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What is Fusion?
What we see as light and feel as warmth is 
the result of a fusion reaction in the core of 
our Sun: hydrogen nuclei collide, fuse into 
heavier helium atoms and release 
tremendous amounts of energy in the 
process.

https://www.iter.org
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Making it work

https://www.iter.org

Although different isotopes of light elements can 
be paired to achieve fusion, the deuterium-tritium 
(D-T) reaction has been identified as the most 
achievable and the most efficient.

Temp ≈ 150,000,000 °C is required to achieve D-T 
fusion in the laboratory

Three conditions must be fulfilled to 
achieve fusion in a laboratory: 

very high temperature (to provoke 
high-E collisions); 
sufficient plasma particle density (to 
increase the likelihood that collisions 
do occur); 
sufficient confinement time (to hold 
the plasma).

Commonly, be achieved in 
a Tokamak device that uses magnetic fields 

to contain and control the hot plasma
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Making it work

https://www.iter.org

The intense flux of high-energy neutrons and other particles generated during fusion reactions subject the reactor's structural materials to extreme conditions.
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Making it work

https://www.iter.org

Key Requirements for Plasma-Facing Materials (PFMs)
• Extreme thermal resilience: High melting point and thermal conductivity to endure rapid heat 

loads.

• Plasma compatibility: Low sputtering yield to reduce erosion and impurity generation.

• Structural stability: Low thermal expansion to limit stress from temperature gradients and 
radiation damage.

Journal of Nuclear Materials, 216: 97 - 123, 1994.
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Background of this study

Journal of Nuclear Materials 520 (2019) 

273-295 
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Example of 10 keV Fe cascade

Background of this study
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Background of this study

Journal of Nuclear Materials 520 (2019) 273-295 

Acta Materialia 274 (2024) 120014
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Unsolved questions
PKA 
database
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Cascade in OKMC
(Overlapping insertion)

PKA 
database

Unsolved questions
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Methodology

Publication V
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Results
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Results (W case)

Publication V
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Results (W case)

Clustering behavior @RT

Publication V
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@0.1 dpa

Results (W case)

Publication V
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Experimental comparison (W case)
@RT, 0.085 dpa @500 °C, 0.02 dpa

Nano Letters, 25 (2025): 10787-10793

Publication V
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• Integration of full MD cascades into the OKMC model significantly impacts 
atomistic evolution under reactor-relevant conditions

• In tungsten, full MD cascades dramatically alter void distribution by 
splitting and destroying existing voids at HT, but provoke the clustering at 
RT

• The full MD automatically handles all cascade parametrizations, capturing 
every possible irradiation event

• The approach is transferable to various materials, enhancing atom-level 
insights into irradiation effects when paired with experimental 
investigations

Conclusions & Outlook



Thank you

Jintong Wu
University of Helsinki, Finland
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