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In the lead-up to Super Bowl LX in San Francisco, the low-altitude flight of specialized
helicopters sparked significant public curiosity and localized concern. These operations,
conducted by the National Nuclear Security Administration's Nuclear Emergency Support Team,
represent a critical component of modern domestic defense. This paper examines the technical
and strategic framework of aerial radiological surveys, focusing on the transition to advanced
platforms like the Leonardo AW139 and the methodology of background radiation baselining.
By establishing a high-resolution "radiological fingerprint" of dense urban environments,
security agencies can differentiate between naturally occurring isotopes and illicit nuclear
materials. The discussion extends beyond immediate event security to the broader RadSecure
100 initiative, which aims to map major American cities as a proactive measure against
radiological dispersal devices and improvised nuclear threats. Furthermore, the paper explores
the intersection of public transparency and clandestine monitoring, analyzing how federal
agencies balance operational security with the need for community notification. Through a
comprehensive review of detection physics, platform logistics, and nuclear forensics, this work
provides an academic overview of the invisible infrastructure protecting metropolitan centers
during high-profile gatherings and the evolving landscape of radiological counter-terrorism.
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1. Introduction: The Landscape of Urban Nuclear Security

The contemporary security paradigm for major metropolitan areas has undergone a radical
transformation since the turn of the twenty-first century. While traditional law enforcement and
counter-terrorism efforts historically focused on kinetic threats—such as firearms, improvised
explosive devices, and vehicle-borne threats—the evolution of global asymmetric warfare has
necessitated a sophisticated expansion into the Chemical, Biological, Radiological, and Nuclear
(CBRN) domain. Among these, the threat of radiological or nuclear material being introduced
into a densely populated urban center remains one of the most significant challenges for federal
agencies. The complexity of this landscape is driven by the dual-use nature of many radioactive
materials, which are essential to modern medicine, industrial testing, and energy production,
yet pose a catastrophic risk if diverted for malicious intent.

The fundamental challenge of urban nuclear security lies in the invisibility of the threat. Unlike a
physical weapon or a suspicious package, radioactive isotopes do not necessarily trigger the
human senses. Without specialized equipment, a high-activity source could be transported
through a crowded downtown corridor or placed near a critical infrastructure hub without
detection. To counter this, the United States Department of Energy, through the National
Nuclear Security Administration (NNSA), has developed a multi-layered defense strategy
designed to identify, intercept, and mitigate radiological risks before they can be weaponized.
Central to this strategy is the work of the Nuclear Emergency Support Team (NEST), a specialized
group of scientists and technicians who provide the technical backbone for domestic nuclear
counter-terrorism.

1.1 The Concept of National Special Security Events

A primary driver for the deployment of these advanced security measures is the designation of
National Special Security Events (NSSE). Established by Presidential Directive, an NSSE is an
event of such national or international significance that it requires the full integration of federal
security resources. These events include presidential inaugurations, state funerals, major
political conventions, and global summits. However, high-profile sporting events, such as Super
Bowl LX held in the San Francisco Bay Area in early 2026, also frequently receive high-level
security ratings due to their massive attendance, global broadcast reach, and symbolic value.

During an NSSE, the Secret Service typically acts as the lead agency for design and
implementation of the security plan, while the FBI leads crisis management and counter-
terrorism investigations. Within this framework, the NNSA provides the technical expertise
required to monitor the environment for radiological anomalies. The goal is to create a sterile
environment where any introduction of unauthorized nuclear material is detected in real-time.



This requires an extraordinary level of coordination between local police departments, state
emergency services, and federal scientific assets.

1.2 The Role of Radiological Baselining

The efficacy of any detection system depends on its ability to distinguish between "signal" and
"noise." In a metropolitan environment, the radiological "noise" is surprisingly high and highly
variable. Concrete skyscrapers, granite monuments, and even certain types of clay brick contain
naturally occurring radioactive materials (NORM) such as uranium, thorium, and potassium-40.
Furthermore, the presence of major medical centers adds a layer of complexity, as patients
undergoing diagnostic or therapeutic procedures involving isotopes like Technetium-99m or
lodine-131 can trigger sensitive detectors.

To manage this complexity, the NNSA employs a process known as radiological baselining. By
conducting aerial surveys weeks or months before a major event, security teams can create a
high-resolution map of the existing radiation environment. This map serves as a digital
fingerprint of the city. When the actual event occurs, any new source of radiation that does not
match the established baseline can be immediately flagged for investigation. This proactive
approach minimizes the risk of false positives—which can cause unnecessary public panic—
while ensuring that genuine threats are not lost in the background clutter of the urban
landscape.

1.3 Evolution of Aerial Surveillance Tactics

The use of helicopters for radiation detection is not a new phenomenon, but the tactics and
technologies have evolved significantly. Early iterations of the Aerial Measuring System (AMS)
relied on bulky, less sensitive detectors that required aircraft to fly at dangerously low altitudes
or much slower speeds. Modern operations, such as those witnessed over San Francisco in
2026, utilize state-of-the-art sensor suites mounted on high-performance airframes like the
Leonardo AW139.

These aircraft are equipped with large-volume sodium iodide scintillators and high-purity
germanium detectors capable of high-resolution gamma spectroscopy. As the helicopter flies a
precise grid pattern at approximately 150 feet above the ground, these sensors "listen" to the
gamma rays rising from the streets and buildings below. The data is processed in real-time and
transmitted to ground-based command centers where scientists analyze the energy peaks to
identify specific isotopes. The ability to perform this at speed over a large geographical area
makes aerial surveillance the most efficient method for securing an entire city's perimeter.



1.4 Public Transparency and Operational Security

A recurring theme in the expansion of urban nuclear security is the tension between
operational security (OPSEC) and public transparency. The sight of low-flying, often unmarked or
uniquely liveried federal helicopters hovering over residential neighborhoods can lead to public
concern and the spread of misinformation. Consequently, the NNSA has increasingly prioritized
public notification programs. Before the February 2026 flights in the Bay Area, federal
authorities issued press releases and coordinated with local media to explain the purpose of the
missions.

Despite these efforts, the "invisible" nature of the work often leads to speculation. Some
members of the public express concern about the health effects of the sensors themselves,
necessitating clear communication that these are "passive" systems—meaning they do not emit
radiation or any other harmful signals. They are essentially high-powered "ears" for the
radiological spectrum. Understanding the social and psychological impact of these operations is
just as critical for federal agencies as the technical execution of the flights themselves. As urban
centers become more interconnected and threats more sophisticated, the presence of these
"invisible sentinels" will likely become a permanent, if often unnoticed, fixture of the modern
city's security architecture.

2. History and Evolution of the Aerial Measuring System

The Aerial Measuring System, commonly referred to as AMS, is the premier aviation-based
component of the United States' radiological emergency response infrastructure. Its origins are
deeply rooted in the early Cold War era, specifically within the mandates of the Atomic Energy
Commission. Following the conclusion of World War Il and the onset of atmospheric nuclear
testing, the United States government recognized a critical need for a rapid, wide-area
capability to track radioactive fallout and assess ground contamination. In the late 1950s, the
first iterations of what would become AMS were established to provide the Department of
Energy with the ability to characterize the radiological environment following a nuclear event,
whether intentional or accidental.

2.1 Post-War Origins and the Atomic Energy Commission

The initial mission of the AMS was primarily focused on national defense and the monitoring of
domestic nuclear test sites. During the era of atmospheric testing at the Nevada Test Site,
aircraft equipped with rudimentary radiation detectors were used to track the path of
radioactive plumes and map the resulting fallout patterns across the desert landscape. These
early systems used large, heavy ionization chambers and primitive Geiger-Mueller tubes. The



data collected was often recorded manually or on analog strip-chart recorders, requiring
extensive post-flight analysis to produce meaningful maps.

As the nuclear industry expanded into the commercial sector during the 1960s, the mission of
the AMS broadened. The Atomic Energy Commission realized that the same technology used to
track fallout from a weapon could be used to monitor the environment around burgeoning
nuclear power plants. This period saw the formalization of the AMS as a rapid-response asset,
capable of deploying anywhere in the continental United States to assist in the event of a
reactor mishap or a transportation accident involving radioactive materials.

2.2 The Shift to Emergency Response: Three Mile Island and Chernobyl

The true utility of the Aerial Measuring System was demonstrated during the 1979 accident at
the Three Mile Island nuclear power station in Pennsylvania. This event marked a turning point
in the history of the program. AMS aircraft were deployed to perform real-time monitoring of
the radioactive gases being released from the damaged reactor. For the first time, aerial gamma
spectroscopy was used to provide local and federal officials with accurate, timely data on the
isotopic composition of the release, which was essential for making informed decisions
regarding public evacuations.

The 1986 disaster at Chernobyl in the Soviet Union further emphasized the importance of high-
altitude and long-range aerial monitoring. While the AMS is a domestic asset, the global nature
of the Chernobyl fallout cloud led to a significant leap in the sophistication of detection
algorithms and the sensitivity of the sensors used by American teams. The need to detect trace
amounts of lodine-131 and Cesium-137 across vast distances spurred the development of the
first digital spectroscopy systems, which allowed for much finer energy resolution and more
accurate identification of specific radionuclides.

