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Abstract

Radiation variability in near-Earth space directly impacts satellites, aviation, and ground-
based technologies. To strengthen measurement-anchored situational awareness in the Pacific
sector, the University of Hawai‘i has deployed two new neutron monitor (NM) stations at the
Haleakalā summit: the revived Haleakalā Neutron Monitor (HLEA) and the Thailand–Hawai‘i
Monitor (THIMON). Neutron monitors are ground-based cosmic ray detectors that record
variations in high-energy particles arriving from space. By closing a 162° longitudinal gap in the
global NM network, HLEA and THIMON improve global coverage for tracking space weather
events. Operational testing began in December 2024, with a formal inauguration in January
2025. Complementing these ground-based stations, the Alpha Magnetic Spectrometer (AMS) is a
particle physics detector on the International Space Station that has been recording daily fluxes of
cosmic rays since 2011. AMS provides composition- and energy-resolved measurements in space,
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while neutron monitors extend the record to ground level. Linking AMS with HLEA/THIMON
creates a powerful new capability to benchmark models of geomagnetic cutoffs, to discriminate
which solar particle events reach aviation altitudes or ground level, and to track long-term
radiation variability. To move from monitoring to forecasting, we are also developing a physics-
informed AI framework that couples physics-based transport models with machine learning
to predict cosmic-ray radiation levels months to years in advance. These forecasts support
spacecraft design, constellation reliability, aviation dose estimation, and mission planning for
human spaceflight. Finally, the new Space Weather and Mission Control Center (SWMCC) at UH
Mānoa integrates these space- and ground-based observations into real-time displays for research,
training, and operational awareness. Together, these efforts enhance preparedness and resilience
against space weather across the Indo-Pacific as Solar Cycle 25 approaches its maximum. The
new Space Weather and Mission Control Center (SWMCC) at UH Mānoa integrates ground and
space data for real-time monitoring and serves as a training hub for students and the broader
community.

1 Introduction

Modern satellites, aviation systems, and even ground-based technologies are increasingly vulnerable
to radiation from space. These conditions are shaped both by sudden solar energetic particle (SEP)
events, which can drive sharp increases in radiation, and by the continuous background of galactic
cosmic rays (GCRs), which set long-term reliability limits for electronics and avionics. Understanding
and forecasting these environments is central to space situational awareness and mission assurance.

To monitor cosmic rays at Earth, scientists use a worldwide network of neutron monitors
(NMs): ground-based detectors that record variations in the high-energy particles arriving from
space. However, for decades this network has contained a large longitudinal gap across the Pacific
Ocean, limiting our ability to track the global evolution of space weather events. Figure 1 shows the
global NM distribution and highlights the � 162◦ gap that has now been closed.

In late 2024, the University of Hawai‘i re-established the Haleakalā Neutron Monitor (HLEA)
at 3052 m altitude and paired it with the new Thailand–Hawai‘i Monitor (THIMON). Together,
these facilities close the Pacific sector gap between Asia and the Americas, providing essential
coverage for anisotropy studies, timing, and early detection of radiation events. Operational testing
began in December 2024, followed by an inauguration in January 2025.

Complementing these ground-based stations, the Alpha Magnetic Spectrometer (AMS)
is a particle physics detector on the International Space Station. AMS has been recording daily,
species-resolved cosmic-ray fluxes since 2011, including protons, helium, electrons, and heavier nuclei.
Linking AMS observations in space with HLEA/THIMON signals on the ground enables a new
capability to benchmark geomagnetic cutoff estimates, to distinguish which solar particle events
reach aviation and ground level, and to track GCR variability from daily to decadal timescales.

Together, HLEA/THIMON and AMS establish Hawai‘i as a strategic Pacific hub for space
weather monitoring and forecasting during Solar Cycle 25.

2 HLEA and THIMON Facilities and Deployment

HLEA is located at (20◦42′26′′ N, 203◦44′33′′ E), altitude 3052 m (vertical depth �700 g cm−2) with
vertical cutoff 12.91 GV. The facility reduces a � 162◦ Pacific gap between PSNM (Thailand) and
UNAM (Mexico), improving longitudinal coverage for anisotropy and timing studies.

Both instruments are installed in 20-ft ISO shipping containers to preserve portability and
simplify Monte Carlo geometry [1].
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Figure 1: Global neutron monitor network (gray points) showing a large gap across the Pacific. The
new Haleakalā (HLEA) and Thailand–Hawai‘i (THIMON) stations (red stars) close this � 162◦ gap,
providing continuous coverage between Asia and the Americas.

