PROJECT ARK A CIVILIZATION-SCALE THOUGHT EXPERIMENT

PROJECT ARK

What if humanity built an artificial
intelligence that could outlive its
creators?

An illustrated, scientifically grounded thought experiment about orbital data centers, water-cooled
spacecraft, self-repairing computers, deep-space exploration, and an international archive of human
knowledge.

WATER / SHIELDING
HEAT EXCHANGER

INFRARED RADIATORS

Conceptual cutaway ¢ not to slale

The central proposition

Rather than asking only whether space is cold enough for a data center, ask whether a distributed,
self-sustaining computational infrastructure could preserve knowledge and advance science for
centuries. This paper separates established physics, unproven engineering, and speculative futures.

QUESTION TO EXPLORE
If a machine could preserve one thing about humanity for a thousand years,

what should it preserve first?

Reading guide: Every number is illustrative unless described as a physical calculation. This is a
discussion proposal, not a feasibility study or construction plan.
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PHYSICS FOUNDATION

01 / The paradox of cold space

Deep space has a cosmic microwave background temperature near 2.7 K, but vacuum offers
essentially no surrounding air to carry away heat. Inside a spacecraft, conduction and pumped liquid
loops can move heat; to release it to space, the system must principally emit thermal radiation.

IDEAL BLACKBODY RADIATOR OUTPUT
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Stefan-Boltzmann law: P/A = €0T#, assumes € = 1 and negligible incoming radiation.

For an ideal surface, emitted thermal power follows P = e0AT%. At 300 K, a perfect blackbody emits
approximately 459 W/mz2. Rejecting 1 MW therefore requires about 2,180 m? of emitting surface
before accounting for sunlight, geometry, real emissivity, or other losses. At 400 K, the ideal area
falls to about 689 m?, but processors and coolants must tolerate the associated temperatures and
gradients.

The practical insight

The best radiator may be a large, lightweight structure operating as hot as the electronics and
coolant permit. More sophisticated concepts include deployable film radiators and recirculating
liquid-droplet radiators. Neither is a source of free cooling.

QUESTION TO EXPLORE
Could an Al system deliberately slow its computation during thermal peaks,

treating available radiator capacity as a computing budget?
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YOUR WATER-SPHERE HYPOTHESIS

02 / The water-world computer

WATER / SHIELDING
HEAT EXCHANGER

INFRARED RADIATORS

\

Conceptual cutaway ¢ not to slale

Enclose a computing core inside a water reservoir. Water can transport heat, buffer short-term
power spikes, and contribute to radiation shielding. But water itself is not a permanent heat sink: the
accumulated heat must eventually leave through a radiator or departing mass.

A testable calculation

With 100,000 kg of water and a continuous 1 MW thermal load, AT = Pt/(mc). Taking water’s specific
heat as approximately 4,186 J/(kg-K), temperature rises 8.6°C per hour without heat rejection. A
water shell delays overheating; it does not prevent it.

A more robust architecture uses an enclosed coolant loop, water or another shielding material
around vulnerable electronics, heat exchangers, and externally oriented radiator petals. The design
must account for microgravity fluid handling, freezing, pressure, radiation, leaks, and pump
reliability. A thick water shell also imposes a major launch-mass penalty.

An unconventional variation

A phase-change thermal reservoir could melt or freeze a working material to absorb bursts of heat.
A separate emergency evaporative system could expel coolant, but this trades finite mass for
temporary cooling. Neither substitutes for continuous heat rejection.

QUESTION TO EXPLORE
What if the spacecraft were designed to run at full speed only when its

radiator and power conditions are favorable?

Concept paper  October 2026 * Hypotheses are labeled, not established findings 3



PROJECT ARK A CIVILIZATION-SCALE THOUGHT EXPERIMENT

ORBITAL STRATEGY

03 / Where should the ARK live?

