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.
Ensure talking about the interstellar object known as 3i/atlas.
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.
| now have comprehensive information from the past 7 days (October 17-24, 2025) about space

and aerospace technology breakthroughs and news. Let me compile this into the requested
report format.



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

Given your research background in emerging technologies and space exploration, this
comprehensive analysis examines the most significant technological advancements in space and
aerospace from October 17-24, 2025, emphasizing innovation over pure scientific discovery.

Introduction: Beyond Earth

The week of October 17-24, 2025 marks a pivotal moment in space technology development,
where the theme "Beyond Earth" manifests not merely as aspiration but as concrete engineering
achievement. Unlike previous weeks focused primarily on planetary science discoveries, this
period showcases groundbreaking advancements in propulsion systems, orbital infrastructure,
satellite technology, and commercial space capabilities. From revolutionary rocket engines
achieving their first generational leap since Apollo, to autonomous combat aircraft designed for
space-adjacent operations, to orbital data centers powered by cutting-edge Al chips, the
technological landscape demonstrates humanity's accelerating transition from exploration to
permanent space infrastructure establishment.

Key Technological Breakthroughs

Next-Generation Propulsion Systems

Venus Aerospace's Rotating Detonation Rocket Engine Investment

On October 22, 2025, Venus Aerospace announced a strategic investment from Lockheed
Martin Ventures following their historic May 2025 high-thrust test flight of a rotating detonation
rocket engine (RDRE) {12l This achievement represents the first generational leap in rocket
engine technology since the Apollo Program, according to multiple sources3l 141, Venus
Aerospace is the only company worldwide with a flight-proven, high-thrust RDRE and a clear
path to scaled productionl2l 3]

The RDRE technology uses supersonic explosions to create thrust, offering superior efficiency
compared to traditional rocket engines!2l. This reusable and throttleable design allows for
launch cost reductions and mission flexibility for payloads{2. Lockheed Martin's investment
reflects growing support among established defense companies for emerging critical
technologies with both defense and commercial applications, particularly as global defense
spending and space infrastructure investments approach $1 trillion by 2040131 [4]

Ohio State's Centrifugal Nuclear Thermal Rocket Development

Researchers at Ohio State University are advancing a centrifugal nuclear thermal rocket (CNTR)
that uses liquid uranium to directly heat rocket propellant, potentially doubling engine efficiency
compared to traditional nuclear propulsion systems2l. According to the team's published study,
CNTR could achieve specific impulse values exceeding 900 seconds—double that of chemical

engines—enabling six-month one-way trips to Mars versus one-year journeys with conventional



propulsion@. The system is expected to reach design readiness within five years, with NASA
funding supporting the development 3l

Orbital Infrastructure and In-Space Manufacturing

Rocket Lab and Eta Space's Cryogenic Fueling Mission

On October 22, 2025, Rocket Lab announced completion of its spacecraft for the LOXSAT
mission with Eta Space and NASA, demonstrating zero-loss storage of liquid oxygen (LOX) in
orbit 8. This technology addresses the critical challenge of cryogenic boil-off, which has
historically limited long-term propellant storage in spacem. The mission will validate Eta Space's
ground-tested technology that achieved zero losses over 18 months, paving the way for Cryo-
Dock, a full-scale cryogenic propellant depot in low Earth orbit slated for operational deployment
by 20304,

Market forecasts predict the global orbital spacecraft refueling market will grow from $725
million in 2025 to $1.976 billion by 2032, reflecting an 18.2% compound annual growth rateld.
This growth is driven by reduced deep-space mission costs and expanding mega-constellation
operationsm. The LOXSAT mission will remain in orbit for nine months, gathering essential data
for designing future depots capable of refueling spacecraft stages, transfer vehicles, and
satellites,

ispace and OrbitAID Lunar Infrastructure Partnership

On October 23, 2025, ispace and OrbitAID signed a memorandum of understanding aimed at
developing sustainable lunar infrastructure, focusing on future seamless docking and refueling to
extend lunar missions 8118l This agreement indirectly supports the ISRO-JAXA
LUPEX/Chandrayaan-5 mission launching no earlier than 202809 The partnership represents a
strategic step toward establishing cislunar awareness capabilities and operational refueling
infrastructure beyond Earth orbit 11101

