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Introduction

This week's developments in the space and aerospace sectors underscore a critical industry
inflection point, marking a definitive transition from conceptual design and ground-based
testing to the tangible demonstration and validation of foundational, next-generation
technologies. The period of September 20-26, 2025, was characterized not by singular,
isolated announcements, but by a confluence of events that collectively advance the
architectural components of a future, sustainable off-world economy. From the successful
in-flight testing of advanced hypersonic engines and the synergistic deployment of a
multi-mission orbital sensor web to a pivotal strategic recalibration in commercial space
station policy, the industry's focus is clearly on building the robust technological and
infrastructural framework required for sustained operations beyond Earth. This report
provides a deep analysis of these key advancements, examining their inmediate technical
significance and their broader strategic implications for the commercial, civil, and national
security space domains. The overarching theme is one of maturation; the technologies and
policies that will define the next decade in space are moving from the drawing board into the
operational environment, revealing a clearer, albeit more challenging, path toward a
permanent human and economic presence in orbit and beyond.

Key Technological Breakthroughs

The past week witnessed significant, tangible progress across three distinct technological
domains. These developments represent a crucial shift from simulation and terrestrial
experimentation to validation in the operational environment, providing the foundational



capabilities upon which future missions and commercial ventures will be built.

Propulsion Systems: Validating the Hypersonic Future with
Solid-Fueled Ramjets

A pivotal milestone in advanced propulsion was achieved with GE Aerospace's announcement
of the successful completion of three supersonic captive-carry flight tests of its Atmospheric
Test of Launched Airbreathing System (ATLAS) Flight Test Vehicle." Conducted at Kennedy
Space Center, these tests represent the first-ever in-flight demonstration of GE's solid-fueled
ramjet (SFRJ) technology, a critical enabler for the future of high-speed flight.?

The technical significance of this achievement cannot be overstated. For the tests, the ATLAS
vehicle was carried aloft on a Starfighters F-104 aircraft, allowing it to reach supersonic
speeds in realistic atmospheric conditions that cannot be fully replicated in ground-based
wind tunnels.? This validation of the system's aerodynamic performance and structural
integrity under actual flight loads is a necessary precursor to powered flight demonstrations.
SFRJ technology itself is a paradigm shift from traditional rocket propulsion. Ramjets are
air-breathing engines that use their forward motion to compress incoming air, eliminating the
need for heavy, complex rotating machinery like turbines.® The solid-fuel variant further
simplifies this design by replacing liquid fuel systems—with their associated tanks, pumps,
and plumbing—with a solid hydrocarbon fuel grain that lines the interior of the combustion
chamber.® This fuel ablates, or burns away in layers, during operation. The result is a
mechanically simple, robust, and lightweight engine.®

The primary advantage of this architecture is its remarkable efficiency for sustained
high-speed flight. Because it uses atmospheric oxygen as its oxidizer instead of carrying it
onboard, an SFRJ can achieve a specific impulse (a measure of efficiency) of up to 1,000
seconds, a more than fourfold improvement over a typical solid rocket motor's ~240 seconds.
This translates directly into significantly longer range and endurance for a missile or vehicle of
a given size.®

6

The ATLAS program is not an academic exercise; it is a targeted technology maturation effort
funded by the U.S. Department of Defense through the Defense Production Act with the
explicit goal of scaling up air-breathing propulsion to extend the range of munitions." This
effort is a cornerstone of GE's broader strategic investment in hypersonic technology, which
also includes the 2022 acquisition of specialist firm Innoveering and major upgrades to
high-Mach testing facilities.

The successful ATLAS tests are a direct technological enabler for a new generation of



strategic defense systems. The United States and other global powers have identified
hypersonic weapons—those capable of sustained flight above Mach 5—as a critical capability
for future conflicts, valued for their ability to penetrate advanced air defenses through sheer
speed and maneuverability.® A primary technical barrier has been the development of
propulsion systems that can operate efficiently for extended periods within the atmosphere.
While SFRJ technology has long been a promising solution, it has faced persistent challenges
related to combustion stability, flame holding as the fuel grain recedes, and limited throttling
capability.” GE's successful captive-carry tests confirm that the fundamental aerodynamic
and structural design of their system is sound, de-risking the technology and paving the way
for powered flight tests. This directly advances the technology readiness level (TRL) required
for initiatives like the DoD's High-Speed Strike Weapon program and other advanced
munitions concepts, marking a foundational step in the operationalization of hypersonic
weapon systems.’

In-Space Manufacturing (ISM): The Orbital Factory Floor Expands

The domain of in-space manufacturing (ISM) took a significant step forward this week with
the European Space Agency's (ESA) announcement of the first successful metal 3D printing
aboard the International Space Station (ISS).' This achievement, a collaboration with Airbus,
moves orbital manufacturing capabilities beyond the polymer-based printing demonstrated
for years into the realm of structural materials. The ability to print with metal is a critical
milestone for enabling long-duration exploration missions, as it allows for the on-demand
fabrication of robust tools, critical spare parts, and potentially even larger structural elements,
thereby enhancing crew autonomy and reducing dependence on Earth-based supply chains.

