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Abstract

A source for polarized positron beams at the Continuous
Electron Beam Accelerator Facility (CEBAF) at Jefferson
Lab is being designed. The Polarized Electrons for Polar-
ized Positrons (PEPPo) concept is used to produce polarized
ete™-pairs from the bremsstrahlung radiation of a longitu-
dinally polarized electron beam interacting within a high-Z
conversion target. The scheme under consideration includes
a 4 mm thick tungsten target that absorbs 17 kW deposited
by a 1 mA continuous-wave electron beam with an energy
of 120 MeV. The concept of a rotating tungsten rim mounted
on a water-cooled copper disk was explored. The results
of ANSYS thermal and mechanical analyses are discussed
together with FLUKA evaluations of the radiation damages.

INTRODUCTION

Positron beams (polarized and unpolarized) are an option
for potential upgrades of CEBAF [1]. Conducting measure-
ments with a positron beam will provide new experimental
observables and will subsequently expand the physics reach
of Jefferson Lab [2]. The PEPPo experiment [3] has demon-
strated high efficiency of polarization transfer from electrons
to the positrons through a two-step process: bremsstrahlung
followed by pair production, with both reactions taking place
(in series) in the same physical target. The polarization trans-
fer is almost 100% at the high end of the positron energy
spectrum. The positron polarization is proportional to the en-
ergy, but the number of highly polarized positrons is small
and inversely proportional to the energy. Therefore, the
quantity of interest, which characterizes a polarized source
and enters the statistical error of the measurement of ex-
perimental signals sensitive to the beam polarization, is the
Figure-of-Merit (FoM) corresponding to the product of the
beam current / with the square of the average longitudinal

polarization P, of the beam population (FoM = IITZZ). The
FoM was used to optimize the target thickness and to select
the positron energies [4] caught by the capture system of the
polarized positron injector [5]. The essential differences be-
tween PEPPo and conventional unpolarized positron sources
are using an initially polarized electron beam and selecting
high-energy positron slices, an energy region featuring high
polarization transfer [6, 7].
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Jefferson Lab plans to repurpose the Low Energy Recir-
culation Facility (LERF) for the generation, capture and
acceleration of positron beams up to 123 MeV. A polarized
electron source produces a continuous-wave (CW) high cur-
rent (>1 mA) and high polarization (>90%) beam, which
is accelerated up to 120 MeV towards a high-power target
for positron production. The optimal thickness of the tung-
sten target at 120 MeV is 4 mm [4]. A significant fraction of
beam power is deposited in the target. The high non-uniform
power deposition, quick temperature rise, mechanical stress
and radiation damage may cause target failure. The present
work discusses a first evaluation of the possible parame-
ters of the high-power target like the energy deposition, the
level of radiation damage, and the expected temperature and
mechanical stress.

ENERGY DEPOSITION AND TARGET
DESIGN

The energy deposition of the electron beam in the target
was determined with FLUKA [8, 9]. The distribution of
the energy deposited by a 120 MeV electron beam with a
1.5 mm RMS spot size in a stationary tungsten target of
4 mm thickness is shown in Fig. 1. The FLUKA data on the
deposited energy was converted into power and imported as
a heat source into ANSYS [10] to determine the temperature
profile. For the 1 mA CW beam, the peak power density of
324 W/mm? corresponds to 324 MeV/(e™-mm?).

To keep the temperature of the tungsten target at an accept-
able level, the heat generated in the target by the beam must
be distributed over a larger volume. The tungsten rim with
a thickness of 4 mm is mounted on a water-cooled copper
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Figure 1: Energy deposition profile of a 120 MeV electron
beam with a 1.5 mm RMS spot size in a4 mm thick tungsten
target.
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Figure 2: Conceptual design of the rotating target (side
view).

disk. The side-view of the considered conceptual design
of rotating target is shown in Fig. 2. The outer radius of
the tungsten rim is 19 cm. The beam passes the target at a
radius of 18 cm. The target rotation frequency considered
in the temperature calculations was 2 Hz and the tangential
speed of the beam moving on target was 2.3 m/s. The water
channel inside the copper disk has a radius of 8 mm.