2.3 Post-9/11 Realignment and Counter-Terrorism

The terrorist attacks of September 11, 2001, fundamentally altered the trajectory of the Aerial
Measuring System. Prior to 2001, the program was primarily a reactive entity designed for
accident response. In the post-9/11 security environment, the mission shifted toward proactive
counter-terrorism and the prevention of an "act of nuclear terrorism." This period saw the
integration of the AMS into the newly formed National Nuclear Security Administration and its
placement under the umbrella of the Nuclear Emergency Support Team.

The focus shifted from mapping plumes in rural areas to detecting "orphan" sources or illicit
materials in dense urban environments. This requirement led to the development of the
"baseline" concept. Scientists realized that to find a needle in a haystack, they first needed to
understand every piece of straw in that stack. The AMS began a systematic effort to map major
American cities, identifying the natural radiological background of urban centers. This era also



saw the introduction of more sophisticated software capable of "subtracting" the natural
background radiation from the live data stream, allowing operators to see artificial sources that
would otherwise be hidden.

2.4 Transitioning from Fixed-Wing to Specialized Rotorcraft

Technological evolution in the AMS program is also reflected in the platforms used to carry the
sensors. For decades, the workhorse of the fleet was the Beechcraft King Air, a fixed-wing
aircraft capable of high-speed transit and long-endurance missions. While excellent for tracking
large-scale plumes or mapping rural tracts of land, fixed-wing aircraft have limitations in an
urban context. They cannot fly at the extremely low altitudes or slow speeds required to detect
small, shielded sources hidden among city streets.

To address this, the NNSA began heavily utilizing helicopters, specifically the Bell 412. The
helicopter's ability to hover and perform tight, low-altitude grid patterns at 150 feet made it the
ideal tool for urban security. These "yellow helicopters" became a familiar sight during high-
profile events. However, by the early 2020s, the aging Bell 412 fleet began to be replaced by the
Leonardo AW139. This transition, which was fully realized by the Super Bow!| LX operations in
2026, represents the current state of the art. The AW139 offers superior lift capacity, allowing
for larger and more sensitive detector arrays, along with advanced avionics that allow for semi-
autonomous "mowing the lawn" flight patterns over city grids. This ensures a level of coverage
and detection sensitivity that was impossible only a generation ago.

3. Technical Specifications of Modern Detection Platforms: The Leonardo AW139

The transition from legacy rotorcraft to the Leonardo AW139 represents a generational leap in
the capability of the Aerial Measuring System. While the iconic yellow helicopters of the past
were functional for their time, the increasing complexity of urban environments and the need
for higher-fidelity data necessitated a platform with greater power, stability, and sensor
integration capacity. The AW139, a medium-sized twin-engine helicopter, has become the
centerpiece of the Nuclear Emergency Support Team’s aerial fleet because it provides a unique
balance of aerodynamic performance and technical versatility. By 2026, this platform has been
fully optimized to act as a flying laboratory, capable of detecting minute radiological signatures
while navigating the turbulent air corridors of major cities like San Francisco.

3.1 Airframe Performance and Operational Utility

The Leonardo AW139 is a 7-ton class helicopter that offers a significant increase in payload and
speed over its predecessors. This increased lift capacity is critical because the radiation
detection equipment used by the NNSA is notoriously heavy. To achieve the necessary



sensitivity, the aircraft must carry large arrays of lead-shielded detectors and cooling systems for
high-resolution sensors. The AW139’s twin Pratt & Whitney PT6C-67C engines provide the
power needed to carry this equipment while maintaining a high margin of safety, particularly
during the low-altitude, low-speed maneuvers required for urban grid surveys.

One of the primary advantages of this airframe is its sophisticated avionics suite. The aircraft
utilizes a 4-axis digital autopilot and a fully integrated flight management system. This
technology allows pilots to fly extremely precise "mowing the lawn" patterns over a city with
sub-meter accuracy. During the Super Bowl LX patrols, this precision ensured that no "gaps"
existed in the radiological map of the Bay Area. Additionally, the AW139 features reduced
vibration levels compared to older models. In the world of high-sensitivity spectroscopy,
vibration is an enemy; it can introduce noise into the electronic signals generated by the
detectors. The smoother flight profile of the Leonardo platform directly translates to cleaner
data and a higher probability of detecting well-shielded or low-activity sources.

3.2 Integrated Radiation Detection Systems

The heart of the AW139’s mission is the specialized sensor suite mounted within the airframe
and in external pods. The primary detection method is gamma-ray spectroscopy, which involves
measuring the energy and intensity of gamma radiation as it interacts with specialized crystals.
The AW139 typically carries multiple large-volume Sodium lodide (Nal) scintillation detectors.
These crystals are chosen for their high efficiency in capturing gamma photons. When a gamma
ray hits the crystal, it produces a tiny flash of light, or scintillation, which is then converted into
an electrical pulse by a photomultiplier tube.

While Sodium lodide detectors are excellent for finding "hot spots" due to their large surface
area, they have relatively poor energy resolution. To solve this, the AW139 also carries High-
Purity Germanium (HPGe) detectors. These sensors are far more precise and can distinguish
between two radioactive isotopes that have very similar energy signatures. Because HPGe
detectors must be kept at cryogenic temperatures to function, the AW139 is equipped with
specialized electrical cooling systems (cryo-coolers) that eliminate the need for liquid nitrogen.
This combination of "search" sensors (Nal) and "identification" sensors (HPGe) allows the crew
to not only find a source but to identify exactly what it is—whether it be a harmless medical
isotope like Technetium-99m or a threat material like Highly Enriched Uranium—within seconds
of detection.

3.3 Data Processing and Real-Time Telemetry

The sheer volume of data produced by the AW139's sensors requires immense on-board
processing power. Every millisecond, the system records the energy level of every gamma
photon that hits the detector array. This data is fed into a Digital Spectroscopic System (DSS),



which organizes the pulses into a histogram known as a spectrum. Each isotope has a unique
"peak" on this spectrum, much like a barcode. The DSS uses advanced algorithms to perform
real-time "background subtraction." As the helicopter flies over different terrains—from the
water of the San Francisco Bay to the concrete of the Financial District—the natural background
radiation changes. The software automatically adjusts for these shifts, ensuring that any man-
made source stands out clearly against the fluctuating natural noise.

Equally important is the aircraft’s telemetry suite. The AW139 is equipped with high-bandwidth
satellite and microwave data links. This allows the raw radiological data, synchronized with
precise GPS coordinates and altitude data, to be streamed in real-time to the NNSA’s Home
Team—a group of expert scientists and analysts located at national laboratories like Lawrence
Livermore or Los Alamos. This "reach-back" capability means that the most brilliant minds in
nuclear physics can analyze a suspicious signal within moments of it being detected by the
helicopter. This real-time collaboration is vital during high-stakes events like the Super Bowl,
where the window for intercepting a moving threat is extremely narrow.

3.4 Comparison with Legacy Platforms

When comparing the AW139 to the legacy Bell 412 or the older OH-58 platforms, the technical
superiority is evident in several key metrics. The older helicopters often struggled with "dwell
time"—the amount of time they could spend on station before needing to refuel. The AW139’s
increased fuel capacity and efficiency allow for longer sorties, covering more of the city grid in a
single flight. Furthermore, the legacy platforms often required the crew to manually toggle
between different detection modes. In the AW139, the integration is seamless; the system is
"multi-modal" by design, tracking gamma and neutron radiation simultaneously while
overlaying the data onto high-resolution 3D maps of the city.

The move to the Leonardo platform also addressed human factor concerns. The cockpit and
cabin environments are designed to reduce crew fatigue, which is a major factor during the
intense, multi-hour grid flights required for urban baselining. With better climate control, lower
noise levels, and intuitive touch-screen displays, the scientists and pilots on board can maintain
a higher level of situational awareness. By the time Super Bowl LX arrived in February 2026, the
AW139 had proven itself as the most capable "sniffer" in the federal arsenal, providing a level of
sensitivity that makes it virtually impossible for an unshielded nuclear source of significant
activity to go undetected in an American city.

4. Physics of Aerial Gamma Spectroscopy and Inverse-Square Law Constraints

The effectiveness of aerial radiological monitoring is governed by the immutable laws of nuclear
physics and electromagnetism. To detect a clandestine nuclear source from a moving helicopter,
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sensors must capture and analyze gamma photons—high-energy electromagnetic radiation
emitted from the nucleus of unstable atoms. Unlike alpha or beta particles, which are easily
shielded by a few centimeters of air or a sheet of paper, gamma rays have high penetrating
power, allowing them to travel hundreds of feet through the atmosphere. However, as these
photons travel from a source on the ground to a detector in the air, they are subject to dramatic
reduction in intensity due to geometric spreading and physical interactions with the air
molecules. Understanding these constraints is what dictates the specific flight parameters, such
as the 150-foot altitude utilized during the San Francisco Bay Area surveys.

