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i Dedicated campaign with movable Langmuiri
i Probes and Retarding Field energy Analyzer

In the expansion region: Spectroscopy LoSs
perpendicular to the horizontal direction (x) in
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eam Test Facility:

SPIDER: full-size ITER negative ion source

In operation since
2018

Largest RF plasma source with 3D
magnetic and electrical field (1.8 x
0.8 m?,1280 beamlets)

4 pairs of RF drivers fully immersed
in the same vacuum as the beam

3 grids accelerating system, up to
100 keV

experiment
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Parameter Desired
> 355 (H),
Beam currenzt > 285 (D) (4
density (A/m*) x 200 kW)
Beam energy (keV) 100
Beam divergence
<
(mrad) =7
Beam — on time (s) 3600

Co — extracted
electron fraction

<0.5(H),<1(D)

Beam homogeneity
(%)

10 %

Spatially resolved plasma diagnostics
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I [B. Zaniol et al., First measurements of optical emission spectroscopy
on SPIDER negative ion source, Rev. Sci. Instrum. 91, 013103;(2020)].
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3.2 Radio-Frequency plasma source

| 2.1 Beam divergence: dependence on source parameter

Minimum of divergence measured in
SPIDER ~ 10 — 14 mrad

It is comparable with the divergence
measured in other RF sources

BUT the divergence measured in arc
sources is lower, ~ 4 — 7 mrad

Retarding field energy analyzer to study positive ion velocity distribution

Cs evaporation increases negative ion yield by
reducing the work function of the grid surface

=

negative ion energy

Arcsource

RF source

Positive ion energy strictly related to the

n Vo = Vgp = 20V |1
VPG:VBP :43V

~1—4¢eV

Possible solutions:

* |Increase plasma density

-> Under development in current
SPIDER shutdown!

region
-> By modifying Bias Plate and

Plasma Grid polarizations

Reduce AV driver-extraction

[Poster #51, M. Agostini et al]
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[E. Sartori et al., Development of a set of movable electrostatic probes to characterize
the plasma in the ITER neutral beam negative-ion source prototype, Fus. Eng. and
Des. 169 (8), 112424 (2021)]

Beam emissivity obtained by visible
tomography -> beam current density

Beamlet 1 - top

2.2 Beam divergence: experimentally measured by visible cameras

Beamlet 23 — bottom
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[M. Ugoletti et al., SPIDER beam homogeneity characterization through
visible cameras, IEEE Trans on PI.., Accepted.].

mm) Source complexity: 4 pairs of radio-
frequency drivers operating simultaneously
(coupling between each other, coupling with

the plasma, etc)

—

source

mm) Electrical and magnetic filter fields:
very complex plasma drifts 3D

Caesium coverage: large-scale
distribution of caesium, injected from 3
evaporators on the rear side of the

dynamics

Plasma box inside after
caesium operation
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[G. Serianni et al., Spatially resolved diagnostics for
optimization of large ion beam sources, Rev. Sci.
Instrum.93, 081101 (2022)]
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the direction of the filter field is reversed
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- Minimum of beam divergence in RF source ~ 10-14 mrad mmp RFEA
measurements suggest that it may be related to the too large positive ion

energy. Possible solution: increase the plasma density
Beam homogeneity ~ 18-20 %.

Plasma density is strongly affected
by the RF power, filter field current
and direction, biasing of the PG
and BP, Cs coverage

If we want a more homogeneous - less divergent beam we need to start
from the modification of the source (partially ongoing in the current
SPIDER shutdown)

