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Why Surya FM?

• It is impossible for the community to create complete duplicates of heliophysics 
data.

• AI, coupled with big data, is expensive and out of reach of most of the 
heliophysics community.

• Surya FM is an experiment to assess the viability and usefulness of paying for the 
training of big complex AI models that can be reused extensively by any of SMD’s 
communities.

• Surya FM is an opportunity to build common AI infrastructure that enables SMD 
communities to take advantage of AI (regardless of AI expertise).
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Take home message

▪ AI Foundation models (FMs) are models that are trained on vast datasets so that they 
can be applied across a wide range of use cases.

▪ Surya FM is pre-trained using SDO data, a transformer architecture, and validated using 
a range of downstream applications.

▪ Preliminary results suggest that Surya FM is competitive when finetuned.

▪ For a scientific community, the value of a FM goes beyond the ability to train a model 
with lots of data: it’s an opportunity to build a shared AI infrastructure.

▪ We are looking for help shaping and make this model and shared ecosystem the best in 
can possibly be.
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How AI approximates mathematical functions
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The challenge of a supervised training loop is the need for data annotation 

How AI approximates mathematical functions



Self-supervision solves data annotation limitations
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This enables training models on vast amounts of data 
(with lots of computational resources)
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Pretrained models can be used for many downstream tasks
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Pretrained models can be used for many downstream tasks
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SuryaBench
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UV – Diagnostics of atmospheric temperature and density

Near-
surface 
plasma 
velocity

Surface magnetic field components

Roy et al. (2025a) https://arxiv.org/abs/2508.14107
Talk by Dinesha Hegde https://vimeo.com/1153957755?fl=pl&fe=ti

Access info https://huggingface.co/collections/nasa-ibm-ai4science/suryabench   

Input
data

• 8 AIA Channels
• HMI Doppler
• HMI Vector
• 4k x 4k
• 12 minutes cadence
• Full mission

https://arxiv.org/abs/2508.14107
https://vimeo.com/1153957755?fl=pl&fe=ti
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SuryaBench
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Roy et al. (2025a) https://arxiv.org/abs/2508.14107
Talk by Dinesha Hegde https://vimeo.com/1153957755?fl=pl&fe=ti

Access info https://huggingface.co/collections/nasa-ibm-ai4science/suryabench   

• AI/ML Ready.

• Residing in a public AWS that can be accessed in real 
time (streaming) to perform analysis and/or train 
models.

• 8 AIA Channels
• HMI Doppler
• HMI Vector
• 4k x 4k
• 12 minutes cadence
• Full mission
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The Surya Foundation Model

12

Input
data

Roy et al. (2025b) https://arxiv.org/abs/2508.14112 
HAO Seminar https://youtu.be/J27Cxy47n4g?si=m2cBUvDlb5R6fIm6 

Access info https://github.com/NASA-IMPACT/Surya 

Encoder

• Large, multi-purpose model pre-trained with vast quantities of data.

• Powered by a visual transformer architecture. 

Builds a solar 
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The Surya Foundation Model
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• Visual Transformer

• Auto-regression 
(Time advancement)

• MSE

Highly experimental!

https://arxiv.org/abs/2508.14112
https://youtu.be/J27Cxy47n4g?si=m2cBUvDlb5R6fIm6
https://github.com/NASA-IMPACT/Surya
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https://github.com/NASA-IMPACT/Surya


The good news: Downstream application validation
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• Downstream applications were also chosen to represent fully the data types used in the 
heliophysics community:

• :
1D Classification:
• Flare forecast

1D Regression:
• L1 Solar wind forecast
• EUV Spectrum
• K-index forecast

2D Classification:
• Segmentation

2D Regression:
• Time advancement
• Active region forecast

3D Regression
• Coronal field extrapolation
• Magnetosphere perturbation

Blue indicate downstream applications that are directly relevant to geospace.
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The good news: Downstream application validation
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• Downstream applications were also chosen to represent fully the data types used in the 
heliophysics community:

1D Classification:
• Flare forecast

1D Regression:
• L1 Solar wind forecast
• EUV Spectrum

2D Classification:
• Segmentation

2D Regression:
• Time advancement (zero shot)

Surya is competitive in every downstream application we have tested so far! 
Ask me if you are curious about any of them.



