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The fusion experiment ITER
F www.iter.org

Demonstrate the scientific and technological

feasibility-of fusion p ower. tanBinl PRk Aaces il i
Including thettestof-tritium breeding.and demonstration '
of the safety characteristics of a fusion device.

Produce 500 MW of fusion power for pulses of 400 s.
Q> 10,0 >5for 3600 s

Input (heating power): 50 MW

—
Largest multinational 'scientific mission.
2006: ITER-Agreement officially signed

2021:>78% ready Size: 24 m diameter, 30 m height
2025: first plasma Weight: 23 000 tons (3 x Eiffel tower)
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The fusion experiment ITER
Heating systems 1 ECRH, ICRH and Neutral Beam systems

Installed power

NBI functions
ECRH: 20 MW Electron cyclotron resonance heating

ICRH: 20 MW lon cyclotron resonance heating | | 7 | |
Radio Frequency Heating

Heating Current drive Plasma rotation Diagnostics

HNB: heating
DNB: diagnostic

NBI: 33 MW Neutral Beam Injection . neutral beam

Injection of energetic neutral atoms Hemsworth et al. 2017 New J. Phys. 19 025005

£ . K h 2+ 1 HNB beam [ines  singh et al. 2017 New J. Phys. 19 055004
major work norse 1 DNB beam line sharing port with HNB-1
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ITER NBI systems and their requirements

Heating beams 33 MW (2 injectors) for 3600 s, 1 MeV Deuterium, 870 keV Hydrogen
Diagnostic beam 2.2 MW, 100 keV Hydrogen, 3s ON/20s OFF 5Hz

Hemsworth et al. 2017 New J. Phys. 19 025005

Active correction

compensation

valve
VVPSS Fast Shutter PMS

il Bushing

- — N — . -—
e e e m e et o e

Duct Liner Drift Duct Exit Calorimeter RID Neutraliscr Source
bellow Scraper Sourcearea: 1mx2m

26 m RF-driven ion source
-« >

njection Neuralzation
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Negative hydrogen ions for ITERs NBI systems
Neutralisation efficiency

Neutralisation efficiency at a beam energy of 1 MeV D Negative ion based systems

Systems based on positive ions negative ions make high energy
1.0 R — ITER

: — 500 KV / range accessible
-
- amy JT-60U / JT-60SA, LHD
U...>° 150 kV

0.8

acc

Neg. ions ~ 60 %
butj© 200 A/m?

iIncrease of
source size

Pos. ions <10 % Positive ion based systems

with j © 2000 A/m2 | areroutinely operating
0 100 =00 world wide

Energy / (keV/amu) JET, AUG, DIII-D, JT-6 0 U, e
U,..<° 100 kV

0.6

0.4

0.2

Neutralization Efficiency
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Concept of ion sources
Arc sources and RF-driven sources

Arc sources

High-current RF sources
tungsten filaments

A Hot cathodes (2000 i 3000 K) A Inductively driven source
A DC voltage (° 100 V), Arc current (1000 A) A RF power supply (° 100 kW), RF frequency 1 MHz

Filaments require regular maintenance Long lifetime - chosen by ITER in 2006

In routine operation for
positive ions at AUG
since more than 20 years

. L) >

RHA A )
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NBI systems at LHD at NIFS, Japan @
4

“Enn-r
Arc sources, operation mostly in hydrogen | negative | positive |

Beam energy [keV] 190 80 & 90
NBI #1 (Negative) NBI #4 (positive) Injection power [MW] 55-6.9 9
Pulse length [sec] 10 (max) 10 (max)
4 Beam divergence [mrad] 5 11
N\ - | I ————— SRR,
: : Max. injection power: |
| Rt — [ Nominal injection power 16 MW
=) S LHD Eé 15 (15 MW in total) B 15
NBI #5 (positive) \\/ Large 3 = | ]
;‘ ‘ Helical §§ 10f 110
| | Device Sz | ]
, (o) L .
, \ £z | |
i i - 0 5 15
;' S8 | :
i P - q:, 0 L ] 0
. @ R 2 Neg-- 3 negative-NBls
NBI #2 (Negative) T 22 1INBI #3 (Negative) s
‘. = 1998 2000 2002 2004 2006 2008 2010 2012 2014

year
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NNBI systems at JT-60U / JT-60SA at QST, Japan @

=

Towards 100 s of HaDwbeams with 500 keV, 22A (130 A/m?) QST
= JT-605 Based on arc sources

