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4.1 Introduction

A 200-MeV proton linear accelerator for the JHF has been designed [1]. It was done on the basis of
the accumulated knowledge of construction and operation of the 20-MeV linac at KEK since 1974,
the energy extension up to 40 MeV in 1985, research and development of a high-energy, high-
intensity proton linac for JHP since 1987 [2] and a large amount of advances in beam-dynamics
issues and accelerating structures during past three decades of years in the world. The main features
of the requirements for the linac are a high-peak current, a high-average current and a high-duty
factor. A peak current of 30 mA (H ions) of 500 psec pulse duration will be accelerated at a
repetition rate of 25 Hz. The expected average current will be 200 HLA at the beginning, and nearly
1 mA in the future. These parameters strongly require the best ability of the total system as well as
each device of the linac. In addition, since it is to be used as an injector into the following 3-GeV
rapid-cycle synchrotron, supplying beams for many kinds of scientific studies, stable operation
with the required beam quality during many years is the most important and necessary character of
the linac. In order to construct and operate the linac with such a high quality, the design concept is
crucially important. Also, details concerning the design and construction of each accelerator com-
ponents are important. They would exhibit their best ability if they were to be used according to an
correct scenario. Therefore, the final design was determined not only based on the results of a
beam-dynamics calculation, but also by careful studies of the accelerating structures, rf devices,

and tuning and operation methods.

The linac consists of a 3-MeV radio-frequency quadrupole linac (RFQ), a 50-MeV drift tube linac
(DTL) and a 200-MeV separated-type drift tube linac (SDTL)[3]. A frequency of 324 MHz has
been chosen for all of the rf structures. A future upgrade plan up to 400 MeV is also considered, in
which annular-coupled structures (ACS) of 972 MHz are used in an energy range of above 150 or
200 MeV. There are three distinct features in the design.

The first is its stable operation with high performance for a beam-loss problem during accel-
eration. It can be achieved firstly by adopting SDTL for a medium energy structure. The space-
charge effects in SDTL decreases compared with those in CCL in an accelerator complex (DTL
and CCL) with the same transition energy (section 4.2.3). Secondly, the longitudinal transition at a
rather high-energy range decreases the effects of nonlinear problems related to acceleration in the
CCL. Thirdly, the coupled envelope equations and the equipartitioning theory are used for the

* For section 4.1 to 4.3, serial numbers are used for figures, pages, tables and references . The

reference list is added after section 4.3.16.
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focusing design, resulting in a smaller amount of emittance growth in longitudinal phase space
and a smaller ratio of halo formation @gect_ion 4.3.8). Finally, up to an energy of 200 MeV, there is
no longitudinal transition, which often causes beam losses in the high-energy accelerating part.
The second is its total high shunt impedances. The adoption of the SDTL structure improves
both the effective shunt impedance and difficulties in fabricating drift tubes with focusing magnets.
The third is an adoption of klystrons for rf power sources for all of the accelerating structures,

resulting in more reliable and easy-handling rf systems.

4.2 Basic concept

4.2.1 Requirements

The required main parameters for the JHF proton linac are listed in Table 4.1. The construction plan
of the linac consists of two stages. In the first stage, a linac of required minimum ability, which can
satisfy the injection-beam parameters of the following ring, will be constructed. An upgrade of the
linac is being planned from the beginning, and will be gradually performed in order to increase the
average beam current based on the accumulated experience of beam acceleration during operation.
Negative hydrogens, instead of protons, will be accelerated because of the requirement from the
injection scheme into the following ring. This imposes severe restrictions on the beam properties
from the ion source, and characterizes the total linac system, since a rather lower peak beam current

and a longer pulse length are assumed for an H beam compared with proton acceleration.

An output energy of 200 MeV is required in the first stage of construction. An upgraded energy of
400 MeV is planned for the future. A peak current of 30 mA with a pulse length of 500 psec at a
repetition rate of 25 Hz is required in the first stage of construction. There is a future plan to have a
peak current of 60 mA, a pulse length of 500 usec and a repetition rate of 50 Hz. The energy spread
of the output beam can be controlled to meet the requirements by using a debuncher cavity located

a few tens of meters downstream of the exit of the linac.

