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Abstract 2 INDUCED FIELDS
In order to accelerate high-intensity beams at the 12-
GeV proton synchrotron complex at KEK, the 40-MeV
proton linac has been successfully operated as an inject8
The 40-MeV proton linac consists of two tanks. Recently”,1
an acceleration of chopped beams has been tried to obt
good transmission from the Booster to the 12-GeV mai
ring. We thus measured the fields induced by choppé
beams in the second tank, where the accelerating field9

stabilized by post-couplers. The effects of the induced RL 000 dBm
field on the longitudinal motions have also been observed. CATTEN 0B T

. . 1000 dBDIV e ' d bes
In this report, the measured results are described. i ' “at the frequency of 1.165 MHz

Nominal beams accelerated by the proton linac have
ply the frequency components of (driving frequercy)
nd a small fraction due to the phase spread. However,
opped beams have many frequency components, like
riving frequency)x n + (chopping frequency¥ m and
e fraction. Figure 1 shows the frequency components of
opped beams accelerated in the first tank at KEK.

1 INTRODUCTION

The KEK 40-MeV Proton Linac has worked very well
to supply beams to the 500-MeV Booster Synchrotron
since the upgrade from the accelerating energy of 20-
MeV to 40-MeV. Recently, an increase in the beam
intensity of the 12-GeV Proton Synchrotron is required LA
for experiments about neutrino oscillation. It is thus very ‘
important to accelerate beams with good quality and high ST VT NN SOUS SOOI RN SO NTO OV SO
. . . . CENTER 201.00 MHz SPAN 20.00 MHz
intensity. Therefore, at first, we arranged a beam-monitor RB 100 kHz VB 10.0 kHz ST 335.5 sce

system and then improved the control system, the RlI::ig. 1 Frequency components of chopped beams.

source for a prebuncher and the RF-source for :

. hopped beams were produced by using a beam-
debuncher system [1]. The effects of the tuning proceduE o;l)ogJing system developgd at KEK. yAn avgrage beam
of the linac on the transversal motions have been studi ensity was about 8 mA. The post-1 and TM0O12-modes
[2]. Otherwise, a beam-chopping system [3] has be&fere excited by the frequency components of (a) and (b),
developed and the acceleration of chopped beams hagpectively.

been attempted in order to control the bunch shape in the ) )
Booster. Furthermore, the proton linac comprises many tanks,

At KEK, a 200-MeV proton linac for the JapaneseeaCh of which also has many resonance modes, like the
Hadron Facility (JHF) has been designed [4]. The maihM and TE modes, and which must accelerate long-pulse

features of the linac are a high peak current, a hidﬂgh intensity beams with good quality. Therefore, when
average current, a high duty factor and a higﬁUCh beams_ pass through a tank and the _beam-frequency
performance for beam-loss problems. Therefore, an REOMPONent is near to a resonance mode in the tank, the
source with high specifications must be fabricated, whef80de would be strongly excited by the beams.

we must guarantee that the accelerating field is stabilized N 9eneral, such a field would be given by [3]

TR T e
LT =

within about+1% in amplitude and within aboul® in =0y {exp(-iQ )-exp(x3t2Q)}

phase. In this linac, also, the acceleration of chopped x exp{j(qtﬂpb)}cos(nz/L). (1)
beams with a micro structure and a long-pulse hight e o = coefficient which is dependent upon
intensity is required to paint the linac beams onto the parameters regarding to thenode,
longitudinal phase space in the next accelerator. | = beam-frequency component of beam bunches,

We think that in the near future chopped beams with a !
= |-mode frequency,

high peak current can be accelerated in a proton linac. we® =
thus measured the fields induced by chopped beams anmI = (TMO010 mode frequency) +-mode frequency),

those_effects on the longitudinal motio_ns. In this reportwe o = otg] Q for thd-mode,
describe the results measured with chopped beams! )
produced by a beam-chopping system. @, = accelerating phase angle,

L= tanklength =12.84 m.
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Thus, the total field in the tank is given by the followinginduced field and the frequency components, as shown in

superposition, Figure 3. The measured results show that the higher post-
E = %exp(jux) +2 EbI modes would be not strongly excited by the beam-
_ Eoexp(jux) X + Y}, @) frequency component.

