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A nation should be capable of saying what it does and does not know about
the objects in its own airspace, regardless of whether they turn out to be bal-
loons, classified tests, adversary drones, or phenomena that do not yet have a
name. Today it often cannot. Confronting Unknowns: A Framework for Anom-
alous Aerospace Events treats that gap as an institutional problem—of engineer-
ing, inference, communication, and coordination—and proposes a four-stage
approach for handling anomalous events that resist immediate attribution:
Detect, Identify, Respond, and Explain. Three structural forces make the
problem urgent: airspace is more crowded than the systems built to watch it,
the legislative tempo is accelerating and contradictory, and the online infor-
mation environment has compressed decision timelines from weeks to hours.
We make specific recommendations for Congress, multiple departments and
agencies, the intelligence community, research institutions, and the public,
drawn from the operational experience of pilots, intelligence analysts, sensor
engineers, and communications specialists. Our recommendations are agnos-
tic to what the objects ultimately turn out to be, and opinionated about what

we owe each other when we cannot yet say.
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Foreword

In early 2026, dozens of engineers, scientists, intelligence analysts, pilots, policy researchers, and commu-
nications specialists gathered during a snowstorm at the Massachusetts Institute of Technology to con-
tribute to a new, independent activity on sensemaking and the challenge of confronting anomalous aer-
ospace phenomena. What they produced is in your hands. We offer it to anyone who finds it useful,
though we wrote with specific audiences in mind: congressional staff, agency analysts, journalists, scien-
tists, and the concerned citizens trying to make sense of objects that move between sky and sea, seemingly
undeterred.

Our program emphatically sidesteps evangelizing speculative or belief-based declarations. Nor are we ad-
vocating for any explanation or attribution of unidentified anomalous phenomena. Our argument in
this paper is that the United States and its allies must embrace (1) detection architecture, (2) an inference
methodology, and (3) communication infrastructure to say what they do and do not know about objects
in their own airspace.

Again, the framework does not require taking any position on what anomalous aerospace phenomena
are. It requires making the movements of a sensemaker along the spectrum of recognizing, identifying,

confronting, and embracing of unknowns as a natural part of being a leader. The future infrastructure
for approaching unknowns will be what its participants make of it. We are writing this from inside that
participation.

To the enthusiastic cohort who came together for a “no-expense paid trip” during a very Bostonian win-
ter week: the energy you channeled into the Sensemaker Spotlights, the Uncertainty Game, and the Writ-
ers' Workshop shapes every page.

I encourage you: Look without flinching, speak without overreaching, and build the institutions that let
the truth catch up to the data. Stay signal-sharp!

— Jonathan “JMill” Miller

Lead, Confronting Unknowns Independent Activity
Massachusetts Institute of Technology
Cambridge, Massachusetts

Jmill@mit.edu
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How to read this paper

We recommend that all readers prioritize the Executive Summary, Part I: The Problem, and the closing sections
of Part IV: An Action Agenda for New Unknowns (i.e. “The Most Important Change to Make...” and “An Argu-
ment That Does Not Depend on the Answer”). From there, pick the path that fits your work.

Essentials Path

For Congressional staff, journalists, and policy generalists, read:

1. “The Confronting Unknowns Framework” (Part I),
2. “Learning from Today: New Jersey Media Melee” (Part III), and

3. “Implications by Audience: Action” (Part IV).

Operator Path

For emergency managers, agency leads, and congressional-oversight staff, read:

1. “Crisis Playbook” (Part I),
2. “Diagnostic Markers for the Next Incident” (Part IIT), and

3. “Action 3: Improve Aerospace Incident Readiness € Response” (Part IV).

Researcher Path

For researchers, sensor specialists, and data practitioners, read:

1. PartII: Detect € Identify,
2. Appendix D: Sensor Capabilities — Observables, Modalities, and Limitations, and
3. Appendix H: Simple Probabilistic Case Analysis.
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Executive Summary

The case for confronting anomalous aerospace events does not depend on what they turn out to be. Whether the
objects are ordinary or extraordinary, the institutional work required to face them is the same, and it is overdue.
A nation should be able to say what it does and does not know about the objects in its own airspace. Today it
often cannot, as evidenced by large-scale incidents over a wide-range public, critical, and military with real conse-
quences. The gap is largely about engineering, inference, communication, and the systems that connect them —
not just about the objects themselves. A nation that cannot identify what is in its airspace has a safety problem,
one that cannot communicate honestly about what it does and does not know has a trust problem.

Three forces make this urgent now. Airspace is more crowded than the systems built to watch it: more than
one million drones were registered with the Federal Aviation Administration (FAA) by December 2024, tracked
by systems designed for an earlier era. The legislative response is accelerating and contradictory, with states stand-
ing up Unidentified Anomalous Phenomena (UAP) research centers and airspace task forces while Congress
weighs dissolving a federal office meant to coordinate the problem. And the online information environment has
compressed decision timelines from weeks to hours: the New Jersey drone incursions generated more public dis-
course in 72 hours than the entire Project Blue Book archive, leaving officials to choose between speaking early
and ceding the narrative to speculation.

New Jersey showed the cost. Over the 76 days between the first sighting at Picatinny Arsenal and a White
House statement that the drones had been "authorized... for research and various other reasons,” no entity or
authority held the seam between the FAA, Department of Homeland Security (DHS), Federal Bureau of Inves-
tigation (FBI), Department of Defense (DoD), and state emergency management. A year later, the governor's
office still had no definitive explanation. The most consequential signals were never the objects; they were the
institutional responses of contradictions, silences, expertise refused, closure declared without explanation.

We propose treating anomalous events as a pipeline of four interdependent stages. ‘Detect’ captures and
preserves evidence with sensors and observers calibrated for objects outside known profiles. ‘Identify’ translates
that evidence into ranked hypotheses under explicit uncertainty, rather than a binary "resolved / unresolved" ver-
dict. ‘Respond’ coordinates the inter-agency decision chain so that "who decides, and on what evidence?" has an
answer before the next event. ‘Explain’ communicates findings and uncertainty to the audiences who need
them—commanders, congressional staff, journalists, and the public.

Part I: The Problem explains the problem being faced. Part II: Detect € Identify and Part I1I: Respond € Explain
develop approaches to a solution in full. See Part IV: An Action Agenda for New Unknowns for detailed policy
prescriptions.

Our recommendations are agnostic to what such anomalous objects turn out to be. Four are the most impactful:

1. Stand up an inter-agency communication protocol for anomalous aerospace incursions. Direct the Na-

tional Security Council (NSC), FEMA, and other federal agencies to develop and exercise it, on the
model of existing pandemic, nuclear-incident, and natural-disaster playbooks. This is the one recommen-
dation the others depend on: every sensor upgrade and analytic method still has to run through the same
inter-agency seam that failed over New Jersey.

Confronting Unknowns 1



2. Create named research funding categories for anomalous-phenomena studies at NSF, DOE, and NASA.
The absence of a category under its own name is what makes the field institutionally invisible today;

naming it is a simple and impactful way to facilitate serious academic and institutional participation.

3. Train the communicators who will face the next event—public affairs officers, journalists, platform

trust-and-safety teams, and frontline operators and clinicians. Map the information environment, build
a citable clearinghouse of vetted sources, and engage the public deliberately.

4. Pursue a Church Committee-style formal accounting of prior information-management practices. Be-
fore any new response infrastructure is built for aerospace events, we must understand the gaps of recent

and past systems. Any communication or disclosure framework will be weighed down by an unresolved
historical ledger. Whistleblower protections pair with this recommendation.

This is the throughline stated at the outset: the argument does not depend on the answer. If the unknowns prove
mundane, the same infrastructure improves aerospace safety, operational awareness, and public trust. If they, or
even one, prove extraordinary, it provides the evidentiary foundation without which extraordinary claims cannot
be responsibly evaluated. The first step does not change. What it requires is better engineering, better inference,
better communication, and better institutional design.
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Part I: The Problem

Recurring Incidents, Repeating Failures

1. Why is this moment more urgent than earlier waves of unidentified-object sightings?
What happened over New Jersey in late 2024 and why has no one explained it since?

3. Is New Jersey an isolated episode, or one instance of a recurring pattern that keeps ending the
same way?

4. What would it take to respond to such events without first resolving what the objects are?

Reports of unidentified objects over military and civilian airspace go back decades, and so do the institutional
struggles to explain them. What separates the present moment is not the objects but the conditions surrounding
them. Three forces have converged that did not previously exist together: a crowded airspace, a contradictory
legislative response, and a compressed information environment. None of the three depends on what the objects
turn out to be. Together they leave less margin for getting the next response wrong.

Why Now Is Different

The airspace is getting more crowded. Commercial and military drones, autonomous systems, and low-Earth-
orbit satellite constellations mean more objects in the sky than existing systems were designed to track. More than
one million drones were lawfully registered with the Federal Aviation Administration (FAA) by December 2024
[1]. The U.S. Army alone requested more than $400 million for counter-small-unmanned aircraft systems (UAS)
systems in fiscal year 2025 [2]. The volume of potential anomalous events will increase whether the underlying
phenomena are changing.

The legislative tempo of UAP-oriented legislation is accelerating, yet its direction is increasingly con-
tradictory. The proposed Unidentified Anomalous Phenomena Disclosure Act (UAPDA) [3] would establish
formal declassification processes and an independent review board with eminent-domain authority over recov-
ered materials. The Safe Airspace for Americans Act addresses operational response authorities. New Jersey passed
Assembly Bill A-5712 in January 2026, establishing a state-funded Center for the Study of Unidentified Aerial
Phenomena with $2.5 million in research grants. Vermontintroduced Act H.654, proposing a state airspace safety
task force and House Bill 5422 is advancing in Connecticut, proposing a similar task force structure. There are
legislative infrastructures being built in the absence of adequate federal action. Meanwhile, at the federal level,
House Bill H.R. 8197 would dissolve the All-domain Anomaly Resolution Office (AARO) entirely and prohibit
creation of any future centralized UAP office, redistributing its functions across the Pentagon. State legislatures
are building new capacity while Congress is considering dismantling it federally. The contradictory trajectories
make the coordination problem worse with each session.

The online information environment has compressed decision timelines and is driving conflicting pub-
lic narratives. A sighting that in 1997 took weeks to reach national awareness and months to necessitate an offi-
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cial response (the Phoenix Lights [4]) now saturates social media within hours. The 2024 New Jersey drone in-
cursions generated a volume of public discourse within seventy-two hours that dwarfs the entire Project Blue
Book [5] case archive in scale. Decision-makers who once had weeks of quiet investigation before issuing public
statements now face a choice between immediate communication and ceding the narrative to speculation. The
media and entertainment industry compounds this: the Age of Disclosure documentary [6], featuring 34 senior
government officials, reached mainstream audiences in 2025. The information environment will not slow down
to wait for institutional readiness.

As said by Ryan Graves, a former Navy F/A-18F pilot who testified before Congress regarding his squadron’s
UAP encounters in 2023 and now leads Americans for Safe Aerospace, “There is really no closed system that
would actually allow us to respond in a manner that would prevent an adversary from causing harm.” Radar
operators, pilots, intelligence analysts, and public affairs officers are, in most cases, doing their jobs competently
within the systems they have been given; the unresolved volatility lies in the loose patchwork connecting those
systems and, and in the absence of mechanisms for them to align.

These pressures expose three failures that recur across incidents worldwide, including over restricted military air-
space: our ability to detect, identify, and track unknown objects is inadequate; we lack the institutional capacity
to communicate and coordinate across agencies; and we lack clarity over who holds the authority to respond. Left
unaddressed, the same gaps that produce confusion today could fail to surface a genuine homeland-security threat
tomorrow. The New Jersey events of late 2024 made all three visible at once.

...our ability to detect, identify, and track unknown objects is inadequate; we
lack the institutional capacity to communicate and coordinate across agen-
cies; and we lack clarity over who holds the authority to respond.
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Something above New Jersey

The Picatinny Window

On the evening of November 13, 2024, personnel at Picatinny Arsenal in northern New Jersey observed lights of
unknown origin maneuvering above the installation [7]. Within days, reports multiplied across New Jersey and
into neighboring states. The FAA issued temporary flight restrictions. A state senator called for a limited state of
emergency. The FBI and DHS issued a joint statement asserting “no evidence” of a threat. President-elect Trump
posted on Truth Social, “shoot them down.” President Biden said, “nothing nefarious, apparently.” By December
18, the FAA had imposed 22 flight restrictions across the region. Communities organized watches, launched
drones, shone lasers at the sky, and fired weapons. A retired Army counter-UAS specialist offered his expertise to
law enforcement and was frozen out. Twenty-one mayors signed a letter to the governor demanding answers. A
classified briefing for 185 mayors produced no answers. The incident did not resolve; it remains unaddressed [8].

On January 28, 2025, Press Secretary Karoline Leavitt stated: “After research and study, the drones that were
flying over New Jersey in large numbers were authorized to be flown by the FAA for research and various other
reasons.” Yet even an entire year later, the governor’s office confirmed it had never received a definitive explana-
tion from federal authorities [8]. Figure 1 traces a 76-day arc from the first Picatinny sighting on November 13,
2024, to the White House closure on January 28, 2025.

The most consequential signals were never the objects in the sky. They were the institutional responses: contra-
dictions, silences, expertise refused, closure declared without explanation. Each response shaped the next, and by
the end those responses had produced consequences far more durable than the objects ever did: state legislation,
congressional hearings, and proposals to restructure how the federal government handles the problem.
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New Jersey Drone Incursions
Timeline and Failure Modes - November 2024 — January 2025

Picatinny Arsenal
Unknown lights observed above installation

FAA flight restrictions
TFRs over Bedminster, Picatinny

FBI Newark opens investigation
Public tip line activated

Dec 8
21-mayor letter
Morris County mayors demand answers from Governor Murphy

Dec 10
State senator: emergency
Sen. Bramnick calls for state emergency declaration

C Dec 11
"Iranian mothership" claim
Rep. Van Drew on Fox; Pentagon denies same day

Dec 13

Stewart Airport closure

FAA: ~1 hr ground stop; drone within 25 ft of
c-17

Dec 15-16

FBI/DHS: "nothing nefarious"

Joint statement; Biden: "apparently" no threat

Dec -19
‘ FAA issues 22 TFRs
7] Critical-infrastructure ban; laser-strike surge (269%); Trump: “shoot them down”

WH: "FAA-authorized research"
Leavitt frames closure; no operator named

FOUR FAILURE MODES VISIBLE IN THE TIMELINE

1. No identification framework 2. No inter-agency protocol

Binary: threat / not threat stance. FBI, DHS, FAA, DoD operated independently.
No structured uncertainty Inadequate coordination

3. Communication vacuum 4. Response became signal

Contradictory statements filled by Political pressure drove premature closure
speculation and improvisation rather than better investigation

Sources: Scaduto 2026; DHS/FBI/FAA/DoD joint statements; WhiteHouse.gov; FAA NOTAMSs; contemporaneous press.

Figure 1: Timeline of the New Jersey drone incursions, November 2024 — January 2025.

6 Confronting Unknowns



A Pattern of Incidents Worldwide

The New Jersey airspace incursions were among the most publicly visible instances of a recurring pattern of

events. New Jersey did not begin that pattern, but it brought the pattern into sustained public view; comparable

episodes preceded it and have continued since, across military installations and civilian infrastructure in both

North America and Europe. What links these events is less any single explanation for the objects themselves than

the response sequence each one set in motion. (See Appendix G: “Drone Wave” Timelines for a comprehensive

timeline of recent ‘drone incursions’ or ‘waves.’)

North American Aerospace Defense Command (NORAD) Shootdowns after Chinese Balloon
Incident: In February 2023, the military shot down three objects over North American airspace; those
three were declared likely benign, but despite a major mobilization little further explanation ever fol-
lowed. They came amid heightened sensitivity after NORAD tracked a Chinese surveillance balloon
from Alaska to South Carolina, drawing days of national attention before an F-22 shot it down off Myr-
tle Beach.

Langley Air Force Base: In December 2023, unidentified aerial objects conducted sustained incursions
over Langley Air Force Base in Virginia, home to the Air Force’s first fighter wing, over roughly 17 days.
The objects operated at night, exhibited flight characteristics inconsistent with standard commercial or
recreational drones, and evaded identification despite the base hosting some of the most advanced aero-
space sensor systems in the DoD inventory. The Wall Street Journal reported that the incidents
prompted the temporary relocation of F-22 Raptors to Naval Air Station Oceana which affected air cov-
erage of the U.S. Capitol [9]. No public attribution has been made.

Denmark Drone Wave: In Europe starting around September 2025, a wave of unknown objects anal-
ogous to the “NJ wave” was seen across NATO member-states” military bases and civilian infrastructure
in Europe [10], prompting shutdowns and precautionary measures and disruptions even at public air-
ports. These public safety issues mixed with geopolitical ones in the backdrop of the war in Ukraine,
leading to suspicion and presumption of Russian involvement despite no evidence being presented on
either side.

Barksdale Air Force Base: In early March 2026 unknown objects were reported over Barksdale Air
Force Base in Louisiana, a nuclear-capable bomber base. This prompted a response from the Air Force
Global Strike Command [11] although as of this writing no official explanation has been provided. This
is despite an internal Air Force briefing document, quoted by ABC News, warning that “drone incur-
sions at BAFB pose a significant threat to public safety and national security” because they require flight-
line shutdowns and place manned aircraft already in flight at risk [12].

The same structure repeats across these incidents:

Ll e

an object appears,

existing systems fail to identify it,

institutional communication fractures, and

the public is left with contradictory narratives and residual distrust.

Confronting Unknowns 7



@lé

Figure 2 below shows the geographic and temporal clustering of major incidents across U.S. military and critical-

infrastructure sites, focusing on late-2024 incidents.' Figure 3, further below, shows additional late-2024 incur-

sions over U.S. sites in Europe, as well the European wave of 2025 over many nations’ critical civilian and military

infrastructure.
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Picatinny Arsenal nov 13
Unknown lights over the Army arsenal opened the wave.

Stewart Airport Dec 13-14
Runways closed ~1 hr; UAS reportedly came within 50 ft

of a C-17 transport.
NWS Earle pec 13

e The Colts Neck naval weapons station confirmed multiple
drones entering its airspace.

Salem / Hope Creek Dec 12
Drones reported near the nuclear complex; the utility
asked the FAA to restrict the airspace.

TIMELINE

New Jersey
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Beaufort Sea

e
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i Salem / Hope Creek
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Langley AFB Dec 2023
Drone sightings disrupt operations for 17
days forcing strategic aircraft to relocate.
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helicopter. The patient was rerouted to a backup
landing zone.

° Shootdowns reb 2023

Fighter jets are scrambled to
fire on unidentified objects on
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first shootdowns ever conducted
over NORAD airspace.

Coast Guard - Island Beach Dec 10-11
Multiple low-altitude craft were reported shadowing a USCG vessel offshore.

Wright-Patterson AFB Dec 13-17

Base airspace was closed for ~4 hours amid repeated small-UAS sightings.

Figure 2: Timeline of major incursions between 2019-2024 of unknown objects or drones over the U.S. involving critical infrastructure

or significant response by military or law enforcement, with particular attention on the late-2024 wave concentrated over New Jersey.

! We are focusing on higher-profile events that have been publicly reported. Ongoing public records investigations indicate

a number of events over critical infrastructure of analogous severity to the ones we list, except without comparable media

coverage. See [13], for example—we thank its author, John Malaska, for sharing a number of valuable details, many of which

will be available in his forthcoming articles.
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Europe’s 2025 Drone Wave, Related Incidents
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Figure 3: Timeline of the recent European Wave of major aerial incursions, mostly reported as ‘drones’, over military and civilian critical
infrastructure across Europe, with particular attention paid to the late-2025 wave, and incidents in late-2024 coincident with the so-

called NJ Wave.
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The Confronting Unknowns Framework

The Confronting Unknowns Framework (CUF) proposes treating anomalous events as a pipeline of four inter-
dependent stages:
Detect, Identify, Respond, and Explain (D-I-R-E).

It differs from legacy approaches in that uncertainty, rather than being forced to dissolve into a resolved/unre-
solved dichotomy, is made explicit and carried all the way from detecting to explaining anomalies to the audiences
who need them: operational commanders, congressional staff, journalists, as well as the wider public who watch
the same skies. As shown in Figure 4 below, data flows left-to-right through Detect — Identify — Respond —
Explain. At each junction, the downstream stage targets uncertainty in the previous stage to offer iterative im-
provement, whether by increasing the sophistication of the analysis or offering more concrete actions and out-
comes, or both.

Confronting Unknowns Framework

X (> ) X X (4)
Analyze Assess Decide
Events Scenario Actions g
refine IDENTIFY Improve address EXPLAIN
Is something Sensors What could it Models What steps Public How to
there? possibly be? to take? communicate?

. E.

Figure 4: The Confronting Unknowns Framework, in which data flows through Detect, Identify, Respond, and Explain stages.

Our perspective is that central to thoughtful emergency responses is the ability to retain a sense of proportion for
what could be causing an event, without jumping to conclusions.”

* Supporting CUF is a set of hypotheses and a suggested approach to managing it. See “Identifying Unknowns”in Part II:
Detect & Identify.
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Detect: Is Something There?

Military radars are optimized for known profiles: aircraft with expected signatures, speeds, and altitudes. Air traf-
fic control tracks cooperative targets broadcasting transponder signals. Weather radars, satellite constellations,
and maritime monitoring systems observe the relevant domains but were never designed to correlate their data
around anomalous events. Indeed, most of the sensor stack inherited the mission of an earlier era. Post-Sputnik
radars were tuned to detect intercontinental ballistic missiles.

None of these systems was tasked to characterize objects whose kinematics—the geometry of motion—did not
match the threat the system was built to detect. That’s why we have the paradox of capable sensors but face siloed
data, processing pipelines tuned to suppress the signals that matter here, and retention policies that discard po-
tentially relevant information before anyone thinks to look for it.

Capable sensors, siloed data, and processing pipelines are tuned to sup-
press the signals that matter here, and retention policies discard relevant
information before anyone thinks to look for it.

|dentify: What Is It?

The conventional UAP approach sorts anomalous events into “resolved” and “unresolved.” This is useful for top-
line bookkeeping but poorly suited to events that develop over time, involve partial evidence from multiple mo-
dalities, or demand decisions before definitive attribution. A radar track that is 60% consistent with a commercial
drone, 25% consistent with an atmospheric artifact, and 15% consistent with something genuinely unusual is
poorly summarized by the “unresolved” label.

Respond: What To Do, and Who Decides?

Respond is the stage where identification becomes action: who is notified, who decides, on what evidence, and
with what authority. The New Jersey incursions showed what happens when none of that is settled in advance.
No agency held the seam between the FAA, DHS, FBI, DoD, and state emergency management, because the
event never crossed any single agency's threshold for a credible threat, and so the response was improvised in

public.
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This paper treats response in three places rather than one. The “Crisis Playbook” later in this Part gives senior
decision-makers a structured way to act in the first hours of an incident: classify the situation, work a pre-desig-
nated contact chain, guard against decision traps, and select a proportionate, authorized response. Part I1I: Re-
spond € Explain examines how the New Jersey response broke down and what an aligned response would have

looked like.
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Part IV: An Action Agenda for New Unknowns translates both into an action agenda for readiness and inter-
agency coordination.

Explain: What To Say, By Whom and When?

When communication is treated as an afterthought it becomes the most consequential signal of all. The infor-
mation vacuum® in 2024 was filled by a Congressman’s claim of an Iranian mothership, a loose-nuke theory that
migrated from a podcast to mainstream media, and a mass-hysteria narrative that dismissed credible eyewitnesses
alongside dubious ones. The framework provides a fourth option with Explain: follow a structured protocol that
preserves evidence, manages uncertainty, and communicates clearly under uncertainty.

The following tables summarize strategies for four audiences. Policymakers should review Table 1 below, Opera-
tors refer to Table 2, Researchers to Table 3, and Communicators to Table 4.

A radar track that reads as 60% consistent with a commercial drone, 25%
consistent with an atmospheric artifact, and 15% consistent with something
genuinely anomalous cannot simply be labeled ‘unresolved..

? The measurement of information vacuums is ongoing and includes work among some of the authors [14].
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Table 1: Strategy for Policymakers.

For Policymakers

The New Jersey incursions were not a failure because anyone refused to act; they were a failure because no
one owned the boundary between FAA, DHS, FBI, DoD, and state emergency management. The single
highest-leverage federal action is to designate an inter-agency communication protocol for anomalous aero-
space incursions, analogous to the playbooks that already exist for pandemics, nuclear incidents, and natural
disasters. State-level capacity-building (A5712, H.654, HB 5422) is constructive but will fragment the prob-
lem further without a federal-state coordination layer. Various pending bills cut in opposite directions: the
UAP Disclosure Act would build institutional capacity, while HR 8197 would dissolve AARO. The un-
managed contradiction between UAPDA and HR 8197 is the federal-level analogue of the December 2024
boundary problem.

Actions Impact
1. Fund named research tracks at NSF/DOE/NASA. Validates academic participation, fos-
2. Direct NSC and FEMA to establish crisis protocols. ters emergency readiness, and builds

3. Initiate a "Church Committee"-style historical ledger accounting.  public trust.

Table 2: Strategy for Operators

For Operators

Pilots, controllers, radar techs, and counter-UAS teams are, in most cases, doing their jobs competently inside
systems that were never built to talk to each other. Preservation of the raw record (calibration state, ancillary
telemetry, chain of custody) before triage is incredibly useful.* First responders and frontline operators
should expect, and prepare to answer honestly, questions such as, “How do you know it's not a danger if you
don't know what it is?”

Actions Impact

1. Enforce raw sensor data and metadata preservation before triage  Eliminates data loss, prevents prema-
or transfer. ture closure, and builds an auditable
2. Explicitly log multi-sensor confirmations, recognizing that the operational picture.

correlated product may classify differently than any single input.

3. Utilize a spectrum of explanatory hypotheses, so handoffs carry

calibrated uncertainty rather than premature label.

