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Abstract 
Public reports of the classified ‘Ghost Murmur’ system have sparked significant interest in long-range quantum 
magnetometry for heartbeat detection at operationally relevant distances. This paper provides a rigorous, first-principles 
analysis of Nitrogen-Vacancy (NV) centre physics in diamond — including decoherence mechanisms and fabrication 
pathways — and formally derives the 1/r³ dipole field limitation that renders single-platform claims at 40 km physically 
implausible. Correcting an error in earlier circulated analyses, the cardiac magnetic moment is m ≈ 2.5 × 10 ⁷ A•m², 
yielding a required integration time of ≈10^{38} seconds at 40 km — approximately 20 orders of magnitude beyond 
the age of the universe, not 8 as sometimes cited. To bridge this fundamental gap, we propose a practical hybrid 
architecture: a helical/spiral-in drone swarm with stepwise altitude reduction and adaptive noise rejection (σ_eff ≈ 0.75 
pT/√Hz for a 24-UAV formation), combined with a low-cost skin-embedded beacon protected by EMP-hardened Faraday 
shielding (nickel-copper ripstop or graphene/MXene composites). This hybrid system replicates Ghost Murmur-class 
capabilities at 100–1,000× lower cost while providing friend-or-foe encrypted identification — a critical capability absent 
from purely passive biomagnetic sensing. Dual-use applications span pilot rescue, border infiltration detection, miner 
rescue, and humanitarian operations.
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NV Centres: Physics, Decoherence, and Fabrication
Nitrogen-Vacancy (NV) centres are atomic-scale defects in diamond consisting of a substitutional nitrogen atom adjacent 
to a carbon vacancy. The negatively charged NV state has an electron spin S = 1 with ground-state sublevels m = 0, ±1. 
Optical pumping with a 532 nm green laser preferentially populates the m = 0 state. Microwave radiation near 2.87 GHz 
drives transitions to m = ±1, which exhibit reduced fluorescence at the 637 nm zero-phonon line. This optically detected 
magnetic resonance (ODMR) enables sensitive vector magnetometry at room temperature — a key practical advantage 
over competing quantum sensing modalities [1].

Decoherence Mechanisms
Longitudinal relaxation (T₁) arises from phonon-assisted transitions and limits spin polarisation lifetime. Dephasing (T₂* 
and extended T₂) is dominated by magnetic noise from ¹³C nuclear spins, other NV centres, paramagnetic impurities, 
lattice strain, and surface effects. Dynamical decoupling sequences — spin-echo, Carr-Purcell-Meiboom-Gill (CPMG) — 
significantly extend coherence times, with T₂ reaching milliseconds in isotopically purified ¹²C substrates.

Fabrication Pathways
High-purity single-crystal diamonds are grown via Chemical Vapour Deposition (CVD) using CH₄/H₂ plasma at 800–
1000°C on a seed substrate. Nitrogen is incorporated during growth or via post-growth ion implantation followed by 
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annealing at 700–900°C to form stable NV centres. Isotopic enrichment with ¹²C substantially reduces the nuclear-spin 
bath noise floor. Typical fabrication time: 2–6 weeks.

Repurposing Existing CVD Infrastructure
Many university and industrial laboratories globally already possess CVD diamond growth reactors, annealing furnaces, and 
basic optical setups. These can be repurposed for NV magnetometry with modest additional investment: approximately 
USD 5,000–15,000 for a functional ODMR bench (532 nm laser, microwave antenna, photodetector, lock-in amplifier). 
This represents a low-barrier pathway to quantum sensing capability for allied research institutions worldwide.

