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FIRST CORRECTION

Space is not empty
It is the medium through which exploration happens.

A spacecraft flies 
through:

plasma
magnetic fields

shocks
turbulence

energetic particles
moving boundaries

A spacecraft flies through relationships, not emptiness.

Question: what state variables must we observe directly before an environment becomes predictable?
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Objects are destinations. Relationships are the system



WHY THE SCHOOL MATTERED

What heliophysics is
A hybrid environmental science with its own paradigms — and consequences for exploration.

George Siscoe’s discipline-defining frame

• Not simply space physics renamed

• Applied branch: space weather
• Pure branch: universal processes
• Magnetized plasmas + neutrals interacting with bodies and 

atmospheres

What are heliophysics’ Kepler-like laws still waiting to be discovered?

Scientific understanding is an enabling technology

Radiation timing

Storm sheltering
Spacecraft electronics

Orbit drag

Communications
Surface charging

Safe-to-exit decisions

Scientific understanding does not decorate exploration. It changes what 
becomes possible.
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We explore the medium between worlds

From optically thin projection to continuous heliospheric structure.

STEREO: A single line of sight is not 3D
The next frontier in space weather forecasting involves the uninterrupted 
tracking of storm clouds from the sun to the planets

STEREO/SECCHI: tracking CMEs through interplanetary 
space Reconstructions of solar-system-wide space weather

STEREO turned projection from an 
inconvenience into a measurable geometry 
problem.

PUNCH extends the logic: corona and 
heliosphere as one observable system.

Interplanetary space weather is exploration 
of the medium, not just the endpoints.

Where does the uncertainty enter as a CME moves from corona to geospace?

NASA's STEREO spacecraft and 
new data processing 
techniques have succeeded in 
tracking space weather events 
from their origin in the Sun's 
ultra hot corona to impact with 
the Earth’s magnetosphere

NASA's STEREO 
spacecraft and new 
data processing 
techniques have 
succeeded in tracking 
space weather events 
from their origin in the 
Sun's ultra hot corona 
to impact with the 
Earth’s magnetosphere



Mercury tests extreme reconnection. Mars tests atmospheric escape. Jupiter tests rotation-dominated magnetospheres.



FROM HABITABLE ZONE TO HABITABLE ENVIRONMENT

Habitability is a heliophysical question

Goldilocks is not just distance.
It is a star–planet relationship.

STAR
ACTIVITY

SPACE
WEATHER

ATMOSPHERE
SURVIVAL

Can the atmosphere survive the star?

Example: DS TucAb — auroral emission as a possible tracer of star–planet coupling

Stellar wind compresses and powers a planetary magnetosphere/atmosphere system



RISK AND DECISIONS

The environment decides the risk
From astronaut safety to power grids, heliophysics becomes operational knowledge.

Human exploration

Earth / LEO Moon Mars transit

Radiation sources: GCRs are persistent; SEPs are sudden, intense, and 
operationally dangerous.

Operational need: early warning before radiation rises, and safe-to-exit 
prediction after sheltering.

When can an astronaut come out of shelter?

Infrastructure on Earth

grid currents satellite drag GNSS/timing

aviation radiation exposure rail / pipelines

DAGGER example: localized geomagnetic perturbation forecasts.
Not just whether a storm arrives, but where, how strongly, and with what 

uncertainty.

Every additional hour is a decision window.

For an astronaut: safe sheltering.  For a grid operator: localized impact.

The physics is connected. The decisions are different.
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THE BOUNDARY CONDITION CAN HIDE THE PROBLEM

Coupling models is not the same as coupling physics
A relay race is not yet a system model.

Solar model
eruption, EUV, magnetic 

state

boundary
condition
what we pass 
downstream

Heliospheric
model

propagation, shock, evolving 
CME

boundary
condition
what we hand 
to geospace

Geospace / ITM 
model

coupling, currents, density, 
drag

The L1 handoff is a scientific boundary, not merely a file format.

CISM lesson
Connecting successful domain models can expose 
assumptions instead of removing them.

Hidden physics
Kinetic processes, reconnection, turbulence, and 
unresolved structure can disappear inside a boundary.

CCMC lesson
Benchmarks, event suites, metrics, and trusted validation 
are part of the science.

AI-era warning
More models will not automatically create more understanding. Trust will come from validation, 
not beautiful demos.

Boundary question
Where does your model stop because the physics is difficult, not because nature stops there?
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MODELS, VALIDATION, AND SCIENTIFIC TRUST

AI becomes science only when it earns physical trust
The mathematics is necessary. It is not the transformation.

Representation

Surya
foundation model from the SDO 

record

Application

HelioLab, DAGGER, FOXES, Karman
real problems, rapid prototypes

Validation

baselines, uncertainty, OOD tests
community benchmarks

Judgment

physical interpretation
human skepticism

AI is very good at looking intelligent. Science requires being correct.

The experiment: distinguish physical learning from statistical imitation.

Question for students: how do we use AI to discover heliophysics, not merely demonstrate machine learning?
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NOT SLOGANS, RESEARCH PROGRAMS

Questions worth inheriting
Do not inherit our answers passively. Inherit the assumptions inside them.

Predictability

What is predictable, at what scale, with what lead time?

flares · CME arrival · Bz · geomagnetic response

Boundary physics

Which boundary condition hides the physics?

coronal field → heliosphere → magnetosphere → ITM

Scale coupling

How does kinetic physics organize global behavior?

current sheets · reconnection · turbulence · particles

Trustworthy AI

What experiment distinguishes physical learning from statistical 
imitation?

Surya · DAGGER · FOXES · Karman · OOD events

Carry these forward, or replace them with better ones.
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The Sun rises for everyone.
Heliophysics is the science of space exploration: the star, the space between, and the worlds we seek to 

understand.

Programs may pause. The questions do not. Choose the questions.
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