TEMPERATURE AND STRESS
CALCULATIONS

Time-dependent CFD simulations were implemented.
ANSYS Fluent has been used to calculate the temperature
profile in the target material. The water flowing with a speed
of 1.5 m/s (0.3 kg/s mass flow, 10 kPa pressure loss between
the inlet and outlet) was cooling the copper disk and tungsten
rim mounted on the copper disk. For the 17 kW deposited
in target beam power, the estimated maximal temperature of
the water was about 30°C, and the peak temperature in the
copper disk was below 100°C.

To simulate the heating of tungsten by the electron beam
moving on the target, the distribution of heat power density
was shifted by 0.56 mm along the circular path with a radius
of 18 cm in 0.25 ms time steps (2.3 m/s). The heat distribu-
tion at one time step is shown in Fig. 3. For the selected point
on target (at R = 18 cm) and RMS beam size of 1.5 mm, the
temperature rises during 4.5 ms and reaches the maximum
of 681°C. Figure 4 shows the time evolution of temperature
during the first 10ms of the 0.5s cycle (one complete turn of
target). The spatial distribution of temperature is shown in
Fig. 5.

The temperature distribution was imported into ANSYS
static structural module to calculate the mechanical stress.
Von Mises stress is a good measure of the proximity to fail-
ure of a material with values below material yield stress
indicating an elastic behaviour [11]. Figure 6 shows the
spatial distribution of equivalent von Mises stress. The max-
imal stress in tungsten is 878 MPa. Experimental testing of
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Figure 3: Distribution of heat power density of 1 mA elec-
tron beam at 120 MeV and 1.5 mm rms size in 4 mm thick
tungsten.
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Figure 4: Cycling temperature in tungsten at radius of 18 cm
rotated with the 2.3 m/s tangential velocity and 1.5 mm RMS
beam spot (heating phase is shown in red and beginning
cooling phase continued upto 0.5 s in blue).
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Figure 5: Temperature distribution in 17 kW target.
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Figure 6: Mechanical stress induced by the temperature.

tungsten at these levels of mechanical stress and temperature
is planned.

RADIATION DAMAGE

FLUKA is used to determine the radiation damage of tung-
sten. Radiation damage effects are implemented in FLUKA
for all particles, including recoils which have enough en-
ergy to induce damage to the materials [8]. The maximal
damage is 5.7 - 10722 displacements per atom (dpa) per e”.
Figure 7 shows the radiation damage at different depths of
the spinning target with a diameter of 36 cm after 5000 h of
irradiation. The calculated peak damage is 0.21 dpa. The ef-
fect of such radiation damage on material properties should
be experimentally verified.
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Figure 7: Radiation damage of W-target with @36 cm.

OUTLOOK

A high-power target for positron production at the fu-
ture Ce*BAF positron injector [12] was evaluated. Time-
dependent CFD simulations (ANSYS Fluent) were imple-
mented. The temperature, mechanical stress and radiation
damage were calculated for the tungsten target with a thick-
ness of 4 mm and 17 kW power deposited by 1 mA CW

electron beam with an energy of 120 MeV. The peak temper-
ature of the target rotated with a velocity of 2.3 m/s is 680 °C
and the maximal equivalent von Mises stress is 880 MPa.
The estimated annual radiation damage is 0.21 dpa. To check
if the target can be used safely over an extended period under
such conditions and find experimentally the endurance stress
limits and the impact of radiation damage on the material
properties, tests of target materials (tungsten and tantalum)
using 50 pA at 3.5 MeV electron beam at Mainz Microtron
(MAMI) have been started. Material fatigue tests using a
high power laser are also planned, which will be similar to
performed tungsten foil tests for the APEX target at Jefferson
Lab [13].
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