4.1 Fundamental Gamma-Ray Interactions with Matter

When a gamma photon reaches the detector array on an aircraft like the Leonardo AW139, it
must interact with the detector material to be recorded. There are three primary mechanisms
by which this occurs: the photoelectric effect, Compton scattering, and pair production. In the
photoelectric effect, a gamma photon is completely absorbed by an atom in the detector
crystal, ejecting an electron with an energy nearly equal to that of the original photon. This is
the ideal interaction for spectroscopy because it allows for the precise measurement of the
photon's initial energy, which is necessary for identifying the specific isotope.

Compton scattering occurs when a photon hits an electron and "bounces" off, transferring only
part of its energy. This creates a "continuum" of lower-energy noise in the data, which scientists
must filter out to see the clear energy peaks of interest. At very high energy levels (above 1.02
MeV), pair production can occur, where the photon is converted into an electron and a positron.
For the purposes of urban security, most threats emit gamma rays in the 0.1 to 3.0 MeV range,
making the photoelectric effect and Compton scattering the dominant physics involved in
detection.

4.2 The Inverse-Square Law and Geometric Attenuation

The most significant hurdle in aerial detection is the Inverse-Square Law. This principle states
that the intensity of radiation from a point source decreases in inverse proportion to the square
of the distance from the source. Mathematically, this is expressed as 1 =S/ (4 * pi * rA2), where
| is the intensity at the detector, S is the source strength, and r is the distance. In practical terms,
if a helicopter doubles its altitude from 150 feet to 300 feet, the intensity of the signal reaching
the sensors does not just drop by half; it drops to one-fourth of its original strength.
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This geometric reality creates a "detection envelope." If the aircraft flies too high, the signal
from a small or shielded source—such as a "dirty bomb" hidden in a lead-lined suitcase—will be
indistinguishable from the natural background radiation of the city. This is why federal pilots
must fly at "nap-of-the-earth" altitudes. At 150 feet, the sensors are close enough to catch a
statistically significant number of photons from a ground-based source before they disperse into
the environment. However, this altitude also places the aircraft in a high-risk flight regime,
navigating around skyscrapers, bridges, and power lines, requiring the advanced automated
flight controls found in modern rotorcraft.

4.3 Atmospheric Absorption and Scattering

Beyond the geometric spreading described by the inverse-square law, the air itself acts as a
shield. Although air is far less dense than lead or concrete, over a distance of several hundred
feet, the nitrogen, oxygen, and argon molecules in the atmosphere significantly attenuate the
gamma-ray signal. This process is known as linear attenuation and follows an exponential decay
pattern: 1 =1_0 * eM-u * x), where |_0 is the initial intensity, u is the linear attenuation
coefficient of air, and x is the distance.

The attenuation coefficient is energy-dependent. Low-energy gamma rays, such as those
emitted by Americium-241 (approximately 60 keV), are absorbed by the air much more quickly
than high-energy rays from Cobalt-60 (1.17 and 1.33 MeV). This means that certain types of
nuclear threats are much harder to see from the air than others. A helicopter flying at 150 feet
might easily spot a Cobalt source but completely miss an Americium source hidden in the same
location. To compensate for this, the Aerial Measuring System uses algorithms that factor in air
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density, humidity, and real-time altitude to "correct" the data, essentially calculating what the
signal would look like if the sensor were sitting directly on top of the source.

4.4 Energy Windows and Isotopic Fingerprinting

The goal of aerial spectroscopy is not just to find "more" radiation, but to identify the specific
energy of the photons. Every radioactive isotope has a unique energy signature, measured in
kiloelectron-volts (keV) or megaelectron-volts (MeV). For example, Cesium-137 always produces
a peak at 662 keV, while Potassium-40, which is found naturally in soil and bananas, produces a
peak at 1461 keV. By analyzing the "spectrum" of energies collected during a flight, the on-
board computers can distinguish between a harmless pile of granite (which emits high levels of
natural Thorium and Uranium) and a potential threat.

During the baseline surveys for events like the Super Bowl, the system records the "normal”
energy spectrum for every square meter of the flight path. This allows the NNSA to set "energy
windows." If a sensor detects a sudden spike in the 662 keV window while flying over a stadium,
the system immediately recognizes this as Cesium-137. Because this isotope does not occur
naturally in the environment, its presence is a "red oil" event, triggering an immediate tactical
response. The physics of spectroscopy thus provides the "barcode reader" capability that allows
federal agencies to scan a city for specific, dangerous materials while ignoring the radioactive
noise of a modern industrial civilization.

4.5 Geometric Factors and Detector Efficiency

Finally, the physics of the detector itself plays a role in the "Inverse-Square" constraints. A
detector is not a perfect sphere; it has a specific surface area. The "intrinsic efficiency" of a
Sodium lodide crystal refers to the percentage of gamma rays hitting the crystal that are actually
converted into a signal. Larger crystals have a higher "geometric efficiency" because they
present a larger target for the incoming photons. This is why the Leonardo AW139 is such an
improvement over smaller drones or older helicopters; it can carry massive detector arrays that
maximize the probability of intercepting a photon. The more surface area the detector has, the
higher the helicopter can fly while still maintaining the same level of sensitivity, or conversely,
the faster it can fly at a low altitude to cover more ground in less time.

5. Methodology of Radiological Baseline Mapping in Complex Topographies

The creation of a high-resolution radiological baseline is a logistical and mathematical
undertaking that requires transforming raw sensor data into a reliable geographic intelligence
product. In a standard rural environment, this process is relatively straightforward; however, a
city like San Francisco presents what nuclear physicists call a complex topography. This includes
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extreme elevation changes, high-density vertical structures (skyscrapers), and sharp transitions
between terrestrial and aquatic environments. The methodology for mapping such an area
involves a combination of precision flight maneuvers, sophisticated environmental corrections,
and advanced geospatial data fusion.

5.1 The Concept of the Radiological Fingerprint

The primary objective of a baseline survey is to define the "normal" state of a specific
geographic area. Every city has a unique radiological fingerprint determined by its geology and
its industrial history. San Francisco, for instance, sits on a varied geological foundation of
sandstone, shale, and chert, each of which contributes different levels of naturally occurring
radioactive materials (NORM). When these materials are used in construction—such as the
granite facades of the Financial District or the concrete used in the Bay Bridge—they create
localized "hot spots" that are perfectly safe but could easily be mistaken for a threat by an
uncalibrated sensor.

By mapping these signals beforehand, the National Nuclear Security Administration (NNSA)
creates a subtractive mask. During an actual security event, the real-time data is compared
against this historical mask. If the sensors detect a signal that was not present during the
baseline flight, the system can instantly isolate the anomaly. This "change detection"
methodology is the only way to reliably find a shielded or low-activity source in a cluttered
urban environment without triggering thousands of false alarms from harmless building
materials.

5.2 Grid Pattern Execution: "Mowing the Lawn"

The operational phase of baselining is often referred to by pilots as "mowing the lawn." To
ensure 100 percent coverage of a target area, the Leonardo AW139 flies a series of parallel
lines, typically spaced between 200 and 500 feet apart, depending on the required sensitivity.
The helicopter maintains a constant altitude—usually 150 feet above ground level—and a
ground speed of approximately 80 knots. This specific combination of speed and altitude allows
the detector crystals enough "dwell time" to collect a statistically significant number of photons
from any given point on the ground.

Maintaining a constant altitude is particularly difficult in San Francisco due to the city’s famous
hills. As the terrain rises toward peaks like Twin Peaks or Mount Davidson, the pilot must adjust
the aircraft's pitch and power to keep the distance between the sensors and the ground
consistent. If the helicopter flies too high over a valley, the signal strength drops according to
the inverse-square law; if it flies too low over a ridge, it risks a collision or saturates the
detectors with ground noise. Modern aircraft use radar altimeters linked to the flight
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management system to automate much of this terrain-following, ensuring that the data remains
uniform across the entire survey area.

5.3 Challenges of the Urban Canyon

The "Urban Canyon" effect is perhaps the greatest methodological hurdle in urban baselining.
High-rise buildings act as both shields and reflectors for gamma radiation. A radioactive source
placed at the base of a skyscraper might be completely invisible to a helicopter flying on the
opposite side of the building due to the mass of steel and concrete "shadowing" the signal.
Conversely, gamma rays can "scatter" off the surfaces of buildings, making a source appear to be
in a different location than it actually is—a phenomenon known as multipath interference.

To mitigate this, the NNSA methodology involves flying "cross-track" patterns. Instead of just
flying north-south lines, the team will fly east-west lines over the same area. This multi-angle
approach allows the sensors to "peek" between buildings and reduces the likelihood of a source
being hidden in a radiological shadow. Additionally, the software used by the Nuclear
Emergency Support Team (NEST) incorporates 3D city models. By knowing the exact height and
density of the buildings, the system can calculate the expected attenuation and adjust the
"sensitivity gain" of the detectors in real-time as the aircraft passes over different city blocks.

5.4 Environmental Corrections and Signal Processing

The data collected by the AW139 is not just a measure of ground radiation; it is also influenced
by the atmosphere. Two major environmental factors must be corrected: radon gas and soil
moisture. Radon-222 is a naturally occurring radioactive gas that can "pool" in certain areas or
be pushed around by the wind. Because radon decay products emit gamma rays, a sudden
change in atmospheric pressure or wind direction can cause a "false" spike in the data. The AMS
aircraft use specialized "upward-looking" detectors to measure the radiation coming from the
air above the helicopter, allowing them to subtract the radon signal from the ground signal.