Space-Based Computing and Data Centers

NVIDIA H100 GPU Launch for Orbital Data Processing

Between October 22-23, 2025, multiple sources confirmed that Starcloud (formerly Lumen
Orbit) will launch the Starcloud-1 satellite in November 2025, equipped with an NVIDIA H100
GPU—the first state-of-the-art, data center-class GPU to operate in outer spacel1 [121 18] The
60-kilogram satellite, approximately the size of a small refrigerator, is expected to deliver 100
times more powerful GPU compute than any previous space-based operation12l [13]

According to NVIDIA, the mission demonstrates that space-based data centers could offer 10
times lower energy costs and reduce carbon dioxide emissions by 10 times over the data
center's lifetime compared to terrestrial facilities 13l 141 The satellite will use constant solar
power while in orbit and release heat directly into space as infrared radiation, eliminating the
need for complex water-cooling systemslﬁllﬂl. Starcloud CEO Philip Johnston stated, "In 10
years, nearly all new data centers will be being built in outer space" 121 [16]



The Starcloud-1 satellite will test orbital data processing by crunching data from Earth-observing
satellites and running Google's Gemma open language model—another space first[121 151, For
future launches, Starcloud plans to integrate the NVIDIA Blackwell platform, which is expected
to offer up to 10 times improvement in performance compared with the NVIDIA Hopper
architecture 13l

Mission and Commercial Developments

SpaceX Starship Version 2 Final Flight

On October 13, 2025, SpaceX successfully completed its 11th Starship test flight, marking the
final mission of the Version 2 variant before transitioning to the more advanced Version 3
design[Z1 181 191 The suborbital flight achieved complete success, with both the Super Heavy
booster and Starship upper stage executing pinpoint splashdowns12l. Significantly, the mission
deployed eight Starlink Version 3 satellite simulators and successfully relit one of the sea-level

Raptor engines during the coast phase—demonstrating capabilities crucial for future orbital
operations 121 [20]

According to SpaceX, "Focus now turns to the next generation of Starship and Super Heavy,
with multiple vehicles currently in active build and preparing for tests. This next iteration will be
used for the first Starship orbital flights, operational payload missions, propellant transfer and
more" 81 The company plans at least one suborbital flight of Starship Version 3 before
attempting an orbital flight, with testing potentially commencing before the end of 2025 or early
202607,

Amazon Project Kuiper Expansion

On October 9 and October 13, 2025, SpaceX launched 24 Project Kuiper satellites for Amazon,
bringing the total number of Kuiper spacecraft launched to 153 satellites{2l1 1221 (23] This marked
SpaceX's third and final Kuiper launch under Amazon's diversified launch strategy, which
includes over 70 additional missions across multiple rocket providers including Arianespace's

Ariane 6, Blue Origin's New Glenn, and United Launch Alliance's Atlas V and Vulcan Centaurl24l
21,

Amazon's constellation is planned to consist of 3,236 satellites operating in 98 orbital planes
across three orbital shells at altitudes between 590-630 kilometers 24l The satellites are
equipped with Hall-effect thruster technology and optical inter-satellite links capable of
maintaining 100 Gbps connections over distances up to 2,600 kilometers[24l. Amazon expects
to produce customer terminals for less than $400 each, with the standard terminal delivering
speeds up to 400 megabits per second [24]

Chinese Space Program Advancement

On October 23, 2025, China announced preparations for the imminent launch of Shenzhou-21,
its crewed spacecraft mission to the Tiangong space station1281 (261 [27] 'The China Manned
Space Agency confirmed that both the spacecraft and its Long March-2F carrier rocket have
been transferred to the launch area at Jiuguan Satellite Launch Center, with liftoff scheduled for



