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Abstract

Polarized and unpolarized positron beams are essential
for the future hadronic physics experimental program at the
Thomas Jefferson National Accelerator Facility (JLab). The
main challenge is to produce high duty-cycle and high in-
tensity polarized positron beams. The JLab positron source
uses the Polarized Electrons for Polarized Positrons (PEPPo)
technique to create either a low intensity, high polarization
positron beam (I > 100 nA, P=60%), or a high intensity un-
polarized positron beam (I > 3 pA), from an intense highly
polarized electron beam (I=1 mA, P=90%). The current de-
sign involves a new injector dedicated to positron production,
collection, and shaping suitable for acceleration through the
Continuous Electron Beam Accelerator Facility (CEBAF).
The optimization of the layout and the performance of the
positron source are explored in this paper.

INTRODUCTION

Positron beams can be used to probe physics phenomena.
For instance, high energy beams allow to investigate the
structure of nuclei while low energy beams access the distri-
bution of electrons inside materials [1]. One interest at JLab
is the study of the partonic structure of the nucleon from the
scattering of highly polarized electron and positron beams.
For instance, the comparison between the two beam species
allows to isolate the different components of the deeply vir-
tual Compton scattering cross section, and provides more
pertinent and sensitive experimental observables [2, 3].

In this context, we may refer to the PEPPo experiment [4,
5], which demonstrated at the CEBAF injector the efficient
polarization transfer from longitudinally polarized electrons
to positrons [6]. Initial beam electrons generate elliptical po-
larized photons within a tungsten target via bremsstrahlung.
These polarized photons then create in the same target
positron and electron pairs. The main concern of the JLab
positron project is to generate high-duty cycle longitudinally
polarized positron beams from a 120 MeV/c electron beam
with as high as possible an efficiency. The essential difficulty
is to keep a high positron efficiency all along the collection
and transport line of the positrons to the main accelerator,
and to permit polarized or unpolarized dual operation with a
small momentum dispersion delivered to experimental halls.
The positron injector layout design, the target thickness opti-
mization, and the positron beam optics are described in the
following sections.
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POSITRON INJECTOR LAYOUT

The positron injector is designed to provide an efficient
number of positrons suitable for CEBAF injection. The trans-
verse and longitudinal dynamics of the positron beam are op-
timized to stay within the acceptance limits. A positron col-
lection system composed of high magnetic field lenses [7] is
essential to decrease the large transverse momentum spread
at the target exit. A conceptual layout of the injector is
shown in Fig. 1. A moderate energy electron beam inter-
acts within a tungsten target (T) to produce positrons that
are collected with an Adiabatic Matching Device (AMD).
A four quadrupoles matching section (MS) and a magnetic
chicane (CP) select further the central momentum and the
momentum bite of the positron population. A decelerat-
ing/accelerating section (DeAc) reduces then the momentum
dispersion. Finally, a chirping cavity (ChC) correlates the
momentum dispersion with the positron time-of-flight, and a
second chicane (CC) compresses the positron bunch length
to match with the CEBAF injection acceptance. We have
determined the maximum bunch length acceptance is 4 ps,
and our strategy is to further reduce this towards the nomi-
nal 12 GeV e- bunch length as possible, of 0.3 ps through
compression techniques.

POSITRON TARGET OPTIMIZATION

Geant4 [8] simulations are used to optimize the positron
production considering a 120 MeV/c electron beam 100%
longitudinally polarized hitting a tungsten target. The analy-
sis of simulated data follows the evolution of the positron pro-
duction efficiency € and of the Figure-of-Merit F0M=ePg+
as function of the target thickness. € is the quantity of in-
terest for an unpolarized positron source. The FoM further
combines the average polarization to maximize the statistical
precession of an experiment in the minimum amount of time.
This investigation aims to optimize the target thickness for
the production of unpolarized and polarized positrons. The
Fig. 2 shows € (left) and FoM (right) simulations for a 4 mm
thick target, within a selected momentum bite Ap /p=+10%
at each central momentum p( and within the angular ac-
ceptance Af,+. The efficiency decreases when the angular
aperture decreases, describing a large positron momentum
spread in the transverse plane. The essential difference be-
tween unpolarized and polarized operation modes is the
positron energy to be selected for optimum collection: about
a sixth of the primary electron beam energy for optimized ef-
ficiency, and a half for optimized FOM. The maximum value
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Figure 1: Conceptual layout of the positron injector for CEBAF.

of € and FoM determines the optimum target thickness. At
120 MeV/c, it is about 4 mm, however, depending on the
angular acceptance and the operation mode. The absolute
value of € and FoM are strongly affected by the angular ac-
ceptance and the momentum bite. These define the main
parameters of the optimization of the positron injector.

