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ABSTRACT

The operation of the Vera C. Rubin Observatory’s Legacy Survey of
Space and Time (LSST) marks a transformative moment in human-
ity’s capacity to detect and characterize interstellar objects (ISOs).
With projections indicating an increase from a few detections per
decade to potentially one every few months, humanity stands at the
threshold of unprecedented scientific opportunity offering revolu-
tionary insights into the nature of rocky materials, building blocks
of life, and technological products from other star systems.

This white paper proposes the establishment of the United Nations
Committee on Interstellar Objects (UNCIO), a specialized body
designed to coordinate global scientific research, maximize obser-
vational coverage, and ensure optimal scientific return from these
extraordinary objects from outside the solar system through sys-
tematic investigation in cosmochemistry, astrobiology, planetary
sciences, fundamental physics, advanced technologies, and mate-
rials science.

The proposed framework addresses critical gaps in our current
international infrastructure: the absence of coordinated detec-
tion, classification and intercept capabilities, insufficient protocols
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for rapid scientific response and international policy decisions
to time-sensitive observations, and the need for effective science
communication to maintain government and public support for
these ambitious investigations and global threats to Earth. Drawing
from successful international collaborations in areas such as the
International Space Station (ISS) and the European Organization
for Nuclear Research (CERN), UNCIO would operate through a
dual structure: an executive board for time-critical scientific deci-
sions and an expanded committee for comprehensive stakeholder
representation.

This initiative is not merely aspirational but urgently practical. Re-
cent detections of 1I/’Oumuamua (2017), 2I/Borisov (2019), and
3I/ATLAS (2025) have demonstrated the diversity of ISO charac-
teristics, from 1I/’Oumuamua’s unusual acceleration without visi-
ble outgassing to Borisov’s comet-like behavior, to 3I/ATLAS un-
usual size and alignment with the ecliptic plane, highlighting the
need for comprehensive multi-messenger observations. The win-
dow for action is narrow—objects pass through our solar system
on hyperbolic trajectories, offering limited observation time before
they become permanently inaccessible. Each uninvestigated ISO
represents an irretrievable loss of knowledge about stellar nucleo-
synthesis, protoplanetary disk chemistry, the distribution of organ-
ic compounds, and technological relics throughout the galaxy.

Keywords: Interstellar Objects, Interstellar Probe Missions, Ex-
traterrestrial Technosignatures, Observational Astronomy, Space
Governance, Interstellar Objects, Interstellar Probe Missions, Ex-
traterrestrial Technosignatures, Observational Astronomy, Space
Governance

Avances en la ciencia interestelar: Un marco global para
el estudio integral de los objetos interestelares

RESUMEN

La puesta en marcha del Sondeo del Legado del Espacio y el Tiem-
po (LSST) del Observatorio Vera C. Rubin marca un momento
crucial en la capacidad de la humanidad para detectar y caracteri-
zar objetos interestelares (OIE). Con proyecciones que indican un
aumento de unas pocas detecciones por década a potencialmente
una cada pocos meses, la humanidad se encuentra ante una opor-
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tunidad cientifica sin precedentes que ofrece perspectivas revolu-
cionarias sobre la naturaleza de los materiales rocosos, los com-
ponentes basicos de la vida y los productos tecnoldgicos de otros
sistemas estelares.

Este documento propone la creacién del Comité de las Naciones
Unidas sobre Objetos Interestelares (UNCIO), un organismo es-
pecializado disefiado para coordinar la investigacion cientifica
mundial, maximizar la cobertura de observacién y garantizar un
rendimiento cientifico 6ptimo de estos objetos extraordinarios pro-
cedentes de fuera del sistema solar mediante una investigacion sis-
tematica en cosmoquimica, astrobiologia, ciencias planetarias, fisi-
ca fundamental, tecnologias avanzadas y ciencia de los materiales.
El marco propuesto aborda deficiencias criticas en nuestra infraes-
tructura internacional actual: la ausencia de capacidades coordina-
das de deteccidn, clasificacion e interceptacion, protocolos insufi-
cientes para una respuesta cientifica rapida y decisiones politicas
internacionales ante observaciones urgentes, y la necesidad de una
comunicacion cientifica eficaz para mantener el apoyo guberna-
mental y publico a estas ambiciosas investigaciones y amenazas glo-
bales para la Tierra. Inspirandose en colaboraciones internacionales
exitosas en dreas como la Estacién Espacial Internacional (ISS) y
la Organizaciéon Europea para la Investigacion Nuclear (CERN), el
UNCIO operaria mediante una estructura dual: una junta ejecutiva
para decisiones cientificas urgentes y un comité ampliado para una
representacion integral de las partes interesadas.

Esta iniciativa no es meramente ambiciosa, sino urgentemente
practica. Las recientes detecciones de 1I/’Oumuamua (2017), 21/
Borisov (2019) y 3I/ATLAS (2025) han demostrado la diversidad
de las caracteristicas de los objetos interestelares, desde la inusual
aceleracion de 1I/’Oumuamua sin desgasificacion visible hasta el
comportamiento de Borisov similar al de un cometa, pasando por
el tamafio inusual de 3I/ATLAS y su alineacién con el plano de
la ecliptica, lo que subraya la necesidad de realizar observaciones
exhaustivas con multiples mensajeros. El margen de tiempo para
actuar es estrecho: los objetos atraviesan nuestro sistema solar en
trayectorias hiperbolicas, lo que ofrece un tiempo de observacion
limitado antes de que se vuelvan permanentemente inaccesibles.
Cada objeto interestelar no investigado representa una pérdida
irrecuperable de conocimiento sobre la nucleosintesis estelar, la
quimica de los discos protoplanetarios, la distribucién de com-
puestos organicos y las reliquias tecnologicas en toda la galaxia.
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Key Recommendations:

a) Immediate establishment of UNCIO
under the UN;

b) Development of a global ISO detec-
tion and tracking network;

c) Pre-positioned intercept mission ca-
pabilities for rapid deployment;

d) Implementation of a comprehensive
ISO classification system to assess po-
tential global threats;

e) Creation of dedicated funding mech-
anisms through member state contribu-
tions;

f) Formal adoption of the Loeb Scale
(IOSS) as the standardized 0-10 classi-
fication system for all ISOs, providing
quantitative thresholds from natural
phenomena (Levels 0-3) through po-
tential technosignatures (Levels 4-7)
to confirmed artificial origin (Levels
8-10);

g) Integration of science communica-
tion and public engagement expertise;

h) Establishment of protocols for elec-
tromagnetic and physical interaction
with ISOs of potentially artificial origin.