4. Generate a releasable tear-line summary for cross-agency handoffs.

* Once an event has been reduced to a narrative summary, the sensor metadata needed to re-analyze it is usually gone. NASA's
independent study team found that UAP analysis is hampered by poor sensor calibration, missing sensor metadata, and a
lack of baseline data, and AARO itself reports that hundreds of its cases lack sufficient data to support analysis, with case
resolution constrained by a shortage of timely, actionable sensor data.
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Table 3: Strategy for Researchers

For Researchers

The empirical record visible from outside government is fragmentary: the New York Times videos in 2017,
congressional testimony, thousands of narrative reports from contemporary and historical organizations like
Americans for Safe Aerospace (ASA), National Aviation Reporting Center on Anomalous Phenomena
(NARCAP), Mutual UFO Network (MUFON)), etc., and the open-source residue of incidents like Langley
and Barksdale. No civilian science agency offers a competitive grant category under which UAP-relevant
work can be submitted by its actual name. The result is a research community that exists but is institutionally
invisible. There are falsifiable studies that could materially affect our understanding without requiring de-
classification such as re-analysis of weather radar archives during known incursions or developing atmos-
pheric-optics models for the most common misidentification modes.

Actions Impact

1. Execute observational feasibility studies. Maximizes data collection efficiency
2. Build pipeline-first artificial intelligence (AI) models using com-  and delivers falsifiable, peer-reviewed
mercial foundations. data.

3. Focus on cross-disciplinary Focused Research Organization
(FRO) structures.

Table 4: Strategy for Communicators.

For Communicators

The most useful intervention is also the least dramatic: maintain the distinction between the phenomena
and the institutional response, because conflating them is precisely what produces both premature debunk-
ing and conspiratorial drift. Journalists, response communicators, and the public inherited a fragmented in-
formation environment: a State Senator calls for a limited state of emergency and a Congressman invokes an
Iranian mothership in the same week[15]—“what is in the sky” and “what is happening in government”
became indistinguishable in the news feed.

Actions Impact

1. Implement the Observer Education Feedback Loop. Minimizes speculation, manages dis-
2. Pre-draft intermediate "unknown" response templates. information, and raises incoming re-
3. Train public affairs officers and platforms. porting signals.

Confronting Unknowns
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Crisis Playbook

This section sets out an emergency protocol for senior decision-makers confronting airborne anomalies over mil-
itary installations. It provides a structured framework for action during the first hours of an event, when the iden-
tity, intent, and significance of the object remain uncertain and the situation is still evolving.

Drawing on crisis-management practices from defense, public health, and critical infrastructure, the playbook

» <«

replaces the legacy defaults of “ignore,” “classify,” or “call a press conference” with a deliberate response sequence

built around four capabilities:

1. Proper Situation Classification: A taxonomy of event types (from routine airspace anomalies to
multi-domain events) to determine the response posture within minutes.

2. Streamlined Contact Protocols: A clear inter-agency hierarchy among the Federal Aviation Admin-
istration (FAA), Department of Homeland Security (DHS), Department of Defense (DoD), All-domain
Anomaly Resolution Office (AARO), state emergency management, scientific advisors, and media com-
munication chains.

3. Decision-Trap Awareness: Structural workflow checks to counteract cognitive vulnerabilities like
premature closure ("it's just drones"), authority bias, availability bias, and anchoring.

4. Appropriate and Graduated Response Options: A tiered menu of proportionate actions, spanning
enhanced passive monitoring to physical intercept, backed by pre-identified legal authorities and escala-
tion criteria.

The institutional investments that make these response options possible, including sensors, protocols, research
funding, and public-trust infrastructure, are the subject of Part IV: An Action Agenda for New Unknowns.
1. Classify the Situation

The first task is to set a response posture within minutes, before anyone can say what the object is. Classification
is therefore keyed to what can be observed immediately, where the object is, how it is behaving, and how long it
persists, rather than to a resolved identity. A workable scheme runs in four tiers as seen in Table 5 below.
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Table 5: Situation classifications to set a response posture before identity is known.

Tier Trigger Response posture

Tier 0: Routine Identified or low-concern traffic in ordi- Log and monitor; no activation
nary airspace

Tier 1: Ambiguous  Unidentified object, no threat indicators  Activate detection and identification; des-
ignate an incident commander; prepare
public communication before speculation

fills the gap

Tier 2: Concerning  Unidentified object with risk factors: re-  Interagency activation; graduated-response
stricted-airspace penetration, proximity ~ options on the table
to critical infrastructure, coordinated
movement, or persistence across hours

Tier 3: Hostile or Confirmed hostile act, or an event span-  Full incident command under defensive
multi-domain ning air, cyber, and ground at once authorities

Posture rises or falls as evidence accumulates. What matters is that the event enters a defined tier at once, rather
than waiting on an identification that may never arrive.

2. Work the Contact Chain

Even as an event may fail to cross any single agency's’ threshold for a credible threat, a seam of inter-agency com-
munications, decision-making, and authority-handover must be held, with means for escalation depending on
severity. Having a contact chain in advance can settle uncertainty over who and how to hold the liminal area
between agencies. Three elements should be fixed before an event rather than during one:

- A designated Incident Commander for each tier and location, so that "who is in charge?” has an answer
at minute one.

- A notification order naming which agencies are called, in what sequence, and with what authority: the
FAA and the air-defense element (NORAD) first, then DHS, FBI, AARO®, and state emergency man-
agement, with scientific advisors and a public-affairs lead brought in as the tier warrants.

- A ssingle Joint Information Center authorized to speak, so that one account reaches the public rather
than competing statements that can drive mis-information cascades. A classified-to-unclassified bridge

5 Such as but not limited to FAA, DHS, FBI, DoD, and state emergency management.

®Ora contemporaneous, authoritative anomaly-focused organization.
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should run alongside it, so the people who need to act are not blocked by the classification of what is
known.

3. Guard Against Decision Traps

Ambiguity under time pressure is the exact condition in which judgment degrades, and the usual failure is a prem-
ature collapse of uncertainty in one direction or the other.” Most common traps can be countered with modest
preparations and protocols:

- Premature closure: the urge to call an event "resolved” simply to end the discomfort of not knowing
Counter: require an explicit set of ranked hypotheses (the H1-HS hypothesis space), and treat "unre-
solved” as an honest, reportable state rather than a failure.

- Anchoring: the first explanation offered tends to dominate everything after it.
Counter: generate competing explanations before settling on any one.

- Authority bias: deferring to the most senior voice instead of the evidence.
Counter: keep the assessment of evidence separate from the rank of the person making it.

- Availability bias: over-weighting the most recent or most vivid event.
Counter: reason from current landscape, not from the last drone wave.

4. Match the Response to the Threat

Response should rise and fall with the situation tier, and each step should be authorized in advance rather than
improvised.® The institutional version is deliberate and proportionate. A graduated ladder runs roughly as shown

in Table 6 below.

7 In the December 2024, a "no threat" reassurance and an "Iranian mothership” rumor were the same error pointed opposite
ways.
$ Part III: Respond € Explain documents what happens when escalation is left to improvisation at the community level:

observation gives way to interception, and then to undesired effects such as civilians lasing commercial aircraft.
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Table 6: Graduated Response Ladder showing proportionate actions that can be pre-authorized.

Rung

Action

Authority to authorize

Move up a rung when...

1. Passive monitoring

2. Active tracking and
identification

3. Deterrence and air-
space control

4. Physical interdiction

Enhanced sensor atten-
tion; no engagement

Cue additional sensors,
dedicate assets, work
the identification pipe-
line

Position assets, issue a
Temporary Flight Re-
striction where war-

ranted, signal presence

Defeat or neutralize the
object

Local or agency opera-
tional lead

Agency operational lead,
with inter-agency notifica-
tion

Designated Incident Com-
mander; FAA for airspace
measures

Confirmed engagement
authority over the home-

land (legally unsettled)

The object persists or
moves toward a higher-
concern area

Risk factors appear: re-
stricted airspace, infra-
structure proximity, coor-
dinated movement

Threat indicators
strengthen or non-coopera-
tive behavior continues

A hostile act is confirmed
or a threat is imminent

Two requirements make the ladder safe to use. Every rung needs a named authority settled before the event, be-

cause the unresolved question of who may authorize engagement over the homeland is exactly the gap that pro-

duces either hesitation or overreaction in the moment. And the ladder needs explicit de-escalation criteria, not

only escalation criteria, so a posture can stand down as cleanly as it was raised. Skipping rungs under pressure is

the failure mode, so the menu exists to prevent it.

Taken together, these four moves are the acute-phase complement to The Confronting Unknowns Framework:

the framework is how to make sense of an event, and the playbook is how to hold a response together while that

sensemaking is still underway.

Confronting Unknowns
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Part ll: Detect & Identify

The Science Behind the Confronting Unknowns Framework

1. 'Why do modern sensor systems fail to reliably detect events that fall outside the categories
they were built for?

2. How do we tell a genuine anomaly from a sensor failure or a processing artefact?

3. What does it mean to identify an event probabilistically, rather than as resolved or unre-
solved?
What can artificial intelligence add to this work, and what should it not be asked to do?

S.  How does an analyst move from raw sensor data to a ranked list of explanatory hypotheses?

The Confronting Unknowns Framework (CUF) requires all its constituent elements of Detect, Identify, Re-
spond, and Explain to perform effectively and their handoffs to carry an event from first observation through to
public communication. Here we cover the key challenges of the Detection and Identification elements of CUF,
including discussing gaps and opportunities for improvement in the current practice of dealing with anomalous
events, and some of the limitations of our own framework and direction for future research.

Detecting Unknowns

Detecting unknowns starts with observing possible anomalies through technological sensors, human sensory ob-
servation (visual sighting), or both. A credibility dilemma has plagued observations of anomalies such as UAP.
Keep or discard observations that go against commonly perceived beliefs of what is possible or real? We dive deep
into the gaps and opportunities of human observations and sensors in this section.
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What Makes Something Anomalous: Six Observables

The Confronting Unknowns Framework endorses the Unidentified Anomalous Phenomena (UAP) defini-
tion from U.S. policy discussions, including the UAP Disclosure Act, as events exhibiting one or more of six
observables:

- Instantaneous acceleration absent apparent inertia

- Hypersonic velocity absent a thermal signature and sonic shockwave

- Transmedium travel (e.g., space-to-ground, air-to-undersea)

- Dositive lift contrary to known aerodynamic principles

- Muldispectral signature control demonstrating intelligent stealth capabilities

- Physical or invasive biological effects on close observers or the environment

We discuss examples based on “Aerial” UAP, which is perhaps the most common type of anomalous inci-
dents, while recognizing that “A” stands for “Anomalous,” a broader category that spans across multiple do-
mains (space, submerged, transmedium, etc.).

Inset A: Observables associated with Unidentified Anomalous Phenomena.

The Observation Credibility Dilemma

A core challenge of UAP detection has been evaluating the credibility of any given observation. The high volume
of observations that have been outright dismissed due to “low credibility” of either the technological sensor or
the human observer has hindered operational decision making and slowed sensemaking. This dismissal is part of
along-standing social stigma and has led to the broader field of UAP investigation being dismissed as lacking rigor
and unworthy of serious investment.

A rigorous analysis of anomalous observations should not only preserve all relevant data, regardless of perceived
credibility, but also rate detection events by their level of credibility. Two elements correlate with the credibility
of a UAP observation: the training of human observers and the amount, diversity, and grade of sensor observa-
tions (collectively: technological capability). Both are typically the lowest for the public, the highest for the mili-
tary, and between these extremes for law enforcement and civil aviation personnel. Operational credibility scales,
including a composite detection-scenario scale and a human-observer rating system, are provided in Appendix J:
Observation credibility rating scale for frontline operations. The scales are designed as shared vocabulary for down-
stream analysis. The credibility of an observer, whether human or sensor, has direct consequences for how much
evidence is needed to reach a given confidence threshold. Figure S illustrates this ‘sensor shortcut™ to exceed
ninety-nine percent certainty on the leading hypothesis from a skeptical prior, dozens of independent civilian
eyewitness reports are required, whereas just several fused multi-sensor detections suffice. The numbers in this figure
use heuristics from the forensic science literature (e.g. [16]), where we rate a civilian witness as providing weak evidence, a
trained observer as moderate evidence, and a multi-sensor event as strong, starting from a highly skeptical prior of 1x 107° for
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the hypothesis. This is an illustrative example’ but the qualitative conclusion is robust: Bayesian updating rewards
evidence quality exponentially rather than linearly. As such, investing in calibrated detection infrastructure is not
merely preferable; it is the most impactful action available.

The Sensor Shortcut
Why evidence quality beats evidence quantity

ILLUSTRATIVE

extraordinary evidence threshold (0.99)

099 T = -
ri N = A Few versus
Multi-sensor ~ )
2 075 ' Fusion N = ADozen to cross extraordinary
3 Trained evidence threshold
©
2 Observers
L 0.50
r.\>.. Evidence
® Trained Observers — MODERATE quality
g Multi-sensor Fusion— STRONG per event
£ 025
Interpretation

Quality of evidence dominates quantity.

%o 5 10 15 20 25 30 , ‘ ‘
One calibrated multi-sensor detection

# of independent observations is worth ~10 anecdotes.

Figure 5: The ‘sensor shortcut’ is to improve evidence quality over quantity in Bayesian UAP identification.

From Explanation to Better Detection: The Observer Education Feedback Loop

A systematic effort to explain resolved UAP cases to the public creates a positive feedback loop for detection
quality. When observers, particularly untrained ones (ratings 1 and 2 on the frontline credibility scale, see Appen-
dix J. Observation credibility rating scale for frontline operations), are educated on prosaic causes behind com-
monly reported aerial phenomena (satellite constellations, atmospheric optics, drone swarms, classified test plat-
forms), they develop better mental models for distinguishing the mundane from the genuinely anomalous. This
raises the signal-to-noise ratio of incoming reports and focuses analytical resources on cases that most warrant
investigation. The same principle applies to trained observers at higher credibility ratings, who benefit from ref-
erence frames that account for rapidly evolving aerospace technologies, including those that are classified and
therefore indistinguishable from truly anomalous phenomena to even well-trained eyes.

This educational effort must acknowledge that the boundary between "advanced technology” and "anomalous”
is not static. The current UAP landscape is almost certainly a heterogeneous mix of misidentified prosaic events,
advanced or classified human-made technologies, and a residual set of genuinely unexplained phenomena. Trans-
parent explanation of resolved cases preserves the significance of the unresolved while sharpening the collective
ability to isolate the truly anomalous signal. By closing the loop between investigation outcomes and observer
education, the CUF can progressively elevate baseline observer competence across all categories.

? Analysts assigning different likelihoods will reach different thresholds.
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Hotspots and Observation Bias

Spatial clustering of UAP reports is a familiar feature of the public record. Sightings concentrate in the American
West, along the Atlantic seaboard, in the Pacific Northwest, and on coastlines bordering restricted military air-
space. The temptation is to read these clusters as evidence of where the phenomenon occurs. A 2023 Bayesian
regression of 98,724 public UAP reports across the conterminous United States from 2001 through 2020 [17],
found instead that reports correlate with where the sky is easiest to see and where aerial traffic is densest.

The methodological implication is sharp: spatial clustering is, in part, a map of observation opportunity rather
than of phenomenon density. Any geographic-pattern claim must be corrected for observer density, sky-view
potential, and traffic before it can be treated as evidence about the phenomenon itself. Observer bias is a measur-
able confounding factor, present in every human report, that can be modeled and subtracted rather than treated
as disqualifying. The same logic applies to temporal clusters around news events, military exercises, and astronom-
ical phenomena.

The CUF accounts for this explicitly. Before any spatial or temporal clustering pattern is treated as evidence about
the phenomenon itself, the framework requires that observer density, sky-view potential, and traftic exposure be
characterized and corrected for. A hotspot that survives that correction carries genuine evidential weight. One
that does not is a map of observation conditions, not of anomalous activity.

Sensor Capabilities and Challenges

Technological sensors extend detection and measurement capabilities beyond the limits of unaided human per-
ception. These instruments enable detection, tracking, and characterization of objects and phenomena across a
wide range of conditions, including at long range, in darkness, through obscurants, and across portions of the
electromagnetic spectrum invisible to the human eye. Table 7 summarizes sensing capabilities that are relevant to
characterize an airborne target; each is described in detail in Appendix D: Sensor Capabilities - Observables, Mo-
dalities, and Limitations, alongside the sensor modalities that detect them. (Established infrastructure is covered
by Appendix C: Existing surveillance, sensing, and reporting infrastructure)

Table 7: Sensing capabilities to characterize airborne targets.

Type What it tells you Key sensors
Visual-thermal Shape, size, color, heat signature Cameras, infrared / FLIR
Kinematics Position, speed, altitude, heading, accelera- Radar, LIDAR
tion
Propulsion signatures Engine exhaust, sound, air disturbance FLIR, acoustic sensors
Composition Material type (metal, gas, fabric, etc.) Hyperspectral imager
RF emissions Radio signals, transponder identity, con-  AIS, ADS-B, spectrum analyzer
trol links
Magnetic anomaly Disturbance in the local magnetic field Magnetometer
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These observables are rarely available together. As such, the remainder of this section examines three structural
consequences: spectral composition as the oft-missed modality, the fragmentation of detections captured, and
the fusion necessary to compensate for these limitations.

The Case for Hyperspectral Sensors

Spectral imaging sensors are largely absent from the aerial platforms most likely to encounter UAP. Fighter air-
craft such as the F-35 and F/A-18 carry advanced sensor suites that fuse radar, electro-optical, and infrared data,
but these are optimized for threat detection and tracking, not for material identification. Similarly, c-UAS plat-
forms rely on radar and EO/IR sensors sufficient for quick threat/no-threat decision making but yield no infor-
mation about material composition. UAP identification has not historically generated the operational require-
ments that drive sensor integration on either fighter or c-UAS platforms.

Deploying spectral imaging in these operational scenarios presents non-trivial technical challenges, including de-
tection range trade-offs with instrument aperture and integration time, illumination dependency, complexity of
real-time data processing, and platform integration constraints (sensor size, cooling, weight, and power). How-
ever, recent military R&D efforts [18] targeting miniaturized hyperspectral sensors for small UAS, as well as early
flight demonstrations [19] of spectral payloads on tactical UAS and manned aircraft, suggest these challenges are
tractable and comparable in complexity to those already solved for existing FLIR and IRST systems. The recom-
mended first step is to fund the development of a Concept of Operations (CONOPS) and engineering require-
ments specifically addressing spectral sensing for UAP identification, and enabling conceptual designs and cost-
ing for integration across relevant aerial platforms.

Detection by Accident, Evidence in Fragments

Because detections originate from systems built for other missions, each data point captures only the fraction of
an event its mission requires: a defense radar fixes position and velocity but reveals nothing about composition;
an infrared targeting system produces striking imagery but cannot bound range. The most compelling cases in-
volve several simultaneous modalities, yet these are precisely the cases whose data is least often assembled into a
standardized package, with classification limiting validation in military contexts and stigma suppressing it in ci-
vilian ones. The result is an evidentiary record built from mismatched fragments.

Anomaly or Artifact? Ruling Out Non-Anomalous Explanations

Most sensor records of UAP events are serendipitous, unexpectedly captured by instruments calibrated for other
missions, in environments not chosen for the observation. The NASA UAP Independent Study Team identified
poor calibration, missing metadata, and absent baselines as the central data deficit. Before an event is treated as
anomalous, it must survive a first-pass assessment against the ordinary explanations that can mimic an anomaly:
sensor faults (calibration errors, processing artifacts, and environmental interference), deliberate adversarial ef-
fects (jamming and spoofing), and the canonical signal-processing pipeline itself, which routinely discards the
very returns that matter. Common ‘hygiene’ of a signal-processing pipeline includes Moving Target Indicator
(MTTI) and Doppler filters to suppress near-zero radial velocities, Constant False Alarm Rate (CFAR) algorithms
to censor sub-threshold targets, and tracker gates to reject kinematically improbable plots, producing a synthetic
blindness in which UAP-like signatures exist in raw data but never reach the display, as illustrated in Figure 6,
which contrasts what the sensor actually captured with the cleaned-up picture the operator is shown. Machine-
learning detectors do not inherently escape this: a model trained on conventionally labeled returns learns the same
rejection rules, reproducing the blindness in less transparent form unless built to flag anomalies rather than match
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familiar traces. A verifiable anomaly is what survives all of these checks and still shows signatures across different
sensor types. Appendix E: Diagnostic Triage for Sensor Faults, Interference, and Deception catalogs the principal
classes of explainable effect, the signatures by which each is recognized, the diagnostic questions that distinguish

it, and the corresponding mitigations.

Algorithmic blindness can mask underlying phenomena ILLUSTRATIVE

1. A sensor may capture evidence of UAP 2. Filtering and bias toward familiar traces

in its raw data but downstream induces ‘blindness’, preventing display
processing scrubs anomalies. of observed UAP to sensor operator

CLUTTER| Filtered out as “Clutter”
O I JE1e0y - Zero radial velocity
< (hovering)

N + Stunningly fast (above
\ aircraft limits)

* Erratic kainematics (no
Bézier track formed)

+ S1ze “Yelow min-

a_sensorahdlts detectavle-velocity gate
field of capture

UAP present

Figure 6: Algorithmic blind spots can manifest when legacy radar-processing pipelines filter-out low-radial-velocity or kinematically im-
probable returns, producing synthetic blindness in which UAP-like signatures exist in raw sensor data but never reach the tactical dis-

play.

Determining whether any of these underlies a given detection requires ancillary sensor data that typically exists
but is rarely released for independent analysis: calibration status, maintenance logs, firmware version, and raw
telemetry, along with records of how the same sensor behaved on known, prosaic objects. These are generally
recorded but often not retained or not made accessible' and may be irretrievably lost as a result. Establishing
detection-record standards that bundle this ancillary information with the primary observation would substan-

tially increase the credibility and analytical utility of sensor-based UAP reports.

10 This is owing to classification, retention policies, or the simple absence of any requirement to preserve them.
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Multi-Sensor Fusion

No single modality resolves a UAP detection, as each leaves gaps the others can fill. Multi-sensor fusion combines
them to constrain the hypothesis space: an event registered across radar, optical, and infrared simultaneously re-
jects most artifact and interference modes that would mimic a single channel. Fusion also enables triangulation
across spatially separated stations, which converts apparent angular motion into three-dimensional kinematics
and corrects for forced-perspective effects.

The NASA UAP Independent Study Team identifies multi-sensor, well-calibrated data as paramount for advanc-
ing the field. Operationally, the Galileo Project commissions all-sky infrared arrays paired with visible cameras,
RF, acoustic, and magnetometer sensors at fixed sites [20]. This multi-modal architecture is what makes it possible
to discriminate between explanatory hypotheses, thus building confidence in genuinely anomalous explanations
only after artifact and interference explanations have been independently ruled out across sensors.

Identifying Unknowns

UAP identification has historically been approached as retrospective case resolution: identified or unidentified,
resolved or unresolved. That binary model, inherited from Project Blue Book (1952-1969) and continued
through AARO, is useful for archival reporting but poorly suited to three real-world demands.

Table 8: Historical identification frameworks compared.

Framework Era Key categories Primary use
Project Blue Book 1952-1969 Identified, insufficient data, USAF case sorting
unidentified
Hynek classification sys- 1972 Nocturnal lights, daylight ~ Civilian and academic encounter
tem discs, radar-visual, close en-  classification

counters (1st—3rd kind)

ODNI / UAP Task 2021 Airborne clutter, natural Intelligence analytical classifica-
Force phenomena, USG/industry, tion
foreign adversary, other

AARO 2022-present  Same as ODNI plus re- U.S. government UAP investiga-
solved/unresolved labels tions
Confronting Unknowns 2026 Artifact, natural, unclassi- ~ Operational decision-making and
Framework (proposed) fied tech, classified tech, un- scientific sensemaking
known

First, many events develop over time and involve partial, multimodal evidence. A binary label applied at a single
point discards the structure of the evidence. Second, operational decision-making cannot wait for definitive at-
tribution. A probability distribution over explanatory hypotheses is more useful than a pending “unresolved”
label. Third, cumulative scientific analysis requires structured representations of uncertainty that can be updated

Confronting Unknowns 27



,.

)

&)

as new data, methods, or context become available. A case that resists resolution at first pass should carry a living
record of uncertainty rather than a closed file.

The alternative: treat identification as a function. Given a flagged event record, produce a ranked list of explana-
tory hypotheses with current probability assignments, explicit about the assumptions behind them, the dominant
uncertainties, and what additional evidence would most change the assessment. Rather than collapsing to a vote
that terminates as "unresolved,” the assessment updates across the hypothesis set as evidence arrives—a provisional
distribution rather than a verdict.

Anomaly Resolution: From Binaries to Probabilities

CUF proposes five explanatory hypotheses to form a set that is mutually exclusive and, by construction, collec-
tively exhaustive, allocating probability for explanations not yet articulated. The set is designed to be revised; as
evidence accumulates, a hypothesis may be split, merged, or added, and probability that once sat in HS may mi-
grate to a newly named category. This is a feature and is how the framework represents that the space of possible
explanations is not ‘mentally foreclosed.’

Table 9: CUF explanatory hypotheses.

Type Icon Hypothesis Description

H1 EH  Dataor Sensor Artifact ~ The apparent event is primarily a product of sensor behavior, pro-
cessing error, or interpretation failure.
Examples: parallax, lens flare, radar multipath

H2 = Natural Physical Source ~ The event reflects a known, real physical phenomenon from at-
mospheric, astronomical, oceanic, or geophysical causes.
Examples: birds, ball lightning, meteors, mirage
H3 Human-Made Physical ~ The event reflects a real object consistent with conventional or
Source (unclassified) commercially accessible technology.
Examples: space/air debris, satellite, balloon, crewed and uncrewed
aircraft (“drone”)
H4 A Human-Made Physical ~ The event reflects a real object associated with restricted state or de-
Source (classified) fense activity.
Examples: allied or adversary test program
Hs *  Unknown Physical Phe-  The event involves a real physical phenomenon not adequately ex-

nomenon plained by H1-H4. H5 functions as the open residual: it holds
probability for explanations the current hypothesis set does not yet
name.
Examples: novel natural phenomena, non-human intelligence, re-
sidual unknowns
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Three design choices distinguish this hypothesis space. Artifact (H1, H) is an explicit top-level hypothesis, not
merely an attribute of a report, because artifact classification is always in tension with the most exotic explana-
tions: for HS to rank high, H1 must rank very low. An event should be beyond reasonable doubt not a sensor
artifact before extraordinary explanations are entertained.

