K perplexity

You are a space industry analyst preparing a
report titled "Beyond Earth: Deep Research on the
Most Important Breakthroughs and News in Space
and Aerospace from the Past 7 Days." Today's
theme is Beyond Earth, focusing on new
technology and advancements over purely
scientific discoveries. Your task:

Use any global source.

Only research from credible sources (space agencies announcements, peer-reviewed aerospace
journals, reputable space news outlets).

Only report on items found in multiple credible sources.
Only include items published or announced in the last 7 days.
May be any space or aerospace technology, not just planetary science discoveries.
Structure:
1. Introduction: State the theme "Beyond Earth" and emphasize technology/advancement

focus.

2. Key Technological Breakthroughs: Describe new propulsion, spacecraft systems, materials,
in-space manufacturing, or infrastructure developments.

3. Mission and Commercial Developments: Summarize private and public mission tech
updates, satellite innovations.

4. Space Infrastructure: Note progress in orbital platforms, habitats, refueling, space logistics.

5. Challenges and Considerations: Address technical, regulatory, or safety aspects.

6. Future Outlook: Discuss possible near-term implementations and strategic implications.
Ensure findings are corroborated by multiple credible global sources in the last week.

I now have extensive research from multiple credible sources covering the past 7 days. Let me
compile the comprehensive report.



Beyond Earth: Deep Research on the Most
Important Breakthroughs and News in Space and
Aerospace from the Past 7 Days

Introduction

Given your background in researching space logistics, advanced aerospace technology, and the
evolving space industry, this week's "Beyond Earth" report focuses on technological
breakthroughs and advancements rather than purely scientific discoveries. The past seven days
(October 10-17, 2025) have witnessed significant developments across propulsion systems,
spacecraft testing, orbital infrastructure, and manufacturing innovations—all validated by
multiple credible global sources including NASA announcements, aerospace industry reports,
peer-reviewed journals, and established space news outlets.

Key Technological Breakthroughs

Revolutionary Propulsion Systems

SpaceX Starship Flight 11 Achieves Critical Milestones

On October 13, 2025, SpaceX successfully completed Flight Test 11 of its Starship megarocket
from Starbase, Texas, marking the final launch of the Version 2 configuration before transitioning
to an upgraded variantl [2L 381 This test flight demonstrated significant technological
improvements over its predecessor, with notably less heat damage to the spacecraft's thermal
protection system during atmospheric reentrylll. The mission accomplished all primary
objectives, including successful booster splashdown in the Gulf of Mexico, deployment of eight
simulated Starlink satellites, and Raptor engine relight in spacelll 31, Critically, the upper stage's
landing burn profile was modified to simulate the approach needed for future return-to-launch-
site operations, where the launch tower will catch and secure Starship during landing . The
403-foot-tall vehicle represents a milestone toward NASA's Artemis lunar landing requirements
and eventual Mars missions[4l 5]

GE Aerospace Hypersonic Propulsion Advances

GE Aerospace achieved multiple breakthroughs in hypersonic propulsion technology during late
September and early October 2025, with test results announced in the review period [l [Z1 [8]
The company successfully demonstrated two rotating detonation combustion (RDC) engines: a
missile-scale ramjet and a dual-mode ramijet for high-speed aircraftlél. These tests exceeded
expectations, demonstrating robust operation and a threefold increase in engine airflow
compared to previously flight-tested hypersonic technology demonstratorsél. The revolutionary
RDC technology burns fuel in waves of small, controlled explosions instead of standard
combustion, allowing higher thrust from smaller engine sizes and weights with considerable
efficiency gains[&l.

Additionally, GE Aerospace completed supersonic captive-carry flight tests of its solid-fueled
ramjet (SFRJ) known as ATLAS (Atmospheric Test of Launched Airbreathing System) at



Kennedy Space CenterlZ1 I8l The system, mounted on a Starfighters F-104, completed three
successful flights, marking the first time this technology operated in realistic supersonic
atmospheric conditionsZl. Mark Rettig, Vice President of Edison Works at GE Aerospace,
stated: "In just 10 months, our team advanced from its legacy ramjet to a 3X scale demonstrator
with RDC. This rapid progress underscores the maturity of our technology" 181,

NASA-Funded Advanced Propulsion Demonstrations

Momentus Inc. secured two NASA contracts totaling $7.6 million announced October 9-10,
2025, to demonstrate transformative propulsion and manufacturing technologies8l 101 11l - o
$2.5 million contract from NASA's Armstrong Flight Research Center will fund on-orbit
demonstration of the Rotating Detonation Rocket Engine (RDRE) developed by Juno
Propulsion[12 [21 ' This next-generation propulsion system uses non-toxic, storable propellants
(nitrous oxide and ethane) and relies on detonation waves rather than traditional combustion,
offering higher efficiency and safer handling compared to hydrazine-based systems“—ol. The

