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A STRATEGIC MAP SAPIENZA | SPACE

Space evolution in the early XXIst century

Complex dialogue between science, exploration, infrastructure, security, defense, law and economy.

Science Infrastructure Governance

Solar system exploration, Earth Moon, Mars and beyond; LEO, telecommunications, Debris, reentry, sustainability,
observation, large scale humanson the moon; navigation, cyber resilience, law of global commons, OECD
astrophysicsand early-universe exploration, Al, robotics; industrial capabilities ; space perspectives on the space
cosmology permanent laboratories; mining ; data centers economy

planetary mobility

Os Os Os

A mature space agenda must connect what we know, wheat we discover,
what we build, what we protect and how we govern.

Synthesisbased on the event programme and the uploaded speakers’ materials.



FRAMING THE DAY SAPIENZA | SPACE

Role of universities

The next space race is not only about reaching destinations. ltis
about governing systems.

Scientific integrity Operational resilience
Decisions must protect the long time- Space services are now critical Europe and Italy need leverage in
horizon of discovery. infrastructure and must survive disruption. partnerships — notisolation.

The message : knowledge and science are not outside this transformation. University institutions that can
give it scientific depth and public legitimacy.



COSMOLOGY, PLANETARY SCIENCE, LIFE SCIENCES SAPIENZA | SPACE

Science remains the North Star

From the early Universe to planetary habitability,
space is stillthe place where questions become
measurable.

e |2 observatories make cosmology a precision discipline.
* Deep-space missions turn planets and icy moons into
laboratories.

e Compact biological payloads move experiments from
“on Earth” to “in situ”.

e Exploration and science must not be separated.

Science is the legitimacy of exploration — not its
decoration.

Image: NASA, ESA, CSA, STScl— Webb First Deep Field.



ITALY’S SCIENTIFIC DEPTH IN FLIGHT HARDWARE SAPIENZA | SPACE

Sapienza distinctive role: instruments, missions, people

The strength we heard today is not generic enthusiasm
for space. It is arecord of instruments, data, publications
and trained people.

30y 10 7

deep-space link instruments since NASA/ESA missions
2000

o5+ 24 130+

planets and many Nature / Science PhD and MSc theses
moons papers

Sapienza’s message to partners: Italy can contribute not only
components, but scientific leadership embedded in mission
design.

Data: Luciano less presentation;Image: NASA/JPL-Caltech — Ingenuity on Mars. 05



MOON, MARS AND BEYOND SAPIENZA | SPACE

Exploration: from flags to infrastructures

The Moon is becoming a service environment:
communications, navigation, power, mobility,
logistics and science operations.

From mission to architecture

Artemis, Gateway and lunar surface systems make exploration
continuous rather than episodic.

Moonlight and lunar PNT show that exploration requires operational
infrastructure.

Fromrisk to autonomy

Robotic scouts, drones and in-situ labs prepare high-risk terrain for
humans and science.

Image: NASA — Gateway concept.



LA LUNA | lalunahaundiametrodi3.476 km, allincirca un quarto di quello terrestre. Dalla Terra  visibile sempre la stessa faccia.
Il mare pil1 grande, I'Oceanus Procellarum, ha un‘area quasi due volte quella del Mediterraneo.
I Mare Imbrium copre unarea di 880.000 km?, piii di Gran Bretagna e Francia messe insieme.

PICCHIDELLA LUCE ETERNA Polo Sud
(zona della Luna eternamente o
esposta al Sole e quindi luogo perfetto
per il fotovoltaico)