Rigorous Derivation of the 1/r³ Physical Limit
The human heart is modelled as a current-loop magnetic dipole. Clinical magnetocardiography provides a well-established 
reference field B₀ ≈ 50 pT at r₀ = 0.1 m [2,3]. The far-field magnetic flux density obeys the classical dipole law:

Nitrogen-Vacancy (NV) centres are atomic-scale defects in diamond consisting of a substitutional
nitrogen atom adjacent to a carbon vacancy. The negatively charged NV� state has an electron spin
S = 1 with ground-state sublevels m� = 0, ±1. Optical pumping with a 532 nm green laser
preferentially populates the m� = 0 state. Microwave radiation near 2.87 GHz drives transitions to
m� = ±1, which exhibit reduced fluorescence at the 637 nm zero-phonon line. This optically detected
magnetic resonance (ODMR) enables sensitive vector magnetometry at room temperature — a key
practical advantage over competing quantum sensing modalities (Doherty et al., 2013).

1.1 Decoherence Mechanisms
Longitudinal relaxation (T₁) arises from phonon-assisted transitions and limits spin polarisation
lifetime. Dephasing (T₂* and extended T₂) is dominated by magnetic noise from ¹³C nuclear spins,
other NV centres, paramagnetic impurities, lattice strain, and surface effects. Dynamical decoupling
sequences — spin-echo, Carr-Purcell-Meiboom-Gill (CPMG) — significantly extend coherence
times, with T₂ reaching milliseconds in isotopically purified ¹²C substrates.

1.2 Fabrication Pathways
High-purity single-crystal diamonds are grown via Chemical Vapour Deposition (CVD) using
CH₄/H₂ plasma at 800–1000°C on a seed substrate. Nitrogen is incorporated during growth or via
post-growth ion implantation followed by annealing at 700–900°C to form stable NV centres.
Isotopic enrichment with ¹²C substantially reduces the nuclear-spin bath noise floor. Typical
fabrication time: 2–6 weeks.

1.3 Repurposing Existing CVD Infrastructure
Many university and industrial laboratories globally already possess CVD diamond growth reactors,
annealing furnaces, and basic optical setups. These can be repurposed for NV magnetometry with
modest additional investment: approximately USD 5,000–15,000 for a functional ODMR bench
(532 nm laser, microwave antenna, photodetector, lock-in amplifier). This represents a low-barrier
pathway to quantum sensing capability for allied research institutions worldwide.

2. Rigorous Derivation of the 1/r³ Physical Limit
The human heart is modelled as a current-loop magnetic dipole. Clinical magnetocardiography
provides a well-established reference field B₀ ≈ 50 pT at r₀ = 0.1 m (Taylor et al., 2008; Barry et al.,
2020). The far-field magnetic flux density obeys the classical dipole law:

B(r) = (μ₀ / 4π) × (2m / r³), μ₀ = 4π × 10�⁷ H/m

Step 1 — Cardiac magnetic moment m:
m = B₀ × r₀³ / (2 × 10�⁷) = (50 × 10�¹² T) × (0.1 m)³ / (2 × 10�⁷
H/m) = 5 × 10�¹⁵ / 2 × 10�⁷ = 2.5 × 10�⁷ A·m²

Step 2 — Field at the claimed 40 km range:

Step 1 — Cardiac magnetic moment m:

Step 2 — Field at the claimed 40 km range:

(r / r₀)³ = (40,000 m / 0.1 m)³ = (4 × 10⁵)³ = 6.4 × 10¹⁶ B(40 km) =
B₀ ÷ (r/r₀)³ = 50 × 10�¹² T ÷ 6.4 × 10¹⁶ ≈ 7.8 × 10�²⁸ T

Step 3 — Required integration time for SNR ≥ 5:
Ensemble NV sensitivity: σ_NV ≈ 2 × 10�⁹ T/√Hz (2 pT/√Hz) T = ( SNR ×
σ_NV / B(r) )² = ( 5 × 2 × 10�⁹ / 7.8 × 10�²⁸ )² ≈ 1.6 × 10³� seconds

The age of the universe is approximately 4.3 × 10¹⁷ s. The required integration time exceeds this by
approximately 20 orders of magnitude — a more extreme result than the 8 orders cited in some
preliminary analyses, arising from a factor-of-200 error in the intermediate magnetic moment. The
qualitative conclusion is unchanged and in fact strengthened: single-platform biomagnetic detection
at 40 km is not merely difficult but physically impossible with any foreseeable NV sensitivity
improvement alone. We remain open to proposals involving novel quantum amplification or
fundamentally different coupling mechanisms.