While focused on maximizing scientif-
ic return from natural ISOs, UNCIO’s
comprehensive design ensures readiness
for any unexpected discoveries that may
emerge from systematic investigation.

I. Introduction

1. Until the past decade, interstellar ob-
jects arriving in our vicinity remained
in the realm of theoretical constructs,
confined to mathematical models and
cosmological speculation. This para-
digm shifted dramatically with the Oc-
tober 19, 2017, detection of 1I/’/Oumua-
mua, humanity’s first confirmed inter-
stellar visitor. The subsequent discover-
ies of 2I/Borisov in 2019 and 31/ATLAS
in 2025 have transformed interstellar
objects from astronomical curiosities to
a new frontier of scientific investigation
requiring coordinated international
collaboration.

2. The operational Vera C. Rubin Ob-
servatory in Chile will increase ISO
detection capabilities. Conservative
estimates suggest the detection of ISO
every few months, with some models
predicting even higher rates. The dra-
matic increase in detection frequency
fundamentally changes the nature of
ISO science from serendipitous dis-
covery to systematic investigation. This
transition requires us to consider all
possible origins of ISOs, including both
natural astrophysical processes and the
theoretical possibility of artificial ob-
jects from extraterrestrial technological
civilizations.
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A. Scientific opportunities and coor-
dination challenges for ISO research

3. Interstellar objects present unique
scientific opportunities that transcend
national boundaries and disciplinary
divisions. ISOs traverse our solar sys-
tem on hyperbolic trajectories, typically
remaining observable for only months.
Their extreme velocities (so far, up to
60 km/s for 3I/ATLAS outside the solar
system) and unpredictable arrival direc-
tions make comprehensive study chal-
lenging without pre-positioned resourc-
es and rapid international coordination.

4. Technological Requirements: Effec-
tive ISO investigation requires integra-
tion of data from ground-based tele-
scopes, space-based observatories, and
rapid-response scientific missions. No
single nation possesses all necessary ca-
pabilities, making international coop-
eration essential rather than optional.

5. The systematic study of ISOs offers
unprecedented scientific returns across
multiple disciplines—from planetary
science to astrobiology (see Figure 1).
Maximizing these opportunities while
ensuring equitable access to data and
discoveries requires coordinated in-
ternational frameworks and effective
science communication to maintain
public support for these ambitious in-
vestigations. The discovery of ISOs with
anomalous properties, such as 11/’Ou-
muamuas non-gravitational accelera-
tion and unusual flat geometry with an
extreme aspect ratio, underscores the
importance of maintaining scientific
openness to all explanatory hypothe-
ses while applying rigorous empirical
standards.
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Note. The interconnected scientific op-
portunities presented by systematic ISO
investigation. The Vera C. Rubin Ob-
servatory’s enhanced detection capabil-
ities will enable breakthrough discover-
ies across multiple scientific domains,
from fundamental physics to astrobi-
ology and advanced technologies. Each
domain benefits from and contributes
to the others, creating multiplicative
scientific returns from coordinated in-
ternational investigation.

B. Learning from Precedent

6. The international community has
successfully achieved remarkable sci-
entific breakthroughs through spe-
cialized international frameworks:

(a) The European Organization for Nu-
clear Research (CERN) demonstrates
how nations can pool resources to build
and operate scientific infrastructure be-
yond any single country’s capability;

(b) The International Space Station
(ISS) partnership shows how rapid de-
cision-making and resource sharing
can be achieved in time-critical space
operations;

(c) The UN Committee on the Peaceful
Uses of Outer Space (COPUQS) pro-
vides models for space governance and
international cooperation in space sci-
ence;

(d) The Intergovernmental Panel on
Climate Change (IPCC) illustrates how
complex scientific assessments can in-
form policy through coordinated inter-
national research.
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7. Additional Successful Precedents
Include:

(a) The LIGO/Virgo/KAGRA (LVK)
and the Event Horizon Telescope
(EHT) collaborations united observa-
tories worldwide to achieve impossi-
ble-for-one-nation scientific goals;

(b) The Human Genome Project
demonstrated how competitive scientif-
ic fields can collaborate for transforma-
tive discoveries;

(c) The International Ocean Discovery
Program shows how nations share costs
and benefits of exploring Earth’s fron-
tiers.

These precedents demonstrate the fea-
sibility of our proposed framework
while recognizing the unique aspects of
ISO science that require adapted meth-
odologies.

I1. Current State Assessment

1. Scientific Capabilities and Limita-
tions

(a) Detection Infrastructure: Until
2025, ISO detection relies primarily
on wide-field survey telescopes origi-
nally designed for other purposes. The
Pan-STARRS observatory that detect-
ed 1I/Oumuamua, the Zwicky Tran-
sient Facility (ZTF) and the Catalina
Sky Survey operate without ISO-spe-
cific optimization. The Vera C. Rubin
Observatory is dramatically improving
detection rates but lacks dedicated fol-
low-up resources;

(b) Characterization Gaps: Our abil-
ity to determine ISO composition,
structure, and origin remains severe-
ly limited. Spectroscopic observations
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of 1I/Oumuamua were inconclusive,
while 3I/ATLAS exhibits unusual spec-
tral properties requiring further inves-
tigation. The lack of infrared detection
of outgassing or dust from 1/’Oumua-
mua despite its non-gravitational ac-
celeration remains unexplained, high-
lighting our need for more sensitive
detection instruments and rapid-re-
sponse capabilities. Without coordi-
nated multi-wavelength observations
and possible sample return missions,
fundamental questions about planetary
formation and stellar evolution remain
unanswered;

(c) Response Time Constraints: The me-
dian warning time for ISO detection is
a few months before closest approach.
Current mission planning cycles re-
quire years of preparation, making rap-
id scientific investigation challenging
without pre-positioned capabilities.

