with the naked eye, with an 
apparent magnitude of 11.13. Its Latin name, 'Proxima', means 'nearest [star] of Centaurus'. 
 
Proxima Centauri is a red dwarf star, classified as an M-type main-sequence star (M5.5Ve). It has a mass that is only 

about 12.5% of the Sun's mass (M☉), and its average density is approximately 33 times that of the Sun. Due to its 
proximity to Earth, the angular diameter of Proxima Centauri can be measured directly, revealing an actual diameter 
of about one-seventh (14%) that of the Sun. Although Proxima Centauri has an exceptionally low average luminosity—
accounting for only about 0.17% of the Sun's luminosity—it is also a flare star, meaning that it randomly undergoes 
significant increases in brightness due to magnetic activity. These stellar flares are caused by intense magnetic fields 
generated by convection throughout the entire stellar body, leading to sudden bursts of radiation that can greatly 
exceed its normal output. Despite this variability, Proxima Centauri's total X-ray emission is roughly comparable to that 
produced by the Sun. 
 
The internal dynamics of Proxima Centauri, characterized by complete convective mixing throughout its core, ensure 
an efficient use of its hydrogen fuel. Combined with its relatively low energy production rate, this mixing process 
allows Proxima Centauri to have an extraordinarily long lifespan as a main-sequence star—estimated to persist for 
another four trillion years, far exceeding the remaining lifespan of the Sun. 
 
Three exoplanets have been detected in orbit around Proxima Centauri. The most notable of these is Proxima Centauri 
b, a terrestrial planet with a mass similar to Earth's that lies within the star's habitable zone, where liquid water could 
potentially exist on its surface. Another planet, Proxima Centauri c, orbits much farther from the star and is believed to 
be a gas dwarf with a significantly larger orbital radius. The third candidate, Proxima Centauri d, is one of the lightest 
exoplanets ever detected by the radial velocity method, with a mass of only about a quarter of Earth's. The search for 
exoplanets around Proxima Centauri has been ongoing since the late 1970s, and these discoveries have fueled interest 
in studying this nearby star system for potential habitability and understanding the dynamics of planets around red 
dwarfs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Proxima Centauri (the star) 

Proxima c 
Distance: 1.489 AU (223 mln km) 
Mass: 700% of Earth 
Orbital Period: 5.2 Earth years 
Temperature: -150°C to -100°C 

Proxima b 
Distance: 0,05 AU (7,5 mln km) 
Mass: 107% of Earth 
Orbital Period: 11,2 Earth Days 
Temperature: -100°C to 100°C 

Proxima d 
Distance: 0.029 AU (4.34 mln km) 
Mass: 29% of Earth 
Orbital Period: 5 Earth days 
Temperature: -130°C to 30°C 
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9.3 PROXIMA B OVERVIEW 
Proxima Centauri b, discovered in 2016 by Catalan astronomer Guillem Anglada-Escudé and his team, is an exoplanet 
located within the habitable zone of the red dwarf Proxima Centauri, the closest known star to our Sun. It lies about 
4.25 light-years away from Earth, making it the nearest known potentially habitable exoplanet. Proxima b has a 
minimum mass of approximately 1.17 Earth masses and is a rocky planet, similar in composition to Earth. It orbits 
Proxima Centauri at a distance of around 0.0485 AU, completing a full orbit in just 11.2 Earth days. This close proximity 
to its host star results in Proxima b being tidally locked, meaning one side of the planet is perpetually in daylight while 
the other side remains in darkness. 
 
The tidally locked nature of Proxima b creates a unique surface environment, with extreme temperature differences 
between the day and night sides. However, a limited habitable zone, approximately 5,000 kilometers wide, exists near 
the boundary between the permanently lit and dark hemispheres, particularly around the equatorial region. This twilight 
belt, or terminator region, offers moderate temperatures and conditions favorable for life. Proxima b's atmosphere, 
which is similar in composition to Earth's, plays a significant role in redistributing heat across the planet, helping to 
mitigate temperature extremes. Wind patterns driven by Proxima b's tidally locked state transport heat from the day 
side to the night side, creating strong jet streams and a dynamic weather system with moderate temperatures within 
the habitable region. 
 