Cratere Schiller|

Cratere Tycho
Cratere Stevinus
@ Mare Australe Cratere Byrgi ; Alcune zone al polo sud hanno picchi
@ Mare Nectaris Cratere Gassendi esposti ’80% del tempo al sole
@ Mare Fecunditatis (aprile 1972) Apollo 16 A Apollo 12 (novembre 1969)
@ Mare Spumans (ratere Langrenus &= Apollo 14 (febbraio 1971)
gmm&l (20 luglio 1969) Apollo 11 | Crotere Kepler
® Mare Crisium Cratere Copernicus
® Mare Marginis (dicembre 1972) Apollo 17
© Mare Anguis Monti di Harbinger
@ Mare Tranquillitatis B
@ Mare Serentatis Cupole del Gruithuisen
(@ Mare Humboldtianum Sinus Iridum
@ Mare Imbrium o
® MareVaporum G )
® Mare Insularum Apollo 15
® Oceanus Procellarum (luglio 1971)
@Mate(ogmtum Ricchezze del sottosuolo lunare:
.Mam ,N.'-’-b'“'"" Elio-3 isotopo raro essenziale per lafusione nucleare, riserve per 1 milione di tonnellate.
@ Mare Humorum Ferro (abbondantein tutti i «mari di basalto»), titanio, alluminio, silicio, calcio, magnesio, terre rare, carbonio e regolite

Fonte:Fnciclonedia dello Snazin Aldn Martello Editore wiww maon naca aov/obhcerve
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ARTEMIS i

Landing on the Moon

@ LauncH @
SLS and Orion lift off
from Kennedy Space Center. ®
. JETTISON ROCKET BOOSTERS,
FAIRINGS, AND LAUNCH
ABORT SYSTEM

@ CORESTAGEMAINENGINE - @
CUT OFF
With separation.

@ ENTER EARTH ORBIT
Perform the perigee
raise maneuver. Systems check
and solar panel adjustments.

@ TRANS LUNAR INJECTION BURN
Astronauts committed to lunar
trajectory, followed by ICPS (]
separation and disposal.

@® ORION OUTBOUND TRANSIT
TO MOON @
Requires several outbound
trajectory burns.

ORION OUTBOUND POWERED FLYBY
60 nmi from the Moon.

NHRO INSERTION BURN

Orion performs burn to establish
rendezvous point and executes
rendezvous and docking.

LUNAR LANDING PREPARATION
Crew activates lander and
prepares for departure.

@ LANDER UNDOCKING

AND SEPARATION

@ LANDER ENTERS LOW

LUNAR ORBIT
Descends to lunar touchdown.

LUNAR SURFACE EXPLORATION
Astronauts conduct week long surface
mission and extra-vehicular activities.

ORION REMAINS IN
NHRO ORBIT
During lunar surface mission.

LANDER ASCENDS TO
LOW LUNAR ORBIT

LANDER PERFORMS

RENDEZVOUS AND DOCKING
DESCEND

CREW RETURNS IN ORION

Orion undocks, performs

orbit departure burn.

ORION PERFORMS RETURN
POWERED FLYBY
60 nmi from the Moon.

FINAL RETURN TRAJECTORY .

CORRECTION (RTC) BURN
Precision targeting for Earth entry.

CREW MODULE SEPARATION
FROM SERVICE MODULE

ENTRY INTERFACE (El)
Enter Earth’s atmosphere.

SPLASHDOWN
Ship recovers astronauts and capsule

NEAR-
RECTILINEAR

HALO ORBIT
(NHRO)

ASCEND

DESCEND

ARTEMIS



Artemis concept

of operations
L Loiter . Moon
opsianLIl /. 4 Crew transfers 7 ~orbit
= . Trans-lunar .
A = injection ‘

Crew returns:

Starship depot, tanker Space Launch System
and HLS launches and Orion launch




AFTER THE ISS, CONTINUITY IS A POLICY QUESTION SAPIENZA | SPACE

Low Earth Orbit: the laboratory becomes an economy

LEO is moving from a public laboratory toward a
mixed public-commercial platform. This transition
must preserve science, access and safety.

Science continuity

Microgravity research, human physiology, biology and materials require
a stable platform.

Commercial destinations can expand access, but incentives must align
with scientific quality.

European leverage

Europe needs roles in access, modules, payloads and data — not only
purchases of capacity.

Image: NASA — Cupola view fromthe Inte mational Space Station.



SPACE FOR THE PLANET SAPIENZA | SPACE

Earth observation: from pixels to policy

Earth observation is now a public infrastructure for
climate, environment, emergency response,
agriculture, oceans and security.