2. Institutional Frameworks

(a) Fragmented Coordination: ISO re-
search currently operates through in-
formal scientific collaborations with-
out binding international agreements
or coordinated funding mechanisms.
The International Astronomical Union
(IAU) provides nomenclature stand-
ards but lacks operational authority for
coordinating observations or missions;

(b) Scientific Communication Gaps: No
established protocols exist for coordi-
nating rapid scientific data sharing and
joint publications. The varied interpre-
tations of 1I/’Oumuamua’s properties
highlight the need for systematic col-
laborative analysis frameworks;

(c) Funding Limitations: ISO research
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competes with established astronomi-
cal priorities for limited resources. The
unpredictable nature of ISO arrivals
makes sustained funding difficult with-
in traditional grant cycles. Additionally,
budget allocations reveal stark dispari-
ties— while the Habitable Worlds Ob-
servatory (HWO) is slated to receive
$11 billion over the next two decades to
search for microbial biosignatures, re-
search on interstellar objects that could
potentially harbor both biological and
technological signatures do not receive
substantial federal support.

3. Scientific Collaboration and Public
Engagement

Recent research highlights opportuni-
ties for enhanced scientific collabora-
tion and public engagement:

(a) Scientific Collaboration Enhance-
ment: The rapid international response
to 1I/’Oumuamua, despite lack of for-
mal frameworks, demonstrated the sci-
entific community’s capacity for self-or-
ganization. However, valuable observa-
tion time was lost due to coordination
delays, highlighting the need for pre-es-
tablished protocols.

(b) Public Engagement Opportunities:
Public fascination with ISOs presents
unprecedented opportunities for sci-
ence education and Science, Technol-
ogy, Engineering, and Mathematics
(STEM) engagement. The global in-
terest in 1I/’Oumuamua and 3I/AT-
LAS generated more public astronomy
engagement than any event in the last
decade, demonstrating the potential for
ISO science to inspire global scientific
literacy.
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(c) Modern Communication Channels:
Digital platforms and Al-assisted sci-
ence communication tools offer new
possibilities for real-time data visuali-
zation and public participation in ISO
science through citizen science pro-
grams, creating opportunities for global
engagement in scientific discovery.

III. Proposed Framework: United Na-
tions Committee on Interstellar Ob-
jects (UNCIO)

1. Mandate and Objectives

The United Nations Committee on In-
terstellar Objects (UNCIO) shall serve
as the primary international body for
coordinating global scientific investiga-
tion of interstellar objects. Its mandate
encompasses:

(a) Primary Objectives:

(i) Coordinate global detection, track-
ing, and characterization of interstellar
objects;

(ii) Develop and maintain rapid re-
search capabilities for high-priority
ISOs;

(iii) Establish scientific protocols for
ISO investigation and data sharing;

(iv) Coordinate scientific announce-
ments of ISO discoveries;

(v) Maximize scientific returns from
ISOs;

(vi) Ensure equitable global access to
ISO-derived knowledge;

(vii) Implement the Loeb Scale (Inter-
stellar Object Significance Scale; IOSS)
as the official ISO classification frame-
work, ensuring consistent global risk
assessment protocols;
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(viii) Develop protocols for potential
electromagnetic signalling or physical
interaction with ISOs based on their
observed characteristics.

(b) Operational Principles:

(i) Scientific integrity and
dence-based decision-making;

evi-

(ii) Transparency in operations and
findings;
(iii) Equitable representation of all na-

tions and stakeholders;

(iv) Rapid research capability balanced
with deliberative assessment;

(v) Integration of multiple disciplines
including astronomy, planetary science,
astrophysics, and astrobiology.

2. Organizational Structure
(a) Executive Board

A streamlined decision-making body
for sensitive scientific opportunities:

Composition:
- Director-General (proposed: Pro-

fessor Abraham Loeb, Harvard
University);

- Deputy Director for Scientific
Operations;

- Deputy Director for International
Collaboration;

- Deputy Director for Public Edu-
cation;

- Representative of the Secretary-
General (proposed: Rep. Anna
Paulina Luna);

- Rotating Regional Representatives;
- Chief Science Advisor.

(b) Responsibilities:

- Determine and validate ISO classi-
fication on the Loeb Scale (I0SS)
within 72 hours of initial detection;

- Activate observation protocols for
priority ISOs;

- Authorize deployment of rapid-
response scientific missions;

- Coordinate real-time observations
during ISO passages;

- Coordinate scientific data releases;

- Report to the UN General Assembly
on scientific progress.

(c) Expanded Committee
Composition (35 members):

- Scientific Members (12): Astron-
omers, astrobiologists, planetary
scientists, physicists;

- Psychological and Science Communi-
cation Specialists (3);
- Public Education Experts (2)

- Government Representatives (10):
Space agencies, research ministries,
foreign affairs;

- Civil Society (5): NGOs, educational
institutions, public interest groups;

- Private Sector (3): Space industry
(SpaceX, Blue Origin, Planet Labs),
technology companies.

(d) Responsibilities:
- Develop long-term strategic plans;
- Review and approve annual budgets;

- Establish scientific priorities and
resource allocation;

- Oversee public education and out-
reach programs;

- Conduct periodic reviews of UNCIO
operations.
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3. Technical Infrastructure

(a) Global ISO Monitoring System
(GIMS)

(i) Detection Network:

- Integration of existing survey
telescopes through data-sharing
agreements;

- Dedicated ISO search algorithms
optimized for hyperbolic orbits;

- Real-time alert system with <1-hour
global notification.

(ii) Characterization Assets:

- Guaranteed time on major observato-
ries (minimum 500 hours annually);

- Dedicated spectroscopic follow-up
capabilities;

- Multi-wavelength monitoring capa-
bilities including infrared for outgas-
sing detection;

- Magnetic field sensors for metallic
composition assessment;

- Coordinated radar observations for
trajectory refinement.

(b) Rapid Scientific Mission Program
(RSMP)

(i) Pre-positioned Missions:
- Three standardized research space-
craft maintained in ready status;

- Modular instrument packages for
diverse ISO types;

- Launch readiness within 30 days of
authorization.

(ii) Mission Profiles:
- Flyby missions for initial
characterization;

- Rendezvous missions for extended
observation;

- Sample return missions for highest-
priority targets.

(c) Data Management and Analysis

Platform:

(i) AIl ISO observations accessible
through unified portal;

(ii) Standardized data formats and
metadata;

(iii) Machine learning tools for pattern
recognition and classification.

(d) Simultaneous ISO Management
Protocol:

Given projected detection rates from
the Vera C. Rubin Observatory, UNCIO
must prepare for multiple concurrent
ISO passages, a scenario unprecedented
in human history, requiring systematic
prioritization frameworks.