Advanced Superconducting Tokamak
Il 54-sateliite Tokamak Program|

Achievement of
beam acceleration
500 keV, 156 A/m?,

118 s
by using 1/8 scale
jon source

Achievement of Large ion source &
Haoion production accelerator
15Afor 100 s IS combined, and
- under progress starts from 2023.
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The test facility for NBI at Consorzio RFX, Italy
Hosting SPIDER and MITICA

CONSORZIO RFX
Ricerca Formazione Innovazione

...........

p_Veltri, Upd

NBTF

Full ITER beam line Neutral Beam Test Facility

T Critical challenges:

; 4m %Extraction of 40 A negative ion beam from a large-size RF source
11 i Acceleration to 1 MeV with accurate beam optics

7 \g i Development of high-voltage, gas-insulated transmission lines

i Voltage holding (1 MV) over pulses of 3600 seconds

RF ION SOURCES FOR FUSION

Chitarin et al., 3
AIP Conf. Proc. 8
2052 (2018) FE
030001 [ JRREES """
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Negative ion sources (Hq Do) for ITER
The size scaling route

ELISE @ IPP

BATMAN Upgrade
@ IPP

) 3¢

40 A
Source area

source of 1 x 2 m2

~2A
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800 kW RF power
coupled by 8 drivers
to illuminate
1280 apertures
arranged in
16 beamlet groups
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A half size ITER source
ELISE (Extraction from a Large lon Source Experiment)

Construction and assembly in house (3 years)

: //"‘,’ ,( ‘4 |
,5:3."':-( I ; f AY N q‘

lon source with dome RF drivers in the dome Open source with grid system

First plasma and beam: Feb. / Mar. 2013
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The concept of the RF driven negative ion source

Current up to 5 kA to produce

| horizontal magnetic field (3nT) N - _ f _

i‘ piS—p— _ egative Ions via surtace conversion
13 1 v ol 3 grids J

for extraction and H, |_| +
acceleration

: (up to 60 KV) \ , Surface
. CS conversioneffective at
: low work function
Cs inlet
Oven temp ITER requirements for D (H)
° 280/C "\
Reservoir_
° 1004C
Beam is
formed by
many apertures
RF driver

Beamletgroup
~100 kW at 1 MH

Bias plate
N Expansion chamber

MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | URSEL FANTZ | 4 OCTOBER 2022

stable for 1 h (1000 s)
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Formation of negative hydrogen ions
at low pressure (0.3 Pa)

Volume process dissociative attachment
e +Hy(v)Y HE+H ju-  © 20 A/m?

jelin- > 30
Surface process

H, H,* +surface e - HE
much higher j-
low work function much lower . /j,-

Destruction: volume processes

+e - H+2e Electron stripping
HE+H*- H +H Mutual neutralisation
HE+ H - H, +e Associative detachment
- H+H+e (non-associative)

MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | URSEL FANTZ | 4 OCTOBER 2022

Current density [A/m?]

Electron to ion ratio

R NN
oaa o O
o O o

50

10

0.1

RF source (2005)
— 1 T T 1 T T I

__ 0.85 Pa |

Speth et al. 2006 Nucl. Fusion 46 S220

0.37 Pa

20 40 60 80 100 120 140 160 180
RF power [kW]
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Transition to an ion-ion plasma during the Cs conditioning

Langmuir probe measurements

Current [mA]

IO ORI

R N W b

o

160 T ™ T - T - | :
| \start Cs 9
“E 140 LA R :evaporation g \ 30
< 120 F 0."'"‘ \.i‘ ‘s'.
> 2
@ 100'iL L Y ‘le S =
@ L e I % o 120 S
© ! [ T
e 80 : ° .Q’ 8
g I 0.\ - g
S 60 ! e’ % 9 =
° : L 4 8
T a0} . ! > 110
Volume process £ v, e/l
i |
T T 4
-_Langmuir probe ) ! \ 3
| #102595 1 102600 102620 102640 102660 1026%0 5
[ 4 Shot number < “f
. 1 Electrons £ 4}
] . . ) c
-------------------------------- 1 as dominant negative species 0
L 4 O
i ] Negative hydrogen ions_,|
L as dominant neg. species.al
-20 0 60