In order to reduce beam losses after injection into the ring, a fast beam chopper in a low energy
region is required. The required time structure of the beam is shown in Fig.4.1. Fast rising and
falling times in a pulsed deflecting field are required from the viewpoint of beam losses along the
accelerator, since a fraction of the beam during rising and falling times becomes unstable. If beam
losses of about 1% along the linac is allowed, the maximum allowable number of unstable micro
bunch during a chopping period of 500 nsec is two. It means that the required rising and falling

times are about 3 nsec, corresponding to an rf period of 324 MHz.

The total length of the linac imposes an important boundary condition on the design of the total
system. The available length of 200 m for the maximum output energy of 400 MeV requires an
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Table 1 Required main parameters of the linac.

Initial requirement  Final goal

Particles H H

Output energy 200 400 MeV
Peak current 30 60 mA
Beam width 500 500 psec
Repetition rate 25 50 Hz
Average current 200 800 LA
Length <150 ~220 m
Momentum spread +0.1 0.1 %o

average accelerating energy gain of 2 MeV/m, which seems to be rather high compared with those

for conventional accelerators; the LAMPF value is 1 MeV/m.

Finally, the other important requirement, which is not listed in the Table 4.1, is to achieve stable
operation with minimum beam losses in the acceleration of the required current. Although it is
difficult to estimate these properties in terms of the figures, our machine should always be de-

signed, constructed, commissioned and tuned from these points of view.

40 msec

< >

500 psec 500 psec
< > < i

2272 nsec 278 nsec

Fig. 4.1 Required time structure of the bunch. A pulse length is 500 usec. A repetition rate is 25 Hz.
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4.2.2 Design criteria

Within the framework of satisfying the requirements, our criteria for designing of the linac are as

follows:

1) Stable operation with minimum beam losses

The JHF linac should be designed and constructed with appropriate margins for beam losses in
order to achieve a stable and reliable operation of the total system, including the accelerating struc-
ture, rf power supply, water-cooling system, vacuum system and monitor and control system. An
accurate beam-dynamics simulation code, including both an accurate electromagnetic field distri-
bution in the acceleration process and a direct three-dimensional space-charge calculation, is used
for determining the main parameters of the linac from the viewpoints of not only the rms properties
of the beam, but also the behavior of the halo-like particles around the core-part of the beam.
Focusing along the linac is performed based upon the theory of the coupled envelope equations as
well as equipartitioning theory. It is a useful method from the viewpoints of obtaining a good beam
qualities with the space-charge effects and tuning the emittance growth in the transverse and longi-
tudinal phase spaces (section 4.3.8). Here, a beam with balanced properties, between the core and

halo part, and between the transverse and longitudinal qualities, is called a good one.

2) Easy tuning for varied peak currents

One of the important problems in a high-intensity linac is to establish an effective tuning method
for various peak beam currents, since the beam-loss problem often becomes serious when the peak
current increases. Therefore, it is required to tune the transverse focusing forces freely for all rf
structures in order to compensate for any space-charge effects, which in turn determine the highest
possible frequencies for the DTL structure. In order to satisfy the requirements, beam diagnostics
systems, carefully prepared along the linac, are crucial. Moreover, in order to obtain reliable beam
data which can be compared with the calculated results, it is also crucial to construct accelerating
structures and to align them within the required accuracy on the basis of the calculation. It is thus
pointed out that it is important to understand the fact that the accumulation of each part of the linac,

accurately designed and fabricated, can make the linac reliable and stable.

3) Positive adoption of new ideas and devices

A long time has passed since the first-generation high-energy proton linacs were constructed. Dur-

ing this long period, many new ideas for proton linacs were proposed and tested. Although many of
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them were dismissed, some proved to be valid for the future linac technology. Therefore, it is a

reasonable way to take these new ideas and devices into our design positively.

4) Easy maintenance after construction

The accelerator will supply beams for various scientific research groups for more than ten years.
During the long-term operation, many elaborate efforts to maintain and improve the ability of the
linac will be required. Thus, the ease of maintenance and modifications should be taken into ac-
count during the first design. Although it is difficult to represent these characteristics by figures, the
design should be performed on the basis of this criterion.