Surface conditions on Proxima b are influenced by its close proximity to a highly active red dwarf star. Proxima Centauri 
is known for its intense flares, which expose the planet to high levels of stellar radiation, potentially challenging the 
stability of its atmosphere. However, Proxima b possesses a strong magnetic field, which shields the surface from 
harmful radiation and helps preserve its atmosphere. Studies indicate that, despite these challenges, Proxima b can 
retain a stable atmosphere for billions of years, offering suitable conditions for liquid water to exist in some regions. 
 
The potential habitability of Proxima b has been a topic of debate, with concerns over high levels of stellar activity and 
tidal locking often cited as setbacks. However, these challenges are not insurmountable. The presence of a dense 
atmosphere, possibly with a high concentration of greenhouse gases like carbon dioxide, provides sufficient insulation 
to keep temperatures within habitable limits. Additionally, the planet's tidally locked state is advantageous, as it allows 
for a stable climate in the habitable zone, offering consistent temperatures and favorable conditions for a colony. 

Extreme High 
Temperature 

100°C 
 

 
 
 
 

Habitable Zone 
(-20°C to 40°C) 

 
 
 
 
 
 

Extreme Low 
Temperature 

-100°C 
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9.4 TRAVEL OVERVIEW 
 
The journey from Earth to Proxima Centauri b, spanning 4.24 light-years, represents a milestone in interstellar 
exploration. Aboard the ACEP spacecraft, propelled by advanced dual-core proton-Boron fusion technology, the mission 
operates entirely without human crew. Instead, AURAI, the Autonomous Unified Redundant AI, manages all ship 
functions, ensuring precise navigation and efficient resource management throughout the mission. The spacecraft 
accelerates continuously at 1G for the first half of the trip, providing stability for onboard systems and maintaining 
structural integrity during the high-speed voyage. 
 
The mission is designed to take approximately 5.77 years from an Earth-based observer's perspective, with onboard 
systems experiencing a reduced time of 3.53 years due to relativistic effects. During acceleration, the ACEP spacecraft 
approaches a maximum velocity of 95% of the speed of light. At such speeds, Einstein’s theory of relativity predicts a 
significant contraction of the distance to Proxima Centauri b, resulting in an apparent travel speed that far exceeds the 
actual velocity. These relativistic effects are critical to the mission’s success, allowing the journey to be completed within 
a scientifically feasible timeframe. 
 
At the journey's midpoint, the spacecraft performs a critical inertial reorientation maneuver. During this operation, the 
propulsion system pivots retrograde to align with the direction of travel, initiating the deceleration phase. This 
maneuver, managed entirely by AURAI, requires precise adjustments to the magnetic nozzle and fuel systems to 
maintain stability and efficiency. As deceleration begins, the spacecraft mirrors the acceleration profile, sustaining 
consistent system operations while gradually reducing its velocity toward the target. 
 
Throughout the mission, AURAI executes an extensive schedule of diagnostic checks, system optimizations, and data 
analysis. Scientific instruments onboard ACEP continuously gather and transmit data back to Earth, though increasing 
communication delays challenge real-time interactions. By the journey's end, transmissions from Proxima Centauri b 
take over 4.24 years to reach Earth, underscoring the vastness of the distance traveled. 
 
Radiation protection is paramount for safeguarding the spacecraft’s delicate systems. Advanced shielding mitigates the 
effects of high-energy cosmic rays, fusion propulsion emissions, and Proxima Centauri’s stellar activity. AURAI 
continuously monitors these systems, ensuring the mission remains on course and unaffected by external hazards. 
Upon arrival, the ACEP spacecraft enters a stable orbit around Proxima Centauri b. In a meticulously planned sequence, 
the ACEP Atmos probe detaches to gather atmospheric and surface data, marking the mission's culmination. The 
spacecraft, having successfully bridged the interstellar divide, becomes a beacon of technological achievement and a 
foundation for future exploration efforts. 