(i) Resource Allocation Matrix:

- Primary Priority Assignment: ISOs
classified Level 4+ receive automatic
priority status, with resource allo-
cation proportional to classification
level;

- Trajectory-Based Prioritization: Ob-
jects with Earth-approaching trajec-
tories (<0.1 AU) receive enhanced
monitoring regardless of initial
classification;

- Scientific Value Assessment: For
multiple low-level ISOs, prioritize
based on: accessibility for intercept
missions, unique compositional sig-
natures, potential for sample return,
and observational geometry.

(ii) Operational Deconfliction:

- Dedicated ISO Coordinators: As-
sign individual mission directors for

14



Advancing Interstellar Science

each active ISO to prevent resource
conflicts;

- Time-Domain Allocation: Implement
rotating observation schedules with
automatic handoft protocols between
facilities;

- Rapid Scientific Mission Program
(RSMP) Fleet Management: If mul-
tiple Level 4+ ISOs present simul-
taneously, maintain minimum one
spacecraft in reserve for highest-pri-
ority target;

(iii) International Burden Sharing:

- Regional Lead Assignments: Desig-
nate primary tracking responsibil-
ity based on optimal observation
geometry;

- Consortium Activation Protocols:
Pre-negotiated agreements for rapid
resource pooling when ISO density
exceeds single-nation capabilities

- Emergency Override Authority: Di-
rector-General empowered to real-
locate committed resources for Level
6+ simultaneous detections.

4. ISO Classification Protocol: The
Loeb Scale

We propose that UNCIO adopts the
Loeb Scale as its official classification
system. This 0-10 scale provides:

(a) Quantitative thresholds for anom-
aly and global risk assessment;

(b) Clear escalation triggers for en-
hanced observation (Level 4+);

(c) Protocols for potential technosig-
nature evaluation;

d) Integration with existing IAU and
MPC systems;

(e) Classification triggers automatic
response protocols:

(i) Levels 0-1: Routine monitoring;

(ii) Levels 2-3: Enhanced observation
allocation;

(iii) Level 4+: Immediate activation
of Rapid Scientific Mission Program
(RSMP) capabilities;

(iv) Levels 4+: UN Security Council
notification;

(v) Levels 8-10: Global emergency
protocols.

IV. Implementation Roadmap
1. Phase 1: Foundation (Months 1-6)
(a) Institutional Establishment:

(i) UN General Assembly resolution es-
tablishing UNCIO;

(ii) Appointment of Director-General
through standard UN procedures;

(iii) Establishment of headquarters
at Cambridge, MA, USA, leveraging
proximity to the Harvard-Smithsonian
Center for Astrophysics and MIT;

(iv) Initial staffing of 25 core positions;

(v) Formal adoption of the Loeb Scale
through IAU collaboration.

(b) Preliminary Operations:

(i) Memoranda of Understanding with
major space agencies;

(ii) Framework agreements
ground-based observatories;

with

(iii) Initial budget allocation and finan-
cial protocols;

(iv) Communication infrastructure es-
tablishment.

Stakeholder Mobilization:
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(i) First General Assembly of member
states;

(ii) Scientific Advisory Board forma-
tion;

(iii) Industry partnership framework
development;

(iv) Educational consortium establish-
ment.

2. Phase 2: Infrastructure Develop-
ment (Months 7-18)

(a) Global ISO Monitoring System
(GIMS) Deployment:

(i) Integration of 10 primary observa-
tories;

(ii) Testing of GIMS Alert System with
simulated ISO injection into real-time
data streams from Pan-STARRS, ZTF
Catalina, ATLAS and Vera C. Rubin,
achieving <5% false positive rate;

(iii) Alert system verification exercises;
(iv) Data pipeline optimization.

(b) Rapid Scientific Mission Program
(RSMP) Development:

(i) Selection of modular spacecraft plat-
form based on 30-day launch readiness

(ii) Instrument package specifications;
(iii) Launch provider agreements;

(iv) Ground station network establish-
ment.

[c) Capacity Building:
(i) ISO observation training programs;
(ii) Data analysis workshops;

(iii) Science communication certifica-
tion;

(iv) Citizen science platform develop-
ment.

16

(d) Classification Response Protocols
Development:

ISO Response Matrix Implementation:

- Levels 0-3: Standard observation
queue, routine data collection;

- Level 4-5: UN Security Council noti-
fication within 24 hours, Immediate
200+ hours telescope time allocation,
activate one RSMP spacecraft to
ready status;

- Level 6-7: Full RSMP deployment
authorization, activation of Galileo
Project assets;

- Level 8+: Implementation of prede-
termined electromagnetic signalling
protocols, G20 emergency session,
activation of Article 99 UN Charter
provisions.

Protocol Documentation:

- Decision flowcharts for each classifi-
cation level;

- Legal frameworks for emergency
response authorization;

- Communication templates for public
announcements;

- International notification chains and
timelines.

3. Phase 3: Operational Testing
(Months 19-24)

(a) System Validation:

(1) Full network simulation exercises;
(ii) Asteroid observation as ISO prox-
ies;

(iii) Data flow stress testing;

(iv) International coordination drills.
(b) Mission Readiness:

(i) First Rapid Scientific Mission Pro-
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gram (RSMP) spacecraft integration;
(ii) Launch rehearsal procedures;

(iii) Sample analysis laboratory certifi-
cation.

(c) Performance Benchmarks:

(i) Detection sensitivity:

- Technical specification: magnitude
23.5 for moving objects;

- Practical meaning: Capable of detect-
ing a 50-meter charcoal-dark object
at Earth-Sun distance (AU 1);

- Comparison: 2.5x more sensitive
than the system that discovered
1I/’Oumuamua;

- Benefit: Provides 3-6 months ad-
vance warning for typical ISO
encounters.

(ii) Orbit determination: <1000 km un-
certainty at 1 AU;

(iii) Alert distribution: < 30 minutes
globally;

(iv) Data availability: 95% uptime.

4. Phase 4: Full Operations (Year 3+)
(a) Routine Operations:

(i) 24/7 monitoring coverage;

(ii) Monthly detection exercises;

(iii) Quarterly coordination meetings;
(iv) Annual performance reviews.

(b) Continuous Improvement:

(i) Annual technology review for: quan-
tum sensors for composition analysis,
Al-driven anomaly detection upgrad-
ing, and laser communication systems
for 10x faster data transmission from
intercept missions;

(ii) Expanding observatory network;
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(iii) Enhanced analytical capabilities;
(iv) Extended mission profiles.