5) Minimum cost

Everyone knows the importance of low-cost construction. However, cost estimations have difficul-
ties in the sense that each designer sets his own boundary on the total-cost estimation. Therefore, it
could be possible to construct accelerating structures with minimum cost and with maximum cost
for future improvements and modifications. Generally speaking of accelerating structures, although
it is possible to improve one of the rf properties greatly, it usually sacrifices other properties, which
become serious problem in some cases. Therefore, more careful studies are required whenever a
new idea is extremely superior concerning one of the properties. Thus, our cost optimization should
be performed based upon the following criteria:

1) a simple accelerator structure, both in rf properties and mechanical structure, is desirable,

since it leads to reliable and stable operation with the total minimum cost finally,
2) including not only the initial and directly required cost, but also the expected future costs

for both maintenance and improvements.

4.2.3 Design of the linac

According to the criteria mentioned above, a 200-MeV proton linear accelerator has been designed.
It consists of a 3-MeV RFQ, a 50-MeV DTL and a 200-MeV SDTL. A future upgrade plan up to
400 MeV is also included, in which a 972-MHz ACS are used in an energy range of above 150 or
200 MeV. The design is summarized in Table 4.2 and shown in Fig. 4.2. The features of the design
are as follows:
1. a frequency of 324 MHz has been chosen for all of the rf structures up to 200 MeV, resulting
in no longitudinal transition and suppression of the space-charge effects,
2. an SDTL has been chosen in an energy range from 50 to 200 MeV, resulting in the higher
effective shunt impedance,
3. a 3-MeV RFQ has been chosen, resulting in an adoption of electroquadrupole magnets for the
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following DTL with sufficient focusing forces,

4. a transition energy of 150 or 200 MeV from the SDTL to the ACS has been selected, and

S. the klystrons are used for all of the accelerating structures.

The main procedures for the final design above mentioned are as follows (details are de-
scribed in ref. [1]):

1. although beam qualities from all DTL configuration from 3 to 200 MeV is best, its rf-power
efficiency and construction cost are not very well,

2. a transition in an operating frequency at an intermediate energy range is not desirable so long
as an output energy is less than 200 MeV, since beam qualities become worse, the total rf-
power efficiency is not high and cost performance regarding two kinds of rf power sources is
not good.

3. although beam qualities are not better than those in all DTL configuration, they satisfy the
requirements, and moreover, the final design with an output energy of 400 MeV is superior in
if efficiency and cost performance to any other schemes.

One of the design characteristics is its stable operation with high performance for a beam-loss
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
frequency of SDTL is the same as that of DTL. Considering a complex of DTL, SDTL and
CCL (coupled cavity linac) of a multiplied frequency, there is a transverse transition from
DTL to SDTL and a longitudinal (frequency) transition from SDTL to CCL. On the contrary,
both the transverse and longitudinal transitions occur at the same place for a complex of
DTL and CCL. It is normally considered that the rate of phase damping in CCL is larger than
that in SDTL because of a difference in energy-dependence of the transit time factor. There-
fore, the volume of the bunch in SDTL is larger than that in the CCL, assuming that the same
transition energy from DTL. Thus, the space-charge effects in SDTL is weaker than that in
CCL. In addition, a longitudinal transition in a complex of DTL, SDTL and CCL occurs at
a rather higher energy (150 or 200 MeV) . Therefore, the bunch length of the SDTL output
beam is sufficiently short that the effects of nonlinear problems related to acceleration in the
CCL decreases in comparison with a complex of DTL and CCL. The characteristics men-
tioned above were confirmed using an accurate beam-dynamics simulation code [4], includ-
ing both an accurate electromagnetic field distribution in the acceleration process and an
direct three-dimensional space-charge calculation.

2. Second, the equipartitioning focusing method is used, resulting in three features in beam
behavior as follows. First, a less amount of emittance growth in longitudinal phase space can
be expected (section 4.3.8), compared with that in a constant transverse phase advance fo-
cusing . Second, a smaller ratio of halo formation can be expected (section 4.3.8). Third, a

transverse rms beam size does not change abruptly at the transition from DTL and SDTL,
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Table 4.2 Parameters of the JHF 200-MeV proton linac (DTL and SDTL).

