Proceedings of EPAC 2002, Paris, France

LONGITUDINAL BEAM DYNAMICSON 3 GEV PS
IN JAERI-KEK JOINT PROJECT

M. Yamamotd, and F. Tamura, JAERI, Tokai, Ibaraki 319-1195, Japan
E. Ezura, Y. Hashimoto, Y. Mori, C. Ohmori, A. Schn&sa. Takagi, T. Uesugi and M. Yoshii,
KEK, Tsukuba, Ibaraki 305-0801, Japan

Abstract compensation method is foreseen to suppress the beam

L , loading effect.
Longitudinal beam emittance should be controlled to al- g

leviate space charge effects and also to provide various
types of bunched beam to the experimental hall and MR by 2 LONGITUDINAL EMITTANCE
rf manipulations at 3 GeV proton synchrotron in JAERI- CONTROL

KEK Joint High Intensity Proton Accelerator Project [1]. The parameters of RCS are a little bit different from the

Furthermore, heavy beam loading is a severe problem, a Pevious ones which we reported before [2, 3, 4] because
it should be compensated by feedforward method for st e circumference of RCS ring has been lengthened. The

ble acceleration. About these themes, the scenario will ngised parameters are listed in [5]
described with particle tracking simulations. '

2.1 Injection
1 INTRODUCTION The Linac provides a bunched beam (called “macro

Since the 3 GeV Rapid Cycle Synchrotron (RCS) accefunch”) tothe RCS by the multi-turn injectiqn during about
erates a high intensity proton beam, some cures should B89 HSEC. The maximum beam current4&50 mA (=
considered at the rf system to suppress space charge effeatd, < 10" protons per sec.) and its momentum spread is
beam instabilities, bucket distortion and beam loading ef~P/P ~ +0.1%. The bunch length from Linac is ex-
fects on the longitudinal beam motion. pressed as a chopping factor which is defined by (macro

At the injection, the bunching factor should be improvecpunch full length) / (RCS rf voltage wave length at the bot-

to alleviate the space charge effects. We plan the adding of the bending fieIQ)._ Th_e chopping fa_ctor is an impor-
a 2nd higher harmonic voltage and introducing a momer@nt parameter at the injection because it strongly affects

tum offset injection scheme, then the bunching factor ofOH1e Iong|tud|tr;]al beam et:mttahntl:e 'ntrt]h?hRCﬁ' Th.e ccf>rretla-
should be achieved by choosing suitable injection paramg(—)n among Ih€ macro bunch lengtn, the chopping tactor,
ters. number of the injection turns and the injection time is listed

At the extraction, the RCS provides 25 pulses/sec c|)|]:| Table 1 where the Linac beam current is fixed at 50 mA.

bunched beam where 4 pulses are for the 50 GeV Main
Ring (MR) and the others are for the experimental hall.
There are 3 types of the bunched beam required and they
should be obtained by some rf manipulations until the ex-
traction. One is for the neutron scattering experiment, andm
it is achieved without any manipulation during the accel-

eration. The 2nd one is a short bunchedgbout 100 ns) Table 1. Correlation among the macro bunch length, the

for the muon experiment, and is achieved by increasing th ; N S
: .chopping factor, number of the injection turns and injection
accelerating voltage at the near the end of the acceleratlﬁrq] e

cycle. The last one is for the MR injection where the bunch-
ing factor should be over 0.3 considering the space charge

effects in the MR, and it is achieved by adding a 2nd higher Iftthe ;T:I?CI'(? é)unkcrl frfotrr? Lénc""; itiinjehcted igto jl.JtSt t'r[]teh
harmonic voltage again near the end of the acceleration cg/@n erofihert bucket ofthe , the charge density atthe

cle enter of the rf bucket becomes fairly high, then the bunch-
F.urthermore heavy beam loading effect at the rf acceleirr-]g factor becomes very small. In order to avoid such a
' y 9 situation, it is planned that the macro bunch from the Linac

ation system is a severe problem especially at the extractlcl)sninjected with a momentum offset, then it is expected that

where the accelerating voltage becomes much smaller th L charae density should be smeared and the bunching fac-
the induced beam voltage. A beam current feedforward 9 Y 9

tor should be getting bigger.
" ; o The Figures 1 and 2 show the simulation results around
masanobu@linac.tokai.jaeri.go.jp .. - . . . .
On leave from COSY, Forschungszentrum Jueilich GmbH, 1Kpthe injection by the longitudinal particle tracking code, and
52425, Juelich, Germany the momentum offset of + 0.4 % and + 0.5 % are simulated,

Macro bunch length (ns)
350 400 450 500
Chopping factor | 0.43 0.49 0.55 0.61
Injectionturns | 381 334 297 267
jection time (us) | 619 544 482 433
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respectively. The beam emittance and bunch shape showrfor the neutron scattering experiment This is a ref-

in Figs. 1 and 2 are snapshots taken at the 2 ms from tleeence rf operation of the RCS because no manipulation is
bottom of the bending field. In all cases, the 2nd higher harequired for the rf voltage pattern at a latter part of the ac-
monic voltage 0b.8V;unq cos ¢ is added wher&;,,,q isan  celeration. In this case, the beam emittance is about 3.5 eVs
amplitude of the fundamental acceleration voltage and and the bunch length is about 140 ns. The beam emittance
is the synchronous phase. The bunching factor is calculatadd the bunch shape for the neutron scattering experiment
from the bunch shape after binning and averaging 7 adjare shown in Fig. 4.

cent bins. The simulation results are summarized in Fig.