HLEA: 2� 3 NM64 array with University of New Hampshire (UNH) electronics: threshold-settable
charge-sensitive preamplifiers feeding an NI CompactRIO FPGA for per-tube pulse-height spectra
and housekeeping.
THIMON: 3 NM64 with Bartol/UDEL electronics (remote boards per tube, GPS & barometer
boards, master/readout boards) providing per-tube pulse-height and timing.

Figure 2 shows the HLEA and THIMON detectors housed in standardized ISO containers at the
Haleakala summit. The two containers were installed in October 2024; calibrations and operational
testing began December 2024 and the ribbon-cutting was held on 8 January, 2025 [2].

Housekeeping uses OpenHAB/HABPanel with live video, temperature/humidity monitoring,
and remote power control for HV/LV and cRIO subsystems. Housekeeping and remote control are
provided through an OpenHAB/HABPanel interface (Fig. 3).

Following the 2006 decommissioning of the original Haleakala station, archived BP-28 counters
were re-tested at the IfA Waiakoa laboratory. Eighteen tubes were characterized; nine were selected
for long-term stability tests. A long-term stability run of a BP-28 counter was performed for several
months before the installation into HLEA and THIMON to demonstrate the reliability of the
counters. Comparative amplitude spectra using Bartol vs. UNH electronics showed no degradation
of the characteristic double-peak structure. During laboratory electronics qualification with nine
bare BP-28 counters at Rc � 13 GV, an FD of 5.4% on 11 May 2024 was observed; hourly rates
were pressure-corrected using �0:66%=mbar derived from prior statistics (pre-deployment, bare
configuration). Figure 4 shows a pressure-corrected Forbush decrease recorded on 11 May 2024 in
the laboratory.

After installation at 3052 m, per-tube count rates increased as expected when moving from
low-altitude bare tests to summit leaded operation: �1.2–1.3 Hz per bare tube at �881 m to 46.1
Hz (HLEA) and 52.2 Hz (THIMON) per leaded tube at the summit. Early summit data yield
barometric coefficients of �0:54%=mbar (HLEA) and �0:61%=mbar (THIMON) with a common
reference pressure Pref = 709:3 mbar. One-minute data are synchronized to UH Manoa for quality
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Figure 2: Left: HLEA and THIMON containers at Haleakala summit. Right: interior view of
THIMON.

Figure 3: OpenHAB/HABPanel interface for HLEA housekeeping: live video, environment monitor-
ing, and remote power control.

control and pressure correction; distribution to the U.S. Simpson NM network is active; integration
into NMDB is in progress.

3 Alpha Magnetic Spectrometer (AMS) on the ISS

The Alpha Magnetic Spectrometer (AMS) is a precision particle physics detector installed on the
International Space Station in May 2011, where it has been operating continuously for more than 15
years. AMS records the flux of cosmic rays — including protons, helium, electrons, positrons, and
heavier nuclei — across rigidities from �0.1 GV to multi-TeV energies with daily time resolution.
This represents the most extensive species-resolved cosmic-ray dataset collected in space [3, 4, 5, 6].

A key capability of AMS is precise charge and mass identification across a wide range of nuclei.
This enables species-resolved studies of solar-cycle modulation, short-term variability, and Forbush
decreases, and provides the space-based anchor for comparisons with ground-level neutron monitor
observations.

For space weather applications, AMS provides the spectra and composition of incoming particles
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Figure 4: Pressure-corrected hourly rate from nine bare BP-28 counters at Waiakoa (Rc � 13 GV),
showing a 5.4% Forbush decrease on 11 May 2024 (laboratory, pre-deployment).

before atmospheric interaction, while neutron monitors extend the record globally at ground level.
This space–ground integration is crucial for understanding why some solar energetic particle (SEP)
events produce ground-level enhancements (GLEs) while others do not — a central problem for
improving forecasts of radiation impacts on satellites, aviation, and ground-based systems.

3.1 Short-term variability and transients

Beyond long-term solar-cycle modulation, AMS resolves variability on timescales of days to weeks.
Daily proton and helium fluxes exhibit recurrent �27-day solar-rotation signatures and their har-
monics, as well as numerous Forbush decreases with abrupt onsets and staged recoveries. These
species- and rigidity-resolved measurements provide benchmarks for heliospheric transport models
and tie directly to short-term radiation risk assessments [3 ,4].