Soil moisture also plays a critical role. Water is an excellent shield for gamma radiation. If a
baseline survey is conducted after a heavy rainstorm, the ground signal will be significantly
lower than if the survey were conducted during a drought, as the water in the soil "quenches"
the radiation from the underlying rocks. Analysts use real-time meteorological data to apply a
moisture correction factor to the baseline. Without these corrections, a change in the weather
could be misinterpreted as a change in the security environment.

5.5 Data Fusion and GIS Integration

The final step in the methodology is the fusion of radiological data with Geographic Information
Systems (GIS). Every gamma-ray spectrum recorded by the helicopter is stamped with a precise
GPS coordinate and a timestamp. This data is then overlaid onto high-resolution satellite
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imagery or 3D maps. The result is a "isopleth map," which looks similar to a weather map with
colored contours representing different levels of radiation intensity.

In the 2026 San Francisco surveys, these maps were so detailed that security officials could
distinguish the radiological difference between a park with grass and an adjacent parking lot
paved with asphalt containing crushed granite. Once the GIS product is finalized, it is distributed
to ground teams equipped with man-portable detectors. These teams use the aerial map as a
guide; if the helicopter identifies a slight anomaly in a specific alleyway, the ground team can be
dispatched to that exact GPS coordinate to perform a "close-in" investigation. This integrated
approach—moving from a wide-area aerial "macro" view to a precise ground-based "micro"
view—is the gold standard for modern urban nuclear security.

6. Case Study: Operational Logistics of Super Bowl LX in the San Francisco Bay Area

The execution of radiological security for Super Bowl LX, held on February 8, 2026, serves as a
definitive model for modern urban nuclear counter-terrorism. Because the event footprint
spanned multiple jurisdictions—including the game site at Levi’s Stadium in Santa Clara and the
massive fan activations in downtown San Francisco and Oakland—the logistical complexity was
unprecedented. The operation required the seamless integration of federal scientific assets with
state and local law enforcement, all while operating in one of the most congested airspaces in
the United States. The success of the mission relied on a three-phase approach: pre-
deployment coordination, the active aerial survey window, and the transition to a standing
defensive posture during the game itself.

6.1 Pre-Event Planning and Jurisdictional Coordination

Planning for the radiological protection of Super Bowl LX began nearly eighteen months prior to
kickoff. Under the framework of the National Response Ferderation, the Federal Bureau of
Investigation (FBI) and the United States Secret Service established a Multi-Agency Coordination
Center (MACC) to oversee all security aspects. The National Nuclear Security Administration
(NNSA) was integrated into the Science and Technology subcommittee of this center. A primary
logistical hurdle was the "home rule" nature of California law enforcement, which required
formal memorandums of understanding between the NNSA and over a dozen local agencies,
including the San Francisco Police Department, the Santa Clara County Sheriff’s Office, and the
California Highway Patrol.

A critical component of this planning phase was the establishment of a "Concept of Operations"
(CONOPS) that defined exactly how a radiological "hit" would be handled. If the Leonardo
AW139 detected a signature matching a threat profile, the protocol dictated an immediate
silent notification to the FBI’'s Domestic Emergency Support Team. This coordination ensured

15



that the technical data provided by the "sniffer" helicopters could be translated into tactical
action by ground units. Logistics also included the securing of a forward operating base for the
aircraft; for the 2026 mission, Moffett Federal Airfield was selected due to its proximity to Levi’s
Stadium and its ability to handle secure federal communications.

6.2 Deployment Timelines and Airspace Deconfliction

The active aerial survey window was scheduled from February 2 to February 4, 2026, ending
four days before the game. This timing was strategic; it allowed the Nuclear Emergency Support
Team (NEST) to capture the "baseline" of the city after the major Super Bowl infrastructure
(stages, fences, and trailers) had been built, but before the massive influx of 1.5 million visitors.
Capturing the baseline with the temporary structures in place was vital, as the steel and
equipment in "Super Bowl City" along the Embarcadero changed the local shielding
environment.

Operating in the Bay Area required intense airspace deconfliction. The survey grids overlapped
with the approach paths for San Francisco International (SFO), San Jose Mineta (SJC), and
Oakland (OAK) airports. The Federal Aviation Administration (FAA) issued a series of Notices to
Air Missions (NOTAMs) and established Temporary Flight Restrictions (TFRs) specifically for the
NNSA aircraft. During the three-day window, air traffic controllers provided the AW139 with
"priority handling," allowing it to maintain its precise 150-foot altitude and grid headings even
as commercial jet traffic moved overhead. This level of cooperation ensured that the "mowing
the lawn" patterns were completed without gaps or safety incidents.

6.3 Geographic Scope: From Silicon Valley to the Embarcadero

The scope of the 2026 survey was significantly larger than previous Super Bowl operations.
While the primary focus remained on Levi’s Stadium and the immediate five-mile radius in Santa
Clara, the NNSA also mapped high-density "soft targets" in San Francisco. This included the
Moscone Center, where the NFL Experience was held, and the Fairmont Hotel, which served as
the headquarters for NFL officials. The mission even extended to the water, with the AW139
flying low over the ferry terminals and the San Francisco-Oakland Bay Bridge to ensure no
maritime-based threats were present.

Each flight sortie lasted approximately three to four hours. The helicopters utilized a "staggered
grid" approach, where they would map one half of a neighborhood in the morning and the
other half in the afternoon to account for changing atmospheric conditions like the famous San
Francisco fog. The maritime portion of the survey presented unique physics challenges, as the
salt water of the bay acts as a massive natural shield, suppressing terrestrial radiation but also
reflecting cosmic rays differently than the city's concrete. The 2026 mission was the first to fully
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utilize the AW139’s automated maritime survey mode, which adjusts detector sensitivity based
on the aircraft’s proximity to the shoreline.

6.4 Real-Time Data Integration with Ground Tactical Units

As the AW139 flew its patterns, the data was not just stored for later; it was integrated into the
"Common Operating Picture" (COP) used by the MACC. Using a secure mesh network, the
radiological maps were updated in real-time on the tablets of ground-based Preventive
Radiological and Nuclear Detection (PRND) teams. These teams, consisting of officers from the
SFPD and Santa Clara PD, were equipped with backpack-mounted detectors and "pager" style
personal radiation detectors.

This integration was tested during the February 3 survey when the helicopter detected a "hot
spot" near a medical construction site in South San Francisco. Within six minutes, the aerial data
had been analyzed by the "Home Team" in Nevada, identified as a legal industrial radiography
source (Iridium-192), and cross-referenced with local permits. A ground team was vectored to
the site to confirm the source was properly shielded and attended. This "reach-back" capability
demonstrated the logistical efficiency of the 2026 operation, proving that the aerial assets could
serve as a "cueing" mechanism for ground forces, significantly narrowing the search area for
potential threats.

6.5 Post-Mission Analysis and Baseline Finalization

Following the final flight on February 4, the data was compiled into a "Master Baseline Map" for
Super Bowl LX. This map was a multi-layered digital asset that included a total gamma count
layer, a specific isotopic layer (tracking Cesium, Cobalt, and Uranium), and a "confidence" layer
showing where the urban canyon effects might have slightly degraded the signal. This baseline
was then locked. During the actual game on February 8, the AW139 and a high-altitude King Air
350ER remained on "strip alert" at Moffett Field.

Had an alarm been triggered during the game—for instance, by a vehicle entering the stadium
perimeter with a concealed source—the "Live" data would have been compared against this
"Finalized" baseline. Because the baseline was so fresh (less than 96 hours old), the margin for
error was incredibly slim. The 2026 case study highlights that the logistics of nuclear security are
not just about having the best sensors, but about the "data lifecycle"—how information moves
from a helicopter rotor-disk to a command center screen and finally to a tactical unit on the
street. The San Francisco operation successfully moved over 400 gigabytes of radiological data
through this pipeline, providing a silent, invisible shield over the millions of people gathered for
the event.
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7. The RadSecure 100 Initiative: National Strategic Mapping Objectives

While the aerial surveys conducted over San Francisco for Super Bowl! LX represent a highly
visible, event-specific application of nuclear security, they are part of a much broader and more
permanent domestic defense strategy known as the RadSecure 100 Initiative. Launched by the
National Nuclear Security Administration’s Office of Radiological Security (ORS), RadSecure 100
was designed to systematically reduce the risk of radiological terrorism across the United States.
The initiative, which reached its formal completion milestone in July 2025, focused on the 100
most populous and strategically significant metropolitan areas in the country. By moving beyond
the "20 Cities Initiative" of the previous decade, RadSecure 100 established a standardized,
nationwide architecture for both preventing the theft of radioactive materials and ensuring that
any illicit use could be detected against a pre-mapped environmental baseline.

