The 8th Symp. on Acceleraror Science and Technology, 1991, Sastama, Japan

BEAM TEST WITH THE HIMAC RF CONTROL SYSTEM

M.Kanazawa, K.Sato, A.Itano, K.Noda, E.Takada, M.Sudo, T.Kono, A.Kitagawa H.Ogawa, Y.Sato, S.Yamada, T.Yamada,
Y.Hirao, T.Katayama®, T.Watanabe*, T.Yamagishi**, M.Sigeta**, T.Yamazaki**, E.Toyoda**, T.Yagi**, A.Morii**

National Institute of Radiological Sciences, Acc.Res.Division, 4-9-1 Anagawa Chiba 260
x Toshiba corporation, 1-1-6 Uchisaiwai-cho, Chiyoda-ku, Tokyo 100
xx Institute for Nuclear Study, University of Tokyo, Tanashi, Tokyo 188

Abstract

RF system of the HIMAC synchrotron has been
developed and tested in the factory. With the high power
system, we could sweep the acceleration frequency from
IMHz to 8MHz with the acceleration voltage of 6KV. The
performance of the RF control system has been confirmed
with a developed simulator of the synchrotron oscilla-
tion. Following these two tests in the factory, we had a
beam test of the RF control system at TARN-II in
INS(Institute for Nuclear Study, University of Tokyo).
This paper describes the beam test and its results.

Introduction

HIMAC is a heavy ion accelerator for medical use,
especially for cancer treatments. This accelerator is
designed to use ions from HeZ* to Arl8*. The Required
beam energy for cancer treatments is from 100MeV/u to
800 MeV/u. The beam intensity in the synchrotron is from
107ppp to 101lppp. The charactaristic features of the RF
acceleration system in the synchrotron are

1) wide RF range (from 1MHz to 8MHz).

2) wide beam intensity range between 107ppp and

1011ppp in the synchrotron.

To fulfill these requirements, a digital control system
with a digital synthesizer (Stanford Telecomunication,
STEL-13752) has been developed. We have also prepared to
test another RF generator (Anritsu, MG2502B). There are
two feedback loop by use of beam position (AR) and beanm
phase (A @ ). Especially a A ¢ feedback loop must have

fast responce to damp the synchrotron oscillation. We
have checked the effectiveness of the A ¢ feedback loop
with the developed simulator in a factory. In the test
with the simulator, we found that the A ¢ feedback loop
could damp the synchrotron oscillation whose frequency
is 6KHz. This result is enough, because the maximum
frequency is 4KHz in the HIMAC synchrotron. As a next
step of the test, we have tried to accelerate the heanm

by use of the developed RF control system.

Operation of TARN-II

Before the pattern operation of the synchrotron,
the DC operation have been done to optimise the operat-
ing parameters. The obtained conditions are summerized
in Table-1 with the other machine parameters.

Table - 1

Parameters of TARN-II operation
Beam species He2+
Injection energy 10 MeV/u
Top energy 160 MeV/u
Momentum spread 0.2%
Beam intensity 0.8x107 ppp
Tune number(H/V) 1.70/1.72
Beam life time 85 sec
B (injection/top)  2.267/9.379 KG
harmonic number 2
f (injection/top) 1.1165/4.019 MHz
Cycle time 20 sec
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In the pattern operation the current tracking errors be-
tween the dipole magnets and the quadrupole magnets were
less than 1.5%.

Operation of the RF system

To test the control system of the HIMAC with TARN-
11, we had to use the high power RF system of TARN-lll).
In Fig.1, the block diagram of the RF system is shown.
To operate the different systems together, a common
master was used to start the patterns of the both sys-
tems. The timing data of the both systems are listed_in
Table-2. The B clock in the RF system of TARN-112) 3) s
generated every 1 Gauss increment of the dipole magnetic
field. This B clock of 1 Gauss step was used to generate
the frequency pattern instead of 0.2 Gauss clock which
is the design value of the HIMAC system. To see the ef-
fect of this step in the acceleration fuction, we have
tried to accelerate the beam without the filter which
smooth the step function. Though there exists a clear
effect of the step function, the beam could be ac-
celerated. We have decided to use the 1 Gauss clock for
our digital control system, which has no element to
smooth the frequency step.

Table-2

Timing data

Master 0
Start of the capture 3

A ¢ feedback on 3.