V. Scientific Opportunities and Risk
Mitigation

1. Transformative Science Potential
(see Figure 1.)

(a) Planetary Formation Insights:

(i) Direct sampling of protoplanetary
disk remnants;

(ii) Isotopic ratios revealing stellar
nursery conditions;

(iii) Size distribution constraining ejec-
tion mechanisms;

(iv) Surface composition mapping for-
mation temperatures.

(b) Galactic Evolution Understanding:

(i) Chemical gradients across galactic
regions;

(ii) Stellar population mixing times-
cales;

(iii) Interstellar medium enrichment
processes;

(iv) Galactic merger signature preser-
vation.

(c) Astrobiology Implications:

(i) Organic molecule survival in inter-
stellar space;

(ii) Panspermia hypothesis constraints;
(iii) Prebiotic chemistry pathways;

(iv) Water and volatile distribution.

2. Technical Risk Management

(a) Detection Completeness:

(i) Challenge: Sky coverage gaps;

(ii) Solution: Partner observatory net-
work expansion;
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(iii) Success Metric: 95% sky coverage
by Year 3.

(b) Mission Success Rates:

(i) Challenge: Single-opportunity en-
counters;

(ii) Solution: Redundant spacecraft, ro-
bust designs;

(iii) Success Metric: 80% mission suc-
cess rate.

(c) Data Quality Assurance:
(i) Challenge:

sources;

Heterogeneous data

(ii) Solution: Standardization protocols,
calibration networks;

(iii) Success Metric: 99% data compli-
ance with standards.

3. Beyond Technical Risks

(a) Contamination risks (both direc-
tions);

(b) Information security for sensitive
discoveries;

(c) Social/psychological
high-level detections;

impact of

(d) Market/economic disruption sce-
narios;

(e) Competing national interests in ISO
intercepts.

3. Operational Excellence

(a) International Coordination:

(i) Quarterly virtual coordination meet-
ings;

(ii) Annual in-person conferences;

(iii) Shared operational protocols;

(iv) Cross-training programs.

(b) Resource Optimization:

(i) Dynamic telescope time allocation;
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(ii) Flexible mission architecture;
(iii) Shared technology development;
(iv) Pooled procurement advantages.
(c) Performance Monitoring:

(i) Real-time dashboard systems;

(ii) Quarterly performance reports;
(iii) Annual independent reviews;

(iv) Continuous improvement proto-
cols.

(d) Technosignature Assessment:

(i) Implementation of Loeb Scale Lev-
el 4-10 criteria;

(ii) Convergent evidence require-
ments across multiple observables;

(iii) Automatic trigger for enhanced
observations at Level 4;

(iv) International notification re-
quirements for Levels 6+.

4. Integration with Existing Programs

(a) The Galileo Project, established at
Harvard University in 2021, provides
a complementary framework that UN-
CIO should formally integrate. The Pro-
ject’s systematic search for extraterres-
trial technological signatures through
its network of ground-based observato-
ries offers:

(i) Operational Infrastructure:

- Existing observatory network with
Al-powered anomaly detection;

- Proven protocols for unbiased data
collection;

- Established peer review mechanisms.
(ii) Scientific Methodology:

- Agnostic approach to ISO origin
determination;
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- Transparent data sharing policies;

- Rigorous classification protocols
(Loeb Scale implementation).

(iii) Rapid Response Capabilities:

- Pre-positioned instrumentation for
ISO characterization;

- 24/7 monitoring systems already
operational;

- International team of experts on
standby.

(iv) Other complementary initiatives
include:

- Breakthrough Listen’s radio/optical
SETI capabilities;

- ESAs Comet Interceptor mission
architecture;

- JAX A's Hayabusa heritage for sample
return missions.

UNCIO should establish formal Mem-
oranda of Understanding with these
programs to avoid duplication and
maximize scientific return through co-
ordinated observations”

VI. Global Engagement Strategy
1. Scientific Community Integration

(a) UNCIO’s success depends on creat-
ing an inclusive global research ecosys-
tem that maximizes scientific participa-
tion while maintaining operational ex-
cellence. The Committee will establish
comprehensive research opportunities
through quarterly open proposal calls,
ensuring equitable access to ISO data
and observation time. Rather than op-
erating as a closed consortium, UNCIO
will function as a scientific catalyst, am-
plifying existing research capabilities
worldwide.
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(b) The collaboration framework will
center on dynamic working groups or-
ganized around specific ISO encoun-
ters, with membership adjusted based
on object characteristics and required
expertise. When an ISO reaches Level 4
or higher on the Loeb Scale, specialized
rapid-response teams will be activated,
drawing from pre-qualified research-
ers across disciplines. Data early access
programs will reward contributing in-
stitutions while ensuring public release
within 6 months, balancing competitive
advantage with open science principles.

Knowledge dissemination will occur
through annual conferences rotating
between continents, with virtual par-
ticipation ensuring global accessibili-
ty. Special emphasis will be placed on
real-time data visualization platforms
that allow researchers worldwide to
monitor ISO observations as they oc-
cur, creating a shared global experience
of discovery.

2. Public Engagement and Science
Communication

(a) The discovery of each ISO repre-
sents a unique opportunity to engage
humanity in the wonder of cosmic ex-
ploration. UNCIO will implement a
tiered communication strategy that
scales with the significance of each dis-
covery, from routine detections to po-
tentially paradigm-shifting encounters.

(b) Educational initiatives will span all
levels, from K-12 curriculum modules
that use ISOs to teach physics and as-
tronomy, to graduate research oppor-
tunities at the frontiers of planetary
science. Museum and planetarium
partnerships will create immersive ex-
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periences that allow the public to “ride
along” with ISOs through our solar sys-
tem, using real trajectory data and ob-
servations.

(c) Most critically, UNCIO will main-
tain a Science Communication Rapid
Response Team trained to address pub-
lic reactions to high-level ISO classifica-
tions. When an object reaches Level 4 or
above, this team will coordinate global
messaging to ensure accurate, con-
sistent information while preventing
misinformation spread. Documentary
partnerships and social media engage-
ment will maintain public interest be-
tween detections, building a sustained
constituency for ISO science.

