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Abstract
We present a capture concept for the continuous wave

(CW) polarized positron injector for the Continuous Elec-
tron Beam Accelerator Facility (CEBAF) at Jefferson Lab
(Ce+BAF). This two-step concept is based on (1) the gen-
eration of bremsstrahlung radiation by a longitudinally po-
larized electron beam (1 mA, 120 MeV, 90% polarization),
passing through a tungsten target, and (2) the production of
e+e−-pairs by these bremsstrahlung photons in the same tar-
get. To provide highly-polarized positron beams (>60% po-
larization) or high-current positron beams (>1 µA) with low
polarization for nuclear physics experiments, the positron
source requires a flexible capture system with an adjustable
energy selection band. The results of beam dynamics simula-
tions and calculations of the power deposited in the positron
capture section are presented.

INTRODUCTION
The positron production and polarization transfer from

a CW longitudinally polarized electron beam to positrons
via bremsstrahlung radiation and e+e−-pair production in
high-Z conversion target, referred as the PEPPo (Polarized
Electrons for Polarized Positrons) technique [1], has been
adopted to generate positrons at the Ce+BAF [2]. The initial
beam dynamics simulations have shown that the Ce+BAF
injector concept based on the PEPPo technique is capable of
delivering the required positron currents within the accep-
tance limits of the CEBAF accelerator [3, 4]. Only a small
fraction of the positrons generated in the tungsten target by
the 120 MeV electron beam are captured. The positron yield,
defined as the number of positrons within the CEBAF ac-
ceptance per primary electron, is in the range from 5 ⋅ 10−5

to 1 ⋅ 10−3, depending on the energy of positrons selected by
the capture system from a wide energy spectrum at the target
exit (shown in the next section). Therefore, a high current
drive electron beam of 1 mA is required and most (≳90%)
of the 120 kW beam power is absorbed by the 4 mm thick
tungsten target and in a few meters of the positron capture
system downstream target. The target, capture magnets and
cavity are currently being developed by the Ce+BAF team.
In this paper, we present the results of positron capture simu-
lations and calculations of the power absorbed in the capture
system components with realistic geometries and fields.
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GEOMETRY AND FIELDS
The main components at the beginning of the positron

injector (target, focusing solenoid and embedded in the
solenoid cavity) were included in the simulations. The model
of capture section also includes the shielding inside the fo-
cusing solenoid and absorbers in the area between the fo-
cusing solenoid and the cavity. The geometry used in the
simulations is shown in Fig. 1.

Figure 1: Geometry of target and e+ capture section.

The concept of a rotated, water-cooled, 4 mm thick tung-
sten target was evaluated [5]. Calculations of target temper-
ature, mechanical stress and radiation damage have shown
that the target with an outer diameter of 38 cm rotated at a
frequency of 2 Hz can be cooled (the peak temperature is
680°C) and the annual radiation damage is ∼0.2 dpa. The
work on the target design is continuing [6].

The field strength of the focusing solenoid and the length
and inner radius of the shielded solenoid were optimized
to maximize the current of 60 MeV positrons at the cavity
exit. The 60 MeV was chosen because the figure of merit,
defined as the product of the positron current and the square
of its longitudinal polarization, is maximal at this energy
and target thickness [7]. The optimal field distribution of
the focusing and bucking solenoids is shown in Fig. 2. The
focusing solenoid consists of a copper coil 50 cm long, 30 cm
inner radius, 54 cm outer radius and 15 cm thick steel with an
inner radius of 25 cm. The bucking solenoid compensates
for the field in the rotated target. Both solenoids use the
same 15 mm square insulated conductor with an 11 mm hole
for cooling water. The focusing solenoid coil consists of 33
turns per layer, 16 layers, and each layer has a separate water
circuit. At the coil current density of 446 A/cm2, the 1.03 T
field on the beam axis is 50 cm from the target and 18 bar,
∼500 cm3/s water flow is sufficient for cooling. A low-field
cavity solenoid (50 mT) is used in the calculations presented
below. The magnetic field profile on beam axis is shown in
Fig. 3.



Figure 2: Magnetic field distribution of focusing and bucking
solenoids.

Figure 3: B-field profile on beam axis.

SIMULATIONS OF POSITRON CAPTURE
AND POWER ABSORPTION

FLUKA [8,9] was used to track particles and calculate the
energy deposited by beams in the target and positron capture
system. Figure 4 shows the distribution of the number of
positrons per cubic centimeter and per primary electron
(positron yield density) and demonstrates the focusing of
positrons by the capture system based on 1.03 T solenoid.

Figure 4: Distribution of positron yield density.