DTL SDTL
Frequency 324 324 MH:z
Injection energy 3.0 50.1 MeV
Output energy 50.1 200.0 MeV
Length (structure only) 27.0 65.8 m
Length (including drift space) 28.5 923 m
Number of tank 3 31
Number of klystron 3 14
Rf driving power 39 16.7 MW
Total rf power (30 mA) 5.3 21.2 MW
Total length 122.2 m
Total power (30 mA) 26.6 MW
Peak current 30 mA
Beam width 500 Lsec
Repetition rate 25 Hz
Average current 200 LA
chopping ratio ~0.56

JHF 200-MeV PROTON LINAC

25 Hz (50 Hz) 122.2 m
500 usec

30 mA (60 mA) .
200 1A (800 pA) 28.5 m 92.3 m

-

[y

Y

Y

Ion source H RFQ H DTL SDTL

(324 MHz)

} } } }

S0keV 3 MeV 50 MeV 200 MeV

5.3 MW 21.2 MW

Fig. 4.2 Schematic view of the JHF 200-MeV proton linear accelerator.
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since the rms beam size becomes large at the end of DTL.

3. Third, a sufficiently large longitudinal focusing force at the DTL injection point, compared
with the transverse focusing force, is achieved by selecting a rather high accelerating field
for the DTL injection point (section 4.3.9) .

4.3 Beam dynamics

4.3.1 Introduction

The purpose of the beam dynamics calculation is to find the optimum parameters of linac from the
viewpoints of both the rms properties of the output beam and behaviors of the halo-like particles
around the core part of the beam. It is also important and stressed that the obtained parameters are
rational from the viewpoints of fabrication and operation. We are apt to forget these points since the

devices with higher ability and efficiency is usually more attractive.

4.3.2 Choice of the operating frequency

In the frame work of our peak beam current of about 30 mA ( about 60 mA in the future), our major
concern is how to obtain a beam of good quality without beam losses, instead of finding the maxi-
mum current in the linac. Therefore, the emittance growth as well as a beam-halo formation in the
both transverse and longitudinal motion along the linac becomes a main beam-dynamics issue. A
choice of the operating frequency is closely related to the above mentioned issues via space-charge
effects. Comparison of the accelerator parameters for various operating frequencies are summa-
rized in Tables 4.3 and 4.4, calculated based on the assumptions as follows:
1. a zero-current transverse phase advance of 60 degrees with FODO focusing scheme,
2. an optimum radius of beam hole varies in proportion to square-root of wavelength, and
3. the same accelerating field for all frequencies, assuming a relatively high duty factor linac,
where the accelerating field is mainly determined by rf power dissipation in the structure.
A frequency of 324 MHz is selected for the following reasons:
1. the space-charge effects are greatly reduced compared with a conventional frequency of 200
MHz,
2. the electroquadrupole magnets with sufficiently strong focusing strength for drift tubes are
possible on the assumption of a 3-MeV RFQ,
3. a 3-MeV RFQ of a single tank is possible,
4. a klystron is possible with some modifications from that at a frequency of 350 MHz, and
5. an ACS for a high-J structure is possible assuming a frequency multiplication factor of three.
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Table 4.3 Accelerator parameters for various operating frequencies.
Frequency 201 300 324 350 432 MHz
Emittance(90%)  0.15 0.15 0.15 0.15 0.15 mtcm-mrad
(normalized)
Eacc 2 2 2 2 2 MV/m
Beam radius 245 1.85 1.77 1.69 1.47 mm
Ad 6.4 8.5 9.0 9.6 11.6 degree
B' 433 96.5 112.6 131.4 200.2 T/m
. 60 60 60 60 60 degree
o, 424 50.0 51.1 52.2 544 degree
o, /o] 0.71 0.83 0.85 0.87 0.91
I, 0.50 0.31 0.27 0.24 0.18
EGF 5.0 2.3 1.9 1.6 1.1 %

EGF: emittance growth factor due to the field energy of the bunch of Gaussian distribution.

Table 4.4 Parameters related to transverse focusing vs. frequencies in a 3-MeV injection into

the DTL. FODO focusing scheme with a phase advance of 60 degrees is assumed.

Frequency
MH:z

201

300

324

350

432

Cell length B,
mm m
119.0 0.395
79.7 0.264
73.8 0.245
68.3 0.227
55.4 0.184

Bore radius Q-mag radius B'

mm

9.37
7.67
7.38
7.10
6.39

mm
11.37
9.67
9.38
9.10
8.39

T/m
434
96.7
112.7
131.6
200.4

Bsurface
kG

4.94
9.35

10.6
12.0
16.8
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4.3.3 Beams for the input of simulations

It was reported [5] that the 3-MeV, 432-MHz RFQ at the test stand at KEK accelerates a 13.2-mA
beam with a transmission efficiency of 82.5% and with an emittance growth ratio of 34%: a 90%
transverse emittance of 0.55 tmm.mrad has been obtained. However, we have not yet had the
accurate information on characteristics of a 30-mA, 3-Mev beam from an RFQ of 324 MHz. There-
fore, we have prepared two kinds of injection beams of different emittances (Table 4.5) in order to
consider the beam behavior from a broad perspective. The injection particles are generated ran-

domly in a six-dimensional ellipse.

