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Chair: W. W. Heidbrink

Perspectives: From present 
experiments to future burning 
plasmas
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→ AE/zonal/microturbulence

→ impact of other dangerous modes

H. Cai, L. Chen, M. Fitzgerald, R. Ma

Non-linear amplitude and 

EP transport
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Nonlinear amplitude & EP transport 

Research focus: Balance the ongoing study of energetic particle transport and microturbulence synergy with a shift 

toward developing active control mechanisms for these modes.

Plasma dynamics: Investigate how Alfvén eigenmode-induced phase space zonal structures affect microturbulence, 

evaluate the overall impact on plasma confinement, and understand multiple Alfvén eigenmode coupling alongside 

associated avalanching.

The community has studied EP transport for decades and more recently the synergy with microturbulence. Can the 

panel comment on the group's need to further study the impact/function of these modes, or should we put more 

focus into active control mechanisms for these modes?

How would the AE-induced phase space zonal structure (PSZS) affect microturbulence?
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Nonlinear amplitude & EP transport 

1. Stucchi.  Future work: Build a reduced model to assess the impact of ZF on confinement.  The role of resonant particles in ZF 

generation. Trapped particles, more general geometry.  Benchmarking. 

2. Bonofiglo.  ST reactor needs to control ETG. RF more important than NBI. 

-How does the suppression shot database compare to the critical-gradient 

EP database (Collins)? q, density, beta_thermal/beta_beam, beam 

distributions, RSAE-TAE growth rates/amplitudes, locations ...?

-any idea why stabilisation does not work for q<2 (ITER relevant)?

What is the feedback loop that solidifies the strong suppression regime?  What causes the back transition?
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→ needed simulation advances, including reduced models

→ validation

P. Lauber, M. Mantsinen, S. Pinches, Y. Todo

Predictive capability
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Predictive capability 
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Predictive capability 

What reduced models and advances do we need to better incorporate the more recent analysis of EP/zonal/microturbulence 

affects?
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→ distinct challenges (relative to tokamaks)

E. Paul, D. Spong

Stellarators
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Stellarators 
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Stellarators 
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→ needed advances in measurement & interpretation

M. Nocente, M. Salewski

Diagnostics and inference
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Diagnostics & inference 
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Diagnostics & inference 

As we transition to machines that use purely RF or negative ion neutral beams, how will our EP diagnostics and inference shift and 

adapt? Not all of our current diagnostics can easily measure in these regimes.
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→ including machine protection & real-time control 

P. Aleynikov, B. Breizman, S. Sharapov

Runaway electrons and EP 

control
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Runaway electron & EP control 
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Hot topics for RE studies

❑What causes fast cooling of the bulk 

electrons?

 (Impurity penetration, magnetic surface breaking or 

both?  We still lack a satisfactory understanding of the 

thermal quench.) 

❑ Can magnetic energy of the toroidal current 

ensure bulk electron reheating?

❑ Can RF current drive prevent RE production?

 (The current carrying electrons are much faster than thermal 

electrons in case of RF current drive. This should preclude 

high inductive field when bulk electrons cool down.)
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Post-disruption runaway kinetic stability: marginal 

regulation versus violent relaxation 

Limiting runaway energy through marginal 

stability is important. A violent fan-like 

instability that depletes a substantial fraction 

of the post-disruption runaway population 

would be especially interesting. 
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→ impact of EP physics and technology on reactor 

concepts and design 

A. Fasoli, A. LeViness, K. McClements

Impact on fusion strategic 

developments
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Impact on fusion strategic developments 
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Impact of EP physics & technology on reactor concepts & 
design: Ken McClements
• All fusion reactor concepts (including ICF ones) rely on self-heating of plasma by charged fusion products     & for 

essentially all credible designs that means 3.5 MeV -particles

• NBI & ICRF waves will NOT be used as external current drive actuators in some MCF reactor concepts:

➢ NB injectors capable of driving current deep inside reactor-grade tokamak plasmas need to be enormous & are 

exposed to neutrons, creating performance & maintenance challenges; also wall-plug efficiency is poor (~25-

30%)

➢ due to fast wave evanescence, ICRF antennae need to be very close to plasma, hence in reactors are 

vulnerable to radiation damage & impact on breeding, particularly in ST reactors in which most / all breeding is 

on low field side 

• So fusion -particles in many MCF reactor concepts (e.g. STEP) will be sole important energetic ion species

• Impacts of -particles on reactor design include:

➢ unlike neutrons, footprint of -particle losses on 1st wall can be extremely localised & main chamber armour 

needs to be thin to minimise attenuation of neutron flux needed for breeding, hence especially vulnerable to -

particle damage

➢ consequences of -particle impacts on 1st wall include surface fuzz growth, increasing erosion rates, impurity 

contamination of plasma & disruption risk 

➢ ramp-up scenarios may require early introduction of tritium to provide -particle heating & bootstrap current – if 

so, need to consider -particle-driven instabilities during this phase when current is low and bulk ions are relatively 

cold, hence do not provide strong Landau damping
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Impact on fusion strategic developments 

It appears that groups tend to prioritize other issues (e.g. thermal confinement, disruptions, heat exhaust, etc.) rather 

than EP physics. What is the largest issue in EP physics to address toward reactor designs?
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