AR feedback on 3
Clock change( T -> B ) 3
Acceleration start 4,
Acceleration stop 8.46
Clock change ( B -> T ) 8.96
A @ and AR feedback off 9.46
RF power off - 9.79
Duration of flat top 1.0

To caputure and accelerate the beam, the RF bucket
area must be larger than the longitudinal emittance of
the beam. The RF bucket area (S) depends on the RF
voltage(V) and is given with a following formula;

S = 16(aVE/(2mh |n] ))0-5a (sind ) B (n

where h is the harmonic number, E is the total energy of
the particle, B is the beam velocity, ¢4 is the
synchronous phase, q is the particle charge, n=7 "¢-7
, and a@(singdg ) decreases monotonically when ¢ g
increases from 0°to 90°. In the acceleration period, ¢
is determined
with the following equation;

Vsing ¢ =27 RBo, » (2)

here R is an avarage radius of the synchrotron, o is
curveture, B is the ramping rate of the dipole field.
Using the longitudinal emittance of the beam of TARN-II,
V=1KV and ¢ g=3.4°are the solutions which satisfy the
both equations of (1) and (2) simultaneously. The
frequency of synchrotron oscillation is 1.4 KHz with
this acceleration voltage. Increasing the RF voltage
from 0 to 1 KV within 10 ms to capture the beam
adiabatically, the voltage was keeped constant at 1KV in
the acceleration.

The acceleration frequency is given with the follow-
ing formula;

£(B) = he/(2 7 R(1+(mc2/q p B)2)0.5) (3)

where m is the particle mass and ¢ is the light
velocity. To derive out this pattern from the memory, a

B-clock is used. To determine the capture and the flat
top frequencies, there are constant frequency patterns
in the memory module, which are derived out with 50 KHz

-clock(T-clock).

The ferrite bias current pattern is given with the
following formula;

I1(B) = -82.506 + 63.851x -11.96x2 + 1.92x3 (4) (4)
where x=f(B) (MHz).
Beam acceleration
Before the beam acceleration test, we have adjusted
the position bias in the AR feedback loop. If the ad-
justment is not correct, the beam will be lost when the

AR feedback loop is turned on. The next step is to ad-
just the strength of the feedback loop on AR and A ¢.
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Fig.2. Outputs of the beam monitors. Upper trace is the
beam intensity, middle trace is AR, and lower trace is
A @ in each picture. Strength of the A ¢ feedback loop
is a) critical damping b) five times of a). Fig.2-c)
shows a corresponding field pattern of the dipole mag-
net.
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As the beam intensity is low, the low pass filter of
1KHz was inserted in the AR position monitor. From this
fact the strength of the AR feedback loop was set at
weak value. About the A @ feedback, the strength of the
critical damping condition was not enough. As shown in
Fig.2, the best strength of the A ¢ feedback loop was
about five times stronger than the strength -of the
critical damping condition. To make the frequency
range, which AR feedback loop corrects, small, the
parameter in Eq.(3) was adjusted. The obtained result of
the correcting frequency is shown in Fig.3. Though the
correcting frequency has been made small, there was the
frequency pattern which could not be corrected with the
parameter in the Eq.(3). This error pattern, which is
large at the beginning of the acceleration, can be at-
tributed to the slow B-clock response.

Conclusion

Using the digital control system with the digital
synthesizer, we could accelerate the HeZt beam from
10MeV/u to 160MeV/u. These energies correspond to the
acceleration frequencies of 1.1 MHz and 4.0 MHz. The
tuning of the control system was very simple and easy to
succeed the acceleration. This is the charactaristic
feature of the digital control system and important in
the medical accelerator. (We have also tested the syn-
thesizer of Anritsu (MG2502B), but we couldn’t ac-
celerate the beam beyond the acceleration frequency of
2MHz.) The acceleration efficiency was about 55%. The
possible reasons of the beam loss are;

1) The low beam intensity which makes large noise
in the beam monitors, which is due to white
noise in the FET of the first amplifier.

2) The RF noise whose effect was enlarged with the
low beam intensity.

3) The B-clock step of 1 Gauss which make the
longitudinal beam emittance growth. (In the
analog system, we can use the filter to smooth
this B-clock step.)

Improving these things with the longer beam monitor
electrode and the B-clock step of 0.2 Gauss in the HIMAC
synchrotron, it will be possible to accelerate the bean
without a beam loss.
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Fig.3 Correcting frequency with AR and A ¢
feedback loops in acceleration. Horizontal scale;
Isec/div., vertical; 4KHz/div.. a) uncorrected

b) corrected.



