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NBI+ECRH scenario development

± 0.08

Pure NBI

NBI and
low ECRH

High ECRH (±NBI)

Anomalous heat flux
oliford_002 - Threshold of PECRH into pure NBI for heat transport change
         Hypothesis: Some threshold ECRH power exists where density pump-out
                              is strong enough to switch to reduced turbulence.
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                            Base waveform for most shots:

    - Pure NBI, choose start density 
      to minimise tonset (from S38).
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oliford_002, #2: Determine if build-up of NBI density peaking is necessary, 
                          Repeat one with reduced turbulence, but approach from other side:
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Diagnostic repeats
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[D. Carralero et al 2021 Nucl. Fusion 61 096015]

0 1 2 3 4 5 6 time / s7

ECRH
NBI Q7+Q8

Core ne

<ne> nC

gas

8 9 10

ECRH

For dacar_006, thir_002, mspolaor_002: 
    - repeat one selected power level showing reduced turbulence with different
       diagnostics settings.
    - dacar_006: Doppler reflectometer: multiple 250ms sweeps = ~1s of integration
                          3x repeats at different wavenumbers (mirror position)
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as #20180919.007
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For dacar_006, thir_002, mspolaor_002: 
    - repeat one selected power level showing reduced turbulence with different
       diagnostics settings.
    - dacar_006: Doppler reflectometer: multiple 250ms sweeps = ~1s of integration
                          3x repeats at different wavenumbers (mirror position)

Stable-ish 
window

Stable reduced turb. low P phase,
as #20180919.007

    - thir_002: Add trace Ne. Switch spectrometers to different impurities.
    - oliford_002, dacar_006: One 'super-carbon' CXRS --> 130 points Ti profiles.

Ne He
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    - repeat one selected power level showing reduced turbulence with different
       diagnostics settings.
    - dacar_006: Doppler reflectometer: multiple 250ms sweeps = ~1s of integration
                          3x repeats at different wavenumbers (mirror position)

Stable-ish 
window

Stable reduced turb. low P phase,
as #20180919.007

    - thir_002: Add trace Ne. Switch spectrometers to different impurities.
    - oliford_002, dacar_006: One 'super-carbon' CXRS --> 130 points Ti profiles.

Ne He

LBO LBO

    - cswee_001, twegner_007: Fe LBO injection for impurity measurements.
    - others: Repeated high-beta plasmas.

    - thir_002: He modulation before onset to confirm high particle transport.

He modulation
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Additional sources
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If NI20 (source 3 and/or 4) available:
    - repeat one selected ECRH power level with 3 NBI sources.
    - requires one pure-NBI shot with 3/4 sources for density profile check for O2.
       (also, energy extension?)

He
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If we had all the NBI...

Almost certainly not possible, but critically important! --> contingency? 
 - Use NI20 to extend out to multiple seconds, look for spontaneous back transition as in #20221201.053
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Onset supression

For thir_002, additional specific request to test if peaking onset is supressed/delayed with low-level ECRH at start of pure-NBI. 
(Lower priority)
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Shot list
 Note: Currently no ECRH-only program during NBI regeneration. Any ideas from prio-I proposals?? Safety Scenario dev.

Diagnostic
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High-beta
Most prio-I proposals ask simply for 'high beta'.
What we have achieved so far:

With more sources / more gyrotrons, could be more...
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Power supplies and Wdia
In #20221201.058 we achieved:
3.5MW NBI, 3.5MW ECRH, ne(0) ~ 2.2x1020, Ti/e(0) ~ 1.5keV, Wdia = 1.0MJ, beta(0) ~ 2.0%

We need to reduce the density to ~1.8x1020. Linear extrapolation --> Wdia = 900kJ
2 NBI sources + all existing gyrotrons available now (4.3MW) = 1.1MJ

If B1, F5 gyrotrons become available: Wdia = 1.4MJ
3 NBI sources and all gyrotrons: 6MW NBI + 3.9MW ECRH --> Wdia > 2MJ

Safety Scenario dev.

Diagnostic

Current ECRH status [component logbook page]:
  A1  -  820 - 250 kW -- shared power supply with NBI Q4 (1750 kW)
  A5  -  770 - 300 kW -- shared power supply with NBI Q8 (1750 kW)
  B1  -  550 kW (not yet fully available)
  B5  -  810 - 300 kW
  C1  -  600 - 250 kW -- shared power supply with NBI Q3 (1750 kW)
  C5  -  850 - 250 kW -- shared power supply with NBI Q7 (1750 kW)
  D1  -  710 - 250 kW
  D5  -  not available
  E1  -  790 - 400 kW
  E5  -  650 - 200 kW
  F5  -  550 kW (not yet fully available)
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NBI + ECRH: Heat transport
Plan:
    I: Explore boundary between low and high heat diffusivity, optimise NBI/ECRH balance.

        - Approach from higher and lower ECRH plasmas.

       - Compare with similar 'optimum confinement' at W7-AS, drawing on 
             experience. Is this similar physics?

       - Compare global confinement of NBI/ECRH balance with 
             similar series already performed at LHD.
 

± 0.08

Pure NBI

NBI and
low ECRH

High ECRH (±NBI)

Anomalous heat flux
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Analysis/results:
   - Precise dependence of heat diffusivity on density gradient.
   - Assesment of the generality and scaling of the scenario.
   - An optimised NBI/ECRH scenario for use in later studies, e.g.
      impurity transport, turbulence, detachment compatibility etc...
 
   With 4 NBI sources, might give access to up to Ti = 2.5keV.
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Analysis/results:
   - Precise dependence of heat diffusivity on density gradient.
   - Assesment of the generality and scaling of the scenario.
   - An optimised NBI/ECRH scenario for use in later studies, e.g.
      impurity transport, turbulence, detachment compatibility etc...
 
   With 4 NBI sources, might give access to up to Ti = 2.5keV.

   - Turbulent fluctuation measurements for in all scenarios for 
         turbulence studies  --> see talk by A. von Stechow
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Density Ion temperature

Combined NBI+ECRH Heating and Impurity Handling, W7X Program WorkshopMAX-PLANCK-INSTITUT FÜR PLASMAPHYSIK | Oliver Ford | September 2022

NBI + ECRH: Heat transport

Background: 
   - Steep density gradients lead to ~4x lower heat diffusivity than in high ECRH.
   - Low ECRH power (< 1MW) does not significantly increase anomalous 
        diffusivity, so allows increase in Ti.
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Pure NBI: Impurity transport

Background: 
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Pure NBI: Impurity transport

Background: 

   - Leads to very strong impurity accumulation. 
   - Impurity transport in pure NBI discharges also drops neoclassical levels, and remains there [L. Vano].
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   - Turbulent transport reduction appears at mid radius and propagates inwards [T. Romba].
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