PRELIMINARY CHARACTERIZATION

Momentum Selection

Figure 2 establishes the momentum selection procedure
for unpolarized and polarized mode operation which is cho-
sen at the pg peak value of the efficiency or the FoM. In
order to select the corresponding positron yield a conversion
of the momentum dispersion from the longitudinal plane
(6p/p, 2) to the transverse plane (6p/p, z) was explored. A
magnetic chicane is designed from two opposite doglegs con-
stituted of dipoles centered around pg. Since the positron
beam is polychromatic, the dogleg will allow to reach the
maximum dispersion at its exit. The dispersion generated
by each dipole is calculated from the expression [9]

D(s) = S(s)/os % C(t)di - C(s) /O % S di (1)

where C(s) and S(s) are the parameters of the 2 x 2 dipole
transfer matrix. The dispersion function for each dipole can
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Figure 2: Positron production characteristics at 120 MeV/c
off a 4 mm tungsten target, considering different angular
acceptances and a +10% momentum bite.
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be expressed as

D=p [l—cos (E)] 2)
P

which quantifies the dogleg action on the beam in the
(x,6p/p) plane. The positron beam envelope evolution
along the dogleg is shown in Fig. 3. At the dogleg entrance
(blue), the transverse coordinates x do not correlate with
the momentum dispersion. At the middle of the chicane,
the positron distribution (red) exhibits an essential correla-
tion between x and 6p/p. Therefore, a collimator centered
at x = 0 with appropriate aperture selects a given Ap/p
of positron momentum. The distribution at the exit of the
collimator (green) corresponds to a 5 mm radius collimator,
selecting a +10% of positron momentum.

Beam Size

Maximizing the positron selection efficiency after the col-
limator implies for the smallest beam size at the middle of the
chicane. Thus a focusing-defocusing (FODO) lattice is in-
troduced along the chicane. It consists of three quadrupoles,
the first and the third are placed respectively at the entrance
and exit legs of the chicane, the second at the middle of the
chicane. The FODO aims at making a periodic S-function
to obtain a minimum transverse beam size at the middle of
the chicane. The periodicity condition requires SBou: = Bin
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Figure 3: (6p/p,x) positron distributions at the entrance
(blue) and middle of the chicane (red), and at the collimator
exit (green).

MCS: Beam Dynamics and EM Fields

Beam Optics - Lattices, Correction Schemes, Transport



13th Int. Particle Acc. Conf.

ISBN: 978-3-95450-227-1 ISSN: 2673-5490

(0.8

1 —Betax fo7 2
E25{ —Betay f0.6 2
E 201 — Dispersion L0.5 g-

0.4 >

5 19 0.3 2
310 -4
& 5 —0.23
£0.1 3

0! b0 <

HeH-mY N

0 2 4 6 8 10 12 14

s (m)
Figure 4: Variation of the optical S-function along the chi-
cane.

where s are the positron beam twiss functions related to
the transverse beam size at the entrance (in) and the exit
(out) of the chicane. The evolution of the S-function along
the chicane is shown in Fig. 4. The matching section prior
to the first dipole intends to match the incoming optical pa-
rameters of the positron beam with the optical requirements
at the entrance of the FODO lattice. The stability of the
FODO lattice is also demonstrated by the periodicity of the
B-function from the entrance to the exit of the chicane. As
expected, the smallest S,-function is obtained at the middle
of the chicane, simultaneously with the largest dispersion.
This allows an efficient momentum collimation.

CHIRP AND COMPRESSION

The second chicane intends to compress longitudinally
the beam. To reach an efficient compression, a correlation
between dp/p and z is introduced by chirping the beam with
an RF cavity. A second requirement is a magnetic chicane
with appropriate properties to link the momentum dispersion
to the longitudinal bunch length. The compression factor
for a small momentum dispersion can be written as

_ 1
B 1 + kRs6

3

where Rsg is the matrix element 56 of the chicane transfer
matrix. It controls the longitudinal size of the beam accord-
ing to

o
Az= Rsﬁ(—p) )
P Jin
where (6p/p)in represents the initial longitudinal momen-
tum spread, and « characterizes the beam chirp created by

the cavity. The latter can be expressed as

d 6p]_2ﬂf eV

K:d_z 7 ¢ Eg+eVycosg

in¢ &)

where f is the cavity frequency (Hz), eV is the cavity ac-
celeration (MeV), Ej is the central energy (MeV), and ¢ is
the cavity phase advance. Figure 5 shows the compression
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Figure 5: Variation of the compression factor vs the cavity
phase advance (left), and full compression of the longitudinal
beam length (right).

factor peak at ¢$=-96.6° (left), which describes the setting
of the cavity with a proper chirp. The effect of full system
on the (6p/p, t) beam profile, including the appropriate Rse
chicane, exhibits a beam length at the exit of the chicane 23
times smaller than the entrance ones (Fig. 5 right).

CONCLUSION

The generation and injection of cw positron beams suit-
able to the high performance will present a number of tech-
nical challenges which must be overcome. One of the chal-
lenges is to decrease the momentum dispersion of the colli-
mated positron distribution from dp/p=+10% to +2%. A
set of cavities at the exit of the first chicane will serve this
purpose, and acceleration through the south linac will pro-
vide about ten times further reduction. The CEBAF arcs can
also be tuned for more compression providing an additional
chirp. An optimization will be performed to obtain a reduc-
tion factor suitable for CEBAF acceptances that are a bunch
length of At=4ps and amomentum spread of §p/p=+2%.

Further studies about the capture magnet are also foreseen .

as different magnets may support different operation mode.
The concept optimization is being explored with further
analytical and simulation studies. Further, a new positron
injector may be assembled at the Low Energy Research Fa-
cility (LERF) to develop a proof-of-principle, and then later
maybe connected to the CEBAF accelerator through a new
transport line.
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