7.1 Origin and Evolution: From the 20 Cities Initiative to RadSecure 100

The RadSecure 100 Initiative was born from the realization that radiological threats are not
confined to the largest tier of American cities. Between 2016 and 2020, the NNSA focused its
primary efforts on the twenty largest metropolitan areas, including New York, Chicago, and Los
Angeles. However, intelligence assessments suggested that adversaries might target secondary
or tertiary cities where security at medical and industrial facilities was perceived to be less
robust. In early 2021, the program was expanded to include 100 cities, a list that includes major
hubs like Houston and San Francisco as well as smaller but vital regional centers like Little Rock
and Birmingham.

The transition to a 100-city model required a massive scaling of federal resources. The objective
was to create a "security net" that covered the vast majority of the U.S. population. By the start
of 2026, the legacy of this initiative is a nation where the "low-hanging fruit" for a radiological
dispersal device (RDD) or "dirty bomb" has been significantly reduced. This was achieved not
just through federal mandates, but through a voluntary partnership model where hospitals,
universities, and industrial sites worked with the NNSA to either secure their radioactive sources
or replace them with safer, non-radioactive alternatives.

7.2 Tactical Objectives: Removal, Replacement, and Reinforcement

The RadSecure 100 Initiative operated on a three-pronged tactical strategy. The first and most
effective prong was the permanent reduction of risk through the Cesium Irradiator Replacement
Project (CIRP). Cesium-137 is one of the most dangerous isotopes because of its high activity
and its powder-like chemical form, which makes it easy to disperse in an RDD. Under RadSecure
100, the NNSA provided financial incentives and technical support to help facilities transition
from Cesium-based blood and research irradiators to modern X-ray technologies. By the time
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the program concluded in 2025, thousands of curies of high-activity material had been removed
from city centers and placed in secure government storage.

The second prong focused on "securing what remains." In cases where a radioactive source was
essential and could not be replaced—such as Cobalt-60 for certain cancer treatments or
Americium-241 for oil well logging—the NNSA funded physical security upgrades. These
included enhanced biometric access controls, hardened storage vaults, and real-time remote
monitoring systems that provide immediate alerts to federal command centers if a source is
moved without authorization. The third prong involved the Off-Site Source Recovery Program
(OSRP), which managed the complex logistics of transporting these "orphan" or disused sources
out of urban environments, ensuring that material no longer in use did not become a target of
opportunity for theft.

7.3 Integration with Aerial Baseline Mapping

A critical but often overlooked aspect of RadSecure 100 was its integration with the Aerial
Measuring System’s mapping objectives. The list of 100 cities served as the roadmap for the
NNSA’s long-term aerial baselining schedule. The goal was to ensure that every RadSecure 100
city had a high-resolution "radiological map" on file. This mapping process was designed to be
synergistic with the ground-based security upgrades. For example, when a hospital in a city like
San Francisco replaced its Cesium-137 source with an X-ray machine, the subsequent aerial
survey would show a corresponding "drop" in the local radiation profile, confirming the risk
reduction at the environmental level.

By 2026, the NNSA has successfully mapped the background radiation of nearly all 100 cities on
the list. These maps are not static; they are updated periodically to account for urban
development and changes in the industrial landscape. This nationwide library of baselines
allows the Nuclear Emergency Support Team (NEST) to maintain a state of "radiological
situational awareness." If a dirty bomb threat were to emerge in any of these 100 cities, federal
agencies would not have to start their search from scratch; they would already know exactly
what the city "should" look like, allowing them to pinpoint a rogue source with mathematical
precision.

7.4 Case Study in 2025: Achievement of the National Milestone

The year 2025 was a landmark for the program, as several states achieved "cleanout" status,
meaning every registered cesium-137 blood irradiator within their borders had been removed.
States like Nevada, Kansas, and Oklahoma became models for the final push of the initiative.
The logistics of these removals involved "recovery teams" that operated in the dead of night to
minimize public disruption, using heavily shielded transport casks and specialized convoys.
These ground operations were often supported by the same King Air and Leonardo aircraft
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discussed in previous sections, which monitored the transport routes from the air to ensure the
security of the material during transit.

In July 2025, the NNSA officially announced the completion of the 100-city goal. The data
released at the time showed that the initiative had provided training to over 120 law
enforcement and emergency management agencies. This training was a cornerstone of
RadSecure 100, as it taught local first responders how to use personal radiation detectors (PRDs)
and how to respond to an "alarm" at a radiological facility. This human-level integration ensures
that the technical data from a helicopter or a facility sensor is met with a professional, informed
response on the ground, closing the gap between detection and interdiction.

7.5 The Legacy of RadSecure 100 in the 2026 Security Landscape

As of early 2026, the legacy of RadSecure 100 is a significantly hardened domestic front against
nuclear terrorism. The initiative shifted the burden of security from individual private facilities
to a unified national framework. However, the completion of the 100-city list did not mean the
end of the mission. The NNSA has transitioned into a "sustainment phase," where the focus is
on maintaining the security upgrades, continuing the training for new generations of first
responders, and monitoring for new emerging threats such as the use of drones to bypass
ground-level security.

The RadSecure 100 Initiative proved that urban nuclear security is not just about intercepting a
device during a high-profile event like the Super Bowl; it is about the quiet, persistent work of
removing the materials that make such a device possible in the first place. By mapping the
nation’s cities and securing their radioactive assets, the program has created a strategic depth
that makes the United States a far less attractive target for radiological sabotage. The success of
the 2026 San Francisco surveys was built on the foundation of the five years of work that went
into the RadSecure 100 mission, demonstrating that a well-mapped city is a well-defended city.

8. Distinguishing Threats: Medical Isotopes vs. Special Nuclear Material

The central challenge of urban radiological surveillance is not the mere detection of radiation,
but the rapid and accurate classification of the source. In a modern city like San Francisco, the
environment is saturated with ionizing radiation from a variety of non-threatening sources. For
the scientists of the Nuclear Emergency Support Team (NEST) operating aboard the Leonardo
AW139, the mission is akin to identifying a specific whisper in a crowded stadium. The ability to
distinguish between a life-saving medical isotope and a catastrophic weapon-grade material is
the pivot point upon which national security decisions are made. This process relies on the high-
resolution analysis of gamma-ray energy spectra, allowing analysts to "read" the atomic
signature of the material from an altitude of 150 feet.
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8.1 The Prevalence of Medical Isotopes in Urban Centers

Metropolitan areas are home to dense concentrations of hospitals, outpatient clinics, and
research universities, all of which utilize radioactive isotopes for diagnostics and treatment.
These "medical isotopes" represent the most common source of radiological alarms during
urban surveys. Technetium-99m, for example, is used in millions of cardiac and bone scans
annually. It has a relatively short half-life of six hours and emits a characteristic gamma ray at
140 keV. Because it is so widely used, a helicopter flying over a major medical corridor will
detect a constant "hum" of Technetium.

Other common medical sources include lodine-131, used for thyroid treatments, and Fluorine-
18, used in Positron Emission Tomography (PET) scans. These isotopes are often found within
the bodies of patients who have recently undergone procedures. A single patient can emit
enough radiation to be detected by the sensitive aerial sensors of the AW139 from several
hundred feet away. While these signals are harmless from a security perspective, they create a
significant volume of "nuisance" data that must be filtered out. The 2026 San Francisco surveys
utilized advanced "medical libraries" within their detection software, which automatically
recognized the energy peaks of these specific isotopes and categorized them as non-threatening
in real-time.

8.2 Signatures of Special Nuclear Material (SNM)

In contrast to medical isotopes, Special Nuclear Material (SNM)—specifically Highly Enriched
Uranium (HEU) and Plutonium-239—presents a far more subtle and dangerous signature. These
materials are the primary components of nuclear weapons and are characterized by their
relatively low levels of external radiation, making them "stealthy" compared to industrial
sources. Uranium-235, the primary isotope in HEU, emits a very specific but faint gamma ray at
185.7 keV. Because this energy level is relatively low, the signal is easily absorbed by even thin
layers of shielding or the atmosphere.

Plutonium-239 is slightly more detectable due to its complex spectrum, which includes a
prominent peak at 414 keV and several lower-energy X-ray signatures. However, Plutonium also
emits neutrons, a type of radiation that medical isotopes do not produce. This is why the
Leonardo AW139 is equipped with Helium-3 or alternative neutron detectors in addition to its
gamma spectrometers. The simultaneous detection of a 414 keV gamma peak and a neutron
flux is a definitive indicator of Plutonium and would trigger an immediate highest-level national
security alert. The primary difficulty remains that while a medical source might "scream"
radiologically, a nuclear weapon source only "murmurs," requiring the highest possible detector
sensitivity and lowest flight altitudes.
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8.3 Spectral Deconvolution and Isotopic Identification

To separate the murmur of a threat from the scream of a medical clinic, NEST scientists employ
a technique known as spectral deconvolution. Every gamma-emitting isotope produces a unique
"shape" on a histogram of energy versus counts. This shape includes the primary photopeak
(the "barcode" of the isotope) and a "Compton tail," which is the noise created when photons
bounce off other atoms before hitting the detector. In a complex urban environment, multiple
isotopes often overlap. A patient treated with lodine-131 walking near a building made of
granite (rich in natural Thorium) creates a composite spectrum that can be difficult to interpret.

