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• Beyond analysis
• Shaping scientific judgment
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● Solar magnetism is the main driver of solar variability.
● There are three main forms in which the Sun interacts with 

Earth:
○ Light.
○ Magnetic fields.
○ Particles.

● Light changes the density and conductivity of our upper 
atmosphere.

● Magnetic fields induce currents in our atmosphere and the 
ground.

● Particles affect  assets in space.

The Sun



The Sun Meets the Machine

• Why AI in 
Heliophysics?

• Why now?
• Terabytes of 

underused data
• AI as a pattern-

seeking tool



Why?
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• Enable new scientific 
investigations of 
physical processes and 
natural phenomena 
related to the sun, 
impacts on earth, 
other planets, solar 
system and 
exploration of space.

• Expand range of 
researchers; highly 
interdisciplinary.

• Create sufficient 
credibility to convince 
heliophysiciststo use 
AI as a tool and 
understand its 
potential.
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Let’s put this in perspective: NASA’s Solar Dynamics 
Observatory (SDO) alone has generated over 20 million images 
of the Sun, amounting to more than 20 petabytes of data. Add 
to that Parker Solar Probe’s in situ measurements, Solar 
Orbiter’s off-ecliptic views, ground-based magnetometers, 
ionosondes, and GNSS receivers—and you have an 
observational ecosystem of staggering scale and diversity. 

The challenge is not just the size of the data. It’s the 
heterogeneity, the dynamic range, the noise, the gaps. How do 
we integrate observations across missions? How do we 
connect different time cadences and spatial resolutions? How 
do we fill in data we never had a chance to collect?

Traditional methods are not designed for this level of 
complexity. AI, however, is. Whether it’s deep learning for 
image reconstruction, transformers for temporal prediction, or 
autoencoders for anomaly detection, the tools now exist to 
meet this challenge. What we need is a framework for applying 
them—systematically, reproducibly, and collaboratively.

The Grand Challenge



From Observation to Prediction: AI as a System Imperative

o Heliophysics studies a coupled system: Sun → heliosphere → geospace

o Data is continuous, multi-modal, and massive → requires integrated analysis at 
scale

o Physics-based models remain essential:
but are computationally expensive and limited in gaps/ extremes

o AI augments physics:
•  flare & precursor detection
•  thermospheric drag (surrogates)
•  cross-mission data fusion

o Foundation models (e.g., Surya) enable shared representat ions

o RADIANT builds infrastructure and community capability

o Shift: isolated studies → system-level understanding



What is a Foundation Model?
Foundation models represent a major shift in how we think about artificial intelligence. 
Rather than training a separate model for every task, a foundation model is trained on a 
massive, diverse dataset  and then fine-tuned for specific tasks as needed. 

These models—often based on transformer architectures—capture broad latent 
representations that  can be adapted quickly. In heliophysics, a foundation model might be 
trained on years of solar EUV imagery, solar wind t ime series, and magnetometer data. 

Once trained, it  could be fine-tuned to detect  coronal holes, predict  thermospheric
density, or synthesize 3D corona reconstructions. Think of it  as “pretraining the brain of the 
Sun.” The key advantage is reusability. 

One model can support  dozens of downstream applications, reducing duplication and 
accelerating discovery. In NASA science, this is already happening. Earth science has 
Prithvi. Weather has WxC. Heliophysics now has HelioFM. This paradigm shift  promises not 
only efficiency, but consistency, and community-wide interoperability.



Surya Foundation Model: AI Capability for Predictive Heliophysics

•What What it is
NASA–IBM open foundation model, trained on ~a decade of SDO data 
• it does
Learns a shared representation of solar activity → reusable across 
tasks
(flare prediction, feature tracking, multi-modal analysis) 
•What we see
~15% performance improvement
Forecasts hours in advance
One model → many applications 
•Why it matters
Enables predictive space weather for satellites, GPS, power grids, 
human spaceflight 
•Momentum
Surya Workshop: 100+ participants, 13+ applications
RADIANT accelerating adoption and infrastructure 
•What’s next
Open access, validation frameworks, transit ion to operations (e.g., 
CCMC)



What Counts as Successful AI?

• Pattern recognition
• Surrogate models
• Foundation models
• Hybrid physics+ML

Why Some Problems Yield to AI

• High data volume
• Hidden structure
• Multi -scale coupling
• Incomplete physics



When NOT to Use AI

• Low data
• Well-understood physics
• Need causal guarantees
• High-risk decisions

Discovery: What Has Changed?

• New feature classification
• Anomaly detection
• Cross-mission patterns



What Is Exciting

• Physics–ML hybrids
• Visual language (Surya)
• Generative models

From Models to Systems

• Surya: shared representation
• Heliolab: orchestration
• Fleet-level thinking





https://doi.org/10.3847/1538-4365/ab1005
https://doi.org/10.1051/0004-6361/202040051



IRRADIANCE4π EUV Irradiance

SUN as a fully resolved star

At each viewpoint we can determine the total 
energy that is emitted from the Sun.

For Earth this provides a new generation of 
space weather forecasting, where we can 
already estimate the amount of incoming 
radiation several days ahead.

Irradiance from different vantage point

4π Combines SDO/STEREO A & STEREO B observations into a 
consistent 4π map of the Sun

It predicts what the Sun’s EUV emission images would look like 
from non-ecliptic viewpoints

NeRFS (Neural Radiance Fields) AND ITI (Instrument to Instrument 
translation) ENABLE A 4PI VIEW OF OUR SUN IN EUV

https://doi.org/10.3847/2041-8213/ad12d2



Ka rm a n can  pred ict 
the rm ospheric changes due  
to  sola r EUV, cru cia l fo r  
ca lcu la t in g ch a n ge s  t o  
sa t e llit e  d ra g a n d  d e -
o rb it in g sp a ce cra ft . 

https://doi.org/10.1029/2023SW003652



Da gge r can  pred ict the  
e ffects of so la r activity on  
Earth ’s geom agne tic fie ld , 
30 m in s  in  a d va n ce , 
globa lly.
https://doi.org/10.1029/2022SW003045



ITI : Instrument to Instrument Translation Tool

Instrument intercalibration
Image super-resolution
Mitigation of degradations
Channel approximation
Universal tool for 
domain translations

https://doi.org/10.1038/s41467-025-58391-4



What Has Not Been Done Yet

•Cross-mission causality
•AI experiment design
•Real-time science+ops
•Human-AI reasoning



The Real Question

•Can AI participate responsibly in science?
•Heliophysicsas proving ground