This breakthrough is part of a broader trend indicating that ISM is transitioning from a phase
of novel experimentation to one focused on establishing viable, scalable production of
high-value products. This is evidenced by several recent commercial successes. Notably, the
company Flawless Photonics demonstrated the first commercial-scale manufacturing of
ZBLAN optical fiber in orbit, producing 11.8 km of fiber with superior quality to what can be
achieved on Earth."” The microgravity environment prevents the crystallization that degrades
signal transmission in ZBLAN fibers produced under gravity, making it a prime candidate for a
high-margin, space-exclusive product."”

Simultaneously, the biomedical sector is leveraging the unique environment of the ISS to
accelerate research and development. Microgravity studies have been shown to compress
years of disease modeling for cancer into weeks, and experiments on the station were
instrumental in advancing a promising new anti-cancer therapy, Rebecsinib, to FDA clinical
trials.”” Furthermore, the production of pharmaceutical crystals for drugs like insulin and the



cancer treatment Keytruda has shown that over 80% of crystals grown in space exhibit
improved structure and uniformity, which can lead to more effective treatments.” Progress is
also being made toward clinical trials for artificial retinas manufactured in space, offering new
hope for the visually impaired."

These parallel advancements highlight a maturing ecosystem with a dual value proposition.
The first is the production of goods for terrestrial use that are either impossible or
prohibitively difficult to manufacture under the influence of gravity, such as flawless ZBLAN
fiber and highly pure pharmaceutical crystals.'” The commercial success of these high-margin
products is essential for generating the revenue needed to fund the development of the
commercial LEO destinations that will serve as future orbital factories. The second value
proposition is the production of goods for in-space use to enable mission sustainability and
expansion, such as tools, spare parts, and large structures."” ESA's successful metal printing
demonstration directly addresses this second category, which is a foundational requirement
for any long-duration mission to the Moon or Mars, where resupply is impractical or
impossible. These two tracks are mutually reinforcing: commercial success in Earth-facing
markets helps build the infrastructure needed for exploration-facing manufacturing,
collectively advancing the vision of a robust industrial economy in orbit.

Advanced Sensing Capabilities: NISAR's First Light

A landmark achievement in Earth observation was unveiled this week as NASA and the Indian
Space Research Organisation (ISRO) released the first radar images from their joint NISAR
(NASA-ISRO Synthetic Aperture Radar) satellite.”® Launched on July 30, 2025, NISAR is a
testament to the power of international collaboration and represents a technological leap in
our ability to monitor the Earth's dynamic surface.?*

The technological heart of the NISAR mission is its unique dual-frequency radar system, the
first of its kind on a single satellite.* It combines a NASA-provided L-band radar with an
ISRO-provided S-band radar, creating a synergistic platform with unprecedented capabilities.
The initial images released this week, capturing regions of Maine and North Dakota, showcase
this power with exceptional clarity. The imagery successfully differentiated between built
environments, various types of vegetation, and even specific agricultural features like
center-pivot irrigation plots, demonstrating a level of detail that will revolutionize land-use
monitoring.?*

The dual-band approach allows the satellite to see the Earth in fundamentally different ways
simultaneously:

e NASA's L-band Radar: Operating at a longer wavelength, this system can penetrate



dense forest canopies to measure soil moisture below and is highly sensitive to minute
movements of the Earth's surface. This makes it an invaluable tool for tracking the flow of
glaciers and ice sheets, detecting the subtle ground deformation that can precede
earthquakes and volcanic eruptions, and monitoring landslides.*

e ISRO's S-band Radar: With its shorter wavelength, this system is highly sensitive to the
structure of smaller vegetation, making it ideal for monitoring crop health, tracking
deforestation, and observing subtle changes in ecosystems like grasslands and
wetlands.?*

The NISAR mission is far more than a technological advancement; it serves as a powerful
model for strategic international cooperation in addressing global challenges. Monitoring
climate change, managing critical resources like water and agricultural land, and responding
effectively to natural disasters are tasks that require comprehensive, global datasets that are
often beyond the capacity of any single nation to acquire. The NISAR collaboration effectively
combines the distinct technological strengths and expertise of both NASA and ISRO into a
single, cohesive platform that is more capable than what either agency might have developed
alone.?” This sets a powerful precedent for future large-scale science missions, proving that
pooling resources and expertise can yield superior scientific and operational outcomes.

With full science operations scheduled to begin in November 2025, NISAR is poised to
become a cornerstone of Earth science for the next decade.?® The continuous stream of
high-resolution data will not only fuel fundamental research into our planet's systems but also
create significant commercial opportunities. Industries such as precision agriculture,
insurance and risk modeling for natural disasters, and resource management will be able to
leverage NISAR data to create new services and improve efficiency, making the satellite a key
piece of data infrastructure for the global economy.