Voltage [V]
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2+

Heinemann et al. 2017 New J. Phys. 19 015001

Surface process
T I\ T
| Langmuir probe Symmetric
#102670 curve |
-2IO | (I) 2IO l 4IO 60
Voltage [V]
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Plasma parameters by OE S,
lonising and recombing plasma regions & ion-ion plasma

Electron temperature [eV]

10

(o]

D

D

N

Langmui

T T 1 T

Perm. rhagnet frame/

PG current [kA] Ma9

MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | URSEL FANTZ | 4 OCTOBER 2022

. 1)
8l =3 KA L /%
] —I ]
O 53 driver LOSé
R S S ,
100 200 300 400
Distance from PG [mm]
i i 0.3 Pa, 70 kW ]
EE-EN--8---1 | ]
Driver .
.,o—o——%~§§. o | E_r'*--__ Driv.er E
- A Expansion { [ TR .
N oo Expansion 1
' o Tce---0 @
k\‘ - Grid ; A'A_ ﬁ'_';'_ IR, A ]
a3 TR A | Grid 4
A a 11t
open symbols: Langmuir probe
0 1 2 3 "Perm. 0 1 2 3 "Perm.

PG current [kA] Mad:

1 10%°

1017

1016

r

probes,

OES
oo, | Resus

Tgas H, Fulcher 630 K
Tuib H, Fulcher 3000 K
Ty Hy "%order 22050 elz(v&
M/ Dh,  Hy/H, rygner 0-320.1
= n( HE) CRDs 1017 m-3
c
z n(Cs) TDLAS 105 m-3
[
% () Simu. ~70%
Ko n(Cs)
" C
) TDLAS 53104 m3
vacuum

Briefi et al. 2018 AIP Conf. Proc. 2052, 040005
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RF power coupling in high power ICPs at low frequency

f=1MHz, Pee O 100 kW

High coil current | ~100 A
and high voltage U ~ kV
- arcing at coil can

limit source reliability

Bias plate
Plasma grid
Extraction grid
Grounded Grid

A/

=z
(%))

Matching L *| Faraday e
capacitors - o B = screen
\ 2 o NS
ZZ L Extraction system
Ao 1| Insulation
T |transformer
* “" Expansion
Power losses due to Driver plasma:

- ohmic resistance of conductors
- eddy currents in metallic components
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RF power transfer efficiency

. Pplasma _ Rpla,sma
77 PRF Rnetwork:‘l_Rplasma
Measurements at prototype source
Zielke et al. 2021 J. Phys. D. 54 155202
0.7 T T T T 3.0 [~ T T T T 1 1
5 — 25|
c o? 2.5 -_ =
L 06 ,§‘~‘|?2 {1 € [
':ILE> 7 Y < : D,
G [e ® T e g 20f 0. ® 1
(T) - e 2 P ! // ®
% 05@ . = I , ’
c B g 15 B ’ H —
© ' .0 @ : .- o '
= I o © @ g
- - c o g ]
%0.4— //'O_ H, 41 9 1'0; 4
S , 7 with transformer S e g :
LL i 05 .
m i 3 -
0.3k Py = 0.3 Pa ] Psiy = 0.3 Pa
O_O:I’ \ 1 \ 1 \ LT 0.0 [ o
20 40 60 80 0O 10 20 30 40 50

RF generator power [kKW] Power to plasma [kW]

i Better coupling for D,
i Efficiencies below 65%
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Modelling using a 2D fluid code

o Self consistent calculation of coil current and
plasma resistance

o RF Lorenz force, electron viscosity,

neutral depletion

10 ——r———7———7——7—
o Benchmarked = 09k i
at BUG > | .
c 08F ° =
. . (5] ,
o Optimization: © [
. £ 0.7F " -
driver length o _
o 0.6 -
& RF frequency » - \Currentdriver
% O5F @ length .
D. Zielke, PhD thesis 2021, % 0.4 _ _
University Augsburg = i
g 03 Hp -
-~ pﬁ” = 03 Pa, Pgen = 60 kW P
OOOT. PRI (R S S T R S SR R T R
10 20 30 40 50

Driver length [cm]
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Performance of the 12 size ITER source ELISE
Short pulses (20 s plasma, 10 s beam)