October 31, 20251271 [28] ' Thjs mission continues China's steady progress in human spaceflight,
following April's successful Shenzhou-20 mission that docked with Tiangong {231 1261,

Autonomous Military Aviation Technology

Shield Al's X-BAT VTOL Fighter Aircraft

On October 22, 2025, Shield Al unveiled the X-BAT, an Al-piloted vertical takeoff and landing
(VTOL) fighter jet designed for expeditionary and maritime operations in contested
environmentsi281 30131 Tpe jet-powered autonomous aircraft boasts a range exceeding 2,000
nautical miles, can operate at altitudes of 50,000 feet, and features internal weapons bays with
a tailless blended-wing-body fuselagelﬁl 32

The X-BAT is controlled by Shield Al's Hivemind autonomy software, designed to operate in
communications-denied, degraded, and limited environments3!, According to Shield Al, the
aircraft combines "VTOL plus range [which] solves survivability on the ground and dependency
on tankers [and] multi-role [which] provides critical flexibility as the threat evolves" B0l yroL
demonstrations are planned for autumn 2026, with all-up flight testing and operational validation
following in 202813 shield Al, now valued at $5.3 billion following a recent $240 million
funding round, represents a significant advancement in autonomous combat aircraft
technology@l.

Commercial Aviation Milestone

Airbus A320 Surpasses Boeing 737

On October 7, 2025, Airbus achieved a historic milestone when its A320 family surpassed
Boeing's 737 to become the most-delivered commercial aircraft in history 331 3411351 ' The
12,260th A320 family aircraft was delivered to Saudi airline Flynas, giving Airbus a slight lead
over Boeing's 12,254 deliveries, according to data from industry analysts Cirium 331 [35]

This shift ends more than half a century of 737 supremacy in cumulative deliveries34l. Airbus
currently holds a significantly larger order backlog, with the A320 Family order book exceeding
7,000 aircraft compared to roughly 4,860 orders for the 737 MAX 34l With four A320 final
assembly lines located across Europe, China, and the United States, Airbus benefits from greater
global production footprint and higher capacity than Boeing, whose 737 assembly remains
concentrated in Renton, Washington{34l,

Space Infrastructure Developments

U.S. Space Force Payload Processing Expansion

On October 7, 2025, the U.S. Space Force awarded Blue Origin a $78.25 million contract to
construct a new payload processing facility at Cape Canaveral Space Force Station, with initial
operational capability scheduled for early 20281361 [371 [38] g facility is designed to
accommodate up to 16 missions per year, including an additional seven to eight National
Security Space Launch (NSSL) missions 381 [39]



According to Space Systems Command, the new Blue Origin payload processing facility will
accommodate all NSSL payloads across various launch providers at the Cape, including Blue
Origin, SpaceX, and United Launch Alliance[38l. This public-private partnership enables the U.S.
Space Force to increase processing capacity for national security missions without taxpayers
bearing the entire cost of construction or ongoing operations and maintenance32l.

Space Force Launch Contract Awards

On October 2, 2025, the Space Force announced the first seven launch assignments under its
National Security Space Launch Program Phase 3 Lane 2 contracts: five missions to SpaceX
worth $714 million and two to United Launch Alliance worth $428 million14% 1411421 NSS| Phase
3 Lane 2 launches carry high-value, must-go payloads and/or those headed to orbits that are
more difficult to achievel29 41

SpaceX's assigned missions include USSF-206 (carrying the twelfth Wideband Global SATCOM
encrypted military communication satellite), USSF-155, NROL-86, USSF-149, and USSF-63[41
1421 "yLA will launch NROL-88 and USSF-88/GPS [lIF-4, carrying classified payloads for the
National Reconnaissance Office and the fourth GPS IlI Follow-on satellite 41 1421