Mission and Commercial Developments

The past week was marked by the operationalization of key technologies through significant
mission launches and program initiations. These developments span civil science, national
security, and the commercial sector, collectively demonstrating how new capabilities are
being deployed to achieve strategic objectives in and beyond Earth orbit.

The Heliophysics Fleet: A New Paradigm in Space Weather Monitoring



On September 24, 2025, a single SpaceX Falcon 9 rocket successfully launched a trio of
distinct but complementary space weather missions, a feat NASA officials dubbed the
"ultimate cosmic carpool".” The launch vehicle carried NASA's Interstellar Mapping and
Acceleration Probe (IMAP), NASA's Carruthers Geocorona Observatory (CGO), and the
National Oceanic and Atmospheric Administration's (NOAA) Space Weather Follow-On
Lagrange 1 (SWFO-L1) observatory.?” All three spacecraft are destined for the Sun-Earth
Lagrange point 1 (L1), a gravitationally stable location approximately 1.5 million kilometers from
Earth that provides an uninterrupted view of the Sun.?® This shared ride represents a
significant advancement in operational efficiency, delivering three powerful scientific
platforms to their deep-space destination at a fraction of the cost of individual launches.?’

The true significance of this launch lies in the synergistic capabilities of the three
observatories, which together create a comprehensive, multi-layered system for studying the
Sun's influence on the solar system.

e Interstellar Mapping and Acceleration Probe (IMAP): As the primary payload, IMAP is
a flagship science mission equipped with a suite of ten advanced instruments, including
energetic neutral atom imagers, magnetometers, and detectors for ions and interstellar
dust.” Its primary scientific goal is to create the first comprehensive maps of the
heliosphere—the protective magnetic bubble our Sun creates—and its boundary with the
interstellar medium. Critically for human exploration, IMAP's real-time solar wind data will
feed into the I-ALIRT system, providing astronauts on future Artemis missions to the
Moon with up to 30 minutes of advance warning of dangerous solar radiation storms.*

e Space Weather Follow-On Lagrange 1 (SWFO-L1): This is NOAA's first satellite
designed and fully dedicated to operational space weather forecasting.”” Equipped with
a powerful coronagraph for imaging coronal mass ejections (CMEs) as they erupt from
the Sun, as well as sensors to measure the solar wind directly, SWFO-L1 will serve as
Earth's 24/7 early-warning sentinel. Its data is vital for protecting critical terrestrial
infrastructure, including power grids, communication networks, and GPS satellites, from
the disruptive effects of solar storms.?®

e Carruthers Geocorona Observatory (CGO): This smaller NASA satellite carries
specialized ultraviolet imagers to study Earth's geocorona, the vast but tenuous
outermost layer of our atmosphere that extends well beyond the Moon.* By observing
how this "halo" glows and changes in response to solar activity, CGO will provide direct
measurements of the interaction between space weather and our planet's atmospheric
system.”®

This coordinated launch marks a strategic evolution in heliophysics, moving from the
deployment of individual, specialized sensors to the fielding of an integrated, end-to-end
monitoring system. Space weather is a complex phenomenon that involves a chain of events:
an eruption at the Sun (the source), the journey of particles and magnetic fields through
interplanetary space (the medium), and the subsequent effects on Earth (the impact). The
IMAP/SWFO-L1/CGO trio is designed to observe this entire chain. SWFO-L1 acts as the



operational "watchtower," detecting CMEs at their source. IMAP provides the deep scientific
context, analyzing the composition and structure of the solar wind as it travels, while also
serving as a high-fidelity warning system. Finally, CGO measures the direct terrestrial impact
on our atmosphere. By operating these instruments in concert, scientists will be able to trace
a single solar event from its origin to its consequences, creating a comprehensive
"source-to-impact" data chain. This will revolutionize space weather forecasting, enabling a
shift from simple alerts to nuanced, predictive models that are essential for safeguarding both
our technology-dependent society and the astronauts venturing back to the Moon and

beyond.”
Mission Lead Agency Primary Key Primary
Objective Instruments/T | Application
echnology
IMAP NASA Map the 10 instruments | Foundational
heliosphere including heliophysics
boundary; neutral atom research;
study particle imagers (Lo, high-fidelity
acceleration Hi, Ultra), radiation
and solar wind magnetometer, | warnings for
composition. ion/dust deep-space
detectors. missions
(Artemis).
SWFO-L1 NOAA Provide Compact Early warning
continuous, Coronagraph system to
real-time (CCOR), Solar protect
operational Wind Plasma terrestrial
monitoring of Sensor infrastructure
CMEs and (SWiPS), (power grids,
solar wind. Magnetometer. | GPS,
communicatio
ns).
CGO NASA Image Earth's Wide-Field Understand
geocorona Imager (WFI), the direct
(outermost Narrow-Field interaction
atmosphere) in | Imager (NFI) - between
ultraviolet UV cameras. space weather
light. and Earth's
atmosphere.




