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4.1Ⅱ伽roduc吐量ｏｎ

correct scenario・Therefore, the final design was determined not only based on the results of a

解
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4.2 Basic concept

4.2.1 Requirements

枠

僻へ
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Table 1  Required main pai･ameters of the linac.
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Fig.4.1 Required time structure of the bunch. A pulse length is 500 jisec・A repetition rate is 25 Hz.
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4.2.2 Design criteria

1) Stable叩eration with minimum beam losses

紗、

2) Easy tunm窪hr varied peak currents

鯉、

ing this long period, many new ideas for proton linacs were proposed and tested・Although many of
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鯉、

綴
4.2.3 Designｏ脳he linac

in no longitudinal transition and suppression of the space-charge effects.
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1．although beam qualities from all DTL configuration from 3 to 200 MeV is best, its rf-power

2.a transition in an operating frequency at an intermediate energy range is not desirable so long

紳侭
、

problem during acceleration・There are three reasons for the above mentioned character:
１．First, it can be achieved by adopting an SDTL for a medium energy structure. Here, the

…
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for the DTL injection point (section 4.3.9).

4.3 BeamdynamRcs●

4.3.1 Introduction

綴

4.3.2 Choice of the opera吐加窪frequency

In the廿ame work of our peak beam current of about 30 mA ( about 60 mA in the future), our major

mum current in the linac・Therefore, the emittance growth as well as a beam-halo formation in the

rized in Tables 4．3 and 4.4, calculated based on the assumptions as follows:

2. the electroquadrupole magnets with sufficiently strong 1bcusing strength for drift tubes are

僻
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4.3.3 Beams for the input of simulations

transverse emittance of 0.55冗mm.mrad has been obtained・However, we have not yet had the

4.3.4 The medium energy beam雲吐ransport line (MEBT)

4.3.4.ＩDesign of the MEBT綴、

The MEBT plays dual roles in the JHF linac : one is to match the beam廿om the RFQ with the DTL

design the deflector cavity and to provide the field distribution data for TRACE 3-D・The ampli-

綴

As a result, the MEBT is proposed with the total length of about 2､3 m, as shown in Fig. 4.3. The

0.375冗mm・mrad

O､266冗MeV.deg
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chopped beam・The separation between chopped and unchopped beam is 6.6 mm at the dump, as
each of the two RF deflectors has deflecting field of 1.4 MV加.This large separation is contributed

initiated by the two RF deflectors with angle of 5．3 mrad for each and then amplified three times by
the quadrupole. Downstream the quadrupole, the deflection angle becomes 33.1 mrad・Owing to

for transverse beam matching to DTL acceptance.Two bunchers, denoted as G in the figure, can
achieve perfect matching in longitudinal direction・The matched beam phase spaces are shown in

綴

with 10,000 particles・Figure 4.4 shows the RMS emittance variation versus the element of the
beam line・The beam has an RMS emittance growth of 5%, 18% and 11% in x, y, z directions,

御、

4.3.4.2 Chopper Design

MHz has been designed・A lot of MAFIA runs were conducted for optimization of the cavity geom-

4-１１
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length is shorter thanβ入12 in beam passing direction. It gives the benefits in two folds: an increase

解

4.3.4.3 Analysis on the unstable particles
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within the acceptance of the DTL, as shown in Fig.4.6(b) given by TRACE 3-D. So during the

岬、
So they will not become unstable beams・The other two bunches meet the field at 40% and 65%

during transient times, the particles, co汀esponding to 1.6 bunches, will become unstable. This

解、

application of RF deflector and quadrupole amplification・On the other hand, it requires the RF
cavity has a high output coupling coefficient to decease the unstable particle number.Ｔ℃st research
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僻、

the scrapers during transient times was reduced to as small as 0.08% of the total injection beam into

僻

drastically by using a rapid change in rf phase of the input rf power・A preliminary experiment for
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4.3.5 Focusing design
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伊 kxEnx
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Ｅｎｚａ
，

’

一一

X Z

shown in Fig. 4．11, according to the expected values of emittance growths in both phase spaces.

浄
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4.3.⑤Matchm室

ure 4.12 shows the relative growth of the rms and 99% longitudinal emittances du面ng acceleration

beam quality is large in the DTL acceleration [14]・Therefore, it is required not only to consider the
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output beam・Figure 4.13 shows the calculated rms beam sizes in the x-direction for the matched

should be used for the transverse matching・Figure 4・16 shows the relative longitudinal emittance
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4.3.8 EⅢ耐ance growth and beam halos

tial and do not take account of the collision effects・Here, the results of simulations with the colli-

僻

冗mm-mrad and 0､36Lini(0.13冗MeVdeg) were used for a 30-mA injection beam. The longitudinal

comparison with that in the equipartitioning focusing・On the contrary, the transverse

僻
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6) The effects of the free parameter (a) in producing halo-like particle can be observed. It is

癖

three aspects. The first is an intrinsic mechanisms concerning the formation of beam halos・The

the standard deviation of the radial distribution of the output beam・It can be concluded that the

simulation with 48000 particles shows the ratio of halo-particle of order of 10"*～10"-¥ In connection

matching in the injection of the beam but the collision eff℃cts. In order to discuss beam halos of less