(d) UNCIO will establish and maintain
the Global Interstellar Object Tracker
(GIOT) at www.interstellar-objects.org
(https://interstellar-objects.org/) a com-
prehensive public portal updated in re-
al-time as new data arrives. This web-
site will serve as humanity’s window
into ISO science, featuring:

(i) Live Status Dashboard: Current po-
sition, velocity, and classification level
(Loeb Scale) for all active ISOs, with
visual trajectories showing their paths
through our solar system;

(ii) Daily Updates Section: Plain-lan-
guage summaries of new observations,
written for general audiences without
sacrificing scientific accuracy;

(iii) “What We Know/Don't Know”
Format: Transparent presentation dis-
tinguishing confirmed data from open
questions, preventing misinformation
spread;

(iv) Interactive 3D Visualization: Allow
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users to “fly alongside” ISOs, under-
standing their trajectories relative to
Earth and other planets;

(v) Observation Calendar: When and
where ISOs are visible to amateur as-
tronomers, with finder charts for tele-
scope users;

(vi) Classification History: Complete
timeline showing how our understand-
ing of each ISO evolved, from initial de-
tection through final classification;

(vii) Alert System: Optional notifica-
tions for significant events (new detec-
tions, classification changes, perihelion
passages);

(viii) Educational Resources: Age-ap-
propriate content explaining ISO sci-
ence, from elementary explanations to
technical papers.

The GIOT platform will update with-
in 6 hours of any significant observa-
tion, ensuring the public learns about
discoveries simultaneously with the
scientific community. During high-in-
terest events like 3[/ATLAS’s periheli-
on passage, the site will provide hourly
updates, transforming ISO monitoring
from an exclusive scientific activity into
a shared human experience. All content
will be available in the six UN languag-
es plus the ten most spoken languages
globally, ensuring truly universal access
to these cosmic encounters.

3. Strategic Partnerships and Re-
source Coordination

(a) Effective ISO investigation requires
seamless coordination between space
agencies, academic institutions, and
private sector (SpaceX, Blue Origin and
Planet Labs) capabilities. UNCIO will


http://www.interstellar-objects.org/
https://interstellar-objects.org/
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establish binding Memoranda of Un-
derstanding with major space agencies
(such as NASA, ESA, CNSA, ISRO)
that specify guaranteed response times,
resource commitments, and data-shar-
ing protocols.

(b) Academic partnerships will extend
beyond traditional astronomy depart-
ments to include geology, chemistry,
biology, computer, artificial intelli-
gence and engineering programs. The
Committee will establish ISO Research
Centers at strategically located uni-
versities, creating regional hubs for
specialized analysis and student train-
ing. Private sector engagement will
leverage commercial space capabili-
ties, from launch services to advanced
sensor development, through perfor-
mance-based contracts that reward
successful ISO characterization.

4. ISO Interaction Protocols: Obser-
vation, Assessment, and Potential
Communication

Drawing from lessons learned from 31/
ATLAS, whose rare ecliptic alignment,
unusual size, a glow in front of the ob-
ject, detection of nickel but no iron and
other unusual characteristics, merit
Level 4 classification on the Loeb Scale,
UNCIO establishes a graduated re-
sponse framework for ISO encounters.
This framework recognizes that each
ISO represents both a scientific oppor-
tunity and a decision point requiring
careful assessment before any form of
interaction.

(a) Temporal Decision Framework:

(i) The Committee adopts a “prudent
observation” principle, as exemplified
by the 3I/ATLAS approach: intensive
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monitoring through perihelion before
considering any form of electromag-
netic signalling. Natural objects typi-
cally exhibit enhanced outgassing near
the Sun, providing definitive classifica-
tion. Objects maintaining anomalous
characteristics post-perihelion trigger
enhanced protocols.

(ii) Key decision points include:

- Initial detection: Classification and
resource allocation within 72 hours;

- Pre-perihelion: Maximum observa-
tional coverage, no active signalling;

- Perihelion passage: Critical classifica-
tion window for natural vs. anoma-
lous determination;

- Post-perihelion: Potential communi-
cation window if Level 4+ character-
istics confirmed.

(b) Communication Readiness Proto-
cols:

(i) Should an ISO exhibit characteristics
warranting potential communication
attempts (Level 4+), UNCIO will im-
plement a staged approach:

- Stage 1 — Passive Monitoring: Com-
plete electromagnetic spectrum
surveillance, pattern analysis for
structured signals;

- Stage 2 — International Consultation:
72-hour deliberation period involv-
ing UN Security Council, scientific
advisory board, and cultural/reli-
gious representatives;

- Stage 3 — Message Formulation: If
approved, creation of universal
mathematical/physical constants-
based message, avoiding cultural
assumptions;
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- Stage 4 — Controlled Transmission:
Low-power initial signal from desig-
nated facility, with escalation proto-
cols based on response.

(c) Risk Mitigation Framework:

Recognizing that ISOs with intelligence
might perceive unsolicited communi-
cation as threatening, UNCIO estab-
lishes clear boundaries:

(i) No transmission to objects on direct
Earth-intercept trajectories;

(ii) Mandatory 30-day observation pe-
riod before any signalling considera-
tion;

(iii) Automatic communication prohi-
bition for objects showing technolog-
ical signatures combined with course
corrections toward Earth;

(iv) Integration with planetary defense
protocols for objects exhibiting hostile
characteristics.

(d) Ethical and Philosophical Consid-
erations:

(i) The proposed UNCIO would main-
tain a standing Ethics Panel including
scientists and philosophers to guide
decision-making. Planned public noti-
fication procedures would ensure trans-
parency while preventing panic, with
graduated disclosure protocols based
on certainty levels.

(ii) The framework explicitly recog-
nizes that, as with 1I/Oumuamua and
3I/ATLAS, we may encounter objects
whose nature remains ambiguous de-
spite intensive study. In such cases,
UNCIO defaults to continued observa-
tion rather than premature interaction,
accepting that some cosmic mysteries
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may remain unresolved during a single
passage. Each ISO encounter, wheth-
er definitively natural or tantalizingly
ambiguous, contributes to our growing
understanding of our cosmic neighbor-
hood and our preparedness for eventu-
al confirmed contact with intelligence
from beyond Earth.

VI. Conclusion
1. Seizing the Cosmic Opportunity

The establishment of UNCIO repre-
sents a natural evolution in humani-
ty’s astronomical capabilities, building
upon centuries of international scientif-
ic collaboration. As the Vera C. Rubin
Observatory will transform ISO detec-
tions from rare events to routine obser-
vations, the international community
has a unique opportunity to maximize
the scientific return from these celestial
objects.