Human-made technology is bisected into unclassified (H3, X) and classified (H4, A): military sensor systems
disproportionately encounter classified programs: a collection bias with direct legal and operational implications
for stable identification.

The space of hypotheses affords prosaic explanations a natural home: a potential UAP later recognized as a civilian
aircraft falls squarely into H3, and categorizing known objects and phenomena is as valuable as categorizing un-
knowns, because it establishes a baseline for what “normal” looks like.

Two qualifications anchor the hypothesis space. First, anomalous and unknown are not the same thing. A phe-
nomenon can be genuinely anomalous yet already understood by someone. A classified program (H4, A) is the
clearest case, but the principle is general: knowledge is unevenly distributed, and what is unknown to a frontline
operator may be known elsewhere. The operational goal is therefore to move cases toward resolution by whoever
holds, or can develop, the relevant knowledge, resisting the treatment of 'unknown' as a permanent property of
the event. Second, the boundaries between categories are crisp in principle but can be fuzzy in practice, because
the line between 'natural' (H2, £) and 'unknown' (HS, *) tracks the provisional state of physical science. A phe-
nomenon classed as natural may later prove novel, or one classed as unknown may resolve to an unusual but
conventional process. Reclassification across these boundaries is expected as understanding improves; the frame-
work treats it as the system working, not failing.

Approaching identification with a probabilistic mindset means maintaining a distribution over all five hypotheses
that reflects current evidence—not collapsing prematurely to a single answer. The starting distribution is not
necessarily uniform: context carries information, and a prior that ignores it does not improve objectivity. In the
ideal case, evidence raises one hypothesis decisively: the functional equivalent of a "Resolved” case. In practice,
many incidents land in an intermediate state, with two or three hypotheses each holding 20-40% probability.
These are the hardest cases to respond to and explain, but the ones that most benefit from honest probabilistic
representation, as well as the ones where targeted collection has the highest expected payoff.

As a further example, Figure 7 illustrates our suggested approach, which assigns different probabilities to different
causes. A UAP ‘trilemma’ is presented, in which there is a tension of supporting multiple competing explanatory
hypotheses: H4 (classified human-made technology), HS (unknown phenomenon), and even H2 (natural phe-
nomenon) may explain the observation given the data, though none of these hypotheses alone can be assigned

with high (e.g., >80%) confidence.
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Typical Likelihoods across H1-H5 consistent with "UAP” sighting

50% ILLUSTRATIVE
H1 Artifact B l 2% \lustratize probability distribution
» Classified human-made and

unknovin dominate
o » /rifact and unclassified human-
10% made are ruled unlikely
» Natural has lovi but non-
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H2 Natural 2

H3 Human-made (unclass.) 3%

H4 Human-made (classified) A 43%

HS5 Unknown % 42%

0% 25% 50% 75% 100%

Posterior Probability

Figure 7: An example UAP 'trilemma’ of CUF hypotheses H1-HS5.

Functioning as a loop, the CUF ensures that communication failures feed back into detection and identification,

and institutional responses are architected in a manner to generate signals more consequential than the original

events. Feedback paths matter as much as the forward path: identification feedback refines detection parameters;

communication feedback refines the vocabulary and delivery of identification outputs; the accumulated record

of cases builds institutional knowledge for all stages.

Five Steps from Data to Ranked Hypotheses

A disciplined identification workflow runs in five steps. Each step is procedural for the operator and auditable

for a reviewer; the framework'’s probabilistic claims rest on the discipline of the earlier steps being done first.

1.

30

Integrity check. Before any inference, establish what kind of record is in front of you. Verify prove-
nance, calibration, and synchronization; look for the signatures of processing artefacts. The goal at this
step is not to confirm the data is anomalous. The goal is to confirm the data is what it claims to be.
Kinematic and signature analysis. With clean data, estimate position, velocity, acceleration, and tra-
jectory, each with explicit uncertainty bounds. Characterize additional observables—compositional,
acoustic, electromagnetic, and magnetic signatures or environmental effects. Separate what the sensor
measured from what an analyst inferred.

Context correlation. Run the event against the conventional explanations: air traffic, weather, astro-
nomical objects, satellite passes, launch records, and restricted-area operations. Most anomalous reports
resolve at this step.

Multi-sensor consistency. When the event survives context correlation, test whether independent sen-
sors and observers agree on the basic facts. Agreement across modalities raises confidence that the signal
is physical. Agreement alone does not make the signal anomalous.

Hypothesis scoring. Score the H1-HS hypotheses against the evidence, record the dominant uncer-
tainties, and route the case: archive, monitor, re-task for additional collection, or escalate for restricted
correlation.
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To illustrate how context shapes the result: in a wargame applying this workflow to a simulated low-altitude in-
cursion over a civilian area near a military installation, the two human-made explanations (unclassified and clas-
sified technology, H3 and H4) together dominate, with classified technology (H4) alone accounting for roughly
half the total. Running the identical evidence against a restricted military-airspace scenario shifts the result further
toward H4. Nothing the sensors recorded changed between the two runs; only the context (and, therefore, the
starting assumptions) differed. Context carries information; ignoring it does not improve objectivity.

A Note on Method: Probability in Emergency Management

Bayesian statistics are a method for reasoning under uncertainty. It starts by stating what is believed before new
evidence arrives, then revises that belief as evidence comes in, and rather than forcing a single yes-or-no verdict, it
produces a range of possibilities each weighted by how likely it is. For policymakers, the appeal is practical: it
requires analysts to put their assumptions in writing, makes any disagreement easy to trace to its source, and lets
an assessment to be updated as new facts emerge instead of being scrapped and rebuilt from scratch.

Because of these qualities, the method is established across high-stakes fields where decisions cannot wait for com-
plete data: emergency management situation awareness [21], early outbreak detection [22], wildfire [23] and
earthquake forecasting, and intrusion detection in critical infrastructure networks [24], among others [25], [26].

The implications for disaster response are direct: responders rarely have clean or complete data, yet must commit
resources before the picture resolves, and Bayesian methods let an assessment begin with whatever is known and
sharpen as observations accumulate.

Critically, these same response systems are inherently dual-use and portable to new domains. The sensor-fusion
and situation-awareness infrastructure built for emergency response and critical-infrastructure protection, dis-
cussed in earlier sections, already performs the core task UAP assessment requires, and would demand little fun-
damental modification: the analyst still weighs competing explanations, records the reasoning behind each, and
updates as evidence accumulates.

The way this paper handles uncertainty is deliberately kept simple. We name a fixed set of explanations, assign
each a rough starting probability based on context, and adjust them up or down as evidence comes in. We made
this choice for transparency: a decision-maker, a congressional staffer, and an analyst can all look at the same
numbers and pinpoint where they disagree, such as the starting assumptions or how well the evidence fits each
explanation.

We want to be explicit about what the simple version leaves out. Two limitations matter most. The first: we treat
the list of explanations as fixed during any single analysis, even though the framework is meant to be revised be-
tween analyses. More advanced methods handle this head-on: allowing the number of explanations to grow as
evidence accumulates, holding probability in reserve for explanations no one has named yet and creating a new
category only when the data genuinely call for one. Our open residual (HS5) is the plain-language version of that
idea, a deliberate reserve of probability set aside for the possibility that the current categories are incomplete, but
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a fuller treatment would let that reserve actually generate new, named explanations rather than leaving it to an
analyst's judgment to spot when one is needed."!

The second limit: we commit to a single set of starting assumptions for each context. A different tradition works
with a whole range of plausible initial assumptions at once and favors decisions that hold up well across the entire
range—often the more honest approach when reasonable people disagree about where to start. We use the single-
set approach because policy audiences need one legible picture, not a cloud of competing ones. But the confidence
of any single result depends on starting assumptions that other careful analysts could reasonably dispute.

The practical takeaway is modest and important: the framework's outputs are inputs to human judgment, not
replacements for it. The numbers are only as good as the explanations we thought to name, our reading of the
evidence, and the assumptions we started from, all three of which are revisable. Future work should build the
open-ended version of the hypothesis space formally, so that the reserve category does not merely sit as a place-
holder but actively proposes new explanations as evidence grows.

Anomaly Analysis: Artificial Intelligence for Unknowns

Recent advances in artificial intelligence create an opportunity to augment expert-driven identification across the
resolution workflow described above.

Large Language Models (LLMs) and multimodal models can assist by normalizing heterogeneous reports, ex-
tracting structured information from narrative text, correlating records against external databases, surfacing likely
artifact modes, triaging cases, and summarizing uncertainty for different audiences. They can also generate a pro-
visional distribution over the H1-HS5 hypotheses. Critically, AI makes the probabilistic framework itself more
accessible: Bayesian reasoning has traditionally required specialist statistical expertise, but Al tools can do the an-
alytical heavy lifting of integrating evidence streams, computing likelihoods, and updating estimates, while pre-
senting results as natural-language summaries and ranked hypothesis lists. This affords frontline practitioners to
apply rigorous probabilistic reasoning without deep statistical training.

Multimodal LLMs offer a specific capability relevant to UAP analysis: processing visual data (images, plots of
physical quantities) using few-shot, in-context learning. Where traditional machine learning requires hundreds of
thousands of labeled examples, multimodal LLMs can identify anomalies from a handful of data points, a prop-
erty well suited to a domain plagued by data scarcity. Over-simplifying: "given these 5 images of confirmed UAP
and these 5 images of conventional drones, reason about the next image and tell me if it's likely to be a UAP or a
drone, and why." The same few-shot approach is already being adopted in industry (e.g., manufacturing defect
detection) and applies to any data that can be rendered as an image, including sensor-data plots. A mere 20-second
military infrared video can be decomposed into timestamped multimodal observations: image frames, apparent
motion vectors, thermal contrast patterns, and scene metadata. Even 'small' UAP datasets can be enriched along
multiple dimensions (including visual, kinematic, thermal, temporal) to partially bridge this data gap.

" The idea of recursive hypothesis generation has been studied extensively in the statistics literature. See [27], [28] for foun-

dational sources.
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Multimodal LLMs can identify anomalies from a handful of data points, a
property well-suited to a domain plagued by data scarcity.

Testing these Multimodal LLMs for UAP analysis requires no new technology or large datasets: a small set (tens
to hundreds) of well-selected, validated examples plus access to state-of-the-art models suffices for early experi-
mentation. However, these systems are vulnerable to false confidence, inconsistent reasoning, hallucination, and
non-transparent failure modes, and their inference cost makes real-time or large-scale use impractical today, so
current results may be insufficient for operational deployment. Yet the pipelines are portable to better models as
the technology evolves and could soon exceed the performance and explainability of traditional methods that
require massive training datasets—and which do not yet exist for UAP.

Dual-use pathways using existing and emerging detection infrastructures

Much of the required detection infrastructure already exists; it is just not under that label as such. A mature eco-
system of counter-UAS, environmental monitoring, and industrial surveillance systems is already built to contin-
uously detect, classify, and respond to small, low-altitude, and hard-to-identify aerial targets.

This sensing capability extends beyond the air domain. Offshore and industrial sites increasingly deploy sensor
systems that include sonar for underwater detection (e.g. [29], [30]), identifying divers, submersibles, and anom-
alous objects near critical infrastructure. In maritime settings, combining these acoustic and sonar inputs with
radar, optical, and RF sensing is a natural extension for UAP detection.

In the security sector, modern counter-drone radars (e.g. [31], [32]) explicitly target objects most relevant to UAP
reporting: low-flying objects that are hard to detect by radar and move with irregular flight patterns. These sys-
tems increasingly read the fine motion signatures of an object’s moving parts using MTI/Micro-Doppler tech-
niques to distinguish birds, drones, and helicopters.

Environmental systems offer parallel capabilities. Bird-monitoring radar systems used in wind-farm operations
(e.g. [33], [34], [35]) continuously track and classify small airborne objects under noisy, real-world conditions,
integrating radar, optical sensors, and real-time analytics to track movement and trigger responses like turbine
shutdowns.

Atmospheric platforms sensing such as methane detection and anomaly mapping tools (e.g. [36]) can help explain
common misidentifications such as thermal inversions, gas emissions, or optical distortions. More broadly, the
field is converging on large-scale sensor networks, drone integration, and Al-driven analysis for observing com-
plex, dynamic systems (e.g. [37], [38]).

NASA, NOAA, the U.S. Space Force, and private-sector space companies are already building out the sensing,
cataloging, and traffic-coordination infrastructure needed to operate in an increasingly congested near-Earth en-
vironment (e.g. [38], [39], [40]). As satellite constellations, launch activity, and orbital debris grow, the technical
problem is no longer simply detecting objects, but integrating heterogeneous measurements, maintaining cus-
tody, filtering known objects, and sharing safety-relevant information across civil, military, and commercial users.
These efforts provide a useful dual-use model for spaceborne anomaly detection: not a dedicated UAP observa-
tory, but a federated architecture that combines public data systems, debris measurements, commercial sensing,
and operational space-domain-awareness capabilities.
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Across these domains, the bottleneck is integration and standardization, not novel sensing. A credible detection

framework for unknowns would emerge from federating existing industrial and environmental systems into an
open, multi-modal pipeline that both flags anomalies and rules out known objects under operational conditions.
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Part lll: Respond & Explain

What To Do, What To Say?

1. How did institutional communication break down during the New Jersey wave, and what
can we learn from the breakdown?

2. Why do anomalous aerospace events keep producing the same communication failures
across decades?

3. How can institutions communicate explicit uncertainty without amplifying speculation?

4. What does an aligned response look like in the first hours of the next incident?

Part III: Respond €5 Explain turns from objects to institutions. Communication failures recur across decades of
responses to anomalous events. This Part examines that breakdown, and what a disciplined response, one that
conveys uncertainty without feeding speculation, would look like in the first hours of the next incident.

Learning from Today: New Jersey Media Melee

As of the publication date of this paper, additional information regarding this incident is still being released into
the public domain. However, the incident highlights the communication challenges of anomalous aerospace
events. When there is no central institutional voice to speak clearly about unknown (or classified) events, the
information void is quickly filled with conspiracy theories, disinformation, and speculation which can quickly
escalate into public panic. There has been a century of challenges around government and media communications
regarding anomalous aerospace events dating back to the Cold War. These include files now on the public record
stating a formal policy to deny, stigmatize and debunk anomalous phenomena.

The lack of formalized acknowledgement of anomalous phenomena produced four interlocking failures: no vo-
cabulary for explicit uncertainty, an active stigma against reporting, dismantled inter-agency protocols, and an
information environment that now outpaces institutional response. The following section summarizes and

breaks down this breakdown step-by-step.

- On December 8, 2024, Ryan Herd, the mayor of Pequannock Township, circulated a letter to Governor
Phil Murphy. Within days, twenty-one mayors across Morris County had signed it. “Our efforts to ad-
dress these concerns have been hindered by the lack of information available to us,” the mayors wrote.
“This situation is untenable.” The letter was prompted not by the objects but by weeks of procedural
non-answers from every level of government.

- The governor’s office convened a classified briefing at the state emergency operations center in Ewing
Township within forty-eight hours. Roughly 185 mayors attended, alongside representatives from the
State Police, FBI, DHS, and DoD. The briefing produced the opposite of clarity. Colonel Patrick Calla-
han of the New Jersey State Police acknowledged that officials did not know what the objects were, even
as they insisted there was no threat. “How do you know they’re not a danger if you don’t know what it
is?,” Mayor Ryan Herd remarked.
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Craig Robertson, a retired Army major and counter-UAS specialist who had served in the Pentagon’s
Asymmetric Warfare Group, offered his expertise to the State Police and FBI directly. The initial recep-
tion was positive, but “every time I tried to dive deeper, the conversation just went cold,” commented
Robertson. The institutional posture Robertson observed was the same one that functions in classified
environments but becomes corrosive when applied to domestic airspace: “they don’t really owe answers
to civilian people.”

Herd’s question exposed the logical incoherence of simultaneous “no threat” and “we don’t know”
claims. Robertson’s experience demonstrated that reflexes designed for classified environments suppress
useful expertise in domestic incidents. The Ewing briefing showed that assembling every relevant federal
agency in one room does not produce answers when none of those agencies has the detection architec-
ture, identification methodology, or communication authority to provide them.

When Different Explanations are Circulated, It Encourages Conspiracy Thinking

Viewed from an intelligence officer’s perspective, the force of different concurrent narratives may encourage a

breakdown in social cohesion in response. While that may be useful in other settings, for marshalling a useful

response these are to be avoided.

Table 10: New Jersey drones: four explanatory narratives in the media

“Adversary” “Misidentified”

- “Iranian Mothership” - Misidentification of airplanes, heli-
- “Foreign (e.g. Chinese/Russian) Spy copters, stars

Drones”™ [42] - Hobbyist or commercial drones

- “Mass Hysteria”
“Us” “Genuinely Unidentified”

- “Loose Nuke/Dirty Bomb Search” - UAP
- FAA-approved military exercises or re- - Novel atmospheric or environmental

search flights effect
- Unacknowledged, classified U.S. military

activity

The coexistence of these narratives demonstrated that no institutional actor had the credibility, information, or

communication infrastructure to narrow the hypothesis space in real time.

2 Note: Multiple federal agencies have explicitly stated there is no evidence of foreign involvement.
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From Watching to Lasering: The Escalation Ladder

Journalists reporting from the field during the ensuing media melee of the New Jersey drones incident in 2024

[8] documented three categories of community response, each escalating in risk:

A. Observation. Neighborhood watches organized to track the objects. Citizen scientists deployed per-

B.

sonal electro-optical sensors (the Nightcrawler Research system) and shared data with both law enforce-
ment and the press [43], [44].

Interception. Local police and private individuals launched personal drones to photograph or intercept
the objects.

C. Neutralization. Individuals shone high-powered lasers at the objects, striking several commercial air-

craft, a federal offense and prompting FBI response.

Open-hardware platforms such as the UFO Data Acquisition Project [45] complement institutional systems by

providing standardized, low-cost sensor packages that citizen scientists can deploy for persistent monitoring;

UFODAP rigs integrate visible, infrared, and radio-frequency sensors with GPS-timestamped data logging.

The escalation from observation to interception to armed engagement is what an information vacuum produces.

Communities improvise when institutions go silent, and improvisation in this domain includes lasers aimed at

commercial aircraft. Rebuilding communication infrastructure is the precondition for not repeating the pattern.

The conventional model treats communication as the end of the pipeline: an event is detected, identified, and

then communicated. The New Jersey case inverts that sequence: each institutional response generated new signals

more consequential than the original detection and the inversion is traceable step-by-step as follows:

starting in late November 2024, residents across Morris County called their mayors about low-flying
objects;

the mayors contacted the county sheriff, State Police, and governor’s office. The answers were procedural
and inconclusive: no confirmed operator, no identified launch site, no clear line of authority;

that vacuum, weeks of non-answers, was the signal that prompted twenty-one mayors to send their letter
on December 8.

The letter was not a response to contradictory statements but rather a response to the absence of any substantive

statement at all and what followed accelerated the cycle:

the classified briefing at Ewing Township, intended to reduce uncertainty, instead produced a new and
more powerful signal: the officials assembled in the room, representing every relevant federal agency,
could not explain what was in the airspace they were responsible for;

Herd’s subsequent media tour amplified that signal to national reach within hours.

Then the contradictory cascade followed:

The state senator’s emergency call (December 10);
the FBI/DHS joint statement (December 12);

“Shoot them down” (Trump, December 13);
“Nothing nefarious” (Biden, December 17);
cumulative 22 FAA flight restrictions (December 18).
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Each response contradicted or undercut the last. By mid-December, the dominant information environment was
no longer just about unidentified aircraft but also about institutional failure. As Scaduto wrote, “Reassurance
without explanation is a debased currency: it circulates briefly, then collapses.”[8]

The response-to-signal loop operated on two timescales simultaneously. On the fast timescale (hours to days),
individual statements became raw material for media narratives. Van Drew’s Iranian mothership claim, issued
[15] and retrac[46]46] within 48 hours, seeded a threat narrative that persisted online for weeks after retraction.
On the slow timescale (weeks to months), accumulated institutional incoherence generated legislative action:
New Jersey’s A5712, Vermont’s H.654, renewed federal proposals. The objects triggered the first response. Every
response after that was triggered primarily by prior responses.

This dynamic is not unique to New Jersey. In February 2024, at a routine budgetary meeting of the Pennsylvania
Emergency Management Agency, state representative Ben Waxman asked PEMA Director Randy Padfield about
UAP tracking near nuclear power plants. Padfield confirmed that past reports came through county 911 calls,
that tracking was “really under the FAA’s purview,” and that most sightings were “unfounded, or they’re attribut-
able to some other mechanism.” State representative Jordan Harris interjected: “You said ‘most.” So what about
the un-most?” Padfield’s answer trailed into procedural language. In Pennsylvania, as in New Jersey, the institu-
tional response communicated more about the system’s limitations than about the phenomena it was asked to
explain.

The implication for framework design: communication cannot be treated as the terminal stage of a linear pipeline.
When institutional communication fails, the resulting vacuum does not merely leave the public uninformed; it
actively degrades the next detection cycle by redirecting political pressure toward premature closure (the Leavitt
statement) or performative action (calls to shoot down the objects) rather than better sensing.

| How do you know they’re not a danger if you don’t know what they are?
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Structural Failures: A Century of Anomaly Miscommunication

The public communication failures that accompanied the New Jersey drone incursions were not novel. They
were the predictable product of four structural failures, each traceable to a specific historical origin.

Failure 1: No vocabulary for explicit uncertainty. The pattern was established early in multiple incidents, in
which an anomalous aerospace event drew official attention and the institutional response was premature closure
rather than honest uncertainty." Since then, public UAP communication has often been forced into a false bi-
nary: either authorities know what something is, or they insist it poses no threat. Missing is a durable institutional
vocabulary for the honest middle ground: we detected something, we do not yet know what it is, and we are still
investigating. Many later communication failures stem from that gap.

Failure 2: Legacy stigma suppresses reporting. A declassified 1953 CIA scientific review recommended a for-
mal campaign to stigmatize the topic and reduce public interest; the resulting social and professional penalty for
reporting anomalous observations has persisted for seven decades (see Appendix I: Historical precedents in anom-
alous-event communication).

Failure 3: Missing/Dismantled inter-agency protocols. When the New Jersey drones appeared, the White
House, FAA, DHS, FBI, and DoD each issued statements without a shared factual basis because no inter-agency
protocol had ever been rebuilt. Similarly, the closure of the U.S. Air Force’s Project Blue Book; the program left
no successor coordination mechanism and actively stigmatized the creation of one (see Appendix I: Historical
precedents in anomalous-event communication). With no trusted official channel, civilian groups like MUFON
and military whistleblowers filled the vacuum. Their reports accumulated in a gray zone: too persistent to ignore,
but too stigmatized and institutionally unsupported to resolve with adequate rigor.

Officials can say ‘we know what it is’ or ‘there is no threat,” but no institutional
language exists for the honest intermediate: we have detected objects we
cannot yet identify.

Failure 4: The information environment outpaced institutional capacity. The contemporary phase began
in December 2017, when the New York Times revealed the Advanced Aerospace Threat Identification Program
(AATIP), a Pentagon office tasked to study anomalous aerospace events [49]. Between 2022 and 2025, Congress
held four public hearings on UAP, with classified sessions alongside. In 2025, the documentary The Age of Dis-
closure [6] featured 34 current and former government officials. Some described direct knowledge of recovered
objects and reverse-engineering programs. Senator Marco Rubio offered more guarded framing: “We have people
with very high jobs...that are either A: liars, B: crazy, or C: telling the truth.” The documentary’s contested recep-
tion—27% critics, 91% audience on Rotten Tomatoes—illustrates a credibility gap. Also, while the AARO oftice

" For example, at Roswell in 1947, the Army Air Field announced the recovery of a "flying disc” and then retracted it as a

weather balloon within a day [47]. In the 1966 Michigan sightings, an Air Force consultant attributed a wave of credible

reports to "swamp gas,” a dismissive ruling that did not fit many of the accounts and that the investigator himself later dis-

owned [48].
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was set up to provide a factual account of the government’s history with UAP, its first historical report released
in 2024 was widely criticized [50] as filled with mistakes and factual errors.

By the time the New Jersey incursions occurred, the information environment bore no resemblance to the one in
which the Robertson Panel could plausibly manage public perception through institutional gatekeeping. The
1997 Phoenix lights took weeks to reach national awareness; a comparable event today goes viral within a day.
The institutional communication cycle (investigation, inter-agency coordination, legal review, press clearance)
operates on a timescale of days to weeks. By the time an official statement is issued, the narrative has been set by
whomever spoke first, regardless of whether they had evidence.

The four structural failures traced above operated simultaneously during the New Jersey incident and the inter-
agency gap was the most operationally visible. No standing protocol exists for inter-agency communication dur-
ing anomalous aerospace events, analogous to protocols for natural disasters, disease outbreaks, or terrorist attacks
[8]. Worse, the vocabulary gap compounds the coordination gap. Officials must choose between misleading cer-
tainty (“no threat”) and silence. Both erode trust. The New Jersey case, in which a retired counter-UAS specialist
offered his expertise and was frozen out, demonstrates that a penalty structure created by the 1953 Robertson
Panel remains active. Stigma reduces the volume and quality of reports reaching analysts; thinner reporting yields
weaker detection and weaker identification; and officials are then asked to communicate around the silence their
own system produced.

Unified Incident Command and Threat Planning

The Incident Command System (ICS) is the standard U.S. framework for organizing emergency response across
agencies and jurisdictions. It is used for natural disasters, industrial accidents, terrorist attacks, search-and-rescue
operations, cyberattacks, public-health emergencies, and major planned events. Its purpose is to reduce confusion
by establishing clear command, standardized terminology, shared situational awareness, and defined responsibil-
ities for operations, planning, logistics, finance, and public communication.