3 where the correlation between the bunching factor and o 00
. o 0|
the macro bunch length is shown on each case of the mo- 5 o
mentum offset. From these results, the bunching factor of 0.005
0.4 should be achieved by choosing optimum momentum 000
offset and macro bunch length, and adding 2nd harmonic -0015
. . . -0.02
voltage is also required. The most suitable parameters are; p 3-300-200-100 0 102
(1) momentum offset of 0.4 % and macro bunch length of Eé 5
around 500 ns or (2) momentum offset of 0.5 % and macro & 5 Li
bunch length of around 400 ns. g 1 ;'\M
2o 002 o 002 ; f \\
S 0.015 e S 0.015 e 2
® oot ® 001 5 -300-200-100 0100 00 300
0.005 o 0.005: : = '
0 5 0 £ ?
0005 s 0008 el Figure 4. The beam emittance and the bunch shape at the
-0.015 s -0.015 s extraction for the neutron scattering experiment.
-0.0266 75602100 0”100 200 300 ~0.0256 2500 -100 0100 200 300
103 300 Time(nsec.) g 300 Time(nsec.) . i i .
2 L For the muon experiment This operation is for the
€ a0 € a0 muon experiment users. They need a shorter bunch than
o e .
g 10 g 1 the reference operation such as bunch length 590 ns.
g 1:2 oot Toosnd ;‘3: 1$ T In order to provide such bunch, the ac_celerating voltage is
S 2 J ‘ kept 300 kV from 14 ms to the extraction, whereas that of
E 866260~-1660"100 200 300 E 866206 71000100 200 300 . X . X
2 Time(nsec.) 2 Time(nsec.) the normal operation is 60 kV at the extraction. Finally,

Figure 1: Simulation re- Figure 2: Simulation re- the bunch length of about 90 ns can be obtained. The beam
sult with the macro bunch sult with the macro bunch emittance and the bunch shape for the muon experiment are

length of 400 ns and the length of 400 ns and the ShowninFig.s.
momentum offset of 0.4 %. momentum offset of 0.5 %.

The bunching factor is 0.40. The bunching factor is 0.41. £ oo
001
0.005
S -0.005
© -0.01,
R -0.015
2 -00265566-100 0100 200 300
= 4 Time(nsec.)
g s i
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s |
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2 T|me%nsec.)

Figure 3: The bunching factor vs the macro bunch lengt

in the case of momentum offset of 0.4 % and 0.5 % Eigure 5: The beam emittance and the bunch shape at the

extraction for muon experiment.

2.2 Bxtraction For the MR injection There are some requirements
As mentioned above, it is required that the RCS provideer the MR injection. One of them is the bunching factor,
three types of bunched beam to the experimental hall amchich should be over 0.3 at the injection. If it is not ob-
the MR. In these cases, the injection pattern is same whithined, fast beam loss by the space charge tune shift at MR
is described in the previous section. We used the chopjection will occurr. To avoid such a situation, the bunch-
ping factor of 0.54 and momentum offset of 0.4 % at théng factor of RCS at the extraction also should be over
injection as a reference injection pattern. The longitudind.3. The 2nd higher harmonic voltage @8V;,,q cos ¢
emittance control for the extraction is managed at the lattés added to flatten the bunch shape again from 19 ms to
part of the acceleration period. the extraction. In this case, the bunch factor of 0.3 and
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the bunch length of 250 ns can be obtained. The beathe amplitude and the phase to cancel the beam loading
emittance and the bunch shape for MR injection are showatearly. The details of this module will be described in [10].
in Fig. 6. Then, the simulation for the MR shows that The Figure 7 shows the simulation results which in-
the bunch is successfully captured without big dipole andludes the beam loading, the space charge effect and the
guadrupole oscillation which will cause the reduction obeam loading compensation up to 2nd higher harmonic
component (h=2, 4). As seen in the plot, the distortion of
the beam emittance is not so big. Thus, the beam loading
compensation up to 2nd one is enough for the stable accel-
eration.

the bunching factor [7].
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Figure 6: The beam emittance and the bunch shape at the.

extraction for MR injection.

2.3 BeamLoading

It is recommended that the relative loading factor

3 SUMMARY

The longitudinal emittance control has been investigated
for the JKJ 3 GeV RCS. We have shown the following
points by using particle tracking code.

e It is possible to obtain the bunching factor of 0.4 by

should be lower than 1 [8], and it is almost always under
1 in the RCS. However, it becomes a fairly large number
especially at the extraction because the accelerating volfi]
age should be small to match the rf bucket of the RCS with
that of the MR. In order to stabilize the rf feedback loop
under the heavy beam loading condition, we plan the beari?]

loading compensation.
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using the momentum offset and the 2nd higher har-
monic voltage at the injection.

The RCS will be able to provide different types of the
bunched beam by manipulating the rf voltages until
the extraction.

The beam loading compensation up to the 2nd higher
harmonics is enough for stable acceleration.
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