NASA Swift Observatory Rescue Mission

In late September 2025 (announced within the past week), NASA awarded Katalyst Space
Technologies a $30 million contract to raise the orbit of the Neil Gehrels Swift Observatory,
marking the first time a commercial robotic spacecraft will capture an uncrewed government
satellite not originally designed to be serviced in spacel431 [441[45] The mission, targeted for
spring 2026, will demonstrate rapid-response satellite servicing capabilities crucial for future
space operations 4611471

Swift's orbit has been decaying rapidly due to increased solar activity causing more atmospheric
drag than anticipated 1451 [48] \yithout intervention, the $500 million telescope has a 90%
chance of burning up in Earth's atmosphere by late 20261431, Katalyst will use a modified
version of its "Link" spacecraft to rendezvous with Swift in June 2026, raise its orbit, and
extend its operational life 431 [44]

Interstellar Object Observation: 3I/ATLAS

Technical Observations and Characteristics

During the week of October 17-24, 2025, the interstellar comet 3I/ATLAS continued to capture
scientific attention as it approached critical milestones in its passage through the Solar
Systemlﬂl@”ﬂl. On October 21, 2025, 3I/ATLAS entered solar conjunction, positioning it
directly behind the Sun as viewed from Earth52 53] The object will reach perihelion—its closest
point to the Sun—on October 29, 2025, at approximately 1.4 astronomical units (about 130
million miles or 210 million kilometers)lﬁl@l@.

New telescope images released on October 23, 2025, captured by the Two-meter Twin
Telescope at Spain's Teide Observatory on August 2, show 3I/ATLAS emitting a giant jet of gas
and dust toward the Sun[48l. The composite image, combining 159 exposures lasting 50



seconds each, reveals a fan-shaped break in the comet's glowing coma where a large, high-
speed jet of material is blasting off in the Sun's direction[42l. This behavior is consistent with
normal cometary activity, according to experts491 1501

Observations by the James Webb Space Telescope have shown that 3I/ATLAS is unusually rich
in carbon dioxide and contains a small amount of water ice, water vapor, carbon monoxide, and
carbonyl sulfide 561, Very Large Telescope observations have also detected cyanide gas and
atomic nickel vapor at concentrations similar to those seen in Solar System comets[56l. The
comet's nucleus diameter is estimated between 0.32 and 5.6 kilometers, with the most likely
diameter being less than 1 kilometer 361,

During solar conjunction, 3I/ATLAS can be observed by the GOES-19 weather satellite, as it
passes too close to the Sun for most Earth-based telescopes to safely observe38l, The comet
will reappear on the other side of the Sun by early December 2025, allowing for renewed
observations[34l

ESA's ExoMars Trace Gas Orbiter and Mars Express spacecraft observed 3I/ATLAS between
October 1-7, 2025, as it passed close to Mars13Zl, ESA's Jupiter Icy Moons Explorer (JUICE) is
scheduled to pass within 64 million kilometers of 3I/ATLAS on November 4, 2025, providing the
first post-perihelion data from multiple instruments23l. NASA's Juno orbiter will approach within
54 million kilometers on March 16, 2026, enabling additional observations[53l

Regulatory and Policy Developments

FCC Space Modernization Initiative

On October 6, 2025, FCC Chairman Brendan Carr declared October 2025 "Space Month" and
announced comprehensive proposals to modernize the agency's regulatory framework for
space innovation[581 1591 [60] ' The Commission released a draft Notice of Proposed Rulemaking
titled "Space Modernization for the 21st Century," proposing to completely replace Part 25 of its

rules governing satellite communications with a new Part 100, titled "Space and Earth Station
Services" [581 [611 [62]

The FCC aims to move away from "prescriptive," design-based regulation toward
"performance-based" standards that would allow applicants more room to innovate within
defined safety, interference, and spectrum efficiency boundaries381 621 Key proposed reforms
include establishing clear timelines and processing round procedures, shortening public notice
periods, and enhancing flexibility for licensed operations[3l.