 
 

 
 
 
 

DAY 1 

DIRECTION: PROGRADE 
FUEL: 100% 
RESOURCES: 100% 
REACTOR POWER: 100% 
EARTH TIME: DAY 1 
SPEED C: 0 
SPEED KM/S: 0 
DISTANCE LIGHT YEARS: 0 

DAY 644 

DIRECTION: ROTATION 
FUEL: 42% 
RESOURCES: 72% 
REACTOR POWER: 15% 
EARTH TIME: DAY 1063 
SPEED C: 94.89% 
SPEED KM/S: 284458 
DISTANCE LIGHT YEARS: 2.09 

DAY 1288 

DIRECTION: RETROGRADE 
FUEL: 4% 
RESOURCES: 36% 
REACTOR POWER: 1% 
EARTH TIME: DAY 2126 
SPEED C: 0 
SPEED KM/S: 0 
DISTANCE LIGHT YEARS: 4.2 
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9.5 MISSION GOALS 
 
The primary goal of the ACEP mission is to demonstrate the feasibility of advanced interstellar travel technologies and 
to gather unprecedented scientific data about the Alpha Centauri system, with a specific focus on Proxima b. This mission 
represents a critical milestone in humankind's quest to explore and understand our galactic neighborhood. By analyzing 
Proxima b’s environment, geology, climate, and atmospheric properties, the mission aims to uncover invaluable insights 
about its potential to support life or future human exploration. 
 
A cornerstone of the mission is the validation of the Dual-Core Magnetically Confined Antimatter-Augmented Fusion 
Reactor (DCMCAAFR) propulsion system. This advanced technology, enabling constant 1G acceleration, ensures rapid 
transit across the 4.24 light-years separating Earth and Proxima Centauri. By proving the efficiency and reliability of this 
propulsion system, the ACEP mission will lay the groundwork for future interstellar voyages and open the door to routine 
human and robotic exploration of nearby star systems. 
 
The spacecraft’s comprehensive suite of scientific instruments is critical to achieving the mission’s objectives. High-
resolution and thermal imaging cameras will provide detailed maps of Proxima b’s surface, capturing geological 
formations and thermal anomalies. The onboard spectrometer will analyze surface and atmospheric composition, while 
the LIDAR system constructs precise topographical maps. The magnetometer and radio wave sensors will probe Proxima 
b’s magnetic field and atmospheric acoustics, offering deeper insights into the planet’s internal structure and 
environmental dynamics. This suite of instruments is carefully integrated and managed by AURAI, which autonomously 
prioritizes and coordinates data collection to maximize mission efficiency. 
 
An equally important objective is to assess Proxima b’s atmosphere and surface for signs of habitability. The ACEP Atmos 
probe, launched in the mission’s final stage, will penetrate the planet's atmosphere to collect detailed data on pressure, 
temperature, and chemical composition. These findings will contribute to understanding whether Proxima b could 
support microbial life or sustain human presence in the future. 
 
The mission also seeks to push the boundaries of communication technologies. The SKOJITOX laser communication 
system will relay high-priority data, including images and videos, back to Earth across the vast interstellar distance. The 
system’s advanced quantum encryption and error correction protocols ensure the integrity of the data, even under 
challenging conditions. 
 
Finally, the ACEP mission will rigorously test the spacecraft’s autonomous operational capabilities. With AURAI 
overseeing every aspect of the mission, from propulsion and navigation to scientific instrumentation and data 
processing, the spacecraft serves as a proof of concept for entirely autonomous interstellar missions. This capability is 
essential not only for the current mission but also for future exploration scenarios where human intervention may be 
infeasible. 
 
The ACEP mission exemplifies humankind’s drive to explore, innovate, and push the boundaries of what is possible. By 
bridging the vast gulf between stars, it will not only answer fundamental scientific questions but also inspire the next 
generation of explorers to continue humanity’s journey into the cosmos. Through the successful completion of its 
objectives, the mission will advance our understanding of the universe and specifically the Alpha Centauri system. 
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