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CTF and Demo will be in a Completely New 
Regime of Plasma Wall Interactions

• Demo (and by implication CTF) will likely need to 
operate with He-cooled tungsten as the plasma-
facing material, and this material will need to 
operate at very much higher temperatures than 
ITER or present devices, ~ 700C.

• Alternatively, liquid metal surfaces offer attractive 
opportunities to sidestep some of the most difficult 
issues, although they introduce their own set of 
challenges. 

• Plasma wall interaction with 700C tungsten or liquid 
metals is completely unexplored territory.



This Science Needs to be Developed
 in a Step-by-Step Fashion

• A strong program of theory and modeling is needed to understand PWI 
in general, and in particular in these new regimes.

• Powerful, likely new, test stands will be needed to understand the PMI 
aspects of these regimes.

• As far as possible these new regimes should be simulated in existing, 
short pulse facilities.

• They need to be qualified for use in CTF and Demo through application 
in a Long Pulse, Hot Walls, High Heat Flux confinement facility to 
establish their compatibility with high quality plasma operation.

• This new device must provide the access and flexibility to diagnose and 
optimize the performance of plasmas in these new regimes.

• Neutron effects on performance will be understood in a synergistic 
manner with IFMIF.

• Then they are ready for testing in CTF, followed by application in Demo.



There is Going to be a Lot to Understand 

• This is all new territory. 

• Crucial issues for tungsten include “fuzz” production and effects on 
plasma performance.

• Crucial issues for lithium include acceptable evaporation rate and 
means to remove lithium from chamber.

• A new device will provide the world’s first long-pulse, hot-walls, high-
power tests of plasma-wall compatibility with either tungsten or liquid 
metals.

• Results from the new device will permit CTF to move forward 
confidently, employing technologies that extrapolate to Demo.



SOL and Divertor Plasma

• The new device must provide unique CTF and Demo-relevant high 
power SOL and divertor plasmas with hot walls and long pulses.

• Extensive diagnostics with broad spatial coverage must be 
provided to measure the SOL and divertor plasma.

• Very long pulses must highlight the evolution of plasma-wall-
interactions as first wall properties come into equilibrium.

• The very high heat flux and long pulses will highlight unexpected 
power losses to the first wall and divertor, and from/to auxiliary 
heating systems.

• It will be critical to extend the understanding of SOL and divertor 
plasmas from existing experiments to this unique regime, and 
from here to CTF and Demo. Simple empirical scaling will not be 
adequate to predict CTF and Demo PWI.



Erosion and Redeposition

• The new regimes accessed with long pulses, hot walls, high power 
and tungsten or liquid metal PFC’s will provide a unique CTF and 
Demo-relevant environment to study the “working” of material 
surfaces.

• Key issues to study include: impurity generation, RF sheaths, dust 
production, surface morphology changes, erosion rates that 
determine component lifetimes, and energetic alpha effects (which 
can be simulated with ICRF heating of He minority ions).

• Neutron effects are likely to be secondary, since redeposition tends 
to be in highly amorphous form. However samples can be 
exchanged between IFMIF and the new device to study neutron 
effects on PMI.

• Techniques must be developed to monitor and remove dust in real 
time.

• These results will be critical for the success of CTF and Demo.



ELMs and Disruptions

• The new device should test techniques for disruption avoidance, 
precursor detection, and reliability of mitigation in support of CTF 
and Demo.

• It can also test plasma wall interactions in regimes with suppressed 
ELMs, which may be strongly affected by W or liquid metal PFC’s.

• Need W/S ~ 0.1 MJ/m2, ~ 0.5MJ/m2 in CTF & ITER

• ELMs can mimic the effects of ~5x smaller % ELMs in CTF.

• ITER is the only test bed for CTF disruption effects.



Tritium Retention

• The new device should provide a powerful environment to test tritium 
retention in plasma facing components.

• Temperature and materials will be relevant. 

• Technologies must be deployed for real time assessment of 
hydrogenic inventory.

• Long pulses and trace tritium should provide very accurate tests of 
tritium inventory.

• Coupons exposed in IFMIF can be tested for enhanced tritium 
accumulation at temperature.

• Technologies must be deployed for real time dust, liquid metal and 
tritium removal from chamber.

• This will provide the confidence to move forward with CTF.



Innovation:
Super-X + Lithium is Very Attractive

a)

• With 5% Li evaporative cooling, peak heat flux drops to
2.5 MW/m2, Te ~ 5 eV, Zeff = 1.6 at the plasma edge



Innovation

• It will be critical to be able to test alternative divertor configurations and 
materials, solid and liquid.

• Vertical lifts should be used to remove the top TF coils, and replace the 
entire hot liner, as well as associated PF coils.

• It is important to have a hands-on environment outside of the vacuum 
vessel. Maintenance inside of the vacuum vessel will be done with remote 
handling, but in a much more forgiving environment than CTF.

• This device will thus prototype the maintenance schemes planned for CTF, 
at lower mass and radioactivity.

• New PFC components can be installed in a second non-radioactive hot liner 
and placed inside the device in a single lift.

• A new hot-walls, high-power, long-pulse device will develop the 
plasma-materials interactions understanding and innovation to 
assure the success of CTF.


