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CONSORZIO RFX

icerca Formazione Innovazio

¢ Few physics issues of neutral beams

¢« Main SPIDER components

o First operations of SPIDER, ion source of ITER Neutral Beam

I First characterisation of beam
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SPIDERfull scale prototype diNB/DNB source

Extractor and accelerator

CON

SORZIO RFX

Formazione Inno

o Optimisation of production of negative ion

terms of:

- Density

i Uniformity

i Stability

i Coextracted electrons

Unit H D
Beam energy keV 100 100
Maximum Beam Source pressure Pa <03 <03
Uniformity % £10 +10
o Extracted current density Ajm | >35% >285
| 72 P Beam ontime s | 300 | 36
8x RF drivers
Co-extracted electron fraction (e-/H-) and (e-/D) <0.5 <]
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CONSORZIO RFX

Beam extraction: meniscus

¢ Boundary/interface between (source) plasma & beam (acceler
I Debye sheath, trapping positive ions, allowing extraction of electrons ar

o Coextracted electrons

¢ Meniscus curvature helps beam focussing

U A negative ions,
electrons Plasma . IonBeam
extraction l

plasma positive

ions
\ trapped

thermal
ions
I

i
|
bulk |
|
|
|

Plasma
Meniscus

>
| X :
T. Kalvas, CERN Accelerator School 2012 . G. Brown, The Physics and

Technology of lon Sources, Wiley
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CONSORZIO R

icerca Formazione Innovazione

Perveance
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Over-perveant beam: Under-perveant beam:
increased divergence! Optimal perveance increased divergence!
If too large current density, If too few particles, trajectories
particles repel each other are squeezed by electric field
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CONSORZIO RFX

Ricerca Formazione Innovazione

High voltage: issue

. 1000 T T T T T T
e Acceleratiaim 1MeV ~ | 1 BT
. . - ) g 800': .......... , ........... ......... //,"‘,"T .......... , ........... ........... ,05_
I Voltage holding can be anissoelin 2 | 7 = _oaexSo
aperturaccelerators E 600.: .......... . ........ " ........... . ........... ? ........... ...‘\.S'G.MA..(E.X;.G.;.G)_:
(dashed line: parallel planar electrodes g 400}t m ;--\é&;ﬂé-é-é;‘f"‘-’-f‘f--"»‘;”- ------- h
o | : : Gap: 307 mm
3 h' o) MTF (A1 ASG) A accelerator "
» Breakdown voltage ~(gap Iéfigth) = 20 /a8 et [2 7501 acosmratr |
Gap 55:- 104 mm A quasn Rogowskl (1991) |
Brown, The Physics and Technology %0 100 200 300 400 500 600 700 800
of lon Sources, Wiley Gap length (mm)
1200

1000 (P Power supply limit | After modification]

Before modification

800 Forrrrc s o °® o . . :
600 [ £ H .

e Accelerator conditiomeqguired

400

@® After modification i
200 [........ j

| Before modiﬁcation ":

Voltage holding (kV)

0 5 Lees ]
0 10 20 30 40 50 60
Conditioning time (hours)

E. Spada et al., IEEE Trans. Plasma Sci. 47, 2019 (2759)

SPIDER operaticr&erianniMeVAre17 September 2019 6



Drift region: space charge compensation

CONSORZIO RFX

Ricerca Formazione Innovazion

lonisation of background gas: H- density

¢ Stationary equilibrium reached:

EP+HY HP+ Hote

Positive particle trapped in beam poten

200 400 600 800 1000

Negative particles (electrons) ejected fi.... ...
region

Negative ion beams usually slightly
overcompensated (unlike positive ion b s

E. Sartori et al., Rev. Sci.
Instrum. 87 (2016) 02B917
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Ongoing activitiesinductivelycoupled RF " ®

plasmas, operation and modelling CONSORZIOREX

cerca Formazione Innovazio:

e Particleegime

I electric field forces electrons to oscillate
I when plasma is created it shields E field: i.e. wave is attenuated
I E field drops with typical length(skialepth)
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P. Chabert, Physics of RF
Plasmas, Cambridge Univ. Press
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Ongoing activitiescaesium management and 48 ¢

modelling

T>

To o I Do Do

Small quantity of caesium vapor increases negative ion yield

The work functionisreduced ( apur e

Source Conditioning needed

Plasma grid temperature >140A
Source body temperature 35AC to avoid
trapping of Cs on the walls

Many plasma pulses to distribute Cs

D. Faircloth, CERN
Accelerator School
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W. Kraus, CERN Accelerator School

Surface Production:
A Need for Caesium
A Poor reproducibility

A Negative ion flux limited by | vs.
space charge: plasma is

needed

Volume Production:

Aion currents < 30 A/m?

A High co-extracted
electron current
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Ongoing activities: modelling of source and )

extraction CONSORZIO RFX

Beam extraction modelling

Plasma. modelling Electr!c Electron l\_legatwe

potential flux ion flux
Electric Electron Electron
potential temperature density

F. Taccogna, P. Minelli, New J. Phys. 19 (2017) 015012
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