350__'__l__:_1__'__l__'__l__'__l__'__l__'__l__'__l_*_ 350 — T T 7T T T
300 | ITER requirement g - 300 | ITER requirement * -
[ Hydrogen 0.3 Pa 8 ] [ .
250 - 8 § 250 - Deuterium 0.3 Pa .
& X °ao 660 6 { & |
g 200 Q g . 5 200 | -
o) o
el | O A —_
. 150 | o@@ o 150 |- .
T 100 f 0 Qo o B B 8 ]
[ 8 6 _ 100 [
50 - 50 o] -
O I 1 1 1 1 1 1 1 1 ] O I 1 N 1 N q 1 1 1 1 1
0 10 20 30 40 50 60 70 1 80 90 0 10 20 30 40 50 60 70 1 80 a0
10 ' I ' I ' I ' I ' I ' I ' I I ' 10 ' I ' I D' I I I I I I
o g - o 8 [ o
N "1
s °r 1 5 °f - ]
& . c ol i oo
O 4r o - O 4r H o -
) i ) i u
o [ ITER & |ITER  gF
W < requirement W= Trequire- B B - i
0 1 a ED 0 i Im < DEI‘DB 1
0 10 20 0 10 20 30 40 50 60 70 T 80 90
RF power per driver [KW] RF power per driver [KW]
Technical limit @ ELISE Technical limit @ ELISE

MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | URSEL FANTZ | 4 OCTOBER 2022 RF ION SOURCES FOR FUSION 18



Chitarin et al., AIP Conf. Proc. 2052 (2018) 030001

Results from the NBTF 1 Full size ion source SPIDER @
First campaign with caesium in 2021 CONSORZIO RFX

Vacuum
vessel

Beam
| source

(@) {
& ITER target: 386 A/m? STRIKE
E t | ..
<8 |
> NI : —
‘D !
c $eo Yo -
% 8 %° : Beam Dump
2 7 o, 50 K\\/driver
S o
5 o
° 8
2 30 kw/driver
Z 3| S,
o *no Cs
q) L
Z
©101 100 101 102

MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | URSEL FANTZ | 4 OCTOBER 2022

Electron-to-ion ratio
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Performance of the Y2 size ITER source ELISE
Long pulses in hydrogen (beam blips of 10 s/ 3 min)

Wiinderlich et al . 2019 Nucl. Fusion 59 084001 Limited by available HV power supply

350 T T T T ; T ; T y T & by RF generators
= = = = m = e m e = e e e e e = = = = = = = = = = ITER target Hx+
— 30— = = = = = = = — — — — fOpEgfg— — — — — — — — — = Technical limit I I
T 0 Senaas i) ? o SmBERE Negaiye AEEEDS Footprint of beam at calorimeter
< y I g ions #27321, 29 blip Power density [kW/m?]
> 0 r 0.6 2500
2
o o 0.4
3 200+ 0 o o7 o® =
g o |:|’D o Co-extr. Ij,;,;' 3 o
o 2 :
S 150l o q o electrons , 5
> 7 o (m] 5
(@] | 0 1 o ! 1 o
° o I FI.D I:l| , = 0.0
£ 100 F E 3 o i o =
g i g o 1 ) £-0.2
P o m] o o
w 50 > v eets |
Hydrogen, p;,=0.3 Pa -0.4 fiee (3R 3N
L pﬁ”:0_4 Pa 4 sess 1955
O | " | " 1 L 1 L 1 L | " 1 0.6 E
11:00 11:30 12:00 12:30 13:00 13:30 14:00 06 04 02 00 02 § i I
Time Horizontal direction (Mii e e A sess

ITER parameters for hydrogen (almost*) achieved during consecutive long pulses

- Demonstration of first operational phase at ITER (up to 2035)

*Limited by available HV power supply & RF generators Plasma gri
beamlet groups

-
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Performance of the %2 size ITER source ELISE
Long pulses in deuterium (beam blips of 10 s/ 3 min)

W inderlich et al. 2021 Nucl. Fus. 69 096023

300 I b I ’ I ’ I ’ I ’ I ’ I | I ' I ' I ' I
- . — - — _| 150

Achievements: < Deuterium ITER target j(D") TER power limit T
< 250 F Reversed filter field ' %

Hyd:)ogen > 1120 g
> 90% long & short % 200 | Negative ions _ S
pulses S 8- B -8 -B--B-- B -B -B--B -8 -8 Jion 2

i % v-Y PeG bot N Pec pot | % §
Deuterium = 150 -7 ! RN I~
> 60% long pulses | S I & leo @
> 90% short pulses| 2 100+ .y I e Peoon| 2
© --Y AT 5

