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Abstract

This paper describes a parameter optimization of the JLC
positron source design by detailed particle tracking simu-
lations. The design parameters are modified from those of
the previous JLC design study [1], considering the energy-
density limit of the converter-target damage and the recent
change in the specifications, especially the twice increase
of a charge intensity of a beam pulse [2]. It is shown that
a multiple target system to share the deposition energy is
inevitable and at least three targets are necessary to yield
sufficient positrons within the energy-density limit.

INTRODUCTION

The design of the JLC positron source [1][2] is based on
a conventional scheme of positron production using high-Z
material target irradiated by a high-energy electron beam as
shown in Fig.1. A combination of a pulsed solenoid (flux
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Figure 1: JLC positron source

concentrator) and DC solenoids is used for the transverse
phase space matching. The solenoid field is varied slowly
from 7.0 T to 0.5 T to achieve an adiabatic matching so as
to have a wide energy acceptance. A long flat solenoidal
field of 0.5 T extends in the several meters to cover the
accelerating structures in the capture section. Only the
positrons which can pass through the aperture of the ac-
celerating structure are captured and accelerated. L-band
accelerating structures are used here, because it has large
aperture (20 mm in radius) and long RF wave length (210
mm), thus having large acceptance both in transverse and
longitudinal phase space. The positrons are accelerated up
to 180 MeV with the L-band structures in the solenoid fo-
cusing region and are transferred to the quadrupole focus-
ing system. In the downstream, the positrons are acceler-
ated by a S-band linac up to 1.98 GeV for injection to the
pre-damping ring (PDR).
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An intensity of 14.4 × 1011 positrons/pulse, which is
equivalent to that of electrons, is require in the present
JLC design. It was increased more than twice, compared
with the previous design (6.0×1011 particles/pulse) [1]. A
beam pulse has a structure like a train of 192 bunches in 1.4
nsec interval, each having 0.75 × 1010 positrons. A repeti-
tion rate of the beam pulse is 150 Hz. A primary electron
beam, whose intensity is 19.2×1011 electrons/pulse, is ac-
celerated up to 10 GeV at the converter target to produce
positrons. A performance of the positron source is evalu-
ated by the positron yield which is defined by a ratio of the
positron intensity to that of the primary electrons. Assum-
ing a loss of the positron beam from the PDR to the inter-
action point is negligible, the positron yield is estimated by
calculating a conversion ratio from electrons to positrons
in the converter target and a fraction of positrons which
survive during a transmission from the capture section to
the PDR injection. A design goal of the positron yield is
Ne+/Ne− = 0.75.

ENERGY-DENSITY ESTIMATION

Tungsten-Rhenium alloy has been chosen as a converter-
target, because of the high melting point and the high ten-
sile strength. The thickness of the target was determined to
be 21 mm (6.0 radiation lengths) for the optimum positron
yield with the 10-GeV primary electron beam. A rotating
structure is used so that each beam pulse hits a different
part of the target to prevent concentrated heat deposition.
Nevertheless, the energy deposition by a single beam pulse
may exceed the threshold for target damage due to fatigue.
From analysis of the cracked SLC positron source target,
the threshold for damage is estimated to occur when the lo-
cal density of the energy deposition is 35 J/g, as reported in
the NLC positron source design [3]. This limit is used as a
reference in the design of the JLC positron target. Increas-
ing the transverse size of the primary beam helps reduce
the energy density in the target. Examples of the energy-
density in the target are shown in Fig.2, for two cases of
the incident beam sizes of 2.0 and 3.0 mm. The densities
grow as the beam go deeper in the target and the peaks are
at the exit. By increasing the beam size from 2.0 to 3.0
mm, the peak energy density becomes almost half. It is be-
cause the energy deposition is smeared out in wider region
as shown in the contour plots in Fig.2. The energy densities
in the plots are for the case of the beam intensity which is
one-third of the JLC specification.

Though increasing the beam size reduces the energy den-
sity, it also reduces the positron yield, because larger frac-
tion of the produced positrons go out of the acceptance
aperture. As shown later, if the incident beam size is suf-
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Figure 2: Energy density distribution

ficiently large concerning the energy density, the positron
yield is far below the requirement. To keep the density well
below the threshold with sufficient positron yield, multiple
target system is used for the energy deposition to be shared
as proposed for the NLC [3]. A candidate multiple tar-

