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NBI proposals
Proposal list for NBI heat and particle transport/confinement. 

Does not include: 
    NBI comissioning --> S. Lazerson, TG Heating/TG Fast ions
    NBI heating and deposition physics --> S. Lazerson, TG Fast ions
    Impurity transport/accumulation in (pure) NBI plasmas --> O. Ford, TG Impurities
    NBI Current Drive --> TG Fast ions
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NBI proposals

List merged from S. Lazerson
and from TG profiles 31.01.2022:

Sorry if I've missed yours!
(please tell me)

List will be updated by Sam.

   1) Detailed transport studies
   2) Performance optimisation
   3) Execution of new or specific operation

4) New measurements (investigations with)
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NBI proposals
Proposals related to: 
   1) Heat and main ion particle transport studies
   2) Performance optimisation
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Pure NBI density peaking
Pure NBI discharges: Dramatic change of particle transport inside ρ < 0.5 at some onset time:

Plan:
    1. Scan initial density with pre-fill and/or gas puff at very start. Switch to pure NBI Q7+Q8.
    2. Where tonset ~ 1s, try with each individual source Q7 and Q8. Still have Γ ~ ΓNC?
    3. Repeat with pulse gas puff in pure NBI phase. Increases ne at edge, or just diffuses to central region?

Piggy-back: Impurity transport for cabon, argon, helium during. Extra shots with injection --> TG Impurities.

Anomalous

Neoclassical

NBI source rate

NBIECRH

ρ = 0.4
d)

Particle flux

Density peaking
a) b)

Impurity density
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Threshold of high turbulence in NBI+ECRH plasmas.

Heat transport in NBI discharges split into 3 groups:

A) ECRH > 3MW ± NBI --> ITG dominated Ti clamped.
B) NBI --> High a/Lne, low χeff, but low P/ne.
C) NBI + 1MW --> Low χeff, Ti > 1.6keV.

Plan:  
 1) Pure NBI, allow density peaking build-up.
     Scan additional 0.5 < PECRH < 3MW
 2) For one value: Start with NBI+ high ECRH and 
      drop to target PECRH value. Is there hysteresis due 
     to a/Lne or Te/Ti?

Objective is clear Qanom vs ne∇T scan.

Piggy-back: Impurity transport C, Ar, He. 
   (Injections not forseen).

2.6MW NBI
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NBI particle vs heat transport scaling to 8 sources.

Pure NBI discharges showed low χeff, but low P/ne. Scaling of ne with sources is not at all clear
and needed for projections to 8 sources.

Plan: 
1) Scan of 1, 2, 3 and 4 NBI sources, min 3s. 
    Collect density rise rate as function of Nsource

     before and after particle peaking onset.
2) Switch source sets of 1 and 2 sources: 
     Q7, Q8, (Q3+Q7), (Q4+Q8) to look for changes 
     of deposition profiles on Ti and ne.

If ne rise scales, add low ECRH as neccessary to 
control impurities and maintain sufficient P/ne.

Passive impurity monitoring (C, O, trace Ar), 
but no injections.

1 source 2 sources

?

8 / 15 [14]



O. P. Ford et. al., TG Profiles, 14th March 2022

Peaked NBI impurity density profiles flattened with O2 ECRH. Possibly also true for main density.

Pump out dependence on ECRH deposition.

A

B

A

B

Sim
PECRH

Plan:
1) If better ne profiles available, repeat to see if ne also flat in deposition region.
2) Try with X2 ECRH before density is too high.
3) Scan X2 deposition position to see effect on nZ and ne.
4) (if possible). Try with deposition only outside ρ > 0.5.
5) Spread ECRH for low power density to maximise ne gradient for same P

ECRH.

Impurity monitoring C, Ar, He.
Finally impurity injection into the flattened core --> TG Impurities proposal.

Objectives: 
   1) Anomalous particle and impurity transport dependance on PECRH density.
   2) Optimum ECRH power deposition for not reducing ne gradient.
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Ti optimisation in NBI +ECRH plasmas.

