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Introduction 
In the previous divertor campaign on 
Wendelstein 7-X (W7-X) the first experiments 
with neutral beam injection (NBI) were 
performed. 

• 2 of 4 spruces in NI21 beam box 
• Hydrogen injection at 55 keV 
• 5s of injection achieved

NBI Injection into ECRH plasmas 
Experiments began with injection of NBI into ECRH plasmas 

• Predictions of wall loads necessitated a stepped approach 
• ECRH plasmas allowed for careful control of plasma parameters 
• NBI injection shows evidence of density increase at all radii 
• Temperature profiles unchanged. 
• High iota configuration allows for quantitative wall load comparison 
• No damage to steel panels seen. 

NBI only discharges 
Discharges heated only by NBI exhibit different  
characteristics 

• Continuous density rise 
• Strong core density peaking

Depiction of W7-X neutral beam system.  The NI21 box was 
commissioned in OP1.2b with two sources.

Future upgrades 
In the coming campaigns the NBI system will 
undergo upgrades 

• Complimentary sources in NI20 installed for 
next campaign (3.6->7.2 MW) 
• ICRH antenna may allow for operation at 
lower field (target plasma) 
• Operation in deuterium should improve 
neutralization (1.8 MW -> 2.5MW per source) 
• Plan to install additional 4 sources needs 
wall safety validation 
• Possible pulse length extension (ion dump 
improvements)
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ECRH for density control 
Reintroduction of ECRH clamps density rise 

• 1-MW O2 ECRH added at 3s 
• Core peaking suppressed 
• Density rise arrested 
• Ion temperature > 1.5 keV momentarily

Overview plot of an ECRH heated discharge with NBI injection. 
A rise in density is clearly present as NBI is injected with no 

significant increase in plasma temperatures. 

Density evolution showing increase in density at all radii when 
NBI is added to an ECRH discharge.

ASCOT5 simulation showing NBI loss patterns for the high iota 
magnetic configuration.

Heat flux as measured by infrared camera AEF21 in the the high 
iota configuration.

Overview plot of a discharge purely heated by NBI.

Density evolution of the pure-NBI discharge showing strong 
peaking of the density in the core region.

Pure NBI discharge demonstrating neutral beam current drive for 
alternating sources.  Results consistent with S8 being more 

tangential.

Density evolution showing reintroduction of ECRH killing the 
density rise and reducing density peaking in the core.

Overview plot of a discharge where 1MW of ECRH is added to an 
NBI only discharge to bring back density control.

BEAMS3D simulations of neutral beam deposition showing fueling 
is larger than density rise, consistent with an outward transport of 

particles. 

BEAMS3D simulation of beam attenuation compared to 
measured beam attenuation in W7-X, showing good agreement.

Three dimensional depiction of the W7-X NBI, plasma and some 
first wall structures.

Effect of adding additional 2 source in NI20 beam box on 
power deposition.  Planned for next campaign.

Comparison between simulated and measured fast ion losses as 
measured by a manipulator mounted fast ion loss detector.
Äkäslompolo et al. J. Inst. 2019; Ogawa et al. J. Inst 2019

ID: 736

mailto:samuel.lazerson@ipp.mpg.de