A complementary capability of AMS is the empirical determination of geomagnetic cutoff
rigidities (Rc) along the ISS ground track. By identifying spectral turnovers and performing particle
backtracing, AMS provides cutoff maps that benchmark model-based estimates (e.g., IGRF and
Tsyganenko field models). Such measurements clarify latitude dependence of particle access to
low Earth orbit and aviation flight levels, enabling better translation from space-based fluxes to
operational environments.

For operational space weather, quantifying short-term variability and validating geomagnetic
cutoffs are essential to forecasting radiation conditions for satellites, aviation, and human spaceflight.
In this context, the synergy of AMS daily measurements with HLEA/THIMON ground observations
provides a measurement-anchored path from heliospheric dynamics to actionable risk estimates

5



Figure 5: The Alpha Magnetic Spectrometer (AMS-02) installed on the International Space Station
during STS-134 (May 2011). Continuous operations since 2011 provide daily, species-resolved
cosmic-ray measurements across multiple solar cycles.

4 Space Weather Physics with AMS and Neutron Monitors

Space weather hazards arise from the combination of the long-term galactic cosmic ray (GCR)
background and sporadic solar energetic particle (SEP) events. The most extreme SEPs can reach
aviation altitudes and, in rare cases, produce ground-level enhancements (GLEs) in neutron
monitor (NM) data. Understanding which solar events become GLEs, and when and where their
effects are felt, requires both space-based and ground-based observations.

AMS in space provides daily, species-resolved fluxes of protons, helium, electrons/positrons,
and heavier nuclei across Solar Cycles 24–25 (Fig. 7), resolving 27-day solar-rotation structures,
rigidity-dependent Forbush decreases, and charge-sign effects [3, 4, 5, 6. It also delivers empirical
geomagnetic cutoff maps along the ISS orbit (Fig. 8), benchmarking model-based estimates used to
translate space fluxes to operational environments.

Neutron monitors on the ground (HLEA and THIMON; Fig. 1) provide continuous, high-
statistics coverage at fixed locations with well-characterized pressure corrections and longitudinal
baselines. By closing the � 162◦ Pacific gap, HLEA/THIMON improve timing, anisotropy, and
redundancy studies across the Indo-Pacific sector.

Together, the space–ground integration enables:

• GLE versus non-GLE discrimination: Comparing AMS spectra/composition in space
with NM responses at ground level clarifies why only some SEPs penetrate to aviation and
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Figure 6: AMS nuclear charge resolution from hydrogen to nickel, showing clear separation of
individual species. This capability underpins species-resolved, time-dependent analyses relevant to
space weather.

ground level — a central problem for forecasting extreme radiation impacts.

• Cutoff-aware interpretation: AMS cutoff measurements improve the mapping from space
fluxes to expected ground/flight-level responses, reducing uncertainty in dose and single-event
effect (SEE) assessments.

• Short-term variability with context: Daily AMS modulation signatures and NM longitu-
dinal coverage together constrain onset timing, recovery, and anisotropy of events, supporting
early awareness and model validation.

In this framework, HLEA/THIMON provide the Pacific-sector anchor that, combined with AMS’s
species-resolved daily data, links heliospheric dynamics to actionable risk estimates for satellites,
aviation, and human spaceflight.

5 Physics-Informed Artificial Intelligence for Space Weather

Reliable design and operations for satellites, aviation, and human spaceflight require credible, long-
horizon forecasts of the galactic cosmic-ray (GCR) environment. Unlike sudden SEP events, GCRs
vary with the solar cycle and set the background for dose and single-event effects (SEE) in electronics,
influence avionics and airline-route exposure, and bound crew risk for cislunar and deep-space
missions. Decisions about part selection, margins, scheduling, and risk posture therefore benefit
from predictive, uncertainty-quantified GCR spectra months to years in advance.
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Figure 7: Daily proton fluxes in the 1–1.16 GV rigidity interval measured by AMS, compared with
sunspot number. The anticorrelation illustrates solar-cycle modulation of galactic cosmic rays 3.

To meet this need, we are developing a physics-informed AI (PIML) framework that combines
first-principles heliospheric transport with modern probabilistic ML as can be schematically seen
in fig. 9. In brief, solar-cycle predictors are mapped to heliospheric state variables (HCS tilt �,
HMF strength B, polar wind v, and cycle phase �). These condition a probabilistic neural network
(mixture density network 7) that outputs diffusion-tensor parameters. Together with the heliospheric
inputs, these parameters drive a neural surrogate of a Parker-transport solver to yield probabilistic
GCR spectra with quantified uncertainties [8, 9, 11].