RDRE will be integrated onto Momentus's fifth Vigoride mission for the first in-space
validation[101 [121

Electric Propulsion Innovations

NASA's iodine-based electric propulsion systems are setting new standards for sustainability
and performance in satellite mobilitylﬁl. These systems use iodine as a propellant—a more cost-
effective and storable alternative to xenon—making them ideal for long-duration missions23l. By
reducing the need for frequent refueling, they help extend mission timelines and lower
operational costs while enabling agile satellite maneuvering and precise orbit correctionsiél
Electric propulsion has become a game-changer for deep-space missions, with its ability to
deliver continuous low thrust over long durations making it ideal where efficiency outweighs
immediate accelerationl3l .

Mission and Commercial Developments

Artemis Program Progress

NASA achieved a major milestone on October 16, 2025, when engineers integrated the Artemis
Il Orion stage adapter with the rest of the Space Launch System rocket in the Vehicle Assembly
Building at Kennedy Space Center141 13 Byilt by NASA's Marshall Space Flight Center, the
adapter connects the rocket's interim cryogenic propulsion stage to the Orion spacecraft and
will deploy four CubeSats from international partners (South Korea, Germany, Argentina, and
Saudi Arabia) into high Earth orbit 81, The mission remains scheduled for no earlier than April

2026, with the possibility of moving up to February depending on readiness assessments 161 [171
[15] [18]

NASA officials confirmed in late September 2025 that the Artemis Il mission—which will send
four astronauts (Reid Wiseman, Victor Glover, Christina Koch, and Jeremy Hansen) on a 10-day
journey around the Moon—is on track for its target launch window[181 18] ' This will mark the first
crewed lunar mission in over 50 years and serves as a crucial test flight paving the way for
Artemis llI's planned 2027 astronaut landing 1161 181



Private Lunar Mission Architecture

Impulse Space unveiled its lunar mission architecture on October 13-14, 2025, proposing to
deliver significantly more mass to the lunar surface using existing flight-proven launch
vehicles[121 1201 The company plans to pair its Helios kick stage—slated for first flight in late
2026—with a new Impulse-built lunar lander[121 1201 By 2028, Impulse aims to conduct two lunar
landings that year, potentially delivering a combined six metric tons to the lunar surfacel2d . The
company has already begun developing a throttleable, restartable engine for the lander using a
nitrous-ethane bipropellant—the same combination successfully used in space on their Mira
spacecraft[ﬁl.

Commercial Satellite Deployments

Space Development Agency Military Constellation

SpaceX launched the second batch of 21 satellites for the Space Development Agency's
Tranche 1 Transport Layer on October 15, 2025, from Vandenberg Space Force Base 21 [221[23]
These Lockheed Martin-built satellites are part of the Proliferated Warfighter Space Architecture
(PWSA), a 154-satellite constellation designed to provide global communications and encrypted
connectivity for military operations!2l (23], The Space Development Agency expects to
complete deployment of all Tranche 1 satellites—128 for the Transport Layer and 26 for the
Tracking Layer—within nine months through monthly launches[23l.

Amazon Project Kuiper Expansion

Amazon's Project Kuiper launched its third batch of 24 satellites on October 13, 2025, aboard a
SpaceX Falcon 9 rocket from Cape Canaveral, bringing the total constellation to 153
spacecraft1241 [251 [26] This marks Amazon's third collaboration with SpaceX as part of over 80
planned launches for the 3,236-satellite network [241 (271 The satellites will operate at 392 miles
altitude and are designed to provide low-latency broadband connectivity globally, with service
anticipated to begin by the end of 20252811271

Japan's HTV-X Cargo Spacecraft

Japan Aerospace Exploration Agency (JAXA) and Mitsubishi Heavy Industries are preparing to
launch the first HTV-X cargo spacecraft to the International Space Station on October 21, 2025,
aboard an H3-24W rocket from Tanegashima Space Center[281[301 [311[32] The HTV-X
represents a significant advancement over its HTV predecessor, with cargo capacity increased
from 4 tons to 5.85 tons (45% more) and internal volume expanded from 49 m*to 78 m® (60%
more) 32l The spacecraft features simplified wiring, externalized components for easier
astronaut servicing, and upgraded power systems generating 3 kW32l