ICS begins with an Incident Commander, usually from the agency with immediate jurisdiction. As an incident
grows, command can transfer or expand. When several agencies or jurisdictions have authority, ICS can form a
Unified Command, allowing them to set common objectives while preserving their statutory roles. For large or
geographically dispersed incidents, an Area Command or Emergency Operations Center can coordinate multiple
incident commands and allocate resources.

The system is built to scale. A local emergency can remain local, while a major disaster may involve state emer-
gency management, FEMA, the National Guard, and, if needed, U.S. Northern Command under Defense Sup-
port of Civil Authorities. Counterterrorism or mass-casualty events may bring together local police, emergency
medical services, federal investigators, and intelligence agencies. These cases show that ICS can accommodate
overlapping authority, sensitive information, and even classified channels when there is a recognized incident re-
quiring organized response.

The New Jersey drone incursions fell into a more ambiguous category. Local officials, law enforcement,
airports, military installations, and federal agencies all had stakes in the situation, but the events were not publicly
treated as a confirmed emergency or credible threat. Federal messaging repeatedly stated that there was no evi-
dence of a national-security or public-safety threat, and many sightings were later attributed to lawful drones,
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aircraft, or misidentifications. Because the incidents did not clearly become a declared emergency, terrorist inci-
dent, aviation disaster, or confirmed hostile drone operation, they did not trigger a visible full ICS/ National
Incident Management System (NIMS) activation.

The response remained agency-specific. Local police gathered reports and handled public concern. State offi-
cials coordinated with law enforcement channels. The FBI collected tips and investigated possible criminal activ-
ity. The FAA managed airspace and safety restrictions. DHS and DoD provided assessment or technical support
where appropriate. Military installations operated under separate force-protection authorities. But there was no
clearly identified Incident Commander, Unified Command, Joint Information Center, or shared incident action
plan for the overall event.

The result was a command-and-communication gap. Airspace authority sat largely with the FAA; investiga-
tion with the FBI and law enforcement; mitigation authority with limited federal actors; military bases under
separate defensive authorities; and state/local officials left managing public concern without full control over
relevant tools or information. In a hurricane, wildfire, chemical spill, or confirmed attack, these overlapping au-
thorities would likely be integrated through ICS/NIMS. In the drone case, because the incursions were not offi-
cially treated as a credible threat, coordination occurred through ad hoc inter-agency channels rather than a formal
emergency-response architecture.

The policy lesson is that major drone waves and ambiguous aerial incidents need clearer ICS/NIMS
triggers. Even before hostile intent is confirmed, officials may need a scalable structure for reporting, evidence
preservation, airspace coordination, classified-to-unclassified information sharing, public messaging, and escala-
tion. The New Jersey episode therefore illustrates not a failure of ICS itself, but the absence of a clear playbook
for applying ICS to ambiguous low-altitude aerial events.

Moving Ahead: Communicating Uncertainty with Clarity

- How can government press and analytical offices share information across agencies during incidents in-
volving anomalous phenomena, given differing classification authorities and legal constraints?

- How can information move across national borders during incidents involving anomalous phenomena,
when allied and partner governments operate under different classification authorities, disclosure norms,
and legal frameworks?

- Where should sharing happen at the analytical level rather than only the public-aftairs level, and what
existing channels including aviation-safety bodies, air-defense arrangements, and intelligence-sharing
agreements could carry that coordination across agencies and across borders?

- What would an evidence-informed approach to timely public communication look like? What govern-
ance structures ensure accuracy while operating at the speed the information environment demands?

- Can Al-assisted analysis tools improve the speed and consistency of public-facing information synthesis
during anomalous events?

- What can UAP whistleblower cases teach about designing legal protections and incentive structures for
reporting anomalous observations?

- Is the current posture of transparency (FOIA, congressional hearings) helping or hindering effective in-
formation management? Under what conditions does partial disclosure increase rather than decrease
public confusion?

Confronting Unknowns 41



d&\

Before Disclosure, Accountability

Any future disclosure of new information about anomalous phenomena will be received in the context of the
history traced above. The U.S. government’s credibility on this topic carries specific debts that precede and con-
strain any forward-looking communication strategy.

Before the scientific community or public can be expected to accept new information on this topic, these past
activities require formal institutional acknowledgment. Trust requires demonstrated accountability, not prom-
ised accountability, and not future accountability. The historical record contains documented actions for which
no official accounting has occurred, and that unresolved ledger will shape the reception of any future disclosure
regardless of content.

Trust requires demonstrated accountability, not promised accountability,
and not future accountability.

Implications by Audience: Communications

Part IIT's lesson is that the response, not the object, did the damage. This section reads that lesson through the
people who must act on it, each facing the same communication and coordination problem from a different po-
sition.

For policymakers. Part III's central finding is structural: domestic airspace sits at the intersection of FAA, DHS,
FBI, and DoD authorities with no standing inter-agency protocol for anomalous events, and ICS/NIMS was
never triggered in New Jersey because the events did not cross any single agency’s threshold for “credible threat.”
A scalable ICS/NIMS playbook for ambiguous low-altitude aerial incidents, clear Incident Commander designa-
tion, Joint Information Center authority, and classified-to-unclassified information bridges, is the policy artifact
this Part argues for most directly. Whistleblower protection language already drafted in prior UAPDA iterations
should travel with any future disclosure framework; “Before Disclosure, Accountability” is the sequencing this
Part proposes, not as principle but as precondition for the audience reception of any new disclosure.

For operators. The escalation ladder this Part documents, observation, interception, neutralization, is what an
information vacuum produces at the community level. The operator implication is not about civilians; it is about
what frontline communicators can do in the first hours of a similar event to prevent civilians from lasing com-
mercial aircraft. Pre-drafted public communication templates that acknowledge detection, describe the current
state of identification, and commit to a follow-up cadence would have changed the December 2024 cascade mean-
ingfully. Public affairs officers at FAA, DHS, FBI, and DoD need a shared vocabulary for the honest intermediate
between “we know what it is” and silence; that vocabulary is what does not currently exist.

For scientists & researchers. The four structural failures above are the empirical case for a research agenda that
does not yet have an institutional home. The communication system around anomaly events has not been studied
with the seriousness applied to the anomalies themselves. Specific lines of falsifiable work are visible from this
material:
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- Trust dynamics under information cascades. Risk communication is a mature field for pandemics,
financial panics, and nuclear incidents; it has barely been applied to anomaly events. The 76-day arc be-
tween the first Picatinny lights and the Press Secretary's January 28, 2025 statement is a complete longi-
tudinal case for studying how local-trust collapse propagates upward and outward.

- Declassification cohort analysis. Project Blue Book, the Condon report, Robertson Panel transcripts,
and the AARO 2024 historical report exist as a corpus that no team has read systematically alongside
contemporaneous press coverage. Comparing what was internally known with what was publicly said,
document by document and year by year, is the load-bearing evidence base for Failures 2 and 4 (deliberate
misdirection; whistleblower reprisal).

- Conspiracy formation under information vacuums. The empirical literature on conspiracy belief
studies content (what people believe); it rarely studies the structural conditions, deliberate information
suppression, that make alternative content available in the first place. Anomaly events with documented
suppression are natural experiments for the latter, currently unexamined.

- Disclosure-design science. No published protocol exists for credibly releasing previously stigmatized
information. The Church Committee is the closest historical analogue, but it has not been studied as a
communication design problem, which choices in framing, sequencing, and venue made its findings du-
rable where other releases did not.

These lines build empirical foundations for the recommendations in Part IV: An Action Agenda for New Un-
knowns. Without them, the disclosure architecture proposed rests on the convener's intuition.

For public communicators. This is the Part that speaks most directly to public communicators, and the impli-
cations are sharper here than elsewhere. Five practical norms emerge from the New Jersey case. Distinguish anom-
aly from response, most of what went viral in December 2024 was about the institutional response, not the ob-
jects. Resist closure pressure on both sides; the “no threat” cascade and the “Iranian mothership” cascade were
the same failure mode in opposite directions. Treat retractions as ongoing news, not as event-closure; Van Drew's
retraction reached a fraction of the audience the original claim did. Use the H1-HS vocabulary publicly, “where
the evidence currently points” is more honest and more durable than “officials say.” And maintain the distinction
between misinformation, disinformation, and malinformation in a domain where ground truth is genuinely un-
certain; premature debunking is its own failure mode.

Diagnostic Markers for the Next Incident

If the analysis in this paper is correct, the next anomalous acrospace event of meaningful scale is likely to follow
the same sequence as the four cases documented above (New Jersey in 2024, Langley Air Force Base in 2023, the
Denmark drone wave in 2025, and Barksdale Air Force Base in 2026). The following are diagnostic markers to
signal if the response is aligned with the framework.

A. Detection fragments across agencies. Watch for whether pipelines tuned to suppress non-standard
signatures discard relevant data before any human sees it. If the surviving fragments never get correlated,
the integration step still has no owner.

B. Identification stalls in the binary. If the event is labeled “unresolved” or “under investigation” rather
than carrying a probability distribution over named hypotheses, the framework’s central recommenda-
tion has not been adopted. The label discards the partial evidence the framework is designed to accumu-
late.
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C. A communication vacuum opens in the first seventy-two hours. If no inter-agency protocol exists
to coordinate the initial public statement, multiple agencies will say different things. The difference tends
to become the story.

D. The response becomes a larger signal than the original detection. If political pressure moves toward
premature closure or performative action, the institutional response itself becomes the event the public
remembers.

If the Tier-1 recommendations in Part IV: An Action Agenda for New Unknowns are in place, the same four
mechanisms run in reverse: a coordinated initial statement within twenty-four hours; honest language for genuine
uncertainty; standardized event preservation that enables re-analysis. The response-becomes-signal loop still op-
erates, but the institutional response reduces the vacuum rather than filling it.
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Part IV: An Action Agenda for New Unknowns

What to Build Before the Next Incident

1. What scientific infrastructure does anomaly research need, and how should its discoveries

be governed?

2. Which detection and identification capabilities deliver the most value per dollar?

had

What must be in place before the next incident so the response is not improvised?

4. How do institutions rebuild public trust before they need it?

Confronting future unknowns requires investment today. Anomalous-phenomena research offers genuine sci-

entific upside in materials science, atmospheric physics, and sensor design (among other areas), and it carries

equally genuine risks in biosecurity, cybersecurity, and national security. Both the upside and the risk point to the

same instrument: a technology governance roadmap that names the decision points for classification, controlled

disclosure, and dual-use oversight.

PartI's “Crisis Playbook” addressed what to do in the first hours of an incident; this Part addresses what to build

before the next one, organized as four tiers of action and four supporting priorities:

Table 11: Immediate Actions and Priorities

Actions

Priorities

1. Create named research funding categories at NSF,
DOE, and NASA.

2. Develop a NIMS/ICS playbook for ambiguous
low-altitude incidents.

3. Hold a ‘Church Committee’-style accounting of
past information-management activities before any
new disclosure framework is built.

4. Engage the public.

1. Establish dedicated observatories.

2. Develop sensor fusion.

3. Create open-source data platforms to standardize
data collection, management, analysis, and reporting
practices.

4. Engage the public.
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The Church Committee Model to rebuild public trust

Formally acknowledge and end past information management activities. Congress could hold hearings and
formally acknowledge past activities of disinformation, whistleblower reprisals and other unethical activities
conducted by U.S. Government in relation to anomalous phenomena going back to the 1940s.

This formal acknowledgement process may be modeled on the Church Committee Hearings [1], the 1975-
1976 Senate investigation that publicly documented decades of intelligence abuses and produced lasting
oversight reforms, and paired with whistleblower protections. These measures may help in rebuilding public
trust in government prior to moving forward with any new policy for a more open and transparent commu-
nication on future incidents. These would work well with whistleblower protections, which have been in-
cluded in previous iterations of UAP transparency legislation.

Inset B: The Church Committee is 2 model to account for past information-management activities.

Action 1: Support Science for a New Era

The scientific investigation of anomalous phenomena requires a well-funded, well-governed infrastructure that

does not yet exist. Federal science agencies, universities, private philanthropy, and technology-governance insti-
tutions (NIST, CISA, FCC) each hold a piece of the puzzle; none holds enough alone. The opportunity is ex-

traordinary: anomalous-phenomena research touches physics, biology, materials science, astronomy, earth sci-

ence, and sensor engineering. The risk is commensurate. Without governance, the same discoveries that could

unlock clean energy or hypersonic travel could introduce biosecurity, cybersecurity, or national-security hazards

that no existing framework is designed to manage.

Identify Scientific Investigation Priorities & Funding Needs

46

Create Scientific Discoveries Road Map. Prepare an analysis of key research questions, potential ap-
plications, and research pathways needed for discoveries. Studies of anomalous phenomena cover many
areas of scientific investigation from physics, biological, materials, astronomy, planetary and earth sci-
ence. The potential discoveries could have applications across many domains including clean energy, hy-
personic travel, materials science, communications technology, neuroscience and more.

Establish dedicated research funding categories for anomalous phenomena studies. Direct federal
science agencies, beginning with NSF, DOE, and NASA, to create named program elements or cross-
directorate initiatives under which research proposals on anomalous phenomena can be explicitly sub-
mitted, reviewed, and tracked. Currently, no federal science agency offers a competitive grant category
for this research; investigators must frame UAP-relevant work under adjacent disciplines, rendering it
institutionally invisible and reinforcing professional stigma. Peer-reviewed studies [51] have found that
the availability of competitive research grants is the single most important factor that would unlock fac-
ulty participation. A formal category would provide a legitimacy signal for tenure and promotion deci-
sions, enable systematic tracking of funding levels and research gaps, and establish civilian science fund-
ing infrastructure commensurate with the governmental attention this topic now receives.
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- Develop Research Needs Assessment and Funding Plan. Conduct a full consultation with scientific
organizations and other stakeholders on key research questions and discovery pathways. Prepare an ac-
tion plan with potential government sponsors, scientific philanthropy and private funding sources that
might be made available to fund each project.

- Fund observational feasibility studies for anomalous phenomena detection. UAP research pre-
sents a distinctive challenge: there is no predictive theory to guide where, when, or how to observe, and
the phenomena appear to be rare and transient. Before committing to large-scale observational cam-
paigns, agencies should fund systematic studies assessing which combinations of sensor technologies, ge-
ographic locations, and monitoring strategies would maximize the probability of capturing scientifically
useful data at an acceptable cost. This includes evaluating existing infrastructure, such as weather radar
networks, satellite constellations, and astronomical survey instruments, for untapped potential to detect
anomalous events, as well as informing the design of purpose-built multi-sensor observatories. Such stud-
ies would establish the evidence base needed to make rational investment decisions about observational
programs.

- Establish research institutes and coordination mechanisms. Identify potential performers of scien-
tific investigations and coordinated mechanisms for funding and grants. Where appropriate, identify
mechanisms for open-source database development and data sharing and potential creation of non-profit
independent Focused Research Organizations (FROs) [52] that can coordinate inputs from researchers
based at multiple institutions and across multiple disciplines.

Currently, no federal science agency offers a competitive grant category for
frontier research.

Establish Technology Governance

- Clarify patent and IP treatment for UAP-derived technologies. Policymakers should address how
intellectual property law would apply to discoveries or technologies emerging from UAP research. If
UARP are engineered artifacts, reverse-engineered technologies may raise prior-art or ownership problems.
If they are natural phenomena, the underlying principles may not be patentable at all. Clarifying this
framework early would reduce legal uncertainty and help determine whether private investment can re-
alistically support UAP-related research and development, to include internationally-developed technol-
ogies and capabilities.

- Set clear rules for compartmentalization, secrecy orders, and export controls. Policymakers
should clarify when UAP-related research, patents, materials, or reverse-engineering programs should
remain classified, compartmentalized, restricted under secrecy orders, or subject to export-control re-
gimes, or be on a pathway to be made available on a restricted access basis only or for open-source scien-
tific investigations. This should include guidance on the degree of compartmentalization, oversight
mechanisms, criteria for declassification or controlled release, and how existing frameworks such as the
Invention Secrecy Act, Atomic Energy Act, ITAR/EAR controls, and defense-classification authorities
would apply to potential breakthrough technologies. Operational practices for partial release of classified
sensor data already exist. Released video can be masked to obscure sensor-specific artefacts so the imagery
is shareable without disclosing the collection method. These practices should be standardized across
agencies, not improvised case by case.
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- Clarify guidance on private sector data sharing with government agencies. Clarify what data shar-
ing policies and incident reporting requirements will govern private research initiatives, particularly
when there is a public health, safety, or national security threat.

- Develop a technology risk and opportunity assessment. Develop an assessment of risks that could
result from the investigation, experimentation, and dissemination of findings of studies of anomalous
phenomena and their mitigations. This assessment should also consider the opportunity offered by po-
tential technological and scientific breakthroughs, and how to integrate public purpose, while also re-
warding private investment, in the dissemination of such breakthroughs.

- Build a technology governance roadmap. Develop a forward-looking governance framework for
managing potential discoveries arising from scientific investigations of anomalous phenomena, with par-
ticular attention to findings that could carry biosecurity, cybersecurity, or national security risks. The
roadmap should identify decision points for classification, controlled disclosure, and dual-use oversight,
and should address discoveries originating from both government-funded and private research initia-
tives.

Action 2: Enhance Detection and Identification Capa-
bilities

Detection and identification capabilities must serve two purposes simultaneously: frontline operators who need
answers in minutes, and researchers who need reproducible data that survives peer review. Academic and govern-
ment scientists, independent research organizations, private sensor companies, and the operators themselves all

contribute. Open-source data and high-quality peer-reviewed studies will improve anomaly detection across all
domains and advance the scientific understanding that underpins credible policy.

Develop Dedicated Observatories for UAP Scientific Investigations

Observatory investment is the single highest-priority investment for transforming UAP research from anecdotal
reporting into calibrated, reproducible science. The dedicated observatories described in Appendix E: Diagnostic
Triage for Sensor Faults, Interference, and Deception and the sensor-tier framework in Part II: Detect € Identify
provide the technical foundation; the policy actions below translate that foundation into funded programs.

- Site a baseline network in low-coverage areas. Existing surveillance systems reveal where sensors are,
but not necessarily where events occur. Reviewing the historical incident record for sparsely monitored
regions would help distinguish observation bias from genuine activity patterns and identify where new
sites would provide the greatest coverage gains. A statistically designed network of calibrated sites in
sparsely monitored regions would provide the control data needed to distinguish genuine spatial patterns
from observation bias, while extending data acquisition into the corridors least observed by current sys-
tems.

Create Next Generation Sensors Capabilities for UAP Observation

- Integrate hyperspectral sensing into current sensor platforms. Support integration of hyperspec-
tral imaging sensors onto platforms that currently carry FLIR systems. This is the single most achievable
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investment that adds materials compositional capabilities to operational sensor suites to distinguish
(bird, drone, balloon, etc.).

- Develop next-generation sensors for UAP observation. Invest in novel sensor capabilities designed
after the observational requirements and concept of operation of typical UAP incidents. Repurposing
existing sensors, engineered for different observation targets, has limited returns for phenomena that
manifest differently than most known technologies.

Build Standardized Data Collection & Classifiers

- Develop a verified taxonomy of anomalous events. Compile an unclassified system for categorizing
the types and characteristics of phenomena reported in the airspace, since reported UAP are likely a mix
of human-made, natural, and other phenomena. A common catalog would give analysts, operators, and
the public a shared language for describing what is observed, and it could be built from both public and
classified information without requiring the declassification of the underlying data.™

- Build a data discovery engine. Develop a tool that, given the approximate location and time of an
observation, identifies what monitoring systems were observing that same volume of space. (Including
weather radar, satellite imaging, ADS-B, AIS, radiosonde, see Appendix C: Existing surveillance, sensing,
and reporting infrastructure.)

Develop Open-Source Data Sharing for Scientific Investigations

- Publish open detection architectures. Follow the model established by the Galileo Project [53] and
publish detailed engineering specifications that provide an auditable record for the generated data and
can inspire the further development of new observational concepts and capabilities. The platform could
be used by research to develop reproducible studies, which is a prerequisite for highly credible, peer-re-
viewed research.

Invest in Al-assisted Models for Anomaly Resolution

- Develop Al-assisted identification of anomalous events. Develop anomalous incident analysis pipe-
lines based on multimodal Large Language Models that can detect anomalies in sensor data including
how human-AI collaboration should be structured in safety-critical settings.

- Develop machine-learning tools for UAP investigation. Develop object-recognition algorithms to
distinguish conventional drones and UAP for use in frontline operations. The cost decomposition mat-
ters. A UAP detection-and-classification pipeline built atop existing foundation models is a $1-10M ef-
fort. A UAP-specific foundation model trained from scratch could be a $100M+ effort’® and risks rapid

' This descriptive taxonomy is distinct from the explanatory hypothesis space used to identify an event. The taxonomy
standardizes how an observation is described; the H1-HS hypothesis space (described in Part II: Detect €5 Identify) is the set
of candidate causes over which an analyst distributes probability for a single case. Description is upstream of explanation,
and keeping the two separate prevents a label for what was seen from hardening into a verdict on what caused it. Standardized
description in turn strengthens the identification, response, and explanation stages.

"> A substantial fraction of this cost would be gathering training data.
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obsolescence against the rapid evolution of commercial multimodal models. As Part II: Detect € Identify
explains (See “Anomaly Analysis: Artificial Intelligence for Unknowns”), a pipeline built on commercial
foundation models inherits each new generation of those models, while a model trained from scratch is
frozen at its training date and falls behind. We recommend the pipeline-first path.

Develop probabilistic models of anomalous events. Replace the resolved/unresolved labeling system
with one that preserves ranked explanations and structured uncertainty rather than collapsing each case
to a single verdict. The CUF hypothesis space (H1-HS5) is a deliberately simple starting model; three
directions would strengthen it. First, setting the initial probabilities for each explanation transparently,
and adjusting them across contexts, factoring-in how a civilian airport differs from a restricted military
range. Second, weighing and combining evidence of uneven quality from radar, infrared, acoustic, and
human sources. Third, and most valuable: letting the list of explanations grow as evidence accumulates,
so that a genuinely novel event prompts a new category rather than being forced into the catch-all (HS).
Methods to do this exist and are well established in machine learning.

Action 3: Improve Aerospace Incident Readiness &
Response

The New Jersey incursions demonstrated that no incident-command framework exists for ambiguous low-alti-

tude aerospace events. Congress, the NSC, DHS, FAA, federal and state law enforcement, counter-UAS opera-

tors, and frontline responders all have roles, but no protocol assigns them. Thoughtful public communications

and standardized event reporting require the kind of advance preparation that currently exists for pandemics,

nuclear incidents, and financial crises but not for drone waves.

Conduct Federal & State Emergency Management Policy Reviews
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Review the homeland security Incident Command System (ICS). Review how FEMA approaches
‘drone waves’ under its current policies and protocols and advise on key policy gaps and support needs
to better manage future incidents.

Clarify how the FAA issues flight restrictions. Review how the FAA issues flight restrictions in
response to reports of drone waves or reports of anomalous sightings and how best to balance air safety
with air traffic disruptions.

Bridge the decide-and-respond gap. Evaluate which decision architectures are appropriate for events
where identification yields a probability distribution rather than an attribution. Advise on how rules of
engagement, airspace management, and inter-agency coordination adapt to probabilistic uncertainties.
Build data tools to create a universal operational picture. Create a data capture, classification and
management system where any reporting or event is fused with ADS-B, Remote ID, FAA flight data,
weather, radar if available, 911 calls, and critical-infrastructure maps.

Map detection blind spots and place sensors to close them. Study the historical record for sparsely
populated and lightly monitored regions to estimate how much of the current picture reflects where
sensors and observers already are, rather than where events actually occur. Use that analysis to prioritize
sensor placement in the zones the record cannot currently see.
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Support state-level coordination. New Jersey’s A5712, Vermont’s H.654, and Connecticut’s
H.B.5422 represent an accelerating movement of state responses. While constructive, they risk fragment-
ing a problem that requires federal coherence. Congress should establish federal-state coordination that
incorporates state-level research and reporting into a national system.

Support Frontline Operators Responding to Anomalous Events

Create a drone-incursion FEMA/NIMS/ICS playbook. Review how drone waves and anomalous
events are treated as incidents under NIMS/ICS and develop a playbook for incident commanders and
first responders.

Fund and train local c-UAS response teams on anomalous phenomena. Create training for c-UAS
response teams on anomalous phenomena and mainstream the training across military, law enforcement
and private security services operators qualified to operate c-UAS systems.

Develop Interagency Coordination and Communication Protocols

Establish inter-agency communication protocols for anomalous events. Direct the NSC to develop
and exercise inter-agency protocols for anomalous aerospace incursions, analogous to existing protocols
for natural disasters and terrorism. The New Jersey incident demonstrated that no such protocol exists,
as opposed to extensive existing playbooks for a pandemic, nuclear incident, or financial crisis.

Clarify management of classified information. Clarify the command structure and information
management process for creating and communicating classified information during response to events
involving anomalous phenomena.

Develop standardized event data-preservation infrastructure. Mandate reporting and retention
standards that preserve raw data, metadata, sensor calibration state, and chain of custody. AARO’s intake
processes reduce events to narrative summaries insufficient for re-analysis [54].

Develop a public communication template for anomalous airspace events. Pre-draft templates that
acknowledge detection, describe the state of identification, and commit to follow-up. This directly ad-
dresses the vocabulary gap: officials need prepared language for the honest intermediate between “we
know what it is” and silence.

Strengthen aviation safety reporting. Expand NASA’s ASRS or establish a parallel channel for anom-
alous event reporting by commercial pilots and air traffic controllers. The 2023 NASA UAP Independ-
ent Study [55] recommended this; it has not been implemented.