National Security in Orbit: The Space-Based Interceptor Program

The national security space sector saw the formal initiation of a major new program this week
with the U.S. Space Force's Space Systems Command (SSC) releasing a Request for Prototype
Proposal (RPP) for its Space-Based Interceptor (SBI) program on September 18, 2025.% This
initiative aims to develop a new layer of missile defense capabilities based in orbit, marking a
significant step in the evolution of space as a military domain.

The program's technical objectives are ambitious, calling for the development of prototypes
for two distinct classes of interceptors. The first are exo-atmospheric SBls, designed to
engage and destroy ballistic and hypersonic missile threats during their boost and mid-course
phases of flight, above an altitude of 120 km.*’ The second are

endo-atmospheric SBls, designed to intercept threats within the Earth's atmosphere, below
120 km.** Together, these systems are intended to form a critical node in the "Golden Dome"
architecture, a comprehensive, layered missile defense shield envisioned to protect the U.S.
homeland.*°

What makes the SBI program particularly noteworthy is its innovative and potentially
disruptive acquisition strategy. Instead of traditional, cost-plus development contracts, the
Space Force is utilizing Other Transaction Agreements (OTAs) combined with a series of Prize
Competitions.*® Under this model, interested companies will be required to heavily co-invest in
the development, construction, and launch of their own prototypes. They will then compete
for relatively modest prize awards across four distinct "gates": a ground test, two on-orbit
flight tests to demonstrate velocity and orbital insertion, and a final, kinetic intercept test
against a government-provided target, slated for completion by June 2029.%° The expectation
is that the winners of this rigorous competition will be well-positioned for lucrative,
large-scale production contracts after 2028.°

This prize-based acquisition strategy represents a deliberate attempt by the Space Force to
accelerate innovation and bypass the slow, expensive, and often risk-averse nature of
traditional defense procurement. By forcing companies to invest their own capital to build and
fly hardware, the model shifts a significant portion of the upfront development risk from the
government to the industrial base. This high-risk, high-reward proposition inherently favors
companies that possess the hallmarks of the "New Space" era: rapid prototyping capabilities,
access to low-cost, vertically integrated launch services, and the ability to attract significant
private capital.

This approach is not merely a request for a new technology; it is a structural test of the



defense industrial base itself. Traditional defense prime contractors, who are accustomed to
government-funded development cycles, may find the economic model challenging, as the
initial government awards and prize money are expected to be only a fraction of the true
development cost.*® In contrast, more agile firms may see this as an opportunity to disrupt the
market. The Space Force is thus signaling a clear preference for partners who can innovate at
speed and bear financial risk, a move that could fundamentally reshape the competitive
landscape for high-value national security space contracts in the years to come.

Commercial Launch and Suborbital Operations

The foundational layer of the entire space economy—reliable and frequent access to
orbit—was on full display this week, with a high operational tempo maintained by key
commercial providers. The most significant aspect of this activity was not any single launch,
but its routine, high-cadence nature, which has become the new standard for the industry.

SpaceX continued its relentless launch schedule, conducting multiple Falcon 9 missions. One
launch from Cape Canaveral Space Force Station deployed 28 satellites for the company's
Starlink broadband mega-constellation, while another flight from Vandenberg Space Force
Base added 24 more satellites to the network.*? These missions were part of a rapid trio of
flights that also included the launch of the NASA/NOAA heliophysics fleet, with SpaceX
completing three launches in less than 41 hours.** This rapid reusability and turnaround
capability is a cornerstone of the company's business model and a key enabler for the
large-scale deployment of satellite constellations.

Meanwhile, United Launch Alliance (ULA) successfully launched the third batch of prototype
satellites for Amazon's Project Kuiper constellation aboard an Atlas V rocket from Cape
Canaveral.*’ This mission underscores the intensifying competition in the LEO broadband
market, with multiple major players now actively deploying and testing their orbital
infrastructure.

In the suborbital domain, Blue Origin successfully completed its 35th New Shepard mission
from its launch site in West Texas.*® This uncrewed flight carried a diverse manifest of over 40
scientific and educational payloads to an altitude of approximately 105 km, providing several
minutes of high-quality microgravity for experiments in fields ranging from space farming and
fluid dynamics to radiation detection and technology demonstrations for future lunar
systems.*®

While these individual launches are now commonplace, their collective significance is
profound. The ambitious projects that define the modern space era—from commercial space
stations and proliferated national security constellations to global internet services—are all



predicated on the assumption of frequent, reliable, and increasingly affordable access to
space. The fact that a high launch cadence is now standard operating procedure, rather than
a remarkable anomaly, represents a fundamental breakthrough. This relentless operational
tempo creates a virtuous cycle: the high flight rate of reusable rockets drives down costs,
which in turn encourages the development of large-scale orbital platforms and constellations,
which then creates even more demand for launches. This "boring" reliability is the quiet
engine powering the entire "Beyond Earth" economy.

