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A prototype neutral beam injector for JT-60 was constructed to test
and demonstrate a single beam line performance before fabrication of
fourteen injector units for JT-60.

The system has been operated over 4 months without serious troubles.
Ion beams of 10 sec/75 keV/70 A were extracted repeatedly and most of
design values were achievéd. Accelerator grids were stable during 10
sec pulse, and other components of the system were confirmed to be suf-
ficiently reliable.

The system was alsc operated with a magnetic field which simulated
a stray field from JT-60 tokamak. With the stray field applied, no
choking effect in a drift tube like PLT or Culham effects were observed

at all,
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1. INTRODUCTION

JT-60 is one of the largest tokamaks presently under construction,
where neutral beam injection heating is planned.1 For this purpose,
neutral beam injectors which consist of 14 beam line units must be
provided to deliver 20 MW neutral hydrogen beam at an energy of 75-100
keV.2 Possibly, the most significant feature of this system is its
pulse length of as much as 10 sec. However, these high power long pulse
injectors are quite difficult to develop because of their heat removal
problems.. Inmertial cooling system which is applicable to many short
pulse injectors can not be applied any more. Active cooling system

should be adopted in almost every heat deposition materials exposed to

.a high heat flux.3 Other than handling of thermal problems, beam line

components such as ion sources, Cryopumps, ion reflecting magnet etc.
must be developed.

Since 1975, elaborate research and development have been made at
JAERI to develop long pulse injectors for JT-60. In 1979, we had suc-
ceeded to produce 10-30 sec ion beams at 60-75 keV, 4-6 A level by a
small scaled ion source.4 Meantime, extensive measurements on the heat
loading to the electrodes including those due to backstream electrons
have been made,5’6 while manufacturing technology of water cooled grids
has been advanced.6 In this course of .development, we proposed a
lambdatron ion source for high energy proton sources above 80-90 kevV,
where heat loading due to backstream electrons becomes quite significant.

A middle scale cryopump, which has a pumping speed of 60,000 1/s,
was made and tested as one of the R&D work to evaluate the pumping speed,
heat loss, and interaction with the beam.s’9

Actively water cooled finned tube was employed as beam dump element
and was subject to the burnout tests done by irradiation of the intence
beam10 as well as to the detailed thermal stress and deformation analysis.

R&D and the design of the jon reflecting magnet required the most
elaborate effort. Reflected ion beam trajectories are directly coupled
with the heat loading of the beam dump. The form of the magnet is also
magnetically coupled with magnetic shielding structure which is provided
to shield external stray magnetic field in a tokamak environment.
Therefore these hardwares should be developed altogether. For this
purpose, magnetic systems were developed based on the 3-D ion trajectory

calculations in a magnetic field obtained by numerical analysis or by
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measurements made by small scale 111(:»(.‘1els.l2"]‘3

On the basis of these research and development, the prototype
injector unit has been designed and constructed. Detailed design started
in 1978 and was most extensively dome in 1979. Construction started in
April, 1980 and was completed in November, 1981, After some preliminary
operation of the cryogenic system, the overall system tests have been
made since last December. By the end of FY 1981 {March 1982), we intended
to confirm the predetermined system performances at a beam energy of 75
keV, which is the standard, the most frequently usable energy regime of
JT-60 experiments. Here, we intend to report, for the first time, on

the typical test results of the prototype injector unit at 75 keV level.

2. S5YSTEM DESCRIPTION

A schematic view of the prototype unit is shown in Fig. 1. The
system consists of a beam line chamber, a drift tube, a target chamber,
a power supply unit, and auxiliary subsystems, such as helium refrigera-

tion system and cooling system. Details on the system have been reported

3,14

elswhere. In this section, outlines of the system are described.

. . . s : , 6

Main components in the beam line chamber consist of two ion sources, 7
. . . . 14

two neutralizer cells, a reflecting magnet with a water jacket, a beam

15,16 a calorimeter,11 the first and the second beam limiters, and

3,8,14

dump,
six modules of cryopumping panels. A part of the ion beam is
converted to a neutral beam as it passes through the neutralizer cells,
and residual ions are guided to the beam dump by the reflecting magnet.
The calorimeter is used as a neutral beam target during source condition-
ing. In the target chamber, a beam target and four modules of cryopumping
panels are installed. The drift tube, simulating an injection port of

the JT-60 vacuum vessel, connects the beam line chamber and the target
chamber. A fast shutter, a hard seald gate valve and horizontal and
vertical scanning calorimeter are also mounted in between. The scanning
calorimeters can measure neutral beam profiles calorimetrically. A
magnetic mass analyzer is set up behind the beam target to measure ion

and impurity species. The heat loadings to each component can be measured
by the temperature rise of cooling water. A set of coils which produces

a simulating stray magnetic field from JT-60 tokamak is installed around

the beam line chamber and the drift tube. A set of canceling coils,13
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one of which is assembled around the reflecting magnet and the other
around the neutralizer cells, produces a magnetic field which cancels
the stray field, Therefore, the ion beam trajectories are not disturbed
by the stray field.