Action 4: Engage the Public

Public trust is the medium through which every other recommendation in this paper travels. If institutions can-

not communicate honestly about what they detect and what they do not yet understand, the information vacuum

will be filled by speculation, conspiracy, and improvisation. Media organizations, journalists, online platforms,

scientific bodies, healthcare institutions, Congress, and government public-affairs officers each shape the infor-

mation environment; none controls it.
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Build Trusted Information Environments

Map the current information environment. No systematic study has charted the sources, intermedi-
aries, and amplification pathways through which information about anomalous phenomena reaches the
public. Such a study would identify which experts journalists consult, which platforms host the most
active discourse, and where misinformation originates and propagates. Without this map, any commu-
nication strategy operates blind.

Train the communicators. Three groups need structured preparation. Government public aftairs of-
ficers at the White House, DHS, FAA, and DoD need protocols and vocabulary for events that are de-
tected but not identified. Journalists and trust-and-safety teams at social media platforms (Meta, X, Red-
dit, YouTube) need briefings on the distinction between misinformation, disinformation, and malinfor-
mation in the specific context of anomalous aerospace events, where ground truth is genuinely uncertain
and premature debunking can be as damaging as premature confirmation. Scientists who speak with the
media and advise policymakers during anomalous events also need public communications training and
support on how to communicate unknowns.'¢

Build an open-source information portal for public education. A public-facing clearinghouse (e.g.
Propublica’s Rx Inspector [57] or Cochrane Review’s Plain Language Summaries (PLS) of medical evi-
dence [58]) could aggregate information from official sources, peer-reviewed research, and credible de-
tection projects. The goal: a persistent, citable, evidence-graded resource that journalists, legislators, and
researchers can reference when an incident occurs. The portal could include information such as infor-
mation on understanding sensors, expert interpretation of declassified information and imagery, Q&As
on current events, as well as rapid-fire lessons on deep-fake debunking and information quality assess-
ment, as well as fact-checking best practices and outreach for all ages.

Provide Health Services and Sensemaking Support

Prepare healthcare providers. Individuals who report close encounters with anomalous phenomena
frequently describe physical symptoms, psychological distress, or both. In the United Kingdom, the non-
profit UnHidden provides training to NHS providers on supporting patients reporting extraordinary
experiences. No equivalent exists in the United States. Primary care physicians and mental health profes-
sionals need clinical guidance that neither pathologizes reporting nor validates specific interpretations.
Protocols to deal with physical effects most likely due to exposure to ionizing or microwave radiation
may be useful to deal also with other emerging threats, such as direct-energy weapons.

Engage sensemaking communities. The experience of anomalous events and findings of scientific
studies involving anomalous phenomena are often interpreted through the lens of teachings of religion,
indigenous traditions and spirituality. Additionally, many findings of UAP scientific studies could chal-
lenge long held beliefs across many scientific fields from physics, earth science, anthropology, neurosci-
ence and more. These communities need meaningful consultation and engagement in the design, partic-
ipation, and dissemination of studies, for study findings to be broadly accepted.

'¢ C.f. the International Science Reserve (ISR) [56], established to assist governments in a crisis like a pandemic, volcanic

eruption, et cetera.
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Implications by Audience: Action Agenda

The agenda above is substantive. Below is an arrangement for the people who must carry it out.

For policymakers. First, establish a named research funding category for anomalous-phenomena studies at NSF,
DOE, and NASA: peer-reviewed work has identified this as the single most important unlock for faculty partici-
pation [51], and the absence of a named category is what currently makes the field institutionally invisible. Sec-
ond, direct the NSC to develop and exercise inter-agency communication protocols for anomalous aerospace
incursions, on the analogy of pandemic, nuclear-incident, and financial-crisis playbooks; this is the same Tier 1
lever converged on in Part I: The Problem and Part I1I: Respond € Explain. Third, pursue a Church Committee—
style formal acknowledgment of past information-management activities, paired with whistleblower protections
already drafted in prior UAPDA iterations [3]; the sequencing matters because any forward disclosure will be
received against an unresolved historical ledger.

For operators. The agenda for operators converges on standardization. A drone-incursion FEMA/NIMS/ICS
playbook for incident commanders and first responders. Training for c-UAS response teams on anomalous phe-
nomena specifically, mainstreamed across military, law enforcement, and private security. Expansion of NASA's
ASRS, or a parallel channel for anomalous-event reporting by commercial pilots and air traffic controllers, which
the 2023 NASA UAP Independent Study [55] recommended and which has not been implemented. And a uni-
versal operational picture tool that fuses ADS-B, Remote ID, FAA flight data, weather, radar, 911 calls, and crit-
ical-infrastructure maps; this is an engineering project, not a research project.

For scientists & researchers. Part IV's research agenda is the most concrete in the paper. The high-leverage
items: observational feasibility studies to identify which sensor-location-strategy combinations maximize useful
data per dollar; hyperspectral CONOPS development; multimodal LLM identification pipelines with explicit
attention to false confidence and hallucination failure modes; probabilistic models calibrated against the H1-H5
hypothesis space with attention to how priors should differ across operational contexts; and Focused Research
Organization structures [52]_for cross-institutional coordination. The agenda is intentionally heterogeneous be-
cause the underlying phenomena, on current evidence, are heterogeneous.

For public communicators. Part IV is specific about the communicator agenda. Map the current information
environment, sources, intermediaries, amplification pathways, because no systematic study has been done and
any strategy will operate blindly without that map. Build a public information portal that aggregates official
sources, peer-reviewed work, and credible detection projects into a citable, evidence-graded resource. Train three
communicator populations: government public affairs officers, journalists and platform trust-and-safety teams,
and the scientists who advise the public during anomalous events. And engage healthcare and sensemaking com-
munities upstream of the next incident, primary care physicians and mental health clinicians need clinical guid-
ance that neither pathologizes reporting nor promotes specific interpretations.
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The Most Important Change to Make...

The Tier 1 protocol is the only recommendation in this paper upon which the other recommendations depend.
Hyperspectral payloads, the HI-HS5 hypothesis space, the public information portal, and every operator-level
shift named in Part I run through the inter-agency seam. The 76 days between the Picatinny event and the Press

Secretary’s “no national security threat” statement are the operational definition of why the protocol needs to
exist before the next incident.

An Argument That Does Not Depend on the Answer

Our framework is deliberately agnostic about what anomalous aerospace events ultimately are. It sets aside ques-
tions of non-human intelligence, exotic propulsion, and novel physics. Whatever the objects turn out to be, the
institutional infrastructure required to confront them is the same: better detection, identification under uncer-
tainty, credible communication.

The investment is justified by demonstrated failure, not by any assumption about what the objects are. Suppose
the unknowns prove mundane. The infrastructure improves aerospace safety, operational awareness, and public
trust. Suppose instead the unknowns prove extraordinary. The infrastructure provides the evidentiary founda-
tion without which extraordinary claims cannot be responsibly evaluated. The first step does not change. |

54 Confronting Unknowns



Appendices

Confronting Unknowns

Q

55



©

56

This page intentionally left blank.

Confronting Unknowns



Appendix A: Glossary

A5712. New Jersey Assembly Bill 5712, signed January 12, 2026, by Governor Phil Murphy as P.L. 2025, ¢.269.
Establishes a state Center for the Study of Unidentified Aerial Phenomena with approximately $3.5 million
in appropriations, including $2.5 million in research grants.

AARO. All-domain Anomaly Resolution Office. U.S. Department of Defense office established in 2022 to in-
vestigate UAP across air, sea, space, and transmedium domains; reports through ODNI channels and issues
annual consolidated reports to Congress.

AATIP. Advanced Aerospace Threat Identification Program. Pentagon office that studied anomalous aerospace
events from 2007 to 2012 with approximately $22 million in funding; publicly revealed by the New York
Times in December 2017.

AAWSAP. Advanced Aerospace Weapon System Applications Program. Defense Intelligence Agency program
(2008-2010) that preceded AATIP, contracted to Bigelow Aerospace and producing the DIRD technical
report series on advanced propulsion and related topics.

ADS-B. Automatic Dependent Surveillance-Broadcast. Cooperative surveillance technology in which aircraft
broadcast position, altitude, velocity, and identity via transponder. Objects detected on radar but absent from
ADS-B feeds are common candidates for further investigation.

AESA. Active Electronically Scanned Array. A phased-array radar architecture on modern fighter aircraft includ-
ing the AN/APG-77 (F-22) and AN/APG-79 (F/A-18E/F), enabling rapid beam steering and simultaneous
multi-target tracking.

AFGSC. Air Force Global Strike Command. U.S. Air Force major command headquartered at Barksdale AFB,
responsible for the bomber leg of the nuclear triad and most U.S. ICBM forces.

Al Artificial intelligence. Systems performing tasks that typically require human cognition, including percep-
tion, reasoning, and classification. In CU26, Al refers to: 1) emerging capabilities in machine-learning and
multimodal LLM systems to be used for sensor-data triage, anomaly detection, and probabilistic identifica-
tion; 2) a human-origin form of complex non-human intelligence, hypothesized to be useful as an investiga-
ble, interrogatable proxy for other forms of non-human intelligence.

AIM-9X. Air Intercept Missile 9X "Sidewinder."” Short-range infrared-guided air-to-air missile carried by U.S.
and allied fighters; cited in escalation-ladder discussions of intercept options.

AIS. Automatic Identification System. Global vessel-tracking transponder system used in maritime surveillance;
relevant for ruling out ship misidentification in coastal and over-water UAP events.

Anchoring. A cognitive bias in which decision-makers weight a first plausible explanation too heavily, biasing
subsequent analysis. Identified in the Crisis Playbook as a decision trap to be checked through structured
workflow gates.

AN/APG-77. The AESA radar carried by the F-22 Raptor. Provides long-range air-to-air detection and tracking
with low-probability-of-intercept characteristics.
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AN/APG-79. The AESA radar carried by the F/A-18E/F Super Hornet. Provides simultaneous air-to-air, air-to-
ground, and electronic-warfare functions.

Antwerp incursion. Reported drone incursion over the Belgian port of Antwerp during the November 2025
Belgian drone wave; Belgium announced plans to install an air-defence system at the port by 2027.

Article 4. The provision of the North Atlantic Treaty allowing any NATO member to request consultations
when its territorial integrity, political independence, or security is threatened. Invoked by Estonia in Septem-
ber 2025 after Russian MiG-31 airspace violations.

Artifact (H1). The explanatory hypothesis space attributing an apparent event primarily to sensor behavior,
processing error, or interpretation failure (e.g., parallax, lens flare, radar multipath). The paper treats HI as
an explicit top-level hypothesis rather than a report attribute.

ASRS. Aviation Safety Reporting System. Confidential, voluntary reporting system administered by NASA for
the FAA, processing approximately 100,000 pilot and ATC reports per year.

Asymmetric Warfare Group. A former U.S. Army unit (2006-2021) providing operational advice on irregular
and emerging threats; alumni include the retired Army counter-UAS specialist whose offered expertise dur-
ing the New Jersey incident was declined.

ATFLIR. Advanced Targeting Forward-Looking Infrared. Targeting pod on U.S. Navy aircraft providing infra-
red imagery; source of several widely circulated UAP videos.

Atomic Energy Act. U.S. statute (1954, as amended) governing the development, regulation, and disposition of
atomic energy and nuclear materials; classifies certain weapons-design and reactor information as "Restricted
Data.” Cited alongside the Invention Secrecy Act and ITAR/EAR as one regime potentially applicable to
breakthrough technologies derived from UAP study.

Authority bias. A cognitive bias in which decision-makers defer to the highest-ranking voice in a room rather
than the best-informed one. Identified in the Crisis Playbook as a decision trap.

Availability bias. A cognitive bias in which the most recent, vivid, or dramatic explanation is weighted dispro-
portionately. Identified in the Crisis Playbook as a decision trap.

AWACS. Airborne Warning and Control System. The E-3 Sentry aircraft providing long-range airborne radar,
command and control, and battle management; cited in the Langley response as a platform deployed against
the unidentified incursions.

Baltic Sentry. NATO maritime mission launched in January 2025 to protect undersea cables, telecom links, and
pipelines in the Baltic Sea following damage to seabed infrastructure.

Bardufoss. Norwegian Air Force station and civil airport in Troms; reported flight disruptions linked to drone
sightings during the September 2025 Denmark drone wave.

Barksdale AFB. U.S. Air Force base in Bossier Parish, Louisiana, home to the 2nd Bomb Wing (B-52H) and
headquarters of Air Force Global Strike Command. Experienced unauthorized drone incursions beginning
March 9, 2026.
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Bayesian inference. A statistical method in which prior probabilities for a set of hypotheses are updated to pos-
terior probabilities as new evidence arrives, using Bayes' theorem. In the CUF, the mechanism for ranking
the H1-HS hypotheses as sensor data, contextual information, and expert analysis accumulate.

B61. The B61 family of low-yield U.S. tactical nuclear gravity bombs. Referenced in nuclear-asset and force-
protection contexts associated with bases experiencing drone incursions.

Berlin Brandenburg Airport. Germany's principal Berlin-area international airport (BER); briefly suspended
takeoffs and landings on October 31-November 2, 2025 after an unknown object was reported near a Bun-
deswehr (German military) helicopter hangar, and again for nearly two hours after a late-evening drone sight-

ing.
Blue Book. See Project Blue Book.

Bremen Airport. German civil airport in Bremen; temporarily suspended takeoffs and landings on November
2, 2025 after a drone was spotted nearby, with at least one flight allegedly prevented.

Brussels Airport. Belgium's principal international airport (BRU); repeatedly closed during the November 2025
Belgian drone wave, including more than 50 cancellations on November 4 and roughly 500 passengers over-
nighting in the terminal.

Brenneysund. Norwegian coastal airport; subject of an Avinor-confirmed drone observation inside the re-
stricted zone on September 28-29, 2025 during the Denmark drone wave.

BVLOS. Beyond Visual Line of Sight. The capability of an unmanned system to operate beyond direct visual
contact with its operator; a regulatory and detection challenge for civilian and counter-UAS authorities.

C2. Command and control. The systems, processes, and authorities through which commanders direct forces;
"C2 links" denote the radio data path between a drone and its operator.

C-17. The C-17 Globemaster III strategic airlifter. Cited in the December 2024 Stewart Airport incident in
which an unauthorized UAS approached within 25-50 feet of a C-17.

C-UAS. Counter-Unmanned Aircraft Systems. Sensors, effectors, and procedures designed to detect, track, iden-
tify, and neutralize unauthorized drones. Federal C-UAS authority in the United States is concentrated at
DOJ and DHS, with expansion proposals pending.

Camp Pendleton. Marine Corps Base in Southern California; confirmed six UAS airspace entries between De-
cember 9-15, 2024.

Church Committee. The U.S. Senate Select Committee to Study Governmental Operations with Respect to
Intelligence Activities, chaired by Senator Frank Church (1975-1976). Cited as a precedent model for con-
gressional accountability hearings preceding any future UAP disclosure.

CIA. Central Intelligence Agency. U.S. foreign intelligence service established 1947; convened the Robertson
Panel in 1953, whose recommendations shaped seven decades of UAP information management.

CISA. Cybersecurity and Infrastructure Security Agency. Operational component of DHS established 2018 with
responsibility for protecting U.S. critical infrastructure from cyber and physical threats.
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Class A—D events. Tearsheet taxonomy of anomalous airspace event severity tiers used in the Crisis Playbook
framing, from routine airspace anomaly (D) to multi-domain national-security event (A).

Clarke's Third Law. Arthur C. Clarke's aphorism that "any sufficiently advanced technology is indistinguisha-
ble from magic." Invoked in CU26 to underscore that the boundary between classified or advanced human
technology and genuinely unexplained phenomena is not static.

Compartmentalization. The intelligence-community practice of restricting access to classified information by
program-specific clearance ("special access program,” SAP). Cited in CU26 in connection with classified
UAP-relevant programs and disclosure governance.

Condon Report. Scientific Study of Unidentified Flying Objects (1968), authored by Edward U. Condon at the
University of Colorado under USAF contract. Its conclusion that further study was unlikely to yield major
scientific advances led to the closure of Project Blue Book in 1969.

CONOPS. Concept of Operations. A user-oriented description of how a system will be operated, used to derive
engineering and integration requirements; recommend a CONOPS for spectral sensing on UAP-relevant
aerial platforms.

Copenhagen Airport. Denmark's principal international airport; closed for nearly four hours on September 22,
2025 after multiple drone sightings, marking the opening of the European "Denmark” drone wave.

Counter-UAS. (C-UAS) Systems designed to detect, track, identify, and neutralize unauthorized unmanned aer-
ial systems.

CRS. Congressional Research Service. Nonpartisan public-policy research arm of the U.S. Congress within the
Library of Congress.

CU26. The inaugural edition of the Confronting Unknowns Program, conducted as part of the Massachusetts
Institute of Technology’s Independent Activities Period 2026.

CUF. Confronting Unknowns framework. The analytical pipeline proposed in this paper, organized as Detect
— Identify — Respond — Explain (D-I-R-E), with explicit feedback loops between stages.

D-I-R-E. The four-stage Confronting Unknowns pipeline: Detect (capture and preserve evidence), Identify
(translate evidence into ranked probabilistic hypotheses), Respond (decide and act under uncertainty), Ex-
plain (communicate to operational, legislative, and public audiences).

DARPA. Defense Advanced Research Projects Agency. The U.S. Department of Defense agency funding high-
risk research in emerging technologies, established 1958.

Decision trap. A predictable cognitive failure mode under time pressure. The Crisis Playbook explicitly identi-
fies four: premature closure, authority bias, availability bias, and anchoring.

Denmark drone wave. The September—November 2025 sequence of unidentified-drone incidents at Copen-
hagen, Aalborg, Kastrup, and other Danish, Norwegian, German, Belgian, and Dutch airports and military
installations. Triggered Denmark's NATO consultations and the EU "drone wall” proposal.

DHS. Department of Homeland Security. U.S. federal department established 2002 with responsibility for do-
mestic security, including critical-infrastructure protection, counter-UAS authority, and FEMA oversight.
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DIAL. Differential Absorption LIDAR. Laser remote-sensing technique probing the atmosphere for specific
chemical species, with potential application to ionization-trail and propulsion-byproduct detection.

Disclosure Act. See UAPDA.

Disinformation. The deliberate creation and dissemination of false information intended to mislead, as distin-
guished from misinformation (false but not deliberately so) and malinformation (true information shared
maliciously out of context).

DoD. Department of Defense. The U.S. executive department overseeing the armed forces, intelligence compo-
nents within those services, and acquisition activity, including UAP-related sensing assets and AARO.

DOE. Department of Energy. U.S. federal department with responsibilities including nuclear weapons steward-
ship; cited in the context of the "loose nuke" narrative around the New Jersey drone wave, which DOE and

NNSA denied.

Doel nuclear power plant. Belgian nuclear generating station near Antwerp; five drones were reported circling
the plant for roughly an hour during the November 2025 drone wave, prompting Belgium to request allied
assistance.

DOJ. Department of Justice. U.S. federal executive department for law enforcement; holds primary federal coun-
ter-UAS authority alongside DHS.

Drone wall (EU). A European Union proposal, backed by EU leaders on October 1, 2025, to build a coordinated
counter-drone perimeter along the eastern flank in response to the Denmark drone wave and Russian airspace
violations.

DSCA. Defense Support of Civil Authorities. The DoD framework under which military forces support domes-
tic civil authorities during emergencies (e.g., FEMA-led disaster response); referenced in ICS/NIMS scaling
discussions.

EAR. Export Administration Regulations. U.S. Department of Commerce regulations controlling the export of
dual-use goods, software, and technology. Cited alongside ITAR and the Atomic Energy Act as an export-
control regime potentially applicable to UAP-derived technologies.

Earle. Naval Weapons Station Earle in Colts Neck, NJ; confirmed multiple UAS airspace entries on December
13, 2024.

Eastern Sentry. NATO mission launched September 2025 to reinforce the alliance's eastern flank after Russian
drones violated Polish airspace and Russian MiG-31s entered Estonian airspace. Companion mission to Bal-
tic Sentry.

Eindhoven Airport. Dutch civil-military airport in the southeastern Netherlands; suspended air traffic for sev-
eral hours in November 2025 after multiple drone sightings, prompting the Netherlands to procure drone-
detection radars.

Elsenborn. Belgian Army training-area and military base in the eastern cantons; site of drone sightings that
opened Belgium's military-base wave in late October 2025.
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EO. Electro-Optical. Sensors operating in the visible and near-infrared spectrum; includes standard cameras and
telescope systems.

EO/IR. Electro-Optical / Infrared. Combined visible-band and infrared imaging sensor package; the standard
fused payload on military targeting pods, surveillance aircraft, and counter-UAS platforms.

Erding. Bundeswehr air base near Munich, Germanys; site of confirmed drone sightings on October 2-4, 2025,
alongside operational disruption at Munich Airport.

Escalation ladder. A graduated sequence of community or institutional responses from passive observation
through interception to neutralization. Included regarding the New Jersey case as a predictable consequence
of an information vacuum.

F-22. F-22 Raptor air-superiority fighter operated by the U.S. Air Force, carrying the AN/APG-77 AESA radar.
Used to shoot down the Chinese surveillance balloon in February 2023 and reportedly relocated during the
December 2023 Langley incursions.

F-35. F-35 Lightning II multirole stealth fighter operated by the U.S. and allies, with a fused EO/IR sensor suite
(DAS, EOTY); cited as being un-optimized for material identification despite advanced sensor integration.

F/A-18. F/A-18 Hornet and F/A-18E/F Super Hornet carrier-based multirole fighters operated by the U.S.
Navy; carry the ATFLIR pod and AN/APG-79 radar that produced several widely circulated UAP videos.

FAA. Federal Aviation Administration. U.S. agency within the Department of Transportation responsible for
civil aviation regulation, airspace management, and temporary flight restrictions (TFRs).

FBI. Federal Bureau of Investigation. U.S. domestic intelligence and law-enforcement agency within DOJ;
opened public tiplines and coordinated investigative activity during the New Jersey drone wave.

FCC. Federal Communications Commission. Independent U.S. agency regulating interstate and international
communications by radio, television, wire, satellite, and cable. Cited as one of the technology-risk-governance
institutions relevant to anomalous-phenomena research and spectrum management.

FEMA. Federal Emergency Management Agency. Operational component of DHS responsible for federal disas-
ter response, NIMS administration, and coordination with state emergency-management agencies.

Fifteen Minutes to Decide. Aspirational framing within the Crisis Playbook: a tool set for senior decision-mak-
ers facing an anomalous airspace incident within a fifteen-minute decision window, covering situation clas-
sification, contact protocols, decision-trap awareness, and graduated response options.

FLIR. Forward-Looking Infrared. A category of infrared imaging sensors mounted forward on aircraft and
ground platforms for thermal imaging; also the company name (now Teledyne FLIR) producing many such
systems including the Boson 640 LWIR core used by the Galileo Project.

FOCI. Foreign Ownership, Control, or Influence. The regulatory determination of whether foreign entities can
direct or influence a U.S. company's decisions, triggering mitigation requirements before access to classified
programs.
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FOIA. Freedom of Information Act. U.S. federal statute (1966) providing public access to federal agency records
subject to enumerated exemptions; the primary statutory tool for declassification requests on UAP-related
material.

Galileo Project. Harvard-based scientific UAP research initiative led by Avi Loeb, operating multi-modal
ground-based observatories with FLIR Boson LWIR arrays, passive multistatic radar, RF spectrum analyzers,
and acoustic and geophysical sensors. Three observatories operational in MA, PA, and NV as of early 2026.

Gatwick incident. A December 19-21, 2018 closure of Gatwick Airport (UK's second-busiest) for roughly 36
hours due to repeated drone sightings; described by airport leadership as "highly targeted.” A precedent for

the airport—disruption pattern of subsequent waves.

Ge-68. Germanium-68, a radioactive isotope used in medical imaging calibration. A Ge-68 pin source lost in NJ-
area transit on December 2, 2024 seeded the "loose nuke / dirty bomb search” theory of the drone wave; the
source was subsequently recovered.

Geran-2. The Iranian-designed, Russian-produced Shahed-136 loitering munition under its Russian designa-
tion. Cited in the Russia—Ukraine war context that backgrounded European drone-wave attribution debates.

GIMBAL. One of the three U.S. Navy F/A-18 ATFLIR videos officially released by the DoD in 2020, showing
an unidentified object exhibiting unusual rotation.

GNSS. Global Navigation Satellite System. The umbrella term for satellite-based positioning and timing systems
including GPS (U.S.), GLONASS (Russia), Galileo (EU), and BeiDou (China); used for precision time syn-
chronization in sensor networks.

GoFast. One of the three U.S. Navy F/A-18 ATFLIR videos officially released by the DoD in 2020, showing an
unidentified object tracked at low altitude over the ocean.

GOES. Geostationary Operational Environmental Satellite. NOAA's geostationary satellite constellation provid-
ing continuous 16-band visible and infrared imaging of the Western Hemisphere at 5-15 minute cadence.

Gothenburg-Landvetter Airport. Sweden's second-busiest airport, on the country’s west coast; observed one
or more drones on November 6, 2025, forcing more than a dozen flights to reroute or cancel. Swedish police
opened a "suspected aviation sabotage” investigation.

GPS. Global Positioning System. The U.S.-operated GNSS constellation providing geolocation and precise time;
a frequent target of jamming and spoofing in contested environments.

Gremlin. An AARO sensor system developed by the Georgia Tech Research Institute, integrating long-range
EO/IR cameras, 2D/3D radar, RF spectrum monitors, and ADS-B receivers. Tested March 2024 and de-
ployed November 2024 to an undisclosed national-security site for 90-day baseline data collection.

H1. The first hypothesis: Data or Sensor Artifact. The apparent event is primarily a product of sensor behavior,
processing error, or interpretation failure.

H2. The second hypothesis: Natural Physical Source. The event reflects a known atmospheric, astronomical,
oceanic, or geophysical phenomenon (e.g., birds, ball lightning, meteors, mirage).
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H3. The third hypothesis: Human-Made Physical Source (unclassified). The event reflects a real object consistent
with conventional or commercially accessible technology (e.g., drone, balloon, satellite, crewed aircraft).

H4. The fourth hypothesis: Human-Made Physical Source (classified). The event reflects a real object associated
with restricted state or defense activity, including allied or adversary test programs.