Correction note: An earlier circulated version of this derivation cited T ≈ 10²⁵ s and
m ≈ 1.25 × 10�⁹ A·m², arising from a transcription error. The corrected values
m = 2.5 × 10�⁷ A·m² and T ≈ 10³� s are derived above from first principles and verified
numerically.

3. Helical Drone Swarm Architecture
To partially overcome the 1/r³ limitation in contested or humanitarian rescue scenarios, we propose a
formation of 20–36 NV-magnetometer-equipped UAVs arranged in a helical/spiral-in hexagonal
lattice.

3.1 Swarm Geometry
Two altitude layers at 300 m and 800 m enable vertical gradiometry to suppress correlated
geomagnetic noise. Horizontal inter-UAV spacing of 300–500 m supports synthetic-aperture
processing. Common-mode noise rejection gain: G_grad ≈ 500.

3.2 Effective Sensitivity After Swarm Processing
σ_eff = σ_NV / √( N × T × G_grad )

For N = 24 UAVs, T = 600 s dwell time, G_grad = 500:

σ_eff = 2 × 10�⁹ / √( 24 × 600 × 500 ) = 2 × 10�⁹ / √( 7.2 × 10⁶ ) =
2 × 10�⁹ / 2683 ≈ 0.75 pT/√Hz

This represents an �2,700× improvement over a single NV sensor. Further improvement is
achievable by increasing N, extending dwell time, or improving gradiometry through tighter
formation geometry.

3.3 Stepwise Altitude Reduction Strategy

(r / r₀)³ = (40,000 m / 0.1 m)³ = (4 × 10⁵)³ = 6.4 × 10¹⁶ B(40 km) =
B₀ ÷ (r/r₀)³ = 50 × 10�¹² T ÷ 6.4 × 10¹⁶ ≈ 7.8 × 10�²⁸ T

Step 3 — Required integration time for SNR ≥ 5:
Ensemble NV sensitivity: σ_NV ≈ 2 × 10�⁹ T/√Hz (2 pT/√Hz) T = ( SNR ×
σ_NV / B(r) )² = ( 5 × 2 × 10�⁹ / 7.8 × 10�²⁸ )² ≈ 1.6 × 10³� seconds

The age of the universe is approximately 4.3 × 10¹⁷ s. The required integration time exceeds this by
approximately 20 orders of magnitude — a more extreme result than the 8 orders cited in some
preliminary analyses, arising from a factor-of-200 error in the intermediate magnetic moment. The
qualitative conclusion is unchanged and in fact strengthened: single-platform biomagnetic detection
at 40 km is not merely difficult but physically impossible with any foreseeable NV sensitivity
improvement alone. We remain open to proposals involving novel quantum amplification or
fundamentally different coupling mechanisms.

Correction note: An earlier circulated version of this derivation cited T ≈ 10²⁵ s and
m ≈ 1.25 × 10�⁹ A·m², arising from a transcription error. The corrected values
m = 2.5 × 10�⁷ A·m² and T ≈ 10³� s are derived above from first principles and verified
numerically.

3. Helical Drone Swarm Architecture
To partially overcome the 1/r³ limitation in contested or humanitarian rescue scenarios, we propose a
formation of 20–36 NV-magnetometer-equipped UAVs arranged in a helical/spiral-in hexagonal
lattice.

3.1 Swarm Geometry
Two altitude layers at 300 m and 800 m enable vertical gradiometry to suppress correlated
geomagnetic noise. Horizontal inter-UAV spacing of 300–500 m supports synthetic-aperture
processing. Common-mode noise rejection gain: G_grad ≈ 500.