The distribution of power density deposited by beams is
shown in Fig. 5. The power absorbed in target and com-
ponents of capture system is listed in Table 1. The highest
fraction of the beam power (55 kW) is deposited in the TZM
absorber (99.4% Mo, 0.5% Ti, 0.1% Zr) downstream of the
focusing solenoid. Significant fractions of the power are also
deposited in the target (18.3 kW) and in the W10Cu (90%W-
10%Cu) absorbers shielding the focusing solenoid (18.7 kW)
and in front of the capture cavity (12.6 kW). 8.5 kW is de-
posited by beams in the cavity. Work on the shielding design,
cooling system and thermal assessment will be continued

and alternative shielding materials will be considered. The
target and capture components absorb approximately 96 per-
cent of the 120 kW primary beam power. Table 2 shows
how the remaining power of 4.8 kW is distributed among
electrons, positrons, and photons at the cavity exit, as well as
their intensity (yield) and average energy. The initial energy
spectra of e−, e+ and 𝛾 at the target exit and at the cavity
entrance and exit are shown in Fig. 6. The capture system
with a 1.03 T focusing solenoid helps to filter electrons and
positrons and to retain particles with an energy of ∼60 MeV.

Figure 5: Distribution of power deposited by beams.

Table 1: Power absorbed in target and components of
positron capture system.

Power of beams and absorbed power Power [kW]

Primary e− beam 120.00

Absorbed beam power:
Bucking solenoid 0.74
Target 18.32
Coil of focusing solenoid 0.02
Iron of focusing solenoid 0.07
W10Cu shielding of focusing solenoid 18.68
TZM absorber 54.96
W10Cu absorber 12.61
Cavity 8.50
Cavity solenoid 0.62
Vacuum chamber and pipe 0.60

Total absorbed beam power 115.12

Power of 𝛾, e− and e+ at cavity exit 4.76

Table 2: Yield, average energy and power of photons, elec-
trons and positrons at cavity exit.

Yield/Energy/Power 𝛾 e− e+

Yield [𝑁𝛾,𝑒−,𝑒+/𝑁𝑒−
𝑝𝑟

] 0.152 0.040 0.008
Average energy [MeV] 13.06 50.54 33.78
Beam power [kW] 1.99 2.03 0.27

The General Particle Tracer (GPT) code [10] was used to
calculate the beam polarization and to correctly track beams
in the RF cavity field. Such calculations are not possible
in FLUKA. The initial beam and fields were imported into



Figure 6: Energy spectra of electrons, positrons and photons at target exit, cavity entrance and exit (calculated in FLUKA).

GPT from other simulation codes. The 6D distribution of
positrons at the target exit and their polarization were cal-
culated in Geant4 [11, 12]. CST Studio Suite [13] was used
to calculate the magnetic field of solenoids. The work on
design of the CW normal conducting standing wave cavity
has begun recently [14]. ACE3P (Advanced Computational
Electro-magnetics 3D Parallel) [15] was used to design the
cavity and generate 3D field maps for GPT simulations.

The results of beam tracking presented below are based on
the 1497 MHz 11-cell cavity with an iris radius of 4 cm and
a peak gradient of 3 MV/m. The longitudinal (time-energy)
phase space at the cavity exit is show in Fig. 7. The 1.03 T
solenoid, optimized for focusing 60 MeV positrons, also
captures positrons at lower energies. The multiple peaks in
the energy spectrum are consistent with a simplified theo-
retical model of positron capture by a short strong solenoid
followed by a long weak solenoid, usually called a Quarter-
Wave Transformer (QWT) [4].

Figure 7: Longitudinal phase space of positrons at cavity
exit (calculated in GPT).

The transverse phase space of positrons with energies
corresponding to three main peaks of the energy spectrum
(62.5 MeV, 21 MeV and 12.8 MeV) and 2% energy spread
is shown in Fig. 8. Table 3 lists the current, normalized
emittance, bunch length and polarization of positrons from
these energy bands. The 62.5 MeV positrons have signif-
icantly higher polarization (71.9%), shorter bunch length
(4.5 mm) and higher normalized emittance (11.4 mm⋅rad).
The 50 nA goal current for the high-polarization option of
the Ce+BAF injector and the 609 nA current at the exit of the
capture cavity leave room for the development of emittance

filters. The experiments with a degraded electron beam,
which are planned for this summer at CEBAF, will allow a
better determination of the Ce+BAF acceptance [16, 17].

Figure 8: 𝑥𝑥′ phase space of positrons with 2% energy spread
and three different energies at cavity exit.

Table 3: Parameters for positrons with different energies.

Energy [MeV] 62.5 21.0 12.8

Energy spread [%] 2

Current [nA] 609 678 156

Normalized emittance [mm⋅rad] 11.4 6.3 3.8

Bunch length 𝜎𝑧 [mm] 4.5 11.3 8.4

Polarization [%] 71.9 26.5 15.9

OUTLOOK
The development of the Ce+BAF capture magnets and

cavities and the simulation of the positron capture is a tightly
coupled iterative process. First beam tracking simulations in
realistic geometries and fields show promising results. The
concept of the Ce+BAF injector, based on a rotated water-
cooled tungsten target, a focusing solenoid with ≃1 T peak
field on the beam axis, and a CW standing wave capture cav-
ity, is capable of providing the required current of positrons
with more than 60% polarization. The design of injector
components, thermal and mechanical stress analysis, radi-
ation damage and induced radioactivity calculations, and
design of required shielding will be continued.
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