HS5. The fifth hy: Unknown Physical Phenomenon. The event involves a real physical phenomenon not ade-
quately explained by H1-H4. HS functions as the hypothesis space’s open residual: it holds probability for
explanations the current set does not yet name, and is the category from which new, better-specified hypoth-
eses are promoted as understanding develops. Probability should rest in H5 only after the artifact (H1), nat-
ural (H2), and human-technology (H3, H4) hypotheses have been seriously tested and found wanting,
whereas HS is a provisional holding place and not a default destination.

H1-HS5. The five top-level explanatory hypotheses in the Confronting Unknown Framework’s hypothesis space:
H1 (artifact), H2 (natural), H3 (unclassified technology), H4 (classified technology), H5 (unknown). See
individual H1, H2, H3, H4, H5 entries above.

H.654. Vermont House Bill H.654, introduced 2026 by Representative Troy Headrick. Would create a state
airspace-safety and UAP task force to evaluate reports, assess risks, and coordinate scientific investigation.

HB 5422. Connecticut House Bill HB 5422, introduced 2026 by Representative Aundre Bumgardner. Would
commission a state study of UAP in conjunction with law enforcement and state agencies to assess the feasi-
bility of a state UAP center.

HR 8197. Federal bill introduced April 2026 by Representative Tim Burchett (R-TN). Would terminate
AARO, redistribute its functions across existing Pentagon departments, and prohibit creation of any future
centralized UAP office.

Human Observer. In the paper’s credibility rating scale, one of five tiers from military-trained observer (rating
1) through untrained observer in poor conditions (rating 5), with hoaxer or confirmed-fabrication actors at
rating 0.

Hynek classification. The 1972 civilian and academic system developed by J. Allen Hynek classifying UFO en-
counters as nocturnal lights, daylight discs, radar-visual, or close encounters of the first, second, and third
kinds. Predecessor to modern operational taxonomies.

Hyperspectral imaging. Imaging that captures reflectance or emission across many narrow contiguous spectral
bands, enabling identification of material classes (metals, polymers, composites) through their surface signa-
tures. Typically operates from approximately 400 to 2,500 nm.

ICS. Incident Command System. The standard U.S. framework for organizing multi-agency emergency response,
defining roles for command, operations, planning, logistics, finance, and public information. The paper ar-
gues that drone waves require clearer ICS triggers.

IGRA. Integrated Global Radiosonde Archive. NOAA archive of vertical atmospheric profiles from more than
2,800 stations worldwide, useful for correlating weather-balloon launches with UAP reports and assessing
radar propagation anomalies.
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Invention Secrecy Act. U.S. statute (1951) authorizing the federal government to impose secrecy orders on pa-
tent applications whose disclosure would be detrimental to national security. Cited in technology-govern-
ance discussion as one regime potentially applicable to UAP-derived discoveries.

IR. Infrared. Electromagnetic radiation with wavelengths longer than visible light. Subdivided into bands of in-
creasing wavelength, VNIR, SWIR, MWIR, and LWIR, where different sensor technologies apply.

ISAR. Inverse Synthetic Aperture Radar. A radar imaging technique exploiting target motion to generate high-
resolution shape and structural images, in contrast to SAR which exploits platform motion.

ISR. Intelligence, Surveillance, and Reconnaissance. Military operations and capabilities for gathering and ana-
lyzing information on adversary forces, activity, and environment.

ITAR. International Traftic in Arms Regulations. U.S. State Department regulations controlling the export and
import of defense articles and services on the United States Munitions List. Cited alongside EAR and the
Atomic Energy Act as an export-control regime applicable to potential breakthrough technologies.

JIC. Joint Information Center. The ICS-defined entity coordinating public information across agencies during
a multi-jurisdiction incident; absent during the New Jersey drone response.

Kastrup. Kastrup Air Base in Denmark, a Royal Danish Air Force facility co-located with Copenhagen Airport;
experienced drone sightings during the September 2025 wave.

Kinematics. The description of an object's motion (position, velocity, acceleration, heading) independent of the
forces producing it; the sensor-derived motion record used to characterize candidate UAP events.

Kleine Brogel Air Base. Belgian Air Component base in Limburg; host facility for U.S. B61 tactical nuclear
weapons under NATO nuclear sharing. Site of unidentified-drone activity for three consecutive nights in
November 2025, which Defence Minister Theo Francken described as a deliberate spy operation.

Langley AFB. Joint Base Langley-Eustis, Virginia; home to the Air Force's first fighter wing. Experienced sus-
tained nighttime UAS incursions over approximately 17 days in December 2023, prompting temporary re-
location of F-22s to NAS Oceana.

LIDAR. Light Detection and Ranging. Active laser remote sensing providing high-resolution range, 3D geome-
try, and (in DIAL configurations) atmospheric chemical detection.

Likelihood. In Bayesian inference, the probability of the observed evidence given a particular hypothesis. Com-
bined with the prior probability via Bayes' theorem to produce the posterior.

Liege Airport. Belgian cargo-and-passenger airport; repeatedly disrupted by drone sightings during the Novem-
ber 2025 Belgian drone wave alongside Brussels Airport.

LLM. Large Language Model. A class of AI models trained on large text corpora capable of natural-language
understanding and generation; discussion on LLM-based normalization of heterogeneous UAP reports and

uncertainty summarization.

LSST. Legacy Survey of Space and Time. The decade-long primary survey program of the Vera C. Rubin Obser-

vatory, imaging the entire visible sky every three nights across six optical bands; full operations expected 2026.
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LWIR. Long-Wave Infrared. The 8-14 pm thermal-emission band; the primary band for passive thermal imag-
ing independent of illumination.

Marche-en-Famenne. Belgian Army garrison in Wallonia; site of drone sightings investigated by Belgian author-
ities in late October 2025. Defence Minister Theo Francken stated the incidents were the work of skilled
operators, not amateurs.

MECE. Mutually Exclusive and Collectively Exhaustive. A property of a hypothesis set in which categories do
not overlap (mutually exclusive) and together cover all possibilities (collectively exhaustive). In the Confront-
ing Unknowns Framework’s hypothesis space, this property holds by construction: the fifth hypothesis (HS)
is an open residual that absorbs any explanation the first four do not, so the set is exhaustive at every moment
even though the explanations it names are expected to be revised, split, or added over time. Exhaustiveness is
therefore a structural guarantee, not a claim that the named categories are final.

Micro-Doppler. Fine-grained modulations of a radar return produced by component motion (rotor blades, pro-
peller, vibration). Used in modern counter-drone radar to discriminate between birds, rotary-wing drones,
helicopters, and other low-RCS targets.

MiG-31. Mikoyan MiG-31 "Foxhound" Russian high-speed interceptor. Three MiG-31s violated Estonian air-
space for approximately 12 minutes in September 2025, prompting Estonia's NATO Article 4 consultations.

ML. Machine Learning. Subset of artificial intelligence in which algorithms improve performance through expo-
sure to data rather than explicit programming.

MM-LLM. Multimodal Large Language Model. An Al model integrating text with visual and other modalities,
enabling reasoning over images, sensor plots, and structured data alongside natural language; central to
CU26’s Al-for-anomalies discussion.

MUFON. Mutual UFO Network. Civilian organization founded in 1969 maintaining a public database of more
than 140,000 UFO/UARP case reports; the principal informal reporting channel through decades of federal
disengagement.

Multipath. A radar artifact in which a signal reaches the receiver via more than one path (typically a direct return
plus a ground- or surface-reflected return), producing apparent ghost targets. Listed as an H1 candidate.

Munich Airport. Germany's second-busiest airport (MUC); operations disrupted on two consecutive nights,
October 2—4, 2025, after drone sightings, cancelling and diverting flights affecting thousands of passengers.

MWIR. Mid-Wave Infrared. The 3-5 um spectral band; well suited to detecting hot engine components and
exhaust plumes against cooler backgrounds.

NAS Oceana. Naval Air Station Oceana, Virginia; cited as the temporary relocation site for F-22s during the
December 2023 Langley incursions.

NASA. National Aeronautics and Space Administration. U.S. civil space and aeronautics agency established
1958; administers ASRS for the FAA and commissioned the 2023 UAP Independent Study Team Report.

NEXRAD. Next-Generation Radar. A network of 160 S-band Doppler weather radars operated jointly by the
NWS, FAA, and USAF, with publicly archived reflectivity, velocity, and spectrum-width products.
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NIMS. National Incident Management System. The U.S. national framework, administered by FEMA, that
standardizes preparedness and response across federal, state, tribal, and local agencies; ICS is one of its core
components.

Nightcrawler. An electro-optical citizen-science detection system deployed by the Tedesco brothers off Long
Island and during the New Jersey drone wave, sharing data with law enforcement and journalists; subject of
academic publication and a 2025 MIT Technology Review feature.

Nimitz incident. A November 2004 series of encounters between U.S. Navy F/A-18s from the USS Nimitz
carrier strike group and unidentified objects ("Tic Tacs") off the coast of Southern California; one of the
canonical modern U.S. military UAP cases.

NIST. National Institute of Standards and Technology. U.S. Department of Commerce agency setting measure-
ment standards and technology guidelines. Cited as among the technology-risk-governance institutions rele-
vant to scientific investigation of anomalous phenomena.

NJDEP. New Jersey Department of Environmental Protection. Cited in connection with the "loose nuke" radi-
oactive-material narrative that NJDEP and federal officials publicly refuted.

NNSA. National Nuclear Security Administration. Semi-autonomous DOE agency responsible for the U.S. nu-
clear weapons stockpile; denied the loose-nuke search theory of the New Jersey drone wave.

NOAA. National Oceanic and Atmospheric Administration. U.S. scientific and regulatory agency within the
Department of Commerce operating the NWS, NEXRAD, GOES, and the IGRA archive.

NORAD. North American Aerospace Defense Command. U.S.—Canadian joint command responsible for aer-
ospace warning, aerospace control, and maritime warning of North America. Tracked and shot down the
February 2023 Chinese surveillance balloon and three additional unidentified objects.

NORTHCOM. U.S. Northern Command. The unified combatant command responsible for homeland defense
of North America; cited in connection with radar and counter-drone reforms following Langley.

NRC. Nuclear Regulatory Commission. Independent U.S. federal agency regulating commercial nuclear power,
materials, and waste; received the Palo Verde incursion reports and the December 2024 Ge-68 source-loss
event report.

NSC. National Security Council. The White House body coordinating national-security policy across federal
agencies. The paper’s Tier 1 recommendation directs the NSC to develop and exercise inter-agency protocols
for anomalous aerospace incursions.

NSF. National Science Foundation. Independent federal agency funding basic research and education across
non-medical scientific disciplines; identified as a potential sponsor of a dedicated UAP research funding cat-

cgory.

NWS. National Weather Service. NOAA component operating U.S. weather observation and forecasting sys-
tems, including NEXRAD.
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Observer Education Feedback Loop. The mechanism by which systematic public explanation of resolved UAP
cases improves observer calibration, raising the signal-to-noise ratio of incoming reports and sharpening the
residual unexplained set.

ODNI. Office of the Director of National Intelligence. U.S. office overseeing the 18-member Intelligence Com-
munity, established 2004; AARO and the predecessor UAPTF reported through ODNI channels.

OHSP. Oftfice of Homeland Security and Preparedness (New Jersey). State-level homeland-security office that
co-issued the December 2024 public tipline request with FBI Newark and the New Jersey State Police.

Palo Verde. Palo Verde Nuclear Generating Station, Arizona; experienced multiple unidentified UAV incur-
sions on September 29-30, 2019, prompting an inter-agency investigation that closed without identifying
operators.

PEMA. Pennsylvania Emergency Management Agency. State emergency-management agency whose director
discussed UAP tracking at a February 2024 budget hearing referenced in CU26.

Phoenix Lights. A mass-witness UAP event on March 13, 1997, over Phoenix, Arizona, in which a large V-
shaped formation of lights traversed the city; cited as a pre-social-media case that took weeks to reach national

awareness.

Picatinny Arsenal. U.S. Army installation in Morris County, New Jersey, specializing in armaments R&D. Site
of the November 13, 2024 opening incidents of the New Jersey drone wave.

Plant 42. Air Force Plant 42 in Palmdale, California, a government-owned advanced-aerospace facility associated
with B-21 and other classified programs; experienced drone incursions on August 2-9, 2024.

Posterior probability. In Bayesian inference, the updated probability of a hypothesis after observing new evi-
dence; the output of Bayes' theorem combining prior and likelihood. The hypothesis space H1-HS ranking
is a set of posteriors. Referred to in the main text as 'the updated probabilities' or 'the result.’

Premature closure. A decision trap in which an investigator declares a case resolved before evidence supports
the conclusion ("it's just drones") in order to terminate analysis and public pressure. The defining failure
mode in CU26's New Jersey case study.

Prior probability. In Bayesian inference, the probability assigned to a hypothesis before observing event-specific
evidence. In UAP identification, priors reflect contextual factors such as proximity to military test ranges,
atmospheric conditions, or known traffic patterns. Referred to in the main text in plain language as the 'start-
ing assumptions’ or 'starting probabilities.

Project Blue Book. U.S. Air Force program (1952-1969) that collected and analyzed more than 12,000 UFO
reports under USAF's Air Technical Intelligence Center and successors; closed following the Condon Re-
port.

Project Grudge. U.S. Air Force UFO investigation program (1949-1951), successor to Project Sign and prede-
cessor to Project Blue Book; characterized by an explicit debunking orientation.

Project Sign. The first official U.S. Air Force UFO investigation program (1947-1949), prompted by the Ken-
neth Arnold sighting and the early postwar wave.
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Project Galileo. See Galileo Project.

RAF Lakenheath. Royal Air Force base in Suffolk, England, hosting U.S. Air Forces in Europe (USAFE) units;
experienced UAS incursions beginning November 20, 2024.

Ramstein. Ramstein Air Base in Germany, headquarters of USAFE; experienced unidentified-drone sightings in
early December 2024.

RCS. Radar Cross-Section. A measure of how detectable an object is by radar, expressed in square meters and
dependent on size, shape, and material. Modern counter-drone radars focus on the low-RCS regime where
small, irregular targets dominate.

Remote ID. The FAA rule requiring most drones in U.S. airspace to broadcast identification and location infor-
mation; recommendation is for fusing Remote ID with ADS-B, weather, and 911-call data in a universal
operational picture.

RF. Radio Frequency. Electromagnetic spectrum used for communication and radar; RF emissions from uni-
dentified objects are a key detection modality.

Robertson Panel. CIA-convened classified scientific review (January 1953) of UFO reports following the 1952
Washington, D.C. incidents. Its reccommendation of a media and academic debunking campaign established
the stigma architecture cited in Part III.

Roswell. The July 1947 recovery of unidentified debris near Roswell, New Mexico. The U.S. Army Air Field's
initial "flying disc” press release was retracted the following day in favor of a weather-balloon explanation; the
announce-retract—refuse pattern resembles a template for subsequent communication failures.

Rubin Observatory. See LSST.

SACEUR. Supreme Allied Commander Europe. NATO's senior military commander; referenced in alliance-
level escalation discussions.

SAFER SKIES Act. 2025 federal legislation expanding the 2018 counter-UAS framework by allowing certified
state and local officials to conduct approved counter-drone operations, creating a federal certification system
and $250 million per year in funding for at least two years.

Safe Airspace for Americans Act. Proposed federal legislation addressing operational response authorities for
anomalous airspace incursions.

SAR (radar). Synthetic Aperture Radar. Radar imaging that exploits platform motion to achieve high cross-
range resolution; used in satellite-based maritime surveillance and terrain mapping. Distinct from ISAR.

Schiphol Airport. Amsterdam'’s principal international airport; closed one runway for 45 minutes in late Sep-
tember 2025 after a suspected-drone sighting during the Denmark drone wave.

SCU. Scientific Coalition for UAP Studies. U.S.-based nonprofit research organization convening academic and
technical UAP work.
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Sensor failure mode. A class of non-physical apparent detection produced by errors (hardware, calibration),
artifacts (cosmic-ray hits, lens flare, compression), interference (weather, EMI, clutter), jamming, or spoof-
ing. The CUF requires first-pass assessment against these modes for any anomalous detection.

SIGINT. Signals Intelligence. Intelligence derived from intercepted electronic signals and communications; "pas-
sive RF / SIGINT" is one of the sensor modalities surveyed in CU26.

Six observables. The set of characteristics used in U.S. policy discussions (including the UAP Disclosure Act) to
identify UAP-like events: instantaneous acceleration absent apparent inertia; hypersonic velocity absent a
thermal signature or sonic shockwave; transmedium travel; positive lift contrary to known aerodynamics;
multispectral signature control; and physical or biological effects on close observers.

Skywatcher. A privately funded, active ground-based UAP observatory project launched in 2024, using high-
zoom EO cameras, SWIR and MWIR imagers, radar, and passive RF/SIGINT sensors with multi-sensor
kinematic fusion.

SNR. Signal-to-Noise Ratio. The ratio of signal strength to background noise; determines whether a sensor can
reliably detect a given target.

Spoofing. Intentional deception of a sensor by injecting counterfeit signals (e.g., false GPS positions, false radar
returns producing "ghost” targets). One of the sensor failure modes enumerated in CU26.

Stewart Airport. Stewart International Airport / Stewart Air National Guard Base, New York; closed for ap-
proximately one hour on December 13-14, 2024 after drone activity, with one UAS reportedly approaching
within 25-50 feet of a C-17.

SWIR. Short-Wave Infrared. The 1-3 pm spectral band; used to detect reflected sunlight signatures and discrim-
inate material classes including those carried by certain balloons.

Tic Tac. The colloquial name for the unidentified object encountered by U.S. Navy F/A-18s of the USS Nimitz
strike group in November 2004 off Southern California, given for its smooth pill-like shape; one of the most
studied modern military UAP cases.

Transmedium. Movement across distinct physical domains (e.g., air to water, space to atmosphere) without ap-
parent transition. One of the six observables.

UAP. Unidentified Anomalous Phenomena. Current U.S. government designation, replacing the earlier "Uni-
dentified Aerial Phenomena” usage. Covers events that cannot be immediately identified across air, sea, space,
and transmedium domains.

UAP Assessment Matrix (Lomas). Five-dimensional credibility-rating framework for UAP evidence proposed
by Lomas, O'Malley, Masters, and Vernet (2025, Acta Astronautica 234: 491-503). Cited in CU26 as a more
detailed scientific-credibility scale than the operational five-tier observer rating used in the Detect section.

UAPDA. UAP Disclosure Act. Proposed U.S. legislation establishing formal declassification processes, an inde-
pendent review board with eminent-domain authority over recovered materials, and mandatory reporting
requirements for federal agencies and contractors.
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UAPTF. UAP Task Force. The 2020 predecessor of AARO, established under the Office of Naval Intelligence
to standardize collection and reporting on UAP encounters.

UAS. Unmanned Aircraft System. An unmanned aircraft (commonly called a drone) together with its ground
control station and communications equipment.

UAYV. Unmanned Aerial Vehicle. A powered aircraft without an onboard pilot, controlled remotely or autono-
mously.

UFO. Unidentified Flying Object. Legacy term for anomalous aerial sightings, replaced in U.S. policy usage by
UAP since 2022.

UnHidden. UK-based nonprofit producing training materials for healthcare providers on supporting patients
reporting extraordinary experiences; cited as having no current U.S. equivalent.

Unified Command. An ICS structure in which multiple agencies with jurisdictional authority share command
of an incident while preserving their statutory roles; noted absence from the New Jersey drone response.

USAF. United States Air Force. Operated Project Blue Book (1952-1969) and currently operates NEXRAD
radar stations jointly with NWS and FAA.

USAFE. United States Air Forces in Europe. The USAF major command headquartered at Ramstein; issued
statements on the November 2024 incursions at RAF Lakenheath, Mildenhall, Feltwell, and Fairford.

USCG. United States Coast Guard. U.S. armed service operating under DHS in peacetime; provided observa-
tional reports of low-altitude aircraft near vessels during the December 2024 New Jersey drone wave.

UAP Independent Study. NASA-commissioned panel that issued its final report in September 2023, recom-
mending (among other items) the expansion of ASRS to include systematic anomalous-event reporting by

pilots and ATC.

Vandenberg SFB. Vandenberg Space Force Base, California; site of a November 30, 2024 incident in which a
civilian (later identified as Chinese citizen and U.S. lawful permanent resident Yinpiao Zhou) was arrested

for photographing the base by drone.

VASCO. Vanishing and Appearing Sources during a Century of Observations. Research project led by Beatriz
Villarroel analyzing pre-Sputnik Palomar Observatory plates (1949-1957) for transient point sources; a 2025
Scientific Reports paper found transients clustered near nuclear-test dates and at rates consistent with sunlit
objects in low Earth orbit.

VNIR. Visible and Near-Infrared. The 0.4-1.0 um spectral band covering human-visible light and adjacent near-
IR; the standard operating range of color cameras and most optical telescopes.

Volkel. Royal Netherlands Air Force base in the southeastern Netherlands; site where Dutch forces engaged
drones with ground weapons in November 2025 without recovering the airframes.

Wright-Patterson AFB. U.S. Air Force base in Ohio; closed airspace for approximately four hours December
13-14, 2024 due to drone activity, with additional sightings on December 16-17.
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Appendix B: Legislative Movements

Federal (enacted)

SAFER SKIES Act (2025): Expands the 2018 federal counter-UAS framework by allowing certified
local officials to conduct approved counter-drone operations, not just DOJ and DHS. It creates a federal
certification and training system, potentially through FBI-approved courses, and fund the buildout with
$250 million per year for at least two years.

Federal (proposed)

UAP Disclosure Act (UAPDA): Would establish formal declassification processes, an independent
review board with eminent-domain authority over recovered materials, and mandatory reporting re-
quirements for federal agencies and contractors.

Safe Airspace for Americans Act: Addresses operational response authorities for anomalous airspace
incursions.

HR 8197 (introduced April 2026 by Representative Tim Burchett, R-TN): Would terminate the All-
domain Anomaly Resolution Office, redistribute its investigative functions across existing Pentagon de-
partments, and prohibit creation of any future centralized UAP office.

State (enacted)

New Jersey Assembly Bill A5712 (signed January 12, 2026, by Governor Phil Murphy as P.L. 2025,
¢.269): Establishes a Center for the Study of Unidentified Aerial Phenomena in partnership with a public
institution of higher education, funded with $2.5 million in research grants. Total appropriation approx-
imately $3.5 million including a related Air Traffic Controller Loan Redemption Program.

State (proposed)
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Vermont House Bill H.654 (introduced 2026 session by Representative Troy Headrick): “An act re-
lating to Vermont Airspace Safety and Unidentified Anomalous Phenomena Task Force.” Would create
a task force to evaluate UAP reports, assess airspace and public safety risks, and coordinate scientific in-
vestigation and reporting.

Connecticut House Bill HB 5422 (introduced 2026 session by Representative Aundre Bumgardner)
“An act concerning a study of Unidentified Aerial Phenomena.” Would undertake a study in conjunc-
tion with local law enforcement and state agencies of UAP by a scientific body in the state in order to
assess the feasibility and benefits of establishing a state UAP center.

Confronting Unknowns



, v
@Q

Appendix C: Existing surveillance, sensing, and
reporting infrastructure

Table 12: Existing surveillance, sensing, and reporting infrastructures relevant to UAP analysis.

System Data type Relevance

NEXRAD Doppler Ra- 160 S-band weather radars; re- Detects non-meteorological airborne returns;

dar Network flectivity, velocity, spectrum provides atmospheric baseline; nationwide con-
width; publicly archived tinuous coverage enables retroactive analysis

GOES satellite constel- 16-band visible and IR imaging;  Establishes environmental context concurrent

lation full-disk every 5-15 minutes with reported events; helps rule out meteoro-

Vera C. Rubin Observa-
tory (LSST)

FlightRadar24 / Open-
Sky Network

MarineTraffic/ AIS
Networks

IGRA Radiosonde Ar-
chive

NASA ASRS

8.4 m survey telescope; six opti-
cal bands; entire visible sky every
three nights; full operations ex-
pected 2026

ADS-B flight tracking; real-time
and historical

Global vessel tracking; real-time
and historical

Vertical atmospheric profiles
from 2,800+ stations globally

Confidential voluntary pilot
and ATC safety reporting; 1.94
million cumulative reports over
47 years; approximately 100,000
per year

logical explanations

Automated transient and anomaly alerts;
AI/ML pipelines adaptable for anomalous-ob-
ject detection in near-Earth or cislunar space

Identifies cooperative air traffic near a reported
event; objects in radar data absent from ADS-B
may warrant investigation

Rules out maritime vessel misidentification for
coastal and over-water events

Identifies weather balloon launches correlatable
with reports; atmospheric profiles help assess
radar propagation anomalies

Recommended in the 2023 NASA UAP Inde-
pendent Study [55] as a channel for systematic
pilot UAP reporting within a trusted, destigma-
tized framework
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Appendix D: Sensor Capabilities — Observables,
Modalities, and Limitations

Characterizing an anomalous aerial object means asking two related questions: what do we want to learn about
it? and which sensors can tell us? This appendix addresses both. The first part describes the six observable prop-
erties that distinguish one class of object from another; the second maps those properties onto specific sensor
modalities, with their effective ranges and limitations. The detailed descriptions below expand on each observable
property; and Table 13: Sensor capabilities and limitations at the end of this appendix translates them into hard-
ware terms.

Observable Properties

Each observable answers a different question about a target. No single one is decisive on its own; their value comes
from combination, since an explanation that satisfies one observable must also be consistent with the others.

Visual-Thermal Signature (17hat it looks like): Describes the optical and thermal appearance of an object, in-
cluding its shape, color, size, luminosity, and surface temperature. Electro-optical (EO) cameras operating in the
visible band are the most common visual sensors. Infrared (IR) cameras, including forward-looking infrared
(FLIR) systems, detect thermal radiation emitted by objects in wavelength bands invisible to the human eye, re-
vealing whether a target is hotter or colder than its background (its thermal or heat signature). This can make
thermally distinct objects detectable even when they are visually obscured, though an object at the same temper-
ature as its surroundings may remain undetectable in IR as well. Combined EO/IR systems allow simultaneous
visual and thermal observation.