3.2 Effective Sensitivity After Swarm Processing
σ_eff = σ_NV / √( N × T × G_grad )

For N = 24 UAVs, T = 600 s dwell time, G_grad = 500:

σ_eff = 2 × 10�⁹ / √( 24 × 600 × 500 ) = 2 × 10�⁹ / √( 7.2 × 10⁶ ) =
2 × 10�⁹ / 2683 ≈ 0.75 pT/√Hz

This represents an �2,700× improvement over a single NV sensor. Further improvement is
achievable by increasing N, extending dwell time, or improving gradiometry through tighter
formation geometry.

3.3 Stepwise Altitude Reduction Strategy

(r / r₀)³ = (40,000 m / 0.1 m)³ = (4 × 10⁵)³ = 6.4 × 10¹⁶ B(40 km) =
B₀ ÷ (r/r₀)³ = 50 × 10�¹² T ÷ 6.4 × 10¹⁶ ≈ 7.8 × 10�²⁸ T

Step 3 — Required integration time for SNR ≥ 5:
Ensemble NV sensitivity: σ_NV ≈ 2 × 10�⁹ T/√Hz (2 pT/√Hz) T = ( SNR ×
σ_NV / B(r) )² = ( 5 × 2 × 10�⁹ / 7.8 × 10�²⁸ )² ≈ 1.6 × 10³� seconds

The age of the universe is approximately 4.3 × 10¹⁷ s. The required integration time exceeds this by
approximately 20 orders of magnitude — a more extreme result than the 8 orders cited in some
preliminary analyses, arising from a factor-of-200 error in the intermediate magnetic moment. The
qualitative conclusion is unchanged and in fact strengthened: single-platform biomagnetic detection
at 40 km is not merely difficult but physically impossible with any foreseeable NV sensitivity
improvement alone. We remain open to proposals involving novel quantum amplification or
fundamentally different coupling mechanisms.

Correction note: An earlier circulated version of this derivation cited T ≈ 10²⁵ s and
m ≈ 1.25 × 10�⁹ A·m², arising from a transcription error. The corrected values
m = 2.5 × 10�⁷ A·m² and T ≈ 10³� s are derived above from first principles and verified
numerically.

3. Helical Drone Swarm Architecture
To partially overcome the 1/r³ limitation in contested or humanitarian rescue scenarios, we propose a
formation of 20–36 NV-magnetometer-equipped UAVs arranged in a helical/spiral-in hexagonal
lattice.

3.1 Swarm Geometry
Two altitude layers at 300 m and 800 m enable vertical gradiometry to suppress correlated
geomagnetic noise. Horizontal inter-UAV spacing of 300–500 m supports synthetic-aperture
processing. Common-mode noise rejection gain: G_grad ≈ 500.

3.2 Effective Sensitivity After Swarm Processing
σ_eff = σ_NV / √( N × T × G_grad )

For N = 24 UAVs, T = 600 s dwell time, G_grad = 500:

σ_eff = 2 × 10�⁹ / √( 24 × 600 × 500 ) = 2 × 10�⁹ / √( 7.2 × 10⁶ ) =
2 × 10�⁹ / 2683 ≈ 0.75 pT/√Hz

This represents an �2,700× improvement over a single NV sensor. Further improvement is
achievable by increasing N, extending dwell time, or improving gradiometry through tighter
formation geometry.

3.3 Stepwise Altitude Reduction Strategy

Step 3 — Required integration time for SNR ≥ 5:

The age of the universe is approximately 4.3 × 10¹⁷ s. The required integration time exceeds this by approximately 20 
orders of magnitude — a more extreme result than the 8 orders cited in some preliminary analyses, arising from a factor-
of-200 error in the intermediate magnetic moment. The qualitative conclusion is unchanged and in fact strengthened: 
single-platform bio magnetic detection at 40 km is not merely difficult but physically impossible with any foreseeable NV 
sensitivity improvement alone. We remain open to proposals involving novel quantum amplification or fundamentally 
different coupling mechanisms.

