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We compare the exhaust performance of N, seeded and divertor D, fuelled H-mode Our findings show that for similar upstream conditions and detachment front locations
plasma discharges with maximal NBI heating power (3.2 MW) in double-null Super-X D, puffing generates lower temperatures in the divertor than N, seeding, as the
Divertor (SXD) configuration from MAST Upgrade’s latest experimental campaign. latter considerably undermines hydrogenic power loss processes.

1. Divertor Detachment and Exhaust Control 2. The Benefits of Divertor Neutral Injection

Detachment occurs below a divertor electron temperature of ~5 eV, as enhanced The following WPTE experiments with identical start-up configurations and similar
atomic and molecular interactions induce substantial power and pressure loss. [3-5] bulk plasma conditions between divertor N, and D, puffing have been selected:
These processes can be controlled via the targeted injection of neutrals. [6] Extrinsic ~ ) )
impurities are commonly used to amplify collisional and radiative losses. #53107 | HFS midplane fuelling only, used as reference

. . . #54336 | HFS midplane fuelling with LFSS N, seeding
MAST Upgrade demonstrates improved access to detachment in SXD over its

conventional divertor (CD) configuration in both experiments and modelling [7-9]. #53898 | HFS midplane fuelling and LFSS D, puffing

Spectroscopic studies have shown that its tight baffles intensify plasma-neutral A detached SXD - see Figure 1, is established in all three discharges before the LFSS
||;]ter|act|on in SXD, ach(;evmg deep djtachmf?cr\t [5]. In the following, we investigate valves engage. Divertor injection is ramped linearly starting at 0.5 s, with H-mode
the plasma response to divertor N; and D, puftting. maintained until ~0.8 s. Figures depict data from this time interval.

Both N, seeding and divertor D, puffing improve exhaust characteristics:
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Balmer a to 6 ratios in the SXD chamber over time. SUPERMARIQ results on the spatial distribution
e Even as the ionisation peak moves upstream with divertor [)2 pufﬁng, the Increas- Lower values indicate lower electron temperatures. of hydrogenic ion sinks and sources.

Ing neutral pressure amplifies all atomic and molecular processes.

4. Effects on Atomic and Molecular Losses

thydrogen Spectroscopy with Uncertainty Propagation for Excitation Radiation of Molecular Activated Recombination and lonisation Outputs

Spatially integrated ionisation and recombination rates in Figure 5 reveal:
— Reference — Reference  EIR much below MAR as midplane fuelling creates a hot, low density divertor;

1 —— N, seeding —— N, seeding
= DiverorD;pufing - 2091 o Sl A - MAR inhibited by N, seeding as ionisation processes recede and density drops;
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_  MAR and EIR surge with divertor D, puffing as neutral pressure increases.
W The effects of neutral injection on power loss channels are highlighted in Figure 6:
- * N, seeding abates all hydrogenic losses as impurities escape the divertor;
/—\ ® ® o gmo ° °
\ » divertor D, puffing amplifies non-radiative losses through MAR and EIR.
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In summary, with N, seeding power Is dissipated near the ionisation front due to the

| — 120 ' ' | | | build up of impurities. As detachment deepens, downstream electron density drops.
M@i\t’\ Neutrals thus escape the divertor and recombination induced losses diminish.
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On the other hand, the higher ionisation rate across the divertor from D, puffing
creates a higher density plasma, plugging the divertor. The increasing neutral pressure
then enhances atomic and molecular losses, greatly reducing the temperature.
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5. SOLPS-ITER for Further Analysis

Power to neutrals [kW]
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Interpretative SOLPS-ITER simulations of the above SXD discharges and their CD
counterparts have been set up to estimate impurity compression and characterise
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L . - - Power loss channels will be reconstructed by reproducing experimental emission
Hydrogenic ion sinks and sources integrated Integrated radiative and non-radiative ) . .
across the SXD volume over time. hydrogenic power losses over time. profiles from MW!I and Charge Exchange Recombination Spectroscopy.
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