Climate Land
Oceans Atmosphere
Emergencies Security

European leadershipis not only in satellites. Itis in
the end-to-end chain: mission design - calibration >
data access 2 policy use 2 industrial services.

Image: ESA/ATG medialab — Sentinel-2; theme inspired by ESA Earth observation and Thales Ale nia Space talks. 08



BROADBAND, 5G/NTN AND CRITICAL SERVICES

Connectivity: sovereignty now has an orbital layer

SAPIENZA | SPACE

® CONNECTIVITY
The fastest-growing space infrastructure is not a
telescope or a probe. It is a global communications
grid.

Coverage is strategic

o deploy a large-scale low-Earth
satellite-to-mobile

Broadband and direct-to-device services increasingly support emergencies, mobility and security.

The issue is not only who connects first, but who defines standards and fallback options.

N o HIGHLIGHTS
Resilience is political e T
Starlink % of Active
A highly concentrated orbital network creates dependence, leverage and systemic risk. o 9 6 0 O 4 G
Satellites )

Starlink Countries
Subscribers
~
]

Image/datagraphic:SpaceX Form S-1 registration statement filed with the U.S. SEC, 2026.



WHEN STATISTICS BECOME GOVERNANCE SAPIENZA | SPACE

Mega-constellations: scale changes the problem

The old question was “Can we launch it?” The new
question is “Can the environment absorb it?”

Reliability becomes statistics

At constellation scale, even high individual reliability can leave many failed objects.

Software becomes systemic

Autonomous collision avoidance and centralised controlare necessary— and create new failure modes.

Traffic, spectrum, debris and dark skies are shared inputs, not private side effects.

Image: ESA — debris objects in low Earth orbit, artist’ simpression, 2024;concept based on orbitatenvironment data and the SpaceX S-1 risk framing.



READING THE S-1 AS ASPACE-POLICY DOCUMENT SAPIENZA | SPACE

The SpaceX IPO is a strategic event — not only a financial one

A registration statement transforms an industrial
narrative into public evidence: business model, risk
factors, market assumptions and the strategic role of
Starship.

Growth thesis

Reusable launch + Starlink scale + Starship + Al/data infrastructure.

Risk thesis

Orbital congestion, regulation, collisions, infrastructure dependence and execution risk.

Markets will price orbital carrying capacity long before international law catches up.

Image: SpaceX — Starship launch system; data/analysis framing: SpaceX Form S-1 registration statement, U.S. SEC EDGAR, 2026.



COST, CADENCE AND STRATEGIC DEPENDENCE SAPIENZA | SPACE

Starship and reusability: the asymmetry Europe must read

Reusability is not just cheaper launch. It changes " SPACE
mission architecture, industrial tempo and negotiating
power.

Opportunity

More mass to orbit and faster cadence can make science and infrastructure more agile.

Dependence

A dominant provider can become an infrastructure bottleneck for public missions.
HIGHLIGHTS

European answer Total Launches et 6 5 O Miss

Autonomy in access to orbit must be combined with strong transatlantic partnership leverage.

it 23()Q/b+_i§”“

Autonomy is not isolation:itis the ability to choose the terms of cooperation.

Image/datagraphic:SpaceX Form S-1 registration statement, U.S. SEC EDGAR, 2026.



DEBRIS AS A CUMULATIVE EXTERNALITY

The orbital environment is the next critical infrastructure

SAPIENZA | SPACE

Every new mission inherits the orbital history of all previous missions.

~40,000 ~11,000 ~54,000 ~130M

objects tracked in Earth active payloads objects larger than 10 cm fragments between 1and 10 fragments between 1 mm
orbit cm and 1cm
Traffic management Mitigation

Conjunction assessment and manoeuvre
coordination must become routine
infrastructure.

Design-for-demise, passivation and reliable end-

Active debris removal and in-orbit servicing
of-life disposal are now strategic requirements.

need markets, standards and liability rules.