Modern software uses template-matching algorithms to deconvolve these signals. The system
takes the live spectrum and compares it against a library of thousands of known isotopic
combinations. It uses a mathematical "least-squares" fit to determine which combination of
materials most likely produced the observed signal. During the Super Bowl LX baseline flights,
the NNSA utilized a "probabilistic reach-back" system. If the on-board computers encountered a
spectrum that could not be resolved with 99.9 percent confidence, the data was instantly
beamed via satellite to the Remote Sensing Laboratory in Nevada. There, experts used more
powerful cloud-based computing to strip away the "masking" effects of the city’s natural
background, ensuring that even a faint Uranium signature could be identified beneath a layer of
medical noise.

8.4 Managing the Medical Noise and Public Privacy

The presence of medical isotopes in the civilian population raises significant operational and
ethical questions. During high-profile events, it is common for the NNSA to detect "mobile"
sources—patients who have recently received radiation therapy. These individuals can trigger
alarms at stadium gates or be picked up by the "sniffer" helicopters as they move through the
city. To manage this, the NNSA coordinates with local health departments and hospitals to
understand the general volume of isotopes being dispensed in the area.

However, from a security standpoint, the "medical patient" can also serve as a potential cover
for a malicious actor. A theoretical threat tactic involves "masking" a weapon-grade source by
placing it near a strong, legitimate medical source. For instance, a small amount of Plutonium
could be hidden in a vehicle carrying a large, legally-transported shipment of medical isotopes.
To counter this, the AW139’s sensors are tuned to look for "isotopic ratios." A legitimate
shipment of Technetium will have a very specific ratio of primary peaks to secondary scatter. If
that ratio is "off," it suggests that another material is present, absorbing or adding to the signal.
This level of forensic detail allows security forces to investigate anomalies without infringing on
the privacy of individuals seeking medical care.
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8.5 Shielding and the Search for Weak Signals

The ultimate goal of a sophisticated adversary would be to shield the nuclear material so
effectively that it falls below the detection threshold of the aerial sensors. Lead, tungsten, and
even high-density polyethylene (for neutrons) can be used to "wrap" a source. This is where the
physics of "Inverse-Square Law" and "Baseline Mapping" become critical. Even a well-shielded
source is rarely 100 percent "dark." There is almost always a "leakage" of high-energy photons
or a localized suppression of the natural background radiation—a "shadow" where the shield is
blocking the radiation from the soil or pavement beneath it.

The 2026 surveys in San Francisco employed "anomaly detection" that looks for these shadows
just as much as it looks for hot spots. If a helicopter flies over a street that normally has a very
consistent natural background from its asphalt, but suddenly detects a "dead zone" of zero
radiation in a ten-foot radius, it suggests a large mass of shielding material is present. By
combining the search for "faint peaks" with the search for "radiological shadows," the NNSA
creates a dual-threat detection model. This ensures that whether a source is "loud"
(unshielded) or "stealthy" (shielded), it leaves a trace on the digital map that the NEST analysts
can exploit. The ability to distinguish between a harmless clinic and a hidden shield is what
transforms a simple helicopter flight into a sophisticated pillar of national defense.

9. Nuclear Forensics and the Science of Isotopic Attribution

Nuclear forensics is often described as the CSI of the subatomic world. It is the technical
discipline of analyzing intercepted nuclear or radioactive materials—or the debris following a
nuclear event—to determine their origin, history, and intended use. While the Aerial Measuring
System and the sensors aboard the Leonardo AW139 are designed to find the material, nuclear
forensics is the science used to understand where that material came from. In the context of
urban security for events like Super Bowl LX, forensic capability serves as a powerful deterrent.
It sends a clear message to rogue states and non-state actors: if your material is found in an
American city, the United States has the scientific capacity to trace it back to the specific
reactor, mine, or laboratory of origin.

9.1 The Definition and Scope of Nuclear Forensics

The field of nuclear forensics is divided into two primary categories: pre-detonation and post-
detonation forensics. Pre-detonation forensics involves the analysis of materials that have been
intercepted by law enforcement or security agencies before they could be used in a device. This
was the focus of the preventive measures in San Francisco during early 2026. Post-detonation
forensics, arguably the most challenging scientific endeavor on earth, involves analyzing the
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fallout and debris after a nuclear explosion to reconstruct the design of the device and the
source of the fuel.

For the Nuclear Emergency Support Team (NEST), the goal is always to remain in the pre-
detonation phase. When a suspicious source is identified by aerial or ground sensors, the
forensic process begins immediately. This involves not just identifying the isotope, but
characterizing its physical, chemical, and isotopic properties. These "signatures" are compared
against national and international databases to determine if the material was stolen from a
known stockpile or produced in a clandestine facility.

9.2 The Isotopic Fingerprint: Isotopic Ratio Analysis

The most critical data point in nuclear forensics is the isotopic ratio. While a basic sensor can tell
you that a sample contains Uranium, a forensic mass spectrometer can tell you the exact ratio
of Uranium-235 to Uranium-238. This ratio is a definitive indicator of the material's
"enrichment" level. Natural uranium contains only about 0.7 percent U-235. Material enriched
for use in power plants typically contains 3 to 5 percent U-235, while weapon-grade material is
usually enriched to over 90 percent.

Isotopic ratios also reveal the "burnup" history of Plutonium. Plutonium-239 is produced in
nuclear reactors, but the longer the fuel remains in the reactor, the more of that Plutonium-239
is converted into Plutonium-240 or Plutonium-241. By measuring the ratio of Pu-240 to Pu-239,
forensic scientists can determine what type of reactor produced the material —whether it was a
commercial power reactor or a specialized "production" reactor designed specifically to create
weapon-grade fuel. These ratios are unique to specific reactor designs and operating cycles,
acting as a digital fingerprint that points back to a specific facility.

9.3 Chemical Impurities and Geographic Sourcing

Beyond the isotopes themselves, the chemical impurities within a sample provide a "trail of
breadcrumbs" regarding its geographic origin. When uranium is mined and processed into
"yellowcake" (U308), it retains trace elements from the original ore body. These can include
rare earth elements, transition metals, and specific organic compounds used during the milling
process.

For example, uranium mined in the Athabasca Basin of Canada has a different trace-element
profile than uranium mined in Kazakhstan or the Colorado Plateau. Furthermore, the chemical
"recipe" used to convert that uranium into metal or gas (UF6) varies by country and by
laboratory. Analysts use Inductively Coupled Plasma Mass Spectrometry (ICP-MS) to detect
these impurities at the parts-per-billion level. If a sample intercepted in a city like San Francisco
contains specific trace levels of gallium or fluorinated hydrocarbons, it can be cross-referenced
against the known manufacturing "signatures" of various international enrichment plants.
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9.4 Radiochronometry: Determining the Material's Age

One of the most impressive feats of nuclear forensics is the ability to determine exactly when a
piece of nuclear material was last chemically processed—essentially, its "date of birth." This is
done through radiochronometry, which measures the buildup of "daughter" isotopes resulting
from the radioactive decay of "parent" isotopes.

A common "nuclear clock" used for uranium involves the decay of Uranium-234 into Thorium-
230. When uranium is chemically purified, all the thorium is removed, "resetting" the clock to
zero. Over time, the Thorium-230 begins to grow back into the sample at a mathematically
predictable rate based on its half-life. By measuring the ratio of Th-230 to U-234, scientists can
calculate how many years have passed since the material was last purified. If a sample
intercepted in 2026 is found to be only two years old, it indicates a recent and likely ongoing
breach in a supply chain, whereas a sample that is thirty years old might suggest a legacy source
from the Cold War era.

9.5 Physical Morphology and Manufacturing Marks

Nuclear forensics also examines the macro and micro-physical characteristics of the material, a
field known as morphology. This includes the grain size of powders, the surface texture of metal
"buttons," and the specific dimensions of fuel pellets. Under an electron microscope, the crystal
structure of a sample can reveal the temperature and pressure conditions under which it was
formed.

Manufacturing marks are also vital. In many cases, nuclear material is found in specialized
containers, shields, or "pigs." These items often have serial numbers, metallurgical stamps, or
even microscopic tool marks from the lathes used to shape them. Forensic analysts work closely
with intelligence agencies to track these components back to their manufacturers. Even the
isotopic composition of the lead shielding used to hide a source can be traced back to a specific
smelter, providing additional layers of evidence to the attribution chain.

9.6 Strategic Deterrence through Attribution

The ultimate goal of the National Technical Nuclear Forensics (NTNF) mission is attribution: the
formal assignment of responsibility for the material to a specific actor or state. This capability is
a cornerstone of modern nuclear deterrence. During the Cold War, deterrence was based on the
threat of "massive retaliation" against a known state actor. In the era of asymmetric threats and
"loose nukes," the threat is often anonymous.

By demonstrating a robust forensic capability—symbolized by the presence of the NEST teams
at events like Super Bowl LX—the United States signals that anonymity is a myth. If a rogue
state provides nuclear material to a terrorist group, they cannot do so with the hope of
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"plausible deniability." The forensic scientists will find the isotopic fingerprint, the chemical
impurities, and the radiochronometric date, identifying the source state within hours or days.
This "forensic shield" effectively extends the reach of U.S. deterrence into the subatomic realm,
making the illicit transfer of nuclear materials a high-risk gamble for any nation.

