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Abstract

Many experiments have been carried out for he-
lium ion beam acceleration in the KEK 12GeV Proton
Synchrotron throughout in 1994. A helium beam has
been successfully accelerated. the 750 keV
Preinjector has a He* ion source of multicusp type
and a gass stripper cell installed in the low energy
beam transport(LEBT). Maxmum value of ‘He* ion

current at the exit of the Proton Linac was 1.6 mA. A
deuteron beam was also produced by carbon strip-
ping foil installed in the LEBT just after high current

D ion source for machine tuning.

In addition helium-3 beam acceleration has been
tried in the 40 MeV Proton Linac in 4n-mode accel-
eration. 3He? ion beam current of 1.8 mA was ob-
served.

1. Introduction

Acceleration of heavy ion beams in the KEK PS
was discussed about more than 10 years ago. How-
ever, the project was stopped by several reasons and
heavy ion acceleration in the KEK PS has not ben re-
alized so far. Very recently, as one of the possible
candidates among the future plans of the KEK PS,
the PS-Collider, which aims to accelerate and collide
heavy ion beams with the beam energy of up to
7GeV /u for a gold beam, has been proposed.[1]

The PS-Collider is designed to use the present KEK
PS as its injector, therefore a much more simple
scheme compared with the previous one for acceler-
ating heavy ions in the PS has been examined care-
fully for ease of operation. Simultaneously, possibil-

ity of a polarized deuteron beam acceleration in
the PS has been also studied.[2]

In the KEK 12 GeV proton synchrotron, the ex-
perimental study of helium beam acceleration have

been carried out and helium beam was supplied for
the physics experiment.[4] There were several modi-
fications: A helium ion source of multi-cusp type was
installed in the second preinjector for the production
and preacceleration of positive ions.[3]

2. Acceleration of He* ion beam in the preinjector

The injector comprises a 750 keV Cockroft-Walton
preinjector and a 40 MeV Alvaretz linac. There are
two sets of Cockroft-Walton preinjectors, the first
preinjector is used to accelerate a high intensity beam
of H and D, whereas the second preinjector is for a

He Ion. Source

Fig. 2 Multi-hole anode electrode for the helium ion
source.
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Fig.3 KEK preinjector complex for the acceleration
of positive ions (deuteron and alpha).

polarized beam.

Some modifications of the second preinjector have
been made in order to accelerate positive ions. The
electric polarity of the Cockcroft-Walton high voltage
generator and the power supply for bending mag-
nets of low energy beam transport (LEBT) have been
inverted. A multi-cusp ion source is utilized to pro-
duce singly charged helium ions.[6] Fig.1 shows a
shematic drawing of a helium ion source. This
ionsource has special anode hole electrode as shown
in Fig. 2. An extraction voltage of 50 kV is suppied
to the ion source, and a 50 keV-He* beam is injected
into the 700 kV accelerating column of the
oreinjector. In order to convert a He* beam to a He?*
beam, a gas stripper cell has been installed in the
LEBT as shown is Fig. 3.

The 750 keV He? ion beam is injected into the
linac. During linac acceleration, the helium beam is
accelereted under the 4t mode operation scheme. Its
Velocify is half that in the case of proton acceleration.
As a result, at the end of the linac it has 3% less mo-
mentum than that of proton beam. The beam trans-
port parameters and booster injection parameters
must be optimized according to the beam momen-
tum.

3. Production of He?* ion beam
by a charge stripper

Production of He?* ions by the charge stripper.

Two methods of charge stripping: an argon gas cell
and a carbon foil were tested to convert fro He+ ions
to He?* ions. A gas charge striper device was installed
in just after first bending magnet in 750 keV beam
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Fig. 4 Waveform of He?* ion beam at the entrance of
the Linac and Linac output.
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Fig.5 Waveform of the accelerated *He?* ion beam at
the Linac.

transport line. The canal size of a stripper gas cell
areinner dia. of 30 mm and full length of 600 mm and
the maximum efficiency of charge transfer from 1+
to 2+ was 46 % in partcle number.

Whereas a carbon foil stripper device which was in-
stalled in a straitght section of beam line, a carbon
foil stripper device showed the efficiency of charge
transfer was about 50 %. It was obtained the maxi-
mum capture efficiency at the accelerated voltage of
759 kV with a gas cell stripper. Whereas, in the case
of a carbon stripper foil, aditional higher accelera-
tion voltage was required: 16 kV for 10 pg/cm? 24
kV for 20 pg/cm?.

. 4 2,
4. Acceleration of He ' ion beam

Most of the problems in accelerating heavy ions of
Q/A=0.5 at the KEK-PS had been solved at the time
when deuteron acceleration succeeded in 1992.
However, in the acceleration of helium ions, there
remains difficulties with respect to multi-turn injec-
tion of the positive ions.

In 47 mode acceleration of deuteron in the linac,
the possible injection energy is not only 375 keV,
which is a just half of that for proton. A relatively
high energy of 540 keV is also possible. It is found
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Table 1.
Typical Operating Parameters during Helium
Acceleration

Ion source
Type of ion source: multi-cusp ion source

with 19 multi-anode hole

Beam width: 20 msec

Beam repetition rate: 20Hz

Extraction gap/voltage: 14 mm / 50 kV

After pre-acceleration

He* beam current: 7.6 mA(750 keV)

After tripper

He?* beam current: 6.6 mA

Linac beam

Beam current: 1.5 mA(20 MeV)
0.8 mA(40 MeV)

Emittance*: €,/€, 0.94 / 0.75 mm.mrad

that not only the beam energy of 375 keV but the
higher energy such as 540 keV can be acceptable for
the linac. [7][8] In normal operation, 540keV injec-
tion was chosen and the optimized beam capture ef-
ficiency in the linac was reached to about 30 %.
Figure 4 shows a typical waveform of heliumion
beam. Typical operating parameters during ‘He**

acceleration is shown table 1.
5. Acceleration of He” ion beam

’He""ions was also accelerated by 4n-mode in the
Linac A wave form of the "He""ion beam is shown
in Fig. 5. In this operation, the voltage of Cockcroft
is 567 kV, a beam intensity of 10 mA was obtained
jast after the accelerating column. It was obtained
that he capture efficiency of the Linac was 26%, 7.0
mA at the Linac entrance and 1.8 mA at the exit of
the Linac as shown in Fig. 5.

6. Conclusion

Helium beam acceleration is one of the setp to
next step. It is proposed to deveplope the KEK Pro-
ton Synchrotorn for acceleration of light ion beams.
Figure 6 shows the proposed scheme of the
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Fig. 6 Proposed scheme of the preinjector complex
for the light ion beams with a Tandem accelerator.

preinjector complex for the light ion beams with a
Tandem accelerator.[1]

At present, a heavy ion beam acceleration pro-
gram has been scheduled for one month every April.
Polarized deuteron acceleration is also planned.

The auther thanks all members of the PS group
for useful discussions and their encouragement.
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