The draft NPRM introduces new licensing categories including a "Variable Trajectory Space
System" (VTSS) license type for in-space assembly and manufacturing, lunar, and other
operations that go beyond the current non-geostationary orbit/geostationary orbit paradigm&1.
The proposal also includes a new license type for multi-orbit satellite systems (MOSS), which
may include GSO, NGSO, and VTSS satellite systems[8ll. The FCC is scheduled to vote on these
proposals at its October 28, 2025, Open Meeting 15811601



Challenges and Considerations

Technical Challenges

Orbital Refueling Complexity

While orbital refueling technology shows promising market growth projections, significant
technical hurdles remain. The LOXSAT mission must demonstrate sustained zero-loss cryogenic
storage under actual space conditions, with the spacecraft remaining in orbit for nine months to
validate long-term performancelZl 6l The ability to transfer cryogenic propellants between
spacecraft without losses represents a critical bottleneck that, if solved, could revolutionize
deep-space mission architectures!Zl.

Starship Development Delays

NASA's reliance on SpaceX's Starship for the Artemis Ill lunar landing faces continued
delays[631164] According to recent reports, Starship development has not met NASA's
expectations or Musk's previous commitments, with three test failures in early 2025 ending in
explosions[83l. SpaceX expects to demonstrate an in-space propellant transfer using two
docked Starships in 2025—a critical milestone for the Artemis program—but delays have
pushed this demonstration beyond initial timelines[64l.

Space Debris Management

Multiple sources highlight growing concerns about space debris tracking and mitigation651 (661
[67]  According to ESA data, space agencies are tracking around 40,000 objects in Earth's orbit,
nearly 75 percent of which are pieces of debris large enough to cause massive damage to
satellites or manned capsules[88l, While estimates suggest more than 100 million objects greater
than a millimeter in size are orbiting Earth, less than 1 percent of this dangerous debris is
currently tracked 631,

New technologies are emerging to address this challenge. Southwest Research Institute
developed a micrometeoroid and orbital debris detection and characterization system that
captures data when debris strikes spacecraft, recording velocity, size, and material
compositionlZl. Researchers at the University of Maryland are exploring plasma soliton
signatures as a novel approach to tracking debris smaller than one centimeter88l. Tohoku
University developed a bidirectional plasma propulsion system using argon fuel that could
deorbit debris in approximately 100 days69l,

Regulatory Considerations

The FCC's proposed space licensing modernization, while desighed to accelerate innovation,
must balance streamlined processes with adequate oversight to ensure spectrum management,
orbital debris mitigation, and space traffic coordination[581 161 The shift from "bespoke
licensing" to a "licensing assembly line" with a "Default to Yes" framework signals regulatory

philosophy changes that could significantly impact how quickly new space ventures can
launch[Z01 1581



Safety and Security Aspects

Satellite Servicing Demonstration Risks

The Katalyst-NASA Swift Observatory mission represents unprecedented technical complexity,
as the robotic spacecraft must capture a satellite not designed for servicing while racing against
orbital decay timelines43l [441 [47] According to NASA, success would demonstrate critical
rapid-response satellite servicing capabilities important for both civil and defense assets, but
failure could result in the premature loss of a $500 million science asset 145l [48]

Military Space Operations

The X-37B Orbital Test Vehicle's eighth mission, launched on August 21, 2025, demonstrates
high-bandwidth laser communications and quantum inertial sensors for navigation when GPS is
denied LU 72 73] These capabilities are framed as direct counters to similar advancements by
American adversaries, highlighting the dual-use nature of space technology development and
the growing military dimension of space operations@ml.