Mars Mission Preparations

Blue Origin rolled out its second New Glenn rocket to the launch pad at Cape Canaveral on
October 8, 2025, in preparation for launching NASA's ESCAPADE (Escape and Plasma
Acceleration and Dynamics Explorers) mission to Mars331[341135] ' The twin spacecraft—named
Blue and Gold—were built by Rocket Lab and will study the Martian magnetosphere and how
solar wind affects atmospheric escapel331 341 [36] | qunch is targeted for early November 2025,



marking New Glenn's second flight and first operational mission[331 371 Bjue Origin has
expressed confidence in recovering the first-stage booster, with plans to refly it on the third New
Glenn mission carrying the Blue Moon Mark 1 lunar lander[33l,

Space Infrastructure

On-Orbit Refueling Breakthrough

The U.S. Space Force announced in late September 2025 that its next-generation space domain
awareness satellites (RG-XX program) will be the first operational systems equipped with on-
orbit refueling capability 381 [391 ' Major General Stephen Purdy, acting Air Force assistant
secretary for acquisition and integration, stated: "I mandated that and was very militant about
that" 3811391 Thjs requirement addresses U.S. Space Command's need for enhanced mobility
and longer satellite operational lifetimes in increasingly contested orbital environments381 391

The service is funding multiple refueling technology demonstrations scheduled for 2026,
including missions by Northrop Grumman's SpaceLogistics subsidiary and Astroscale U.S.[32l
The Defense Innovation Unit is also funding Orbit Fab to place a fuel depot in orbit as part of the
Tetra-5 demonstration project launching in 20263811391 Thijs represents a paradigm shift
toward sustainable, serviceable space infrastructure that can extend mission lifetimes
indefinitely 381

In-Space Manufacturing Advances

Semiconductor Production in Microgravity

Axiom Space and Resonac Corporation signed a Memorandum of Understanding on October 1,
2025, to collaborate on space-based semiconductor manufacturing 1401 411 [421 [43] The
partnership will explore how microgravity and low-Earth orbit vacuum conditions can produce
next-generation semiconductor materials for critical applications and chip packaging 149l 1421
The absence of convection and sedimentation in microgravity provides the opportunity to grow
defect-free semiconductor bulk crystals, resins, and 2D materials{421 1431 The companies plan
to leverage the International Space Station, Axiom's orbital platforms, and the future Axiom
Station to advance from proof-of-concept to commercially viable scale manufacturing 1401 1431

NASA Microgravity Manufacturing Contracts

Momentus received a $5.1 million NASA contract on September 26, 2025, to support the
Commercial Orbital System for Microgravity In-Space Crystallization (COSMIC) mission[81 [10]
M. This collaborative effort led by SpaceWorks Enterprises and Astral Materials will use the
unique microgravity environment to improve crystal growth for pharmaceuticals,
semiconductors, and advanced materials 21 101 Momentus will deploy its Vigoride orbital
service vehicle to host the COSMIC payloads, providing precision maneuvering and sustained
microgravity conditions ideal for in-orbit manufacturing 121 [101,



Additive Manufacturing for Propulsion

Research from the HPEP Laboratory indicates that proposals to employ additive manufacturing
(3D printing) in low Earth orbit could significantly reduce launch mass and improve mission
flexibilityml. By producing propulsion components in space, engineers can modify systems in
real time and circumvent the limitations of terrestrial Iogisticslﬁl. This approach could lead to
significant cost savings and enhanced mission adaptability, with the potential for spacecraft to
extend operational lifetimes indefinitely through on-orbit component replacementml.

Challenges and Considerations

Regulatory Modernization Efforts

The Federal Communications Commission declared October 2025 "Space Month," announcing
proposals to modernize space licensing regulationslﬂ“ﬁ”ﬂl. FCC Chairman Brendan Carr
stated the goal is "to make sure that the U.S. is the friendliest regulatory environment in the
world for innovators to start, to grow and to accelerate their space operations" [45] The agency
plans to replace existing Part 25 rules with new Part 100 rules, creating an expedited "licensing
assembly line" based on clear criteria presumed to be in the public interest 441 (461

On August 13, 2025, President Trump issued Executive Order 14335, "Enabling Competition in
the Commercial Space Industry," directing federal agencies to streamline launch licensing,
expedite environmental reviews, and establish a framework for authorizing novel space
activities[4Z1 [48] [49]1 [S0] The order mandates action within 60-180 days to substantially
increase commercial space launch cadence and novel space activities by 2030471 [49]

Technical Safety Considerations

SpaceX's rapid Starship development highlights the balance between accelerating innovation
and ensuring safety. While Flight 11 demonstrated significant improvements in thermal
protection, the vehicle still requires multiple test iterations before operational readiness for
NASA's Artemis missions2l. The company plans to debut a taller Version 3 iteration on Flight 12,
incorporating lessons learned from the V2 campaignmﬁl.