10. Emergency Response Protocols: From Lost Sources to Industrial Disasters

The operational utility of the Aerial Measuring System and the broader Nuclear Emergency
Support Team (NEST) extends far beyond the proactive baselining of urban centers for sporting
events. These assets constitute the primary technical response force for any radiological or
nuclear emergency within the United States and, frequently, abroad. The emergency response
protocols managed by the National Nuclear Security Administration are designed to be scalable,
moving from the localized search for a single missing industrial source to the massive, multi-
agency coordination required for an industrial nuclear meltdown or the aftermath of a
radiological dispersal device. These protocols are built on decades of experience and are
codified in the Federal Radiological Monitoring and Assessment Center (FRMAC) guidelines,
ensuring that technical data is translated into life-saving public health actions.

10.1 The NEST Tiered Response Framework

The response to a radiological emergency is categorized by the severity and nature of the
incident, utilizing a tiered system that determines which federal assets are deployed. For minor
incidents, such as a localized spill in a laboratory or a low-activity "orphan source" found in a
scrapyard, the protocol often begins with local first responders supported by state-level
radiation control programs. However, once a threat is deemed to have national security
implications or exceeds local technical capabilities, NEST is activated. This activation triggers the
deployment of the Joint Technical Operations Team (JTOT) and the Search Response Team (SRT).

The SRT is specifically trained to operate in clandestine environments, using the same "sniffer"
technology found in the Leonardo AW139 but often scaled down into man-portable backpacks
or covert vehicle-mounted systems. The protocol for an active search involves a "divide and
conquer" strategy where aerial assets like the AW139 provide the "macro" search—covering
square miles of territory in minutes—while ground teams investigate the specific "hot spots"
identified from the air. This tiered integration ensures that no part of the urban landscape is left
unmonitored, creating a seamless web of detection that can track a moving source through a
city's transit system or highway network.
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10.2 Search and Recovery Protocols for Lost Radioactive Sources

One of the most frequent real-world applications of these protocols is the search for "lost" or
"stolen" radioactive sources. These are typically high-activity materials used in industrial
radiography or medical radiotherapy that have been misplaced due to human error, equipment
failure, or criminal intent. The protocol for such a search is high-pressure and time-sensitive, as
an unshielded source can cause lethal radiation burns or acute radiation syndrome to
unsuspecting members of the public within hours of exposure.

When a source is reported missing, the Aerial Measuring System is often the first asset on the
scene. The aircraft flies a pre-determined search grid based on the "last known location" and
the likely transit routes. The physics of the search relies on detecting the specific isotopic energy
peak of the lost material—such as the 662 keV peak of Cesium-137. Once the helicopter
identifies a candidate signal, the protocol dictates a "hover and confirm" maneuver, where the
aircraft stays stationary over the signal to improve the statistical confidence of the data. Once
confirmed, the GPS coordinates are transmitted to a ground-based stabilization team. These
specialists use heavy shielding, robotic manipulators, and lead-lined "pigs" to safely recover the
source and transport it to a secure federal facility for forensic analysis.

10.3 Mitigation and Response to Radiological Dispersal Devices

The protocol for a Radiological Dispersal Device (RDD), or "dirty bomb," is fundamentally
different from a search mission. In an RDD scenario, the radioactive material has already been
spread across an urban area by a conventional explosive. The primary goal of the emergency
response is not just detection, but "isopleth mapping"—defining the exact boundaries of the
contaminated zone to guide evacuation and decontamination efforts. In the immediate minutes
following an explosion, the AMS helicopters are deployed to perform "plume tracking." By flying
downwind of the blast site, the AW139 can measure the concentration of radioactive particles
in the air and predict where the "fallout" will settle.

This data is fed into Atmospheric Dispersion Models (such as NARAC) which account for real-
time wind speed, building turbulence, and precipitation. The resulting map, shared instantly
with local fire and police departments, establishes the "Hot, Warm, and Cold" zones of the
incident. This protocol prevents first responders from entering dangerously contaminated areas
without proper protective gear and ensures that the public is evacuated in a direction that
avoids the path of the plume. Following the initial crisis, the protocol shifts to long-term
"reentry mapping," where aerial surveys are used to determine which city blocks have been
successfully decontaminated and are safe for residents to return to.
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10.4 Response to Industrial Nuclear Facility Accidents

In the event of an accident at a commercial nuclear power plant or a Department of Energy
research reactor, the emergency response protocols are governed by the Radiological
Emergency Preparedness (REP) program. The Aerial Measuring System serves as the eyes of the
Federal Radiological Monitoring and Assessment Center (FRMAC). The primary mission in a
reactor accident is to characterize the "source term"—the specific mix of radioactive gases and
particulates being released from the containment building. Because different isotopes (such as
Noble Gases versus lodines) pose different health risks, identifying the isotopic ratio from the
air is critical for determining whether the public should "shelter in place" or evacuate.

During these missions, aircraft like the King Air 350ER or the AW139 fly "cross-plume" patterns,
passing through the edge of the radioactive cloud to collect air samples and measure gamma
dose rates. These flights are conducted with extreme caution, utilizing "dose-tracking" protocols
for the aircrews to ensure that the pilots and scientists on board do not exceed federal
occupational radiation limits. The data collected provides the only ground-truth evidence of the
release's magnitude, often correcting or confirming the static sensors located around the plant's
perimeter. This protocol was refined during the international response to the Fukushima Daiichi
disaster, where American aerial assets provided the most comprehensive maps of the 20-
kilometer exclusion zone.

10.5 Post-Incident Recovery and Environmental Remediation

The final phase of any emergency response protocol is the transition to long-term recovery. This
involves the systematic mapping of the "residual" radiation left behind after the initial
emergency has been stabilized. For industrial disasters or RDD events, this phase can last for
months or even years. The Aerial Measuring System is used to perform "verification surveys"
after decontamination crews have cleaned a site. The protocol requires that the "Post-Cleanup”
map be compared against the "Pre-Incident" baseline map—the very same baseline established
during routine patrols like those for Super Bowl LX.

If the post-cleanup levels do not match the original baseline (within a statistically defined
margin), the protocol triggers additional remediation. This "closure" of the loop demonstrates
the immense value of proactive baselining; without an accurate map of what the city looked like
before the disaster, it is scientifically impossible to prove that the city has been returned to its
safe, natural state. In this way, the emergency response protocols of the NNSA provide a
complete lifecycle of protection—from the preventive "sniffer" flights over a stadium to the
final, silent verification that a city is once again clean and secure.
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11. Public Perception and Communications in Low-Altitude Federal Operations

The deployment of federal radiological assets into a dense urban environment like San Francisco
creates a unique intersection of national security necessity and public psychological impact.
When a specialized Leonardo AW139 helicopter descends to 150 feet to perform a grid search,
the operation is no longer invisible; it becomes a loud, vibrating, and often unnerving presence
in residential neighborhoods. Managing the public perception of these missions is a critical
component of the National Nuclear Security Administration's (NNSA) operational mandate.
Failure to communicate effectively can lead to widespread anxiety, the propagation of
conspiracy theories, and potentially dangerous disruptions to the mission itself. Consequently,
the NNSA has developed a sophisticated communications framework designed to demystify the
"nuke-sniffing" helicopters and foster community trust.

11.1 The "Don't Be Alarmed" Protocol

For the 2026 San Francisco surveys, the NNSA and the San Francisco Department of Emergency
Management (DEM) initiated a proactive "Don't Be Alarmed" campaign nearly a week before
the first rotors turned. This protocol is rooted in transparency, aiming to provide the "why, what,
and when" of the operation to as many residents as possible. By issuing formal press releases
on January 29, 2026, and utilizing social media platforms like X (formerly Twitter) and Nextdoor,
the agency attempted to reach citizens before they were startled by the low-flying aircraft.

The language used in these communications is carefully calibrated. It avoids alarmist
terminology, instead using phrases such as "measure expected background radiation" and
"standard preparations to protect public health." By framing the mission as a "routine" and
"normal" part of security, federal authorities attempt to normalize what is essentially a high-
stakes counter-terrorism operation. The goal is to move the public's emotional response from
fear to informed curiosity, ensuring that the sight of a government helicopter is viewed as a sign
of protection rather than a harbinger of disaster.

11.2 Social Media and the "Nuke-Sniffing" Narrative

In the age of real-time digital sharing, a low-flying helicopter in San Francisco is photographed
and tagged within seconds of its appearance. During the February 2026 operations, social
media users frequently referred to the AW139 as a "nuke-sniffing" or "radiation-hunting"
helicopter. This colloquial branding, while technically accurate, often carries a sensationalist
weight that federal agencies struggle to manage. While some users expressed fascination with
the technology and the precision of the flight paths—which are often visible on public flight-
tracking apps like FlightRadar24—others expressed deep unease.