Kinematics (How it is moving): Describes the motion of an object: its position, altitude, velocity, acceleration,
heading, and changes in direction. Radar is the primary kinematic sensor, measuring range, bearing, altitude, and
radial velocity. LIDAR provides high-precision range measurement using laser pulses. GPS and multi-sensor
tracking systems can fuse data to produce continuous three-dimensional flight paths. Kinematic data alone can
be highly diagnostic: an object that hovers, reverses direction instantaneously, or sustains accelerations beyond
known acrospace tolerances presents a signature that narrows the space of possible explanations. Note that kine-
matics describes how an object moves; inferring why it moves that way (the forces and energy involved) requires
dynamic analysis, which is typically modelled from kinematic data rather than measured directly.

Propulsion Signatures (17hat is driving it): Sensors can detect secondary indicators of an object's propulsion
type, even when the propulsion system itself is not visible. FLIR can identify thermal exhaust plumes character-
istic of chemical combustion (jet engines, rockets). Acoustic sensors detect sound generated by propulsion sys-
tems and aerodynamic surfaces, jet noise, propeller blade-pass frequencies, and rotor harmonics from helicopters
and multirotor drones each produce distinctive acoustic signatures. The absence of expected propulsion signa-
tures (e.g., an object maneuvering with no detectable thermal exhaust, acoustic emission, or aerodynamic control
surfaces) is itself a significant observable.

Composition (What it is made of): Describes the material makeup of an object. Hyperspectral imaging sensors
measure reflected or emitted light across many narrow spectral bands, producing a spectral signature that can
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distinguish broad material classes, metals, polymers, ceramics, vegetation, gases, by their characteristic reflectance
or absorption features. This is distinct from elemental chemical analysis; hyperspectral sensors classify material
types rather than identifying individual elements. Composition data is valuable for discriminating between target
types (e.g., metallic aircraft vs. weather balloon vs. atmospheric plasma phenomenon such as ball lightning) when
visual or kinematic data alone is ambiguous.

Radio-Frequency Emissions (1What signals it is transmitting): Detects active electronic transmissions from a
target. Cooperative transponder systems, AIS (Automatic Identification System) for maritime vessels and ADS-
B (Automatic Dependent Surveillance-Broadcast) for aircraft, broadcast identity, position, heading, and speed,
from which registration and operator information can be queried through external databases. Electronic support
measures (ESM) and wideband RF receivers detect non-cooperative emissions such as command-and-control
(C2) links between drones and their operators, onboard radar, and telemetry downlinks. The absence of any de-
tectable RF emission from an otherwise trackable object is itself a significant discriminant.

Magnetic Anomaly (What disturbance it produces in the local field): Magnetometers detect deviations from the
expected local geomagnetic field caused by ferromagnetic mass (e.g., an aircraft's metal structure), eddy currents
induced by moving conductive bodies, or strong local electromagnetic sources. Magnetic anomaly detection
(MAD) is an established technique in anti-submarine warfare and geological survey. In the context of UAP in-
vestigation, magnetic-field disturbances have been reported in proximity to unidentified targets, though the evi-
dential basis for this correlation remains limited and the causal mechanism, if any, is not established [59].

Sensor Modalities and Limitations

The observables above are abstract; detecting them requires specific instruments, each with its own range,
strengths, and blind spots. Table 13 below maps sensor modalities to the evidence they produce and notes, for
each, whether it can resolve a representative discrimination problem, e.g., distinguishing a mylar balloon from a
genuine unknown.
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Table 13: Sensor capabilities and limitations

Sensor Evidence Effective What it reveals Resolves “balloon Key limitation
modality type range vs. unknown”?
Electro-optical ~ Dynamics 0.1-50km  Shape, aspect ratio, an- Partial; short range  No spectral, thermal,

camera (visible)

Infrared / FLIR

Radar (mono-
static)

Passive RF/
SIGINT

Hyperspectral
imager
(VNIR/SWIR)

Radiometry / py-

rometry

Laser LIDAR /
DIAL
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Thermal, dy- 0.5-40 km

namics

Dynamics 5-500 km

EM emissions 1-200 km

Composition 0.1-10 km

Thermal 0.5-5km

Composition, 1-5km
dynamics

gular velocity

Thermal contrast;
plume detection

Track, RCS, ISAR im-
aging, Doppler veloc-
ity

Frequency, modula-
tion, power; finger-
prints transmitter type

Surface reflectance
spectrum identifies
material class (metals,
polymers, composites)

Detects anomalous
thermal emission in-
consistent with passive
solar loading

High-resolution 3D
geometry; DIAL
probes atmosphere for
ionization, ozone, or
propulsion byprod-

ucts

Confronting Unknowns

only

Partial; emissivity
unknown

No; mylar balloon
approximates small
metallic object in

RCS

Partial; absence of
emissions is a weak

discriminator

Yes; mylar has a
sharp NIR absorp-
tion feature; metallic
alloys do not

Partial (requires
companion sensor
for emissivity)

Yes; resolves balloon
shape, tether, and
tumble

or compositional
data

Brightness tempera-
ture only; no abso-
lute surface tempera-
ture without calibra-
tion

No material, no tem-
perature; aliasing
from scan rate

Cannot detect non-
emitting objects

Requires good illu-
mination (daylight);
range limited by at-
mospheric scattering

Emissivity unknown
for unidentified ob-
ject; solar reflection
contaminates
MWIR

Requires active
beam pointing; eye-
safety constraints;
not a wide-area
search tool
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Appendix E: Diagnostic Triage for Sensor Faults,
Interference, and Deception

Before an anomalous-looking detection is treated as a genuine unknown, it must be assessed against the ordinary
explanations that can mimic an anomaly. These fall into three broad families: a) faults internal to the sensor or its
processing chain, b) effects imposed by the environment, and ¢) deliberate adversarial deception. Plus, there is a
fourth case that is not an explanation at all: the residue that survives every check. This appendix first defines the
categories, then operationalizes them into a triage table mapping each to its characteristic signature, the diagnostic
questions that distinguish it, and the corresponding mitigations.

The five definitions below describe the mechanisms by which non-anomalous effects arise. Table 14 reorganizes
the same material by operational family for use at the analyst's desk; the mapping is many-to-one rather than exact
(for example, "Errors,” "Artifacts,” and "Interference” are distributed across the table's "Sensor and Pipeline” and
"Environment and Propagation” rows), because the definitions are organized by cause while the triage table is
organized by the workflow that rules each one out.

- Errors: faults in sensor hardware, calibration, or baselining. Examples: an uncooled thermal imaging sen-
sor experiencing thermal drift that produces distorted object shapes; a radar altimeter with degraded cal-
ibration reporting incorrect target ranges.

- Artifacts: false signals generated by the sensing system itself during measurement or processing, which
can cause non-physical phenomena to appear as real objects. Examples: cosmic ray hits on CCD/CMOS
sensors producing bright pixel anomalies that can be mistaken for point-source objects; lens flare or in-
ternal reflections (glare) creating apparent objects in optical and infrared imagery; digital compression or
processing artifacts distorting object shape or motion. Aperture-shape artifacts, in which point sources
photographed out of focus take on the geometric shape of the lens aperture (often triangular, hexagonal,
or octagonal), are a documented source of apparent "structured craft” in civilian footage [60].

- Interference: environmental factors that degrade sensor accuracy. Examples: adverse weather conditions
(rain, fog, humidity) reducing optical and infrared sensor performance; electromagnetic interference
from solar activity affecting RF sensors; physical clutter in the sensing environment such as birds, debris,
or airborne particulates generating false returns.

- Jamming: the intentional emission of RF energy to overwhelm or deny legitimate sensor signals, resulting
in degraded detection capability. Examples: GPS or communications jamming in conflict zones. Jam-
ming can make detection and tracking of anomalous objects significantly more difficult in contested
electromagnetic environments.

- Spoofing: intentional deception of sensors to cause them to report false data. Examples: broadcasting
counterfeit GPS signals to cause receivers to report false locations, altitudes, or speeds; electronic warfare
techniques that inject false radar returns, producing "ghost” targets that can make objects appear to per-
form impossible maneuvers such as instantaneous acceleration or rapid directional changes.
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Table 14: Diagnostic triage for characteristic signatures, investigative questions, and mitigations for the principal classes of explainable
effect that can masquerade as an anomalous detection, plus the residual case of a genuine unresolved signature.

Failure mode

Typical “anomalous”
signature

Investigative questions

Mitigations

Sensor and pipeline error

Calibration drift or bias

Time-synchronization er-
ror

Resolution, aliasing,

thresholding

Multipath, sidelobes,
clutter

Persistent offset in range,
angle, or velocity; “impos-
sible” kinematics

Tracks that “jump”; in-
consistent fusion; false ac-
celeration

Object flickers at detec-
tion threshold; track frag-
mentation

False targets, mirrored tra-
jectories, sudden bearing
changes

Was calibration verified
post-sortie? Does bias cor-
relate with temperature or
time-on?

Are clocks GNSS-disci-
plined? What is the time-
base error bound?

Is SNR near threshold?
Any changes in gain or fil-
ters?

Is geometry conducive to
multipath? Are sidelobe-
suppression settings
known?

Calibration checks; environ-
mental compensation; health
monitoring

Clock discipline; timestamp
provenance; sync alarms

Record raw data; adaptive
threshold; confidence scor-

ng

Site characterization; side-
lobe controls; independent
geometry cross-check

Environment and propagation

Atmospheric ducting or
refraction

Geophysical interference

Radar range and bearing
distortions; “over-the-
horizon” surprises

Magnetometer or EO ar-
tefacts; spurious signals in
speciﬁc regions or times

Are meteorological condi-
tions consistent with duct-
ing?

Are there known geomag-
netic or solar-activity fac-
tors?

Integrate meteorological and
ocean models; annotate
propagation regime

Fuse space-weather context;
flag elevated uncertainty re-
gimes
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Deception and information warfare

Spoofing

Consistent but false

Do signals show protocol

tracks; alignment with ad- inconsistencies? Correla-

versary operational objec- tion with known EW pat-

tives

Jamming

sensor; detection gaps;
noisy bands

“Nothing seen” by one

terns?

Is there spectral evidence
of interference?

Cryptographic and authenti-
cated ranging; anomaly de-
tection; independent sensor
cross-checks

Spectrum monitoring;
multi-band diversification;

fallback procedures

Genuine unresolved signature

Cross-modal incon-

sistency without plausible modalities disagree in

Multiple independent

Do independent sensors
share common failure

artefact ways that do not map to  modes? Is there raw-data

known artefacts

retention?

Confronting Unknowns

Escalate with structured un-
certainty; preserve data; at-
tempt controlled re-observa-
tion

79



d&\

Appendix F: Current UAP observatory projects

Dedicated UAP observatories, such as Harvard’s Galileo Project, can complement incidental detections by im-
proving calibration and synchronization while producing gold-standard datasets that fill the gap of existing sensor
systems designed for other purposes. Such efforts can be a complement to historical surveys of astronomical data,

like the VASCO project (see e.g. [61], [62]).

Table 15: Current UAP observatory projects

Project and Type Description Sensors involved
Galileo Project [53] Host: Harvard University. Wide-field multispectral cameras (eight FLIR
Established: 2024. Boson 640 LWIR in all-sky array); narrow-
Ground-based obser- Funding: Foundation grant. field optical instruments (imaging, spectros-
vatory (passive) Description: 3 observatories op-  copy, polarimetry, photometry); passive multi-
erational in MA, PA, NV as of static radar; radio spectrum analyzers; acoustic
early 2026; 4th planned in IN. sensors (infrasonic to ultrasonic); environmen-
tal sensors; geophysical sensors; energetic parti-
cle detectors
AARO Gremlin sys-  Host: Georgia Tech Research In-  Long-range electro-optical cameras; infrared
tem [63] stitute for AARO. sensors; 2D search radar; 3D radar; RF spec-
Established: 2024. trum monitors; ADS-B transponder receivers
Ground-based obser-

vatory (government
+ academic)

UAPx Inc. [64]

Ground-based field

observatory (passive)

Skywatcher [65]
Ground-based obser-

vatory (active)

30

Description: tested March 2024;
deployed to undisclosed national
security site November 2024 for
90-day baseline collection)

Affiliation: University at Albany.
Established: 2021.

Description: Non-profit. Using
visual, infrared, and radiological
measurement devices.

Independent initiative focused
on aerial intelligence, advanced
sensing, and unconventional aer-
ospace research.

Visible-light cameras; infrared cameras; night-
vision optics; radiation detectors; cosmic-ray
and high-energy particle detectors; multi-sen-
sor optical tracking units; external corrobora-
tion via weather radar and satellite imagery

Electro-optical cameras (high-zoom visible); in-
frared imagers (SWIR and MWIR); radar; pas-
sive RF receivers and spectrum analyzers; te-
lemetry and SIGINT sensors; kinematic track-
ing via multi-sensor fusion
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Appendix G: “Drone Wave” Timelines

This appendix compiles open-source reporting on the unexplained drone and uncrewed-aircraft incidents that
drove aerospace airspace anxiety from 2014 through early 2026, organized to show how scattered incursions hard-
ened into two large, politically consequential "waves."

It runs in four movements. Precursors (2014-2024) establish that incursions over nuclear sites, airports, and mil-
itary installations recurred on both sides of the Atlantic well before they drew sustained attention. The American
Northeast ("NJ") wave of late 2024—early 2025, together with the concurrent military-installation reports beyond
the Northeast, marks the pattern reaching critical mass in the United States. The European ("Denmark”) wave of
fall 2025, unfolding against the Russia—Ukraine war, shows a similar dynamic across NATO airspace under geo-
political pressure. A closing set of recurrences confirms the phenomenon receded rather than resolved.

Entries vary widely in evidentiary weight, from confirmed installation statements and recovered records to single-
witness reports and official briefings later qualified or contradicted. Inclusion is not an endorsement of any one
explanation, mundane or adversarial. Read against the four-failure analysis in Part III, that variance is the point:
it shows how thin, conflicting signals were repeatedly forced into premature narratives, and where the detect-to-
decide chain bent or broke.

Precursor incidents before the 2024-2025 NJ and
Denmark-centered drone waves

U.S. precursor incidents
September 29-30, 2019 - Palo Verde nuclear-plant incursions

Multiple UAV's were reported over the Palo Verde Nuclear Generating Station. Site security could not
identify markings on the aircraft or locate the operators, and plant officials coordinated with NRC per-
sonnel, local law enforcement, the FBI, DHS, and FAA; an FBI weapons-of-mass-destruction coordina-
tor was also contacted, ending with an inconclusive investigation. [66]

December 2019-January 2020 - Nebraska-Colorado mystery-drone wave

Credible witnesses, including law enforcement personnel, reported formations of sizable aerial devices
(up to 6-foot wingspans) across Nebraska and Colorado. The FAA launched an investigation, with rec-
ords later indicating that officials could not determine the origin of the devices. They expressed “high
confidence” that they were not covert military activity and noted no (released) evidence of federal crim-
inal violations or military-installation incursions. [67], [68]

February 1-12, 2023 - Chinese surveillance balloon and NORAD shootdowns

A Chinese high-altitude surveillance balloon was publicly acknowledged over Montana on February 1,
2023; an F-22 downed it off the coast of South Carolina on February 4 after a week-long transit of the
continental United States. NORAD then adjusted radar filter parameters and, over the following week,
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detected three additional unidentified objects, which were shot down over Deadhorse, Alaska (February
10), Yukon, Canada (February 11), and Lake Huron (February 12). Three of the four were never posi-
tively identified, and debris recovery was incomplete or impossible. The sequence prompted the cancel-
lation of Secretary Blinken's planned Beijing visit and remains the highest primary-source-density U.S.
air-defense intruder case of the period, a doctrinal precursor that made later airspace intruders more vis-
ible while leaving the detect-to-decide chain visibly fragile. [69]

December 2023 - Langley Air Force Base precedent

CBS reported that drones appeared over Langley Air Force Base for 17 nights, with objects arriving after
sunset and ranging from commercial quadcopters to larger craft. Retired Gen. Glen VanHerck described
a response involving fighters, AWACS platforms, and helicopters, while emphasizing that homeland ra-
dar and legal authorities were poorly adapted to low-flying drone activity; some F-22s were reportedly
relocated and later NORTHCOM reforms focused on more sensitive radar and deployable counter-
drone kits. [70]

August 2-9, 2024 - Plant 42 incursions

Air Force Plant 42 in Palmdale, California, a major advanced aerospace-development hub, experienced
a series of reported drone incursions. Temporary flight restrictions were later imposed on August 14
around the local airport, and FOIA-based reporting identified specific incursions between August 2 and
August 9, raising concern because the facility supports highly sensitive military programs. [71], [72]

European precursor incidents
October-November 2014 - French nuclear-site overflights

Unidentified drones were reported over multiple French nuclear facilities. France’s Secretariat-General
for National Defense and Security characterized the flights as an “organized provocation” geared towards
“disrupting the chain of surveillance and protection at these sites”, while the environment minister said
officials did not have a lead on who was operating them. [73]

December 19-21 2018 - Gatwick Airport disruption

Drones reportedly shut down Gatwick, the United Kingdom’s second-busiest airport, for roughly 36
hours. Gatwick CEO Stewart Wingate, in a December 20, 2018 statement, described the flights as
“highly targeted” and “designed to ... bring maximize disruption”. At points, aircraft were left to circle
the airport, running low on fuel. The military deployed an anti-drone system to the airport. [74]

January 2022 - Swedish nuclear-plant sightings

Swedish authorities investigated drone reports at the Forsmark, Oskarshamn, and Ringhals nuclear
plants, leading to police deployment of helicopters and additional national security investigations. The
aircraft were described as capable of operating in high winds, and the episode occurred amid additional
reports near government buildings. [75], [76]

May 14, 2023 - Gatwick runway closure
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Gatwick temporarily closed its runway for almost an hour after a suspected drone sighting near the air-
field. Twelve incoming flights were diverted while the airport followed established procedures and inves-
tigated the report. [77]

American Northeast “NJ” drone timeline: late 2024~
early 2025

November 13, 2024 - Picatinny Arsenal opening incidents

Picatinny Arsenal personnel begin to observe lights of unknown origin maneuvering above the military
installation, which is close to residential areas. This made the early New Jersey wave more than a residen-
tial sighting cluster, because a sensitive military site was involved at the outset. [7]

Around November 18, 2024 - Morris County reports multiply

Reports began multiplying around Morris County and northern New Jersey. Reuters reported that the
FAA began receiving reports from Morris County around November 18, while federal officials investi-
gated with state and local partners and cautioned that some sightings could involve manned aircraft or
inaccurate reports. [78]

November 22, 2024 - FAA restrictions begin

The FAA prohibited drone flights over Trump National Golf Club in Bedminster after unexplained
drone activity, later extended on November 25 to Picatinny Arsenal, after reports of unexplained drone
activity. [79]

November 26, 2024 - Raritan Valley medevac disruption

A reported drone sighting near Raritan Valley Community College diverted a medevac helicopter from
its planned landing zone; the patient was successfully transported via a secondary landing zone at Som-
erset Airport in Bedminster. Later reporting on federal documents suggested the case may have involved
misidentified aircraft near Solberg Airport, making it important as an example of how even mistaken
reports amid a drone wave can create real emergency-response consequences. [80]

December 3, 2024 - FBI public tipline opens

FBI Newark, the New Jersey State Police, and the New Jersey Office of Homeland Security and Prepar-
edness asked the public to report information related to recent possible drone sightings along the Raritan
River. The FBI said reports from the public and law enforcement dated back several weeks and included
clusters resembling drones and a possible fixed-wing aircraft. [81]

Commentary: Institutional resistance to outside expertise

Rolling Stone reported that Craig Robertson, a retired Army major and counter-UAS specialist, offered
assistance to New Jersey State Police and the FBI; his attempts to push deeper went cold. The pattern
illustrates a recurring theme: institutions with operational gaps declined external expertise rather than
admitting the gap existed. (See Part I1I: Respond € Explain and [8].)
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December 8, 2024 - Morris County mayors escalate

Pequannock Mayor Ryan Herd circulated a letter to Governor Phil Murphy that was signed by 21 Mor-
ris County mayors within days. The letter said local efforts had been hindered by a lack of information
and called the situation untenable. [82]

December 10, 2024 - State emergency-operations briefing

News 12 reported that mayors left a New Jersey drone-sightings briefing frustrated, with Herd saying
officials still did not know who was responsible or where the drones were coming from. Rolling Stone
later reported Herd’s recollection that roughly 185 mayors attended the Ewing briefing, which included
senior representatives from the New Jersey State Police, FBI, DHS, and DoD. [8], [83]

December 10-11, 2024 - Coast Guard vessel report

A Coast Guard Lieutenant told AP that “multiple low-altitude aircraft were observed near one of our
vessels near Island Beach State Park”. Middletown mayor Tony Perry claimed up to 40 drones were spot-
ted, some at speeds of 60-70 mph. Rep. Chris Smith separately amplified claims that 12 to 30 drones
followed a Coast Guard lifeboat. [84], [85]

December 11, 2024 - Legislator briefing details circulate

Briefing notes and public reporting described drones as up to six feet wide, able to operate for six to seven
hours, sometimes with lights off, and allegedly able to avoid ordinary detection. [84]

December 10-11, 2024 - Adversary theories enter politics

Rep. Jeft Van Drew claimed that a trusted source told him an Iranian ship offshore was launching drones
and called for them to be shot down. The Pentagon directly denied the claim, with Reuters reporting
there was no Iranian drone mothership off the United States and no evidence the drones were coming
from a foreign entity or adversary. [85]

December 12, 2024 - DHS/FBI and White House say no known threat

DHS and the FBI issued a joint statement saying they had no evidence at the time that the reported sight-
ings posed a national-security or public-safety threat or had a foreign nexus. They also said they were
working to determine whether the reports involved drones, manned aircraft, or inaccurate sightings.
White House spokesperson John Kirby made similar statements. [1], [78]

December 12—13, 2024 - Drones reported near Salem/Hope Creek nuclear plant complex

Utility company PSE&G reported drone activity near the Salem and Hope Creek nuclear complex in
Salem County and said it had contacted federal authorities. The utility asked the FAA to restrict airspace
over the site, while Rep. Jeff Van Drew publicly cited reports of drones near the facility and called for
stronger federal action. [86]

84 Confronting Unknowns



December 13, 2024 - Naval Weapons Station Earle confirms entries

Naval Weapons Station Earle in Colts Neck, NJ confirmed multiple instances of unidentified drones
entering its airspace. The base said no direct threat had been identified. [87]

December 13-14, 2024 - Stewart Airport runway closure

New York Governor Kathy Hochul stated that the runways at Stewart Airfield were shut down for ap-
proximately one hour because of drone activity. Rep. Pat Ryan said the UAS got within 25-50 feet of a
C-17 military transport plane. [88], [89]

December 14-15, 2024 - Boston Logan-area arrests

Boston police arrested two men after a hazardous drone operation near Logan Airport airspace from
Long Island in Boston Harbor. The case appears to be an ordinary illegal-drone enforcement matter ra-
ther than an unexplained base incursion, occurring during the broader Northeast wave. [90]

December 14-16, 2024 - Federal detection finds little wrongdoing

AP reported that drone detectors deployed in New Jersey found little or no evidence of wrongdoing.
Governor Murphy said only a limited number of suspected sightings had been reported over the week-
end, while federal officials continued saying they had no indication of foreign involvement or harmful
intent. [91]

Mid-December 2024 - Lasers and firearms become hazards

The FAA warned of a spike in people pointing lasers at aircraft during the wave, while the FBI warned
the public not to shoot at suspected drones. [92]

December 15, 2024 - Schumer seeks drone-detection tools

Sen. Chuck Schumer urged DHS to deploy state-of-the-art drone-detection technology across New York
and New Jersey. He also said he would co-sponsor legislation giving local authorities more drone-detec-
tion tools. [93]

December 16-17, 2024 - Multi-agency statement quantifies public tips

DHS, FBI, FAA, and DoD said the FBI had received more than 5,000 tips, generating roughly 100 leads.
The agencies assessed the reports as a mix of lawful commercial drones, hobbyist drones, law-enforce-
ment drones, manned aircraft, helicopters, and stars, while saying unauthorized activity over restricted
military airspace was being taken seriously. [94]

December 15-16, 2024 - Mayorkas calls for expanded authorities

DHS Secretary Alejandro Mayorkas said there was no known foreign involvement in the mass drone
sightings. At the same time, he called for Congress to expand federal counter-drone authorities. [95]
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December 17, 2024 - Biden says no sense of danger

President Biden said federal officials were following the sightings closely but had no sense of danger.
Mayorkas separately said the federal government had deployed additional personnel, resources, and tech-
nology to assist New Jersey State Police. [96]

Mid-December 2024 - Missing-radioactive-material theory denied

The NRC event report stated that a Ge-68 pin source lost in transit on December 2 had been found,
returned to the supplier, and closed as an incident involving material less than Category 3. NJDEP and
federal officials later said the theory that drones were tracking missing radioactive material was false and
that drones were not used to search for it. [97], [98]

December 18-19, 2024 - FAA expands critical-infrastructure restrictions

The FAA imposed temporary 30-day drone restrictions over 22 critical-infrastructure locations in New
Jersey after requests from federal security agencies. The affected areas included Jersey City, Elizabeth,
and Camden, while New York also moved to restrict drone flights over critical-infrastructure sites. [92]

December 19, 2024 - Counter-UAS authority becomes flashpoint

AP reported that federal authority to track and disable threatening drones was becoming entangled in
budget negotiations and nearing expiration. [99]

Mid-late January 2025 - Temporary FAA restrictions expire

The December FAA restrictions were generally framed as one-month measures extending into mid-Jan-
uary. Their expiration marked the administrative wind-down of many emergency restrictions imposed
during the height of the New Jersey wave.