Future Outlook

Near-Term Implementations (2026-2028)

Orbital Infrastructure Maturation

The successful completion of LOXSAT's nine-month mission in 2025-2026 will determine
whether Eta Space proceeds with Cryo-Dock deployment by 20302 (6] |f validated, orbital
propellant depots could enable cost-effective deep-space missions by allowing spacecraft to
launch with lighter payloads and refuel in orbit!Z. This capability would fundamentally alter
mission planning for lunar, Mars, and asteroid exploration.

Commercial Space Station Development

Multiple commercial space station programs continue advancing toward deployment, with Vast's
Haven-1 scheduled for launch no earlier than May 2026251 Axiom Station's Payload Power
Thermal Module is expected to ship to Houston for further assembly in Fall 2025, with launch
planned for 20271251, Starlab passed its Preliminary Design Review with NASA in March 2025
and targets a 2029 launch aboard SpaceX's Starship 25l

In-Space Manufacturing Demonstrations

SpaceWorks Enterprises, funded in part through NASA's $500,000 TechLeap Prize, will fly
Astral Materials' semiconductor crystal manufacturing payload in 2026 aboard the RED 25
reentry capsulelZ8l, The mission will operate on-orbit for three to 12 months before reentering
and splashing down for recovery, demonstrating microgravity manufacturing capabilities for
materials that cannot be produced on Earth 2681 [77]



Strategic Implications (2028-2035)

Space-Based Data Center Economy

If Starcloud's November 2025 mission successfully validates space-based Al computing, the
startup projects that space-based data centers could become economically viable when
SpaceX's Starship achieves full operational status in the early 2030512 78] starcloud CEO
Philip Johnston's prediction that "nearly all new data centers will be being built in outer space"
within 10 years represents a potentially transformative shift in computing infrastructure 12l 1161,

Cislunar Economy Development

The ispace-OrbitAlID partnership for lunar refueling and docking infrastructure, combined with
ongoing commercial lunar lander programs, suggests the emergence of a sustainable cislunar
economy by the early 2030s81181110] The ability to refuel spacecraft and rovers on the lunar
surface would enable extended exploration missions and resource utilization operations,
potentially catalyzing permanent lunar presencelﬁl.

Autonomous Combat Aircraft Integration

Shield Al's X-BAT development timeline, with VTOL demonstrations planned for autumn 2026
and operational validation in 2028, positions the company to compete for later increments of the
U.S. Air Force's Collaborative Combat Aircraft program[@l 791 ' The combination of vertical
takeoff and landing capability with supersonic speed and 2,000-nautical-mile range represents
a significant capability advancement that could reshape both military and commercial aviation
over the next decadel32 78]

Propulsion Technology Revolution

Venus Aerospace's rotating detonation rocket engine, having completed successful high-thrust
flight testing in May 2025, is positioned to enter scaled production with Lockheed Martin's
backing2 [8114] | RDRE technology achieves the efficiency gains demonstrated in testing, it
could reduce launch costs while enabling new mission profiles for both defense and commercial
applications, particularly for hypersonic flight systemsm@l. Similarly, Ohio State's CNTR
development, with design readiness expected within five years, could enable six-month human
missions to Mars by the early 2030s13l,

Long-Term Vision (2035-2050)

The convergence of orbital refueling infrastructure, space-based manufacturing, autonomous
systems, and next-generation propulsion creates conditions for sustained human presence
beyond Earth orbit. Market projections showing orbital refueling growing to nearly $2 billion by
2032 and global defense spending approaching $1 trillion by 2040 indicate substantial capital
investment supporting this transformation{Z (31,

The week of October 17-24, 2025, represents not isolated achievements but interconnected
technological advances establishing foundations for permanent space infrastructure. From
cryogenic fuel depots enabling deep-space missions, to orbital data centers processing Earth
observation data in real-time, to commercial spacecraft servicing government assets, the



boundary between experimental demonstration and operational capability continues to blur. As
regulatory frameworks modernize to accommodate rapid innovation, and as public-private
partnerships mature, humanity's expansion "Beyond Earth" transitions from aspiration to
engineering implementation.
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