Correction note: The corrected values m=2.5×10−7 A·m² and T≈1038 s are derived above from first principles and 
verified numerically.

Helical Drone Swarm Architecture
To partially overcome the 1/r³ limitation in contested or humanitarian rescue scenarios, we propose a formation of 
20–36 NV-magnetometer-equipped UAVs arranged in a helical/spiral-in hexagonal lattice.

Swarm Geometry
Two altitude layers at 300 m and 800 m enable vertical gradiometry to suppress correlated geomagnetic noise. Horizontal 
inter-UAV spacing of 300–500 m supports synthetic-aperture processing. Common-mode noise rejection gain: G_grad 
≈ 500.

Effective Sensitivity After Swarm Processing

For N = 24 UAVs, T = 600 s dwell time, G_grad = 500:

B(40 km) = 7.8 × 10^{-28} T
T ≈ 1.64 × 10^{38} seconds

(≈ 20 orders of magnitude beyond the age of the universe)

m = B₀ r₀³ / (2 × 10^{-7}) = 2.5 × 10^{-7} A·m²
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This represents an 2,700× improvement over a single NV sensor. Further improvement is achievable by increasing N, 
extending dwell time, or improving gradiometry through tighter formation geometry.

Stepwise Altitude Reduction Strategy
The swarm executes a controlled stepwise descent in increments of 1.5 km (5,000 ft), tightening the helical formation 
at each step. Each descent multiplies signal strength by (r₁/r₂)³. AI-matched filtering on the 1 Hz cardiac frequency 
line is reapplied at each step. This geometry achieves practical detection at 8–15 km in low-clutter environments with 
a 24-UAV formation.

Low-Cost EMP-Hardened Hybrid Beacon System
Purely passive biomagnetic detection provides no friend-or-foe discrimination and can be replicated by an adversary 
with a similar NV swarm. Traditional RF beacons are highly susceptible to directed-energy EMP systems.

Beacon Architecture
The primary layer is a skin-embedded low-power RF/backscatter beacon using spread-spectrum challenge-response and 
Low Probability of Intercept (LPI) burst transmission, fabrication cost USD 150–400 per unit, protected by a compact 
(5–8 cm) Faraday tape enclosure:

The swarm executes a controlled stepwise descent in increments of �1.5 km (5,000 ft), tightening the
helical formation at each step. Each descent multiplies signal strength by (r₁/r₂)³. AI-matched filtering
on the �1 Hz cardiac frequency line is reapplied at each step. This geometry achieves practical
detection at 8–15 km in low-clutter environments with a 24-UAV formation.

4. Low-Cost EMP-Hardened Hybrid Beacon System
Purely passive biomagnetic detection provides no friend-or-foe discrimination and can be replicated
by an adversary with a similar NV swarm. Traditional RF beacons are highly susceptible to
directed-energy EMP systems.

4.1 Beacon Architecture
The primary layer is a skin-embedded low-power RF/backscatter beacon using spread-spectrum
challenge-response and Low Probability of Intercept (LPI) burst transmission, fabrication cost
USD 150–400 per unit, protected by a compact (5–8 cm) Faraday tape enclosure:

Material Attenuation Weight Standard

Nickel-copper ripstop fabric >60 dB Standard MIL-STD-188-125

Graphene/MXene composite film >50 dB <1 g/m² Emerging standard

4.2 System Cost Comparison

System Component Cost Estimate Operational Range Notes

Full NV swarm (24 UAVs) USD 500K–1.2M 8–15 km No IFF, EMP-vulnerable

Hybrid beacon per person USD 150–400 Active range (km+) Encrypted IFF, EMP-hard

Full hybrid system per person USD 400–1,000 Active + passive backup Globally producible

Comparable COTS system >USD 500K Classified Import-dependent

5. Dual-Use Applications
Defence and Security: Downed pilot or Special Forces rescue in contested EMP environments; border
infiltration detection; monitoring of illegal cross-border movement.

Humanitarian Search and Rescue: Locating lost children in forests, dense jungle, or borewell
accidents; miner rescue in collapsed tunnels; recovery of kidnapped victims.

