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For the ITER NBI, two accelerator concepts have been proposed. One is the SINGAP (single gap 

single aperture) developed at CEA Cadarache and the other is the MAMuG (Multi aperture multi gap) 

developed at JAEA. In order to assess the performance of the SINGAP and the MAMuG concepts at 

the same test facility under the same diagnostics, a collaborative R&D test was performed between 

JAEA and CEA Cadarache under an ITER task agreement. For this purpose, the SINGAP accelerator 

was installed at the MTF of JAEA. As the result, following new findings were obtained; 

The maximum voltage holding of the SINGAP was 573 kV without gas and 800 kV with H2 gas 

feeding to 0.25 Pa after 120 hours of conditioning. This is lower than the MAMuG, which can 

sustain 1 MV with H2 gas of 0.2 Pa after 60 hours of conditioning. 

The highest performance in the beam acceleration test for the SINGAP was 220 mA at 672 keV. 

This is lower than MAMuG, which achieved 796 keV, 320 mA H- ion acceleration. 

The ration of coaccelerated electrons, Ie
-/IH

-, for the SINGAP was 1.08 at the beamline pressure 

of 0.087 Pa. This is three times larger compared with the MAMuG (0.28). 

 From the viewpoint of voltage holding, maximum beam current and electron acceleration, the 

MAMuG showed better performance than the SINGAP, and it has been decided to choose the 

MAMuG as the baseline accelerator for the ITER NBI.  

Keywords: Neutral Beam Injectior, SINGAP, MAMuG, Negative Ion Accelerator 

CEA Cadarache, France
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2.1 SINGAP
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Z=0.5 – 0.6
8) 0-50 mm

3-3 Z=0.5

SINGAP 307 mm (  – )

600 kV 572

kV MAMuG 104 mm

370 kV 200 kV

300 mm

SINGAP 1 MV

3-1 SINGAP

JAEA-Research  2008-121

− �0 −

JAEA-Research  2008-121

− �� −



 - 11 -

3-2 

3-3 

JAEA-Research  2008-121

− �0 −

JAEA-Research  2008-121

− �� −



 - 12 -

4 SINGAP

4.1

3 x 5 15

Cs 200 Cs

4-1 600 kV, 4.8 kV

10 20 kW 15

4-2 600 kV, 

20 kW

1/e 68 mm

21 mm

84 mm

Kerb

33 mm 21 mm Kerb

SINGAP

4-3 (Iacc) (IH
-)

(IA1G) SINGAP MAMuG

600 kV, 4kV, 20 kW

(Iacc)

2-1 (IA1G) SINGAP

MAMuG (800 kV )

SINGAP

Iacc IA1G

4.3

MAMuG

Iacc IA1G

JAEA-Research  2008-121

− �� −

JAEA-Research  2008-121

− �� −



 - 13 -

SINGAP SINGAP

2.3

4-1  SINGAP 600

kV, 4.8 kV

JAEA-Research  2008-121

− �� −

JAEA-Research  2008-121

− �� −



 - 14 -

4-2 SINGAP

4-3 SINGAP MAMuG Vacc, Iacc, IA1G

JAEA-Research  2008-121

− �� −

JAEA-Research  2008-121

− �� −



 - 15 -

4.2

Kerb

Cs 4-4

3 x 5

15 x

4-5
6)

4-4

4.9 mrad

4-6

    325 – 775 kV 

    2.0 – 6.5 kV 

   5 – 30 kW 

   0.15 – 0.37 Pa 
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5

ITER NBI SINGAP MAMuG

MAMuG 1 MV SINGAP 800

kV SINGAP ITER

MV

MAMuG 800 keV, 320 mA SINGAP 672 keV, 

220 mA

SINGAP

MAMuG 3

2

ITER NBI

SINGAP 7.3 MW MAMuG 0.8 MW

ITER ITER NBI

MAMuG MAMuG

SINGAP MAMuG

MAMuG SINGAP (at MTF) 

 1 MV with H2 gas of 0.21 Pa 800 kV with H2 gas of 0.25 Pa 

  320 mA (140A/m2) at 796 keV 220 mA (95 A/m2) at 672 keV 

(  0.086 Pa) 
Ie-/IH- = 0.28 Ie-/IH- = 1.09 

 5.5 mrad @750 keV10) 4.9 mrad @450 keV 
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