Space Infrastructure

The development of foundational infrastructure—the orbital platforms, habitats, and logistical
systems—is paramount for enabling a sustained human and economic presence beyond
Earth. This week saw critical developments in both Low Earth Orbit (LEO) and cislunar space,
highlighted by a major policy shift from NASA and a key contract award for a future lunar
mission.

The Post-ISS Future: NASA's Strategic Pivot on Commercial Stations

NASA announced a significant revision to its Phase 2 acquisition strategy for the Commercial
Low Earth Orbit Destinations (CLD) program, the agency's initiative to foster private-sector
successors to the International Space Station.*® In a strategic pivot, the agency is moving
away from its original plan to use firm-fixed-price contracts for the certification and
procurement of services on future commercial stations. Instead, NASA will utilize funded
Space Act Agreements (SAAs) to support multiple companies in the design, development, and
demonstration of their orbital platforms.*

This policy shift is driven by a pragmatic assessment of both budgetary realities and the
maturity of the commercial market. The original fixed-price approach was determined to be a
high-risk acquisition, facing a potential budget shortfall of up to $4 billion.*” The SAA model
provides greater flexibility for both NASA and its commercial partners to navigate funding
variations and technical challenges during the complex development process.*’ The new
strategy also introduces a demanding new requirement: to receive the final 25% of their SAA
funding, awardees must successfully complete a self-funded, in-space crewed
demonstration. This demonstration must involve hosting four non-NASA crew members for a
mission of at least 30 days, serving as a powerful validation of the station's core capabilities.*



The CLD program is of critical national importance, as it is the primary mechanism for
ensuring a continuous U.S. human presence in LEO following the planned deorbit of the ISS
around 2030.“® Several companies are competing to provide this capability, including a
partnership between Blue Origin and Sierra Space for the Orbital Reef station; Vast, which is
developing its Haven-1 module; Axiom Space, which is building modules that will first attach to
the ISS; and the Starlab joint venture between Voyager Space and Airbus.”’

NASA's pivot to SAAs is effectively a market correction. It is a pragmatic acknowledgment that
the business case for commercial space stations is not yet robust enough to support a
high-risk, fixed-price development model where all financial liability rests with the private
sector. The immense capital investment required for a space station, coupled with the
still-unproven nature of potential revenue streams like space tourism and in-space
manufacturing, makes such a venture exceptionally risky for private investors.>®

By shifting to a risk-sharing SAA model, NASA is effectively subsidizing the research and
development phase for the entire sector. This move signals a tempering of the agency's initial
hope of acting as just "one of many customers" for orbital services. The reality is that NASA
must first serve as the foundational development partner and anchor tenant to ensure that
any commercial stations exist at all.>” While this intervention is essential to prevent a critical
gap in U.S. LEO capabilities, it also starkly highlights the formidable economic challenges that
lie ahead for the nascent commercial habitat market.

Building the Lunar Economy: The VIPER Mission and Commercial
Landers

Progress in building the infrastructure for a sustainable lunar presence continued this week as
NASA awarded Blue Origin a task order under the Commercial Lunar Payload Services (CLPS)
initiative.”® The contract, worth up to $190 million, is for the delivery of the agency's Volatiles
Investigating Polar Exploration Rover (VIPER) to the south pole of the Moon in late 2027.%

For this critical mission, Blue Origin will utilize its Blue Moon MK1 robotic lander.”® In a
demonstration of its milestone-based, risk-managed procurement approach, NASA has made
the final award contingent on the successful performance of Blue Origin's first MK1 lander
mission, which is scheduled to deliver other NASA payloads to the lunar south pole in late
2025.%®

The VIPER mission itself is of paramount strategic importance to NASA's Artemis program. The
golf-cart-sized rover is designed to be the first to map the distribution and concentration of
water ice in the permanently shadowed regions near the lunar poles.*® This data is the



essential first step toward In-Situ Resource Utilization (ISRU)—the concept of "living off the
land" by harvesting local resources. The water ice mapped by VIPER could one day be
extracted and processed into breathable air for astronauts and, critically, rocket propellant for
missions deeper into the solar system.®

The CLPS program, as exemplified by this award, is evolving beyond a simple "delivery
service" into the primary engine for bootstrapping a future cislunar economy. The long-term
vision of the Artemis program—a sustainable human presence on the Moon—is wholly
dependent on the viability of ISRU. Before industrial-scale resource extraction can begin,
however, detailed prospecting is required to identify the most promising resource deposits.
VIPER is this key prospecting mission.

By contracting the delivery of this strategically vital asset to a commercial partner, NASA is
accomplishing two goals simultaneously. It is not just procuring a ride to the Moon; it is
actively stimulating the development of a competitive, commercial market for lunar logistics.
The success of CLPS providers like Blue Origin, Firefly Aerospace, and Astrobotic is creating
the foundational transportation infrastructure—a fleet of diverse landers and rovers—that will
be required to support a future lunar economy encompassing resource extraction, power
generation, communications, and scientific research.”® The VIPER delivery contract is
therefore a direct and strategic government investment in a cornerstone capability of the
emerging economy on the Moon.

