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increases by 55% compared with that of an alternating-periodic structuiBof the on-axis
coupling type・Some technical difficulties in the manufacturing, alignment and cooling

magnets from the drift tubes・A modified design of a high-energy, high-average
cun℃nt 1-GeV proton linac with a continuous-beam is presented・It is pointed out that

the modified linac・On the contrary, they are induced simultaneously at the same spot
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A high-energy, high-average cun℃nt proton linac with a continuous beam has
been proposed､1 In the proposal, an operating frequency of around 400 MHz (432

linac (DTL), and an RFQ linac. A higher fi℃quency in order to increase the shunt

linac with a large transverse acceptance・An alternating-periodic structure (APS) of the

wanhckness between two adjacent cells remains nearly constant in order to obtain
sufficient mechanical sticngth and a cooling channel, and so does the length of the

to tiie accelerating one increases as the energy decreases・Thus, the shunt impedance of
the APS decreases rapidly in a low-energy region・Although a high-frequency
structure, which could have a high shunt impedance proportional to the squaie-root of
theft巳quency, was not chosen in the proposal, it is needless to say that an accelerating

latter is generally lower than the former for a continuous-beam proton linac・As a

taking much cai℃concerning an increase in the maximum su曲ce electric field.

accelerating structu肥．
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２．Separated-type drift tube linac
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energy-type accelerating structure with a high shunt伽pedance. In order to increase the

can be greatly reduced, since the肥ar℃no quadrupole magnets in the drift tubes. The
御

2.2.   Calculation of the unit-cell geometry

is reduced, keeping both the 15-mm bo肥radius and the 200-mm outer radius of the
tank constant・Since the drift tube does not hold a quadrupole magnet, the radius of
the tube can be freely reduced as long as tiie shunt impedance inc肥ases and sufficient
cooling around the surface of the drift tube can be achieved・Figure 1 shows the

length of 35､2 cm, corresponding to a proton energy of 150 MeV・The maximum
surface electric fields ai℃shown in Fig､２.Comparing the results for drift tubes of 25

impedance・The calculated results for the APS are also plotted・It can be seen that the

below 280 MeV・It should be noted that a 59-mm bore radius for the APS gi巳atly
decreases the shunt impedance compai℃d with a similar structure with a 15-mm bore
radius・However, a 15-mm radius of the APS is too small to obtain sufficient rf

解
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CO叩ling through the beam hole between adjacent cells; a bore radius as large as 59 mm

2.3．Comparison of the separated-type DTL with the APS

operating mode; a DTL operates in the 2冗-mode, while an APS usually operates in the
冗/2-mode. Here, the mode name for the APS indicates a phase shift between two
adjacent cells. Therefore, the cell length of the DTL is P入, while that of the APS is
pM, resulting in a difference in the transit time factor (T), where入is the wavelength.
Since the net accelerating energy in a unit-cell length (L) is given by EqTLcos中, where

unit length・Therefore, the average electric field of the DTL at 300 MeV should be
larger than that of the APS by 88% in order to obtain the same accelerating energy・In
this case, the longitudinal focusing strength per unit cell is equal for both structu肥s.

transverse focusing ai℃equal.

perturbations, such as structure imperfections and beam loading､45 On the contrary.
such a character is not expected for DTL 2冗-mode operation・However, since the unit-

灸、

郷、
２．4   Calculation of the separated-type DTL configuration

generate a冗/2-mode proton linac and to simulate three-dimensional beam behavior,

JapaneseHadronPrQject(JHP).７Somemodificationswereaddedinordertocalculate
the 2冗-mode structure for the DTL-type high-p structure. A doublet focusing scheme
between two tanks was adopted in the calculation. The results ai℃summarized in Table

duty factor) is also shown for a comparison. The Unacs were designed with a const加t-
pstructure, keeping the unit-cell length in a tank constant・The max加um phase slip
from the stable rf phase within a tank is only -2.4 for the DTL; this is negligibly
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small・As can be seen from Table 2, the average effective shunt impedance of the DTL

FigⅢE4 shows the length of the accelerating structure and the rf excited power

(En).This is useful for considering the cost optimization problem, depending on the

3．Modified design of the 1-GeV continuous-beam proton

岬、

summarized parameters of the modified design・Table 4 shows the results of a

fabrication of the separated DTL is very simple・In addition, it is very easy to align the

accuracy is reduced by more than one order・This is also true for the alignment of

problem for a continuous-beam proton linac，Owing to the simple structure, the
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effects on the beam dynamics・Generally speaking, a sudden transition in the focusing

viewpoint of beam quality in a high-energy part・The originally proposed scheme,
using the same frequency for all accelera伽g structures from 3 MeV to 1 GeV, cures

operating frequency・A factor from three to five has usually been selected. However, a
sudden transition in the longitudinal focusing force, due to a change in the opera伽ｇ
mode from 2冗to 71/2, remains・Therefore, sudden transitions in the focusing forces,

for the originally proposed design・Upon introducing the separated DTL, a sudden

while that for the transverse focusing force remains at an energy of 150 MeV・Further

The separated DTL scheme can be applied to a low-energy structui巳below 100

' “

proposed for a continuous-beam proton linac・The average effective shunt impedance

CO叩ling type・Some technical difficulties in the manufacturing, alignment and cooling

current 1-GeV proton linac with a con伽uous-beam is presented・It is pointed out that

the modified linac・On the contrary, they are induced simultaneously at the same spot
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APS structures・An average accelerating filed is chosen so that the
accelerating energy per unit length may be equal fbr both structures.
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Fig.2 Maximum surface electric field of the DTL versus radius of the drift tube at a
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Fig. 5 Modified scheme of a 1-GeV con伽uous beam proton linac.
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