Disaster Response: Post-earthquake survivor detection under rubble; monitoring of isolated elderly or
at-risk individuals in remote areas.

Medical Monitoring: Long-term unobtrusive cardiac monitoring using skin-embedded NV beacons
with quantum-encrypted data transmission to remote clinical stations.

The swarm executes a controlled stepwise descent in increments of �1.5 km (5,000 ft), tightening the
helical formation at each step. Each descent multiplies signal strength by (r₁/r₂)³. AI-matched filtering
on the �1 Hz cardiac frequency line is reapplied at each step. This geometry achieves practical
detection at 8–15 km in low-clutter environments with a 24-UAV formation.

4. Low-Cost EMP-Hardened Hybrid Beacon System
Purely passive biomagnetic detection provides no friend-or-foe discrimination and can be replicated
by an adversary with a similar NV swarm. Traditional RF beacons are highly susceptible to
directed-energy EMP systems.

4.1 Beacon Architecture
The primary layer is a skin-embedded low-power RF/backscatter beacon using spread-spectrum
challenge-response and Low Probability of Intercept (LPI) burst transmission, fabrication cost
USD 150–400 per unit, protected by a compact (5–8 cm) Faraday tape enclosure:

Material Attenuation Weight Standard

Nickel-copper ripstop fabric >60 dB Standard MIL-STD-188-125

Graphene/MXene composite film >50 dB <1 g/m² Emerging standard

4.2 System Cost Comparison

System Component Cost Estimate Operational Range Notes

Full NV swarm (24 UAVs) USD 500K–1.2M 8–15 km No IFF, EMP-vulnerable

Hybrid beacon per person USD 150–400 Active range (km+) Encrypted IFF, EMP-hard

Full hybrid system per person USD 400–1,000 Active + passive backup Globally producible

Comparable COTS system >USD 500K Classified Import-dependent

5. Dual-Use Applications
Defence and Security: Downed pilot or Special Forces rescue in contested EMP environments; border
infiltration detection; monitoring of illegal cross-border movement.

Humanitarian Search and Rescue: Locating lost children in forests, dense jungle, or borewell
accidents; miner rescue in collapsed tunnels; recovery of kidnapped victims.

Disaster Response: Post-earthquake survivor detection under rubble; monitoring of isolated elderly or
at-risk individuals in remote areas.

Medical Monitoring: Long-term unobtrusive cardiac monitoring using skin-embedded NV beacons
with quantum-encrypted data transmission to remote clinical stations.

System Cost Comparison

Table

Dual-Use Applications
Defence and Security: Downed pilot or Special Forces rescue in contested EMP environments; border infiltration 
detection; monitoring of illegal cross-border movement.

Humanitarian Search and Rescue: Locating lost children in forests, dense jungle, or borewell accidents; miner rescue in 
collapsed tunnels; recovery of kidnapped victims.

Disaster Response: Post-earthquake survivor detection under rubble; monitoring of isolated elderly or at-risk individuals 
in remote areas.

Medical Monitoring: Long-term unobtrusive cardiac monitoring using skin-embedded NV beacons with quantum-
encrypted data transmission to remote clinical stations.

Addendum: Global Humanitarian and Allied Defence Deployment Opportunities
Appended April 2026. Main technical content above is unchanged from the original preprint version.
The hybrid NV swarm and EMP-hardened beacon architecture addresses a capability gap applicable across defense and 
humanitarian contexts globally. Key international deployment partners:
Pilot recovery in desert terrain; encrypted IFF beacon for UAEAF; EMP-hardened c
Allied pilot recovery in EMP-contested environments; standardized encrypted beac
Post-disaster survivor detection; missing persons in humanitarian crises; USAR tea
Ghost Murmur gap analysis; NV swarm as distributed ISR platform; SOF personnel
Special Forces recovery; quantum-encrypted subdermal beacon for deep-cover op
NV center fabrication partnership; CVD diamond supply chain for quantum sensing
Disaster response (earthquake, tsunami); integration with J-ALERT infrastructure
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Humanitarian applications additionally attract funding through USAID, DFID successor programmes, and the UAE 
Mohammed bin Rashid Global Initiatives — channels that operate on faster timelines than defense procurement.

