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Abstract 

An experiment of synchrotron injection us
ing the· direct fast chopped H- beam extracted from a 
surface-plasma-type H- ion source has been successfully 
achieved. The injection phase of the fast chopped beam 
from linac into the booster synchrtron is adjustable 
against the center of rf bucket by using this beam. It 
was obtained that the longitudinal emittance was con
trolled at the extraction of the booster synchrotron, and 
that the beam loss during the injection into main ring of 
the KEK-PS was reduced by this fast chopped beam. 

1 Introduction 

Recently, high energy and high intensity beam ac
celeration programs are proposed and developed. For ex
ample, JHF project shows the beam intensity of 2 x 1014 

particles per pulse at the 50 GeV proton synchrotron.(!] 
One of the difficulties to realize such a high intensity 
project is the beam loss due to the beam divergence by 
the space charge effect of the beam itself. To reduce the 
effect, some methods are examined. 

The beam in the synchrotron is bunched and 
captured to the rf bucket. The space charge effect can 
be reduced by making the line density of the bunched 
beam small. Generally, the lina.c beam is continuous 
and this beam injects into the synchrotron. After the 
injection, the particles are captured by the rf bucket adi
abatically and the beam acceleration is started. But in 
this method, the line density of the beam in the rf bucket 
cannot be controlled. 

To control the line density of the beam, the 
injected beam from the linac has to be bunched before
head to the same frequency of the rf bucket of the syn
chrotron. And the injection phase of the beam is shifted 
to the center of the rf bucket. Using this method, the 
beam can be spread into the rf bucket by the broadening 
of the synchrotron frequency. There are some methods 
to make the injection beam chopping.(2][3][4] One of the 
methods is tl1e beam chopping directly at beam produc
tion in the ion source. At KEK, a surface-plasma-type 
H- ion sourec is used to produce the n- beam. The 
method to produce the chopped beam extrcacted from 
this ion source was reported previously.(5] 

In this paper, the results of the experiment of the 
injection into KEK 12 GeV synchrotron using the direct 
fast chopped H- beam extracted from the ion source is 
reported. 

2 Experimental Apparatus and Control System 

In KEK-PS, a surface-plasma-type negative hy-
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Fig .. 1 Control system for the longitudunal emittance 
in the booster. 

drogen ion source is developped and used. The H- ions 
are mainly produced by the sputtering process on the 
metal surface, called converter, which is negatively bi
ased to the pla1;ma. As the H- ion beam current ex
tracted from ion source depends on the converter bias 
voltage, the direct fast chopped u- beam extracted from 
ion source is produced by modulating this bias voltage. 
The results of this chopped H- beam experiment is re
ported at the previous symposium.(5] 

By mismatching the phase of the injected beam to 
the rf b_ucket of the booster synchrotron at injecting the 
chopped H- beam from the ion source into the booster 
synchrotron, the particles spread into the bucket because 
of the broadening of the synchrotron frequency. And 
then, the longitudinal emittance of the beam extracted 
from the booster synchrotron can be controlled. The 
scheme of the longitudinal emittance control! system of 
the fast chopped H- beam extracted from the ion source 
is shown in Fig. l. The signal of the frequency generator 
ofthe rf cavity i1i. the booster is triggered to the high 
voltage pulser biassing the converter in the ion source. 
The delay circuit is set between the frequency generator 
and the pulser to control the injection phase to the rf 
bucket. The acceleration frequency of the rf cavity at the 
beam injection is about 2.25 1\'iHz, equal to about 444 ns 
period, and the injection phase control can be changed 
to 1 ns (about 0.81 radian). The rfpattern ofthe booster 
synchrotron is not that using for the adiabatic capture 
but that of high voltage beforehead at beam injection. 
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Fig. 2 The waveform of the bunched beam just be
fore the extraction from 500 MeV booster syn
chrotron. 

The experiments are examined using this rf pattern and 
the control unit. 

3 Experimetal Results and Discussions 

The injection phase of the linac beam is changed 
using the delay circuit between the frequency generator 
of the booster rf cavity and the high voltage pulser to 
modulate the converter bias voltage. At the injection 
phase of the linac beam matched to the center of the rf 
bucket, the longitudinal emittance is minimum. And it 
increases at the injection phase of the linac beam which 
is shifted until ±goo to the center of the rf bucket. 

The waveform of the bunched beam just be
fore the extraction from 500 lVIeV booster synchrotron 
is shown in Fig. 2. The beam intensity of these bunched 
beam is same. This figure shows that the line density 
of the synchrotron beam can be controlled. The bunch
ing factor of goo shifted injection beam is about 0.34 
although that of the center of rf bucket injection beam 
is about 0.22. 

The waveforms of the beam intensity at the 
main ring is shown in Fig. 3. The decays of the beam 
intensity from the time of the injection into the main 
ring to that just before the acceleration is different. The 
decay of go"" shifted injection into booster synchrotron 
shows more gentle than that of the center of rf bucket 
injection. This is because the line density of the beam 
is controlled. 

To confirm this, the beam size of the beam in
jected into the main ring is measured. To tneasure it, 
the fast wire scanner[6] is used. The beam size incre
ment is shown in Fig. 4. The beam size increment of 
the goo shifted to the center of the rf bucket injection 
is smaller than that of the center of the rf bucket injec
tion, although the beam intensity of the goo shifted to 
the center of the rf bucket injection is higher than that 
of the center of the rf bucket injection. 

Using this method, the beam intei1sity of the 
g pulses injection into KEK-PS main ring is measured. 

(a) 

(b) 

Fig. 3 The waveforms of the beam intensity. (a) goo 
shifted. (b) center. 
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Fig. 4 The beam size measured by the fast wire scan
ner. 

-157-



The 11th Symposium on Accelerator Science and Technology, Harima Science Garden City, 1997 

8x10 12 

1 
:; ... ... 
] • 
;g ... .. .e: 

. . -···--------·-·]···········-------f····· 

_s: 
c 

.S! 
;; 
"' ]' 

::.: 
::e -· .. 
€ 
c 
" ] 
E .. 
" ::1 

. -~---r 

fT 
0 
0.0 1.2 1.6x1012 

Beam intensity at booster I8 STR (particles/pulse) 

Fig. 5 The beam intensity of the 9 pulses injection 
into main ring using the fast chopped H- beam 
and the injection phase control system. 

The result is shown in Fig. 5. The beam intensity of 
9 pulses injection using the 90° shifted to the center 
of the rf bucket injection could be obtained to 7.2x 1012 

particles, and this is the new record of the beam intensity 
at the KEK-PS main ring injection. 

4 Summary 

The experiment of synchrotron injection using the 
direct fast chopped H- beam extracted from the surface
plasma-type H- ion source has been achieved. The bl'ow 
up of the transverse beam size due to the space charge 
effect by the beam itself could be reduced by the con
trol of the longitudinal emittance from the booster syn
chrotron. Using this method, the beam intensity of the 9 
pulses injection into the KEK-PS main ring is obtained 
the new record of the beam intensity at the I..:EK-PS 
main ring injection. 
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