@ EARTH ORBIT

‘ Service and communications

‘ @ LUNAR/CISLUNAR
Shielded archives and fabrication

@ DEEP SPACE
. Autonomous exploration

Near-Earth orbit: best for short communication delays, testing, and eventual robotic servicing; it
brings eclipse cycles, debris risk, drag in low orbit, and thermal exposure to Earth and sunlight.

Lunar or cislunar space: could support physically separated archives, shielding with local material,
and later manufacturing. Lunar soil is not a magical heat sink; buried electronics still need a heat
path and radiators.

Deep space: useful for independent scientific exploration and geographic separation from terrestrial
risks. It is poor for serving Earth-based internet workloads because latency, bandwidth, and
maintenance grow harder with distance.

RELATIVE SOLAR IRRADIANCE WITH DISTANCE
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Inverse-square law; AU = mean Earth-Sun distance.

Solar irradiance decreases with distance squared: I(r) « 1/r2. At 5 AU, available sunlight is roughly
4% of that at Earth; at 30 AU, roughly 0.11%. A high-power outbound probe would likely require
advanced nuclear electric generation rather than relying on solar arrays alone.
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QUESTION TO EXPLORE
Should the ARK remain close enough to help humanity daily, or travel far

enough to survive catastrophes that affect Earth?
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SYSTEMS ENGINEERING

04 / A hundred-year machine

- COMPUTE - THERMAL - REPAIR - ARCHIVE

Autonomy depends on every subsystem - not only processor lifetime.

A 100 kW computing load operating continuously for 100 years uses about 87.7 GWh of electricity,
excluding supporting systems. This is not a proposal for a conventional radioisotope generator: such
a high-power, long-duration design would require substantial advances in space nuclear systems,
reliability, and maintenance.

The real challenge is not one durable chip

The designh must sustain power conversion, storage, thermal loops, communications, attitude
control, memory integrity, radiation shielding, and fault recovery. A century-class mission likely
needs replaceable modules, spare components, diagnostic software, and robotic maintenance. Truly
autonomous semiconductor fabrication in space remains speculative.

Computing approaches to investigate

Neuromorphic: sparse event-driven operations may reduce power for suitable tasks. Photonic:
optical accelerators may improve certain calculations but do not eliminate heat. Quantum: useful for
selected future workloads, not a universal substitute for GPUs; many platforms require elaborate
cooling. Passive optical archives: could preserve data even while the active computer sleeps.

QUESTION TO EXPLORE
What would you prioritize: maximum intelligence, minimum power

consumption, or the ability to restart after 50 years of dormancy?
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05 / A civilization that repairs itself

Three progressively more ambitious ARKs

ARK-A — The archive: a mostly passive, radiation-shielded library with periodic health checks and a
modest computing system. Lowest ongoing power demand; limited scientific autonomy.

ARK-B — The explorer: an autonomous research computer with nuclear power, radiators,
instruments, communications, and robotic module replacement. Much more capable, but
considerably harder to maintain.

ARK-C — The seed: a spacecraft able to obtain raw materials and manufacture many of its own
replacement parts. This is a far-future concept; mining, refining, precision manufacturing, and chip
fabrication are major unsolved barriers.

Physics frontier: where quantum theory and string theory fit

Quantum mechanics is foundational to modern electronics and may enable better sensors, clocks,
communications, and specialized processors. String theory has no experimentally validated pathway
to free cooling, unlimited energy, or faster-than-light communication. Conservation of energy,
thermodynamics, and light-speed signal limits remain the proper design constraints.

A more radical possibility: computation as a seasonal activity

An autonomous craft could spend long periods dormant, waking to process new observations, repair
systems, and transmit results. In this model, lifetime scientific value per kilogram matters more than
constant processor utilization. The idea is testable through energy and reliability models, not
speculative physics.

QUESTION TO EXPLORE
Could a spacecraft that thinks for one hour per day survive longer - and

discover more over centuries - than one that thinks continuously?
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ECONOMICS AND GOVERNANCE

06 / A shared human project

An international program could pool launch capacity, materials research, robotics, nuclear-power
development, optical communications, and preservation standards. Shared funding cannot abolish
scarcity: launch mass, industrial throughput, skilled labor, and mission risk remain real costs.