Therefore, the phase shift relative to the driving field i$-2 Effects of the induced field on the
Y/X and wiggles with a frequency @f)—oq which would longitudinal motion

correspond to the chopping frequency. We can then Though an average_intensity.of the chopped beams
estimate a phase shift of aboudt where the ratio of the was about 8 mA, thg rayo of the field strength of the post-
induced field to the driving field is assumed to be about 1 mode to the main field strength (.201'07 MHZ) was
40 dB. A variation of the phase shift due to the induceaboUt -43 dB, as can .be seen n F'g'. 2. This ratio is
field is larger than a phase stability of aba@t required compar;';ltt))le to ﬂ;}e rapo Of. thef ffld induced by the
for stable operation of the JHF proton linac. At the KE homlntz? kea;]m W;]t an mtelnsnydo a O.Ut .130 m_Ah[5].f\f/Ve
proton linac, the driving frequency is 201.07 MHz and th us think that the post-1 mode excitation might aftect

chopping equency issbout 2.2 i, wic s near to 12, P91IANS, Tl of e beane, Thereore ve
post-2 mode in the second tank. u P P

beam positions (1) and (2) and on conditions whether the
mode has been excited or not, as shown in Figures 4a and

3 MEASUREMENTS b

31 FleldS lnduced by Chopped Beams at KEK Dependences of the induced field upon the mode

The second tank has 17 rf-loop monitors for checking 10
the field distribution of the accelerating modes. Thus, the e
TMO1n-like mode has only been observed by using those
loop monitors. At first, we measured fields induced by
chopped beams in the second tank as variations of the
chopping frequencies. Figure 2 shows the relation
between the chopping frequency and the induced field.
The measured frequencies of all the modes are consisten S N
with the frequencies given in Reference [6]. All of the
modes were determined by measuring the field
distributions along the second tank. The strength of the component of bunched beams injected into the
induced field depends upon the frequency components of g0 -qnd tank. Higher modes of the post-type modes
the beam bunches injected to the second tank and theyre weakly excited. However, the TMO1n modes
operational phase between the first tank and the secondyre gimost equally excited.
one. We measured the ratios between the strength of the
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Fig. 3 Ratios of the induced field to the frequency

i . The measured results are
Measurements of fields induced by chopped beams shown in Figures 5, 6 and 7.
g o 00st5 Fig. 5 shows that the field
o -25 e post: levels of the post-1 mode are
g— :gg N bpost-4 dependent on the operational
o 40 XA % A + 4 post-3 phase between two tanks. We
= S F +post-2 could observe some
5o LK o Yo el I [ [ FE | . )
3 s % oy xpost-1 | differences in those
- & ol 5 é + o TMO11 dependence between the
&3’ 70 f 2 y 1 i I e ATMO12 post-1, post-2 and TM-
2 alil ° .4 oTMoiz | Mmodes. _
1 114 12 13 14 15 16 1.7 18 1.9 2 21 22 23 oTMO014 a_CCFel|ge.|’a6tesdhOY\|f]S t:;]ee er;eel;;g;?"sj
[
. tank under conditions of
chopping frequency (MHz . o
pping req y( ) different excitation levels of

. . , i ] the post-1 mode. We thus
Fig. 2 Relation between the chopping frequency and the induced field. We gnclude that the average

measured the field distributions using 17 rf-monitors installed along the secondenergy would be independent
tank, and then determined all modes of the measured fields. In our case, the postt the induced field levels.
2 mode is excited because the rf-frequency in Booster is about 2.2 MHz.
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We can see variations of the acceptable phase areas in

Fig. 7, which were measured at different beam positions R?ﬁ:i;}::ffﬁel?:nf-:upc::sf:eld

and under different conditions of excitation levels of the = 25

post-1 mode. We can now conclude that the field induced %3 -30 ks a0 %0 o
by chopped beams in the tank might disturb the ;g: 35 05 S 8

longitudinal motion of beams, and then narrow the g o > L L e
acceptable phase area. Hence, it would be very important e

to study the relations between the resonance mode of the El Gl

tank cavity and the chopping frequency. Next time, we = B 3 40 % 60 70 8 0 10
will study the induced fields, like the TE-modes and their o post-Lon
effects. Phase between two tanks (degree) ~ ©PostLoff

Fig. 5. Relation between the field level of the
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Acceptable phase area to the second tank near
the post-1at the beam position of (1)
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Fig. 4-a; “on-mode” Fig. 4-b; “off-mode”
In Fig. 4, the conditions are given for when we
observed the effects of the induced field on the
longitudinal motions. Both 91) and (2) are the beam
positions measured on a long beam pulse. We selected
these positions while considering that the strength of the
induced field would increase exponentially.
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Fig. 7. Acceptable phase area on the second tank. The
results measured at the beam position of (2) show that
the variation in the acceptable phase area strongly
depends on whether thast-1 mode is excited or not.
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