The lesson: sustainability is not the opposite of access. It is the condition for access to remain possible.

Data: ESASpace Environment Report/ ESADISCOS statistics, 2025-2026.



THE END OF “FIRE AND FORGET” SAPIENZA | SPACE

D-lists, re-entry and end-of-life: accountability after launch

The strategic unitis no longer the launch. Itis the full
lifecycle: object registration, operational status,
collision risk, end-of-life disposal and re-entry.

Debris lists as public memory

D-lists, object catalogues and re-entry predictions should be treated as operational public goods.

Re-entry as an engineered event

Controlled disposal, design-for-demise and casualty-risk assessment must move into procurement.

Sample return and logistics

Returning material from space requires planetary-protection, legal and safety transparency.

Image: NASA/ Kee gan Barber — OSIRIS-REx sample capsule recovery, 2023.




ASTRONOMY AS ASHARED HERITAGE SAPIENZA | SPACE

Dark and quiet skies: science has an environmental footprint

Satellite constellations affect astronomy in two
ways: trails and sky brightness in the optical/IR;
interference in the radio domain.

Ground-based surveys

Wide-field surveys such as Rubin/LSST are especially sensitive to persistent
streaks and glints.

Space-based observatories

A crowded LEO can also degrade some space-telescope observations and
scheduling.

Brightness, manoeuvre data, radio emissions and ephemerides should become
licence conditions.

Image: DarkSky International — satellite constellation trails; sourcesinclude IAU CPS, NSF NOIRLab and literature on satellite-constellation impacts.



SECURITY BY DESIGN IN NEWSPACE SAPIENZA | SPACE

Cybersecurity: where atoms meet bits

Space missions are cyber-physical systems. The attack
surface includes the spacecraft, ground segment, links,
users, supply chain and software updates.

¢ LEO constellations are software-defined infrastructure.

¢ Fast production stretches the chain of trust.

e Cyber incidents can become debris, service loss or
strategic coercion.

e End-to-end authentication, encryption and resilience are
mission requirements.

Cybersecurity is now competitiveness, safety and sovereigntyin the
same word.

Image: ESA — cyber-resiliencefor space; conceptbased on theuploaded cyber-threat presentation and public space cybersecurity literature.



EMERGING TECHNOLOGIES AND MISSIONS Researchers around the world are ki

developing new technologies with the potential to drastically change and ROBOTICS _ 3D PRINTING

improve space capabilities over the next two decades. The convergence of SRR R T e e e | 3D printing will enable
technologies such as artificial intelligence, 3D printing, and robotics will enable countless satellite operators to <

broaden and expand nations’ capabilities to carry out a wide range of complex
missions in space. Many of these technologies could have both peaceful and
military applications.

applications, including
satellite maintenance,
debris removal, and space
mining.

manufacture satellites . -
and build human A
habitats in space, i ;
potentially reducing
- launchcosts and
dependence on
supplies from Earth.

ARTIFICIAL INTELLIGENCE Artificial intelligence will reduce or
eliminate the need for human decision-making in spacecraft, .
enabling them to navigate quickly or autonomously through space, y \
process information, track objects, engage adversaries, and

operate in large satellite swarms. \\.

IN-ORBIT SERVICES
The satellite service will offer multiple ways to maneuver, \ /

@ inspect, repair, or resupply other spacecraft. o \
| W) P

DEBRIS REMOVAL

< Debris removal concepts offer new -
opportunities to capture and move
objects in orbit.

CONSTRUCTION ON THE
MOON/MARS

Construction capabilities on the
Moon and Mars will facilitate the
development of laboratories,
and long-term




WARIN
SPACE

ELECTRONIC WARFARE

Itis likely that Chinais developing jammers to
target a wide range of satellite communications

that support government and military operations.
Chinese military exercises regularly incorporate

jammers targetingsatellite communications,

space-based radar, and satellite navigation
systems, suchas GPS.

Russia considers electronic
warfare essential for gaining
and maintaining information
superiority and has
deployed ground-based
electronic attack systemsto
jam communications, radar,
and GPS.

