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Main ingredients
1. A bit of physics
2. The inverse problem
3. Revisiting the standard-form 

transformation
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The Tokamak Reactor
A tokamak uses a magnetic field to con-
fine plasma, with a temperature of several 
million °C, in the shape of a torus.
The plasma typically consists of deuterium
(D, a hydrogen isotope).

The energy produced through fusion is 
absorbed as heat in the walls. This heat 
produces electricity by way of turbines and 
generators.

To reach fusion conditions the plasma is heated:
• by launching radio waves into the plasma,
• by Ohmic heating (the plasma behaves as

a current),
• by injecting neutral particles (i.e., particles 

with no electric charge) into the plasma.

Images:www.euro-fusion.org
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ITER
International Thermonuclear

Experimental Reactor

Planned for late 2025 (?)

China, EU, India, Japan, Russia,
South Korea, USA
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Neutral-Beam Injector (NBI)

ITER’s external heating system consists of gigantic 
neutral beam injectors.
They shoot high-energy electrically neutral atoms, 
“neutrals,” into the plasma – thus transferring 
energy to the plasma particles.

Scientist
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Distribution of Plasma Velocities
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Towards the Inverse Problem

Image: Birgitte Madsen
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The Inverse Problem, Part I
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The Inverse Problem, Part II
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The Inverse Problem, Part III
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Discretization
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Reconstructions

Simulation SimulationReconstruction

From Salewski et al. (2017).
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A Convenient Reformulation
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Utilizing Knowledge about the Physics
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Physics Prior via Slowing-Down Functions
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Interpretation of Basis with Physics Prior
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Interpretation, Part II
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Interpretation, Part III

Detour!

Ongoing work

Detour!
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The Covariance Matrix for a “Skinny” Basis
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Conclusions

 Tikhonov regularization is perhaps “old school” but it works well here.

 The slowing-down functions provide a set of basis vectors that represent 
the behavior of the ions in the plasma.

 Via a standard-form transformation paradigm we can regirously interpret 
the use of these basis functions as imposing local smoothing regularization.

 The specific smoothing that we observe confirms the intuition of the 
physicists.

 Next steps: further studies of the insight provided by this interpretation, 
and GSVD analysis of the pair (A,Ψ†) , uncertainty quantification.
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