The framework presented here offers a
practical and achievable path to coordi-
nated global action. Drawing from suc-
cessful precedents like CERN, the ISS,
and LVK and the EHT, UNCIO would
create the infrastructure necessary to
extract maximum scientific value from
each ISO encounter.

The investment required is modest
compared to the potential returns. For
less than the cost of a single flagship
space mission, humanity can establish a
permanent capability to study material
from other star systems, advancing our
understanding of planetary formation,
galactic evolution, and the distribution
of life’s building blocks throughout the

COoSmos.

The choice is clear: proceed with frag-
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mented national efforts that risk miss- scientific information content. The lat-
ing critical observations for assessing ter path offers not just superior science,
unprecedented global threats from in- but a model for addressing other global
terstellar space, or unite our capabilities challenges through coordinated inter-
to ensure that no ISO passes through national action.

our solar system without yielding its

23
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APPENDIX A: Proposed Budget Estimation

Initial Investment (Year 1-2):
- Infrastructure Development: $50M
- Rapid Scientific Mission Program (RSMP) Spacecraft (3 units): $300M
- Software/Data Systems: $20M
- Headquarters Establishment: $10M
Total: $380M
Annual Operating Costs:
- Core Staff (25 positions): $15M
- Observatory Time Allocation: $20M
- Mission Maintenance: $30M
- Education/Outreach: $5M
- Administration: $10M
Total: $80M/year
Cost Comparison:
- James Webb Space Telescope: $10B
e UNCIO 10-year total: $1.08B (11% of a single flagship mission)

Planetary Formation Processes

Galactic Chemical

Exoplanetary Evolution

Insights

Stellar . Novel Material
Nucleosynthesis Properties
ISO Scientific
. Opportunities
Cgsmlc Ray Trajectory
Xposure i
History Dynamics
< 0
Fundamental , 4 Interstellar Medium
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O
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Figure 1: Transformative Scientific Opportunities from Interstellar Objects (ISOs)
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o far, humanity only explored

space with robots that are oper-

ated by Earth-based commands,
such as the Perseverance Rover' or the
Ingenuity Helicopter> on Mars. “Heli-
copter parenting” of this type is not a
viable option for long interstellar jour-
neys because of the long time-delay in
communications even at the speed of
light, the faintness of the communica-
tion signal at great distances, and the
inability to transmit all the relevant in-
formation over a reasonable time.

When engaged in interstellar
travel, we will need to send out probes
that can make their own decisions based
on circumstances, and let these “tech-
nological-kids” be autonomous. Just
like biological kids who leave home,
they will report back sporadically on
highlights of their journey. Artificial In-
telligence (AI) would provide the brain
of these autonomous space probes.

The hardware design of these
“Al-astronauts” could be hardened
to be resilient to the hazardous envi-
ronment of interstellar space, so as to
avoid damage from energetic particles
in the form of cosmic-rays, dust par-

1
2

3 https://arxiv.org/pdf/2408.02739
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ticles or micrometeorites. Intelligent
biological systems, like humans, were
selected through Darwinian evolution
to survive on Earth, protected from
cosmic-rays by the Earth’s magneto-
sphere and having natural resources
of nutrients. Humans are not suitable
for survival on an artificial space plat-
form, given the challenging conditions
encountered during the millions to bil-
lions of years® associated with the inter-
stellar journeys enabled by our current
propulsion technologies.

How practical is it to employ
in-situ AI on space probes? The prima-
ry challenges include power supply and
mass. Currently, the Al systems used on
Earth are massive and require gigawatts
of power. These physical requirements
pose major challenges for trips far away
from Earth. As of now, most of the space
budget is allocated to national security
and defense-related tasks in satellites
close to Earth, where Earth-based Al
can still be used via short communica-
tion links. Scientific space-exploration
to faraway destinations is of low priori-
ty, consuming less than a percent of the
global defense budget worldwide of 2.4
trillion dollars per year.

https://science.nasa.gov/mission/mars-2020-perseverance/

https://science.nasa.gov/mission/mars-2020-perseverance/ingenuity-mars-helicopter/


https://science.nasa.gov/mission/mars-2020-perseverance/
https://science.nasa.gov/mission/mars-2020-perseverance/ingenuity-mars-helicopter/
https://arxiv.org/pdf/2408.02739
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The better way to explore the
Moon, Mars, and beyond, is by using a
swarm of small probes, each equipped
with sensors that feed an in-situ Al
system with data—allowing the probes
to make autonomous decisions. The
probes can report back essential in-
formation based on their mission. A
swarm of probes can explore more real
estate than a single large probe of the
type that was traditionally employed by
space agencies.

In analogy with dandelion seeds,
one could launch self-replication sys-
tems with Al and 3D printers and with-
out an umbilical cord that connects
them to Earth. These self-replicating
probes could grow in number using the
raw materials they find at their desti-
nation.

In the short term, a swarm of
probes could be used to survey the
surface of the Moon or Mars for wa-
ter ice reservoirs that could fuel local
economies. Electrolysis can break wa-
ter molecules to molecular hydrogen
and oxygen based on sunlight-powered
electricity, and use hydrogen or oxygen
tuel to propel rockets or machinery. On
Mars, it would be beneficial to develop
special-purpose probes to survey lava
tubes as habitats that protect humans
and infrastructure from damage by
cosmic-rays and UV radiation as well as
extreme variations in temperature be-
tween day and night. The Al-equipped

https://galileo.hsites.harvard.edu/
Galileo Observatory at Harvard University

NN U

ules-published-chemical-geology

probes could also search for Martian
life by melting ice or using microscopes
to probe Martian soil after adding lig-
uid water to it. Finally, the probes could
survey Martian lava tubes for early
life on Mars, including preserved wall
paintings from early Martians or any
ancient technological relics.

Assuming that we are not priv-
ileged and adopting the principle of
reciprocity from our interstellar neigh-
borhood, we must search for Al astro-
nauts from other civilizations that may
pass close to Earth. I summarized my
thoughts on this line of research at the
new episode of the Shawn Ryan Show,*
aired on October 7, 2024.