Standard direction Reversed direction =7 |==———————- 3.2.1 Unbalance of RF power |
o 510 2,9 driver L | — - . Beam emissivity I
L . 800 } ! E s s | et |t 1 I river - :;ww ! : | | 10
a0y s ol 0= T e Top/ plasma | [ ] ‘ dlreCtIOI’l d e S Hg 35 mm 27 e :
. expansion ! E: :o - . . Te~10 E-ﬁ-”—-l _ET:{.U':V__’I ____________ i_.:r_I__l -
600 . . - 600 | ] region 11 emission reversed wit : s III I 300 expansion | | I ' from PG 515 I
2 H H regio i region ~ ~ I
Gl B . the inversion of the | : a5 b gl 0 >, RMS5~21% :
400 - - - - l 3 1r
flltel‘ fIEId : SumHa 600 45 KW 60 —A—RF eq é RMSN].g% @ 4x45 kW, U =4 kV :
J . . —-RFnoneq | = | " Vextr
200 . 1 1.5 200 f . ’ 1:5 (‘\ y Top/ : 1n the drlvers 400 . g 0> . . > 7.745-65-55-80 kW. U =4 kV |
H H " Textr
= G2 z inhomogeneity gets | ssew ] |7 . . ydirection = [* 77T |
E O - - 800 -600 -400 -200 O 200 400 600 800
£ ° = worse as filter field ! 0, |5 1 ~-RF non eg 200 J (mm) :
-200f ‘ "B & 200} ' ‘ 1 B Increases ! t .5 E 0 t Beam divergence :
3 - More symmetric ! ST |usiw 4st” :
_a00] . -a00 | - - - O
400 N . plasma light emission |, = 200 |55 1w g 200 |
| | - —Gl in the reversed filter ! > = =10 !
600 ' ‘ I 400 S £
. . —(G2 field configuration | o E |
-800 | : e (5.3 | 00 45 kW = 5| :
! ! i L 1o ) - : : ' 0 G4 . . . : - -600
-400 -20())( (r(TJ]m)zoo 400 400 20())( (:\m)zoo 400 —_average Optlmlzatlon of RF | 80 kW 0 :
L ' : . I -800 -800 ) ' '
) . L vont tion driver operation ) | o 1tert dEeat SEea ot 1 1c 2 as 1000 500 (0 ) 500 1000 |
gl e = gl £ £ | Ha Hbeta - 35 mm yimm : \
—G1 T —1 | p— e e e e e e e e e e e e e e e e e e e e T T e e e e e e e e e e e e e e e e e e e e e e e e e e o o e o —
—G2 - —G2 -
H H,:“'S’:Ei t ia's‘zgi l " 3.2.2IncreasetheRFpower e,
sSum i g S A s 783 B | * In the standard filter field direction, |
in each 2 55 1 15 o T eged | i 800 800 Ratio left 20 : more left-to-right symmetric plasma |
air of |3 s : I atio 1€ light emission as the RF power is increased |
P 3 3 3 3 | 600 600 to right _ 15} ' |
d . e < — standard filter | | E 20 I
rivers 25} 2.5/ === reverse filter ! 400 e sopw| 400 ——50 kW E 10 F o= ax50 kW A > —+—50 | |
‘ : sum H, > | |e—ax60 kw S kW |}
s 1 15 2 25 s 1 15 2 25 | : —5-60 KW —=-60 kW 5| e axg0kw B di e —=-60
i ey in the 200 200 eam aivergence 9D~ I
siter (KA) siter (KA) | d = 30k — —e—80 kW —o—4x90 kw £ 3 kW I
log=1gp=0A | rivers £ 1000 5IOO 6 I v ®© ‘\/\‘
: 2 I,.=140 A, 1_ =110 A Eoe £0 : : 500 1000 :
Ratio left —— ) ro Bp : £ ook | E —-90 kW o o E 5 o e l
. 1.8 —2 = —Gl 5 : 2 I
to rig ht ——t e 18 ——G2 AL A = 200 -200 E . |
5 16 , | / \ e / _8 g > -400 -200  y (fm) 200 400 |
S i | \~ z — l O -400 -400 e S : \ 2 | |
’j‘l A <i a .- < I EI:) EIJ.) g o A b S +4 50 kW - » |
i 3 12 ;;;;;_;:ﬁr(—{}/\t : O 600 600 || = £ W Bl More o | o RNPEIOSE S B I
' Y = : > 2 Beam emissivity iy e RS 202 ,
. n | 800 800 0L — 6 ~soow homogeneous ;.. e !
‘ : 100E+21  3.00E+21  5.00E+21 1.00 1.50 2.00 ] .  GR) beam "o RMS~19% 100 5 |
0.6 : : : A . | _ . i e .
05 1 | 1.:2kA) 2 2.5 *s 1 | 1'?|<A) 2 2,5: Ha (driver) Ha (driver) - Left/Right y direction oam | L | | | . | '

Parameter Achieved
Beam current ~150 — 200 (H),
density (A/m?) (4 x 100 kW)
Beam energy (kel) 50
The beam feels the
combination of all these Beam divergence 10 — 14
effects. (mrad)
Beam — on time (s) 20 — 30
Co — extracted
electron fraction > 0.3 (H)
Beam homogeneity  ono
(%) 18 —20%
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