4.3.4 The medium energy beam-transport line (MEBT)

4.3.4.1 Design of the MEBT

The MEBT plays dual roles in the JHF linac : one is to match the beam from the RFQ with the DTL
acceptance in 6-D phase spaces; another is to chop the macropulse for beam injection to the ring.

To accomplish the two tasks, the beam line consists of quadrupoles, bunchers and choppers.

TRACE 3-D [6] is applied in the beam line design. In order to describe the beam deflection behav-
ior, TRACE 3-D has been modified to include a new element: RF deflector. This subroutine fol-
lows the reference particle offset by the transverse electric and magnetic fields of RF deflector, and
meanwhile transports the beam with longitudinal coupling of different phase of the beam bunch to
the deflecting angle, which increases the emittance in the deflecting plane. MAFIA [7] is used to
design the deflector cavity and to provide the field distribution data for TRACE 3-D. The ampli-
tude distribution of the deflecting electromagnetic field along beam line is read into TRACE 3-D
for field generation. In this way, the fringe E and B fields of the electrode can be taken into account,
which partially compensates the deflecting efficiency. In the MEBT design, unchopped beam

quality conservation and high deflection efficiency for RF deflector are always pursued.

As aresult, the MEBT is proposed with the total length of about 2.3 m, as shown in Fig. 4.3. The

Table 4.5 Two kinds of injection beams used for the simulations.

Type A Type B
rms transverse emittance 0.187 0.375 mmm.mrad
rms longitudinal emittance 0.133 0.266 nMeV.deg
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up-left plots in the figure represent the input beam phase space for Type A injection beam in Table
4.5. In the beam profile plot at the bottom of the figure, the beam-centroid offset in x direction by
RFD is depicted by the dark cross line. The beam dump will be positioned at the element 18 for
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/m. This large separation is contributed
from not only the two RF deflectors, but also the fourth quadrupole, element 16. The deflection is
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
this reason, the RF deflector requires no much RF power for adequate deflection. The first three Q
magnets can be adjusted for a small beam profile in x direction at the fourth Q magnet, aimed at a
little defocusing for beam envelope but larger defocusing for the beam centroid. And they should
also keep the beam envelope not too large in y direction. The final four Q magnets can be adjusted
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

the up-right plots of the figure.

Beam emittance growth for the unchopped beam is studied by means of PARMILA [8] simulation
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,

respectively.

The same beam line can also be used for Type B with beam current of 60 mA and double initial
emittances in each direction. Only very little adjustment is necessary for large deflection and match-
ing. For Type B, higher deflecting field of 1.8 MV/m is needed to generate 5.9 mm separation, due
to the fact that the beam envelope is larger than that in Type A. PARMILA run shows the emittance

increases 4%, 16%, 16% in x, y, z directions, respectively.

In the MEBT, sufficient space is available for beam diagnostics and mechanical connection of the
transport elements. It is necessary to measure beam emittance during a long term operation. To do
this, the drift space of element 17 is long enough for the insertion of a bending magnet, which leads
the beam to a diagnostics beam line. The parameters of MEBT are listed in Table 4.5.4 and plotted
in Fig. 4.5.22 in section 4.5.6.

4.3.4.2 Chopper Design

RF deflector is very compact and can provide a high deflecting field. Owing to these characteris-
tics, an adequate deflection can be obtained in such a short beam line. An RF deflector of 432 MHz
for JHP was designed and a test model was made [9]. In the present MEBT, RF deflector of 324
MHz has been designed. A lot of MAFIA runs were conducted for optimization of the cavity geom-

etry. Because the required RF power P is inversely proportional to R /Qo, with Rs being transverse
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Fig. 4.3 TRACE 3-D output of the MEBT for Type A. In the up-left are the input beam phase
spaces and in the up-right is the matched beam with DTL. The bottom are the beam profiles in z, x
and y directions, respectively. The dark line traces the beam-centroid offset by the two RFDs.