January 28, 2025 - White House closure statement

Press Secretary Karoline Leavitt stated that the drones seen over New Jersey had been authorized by the
FAA for research and other purposes and that many also involved hobbyist or recreational activity. No
further explanation has emerged since. [100]

Concurrent military reports beyond the U.S. Northeast

November 20-26, 2024 - U.S. bases in the United Kingdom

The U.S. Air Force said small UAS continued to be spotted near and over RAF Lakenheath, RAF Mild-
enhall, RAF Feltwell, and RAF Fairford beginning November 20, with fluctuating numbers and varied
sizes and configurations. Reuters reported a U.S. official saying the drones did not appear to be hobbyist
activity and seemed coordinated, while parliamentary proceedings reflected local public concern about
aircraft being scrambled at night; a later written answer said the incidents remained under active investi-
gation as of June 2025. [101], [102], [103], [104]
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November 30, 2024 -V andenberg Space Force Base OVCl‘ﬂight and later arrest

DOJ announced that a 39-year-old Chinese citizen and U.S. lawful permanent resident, was arrested at
San Francisco International Airport en route to China for allegedly flying a drone over and photo-
graphing Vandenberg Space Force Base. [105]

December 3-4 2024 - Ramstein Air Base sightings

Unidentified drones were spotted over Ramstein Air Base in Germany in early December, with confir-
mation from a U.S. Air Force spokesperson. [106]

December 9-15, 2024 - Camp Pendleton incursions

Marine Corps Base Camp Pendleton confirmed six instances of unmanned aerial systems entering its
airspace. The base said there was no threat to installation operations. [107]

December 13-17, 2024 - Wright-Patterson airspace closures

Drones around Wright-Patterson Air Force Base forced officials to close base airspace for roughly four
hours on December 13-14. The base later reported additional small UAS overnight on December 16-17,
with fluctuating numbers and varied sizes but no effect on residents, facilities, or assets. [108], [109]

December 2024 - Hill Air Force Base sightings

Hill AFB confirmed that unmanned aerial systems had been spotted near the base in Davis County,
Utah. Officials said they were monitoring the area and working with local authorities. [110]

December 17-19, 2024 - Fort Worth-area suspicious activity

White Settlement police reported suspicious drone activity near military and federal sites, including areas
near Naval Air Station Joint Reserve Base Fort Worth, a Lockheed Martin facility, and a Texas Army

National Guard recruitment center. Police coordinated with security personnel and later worked with
the FBI, NCIS, and the Air Force. [111]

December 2024—January 2025 - Bavarian military-base sightings

Bavaria's State Office of Criminal Investigation investigated suspected Russian espionage after drones
were spotted over several Bavarian military installations, including the Manching facility and a military
site at Neuburg an der Donau. The Manching base had sightings on multiple days in December, with
another incident reported in January. [112]

Commentary: Scale context from NORAD testimony

In February 2025 Senate Armed Services testimony, Gen. Gregory Guillot stated that there were 350
UAS detections over 100 different U.S. military installations in 2024. The testimony placed the late-2024
cases into a broader military-installation security problem. [113]
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European “Denmark” drone wave timeline

Denmark wave: September—November 2025
September 22-23, 2025 - Copenhagen and Oslo airport closures

Two or three large drones were reported near Copenhagen Airport, closing it for nearly four hours, while
Oslo Airport also shut its airspace for about three hours after a drone observation. Danish police report-
edly described the Copenhagen drones as likely operated by a capable operator based on size, number,
flight pattern, and behavior; Norway later ended the Oslo probe for lack of evidence. [114], [115]

September 24-27, 2025 - Danish airports and military sites

Drones were reported at Kastrup Air Base, as well as airports with military roles Aalborg, Esbjerg, Son-
derborg, Skrydstrup, and Billund. This caused disruptions, diversions, and additional closures. Denmark
told NATO allies unspecified state actors were responsible even as Danish officials publicly said attribu-
tion remained unclear; Danish Defence confirmed drones at several facilities and said several capabilities
were deployed. Danish emergency response moved to operational readiness after additional suspicious
activity and police received more than 500 drone-related reports nationally in 24 hours. [116], [117],
[118]

September 25-October 1, 2025 - Northern Germany critical-infrastructure reports

German authorities investigated unidentified drones over critical infrastructure in Schleswig-Holstein,
including a power plant, a university hospital, a shipyard and defense-industrial area in Kiel, and a mili-
tary base in Sanitz in a nearby state. [119]

September 27, 2025 - Amsterdam airport runway closure

Amsterdam’s Schiphol Airport closed a runway for 45 minutes after a sighting of a suspected drone.
[120]

September 27-28, 2025 - Denmark bans civilian drone flights

Denmark ordered a week-long ban on civil drone flights after fresh sightings at military facilities. The
Danish military said it had deployed several capacities in response to overnight sightings, while declining
to describe the response in detail. [121]

September 27-28, 2025 - Norwegian airbase and airport reports

Norwegian police investigated possible drone sightings near Grland air base, Norway’s main F-35 base,
after guards reported several observations outside the perimeter. Additional reporting described flight
disruptions linked to drone reports near Bardufoss and Brenneysund airports. [122], [123], [124]

September 28, 2025 - Finland hydroelectric-plant report

A passerby reported an unidentified drone over the Valajaskosken hydroelectric power plant in
Rovaniemi, Finland. Regional law enforcement confirmed the report but withheld details because of
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investigative measures. The incident happened recently after Finnish power plants became no-fly zones.
[124], [125]

October 2-4, 2025 - Munich Airport and Erding base disruption

Munich Airport operations were affected two nights in a row after drone sightings, canceling and divert-
ing flights affecting thousands of passengers. Germany’s defence ministry confirmed media reports that
drones were spotted over a nearby ammunition depot and the Erding military base. [126]

October 8, 2025 - Germany broadens police powers
Germany moved to give police broader authority to shoot down drones. [127]
October 2025 - Belgian military-base sightings

Belgium opened an investigation after drone sightings over military bases including Marche-en-Famenne
and Elsenborn. Defence Minister Theo Francken said the incidents were not the work of amateurs but
of skilled drone pilots. [128]

October 31-November 2, 2025 - Berlin and Bremen airport suspensions

Berlin Brandenburg Airport suspended flights for nearly two hours after a late-evening drone sighting,
and police confirmed a witness report but did not find the drone. Bremen Airport also temporarily sus-
pended takeoffs and landings after a drone was spotted nearby, with at least one flight diverted and an-
other delayed. [129], [130], [131]

November 1-9, 2025 - Belgian airports, bases, and nuclear plant

Unidentified drones were reported over Kleine Brogel Air Base, host to U.S. B61 tactical nuclear weapons
under NATO nuclear-sharing, for three consecutive nights, and Defence Minister Theo Francken called
the activity a deliberate spy operation: “small drones probing radio frequencies, then larger drones to
destabilize,” not amateur activity. Chief of Defence Admiral Frederik Vansina ordered the military to
shoot down unidentified drones over Belgian military bases. Brussels and Li¢ge airports were repeatedly
shut down after drone sightings, with more than 50 Brussels flights canceled on November 4 and roughly
500 passengers spending the night in the terminal; five drones were later reported circling the Doel nu-
clear power plant for about an hour. Belgium subsequently brought in allied armed forces to help track
or seize drones around airports, military bases, and the nuclear plant. Later reporting suggested an incur-
sion over the port of Antwerp. [132], [133], [134], [135], [13¢]

November 6, 2025 - Sweden’s Gothenburg airport disruption

One or more drones were observed at Gothenburg-Landvetter Airport on Sweden’s west coast, forcing
more than a dozen flights to be rerouted or canceled. Swedish police opened an investigation into “sus-
pected aviation sabotage”. [137]

Confronting Unknowns 89



d&\

November 21-22, 2025 - Dutch military fires on drones

The Dutch military used ground weapons against drones spotted above Volkel air base in the southeast-
ern Netherlands, but the drones left and were not recovered. Eindhoven Airport, which serves both ci-
vilian and military functions, suspended air traftic for several hours because of multiple drone sightings,
and the Netherlands later moved to buy drone-detection radars. [138], [139], [140]

Mid November-early December 2025 - French military-installation overflights

From November 10-12, incursions over Eurenco munitions facility in Bergerac, and a separate incursion
over a train in Mulhouse carrying tanks, led to a mobilization of the French national police. From No-
vember 26-30, suspected drones appeared at Base Aerienne de Creil, including up to six hostile drones
over three nights at a base housing military intelligence and satellite-monitoring functions. In early De-
cember, several unidentified drones were reported to fly over France’s Ile Longue strategic nuclear-sub-
marine base, where technical means detected them and marines deployed countermeasures, public pros-
ecutor Frédéric Teillet later clarified that the response involved a jammer, not firearm fire. Additional
incursions were previously reported nearby on the Crozon peninsula in November. [141], [142], [143],
[144]

Context alongside the Russia—Ukraine war
January 2025 - NATO launches Baltic Sentry

NATO launched Baltic Sentry to protect undersea cables, telecom links, and pipelines in the Baltic Sea
after incidents involving damaged seabed infrastructure. The mission would involve frigates, patrol air-
craft, naval drones, better surveillance, and closer private-sector coordination. [145]

September 10-12, 2025 - Russian drones enter Polish airspace

Poland shot down Russian drones that violated its airspace during Russia’s war against Ukraine, an ac-
tion Reuters described as the first known case of its kind by a NATO member during the war. NATO
then launched Eastern Sentry to reinforce the eastern flank after Russian drones violated Polish airspace.
[146]

September 13, 2025 - Romanian airspace Shahed incursion

Romania became the second NATO state penetrated in the September 2025 wave when a Russian
Geran-2 (Shahed-136) drone violated its airspace from Ukrainian territory. Romanian Air Force F-16s
tracked the drone for roughly SO minutes; the pilots had authorization to engage but withheld fire be-
cause of the risk to populated areas on the ground. The Romanian Ministry of National Defence issued
a same-day statement confirming the incursion and the engagement decision. [147]

September 19-23, 2025 - Russian jets violate Estonian airspace

Estonia said three Russian MiG-31 fighter jets violated its airspace for around 12 minutes; Russia denied
the claim. NATO said allied aircraft intercepted and escorted the jets out, prompting Estonia to request
Article 4 consultations. [148]
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October 1, 2025 - EU leaders back a ‘drone wall’

In the middle of the drone wave, EU leaders backed creation of a drone wall as a countermeasure against
Russia. [149]

Selected post-wave recurrence incidents
March 2026 - Barksdale Air Force Base recurrence

Air Force Global Strike Command stated that Barksdale AFB experienced several unauthorized drone
incursions beginning March 9, 2026, with varying duration and numbers of drones. The base issued and

then lifted a temporary shelter-in-place order, continued operations, and said a federal investigation re-
mained active. [11]

March 11, 2026 - Berlin airport suspension

Berlin Brandenburg Airport (BER) briefly suspended takeoffs and landings after an unknown object was
reported near a Bundeswehr (German military) helicopter hangar. Operations were paused for roughly
half an hour as a safety precaution. [150]
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Appendix H: Simple Probabilistic Case Analysis

Bayesian reasoning is a method for reasoning under uncertainty. It states plainly what is believed before new evi-
dence arrives, revises that belief as evidence comes in, and produces a range of possibilities each weighted by how
likely it is, rather than a single verdict. For policymakers, the appeal is practical: it requires analysts to put their
assumptions in writing, makes any disagreement easy to trace to its source, and allows an assessment to be updated
as new facts emerge.

We apply here a simple probabilistic model to a toy example. See the following sources for treatments of struc-
tured probabilistic reasoning in intelligence analysis [151], its application to anomalous aerial observations [152],
forensic evidence evaluation [142], and Bayesian network modeling for risk assessment [153].

Case Profile - Toy Example

The composite first draws on accounts during the New Jersey wave.'” Trained observers reported low-altitude
objects moving in coordinated grid patterns over residential areas. The objects were often described to produce
“rotor slap,” a heavy rhythmic thumping distinct from the high-pitched whir of consumer drones, characteristic
of large rotorcraft displacing air with heavy blades. A resident reported one object hovering over a truck at ap-
proximately two meters in diameter. The activity repeated on successive evenings, following consistent flight
paths. No operator was identified despite investigation by the State Police, FBI, and DHS.

The evidence profile: large-scale aerial objects at low altitude; coordinated grid-pattern flight; acoustic signature
consistent with heavy rotorcraft; repeated activity over multiple nights; no identified operator despite federal in-
vestigation.

We also include an additional hypothetical observation of rapid, anomalous acceleration of a ‘drone’ observed
near a military base. This was not a something widely reported in the NJ wave itself but is commonly associated
with UAP sightings.

7 Note: While this example is inspired by the NJ Wave, it is meant to be an illustrative toy example and not to draw conclu-

sions about the real NJ-centered events.
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Key terms

e Prior: what we believe before looking at this case's evidence.

¢ Relative likelihood: for one piece of evidence, how well a given hypothesis predicts it, on a simple scale
where 1.0 means the evidence tells us nothing about that hypothesis. A value above 1 means the evidence
fits that hypothesis; below 1 means it argues against it.

e Combined weight: a single running score for each hypothesis, found by multiplying together the rela-
tive likelihoods of #// the evidence.

e DPosterior: the updated belief afzer the evidence, expressed as a percentage. The posteriors are the num-
bers a decision-maker actually reads.

Case analysis

We group the observations into a small number of independent evidence items. This grouping matters. Several
widely reported facts, that the FAA issued flight restrictions, that nothing was shot down, that the government
did not attribute the activity, are not three independent clues; they are three faces of one underlying fact (a cau-
tious, non-attributing official response). Counting them separately would multiply the same signal three times
and artificially sharpen the result, so we treat them as one item.

We use three evidence items in total:

e E1: the civilian observation profile. What witnesses saw and heard: large objects, low altitude, coor-
dinated grid flight, rotor-slap acoustics, repeated over several nights.

e E2: the investigation and attribution outcome. What the official response produced: flight re-
strictions, no object shot down, and no operator identified despite federal investigation.

e E3: asingle, uncorroborated anomalous-kinematics report (introduced only in Stage 2): one mili-
tary sensor logging rapid, propulsion-less acceleration, with no second sensor confirming it.

The numbers below are one analyst's assignment. Different analysts would assign different values, and locating
where they differ (a prior? a likelihood?) is exactly what this method is for.

How to read the relative likelihood weights

e = 1.0: evidence is uninformative for this hypothesis
e 0.3 -0.8: mild evidence against

e 1.5-3:evidence for

e ~4:strong evidence for

We deliberately cap the weights around 4: no single observation in this toy case is treated as decisive, a constraint
whose importance becomes clear in Stage 2. One note on the uniform prior: starting every hypothesis at 20% is a
teaching convenience, not a claim of true ignorance. A flat prior treats "unknown phenomenon" (HS) as 4 priori
exactly as plausible as "sensor artifact” (H1), which real-world base rates do not support. A genuine assessment
would set context-dependent priors: the same evidence over an active military base, for instance, would start with
far more weight on classified activity (H4).
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Stage 1: the reported evidence

We first weigh the two real-world evidence items, the civilian observation profile (E1) and the investigation-and-
attribution outcome (E2), to see where the conventional record alone points, before testing what a single anom-
alous report would do to that picture.

Table 16: Example: Stage 1 — weights and posterior for the civilian observation (E1) and investigation outcome (E2), from a uniform prior.

E1: E2: Combined
Hypothesis civilian investigation weight Posterior
observation outcome (E1 x E2)
3 H1 Sensor artifact 0.3 1.0 0.30 3%
& H2 Natural source 0.3 1.0 0.30 3%
H3 H -
3 Human-made 3.0 0.8 2.40 28%
(unclassified)
A H4 Human-made 25 20 5.00 539
(classified) ’ ’ ) ’
*x H k
> Unknown 0.6 1.0 0.60 7%

phenomenon

Following the arithmetic. Take H4: its combined weightis E1 x E2 = 2.5 x 2.0 = 5.00. Add up all five com-
bined weights, 0.30 + 0.30 + 2.40 + 5.00 + 0.60 = 8.60, and divide to get each posterior. For H4: 5.00 + 8.60 =
0.58, i.e. 58%. For H1: 0.30 + 8.60 = 0.035, i.e. about 3%. (Percentages are rounded and may not total 100%.)

Why these weights? The structured, repeating, rotorcraft-like signature is poorly explained by a sensor artifact or
a natural source (both well below 1 on E1), and is only mild-evidence against an exotic unknown: a genuinely
novel phenomenon need not sound like a helicopter. It fits human-made activity well, and the unattributed-de-
spite-investigation outcome (E2) fits classified activity. The result concentrates roughly 86% of the probability
on authorized human activity (H3 + H4), with the artifact, natural, and unknown hypotheses each small but
never driven to zero.
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Stage 2: adding one uncorroborated anomalous report

Stage 1's combined weights now become the starting point: carrying a previous result forward as the new prior s

Bayesian updating. We multiply each by the relative likelihood for the new evidence item E3.

Table 17: Example: Stage 2 — the Stage 1 weights updated by one uncorroborated anomalous report (E3).

Hypothesis

Weight
carried from Stage 1

E3: single anomalous

sensor observation

New weight  Posterior

EH H1 Sensor artifact

£ H2 Natural source

H3 Human-made
(unclassified)

A H4 Human-made
(classified)

* HS Unknown
phenomenon

0.30
0.30

2.40

5.00

0.60

4.0
0.5

0.5

1.0

4.0

1.20 12%
0.15 2%
1.20 12%
5.00 50%
2.40 24%

Following the arithmetic. Take HS: its new weight is the carried-forward 0.60 x 4.0 = 2.40. The five new
weights total 1.20 + 0.15 + 1.20 + 5.00 + 2.40 = 9.95, so H5's posterior is 2.40 + 9.95 = 24%, up from 7%.

The instructive result is what does not happen: the unknown hypothesis does not take over. A single sensor re-

porting impossible kinematics is predicted egually well by a sensor artifact (H1) and by a genuine unknown (HS):

one instrument alone cannot tell them apart. The distribution becomes more uncertain, not more exotic, and

classified human technology remains the single leading explanation.

This is the appendix's main lesson, and it echoes the sensor shortcut argument (Figure 5): for the unknown hy-

pothesis (HS5) to rise above the artifact hypothesis (H1), one needs corroborating evidence that specifically rules

the artifact out: independent multi-sensor confirmation. A dramatic single report does not resolve a case toward

"unknown"; it widens the range of live possibilities and shows exactly what would narrow them again: independ-

ent corroboration from a second sensor.
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Appendix I: Historical precedents in anomalous-
event communication

The two structural failures, 1) legacy stigma and 2) dismantled protocols, described in the main text are rooted in

specific Cold War-era policy decisions. Below we provide additional historical detail.
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The Robertson Panel and the stigma architecture. In the summer of 1952, radar-confirmed and
visually corroborated objects appeared over Washington, D.C., including over the U.S. Capitol. Wide-
spread press coverage followed, and with it, public concern. In January 1953 the CIA convened a classi-
fied scientific review chaired by physicist H. P. Robertson [154]. Its operational recommendation was
not investigation but information management: a formal campaign of “debunking” that enlisted media,
universities, and scientific institutions to stigmatize the topic and reduce public interest. Officials cited
two rationales: preventing public panic and protecting military communication channels from being
overwhelmed by civilian reports. An unstated consequence endured far longer than the panic ever could
have—a social and professional penalty for reporting anomalous observations that has persisted for seven
decades.

Project Blue Book and the protocol gap. From 1952 to 1969, the U.S. Air Force operated Project
Blue Book, the only systematic federal program for collecting and analyzing reports of unidentified aerial
phenomena. Over seventeen years it compiled more than 12,000 reports. The Condon Report of 1968,
a University of Colorado review [155] contracted by the Air Force, concluded that further study was
unlikely to produce major scientific advances, and Blue Book was closed in December 1969. Phenomena
continued; the program did not. With its closure the government stopped systematically collecting data,
dismantled the only inter-agency coordination mechanism for anomalous aerospace events, and left a
gap that lasted nearly fifty years. No successor protocol was established until the creation of the All-do-
main Anomaly Resolution Office (AARO) in 2022.
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Appendix J: Observation credibility rating scale
for frontline operations

While further analysis into dimensions of credibility could be developed to create a more detailed rating scale for

use in scientific investigations [156], we propose two scales of credibility for immediate use in active frontline

operations and decision-making [157]. This scale combines several aspects of a detection scenario, including the

nature of the detection method (sensor, human observer), their number (single/multiple) or grade (profes-

sional/consumer, trained/untrained). A more fine-grained scale specific to human observers is addressed in the

next section.

These scales are one input among many and should not gate inclusion. They function as a shared vocabulary and

an initial confidence tag for downstream human or Al analysis and are not intended to serve as filters for discard-

ing reports.

Table 18: Credibility rating scale combining multiple aspects of a detection scenario.

Rating Detection Scenario

Multiple sensors AND Multiple human observers

> Example: observation recorded by both radar and FLIR, confirmed from both cockpit and ship
bridge
Multiple sensors AND Single observer

4
Example: cockpit radar and visual observation made by one pilot only
Single sensor AND/OR Multiple observers

3 Example: radar contact tracked by both cockpit and ATC; or multiple pilots on separate aircraft
visually confirm a sighting with no sensor recordings
Single sensor (professional grade) OR Single trained observer

2
Example: radar contact from ATC only, with no cockpit confirmation or visual sighting
Single sensor (consumer grade) OR Single untrained observer

1
Example: mobile phone footage captured by one civilian passenger on an aircraft

0 Error, artefact, hoax
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Human Observer Challenges

Human observers present unique challenges [158] in the context of anomalous incident detection, including:

Vulnerability to perceptual error, memory distortion, and geometry misjudgment, particularly when
they are not trained observers.

Multiple human observers experiencing different sensory input and processing, resulting in different
memories when reporting the same anomalous incident.

Intentional deception including hoaxes, illusions of the senses, and fabrications.

These challenges may be mitigated by observational training and may be exacerbated by observing conditions

particularly for untrained observers. This leads us to the following scale of credibility for human observations to

aid the analysis of eyewitness reports.

Table 19: Types of human observers

Rating Human Observer

Military trained observer
Example: pilots, radar operators, naval lookouts, air traffic controllers, weapons systems operators

Civil aviation trained observer
Example: commercial pilots, flight control room personnel

Trained non-aviation professional
Example: law enforcement, coast guard, meteorologist, air traffic controller acting as visual ob-
server

Untrained observer, good conditions
Example: general public; daytime, clear skies, unobstructed view

Untrained observer, poor conditions
Example: general public; night, adverse weather, obstructed or distant view

Suspected or confirmed hoaxer
Example: known disinformation agent or individual with confirmed history of fabrication

The four types of human observers typically involved in aerial UAP incidents are listed below, in descending order

of observational training:

98

Military (rating 5): witness report by military personnel is often by observers specifically trained to
detect and identify classified domestic and foreign military vehicles. However, data accessibility for mili-
tary witnesses remains restricted due to lack of reporting (stigma or other forms of social pressure) or
authorization to speak publicly [159].

Civil Aviation (rating 4): commercial pilots are trained in air observation including ability to distin-
guish military, civilian craft and atmospheric phenomena. Pilot eyewitness descriptions include anomaly
shape, size, and speed (captured in ATC transcripts). Observations of anomalies in civil aviation have
been historically underreported due to stigma and professional consequences to pilots who report anom-
alous observations [160].
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- Law Enforcement (rating 3): state and local law enforcement officers are trained in general visual ob-
servation, investigation procedures and reporting, including collection of eye-witness testimony on scene
immediately after an incident, collection and analysis of nearby security camera footage, and collection
of forensic analysis of physical evidence on scene including biological and material specimens. While they
may not be specifically trained for air observation, they may be equipped with relevant methods and tools
to reliably capture evidence of anomalous incidents.

- General Public (rating 1 and 2): the general population provides an abundance of visual eyewitness
reports. Historically, most of these reports were made to civilian UFO reporting centers such as
MUFON, which has a database of 140,000 incidents dating back to 1969. Individual observations of the
general public are the most susceptible to the human observer challenges mentioned above, due to the
lack of any observational training, including to account for illusory perception due to poor conditions
of observation. However, general public eyewitness reports are occasionally high-quality or valuable in
any case for aggregate data analysis to derive statistics and trends.

The relevance of human observers should not be underestimated even in contexts concurrently observed by
multi-sensor suites. For example, the NASA Artemis II mission, which went around the moon in April 2026,
provided unexpected and scientifically valuable eyewitness reports by the crew of micrometeors impact (flashes)
on the far side of the moon [161]. This known, natural phenomena, which may be critical for future manned
surface mission safety, is hard to image with even the capable camera systems available to the crew. And even when
potentially within the capability of the imaging systems, it may be hard to get the timing of the observation right
if observing such impact flashes is not the main/only purpose of a mission. The astronauts were also asked to
provide information on color hues of the lunar surfaces — subtle variations of color are not easily captured by
imaging sensors. Artemis II was a mission equipped with state-of-the-art, calibrated sensors based on the mission
profile. Yet, human observers filled the gap of phenomena unobservable or unobserved by even some of the most
capable sensors.
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About the Cover

The cover is a contemporary inversion of Plato’s Cave. In the original allegory, prisoners face a wall and mistake
puppeteers’ shadows for truth. Here, the figure, a “Sensemaker”, has already turned, attending with curiosity to
anomalous lights entering through fractures in the cave wall.

Suspended above the Sensemaker is the hypothesis space the paper asks its readers to hold open until evidence
justifies closure. The five glyphs represent the explanatory categories developed in Part II: Detect € Identify: [H]
sensor artifact (H1), [#] natural phenomenon (H2), [X] familiar human-made technology (H3), [A] unrevealed
human-made technology (H4), and [*] genuinely unknown origin (HS). The two marks rising above the cluster
(an exclamation and a question) encode the two epistemic states the practice moves between: recognition and
inquiry.

The practice the paper argues for is the cultivation of disciplined attention to uncertainty rather than its elimina-
tion. The Sensemaker recognizes the unknowns, confronts them, and stays with them. They neither point nor
declare nor panic.

The mark worn into the cloth of the Sensemaker’s chest is a contemporary echo of the radar-and-interrobang
emblem of the Confronting Unknowns program. They are identified by what they practice rather than by who
they are. A reader is invited to recognize themselves in the posture.

Attending the Unknown, by Jonathan “JMill” Miller. Charcoal and gouache, digital. May 2026.
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