僻、
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Table 4．8 Ratio of halo-like particles in the output beam profile calculated with the LINSAC simu-
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4.3.9 The drift tube 1mac (DTL)

The DTL accelerates the beam from 3 to 50 MeV with three tanks・Details of the parameters are
summarized in Table 4.14 in section 4.3.15. Each tank is stabilized with post couplers [17] in order

erating field of 1.6 MV/m is selected, the ratio of transverse and longitudinal focusing strength
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4.3.H0The separated-type drift tube linac (SDTL)

４.since a unit tank of the SDTL consists of several numbers of unit cells, stabilizing devices are

１．the number of unit tanks increases.

to the additional drift spaces mentioned above is about 10%・It is negligibly small.

僻

癖へ

雪雲 雪雲

Fig.4.22 Schematic view of the SDTL structure. The focusing magnets are indicated by squares.
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4.A rather high average accelerating field is chosen for the limited total length of the linac・The

樺
output beam qualities in the linac. The calculated emittance growth with a 60-mA type-B imection
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1%, for each tank±3% and the phase error for each tank±4%. The phase errors for each cell

僻

解、
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4.3.Ⅱ2 Debuncher

The required momentum spread of the imected beam into the ring is Ap/p=±0.1% (full width), and
thus a full energy spread of±0.365 and±0.680 MeV for the output energies of 200 and ４00 MeV,

in the transverse phase spaces was not finely tuned against the space-charge effects. The i可ection

tion (400 MeV, 9７2 MHz).The type-A injection beam was used in the linac simulation. Some

energy and phase in the output beam. Here, random e汀ors of 2% in an accelerating field for each

errors of±2% in an accelerating field both for each cell and each tank, those of±1 % in an acceler-
ating phase for each cell and±3% for each tank were assumed. No errors was assumed in the 50-

僻

A) A debuncher叩eration for a 200-MeV beam

be seen from the table that the a beam廿action of 99.9% is within the energy spread of 0､224 MeV

particle simulation are shown in Figs. 4.31-4.33.It is seen from Fig.4.33 that an energy spread of

解
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4％．

beam-transport line・A peak current of 90 mA was used for the beam-transport simulation with

downstream廿om the exit of the CCL. It increases up to 0.566 MeV at a position of 60 m. Although

position becomes very large (̅120 degrees), and also the effects of nonlinear rf field become large.

僻、

Figures 4．35 shows the variation of spreads of phase and energy along the 400-MeV beam-trans-

port line of 60 m in length for a 180-mA CCL output beam. A debuncher of 2・1 MV is placed at a

Therefore, another debuncher of 0.6 MV is added at a position of 42､5 m. The calculated results are

岬、

ｦ９９恥 )()呪J()％】ｎＯＩ１１ｌｅＤｅと

〕上Ｉ【】１１】と

４８()()（
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Table 4.11 shows the summarized results of the beam-transport simulation・It is concluded that a
momentum spread of±0.1 % in full width can be achieved for both a 30 mA, 200-MeV beam and a

岬、
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mA is assumed・The number of particles is 3200.
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4.3.mPower dividing method for SDTL unit tanks

tank varies from 0､48 to 0.89 MW. Assuming a 3-MW peak power klystron and its best efficiency.

plies two successive SDTL tanks. There are two ways to supply rf power into the unit tank・One is

magic 1℃e or a 3-dB directional coupler to feed each unit tank・Both the DTL and SDTL structures
are driven by 2冗-mode operation, in which the group velocity is zero. Thus, some devices for

DTL structure, additional post couplers can stabilize the field・For SDTL structures connected
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tion test, although the conceptual design is completed as described in 4.5．8. On the other

6. The cost comparison is not easy, requiring detailed, careful study・In the case of two con-

御、

解

characteristics is necessary. The result is described in 4．5.8, since it is a matter of structure. On the

power dividing ratio with zero current and that with 60 mA. In this case, a 2．5%-error in rf power
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4.3.14 UpgradeO価he output energy

解

tion energy of 200 MeV is selected, a frequency multiplication factor of four is possible・Here, two

御、
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4.3.15 OuｍⅧbeam⑪価he JHF 2⑪⑪-MeV linac
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2% in an accelerating field for each cell and each tank and random errors of±3% in an accelerat-
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4.3.16 Summary

mA(H    ions) of 500ﾄtsec pulse duration will be accelerated at a repetition rate of 25 Hz. A future

御、

解、

Tab e 4.12 Summary of normalized emittances and energy spread in the JHF 200-MeV linac.

冗MeV-deg

0 .917 0 .954 (MeV)

冗mm-mrad
0.187/0.805
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7) Acceleration ability for an increase in the peak cu汀ent up to 60 mA is included.
8) Smooth upgrade potentiality up to 400 MeV is considered・The transition energy from

The main parameters for the 200- and 400-MeV designs are summarized in Tables 4､2 in section
4.2.3 and Tab es廿om4・13 to 4.17 in this section.
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