NV magnetometry hardware at the sensitivity levels described here does not currently fall under ITAR or EAR export 
controls, making international technology transfer and partnership formation straightforward.

Addendum: Global Humanitarian and Allied Defence Deployment Opportunities
Appended April 2026. Main technical content above is unchanged from the original preprint version.

The hybrid NV swarm and EMP-hardened beacon architecture addresses a capability gap applicable
across defence and humanitarian contexts globally. Key international deployment partners:

Organisation / Framework Nation / Body Specific Application Fit

EDGE Group — HALCON / SIGN4LUAE Pilot recovery in desert terrain; encrypted IFF beacon for UAEAF; EMP-hardened comms in contested Gulf airspace

NATO CSAR (Combat Search & Rescue)NATO / SHAPE Allied pilot recovery in EMP-contested environments; standardised encrypted beacon protocol

UN OCHA / INSARAG United Nations Post-disaster survivor detection; missing persons in humanitarian crises; USAR team integration

DARPA / Defence Innovation UnitUnited States Ghost Murmur gap analysis; NV swarm as distributed ISR platform; SOF personnel recovery

DSTL / UKSF United Kingdom Special Forces recovery; quantum-encrypted subdermal beacon for deep-cover operators

Fraunhofer / BMBF Germany NV centre fabrication partnership; CVD diamond supply chain for quantum sensing

GCC Joint Defence Command Gulf Cooperation CouncilShared SAR protocol across six Gulf states; desert terrain optimisation

JAXA / Japan ATLA Japan Disaster response (earthquake, tsunami); integration with J-ALERT infrastructure

Humanitarian applications additionally attract funding through USAID, DFID successor programmes,
and the UAE Mohammed bin Rashid Global Initiatives — channels that operate on faster timelines
than defence procurement.

NV magnetometry hardware at the sensitivity levels described here does not currently fall under
ITAR or EAR export controls, making international technology transfer and partnership formation
straightforward.

Contact for collaboration: nupurmukherjee369@gmail.com

6. Conclusion
The 1/r³ scaling law imposed by Maxwell’s equations makes single-platform biomagnetic detection at
40 km physically impossible with current NV technology: the corrected required integration time of
�10³� s exceeds the age of the universe by 20 orders of magnitude. The combination of helical drone
swarms with stepwise altitude reduction (σ_eff ≈ 0.75 pT/√Hz for 24 UAVs) and a low-cost
EMP-hardened skin beacon offers a realistic, scalable, and cost-effective architecture for
operationally relevant biomagnetic detection at 8–15 km. The hybrid system replicates Ghost
Murmur-class capability at 100–1,000× lower cost, adds encrypted IFF absent from passive-only
approaches, and is EMP-resilient by design. The architecture is globally deployable, export-control
compliant, and suitable for allied defence and humanitarian applications.

Table:

Conclusion
The 1/r³ scaling law imposed by Maxwell’s equations makes single-platform biomagnetic detection at 40 km physically 
impossible with current NV technology: the corrected required integration time of 10³ s exceeds the age of the universe 
by 20 orders of magnitude. The combination of helical drone swarms with stepwise altitude reduction (σ_eff ≈ 0.75 
pT/√Hz for 24 UAVs) and a low-cost EMP-hardened skin beacon offers a realistic, scalable, and cost-effective architecture 
for operationally relevant biomagnetic detection at 8–15 km. The hybrid system replicates Ghost Murmur-class capability 
at 100–1,000× lower cost, adds encrypted IFF absent from passive-only approaches, and is EMP-resilient by design. 
The architecture is globally deployable, export-control compliant, and suitable for allied defence and humanitarian 
applications.
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