A tantalizing, but brittle result
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What it takes to reuse a multi-purpose model?
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What it takes to reuse a multi-purpose model?
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Data cleaning and preprocessing
Training and 

experimentation
Validation

Uncertainty 
estimation

PublicationBenchmarking

• Most community members do not have the skills and understanding required to 
implement and validate AI training pipelines.

•  Most community members already fully committed to projects and have very 
limited time to learn and adopt new technologies.

• Most community members are generally skeptical of the ability of AI to address 
scientific problems.
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Foundational means more to us than a pretrained model
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Foundational means more to us than a pretrained model

Technical Social

To us this means meeting the community where they are.
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Foundational means more to us than a pretrained model

• Provide educational opportunities to learn to design, implement, and validate 
scientific of AI pipelines (any career stage and proficiency). 

• Help design and implement Surya finetuning applications in a way that directly 
advances each person’s scientific goals. 

• Create a wide range of application examples that other scientists can use as 
inspiration

• Help test the limitations and capabilities of the Surya foundation model beyond 
the boundaries explored by the Surya team.



• I
• AI assistants.
• Cloud computing.

Supporting the AI development cycle
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Data cleaning and preprocessing
Training and 

experimentation
Validation

Uncertainty 
estimation

PublicationBenchmarking

• Structure is critical to train all the workforce (all career stages) in the use of AI.
• AI/ML Concepts and best practices.
• IDEs and logging tools.

• The Surya Workshop was an experiment in the creation of an educational 
experience open to all.  15 projects! 3 days! from zero to hero!



From zero to hero – The Surya Workshop
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Pytorch Datasets

PyTorch Models

Lightning modules Metrics

Baselines



From zero to hero – The Surya Workshop
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• More than 100 scientists joined the informational component and 30+ scientists 
joined the hands-on component.

• 13 different applications - 9 different participating institutions.

• Successful hybrid environment.

• Cloud-based infrastructure.  Streaming during finetuning works!

• The Surya workshop included researchers that had little to no prior experience 
with GitHub, PyTorch, AI training pipelines, and online reporting tools.



• Chat with me. 

• Join our zero-to-hero workshop in September!

• Powered by HelioCloud.

• Better and more streamlined!

• Hands on fine-tuning exercise (limited availability).

• Fine tuning presentations. 

Joining the process
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www.heliofm.org 

http://www.heliofm.org/


Take home message

▪ AI Foundation models (FMs) are models that are trained on vast datasets so that they 
can be applied across a wide range of use cases.

▪ Surya FM is pre-trained using SDO data, a transformer architecture, and validated using 
a range of downstream applications.

▪ Preliminary results suggest that Surya FM is competitive when finetuned.

▪ For a scientific community, the value of a FM goes beyond the ability to train a model 
with lots of data: it’s an opportunity to build a shared AI infrastructure.

▪ We are looking for help shaping and make this model and shared ecosystem the best in 
can possibly be.
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Surya’s Architecture



Flare forecast
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TSS: True Skill Score
HSS: Heidke Skill Score



L1 Solar wind forecast
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EUV Spectrum
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Active Region Segmentation
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• Downstream applications were also chosen to represent fully the data types used in the 
heliophysics community:



Active Region Segmentation
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IoU: Intersection over Union
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The power of attention
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Visual Transformer
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• Geospatial inference.
• 3D extrapolation.
• Reverse diffusion.
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Mapping
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Mapping
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• Operational to scientific.
• Modality translation.
• Historical to modern.
• Super-resolution
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