Figure 3: Multiple target system

get system for the JLC is shown in Fig.3. To divide the
bunches in a beam pulse into three, an RF deflector cavity
whose oscillation is synchronized to every third bunch is
used. The three groups of the sparse bunches go towards
the different target. Each target is followed by a positron
capture section and a collimator to define energy and emit-
tance. The three groups of the produced positrons are then
merged with another RF deflector cavity. To see the effect
of using the multiple targets, the peak energy density and
its dependence upon the incident beam size is evaluated for
the case of one to four targets. The result is shown in Fig.4.
The EGS4 shower simulation code [4] was used to calcu-
late the energy depositions in small volumes in the target.
The acceptable minimum beam sizes to clear the density
limit are 4.8, 3.2, 2.5, 2.1 mm for single, 2, 3, 4 target sys-
tems, respectively. By using multiple target, the acceptable
beam size become smaller.
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Figure 4: Energy density as a function of beam size

POSITRON YIELD ESTIMATION

In order to estimate the positron yield for each case of
the multiple target systems, detailed particle tracking sim-
ulations were performed.

As a first step, positron production in the target was
simulated using the EGS4 code. Approximately, twenty-
thousand positrons were generated in the 21-mm thick
tungsten-rhenium target from a thousand initial electrons of
10-GeV beam energy. Samples for different incident beam
sizes were generated, assuming the transverse incident par-
ticle distribution is a two-dimensional gaussian and were
used as input data for later simulations.

Capture efficiency of the solenoid focusing system was
evaluated by tracking simulations with a step-by-step in-
tegration of the equation of motion, including a focusing
magnetic field, an accelerating field and a detailed aperture
constraints in the capture section [5]. The step size was
0.25 - 1.0 mm. Typical number of the particles after the
capture section was three thousand.

To estimate a beam transmission efficiency of the 1.98-
GeV positron injector linac, particle tracking was per-
formed with the SAD code [6] in a six-dimensional sym-
plectic manner. The positron focusing system in the linac
is a combination of a FODO of singlets and periodic triplet
quadrupoles. In Fig.5, a preliminary design of the beam
optics and the layout in the linac is shown, as well as an ex-
ample of the beam transmission efficiency along the linac.
Here, the beam optics from the defining collimator till the
junction of the three beams and that for the transfer line
to the PDR were omitted. In this simulation, an aperture
radius in the linac was assumed to be 10 mm and an accep-
tance cut by the energy and emittance defining collimator,
located just after the capture section, were also taken into
account.

Finally, PDR acceptance cuts were applied to the sample
particles after the tracking simulation in order to estimate
the positron yield. The acceptances for PDR injection were
assumed to be 0.027 rad.m in the transverse emittance, ±1
percent in the particle energies and 24 mm in the longitudi-
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Figure 5: Positron Injector Linac Beam Optics and Beam
Transmission

nal position in a bunch. Due to large energy spread of the
positrons, approximately 50 % of them were eliminated by
the PDR energy acceptance. To improve this efficiency, the
single-bunch energy-spread compression system (SBECS)
was considered, which has already been used in the KEK
B-factory injector linac [7]. This system is composed of the
chicane to produce path difference for the particles with
different energies and an accelerator section which gives
acceleration (or deceleration) to compensate the energy dif-
ference in a bunch. As shown in Fig.6, the energy-spread
can be compressed with this system and the injection effi-
ciency to PDR was expected to be more than 70 %.

Not only the energy-spread of the positrons in a bunch,
but an energy deviations between the bunches due to the
transient beam loading along the bunch train is also large.
In the positron linac, ∆T multi-bunch energy compensa-
tion system (∆T ECS) is used as in the JLC electron injec-
tor linac [2]. Here, the amplitude modulation technique is
applied to an input rf pulse into the SLED cavities to obtain
the desirable slope of unloaded voltage in the accelerating
structure. A combination of two klystrons are needed to
modulate the amplitude of rf pulse for the SLED cavities
with a constant phase. By using the ∆T ECS, the multi-
bunch energy deviation can be negligible compared to the
PDR energy acceptance and therefore, it was not included
in the tracking simulation.
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Figure 6: Single-Bunch Energy-spread Compression Sys-
tem

After all the simulations, the positron yield for different

numbers of the targets is shown in Fig.7 at each accept-
able minimum beam size. The single or two target sys-
tems cannot yield sufficient number of positrons. In the
case of three target system, the incident beam size can
be 2.5 mm in radius and the estimated positron yield at
PDR is Ne+/Ne− = 0.99 and the requirement of the
Ne+/Ne− = 0.75 is satisfied.
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Figure 7: Positron yield as a function of beam size

CONCLUSION

The tracking simulations of the JLC positron source
shows that, the multiple target system is inevitable to make
the energy density below the threshold of the target damage
and to yield sufficient intensity of the positrons. The simu-
lation shows the minimum number of the targets are three.
The single bunch energy compression system is effective in
improving the injection efficiency to the pre-damping ring.
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