This framework offers three main advantages over empirical approaches:

• Physically interpretable: diffusion-tensor parameterization remains consistent with Parker-
transport physics, avoiding black-box extrapolation.

• Computationally tractable: the surrogate enables Bayesian uncertainty quantification and
rapid scenario analyses.

• Operationally expressive: inputs are real heliospheric controls (�;B; v; �), so forecasts can
translate directly into actionable forward-looking radiation environments.

Applications. This capability supports:

• spacecraft design and SEE rate forecasting,

• aviation route-specific radiation dose forecasts,

• constellation-level reliability management,

• mission planning for Artemis and Mars transits, and

• soft-error budgeting for terrestrial critical systems.

Full mathematical formulations, diffusion parameterizations, and Bayesian inference details are
presented in Appendix A and references therein.
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Figure 8: Maximum geomagnetic cutoff rigidities in the AMS-02 field of view along the ISS orbit. The
color scale indicates cutoff rigidity in GV. These maps provide empirical benchmarks for model-based
cutoff calculations (e.g., IGRF/Tsyganenko).

6 Space Weather and Mission Control Center at UH

The Department of Physics and Astronomy at the University of Hawai‘i at Mānoa is establishing a
Space Weather and Mission Control Center (SWMCC) to integrate Haleakalā/THIMON
neutron-monitor data with space-based observations (AMS-02, GOES, DSCOVR) and complementary
ground instruments, with distribution to NMDB and links to SWPC data services. Conceived as
both a scientific monitoring facility and a training hub, the SWMCC supports real-time ingestion,
automated quality control, cross-instrument comparisons, and development of analysis pipelines for
research and operations. The center calibrates HLEA data products and serves as a Pacific node for
space-weather awareness and workforce development [13, 14, 15].

Operationally, the SWMCC provides: (i) a display wall for situational awareness and instruction;
(ii) continuous dashboards for GCR/SEP conditions, geomagnetic indices, and instrument health;
(iii) event tagging and archive search for Forbush decreases and SEP episodes; and (iv) API-ready,
measurement-anchored outputs suitable for forecasting workflows and model validation.

HLEA and THIMON extend Pacific coverage of ground-based NM measurements and, together
with AMS daily, species-resolved observations, provide a space–ground perspective that is both
measurement-anchored and sensitive to species/rigidity/charge-sign effects. This integration un-
derpins cutoff-aware interpretation and GLE vs. non-GLE discrimination while supplying reliable
inputs for physics-informed forecasting (Secs. 7–8, 9).

9



Forecasted Solar Cycle
Variables

HCS Tilt
α

HMF
~B

Polar Solar
Wind
~v

Solar
Phase
φ

Mixture Density Network

k0k
ak bk a?

b?

Neural Surrogate
Parker PDE Solver

Forecasted Galactic Cosmic-Ray
Spectrum

3 Helio Variables

5 Diffusion Parameters

8 Total Parameters

Figure 9: Physics-Informed Machine Learning Pipeline for GCR Forecasting. Forecasted solar cycle
variables such as sunspot numbers predicts heliospheric status variables: tilt angle of the HCS,
heliospheric magnetic field (HMF) strength, and polar solar wind speed. These, together with solar
phase, serve as inputs to the Mixture Density Network (MDN), which outputs five diffusion tensor
parameters: k0∥, a∥, b∥, a⊥, and b⊥. The resulting eight parameters (three heliospheric inputs plus
five diffusion parameters) are then passed into the neural surrogate of the Parker transport equation
solver. This final stage generates the probabilistic GCR spectrum at any arbitrary point in the
heliosphere

7 Education and Outreach

In parallel with the scientific mission, the SWMCC is a training ground for undergraduate and
graduate students at UH Mānoa. Students participate directly in detector operations, electronics
calibration, pipeline development, and data validation, gaining hands-on experience with real-time
space-weather monitoring and analytics. These activities feed into coursework, capstones, and
research mentoring, strengthening the regional workforce in instrumentation, data science, and
heliophysics.

Public engagement is a core function. The team conducts open-house events, school demonstra-
tions, and community workshops, using SWMCC visualizations (Fig. 10) to connect cosmic rays, solar
activity, and technology impacts (e.g., aviation and satellite services). By embedding space-weather
monitoring within UH’s educational mission, the program advances Indo-Pacific capacity building
and broadens public understanding of space-weather relevance to modern society.
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