An illustrative funding scenario

Suppose 50 countries jointly fund a $10 billion-per-year program for 25 years: the total is $250
billion, averaging $200 million per country per year if contributions were equal. This is an arithmetic
scenario, not a project cost estimate; actual cost and participation would require independent study.

Why governance is part of the spacecraft design

A globally supported knowledge archive would require clear rules for access, cultural representation,
scientific integrity, cybersecurity, dual-use technologies, Al autonomy, and accountability. Multiple
independently governed copies could reduce the risk that one institution controls humanity’s record.

A practical cost-saving principle

Start with low-power experimental payloads, standard modular interfaces, reusable launch services
where appropriate, and Earth-based hardware qualification. Compare every orbital function with a
terrestrial alternative: some goals may be achieved more cheaply through geographically
distributed ground archives.

QUESTION TO EXPLORE
Who gets to decide what counts as human knowledge - and how would future

generations challenge those decisions?
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RESEARCH AGENDA

07 / The roadmap and open questions

Orbital Robotic Distributed Century-class Space
pilot servicing archives probe manufacturing

1. Orbital thermal demonstrator: measure radiator performance, fluid reliability, and computing duty
cycles. 2. Robotic servicing: prove in-orbit module swaps and recovery from faults. 3. Distributed
archive: establish interoperable copies on Earth and beyond. 4. Long-duration explorer: demonstrate
autonomous science, low-power operation, and dependable communications. 5. Manufacturing:
investigate using space resources for structures and eventually high-precision components.

Experiments worth funding first

Compare water shielding against alternative mass-efficient shielding layouts; test
variable-temperature radiators; quantify lifetime energy per scientific result; model century-scale
component failure; test archive readability after radiation exposure; and develop an auditable
governance protocol for autonomous scientific agents.

The five questions that should remain unresolved

* Is a permanent computing station more valuable than a mostly dormant knowledge archive?
* How much redundancy is enough when the purpose is surviving rare catastrophes?

* Can autonomous maintenance outperform simply launching replacement probes?

* What scientific discoveries justify the expense of operating far from Earth?

* How do we preserve human agency if a long-lived Al outlasts its original institutions?

QUESTION TO EXPLORE
If ARK succeeded for a thousand years, how would we know it had served

humanity well?
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FURTHER READING

08 / Sources, caveats, and invitation

This paper uses standard physical relationships and discusses concepts explored in spacecraft
thermal engineering, long-duration missions, and advanced computing. The diagrams are original
schematic illustrations, not engineering drawings.

Starting points for further research

* NASA — International Space Station Environmental Control and Life Support / Active Thermal
Control System: nasa.gov

* NASA — Voyager mission and Deep Space Network: science.nasa.gov/mission/voyager/ and
jpl.nasa.gov

* NASA — Space nuclear power and fission surface power research: nasa.gov

ESA / European Commission — ASCEND space data center feasibility work: ascend-horizon.eu

NIST — Quantum information science and computing fundamentals: nist.gov

» Stefan-Boltzmann law and thermodynamics: standard undergraduate heat-transfer and
statistical-physics references

Important limitations

Concept art is schematic. Idealized radiation calculations neglect incoming environmental heat and
radiator engineering losses. A 100-year high-power autonomous spacecraft is not a demonstrated
capability. Quantum and photonic technologies are workload-dependent. No claims about string
theory overcoming thermodynamics are made.

An invitation to collaborate

Project ARK is a prompt for physicists, thermal engineers, spacecraft designers, Al researchers,
historians, economists, and public institutions: What would we build if the goal were not quarterly
efficiency, but preserving and extending human knowledge for centuries?

QUESTION TO EXPLORE
What is the smallest experiment we could run in the next five years that would

most change our answer?
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