Common social media reactions in 2026 ranged from humorous memes about "Godzilla" or
"uranium enrichment startups" to serious questions about why such a search was necessary if
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there were no "active threats." This creates a communication paradox: by telling the public they
are searching for nuclear material to ensure safety, the government implicitly reminds the
public that a nuclear threat is a possibility. The NNSA addresses this by emphasizing the
"baseline" nature of the work, explaining that they are mapping the "natural" environment to
prevent future false alarms, rather than hunting for a specific bomb.

11.3 Psychological Impact: Noise, Vibration, and Vulnerable Populations

Beyond the fear of nuclear threats, the physical presence of the helicopter causes tangible
psychological and physiological stress. At 150 feet, the downwash and "blade slap" (vortex
interaction) of a 7-ton Leonardo AW139 can cause windows to rattle and car alarms to trigger.
For the general population, this is often a nuisance; however, for certain vulnerable groups, it
can be significantly more disruptive. Urban noise research indicates that low-frequency
vibrations from helicopters are often perceived as twice as loud as they actually are, triggering
"fight or flight" responses in the human body.

Military veterans suffering from Post-Traumatic Stress Disorder (PTSD) are particularly affected
by these operations. The sound of a low-hovering federal aircraft can trigger combat-related
flashbacks and acute anxiety. Recognizing this, NNSA outreach increasingly includes
notifications to veterans' organizations and mental health advocacy groups. The challenge for
mission planners is that the physics of the search requires the 150-foot altitude; there is no way
to perform a high-resolution survey from a quieter, higher altitude. This necessitates a delicate
balance between achieving the technical security objective and minimizing the "acoustic
intrusion" into the lives of city residents.

11.4 The Legal Gray Zone: Privacy and the Fourth Amendment

The use of advanced sensors to "see" through walls or map the contents of a private home
raises significant legal and ethical questions regarding the Fourth Amendment, which protects
against unreasonable searches and seizures. Historically, the Supreme Court has ruled in cases
like California v. Ciraolo (1986) and Florida v. Riley (1989) that "naked eye" observations from
public navigable airspace do not require a warrant. However, the introduction of technology
that can detect subatomic particles emanating from within a private residence challenges these
20th-century precedents.

Critics and civil liberties advocates argue that radiological mapping constitutes a "search"
because it reveals information about the interior of a property—such as the presence of
medical isotopes or industrial materials—that is not visible to the naked eye. The NNSA
maintains that because their sensors are "passive" and only measure radiation already escaping
into public airspace, they are not intruding into the home. Furthermore, the agency asserts that
the data is used for "national security" and "public safety" rather than criminal prosecution of
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individuals. As detection technology becomes more sensitive, the legal debate over "aerial
trespass" and the "expectation of privacy" in the radiological spectrum remains a dynamic and
unsettled area of American law.

11.5 Combatting Misinformation and "Sensor Fear"

A recurring challenge in public communications is the fear that the sensors themselves are
harmful. A common misconception is that the "nuke-sniffing" helicopters emit radiation or high-
powered radar to find their targets. In reality, the systems are entirely passive; they function as
a high-tech "ear" listening for gamma rays that are already present in the environment. During
the 2026 Bay Area flights, public information officers had to repeatedly clarify that the
helicopters do not "X-ray" the city or its people.

To combat this "sensor fear," the NNSA has produced educational videos and interactive 3D
models showing how the sensors work. They emphasize that a person receives more radiation
from a cross-country flight or a single chest X-ray than they would ever receive from the
presence of a monitoring helicopter. By grounding their communications in hard science and
relatable comparisons, the agency seeks to demystify the technology. This educational effort is
not just about public relations; it is a tactical necessity. A public that understands the mission is
less likely to obstruct it, and a well-informed citizenry is the first line of defense against the
panic and chaos that a radiological incident—or even the rumor of one—could cause.

12. Future Trends in Autonomous and Multi-Modal Radiological Surveillance

As of early 2026, the successful execution of the Super Bowl LX security operation has
highlighted both the peak of current manned capabilities and the clear path toward a more
automated future. The transition from legacy platforms to the Leonardo AW139 was a
significant step, but the next decade of radiological security will be defined by the removal of
the human element from the high-risk, low-altitude flight environment. The emerging landscape
of nuclear counter-terrorism is shifting toward a model of persistent, autonomous, and multi-
modal surveillance that moves beyond the limitations of single-aircraft sorties.

12.1 Transition to Autonomous Drone Swarms

The most immediate shift in the Aerial Measuring System’s tactical approach is the move toward
Unmanned Aircraft Systems (UAS). By mid-2026, the NNSA has begun the pilot phase of
deploying autonomous drone swarms for urban baselining. Unlike a single large helicopter, a
swarm of twenty to thirty small, high-endurance drones can cover a city grid with ten times the
spatial resolution in a fraction of the time. These drones are designed to fly at even lower
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altitudes—sometimes below 50 feet—allowing them to detect highly shielded sources that
would be invisible to an aircraft at 150 feet.

The logic of the swarm is based on the principle of distributed sensing. Each drone carries a
miniaturized, high-efficiency scintillator. While an individual small sensor has lower sensitivity
than the massive arrays on an AW139, the collective data from thirty drones flying in a
coordinated mesh provides a composite sensitivity that exceeds current manned platforms.
Furthermore, drones eliminate the risk to human pilots in "nap-of-the-earth" urban flight and
can be deployed from mobile "drone nests" located on rooftops or the beds of moving trucks,
providing a rapid-response capability that does not depend on airfield logistics.

12.2 Artificial Intelligence and On-Edge Spectral Analysis

The bottleneck of 20th-century radiological surveillance was the "reach-back" requirement—
the need to send data to a human expert for analysis. The future of the mission lies in "on-
edge" Artificial Intelligence (Al) and Machine Learning (ML) algorithms. By 2026, the NNSA has
integrated deep-learning neural networks directly into the on-board processors of its aircraft.
these systems are trained on millions of synthetic and real-world spectra, allowing them to
perform isotopic identification and background subtraction locally and instantaneously.

These Al models are increasingly capable of "context-aware" detection. For example, the system
can cross-reference a radiological spike with a visual camera feed. If the Al sees a truck labeled
"Medical Isotopes" at the same moment the sensor detects Technetium-99m, it can
automatically deprioritize the alarm. Conversely, if it detects a faint Uranium-235 signature
coming from an unmarked passenger vehicle, the Al can immediately task a high-resolution
optical drone to begin tracking the target's license plate. This move toward "automated triage"
reduces the cognitive load on human operators and ensures that only the most credible threats
reach the desks of national decision-makers.

12.3 Multi-Modal Sensor Fusion

The "nuke-sniffer" of the future will not only look for radiation. The NNSA is moving toward a
multi-modal sensor fusion model that combines radiological detection with chemical, biological,
and hyperspectral imaging. A potential adversary may attempt to shield a nuclear source, but
the manufacturing of a device often leaves other "signatures," such as trace chemical vapors or
anomalous heat signatures from the electronics and shielding materials.

Future surveillance aircraft will utilize hyperspectral sensors to detect the unique "spectral
shadow" of specific lead alloys used in shielding or the infrared footprint of a high-density
power source. By layering these data points—radiological, chemical, and thermal—into a single
3D "threat map," security agencies can identify anomalies that would be invisible to any single
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sensor. This holistic approach makes the cost of "cloaking" a nuclear device significantly higher,
as a shield that blocks gamma rays may still be highlighted by its thermal or chemical signature.

12.4 Quantum Sensing and the Next Generation of Detection

Perhaps the most revolutionary trend emerging in late 2026 is the application of quantum
sensing to nuclear security. Traditional scintillators rely on the physical interaction of a photon
with a crystal, a process that is limited by the laws of classical physics. Quantum sensors, which
utilize the properties of atoms at extremely low temperatures or the "color centers" in industrial
diamonds, offer the potential for a 100-fold increase in sensitivity.

A quantum-enabled magnetometer or gamma sensor could theoretically detect the presence of
dense nuclear materials from a much greater distance, potentially allowing for high-altitude or
even satellite-based monitoring of urban centers. While these technologies are currently in the
laboratory phase at sites like Los Alamos and Lawrence Livermore, the first field-deployable
prototypes are expected to enter the NEST arsenal by 2028. This shift would represent a "hard
break" in the history of the mission, moving the Aerial Measuring System from the era of "low-
altitude sniffing" to an era of "wide-area radiological transparency."

12.5 The Move Toward Persistent Urban Listening Grids

Finally, the philosophy of nuclear security is shifting from "event-based" monitoring to
"persistent" monitoring. Rather than flying a helicopter for a week before the Super Bowl, the
cities of the future will likely feature permanent, autonomous "listening grids." These grids will
consist of hundreds of small, low-cost sensors integrated into city infrastructure—such as 5G
towers, streetlights, and bridge pylons—all networked together via Al.

In this model, the role of the Aerial Measuring System changes from a "mapper" to a "verifier."
The permanent ground grid provides a constant, 24/7 baseline of the city’s radiological
environment. If a new source enters the city, the grid detects it, and a "ready-alert"
autonomous drone is automatically launched to perform a high-resolution close-in inspection.
This "surveillance-as-a-service" model creates a seamless, automated shield over the urban
population, ensuring that the "invisible sentinels" of the NNSA are always watching, even when
there isn't a helicopter in the sky.
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