Special Focus — Interstellar Object 3I/ATLAS

The past week has brought a series of remarkable updates on 3I/ATLAS, the third known
interstellar object detected passing through our solar system. The new data challenges
existing models of cometary behavior and has solidified the object's status as one of the most
scientifically compelling astronomical targets in recent memory. The advanced sensing,
tracking, and modeling technologies required to study this transient visitor make its analysis
highly relevant to the theme of technological advancement.

An Unexpectedly Massive Visitor

A new, comprehensive analysis of the object's trajectory has yielded a startling conclusion. By
compiling 4,022 observations from 227 observatories between May 15 and September 23,
2025, astronomers found no detectable non-gravitational acceleration.®’ The object is moving



on a path dictated purely by the Sun's gravity. This is highly unusual for an active comet. As a
comet nears the Sun, its ices sublimate into gas, creating a coma and tail. This outgassing
produces a gentle but measurable "rocket effect" that pushes the comet off a purely
gravitational path.

Observations from the James Webb Space Telescope have confirmed that 3I/ATLAS is indeed
outgassing, releasing about 150 kg of material per second.®' The fact that this outgassing is
producing no discernible change in its trajectory implies that the object must be exceptionally
massive for its size, with its immense inertia overwhelming the rocket effect. Based on this
analysis, researchers have established a new minimum mass for 3I/ATLAS of 33 billion tons,
which corresponds to a minimum diameter of 5 kilometers for its nucleus, assuming solid
density.®' This makes it significantly larger and more massive than the two previous interstellar
visitors, ‘Oumuamua and 2I/Borisov, and places it among the larger comets even within our
own solar system.

A Litany of Anomalies

The object's large mass is only the latest in a series of scientifically puzzling characteristics
that set it apart from typical comets:

Anomalous Composition: Spectroscopic analysis has revealed a composition unlike that
of most solar system comets. It is extraordinarily rich in carbon dioxide (CO,), with
observations from the James Webb Space Telescope indicating a CO,-to-water ice ratio
of 8:1, among the highest ever recorded.®® Furthermore, data from the Very Large
Telescope has shown the surprising detection of nickel in its coma without a
corresponding amount of iron, a chemical signature that challenges current models of
planetesimal formation.®’

Anomalous Physical Behavior: The comet has exhibited several strange physical traits.
For a period, it displayed a prominent "anti-solar tail," with a plume of dust being ejected
towards the Sun rather than away from it.' This suggests that large, heavy dust particles
are being pushed off the Sun-facing side of the nucleus at a very low velocity, too slow
for solar radiation pressure to push them into a traditional tail.®> The object also exhibits
an unusually high degree of negative polarization in the light reflected from its coma, and
it recently underwent a noticeable color change, shifting from a generally reddish hue to
green.”’

These combined anomalies have led to a range of scientific inquiry. While some researchers,
notably astrophysicist Avi Loeb, have explored the speculative hypothesis that these unusual
characteristics could be consistent with an artificial origin, the mainstream scientific

consensus remains focused on understanding these traits as invaluable clues to the object's



natural origin in a different and potentially very different star system.®*

An Impending Natural Experiment

In a stroke of serendipity, 3I/ATLAS is about to become the subject of an unplanned, natural
experiment. A forecast model from NASA predicts that a Coronal Mass Ejection (CME)—a
massive eruption of plasma and magnetic fields from the Sun—is on a collision course with
the interstellar comet, with the impact expected on or around September 25, 2025.%

This event provides a unique opportunity for a natural "active probe" experiment.
Astronomers will be closely watching to see how the CME's powerful magnetic fields and
dense plasma interact with the comet's tenuous coma and tail. In past events, such as a CME
encounter with Comet Encke, the interaction was strong enough to completely sever the
comet's tail.*> Observing a similar disruption, or lack thereof, could provide invaluable data on
the density, composition, and magnetic environment of the comet's coma that would be
impossible to obtain through passive observation alone.

This observational window is fleeting. 3I/ATLAS is rapidly approaching solar conjunction, a
period when it will pass behind the Sun as seen from Earth, rendering it unobservable from
early October until late November.®® However, the object's trajectory takes it for a relatively
close flyby of Mars on October 3, at a distance of about 30 million km.** This provides an
opportunity for ESA's Mars Express and ExoMars Trace Gas Orbiter spacecraft to conduct
observations during the conjunction period, highlighting the remarkable adaptability of the
global space science infrastructure.

The broader study of 3I/ATLAS showcases the power of a distributed, multi-purpose network
of scientific instruments. The rapid mobilization of a diverse array of assets—from
ground-based telescopes like Gemini and the VLT to space-based observatories like Hubble
and Webb, and even interplanetary probes orbiting other planets—to study this unpredictable,
transient target demonstrates the immense secondary value of these long-term missions.*’
The ability to retask a Mars orbiter to observe an interstellar comet turns these platforms into
a flexible, solar-system-wide sensor web, capable of capitalizing on rare scientific
opportunities whenever and wherever they appear.