A schematic of the ion source is shown in Fig. 2. A plasma source
is a rectangular bucket type source with a backstream electron beam dump.
This source has been developed primarily for 75 keV operation. A two-
stage accelerator is used for the ion source. It consists of water
cooled four grids, called a plasma, a gradient, a suppressor and an exit
grid, respectively. Each grid has 1020 apertures of 4 mm in diameter
within a rectangular area of 12 cm by 27 cm., A detail of the prototype

ion source was reported in references. ’

3. EXTRACTION OF 10 sec/75 keV/70 A ION BEAMS

Operation of the prototype injector unit started in November, 1981.
The beam energy, the beam current and the beam pulse length were increased
step by step verifying the compatibility of all system compenents.
Especially, attentions were paid to the operation of the cryopumps, to
the power supply unit, and to the heat loading of the beam dump and the
accelerator grids. Cryopumps were cooled down fer about two weeks every
month, and the rest of the time were spent for checking the system and
preparation for the experiments. The cryopumps have been operated with-
out serious troubles. The pumps were cooled down within 24 hours,
stationally worked for about ten days without processing of condensed
hydrogens. Pumping speed of the cryopumps was measured and was found
to be 1.43 x103 m¥/s.

‘In February, 1982, ion beams of .10 sec/75 keV/70 A were extracted
repeatedly with two ion sources. The waveforms in Fig. 3 show the
characteristics of arc discharge and ion beam when a 10 sec/75 keV/70 A
jon beam was extracted. The waveform of each grid current indicated
that the accelerator grids were thermally stable during the pulse. The
arc efficiency, defined by the ratio of acceleration current to the arc
power, was 1.1 A/kW in this case. The gas flow rates into ion sources-I,
a lower source, and ~II, an upper source, were 1.26 Pa.m3/s and 1.20
Pa.m3/s, respectively. Each gas flow rate gave about 20 % equilibrium

neutralization line density for 75 keV proton beam. The percentage POWer
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deposition to each beam line compenent is shown in Fig. 4 as a function

of pulse length. It should be noted that the power deposition to each
component does not change during the 10 sec pulse. This means that the
accelerator grids are not deformed and the beam optics does mot change
during the pulse. Figure 5 shows the power flow when 10 sec/75 keV/71 A
ion beams were extracted. The injected power into the beam target reached
1.44 MW, which equals to the design value. The neutralization power
efficiency was 41 %Z. The heat lecading to each component was within the
design value.

The prototype injector unit was also operated with the simulating
stray magnetic field applied. The typical sequence of operation is shown
in Fig. 6. This ﬁode was copied after that of envisaged JT-60 neutral
beam injection. Prior to real injection, the ion sources are conditioned
with short pulse beams of up to 0.5 sec, where the calorimeter is used
as a beam target. About 30 sec before injection, the calorimeter is
retracted. Then the fast shutter is opened just before injection and
closed after injection. During neutral beam injection into the target
chamber, the simulating stray field coils and the canceling coils are
excited. With the stray field, ion beams of 10 sec/75 keV/70 A were
also extracted repeatedly. The sgystem components, especially the
cryopumos, the calorimeter and the fast shutter were operated without
troubles. The power deposition to each component with the stray field
was a little different from that without the field, and no choking effect

in the drift tube like PLT or Culham effects were observed at all.

4., CONCLUDING REMARKS

The prototype neutral beam injector unit has been operated success-
fully since November, 1981, and total running days of the system are
over 50 days. Our first experience in handling the 10 sec ion beams up
to 70 A were finished successfully at an energy level of 75 keV. The
energy of 75 keV is the most frequently operable regime in the JT-60
experiments. The accelerator grids were stable during the 10 sec pulse,
and the ion sources, the beam dump, the calorimeter, the reflecting
magnet, the cryopump, the canceling coils and other components were
confirmed to be sufficiently reliable. Typical performance characteris-

ties of the unit are summarized in Table 1. Most of design values were
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achieved. The injected power to the beam target was increased to 1.44
MW at 75 keV, which exceeds the design value. Pumping speed of the
cryopump was measured and found to be slightly above the design value.
With the stray field applied, little influence on the power deposi-
tion on each component and no choking effect in the drift tube like PLT
or Culham effects were observed at all, Operation of the unit at 100 keV

level will be made in near future.
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Schematic of the prototype ilon source.
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75 kV, 70 A, 10 SEC OPERATION

FEBRUARY ’82

MAGNETIC FTELD OF BENDING MAGNET

*
FILAMENT VOLTAGE I (10V/div)

FILAMENT CURRENT I ( 100A/div)
*
PTLAMENT VOLTAGE II  (10V/div)

FILAMENT CURRENT IT (1004/div)

*} Cable drop of 0.9V is included.

XX
ARC VOLTAGE I {(50V/div)

ARC CURRENT I {2504/div)

ARC VOLTAGE II ** (50V/div)

ARC CURRENT II (2504/div)

**%) Potential drops by cable resis-
tance and arc limiting resitance
of 18V are included.

ACCELERATION VOLTACE {20kV/div)

CRADIENT GRID VOLATGE (20%V/div)

SUPPRESSOR GRID VOLTAGE (2.5kV/div)

ACCELERATION CURRENT (20&4/div)

CRADTENT GRID CURRENT (1A/div)

SUPPRESSOR GRID CURRENT (%5A/div)

Fig. 3 Typical waveformes of the 10 sec/75 keV/70 A in beam.
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Fig. & Percentage power deposition to components of 75 keV/70 A
ion beams as a function of pulse length.
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BEAM INJECTION SEQUENCE FOR JT-60

Beam Flashing(1~20 times) Beam Injection

Beam ON

-t
—

e
=30s <10s

Fig. 6 Typical beam injection sequence for JT-60.