Chinaisdeveloping
satellite inspection and
repair systems that could
function as weapons,
and haslaunched
multiple satellites to test
orbital maintenance and
debris mitigation. In
January 2022, China’s
Shijian-21 towed a y
defunct Chinese
geostationary satellite
into agraveyard orbit

KINETIC KILL

Russia has deployed
multiple orbital anti-
satellite prototypesinlow
Earth orbit to testkinetic
destruction capabilities,
including COSMOS 2504,
COSMOS 2519, and
COSMOS 2536. In2019, one
prototype tracked a U.S.
national security satellite;
subs equently, another
testedits anti-satellite
weapon by ejecting an
object near a Russian
satellite.

Shijian-17 is a Chinese
satellite equipped witha

robotic arm. Space robotic L

arm technology could be
used in a future system to
capture other satellites.

e

ATTACKS ONGROUND SITES

that supports space operations.

Potential adversaries may target space-based services with
ground-based weapons, including cyber and electronic warfare
systems, or physicalattacks aimed at the ground infrastructure

ANTI-SATELLITE MISSILES
More than 2,700 of the 3,000 traceable
debris objects left over from China’s 2007
anti-satellite missile testremaininlow
Earth orbit. The Chinese military regularly
trains with an operational variant of this
ground-based missile. In 2013, China
launched an object ona ballistic trajectory
to an altitude of 30,000 km, suggesting it
may possess a missile capable of
destroying satellites in geostationary Earth
orbit.

In November 2021, Rus sia destroyed a
Soviet-era satellite in low Earth orbit using
Nudol, a mobile ground-based missile. This
test generated over 1,500 pieces of
trackable debris and tens of thousands of
lethal but untraceable objects. In2018, a
MiG-31 with a large missile suspended
beneath the aircraft was observed by the
public at a Russian test site. The weapon
may be related to the air-launched
Burevestnik missile, whichwill be “capable
of destroying targets innear-space.”

DIRECTED-ENERGY WEAPONS
China has multiple ground-based
laser systems of varying power that
could blind or damage s atellite
sensors. By the mid-to-late 2020s,
Beijing could have more powerful
systems capable of damaging
satellites.

Russia has several ground-based
lasers that could jam and blind
satellite sensors. Startingin 2018,
Russia deployed Peresvet—a laser
systemdesigned to concealmissile
deployments by blinding satellite
sensors—to five strategic missile
divisions. Itis likely that Russia will
deploy more powerful lasers inthe
mid-to-late 2020s.




FROM PRINCIPLES TO ENFORCEABLE BEHAVIOUR SAPIENZA | SPACE

Law and governance: freedom depends on “due regard”

1967 2019 2020+ 2030
Outer Space Treaty COPUOS LTS Guidelines Artemis Accords Zero Debris targets
freedom, non-appropriation, sustainability, coordination, practical norms for lunar exploration technical standards and
responsibility capacity-building accountability

The law of outer space was built around freedom of exploration and use. In a congested environment,
sustainability is the condition that keeps that freedom real.

Strategic message Norms, standards, insurance, procurement and licensing must converge —
otherwise sustainability remains rhetoric.

Sources:OuterSpaceTreaty; UN COPUOS LTS Guidelines; NASA/State Department Artemis Ac cords; ESA Zero Debris Charter.



SIGNALS FROM THE NASEM ASEB-SSB-BPA MEETING SAPIENZA | SPACE

The U.S. system in transition: speed plus stress

The Washington discussions described an accelerated
U.S. space-science system: commercial delivery,
organisational change, workforce pressure and budget
uncertainty.

Decadal Surveys remain the anchor

Scientific legitimacy still depends on independent priority-setting.

Science is central — but vulnerable

Exploration rhetoric must be matched by durable science budgets and
missions.

MSR and LISA show why commitments must outlast political cycles.

Independent advice matters more

NASEM-style stress-testing is a model Europe should value and strengthen.