Direct scenario development to maximise Ti with NBI+ECRH 
combinations using informaion gathered from other proposals.

2x NBI

1x NBI

2x NBI + 1MW ECRH

4x NBI + 2MW ECRH?

>=3MW ECRH

2

3

4

5

6

8

10

1

0.5

350eV

T5/2

~ Ti(0) [keV]0.8 1.3 1.8 2.5??

[keV]

Impurity accumulation.
Radiation collapse.

NBI 1-2 sources
Particle barrier

NBI 1-2 sources
No particle barrier No peaked ne, underpowered

limited Ti

Power 
limited

NBI 1-2 sources
>~2MW ECRH

Flattened ne
ITG dominated
Ti = 1.6keV

NBI 1-2 sources
~1MW ECRH

Ti ~1.8keV

NBI 1-2 sources
??MW ECRH

Optimum Ti?

NBI 4 sources

>> 2x Γanom 
   increase
   

Flattened ne

ITG dominated
Ti = 1.6keV

<= 2x Γanom 
peaked ne

NBI 4 sources
2MW ECRH

Scaling?
Ti = 2.5keV ?
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Ti optimisation in NBI +ECRH plasmas.

Impurity accumulation.
Radiation collapse.

NBI 1-2 sources
Particle barrier

NBI 1-2 sources
No particle barrier No peaked ne, underpowered

limited Ti

Power 
limited

NBI 1-2 sources
>~2MW ECRH

Flattened ne
ITG dominated
Ti = 1.6keV

NBI 1-2 sources
~1MW ECRH

Ti ~1.8keV

NBI 1-2 sources
??MW ECRH

Optimum Ti?

NBI 4 sources

>> 2x Γanom 
   increase
   

Flattened ne

ITG dominated
Ti = 1.6keV

<= 2x Γanom 
peaked ne

NBI 4 sources
2MW ECRH

Scaling?
Ti = 2.5keV ?

    1) Search timing of ~1MW ECRH reintroduction into 
      pure NBI (Q7+Q8) discharge 
      (inform from proposal "NBI density peaking",
       X2 vs O2 depends on timing.)

    2) At best timing, find best ECRH power in range 
       ~0.5 – 2.5MW         
        (PECRH from "NBI+ECRH ITG threshold"
        Deposition profile (if X2) from "ECRH pump out")

    3) Increase to 4 NBI sources, same optimal PECRH.
    4) Increase PECRH. Is turbulence threshold now at 
        higher or lower Q?

    Hold for max available time, no disturbances.
    Optimise for max stable Ti and for max peak Ti.

    5) Repeat optimum in NC sub-optimal configuration.

Direct scenario development to maximise Ti with NBI+ECRH combinations using informaion gathered
from previous proposals.
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NBI proposals
Proposals related to: 
   1) Heat and main ion particle transport studies
   2) Performance optimisation
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NBI proposals
Proposals related to: 
   3) Execution of new or specific operation

Detachment
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NBI proposals
Proposals related to: 
   3) Execution of new or specific operation

Turbulence
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NBI proposals
Proposals related to: 
   4) New measurements / use of
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Optimise for electron-ion coupling
- At high collisionality, Qi and Qe from power balance only possible if Te - Ti accurate to ~30eV (definitely not!).
  - Pure NBI: Basically no chance
  - NBI+ECRH: Maybe, a bit:

Q
i [

M
W

]

Neoclassical

Experimental

Radiation

Might be neoclassical!

Plan:  - Spread ECRH deposition to minimise local power density.
          - Long stable ECRH plasmas with range of densities from just below cut-off to well above with O2.
          - Carefully optimise for all diagnostics simultaneously: 
          XICS: Ar puff.                      CXRS: Ar and He puffs. NBI blips alternating Q7,Q8,(Q3,Q4) for CXRS
          ECE: ne below cut-off.         TS: .... 

-200eV

-200eV

Might be a wobble.
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NBI Proposals

-- End --
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