Challenges and Considerations



While the past week's developments highlight significant technological progress, they also
bring into sharper focus the formidable economic and industrial challenges that must be
overcome to translate these breakthroughs into a sustainable, large-scale space economy.
Two primary hurdles stand out: the persistent gap in the commercial viability of orbital
habitats and the immense difficulty of scaling advanced technologies from prototype to
production.

The Commercial Viability Gap for Orbital Habitats

The economic models underpinning the development of commercial space stations are
currently strained by a fundamental mismatch between immense, unavoidable costs and
highly speculative, unproven revenue streams.>® This "viability gap" is the central challenge
facing the post-ISS era in LEO.

On the cost side of the ledger, the financial burdens are staggering. While development costs
for new stations are projected in the single-digit billions—a fraction of the ~$150 billion spent
on the ISS—the crucial factor is the relentless operational cost.”® Independent analyses
project that a commercial station will need to cover annual operating expenses in the range of
$1-2 billion.” A significant portion of this is transportation; a single four-person crew rotation
on a commercial vehicle costs over a quarter of a billion dollars.*® These figures do not even
include ground-based mission control, ongoing maintenance and upgrades, or the eventual,
complex, and costly deorbiting process, which is estimated to cost around $1 billion for the
ISS.%

On the revenue side, the potential markets remain largely theoretical and face significant
headwinds:

e Orbital Tourism: While there is a market for private spaceflight, the addressable pool of
customers for an orbital trip costing upwards of $55 million per seat is limited to a few
dozen ultra-high-net-worth individuals globally per year. This is insufficient to generate
the revenue needed to sustain a multi-billion-dollar station and faces competition from
far cheaper suborbital flights.>®

e In-Space Manufacturing: As discussed, ISM shows immense promise, but it is still
largely in the research and development phase.* High-value products like ZBLAN fiber,
while technologically proven, may be more economically produced on smaller, cheaper,
uncrewed automated platforms that do not require the expense and complexity of a
human-rated station.”® For pharmaceuticals, the primary value proposition currently lies
in using microgravity to enhance terrestrial R&D (e.g., through protein crystallization),
which translates to a market for research services rather than large-scale orbital



production.®

NASA's strategic pivot in the CLD program, shifting from fixed-price contracts to risk-sharing
Space Act Agreements, is a direct and pragmatic policy response to this commercial viability
gap. The private investment market, upon sober analysis, cannot currently justify the
multi-billion-dollar capital expenditure required to build a commercial station given the high
uncertainty in future revenues.”® No company could reasonably accept a firm-fixed-price
contract that places the entire burden of cost overruns and market risk on its shoulders.
Recognizing this market failure, and faced with the strategic imperative to maintain a U.S.
presence in LEO, NASA has stepped in to de-risk the development phase.* This policy shift is
not merely a procurement adjustment; it is a fundamental government intervention to support
the supply side of the market in the absence of sufficient non-government demand. It
confirms that for the foreseeable future, NASA will be the primary, indispensable anchor
tenant, and the vision of a truly self-sustaining commercial station remains a long-term
aspiration rather than a near-term reality."’

The Hurdle of Scaling: From Prototype to Production

The celebrated technological breakthroughs of the week represent the successful completion
of the first, and in some ways easiest, step. The far larger, less glamorous, and more expensive
challenge lies in transitioning these advanced technologies from one-off prototypes to
reliable, scalable, and cost-effective production systems.?

This "scaling hurdle" is evident in the very technologies that showed such promise this week.
In the case of solid-fueled ramjets, the successful ATLAS captive-carry tests are a crucial
milestone, but scaling this technology for widespread deployment in munitions involves
solving a host of complex engineering problems. These include ensuring stable and efficient
combustion as the solid fuel grain burns and changes the engine's internal geometry,
developing reliable flame-holding mechanisms across a wide range of flight conditions,
managing extreme thermal stresses on components, and engineering a degree of throttling
capability." Each new missile application will require its own extensive and expensive
campaign of ground and flight testing to validate performance across its specific operational
envelope.®

Similarly, scaling up in-space manufacturing from ISS experiments to industrial-scale orbital
factories presents a formidable set of challenges:

e Environmental: The microgravity environment complicates the handling of materials,
especially powders and liquids, and makes waste management a critical issue. The harsh
vacuum and constant radiation exposure degrade materials and electronic systems over



time, affecting reliability and product quality.?

e Logistical and Operational: Establishing a robust and cost-effective supply chain to
deliver raw feedstock to orbit and, if necessary, return finished products to Earth is a
major logistical challenge. Implementing rigorous quality assurance, process control, and
verification remotely is significantly more difficult than in a terrestrial factory.”

e Industrial Base: The aerospace industry currently faces a shortage of skilled talent. To
move from bespoke, handcrafted prototypes to serial production, product designs must
be simplified, modularized, and standardized. Furthermore, the space industry supply
chain is notoriously strained, often characterized by sole-source suppliers, long lead
times, and low production volumes, which are ill-suited for a mass-production
environment.*

A successful prototype proves that a concept is physically possible. However, manufacturing
hundreds or thousands of these systems reliably, on schedule, and on budget requires a
mature industrial ecosystem that, in many areas of the space sector, does not yet exist. The
true bottleneck for deploying next-generation capabilities like hypersonic missiles or orbital
factories is often not the core technology itself, but the entire "hidden factory" of logistics,
supply chain management, skilled labor, and quality control that must support it. This
industrial base is where the next wave of major investment and innovation must occur to
realize the potential of this week's technological breakthroughs.