46 - ’V _ —A - ~

© 50F v A--4 130 —

2 Q@ -p T o =

1 Last extraction blip ] —

O 1 L 1 " 1 " 1 " 1 " 1 " 1 1 N 1 N 1 I N 1 0
0 300 600 900 1200 1500 1800 1600 1605 1610 1615
Time [s] Time [s]

Stable ion current but strong temporal behavior and vertical asymmetry of co-extracted electrons
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Deuterium operation
Strong isotope effect in terms of co-extracted electrons

200 «—Hydrogen »«——Deuterium —,»
& [
-, . . L O - E
Transition from hydrogen to deuterium E 5l , 0°°aooooo ] =
. . P | 00 12
at identical source parameters — - o ! 12
2> 200 Fq Negative ions |¢ 1 S
D ' 000000000000 -0 | &
) . n %0o 000 o0
A Drastic increase of co-extracted electrons é 1507 | 00000000000 1 =
. . . — 100 | 4 ©
A Strong increase of Cs density = . | ] =
: bt 50 k Co-extracted electrons | i
close to plasma grid 5 (0000000000000 -0d 2
O 2
O —
: : . [ 2
at almost the same ion current density — 1x10% - 1=
@ o >
= 14 \ 3
— 8X1O B ‘. 1 -
I l: tracted elect 2 I' yooo0®0000”0 -
n general: co-extracted electrons G ex10M | 1€
A are factor 21 4 higherin D L 10% |- ',I _
Alimit the source performance S oron Caesium density ' i
_ eecooo0000Q 99
- challenge for 1 hour pulse in D o L . L . .
31470 31480 31490 31500

# ELISE
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Steady state extraction at the Y2 size ITER source ELISE
Upgrade of power supply and first results

250 T T T T y T T T T T
105k < L py;=0.3 Pa, Pre=55 KWidriver, Uy, =8 kV, 1p5=1.6 KA, I;;,=55 A, lgo=1 A .
AGPS: I GND ': 200 F /M~—— H2 -
64 modules, (‘> I=| sokv,35A = i . ]
900 V DC ol o Negative ions
—-50.0kV = 150 ]
| >
\%)I:T_Prfclsvllz EGPS: = 12kv,70A © I
SWITCHBOARD 24 modules, (\#D ! 8 100 | Electrons bottom .
600V DC ; b -62.0kV 5
® ' > ] |
— < | Electrons top
—_|__ G‘x&g&cs = 0 . ! . ! . ! . ! . ! .
10.5kV - 0 200 400 600 800 1000 1200
g Time [s]
20 I I I v I v I v I
CW power supp | y ) < | py=0.3 Pa, Ppe=45 kW/driver, Uy, =8 KV, lpc=4 KA, I,;,=5 A, Igp=5 A D
e — 2
o N e c - . . =
(2.6 MW) supported by B 5 15 Negative ions 1
©) EUROfusion . S —
\= O 10} -
o
Q "] Electrons top —
O
S 5r ]
£ r/ Electrons bottom
L
. . . O N | N | N | L | L 1
Commissioning 0 100 200 300 400 500

Time [S]
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Beam characterisation _
Diagnostics for beam divergence and homogeneity

Arrangements of apertures Beam emission spectroscopy IR calorimetry
640 apertures, 8 beamlet groups 20 lines of sight 2D fit on IR footprint

S

!
L)

S0 9T J0 Aelue [edilan

(=}
sy

o
N

vertical protile |m|
1 1 O
()

T

0.2
El 0.4
oeo \.\\ 04 . 0 0
\ HOnzontal array of 4 LoS M\
(0] ' ,

Grid system
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Prototype source at BUG for studies on beam optics
Comparison of different diagnostic techniques in collaboration with Consorzio RFX

ITER requirement

Grid masking: Beamlet core divergence ¢ 7 mrad
- f single aperture 25 Hurlbatt et al. 2021 AIP Advances 11 025330
son {40
f 20k ° group of beamlets (BES) } ]
22| f group of beamlets ~ A I
% | — ° y 130 ®
VA . Q15f \. ] &
/ IR footprint g ingle beamle\s.ingle beamlet (BES) 1 g
CFC target o . 120 §
get N 10 (CFO e, 4175
. 5 \.______'. g
IBSimwsimulations 10 )
0.5 u,, =5kv, p, =0.30 Pa,
| Pge = 78 KW, /11, = 0.29 . ) |
3.1 mT filter field i = 13 mAGm™ ]
00 L 1 " 1 L 1 L | 1 1 L 1 L 1 L 0
22 24 26 28 30 32 34 36 38
BES LoS Acceleration voltage [kV]
e Reduced divergence (from 32 to 14 mrad)

single beamlet

for single beamlet measurement
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Beam optic studies: BUG-MLE

