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Direct current measurements of the SPIDER beam: a comparison to existing beam diagnostics
A. Shepherd1,2, T. Patton2, A. Pimazzoni2, B. Pouradier-Duteil3,2, A. Rigoni Garola2, E. Sartori2,4, M. Ugoletti5,2, G. Serianni2

Abstract

Fornegativeion beamsourcesthere areseveralmethodsof measuringthe acceleratedbeamcurrent,namelyelectricalmeasurementsat the power supplyandcalorimetricmeasurements. OnSPIDER,the ITERHeatingNeutralBeamfull-scalebeamsource,electricalmeasurementsat the accelerationgrid power supply(AGPS)are
complementedby polarizingthe diagnosticcalorimeterSTRIKEto provideanadditionalelectricalmeasurementof the acceleratedcurrent. Thisis in additionto the calorimetricmeasurementsprovidedby STRIKE. Thesediagnosticsgivedifferingmeasurementsof the beamcurrent. Exploitingthe reducednumberof openapertures
on SPIDERa newbeamdiagnostichasbeeninstalledto measurethe individualbeamletcurrentsdirectly. ThesocalledBeamletCurrentMonitor (BCM)hasbeenusedto measurethe currentof five beamletsduringthe mostrecentSPIDERcampaign.
Thiswork comparesthe BCMcurrent to the electricalmeasurementsat the AccelerationGrid PowerSupply(AGPS)and STRIKEcalorimeter. TheaverageBCMcurrent agreeswell with the STRIKEmeasurements,indicatingthat the AGPSoverestimatesthe beamcurrent. The individualbeamletsare comparedto the STRIKE
calorimetricmeasurements,showingsimilarcurrent trendswith the sourceparameters.

Thiswork hasbeencarriedout within the frameworkof the ITER-RFXNeutralBeamTestingFacility(NBTF)Agreementandhasreceivedfundingfrom the ITEROrganization. Theviewsandopinionsexpressedhereindo not necessarilyreflect thoseof the
ITEROrganization. Thiswork wassupportedin part by the SwissNationalScienceFoundation.

Summary and next steps

BCMandSTRIKEmeasureacceleratedbeamcurrent:
ҦBeamgeneratedplasma ҦPvessel

AGPScurrentoverestimatesacceleratedcurrent:
Ҧoverperveance(low UEG) Ҧscraping Ҧsecondaryelectrons(up to 13%▒═╖?)
Ҧstripping+ ionisation(20%▒═╖?)
Quantifyinglosses(addadditions)in acceleratorandvesselrequiresmodelling.
BeamletGroupCurrentMonitors in conceptualdesignphasefor full apertureoperation.

BCM, STRIKEandvisiblecamerasshowsimilarbehaviourfor individualbeamlets:
Ҧ Increasingthe numberof BCMsensorsfor nextcampaignwould improvecomparison.
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Individualbeamlets

STRIKE beamlet current density
calculated from beamlet thermal
distribution,with a weightingbasedon
the electricalmeasurement.

BCM/STRIKEfor individual beamlets
falls between 75-90%. Core beamlets
(H5 andH2) havehigherratio.

Emissivityvaries between and within
tiles.

BCM beamletsfollow the sametrends with Uex, bias (not
shownςseecontribution by M. Agostini) and filter field for
all diagnostics.

BCM and STRIKE beamlet currents show similar
inhomogeneity. Visible cameraslessvariation due to lower
top beamletcurrent. Inhomogeneityfor all beamletshigher.

SPIDER beam measurements

Several SPIDERdiagnostics measure the beam
current (with PGmask28apertures).

Power supply drain currents (total beam) Ҧ ISEG,
AGPS

Magneticmeasurementof 5 beamletsҦBCM

Visible light intensity of 28 beamlets Ҧ Visible
cameras

Calorimetric(23beamlets) andelectrical(8 beamlet
groups)ҦSTRIKE

Visible cameraLOS. Beamletintensity
determined through tomographic
reconstruction. [1]

16 STRIKE tiles. Positively
biased to collect negative
charges. IR calorimetry
performed from the back of
the tiles. [3]

5 BCM sensors.
Mounted
downstream of
GG, measure
magnetic flux
due to beamlet
current. [2]

Electrical measurementsof beam
currentcomplicatedby:
Åco-extractedelectrons,
Åvolume contributions Ҧ

stripping+ ionisation
Åsurface contributions Ҧ beam

scraping+ secondaryelectrons,
ÅVessel contributions Ҧ beam

generatedplasma.
How to define beam current with
availablediagnostics?

AGPS
Measures accelerated current plus +
chargesborn in accelerator:
Å Assume20%volumelosses,
Ҧstripping+ ionisation,
Ҧ Stripping6-7% with PGmask(E.
SartoriSOFT2022),

Å Nocleartrend withὖ orὖ .

BCM
Measuresacceleratedcurrent:
Å Assume stripping losses low and

backstreamingion current lower than
electroncurrentcollectedby STRIKE.

STRIKE
Measuresacceleratedcurrent plus beam
drivenplasma:
Å Assumeelectronsfrom neutralisation

in vesselcollected.

BCM/AGPS and STRIKE/AGPS
improve with optics

Current comparison
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BCM and STRIKE both
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differencebeing the beam
plasma.
▒╢╣╡╘╚╔▒║╒╜ Ὦ

Reducing additional
electrons in accelerator
moves▒═╖ towards ▒║╒╜
and▒╢╣╡╘╚╔.
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BCM/AGPS and STRIKE/AGPS
worse over perveance

over pervor ὟὉὋ IEG

During initial ceasiation 
(phase 1)

Increasing width due to 
overperveanceat low UEG.
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