shunt impedance and Qo being unloaded quality factor:

V2

P=——

°( )

for a rising time T and certain deflecting voltage V, the geometry should have Ry/Qg as large as

possible for low power and short rising time. A cavity geometry is found with R= 4.7 MQ, Q¢=
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Fig.4.4. RMS emittance growth vs. the beam line elements

10,650. To get a rising time less than 10 ns, the cavity should have the loaded Q. about 10. There-
fore the required RF power for the RF deflector in Fig.4.3 is reasonably 21 kW. If higher power is
fed, the rising time can be reduced more while keeping the same deflecting voltage. Of course, the
capability of the coupler for larger Q. needs further study. In this cavity, the deflecting electrode
length is shorter than BA/2 in beam passing direction. It gives the benefits in two folds: an increase
in Ry/Qq; the fringe field with high amplitude near the electrodes is in phase with that of the beam,
making use of the fringe field positively. The field distribution in the cavity is given in Fig. 4.5(a),

which is used for the calculation in Fig.4.3.

The dependence of the separation between chopped and unchopped beams at the beam dump on
the RF power of the RF deflector is almost linear, as shown in Fig.4.5(b). Generally, the deflec-
tion is scaled to the square root of the power. But in this design, the deflection at beam dump is

enlarged by the quadrupole and hence a linear relation appears.

4.3.4.3 Analysis on the unstable particles

It is very crucial for the chopper to have the unstable particles as few as possible during RF rising
and falling time. It is noted that the beam will not totally become unstable particles during transient

time because the scraper at element 18 in Fig.4.3 is capable to stop some part of the particles in a
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beam when RFD field is not at its full amplitude. To investigate the unstable particle during tran-
sient time, PARMILA simulations with 5000 particles in uniform initial phase space are conducted.
A particle scraper with width of 10 mm in x direction is positioned at element 18. As the RFD field
increases toward its full value 1.4 MV/m, the unstopped particle ratio in a bunch declines, as shown
in Fig.4.6(a). According to the simulation on transient duration given in Fig.4.7(b), there are four
micro-bunches during rising-time and two in falling-time. The bunches meet the field amplitude as

denoted by arrows in Fig.4.6(a).

When the field is more than 80% of the full value, the particles are almost totally stopped by the
scrapper in Fig4.6(a). On the other hand, as the field is less than 30%, the unstopped beam is still
within the acceptance of the DTL, as shown in Fig.4.6(b) given by TRACE 3-D. So during the
field-variation time from 30% to 80% of the full value, the beam will become unstable. But, a part
of the beam particles is unstable, because some of them can still be stopped by the scraper.

During rising time there are four bunches. Two of them meet the field at 10% and 85% amplitude.
So they will not become unstable beams. The other two bunches meet the field at 40% and 65%
amplitude. They partially contribute to the unstable particles. For the bunch at 40% field, the un-
stable portion is 78% of the bunch particles and for the one at 65% field, the portion becomes 25%
of the bunch particle distribution. Therefore, totally the particles in one bunch will become un-
stable during rising time. In the falling time there is only one bunch, subjected to the field of 50%,
after the RF phase is reversed, as described in Fig.6.7(b). The following bunches meet field less
than 10% amplitude. So only 58 % of particles in the one bunch will become unstable. Totally
during transient times, the particles, corresponding to 1.6 bunches, will become unstable. This
means that the equivalent rising/falling time is less than one rf period (3.1 ns) if the rising/falling
time is defined as the duration during which the beam becomes unstable. In other words, the ratio

of unstable particles to total one is 0.99%.

Although the chopper with RF deflectors shows a good performance according to above calcula-
tions, there are still some issues calling for further investigation:
1) The errors in DTL subtract the acceptance, and hence the unstable particle fraction may
increases;
2) Although the beam, kicked by a low deflecting field during transient times, can be accepted
into DTL, the beam quality is not good and some particles may experience some nonlinear

field in DTL, and then may be lost during acceleration.

This design is characterized with the compactness and high deflection efficiency owing to the
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. Test research

will be conducted on this issue in future.
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Fig.4.6(a) The unstopped particles ratio in one bunch vs the deflecting field variation, from
PARMILA multiparticle simulations. Arrows stand for the bunch distribution

during RF rising/falling time.
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