MITICAlike Extraction system

Zig-zag deflection caused by alternating Compensation of zig-zag deflection
electron suppression magnets in EG - Successful in a wide operational regime
#133113
350 35
-
300 30
250 - (" With
E <
%200 25 ) ADCM R
§15o 15 % D ‘
<
A 100 10 w/o 3
_ . - ~ ADCM B
mpensation itional % 50 5
Compe s.ato by additiona )) \‘l’)ZI » )
magnets in Halbach array 78 2 S 0 0

0 50 100
Horizontal [mm]

Chitarin et al. 2014 Rev. Sci.Instrum. 85 02B317

Correction magnets ' :
(ADCM)

Wimmer et al. 2022 J. Phys.: Conf. Ser. 2244 012051
den Harder et al. 2022 J. Phys.: Conf. Ser. 2244 012053
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)
R&D at dedicated test facility at NIFS, Japan (@
Versatile diagnostics of plasma and beam for fundamental understanding

Driver Region N Extraction Region The test facility - ready for a hybrid source
(Plasma generator) | (Target of diagnostics)

\

agg

A

',,_‘ Source

i
&
go— s

o Wit 4 /

3

=
) %gh Res. OES
Plasma Grid Py

. L
i [

¥

L

5
[f
.'mmmm (VT

Plasma Grid (PG)
mm-wave 00000000000000000 mm'wave
Interferometer 06656655506000000 Interferometer
(6) { (6)
Ha/Cs LAS = _ 0C000000000000000 ~—1 Ha/Cs LAS
(10) /(1) " 33090009500000008 | = (10701
DLP/DPP CS55CEEu800000000 Nd:YAG laser for
(17 ffeiefeleoleios photo-detachment
000000C00C0000CO0
CRD I 98832989022585558 T CRD(3)/ (4
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R&D at dedicated test facility at NIFS, Japan @
A test facility for a hybrid source 4

The RF ion source with the back plate attached to
the NIFS NB Test Stand beamline i August 2022.

Back plate exchangeable to arc source.

¥

Unique possibility to investigate plasma

and beam with same diagnostics.
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R&D at IPR, India wad,
Learning curve on 3 test bed : ROBIN, TWIN, INTF Q

H- beams from a caesiated ROBIN TWIN SOURCE test bed

» Gate valve

|| -
g.'bc

*J-
e & ~'j E\d%mm?

Future plans

A Tests with full turn coils
A Coupling of 150 kW

A H- beams on TWIN

ST "" g
.| Accelerator system @&
|
/7

High voltage
“feed-through 2

Developmentofan »_LH, jight emission |_

40 kW solid state = 80| W
) RF generator = 60 "’
ARF powers up to 80 kW coupled g \,  RF power
A > 300 A/m2 H- beam @ 40 keV 2 401 -
A Cs consumption ~ 10 i 12 mg/hr L 20 r
A Extracted current ratio e/H- O 1 38 kW RF power ol |

3 4 5 6 7 8s

coupled to two drivers

MAX-PLANCK-INSTITUT FUR PLASMAPHYSIK | URSEL FANTZ | 4 OCTOBER 2022 RF ION SOURCES FOR FUSION 29



R&D at IPR, India el
Learning curve on 3 test bed : ROBIN, TWIN, INTF ’,@1

INTF @ ITER T Indialab is the prototype DNB beam line
A unique 21.6 m path length to characterize focused H® beams

Preparations underway towards installation and commissioning

Beam line components: Neutraliser, ERID, calorimeter expected in Dec 2022

Source expected
in October 2023
Modifications
from SPIDER
learnings
incorporated

T Progress of
Cryopanel installation in progress components
inside INTF vacuum vessel & assembly B
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R&D at Consorzio RFX, Italy
The compact RF ion source NIO1 REraemms

Driver @10 cm,
10 cm length

Prr max = 2.5 kKW ABeam extraction and acceleration provided
by 3 grids + repeller.

ADesign beam ratings: 130 mA, 60 keV max.

Steady state operation ASeveral diagnostics: OES, TDLAS, CRDS,
BES, beam tomography, etc.
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