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AFRL

AFRL’'s Role in the Space Weather Enterprise

The Air Force Research Laboratory is a core-funded DoD space weather science and technology investment

 Basic Research — AFOSR

« Applied Research and Advanced Technology Development — Space Vehicles Directorate

S

« Subject Matter Expertise Support to Major Commands, Program Offices, and Operational Units ...

AFRL invests in, creates, and matures technology toward space weather operations

* In-house research
« Grants, contracts and other agreements

« Program office-funded maturation and prototyping

AFRL is key bridge between the research community and DoD operations
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AE9/API9-IRENE

AE9/AP9-IRENE model suite—particle radiation environment
specification for spacecraft design and mission planning
« Latest version V1.55 introduces first effects “kernel” for

faster effects calculations
Technical efforts include:
* Implementation of stochastic
solar proton event module
« Sample solar cycle using

historical reanalysis for realistic supporting

short timescale hazards

» Local time dependence in
plasma model

* Improved representation of
gradients in LEO

New standard model for satellite

design used for national security
space and beyond
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better internal charging specs
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AE9/AP9-IRENE: Solar cycle variation of LEO protons in AP9

No solar cycle dependence in AE9/AP9-IRENE now * Work progressing towards solar cycle modulation of AP9:

« Statistics capture ranges across all solar cycle » Use stochastic model for future phase/intensity of solar cycle
phases drivers of LEO protons
Users needs solar cycle dependence for trapped * Use models (Selesnick Inner Zone Model) and data (POES
protons SEM-2) to relate drivers to energy- and location-dependent
» Design for short duration LEO missions variability
» Supports use of AP9 for nowcast estimates » Use results to modulate AP9 flux maps (representing all data
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GPS Flux specification model

» Specifies flux at a given GPS location via
data from rest of fleet

« Bin flux in L-shell and average over
a specified time window

» Interpolate spectra from neighboring
bins when no data available in bin of
interest
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Provides a specification for the GPS

regime to support prototyping while
model development efforts continue
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Outer Zone Model STTR program i »
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ADAPT Solar Magnetic Map Model

Solar Wind Modeling/Forecasting

« The ADAPT (Air Force Data Assimilative Photospheric
Flux Transport) model generates global solar magnetic

maps using flux transport & data assimilation:

ADAPT Global Solar Magnetic Map

Latitude

« Originally developed to drive solar wind forecasts
* Now, maps also drive solar F10.7 and EUV forecasts
» Irradiance modeling w/ SIFT (Solar Indices Forecasting Tool)
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EUV Modeling/Forecasting
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*  Prototyping operations at the NSO, with data gathering & model run autonomously 24/7
«  Currently transferring model to NOAA/SWPC for validation (w/ CCMC) and transitioning

to operations to input WSA-Enlil
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Demonstration and Science Experiments (DSX) Mission

Planned Launch: Summer 2019
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ASSESSING DIRECT INJECTION OF VLF WAVES

* Radio waves in the VLF range are produced naturally from lightning
and instabilities in trapped particle populations

* VLF waves can modify the mirror point of radiation belt electrons,
resulting in losses to the atmosphere

+ DSX will test direct radio wave injection to influence natural processes
governing the radiation belts

THE AIR FORCE RESEARCH LABORATORY

Vi B
'"%er

Jet Propulsion Laboratory
Califomia Institute of Technology

Van Allen Belts
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MAPPING MEO RADIATION ENVIRONMENT g

DSX will provide robust data on both the wave environment and the
particle populations that drive and/or respond to it

DSX achieves best-ever characterization of this poorly-mapped orbit
regime to support system radiation survivability analyses

NASA SET-1 Payload allows testing of spacecraft materials and
components in situ
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CEASES3: ECP sensor for all orbit regimes

Compact Environmental Anomaly

Sensor-3 (CEASE3) under development

Designed to monitor energetic charged

particles (ECPs) that cause spacecraft

anomalies

CEASES3-RR (Risk Reduction) prototype

currently operating on EAGLE (2018

launch)

CEASES3 flights planning in next few

years to GEO and LEO

Four sensors for wide range of

electron/proton energies

« 3 telescopes (4+ channels each)
covering protons 2-150 MeV,
electrons 90 keV-5 MeV
» Electrostatic analyzer covering

electrons 100 eV-50 keV

Time sampling and dynamic ranges

suited for monitoring hazards in LEO,

MEO, GTO, HEO, GEO

THE AIR FORCE RESEARCH LABORATORY

Size 11 x 11 x 30cm
Weight 4 kg

Power 8 W average,
10 W peak

""""""

Reference design transferred to industry

in support of deployment of sensors on
all future USAF spacecraft
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Conclusion

* AFRL performs basic research, applied research, and model
development for various space weather phenomena in support of

L ] .
* AFRL scientists and engineers are working many efforts in the
near term to enhance capabilities T
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« AFRL is also pressing ahead with strategic concepts for
generation-after-next capabilities
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Hot Plasma Trapped Energetic Protons Auroral Particles

AFRL S&T development relies on partnerships within the space weather
research community and communication among stakeholders
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Questions?
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