The Galileo Project® research
team that I lead is searching along three
avenues for technological objects near
Earth that may have been manufac-
tured by alien civilizations. The first
avenue involves constructing new ob-
servatories for monitoring the sky. The
preliminary results from monitoring
half a million objects by the first Gali-
leo Observatory at Harvard University®
are being summarized in a new paper
that will be shared publicly soon. In
2025, we plan to construct and operate
two additional Galileo observatories
in other locations. The second avenue
involves searching for new interstellar
objects and unidentified objects in the
data pipeline of the Rubin Observato-
ry’ in Chile. Finally, the third avenue is

https://www.youtube.com/watch?v=ClnyUbtvM A0

https://galileo.hsites.harvard.edu/news/new-paper-chemical-classification-im1-spher
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to study interstellar meteors. The milli-
meter-size spherules retrieved from the
fireball site of the interstellar meteor,
IM1, were analyzed over the past year
and the findings were just published in
a new detailed paper.® We plan anoth-
er expedition in 2025 to retrieve larger
pieces from IMI1’s wreckage and find
out whether it was a rock or a techno-
logical gadget.

Whether we explore interstellar
space with Al-equipped probes or find
that other civilizations did it before us,
the coming decades will be exciting.
Life is worth living because the future
carries the potential of being better
than the past.

8  https://www.sciencedirect.com/science/article/pii/S00092541240049592via%3Dihub=
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et us imagine for a moment that
Lthe new interstellar object, 31/

ATLAS® is a spacecraft, guided
to send mini-probes that will arrive at
Earth and other planets in the coming
months. Given the limited information
about this object, how should we re-
spond?

Currently, there is no interna-
tional organization tasked with coordi-
nating a response across the globe. We
only discuss existential threats from ar-
tificial intelligence (AI), climate change
or impact by near-Earth asteroids or
comets. How should we tackle the
threat to Earth from alien technology?

Here are some guiding principles
that would be worth attending to:

1. The response must reflect specif-
ically the detailed characteristics
of the threat. It is inappropriate to
imagine alien technologies based
on our own experience on Earth,
which spans only a century of
scientific research after quantum
mechanics and general relativity
were discovered.

2. We must collect as much data as
possible about the threat using all
available ground-based and space

9  https://en.wikipedia.org/wiki/3I/ATLAS
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3.

telescopes, as well as all space as-
sets currently employed for intelli-
gence gathering and other national
security priorities.

Information must be shared in
tull among all humans, since the
response affects our shared future.

All nations must agree on a coor-
dinated action plan based on the
available data. This plan would be
based on the understanding that
we are all in the same boat, and if
one of us rocks the boat, all of us
might be at risk of drowning. The
plan should include activation of
space and air assets to defend hu-
manity as a whole, rather than any
particular nation.

Violations of the agreed-upon
international plan, including pirate
communication or engagement at-
tempts, will be punished by nation-
al or international authorities.

No nation will take advantage
of the situation to hurt another
nation.

Societal order will be maintained.
Violence of humans against hu-
mans will be punished by law.


https://en.wikipedia.org/wiki/3I/ATLAS

10.

11.

12.
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A representative international
committee will be appointed to
communicate with the alien visi-
tors, whether they possess biolog-
ical intelligence or alien Al The
committee will employ the best AI
tools available to humanity for the
task of decoding alien messaging.

Decisions must be prompt because
of the physical proximity of the vis-
iting devices. The situation is mark-
edly different from the existing
SETI protocol™ for the response to
a radio signal from a source locat-
ed thousands of light years away,
where the threat is not imminent.

As the situation evolves, govern-
ments around the world must be
in continuous contact, exchang-
ing real time alerts to assess the
circumstances in a timely fashion
across the globe. What happens in
one location could have implica-
tions in another location shortly
afterwards.

Once the dust settles and the immi-
nent threat is resolved, lessons for
future visits should be adopted. The
characteristics of past visits must
be used to develop protocols for
future visits based on the gathered
information.

New astronomical observatories
should be constructed as an alert
system to future threats based on
past experiences.

10
11
12

13.

14.

15.

An array of space-based intercep-
tors should be installed in orbit
around the Sun. The spacecraft
closest to the path of an incoming
alien device, identified in advance
by the astronomical observatories,
will attempt to intercept the visi-
tor far from Earth. Based on the
nature of the threat, the interceptor
could employ nuclear weapons to
protect Earth. The defense strategy
must be different from that devel-
oped by NASA’s Planetary Defence
Coordination Office! which has
the limited objective of finding,
tracking and understanding aster-
oids or comets that could pose an
impact hazard to Earth. Unlike a
rock, a technological device could
manoeuvre and be guided by
intelligence. Defending from alien
technology requires a more sophis-
ticated strategy than in the case

of objects whose trajectories are
shaped by gravity alone.

A substantial fraction of the 2.4
trillion dollars'* allocated annual-
ly to military budgets worldwide
must be redirected to the develop-
ment of new defense technologies
and related scientific research with
a long-term view.

Space exploration should include
scouting missions to study our cos-
mic environment far from Earth,
aimed to inform future plans for
defending Earth against predators

https://www.seti.org/research/seti-101/protocols-for-an-eti-signal-detection/

https://science.nasa.gov/planetary-defense/

https://breakingdefense.com/2024/04/global-military-spending-hits-all-time-high-of-2-4-

trillion-sipri-report/
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or for spreading humanity beyond
Earth using sustainable habitats on
large space platforms.

Currently, humanity is not pre-
pared for a potential threat from alien
technology. The wake-up call from 31/
ATLAS might stir us in the right di-
rection. While the public is extremely
interested in having a discussion about
the possibility that 3I/ATLAS is alien
technology (click here® for the rea-
sons), members of academia and the
traditional SETT"* community are push-
ing against having any such discussion.

Gladly, it is not too late for us to
get our act together. As 3I/ATLAS gets
closer to the Sun, we could figure out
its nature. As a comet, its outgassing
would intensify and it may shed bits of
ice from its surface. As a spacecraft, it
may manoeuvre or shed mini-probes
towards Earth. For a precautionary
measure, I tasked the research team
of the Galileo Project" to search for
an enhanced appearance of Unidenti-
fied Anomalous Phenomena using our
three Galileo observatories, soon after
3I/ATLAS approaches perihelion on
October 29, 2025.

13 https://avi-loeb.medium.com/no-theres-no-clear-evidence-for-water-around-3i-atlas-
29a73a37c054

14 https://en.wikipedia.org/wiki/Search_for_extraterrestrial_intelligence

15 https://galileo.hsites.harvard.edu/publications
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