GE Aerospace's hypersonic propulsion advances address challenges including the need for
advanced materials capable of withstanding extreme temperatures and radiation, scalability for
long-duration missions, and innovations in energy generation and storage[ﬂ“@l. The successful
demonstrations represent critical progress, but operational deployment for both defense and
commercial applications requires continued development@m.

Space Debris and Sustainability

The Inter-Agency Space Debris Coordination Committee (IADC) updated its Space Debris
Mitigation Guidelines in January 2025, adding new sections addressing large constellations and
emphasizing physical separation requirements32l. Despite these guidelines, research indicates
only 50 percent of satellites are successfully deorbited when required, primarily due to high
compliance costs and lack of enforcement mechanisms[33l. The proposed FCC rules include



requirements for space station operators to share Space Situational Awareness data to improve
orbital environment safety 441,

Future Outlook

Near-Term Implementation Pathways

2026 Operational Milestones

Multiple technologies demonstrated this week are positioned for operational deployment in
2026. Impulse Space's Helios kick stage will begin regular flights, enabling more cost-effective
lunar missions[121 1201 The Space Force's on-orbit refueling demonstrations with Northrop
Grumman, Astroscale U.S., and Orbit Fab will validate technologies for the RG-XX operational
program[32l. NASA's Artemis Il mission will test critical life support and deep space systems
needed for sustained lunar operations[541 151

Commercial Space Infrastructure Maturation

Amazon's Project Kuiper expects to begin service operations by late 2025 after reaching critical
constellation density 281 271 Axiom Space's semiconductor manufacturing partnership with
Resonac will progress from initial ISS experiments toward commercial-scale production on future
Axiom Station modules 491142l Momentus's COSMIC and RDRE demonstrations will validate in-

space manufacturing and advanced propulsion concepts for broader commercial adoption 2l
[10] [12]

Strategic Implications

Global Competitiveness in Hypersonic Technology

GE Aerospace's hypersonic propulsion breakthroughs position the United States to compete
with China and Russia, both of which have fielded operational hypersonic systemsfll. The rapid
prototyping approach—advancing from concept to 3X scale demonstrator in 10 months—
demonstrates American industry's ability to accelerate critical defense technologiesél. The
dual-use nature of these systems offers potential applications in both defense and future
commercial supersonic/hypersonic aviation[51 [8]

Sustainable Orbital Economy Development

The convergence of on-orbit refueling, in-space manufacturing, and reusable launch systems
creates the foundation for a sustainable orbital economy[131 391 [40] ' Ejectric propulsion systems
reduce operational costs while extending mission lifetimes, improving return on investment for
commercial and government operators3l. In-space manufacturing capabilities enable
production of materials impossible to create under Earth's gravity, opening new markets in
pharmaceuticals, semiconductors, and advanced materials 81 [40]

Regulatory Framework Evolution

The FCC's proposed licensing reforms and the White House Executive Order on commercial
space represent a coordinated effort to remove regulatory barriers while maintaining safety and



international treaty obligations[441 [471[49] The establishment of clear authorization processes
for novel space activities—from in-space manufacturing to orbital servicing—provides the
regulatory certainty needed for long-term private investment2Z1 501 Success in streamlining
regulations while ensuring responsible space operations will determine whether the United States

maintains its leadership position as global space activity accelerates toward 2030 targets[42l
[58]

Artemis Program as Catalyst

NASA's Artemis program continues to drive technological development across multiple sectors.
SpaceX's Starship development, accelerated by NASA's Human Landing System contract, will
enable not only lunar missions but also the heavy-lift capability needed for Mars exploration and
large-scale orbital infrastructure deploymentll[41[56] The program's requirement for in-space
refueling is spurring development of propellant transfer technologies with applications beyond
lunar missions (5211581 |ntegration of commercial partners throughout the Artemis architecture
demonstrates a sustainable model for ambitious exploration programs that leverage private
sector innovation and efficiency 241 [15]

The technological breakthroughs of the past week reflect an inflection point where conceptual
technologies—rotating detonation engines, on-orbit refueling, space-based manufacturing—are
transitioning to operational demonstration and near-term deployment. The convergence of
propulsion advances, orbital infrastructure development, regulatory modernization, and
sustained public-private investment creates conditions for accelerated space development
through the remainder of this decade.
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