Source:ESSCinternal minutes fromthe June 2026 NASEM ASEB-SSB-BPA meeting; Image: NASA.
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@ > Program Centers » Space Studies Board (SSB)

STANDING COMMITTEE

Space Studies Board (SSB)

The Space Studies Board brings space science and applications and other related expertise
together to address space science and space policy issues of national importance.



ESSC Funding Organisations

16 Funding Organisations from 14 countries +1 European Organisation
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ESA, EU, NATIONAL AGENCIES AND INDUSTRY SAPIENZA | SPACE

Europe’s strategic choice: autonomy without isolation

Europe has world-class science and public
infrastructure. The strategic challenge is to convert
them into speed, resilience and bargaining power.

Science Infrastructure
Cosmic Vision, Euclid, LISA, Copernicus, Galileo, IRIS?, secure
planetary missions connectivity

Norms
Launch autonomy and diversified Zero Debris, dark skies, safety and
industrial capacity interoperability

Autonomy should mean the ability to contribute
indispensable capabilities to partnerships.

Image: ESA/Euclid/Euclid Consortium/NASA — Perseus cluster / Euclid early science imagery.



A NATIONAL AGENDA INSIDE EUROPEAN AND TRANSATLANTIC SYSTEMS SAPIENZA | SPACE

Italy’s role: integrator between science, industry and diplomacy

Italy can be most influential when it connects three
assets that are too often treated separately.

Science base Industrial capacity
Universities, INFN/INAF/CNR, instrument Large primes, SMEs, launch, payloads,
teams, mission scientists robotics, in-orbit services

Diplomatic leverage

ASI, ESA, EU, Artemis Accords, ESSC-SSB
interface

Italy should not choose between Europe and the United States: it should create scientific and industrial reasons to be indispensable to both.

Image: ESA/Euclid/Euclid Consortium/NASA — Horsehead Nebula.



ITALY, EUROPE AND THE UNITED STATES SAPIENZA | SPACE

A transatlantic agenda worth institutionalising

The U.S.-Europe relationship in space should move from project-by-project cooperation to strategic resilience.

ESSC-SSB dialogue Flagship resilience
Independent science advice as a regular transatlantic channel MSR, LISA and future missions protected across political cycles

Dark skies compact Space traffic & debris
Joint standards for constellation brightness, radio emissions and Shared data, common taxonomy, Zero Debris-compatible
ephemerides procurement

Science in Artemis Commercial sciencerules
Lunar infrastructure designed with science embedded from the start Datarights, peer review, access, stewardship and accountability

Strategicsynthesisbased on ESSC notes fromthe June2026 NASEM meeting and today’s presentations.



FROM SYNTHESIS TO ACTION SAPIENZA | SPACE

Four strategic lessons from today

1 Science mustbe designedin 2 Sustainability is capacity

Debris mitigation, dark skies and re-entry governance

Exploration architectures should carry science
preserve the future market and future science.

requirements from the first trade-off.

Resilience is sovereignty 4  Partnerships need institutions

Europe-US cooperation needs stable advisory

Cybersecurity, diversified access and independent
interfaces, not only mission-by-mission goodwill.

advice are strategic safeguards.

The future of space will be decided as much by institutions as by rockets.



UNIVERSITIES AS STRATEGIC INFRASTRUCTURE SAPIENZA | SPACE

A message for Sapienza and for the next generation

A university can do something that no agency or
company can do alone: preserve long-term curiosity
while training people for systems that do not yet exist.

Educate for systems thinking

Space engineers, scientists, lawyers, economists and cyber experts must
learn to work together.

Research must inform climate policy, security, exploration and
sustainable economic growth.

Defend the long horizon

The most important missions outlive governments, market cycles and
careers.

Image: NASA — Orion / Artemis | view of Earth and Moon



CLOSING MESSAGE

From access to responsibility

We have entered an era in which space is
simultaneously a scientific frontier, an economic

platform, a security domain and a diplomatic
test.

The countries and institutions that will lead
are those that make space more capable,
more open, more resilient and more
sustainable.

Thank you.

Image: NASA — Earth rising overtheMoon / Artemis imagery.
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