Future Outlook

The developments of the past week provide clear indicators of the industry's trajectory over
the near term and offer a synthesized view of the strategic architecture being built for the
long-term off-world economy.

Near-Term Implementations (12-24 Months)

Based on the milestones achieved, several key developments can be projected over the next
one to two years:

e Hypersonic Propulsion: The data gathered from the GE Aerospace ATLAS captive-carry
tests will be used to refine engine designs and mature the technology for powered flight
demonstrations. Within the next 24 months, it is expected that SFRJ technology will be
integrated into the next phase of Department of Defense hypersonic missile programs,
moving from component validation toward full-system prototype flight tests."



Earth and Space Observation: The NISAR satellite will commence its full science
operations in November 2025. Over the following year, its revolutionary dual-band radar
data will begin to be integrated into climate, agricultural, and disaster response models
and commercial applications worldwide.?* The IMAP, SWFO-L1, and CGO fleet is
projected to reach its operational orbit at L1 by early 2026. Shortly thereafter, this
integrated observatory system will begin delivering a new generation of comprehensive
space weather data, significantly enhancing forecast accuracy for both terrestrial
infrastructure and upcoming crewed Artemis missions to the Moon.?

Commercial LEO Infrastructure: Following the finalization of NASA's CLD Phase 2
strategy, the agency is expected to award the new funded Space Act Agreements within
the next year. This will trigger an acceleration of hardware development, integration, and
ground testing from the competing commercial station providers. The next 24 months will
be critical, with a focus on preparing for the first uncrewed and potentially crewed
demonstration missions of initial station modules, driven by the stringent new NASA
requirements for in-space validation.”'

National Security Space: The U.S. Space Force will likely award multiple Other
Transaction Agreements for the Space-Based Interceptor program in the coming months,
officially kicking off a competitive prototyping race. The next 12-24 months will be
dominated by the initial "Gate 1" ground test phase, as competing companies work to
mature their interceptor designs and prove out their core subsystems ahead of the more
complex on-orbit demonstrations.*°

Strategic Implications for the Off-World Economy

Viewed collectively, the events of this week are not a random assortment of news items. They
represent the concurrent and interdependent development of the core architectural pillars
required to construct a self-sustaining economic ecosystem beyond Earth. The parallel
progress across these five distinct but interconnected domains demonstrates a holistic, albeit
challenging, maturation of the space sector.

1.

Advanced Logistics (Propulsion & Launch): The foundation of any economy is efficient
transportation. The continued high-cadence launch operations of commercial providers
like SpaceX provide routine, reliable access to LEO, while the demonstrated progress in
advanced propulsion, such as GE's solid-fueled ramjet, promises to enable rapid transit
and novel mission capabilities within and beyond Earth orbit.

Foundational Infrastructure (Habitats & Platforms): Economic activity requires a
place to happen. The CLD program, despite its challenges, is the essential policy
framework for establishing permanent human habitats in LEO, while the CLPS program is
systematically building out the robotic infrastructure on the lunar surface. Together, they
are creating the "real estate" for future off-world enterprise.



3.

In-Situ Industry (Manufacturing & Resource Utilization): A sustainable economy must
reduce its dependence on imports. Breakthroughs in in-space manufacturing, like ESA's
metal 3D printing, are developing the means to produce goods locally in orbit.
Simultaneously, resource prospecting missions like VIPER are the first step toward
harvesting local resources on the Moon, closing the logistics loop.

Economic Drivers (Data & Services): Economies are driven by the creation of value.
Earth and space observation missions like NISAR and the new heliophysics fleet generate
high-value, actionable data that creates and supports terrestrial markets. At the same
time, commercial satellite constellations like Starlink and Kuiper are building the essential
connectivity backbone for a data-driven orbital economy.

Security and Stability (Defense): Long-term economic investment requires a stable
and secure environment. The initiation of programs like the Space-Based Interceptor
initiative signals the development of capabilities to protect high-value orbital assets,
providing the security framework necessary to safeguard commercial and national
interests in space.

While significant economic and technical hurdles remain, the foundational technological and
policy frameworks for this new economy are now being actively constructed and validated.
The strategic imperative for both commercial and state actors is therefore shifting. The goal is
no longer merely to explore space, but to build, integrate, and secure the interdependent
systems that will define the 21st-century economy beyond Earth.
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