3He-D Fusion Temperature

A plasma needs to reach temperatures of approximately 200 million degrees Celsius (M°C) to fuse deuterium and helium-3 (D-He-3), a significantly higher temperature than the sun's core (15 million °C) and the D-T fusion reaction (about 100 M°C). This extreme heat is necessary because the D-He-3 reaction has a lower probability of occurring compared to D-T fusion, requiring higher relative velocities of the nuclei. [1, 2, 3, 4] 

Here's a breakdown of why such high temperatures are needed: 
· Increased Nuclear Speed: For nuclei to fuse, they must overcome their natural electrical repulsion. Higher temperatures mean faster-moving nuclei, increasing the likelihood of a collision. [3, 4, 5, 6, 7, 8] 
· Lower Reaction Probability: The D-He-3 fusion reaction has a "small cross-section," meaning it has a lower probability of happening compared to the D-T reaction, even under ideal conditions. To compensate for this, the temperature needs to be much higher to force the reaction to occur at a useful rate. [1, 4, 9] 
· Engineering Challenges: The engineering required to contain and control a plasma at 200 M°C is considerable, involving more powerful magnets and efficient energy transfer to maintain the reaction. [1] 
· The Importance of the Maxwellian Distribution: While the peak temperature might need to be very high, the energy is not uniform. A Maxwellian distribution of particle energies means that even at an average temperature of around 100 million degrees (10 keV), a significant fraction of particles will have enough energy for fusion to occur, though the D-He-3 cross-section requires even higher temperatures to become competitive. [4, 10, 11] 
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