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The physics basis for implementing alternative divertor configurations on reactors
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Takeaway message: ADCs can tackle power exhaust Tangible power exhaust benefits for reactors
i * Lower = better
1) Tangible power exhaust benefits
- Not only Ilr.nljc?d to lower heat loads l 17 Fast transients Slow variations (50 ms+) Quasi-steady-state
-> More flexibility for reactor ops. & control X
| (too fast to act on) (power exhaust control !)
2) We understand their physics | [>x3.5 .
- Continuum of ADCs provides benefits obtained Window* Quasi-steady-state benefits [1,2] Extends to imp. seeding !
- Balance engineering & exhaust performance Neu/fz
Sensitivity* . Detachment onset reduction Detachment &
3) Improve phy.5|c.s basis for ITER & le . Detachment window increase (> x3.5) High power detached
beyond and optimise next-gen reactors Reduced heat loads

where CD attached at:
x 2.2y seeding
x 3.0 4 heating
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Elongated Divertor (ED) X-Point Target (XPT) . Benefits without core degradiation
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Power exhaust benefits
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. Validated tools for ADC!
X-point lonisation -> Agrees with sims.

Impurity
radiation

Detachment

We understand why
- The most successful cases work [1,2]
- Other configs. less benefits [7-9]

What works ?
Synergy of optimisation routes !

Benefits for power exhaust control !

Baffling Neutral

buffer 1) Magnetic topology (B) [2]

< > < gl -> Detachment access & redu. sensitivity ADCs can act as shock absorber ->
Geometry (B) L. actuators more time for control [3]
i D LU S LN 0) Divertor leg length (L) [26]
hed g g| | No sensitivity
(DLS predictions agree ~L_xp) -> Detached power/particle osses (R:Edsuecnescijtis,\/ei?sitivity -
with experiments) increasing L -> 3) Neutral bafﬂing y
2] deeper detachment) S Decouples divertors from core Front above X-point
[2,6] -> Enables shaping benefits [9] |
[3]
Next steps: ADC research for ITER and beyond
ADC research -> general Default rate ‘ “\
detachment & exhaust physics (disagrees with exp.) _ \ \
Examples: . |
1) Validation of drift simulations [7-8] 0.5 0.6 Time [s] 0.7 0.8
2) Plasma-neutral interactions [2,10] MAS-I[-)'U oL
sIm. Ua > g 41 | €— Enabled real-time L ~control in SXD
Corrected rate 25 | - & ED not p055|ble |n MAST-U CD
(agrees with exp.) c 0

Clll (465 nm) Improved handling of transients

i/ ' ~ 5-0 eV

/ /Conventlonal 4 oV contour 9] Dgtached ADCs can mitigate
o 4 (upperdivertor) transients where CD is attached [4,5]

Towards reactor-relevant PSOL

ELM
heat flux

[5]

First AUG ADC experiments
-> 20+ MW in SF- configuration !

Magnetics & cameras shows SF-

Snowﬂake -

- : blished) CD (re-attaches)

configuration establishea! [11-12] |
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