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Abstract

Slow-positron beams produced from negative-work-
function solid-state moderators have found numerous
applications in condensed matter physics. There are
potential advantages in using low-energy primary electron
beams for positron production, including reduced
radiation damage to single-crystal moderators and
reduced activation of nearby components. We present
numerical calculations of positron yields and other beam
parameters for various target-moderator configurations
using the Argonne Wakefield Accelerator (AWA) [1] and
Advanced Photon Source (APS) [2] electron Iinacs [3] as
examples of sources for the primary electron beams. The
status of experiments at these facilities is reviewed.

1 INTRODUCTION
Slow positrons are wduable tools in atomic physics,

materials science, and solid state physics research. They
can be used to probe defects in metals, to study Fermi
surfaces and material surfaces and interfaces, and to
obtain detailed information about the electronic structure
of materials. Positrons can be used to gain information
complementary to that acquired by other means such as
x-ray and neutron scattering. Slow positrons can be
obtained either by moderating positrons emitted by some
radioactive sources or produced when an accelerated
electron beam hits a high-Z target.

In both cases the positron beam occupies a much larger
phase-space volume than is useful and some kind of
cooling is required. Damping rings can be used at high-
energy accelerators, but for the eV-scale positron kinetic
energies used in condensed matter physics experiments, a
more appropriate technique is the use of solid state
moderators. The moderators are typically single-crystal
metal films or solid noble gases and are made of materials
that possess a negative work function for positrons.
Positrons thermalize near the moderator surface and are
eventually ejected with a kinetic energy equal to the work
function.

The moderation efficiency is low due to competition
between the thermalization process and the annihilation
of positrons with electrons in the moderator. The
geometry of the moderator is relevant as well; a
moderator structure with a large surface-to-volume ratio
will provide the best chance for the positrons to stop near
the surface and be ejected [4]. The moderator material
quality is also an issue. Polycrystalline materials contain
crystal defects and grain boundaries that can provide

~&&@,.erebypotential wells in which positrons c
further reducing moderation eftlciency. “’

Since the positron production rate is proportional to
beam power, the required beam power is generally
achieved using high-energy electron beams. There is a
possible advantage in using a low-energy, high-intensity
primary elecmon beam for positron production. The raw
positron yield decreases with the electron energy. The
softer positron energy spectrum should improve the yield
of moderated positrons, due to the shorter time required
for the positron energy to be reduced by dEidx losses in
the moderator. Additionally, use of low-energy positrons
should reduce radiation damage to the moderator crystal
lattice, and also result in lower activation of the target,
moderator, and nearby beamline materials. At the 14-
MeV incident electron beam energy with which we are
primarily concerned, photoneutron production rates are
very low [5,6].

In this paper we report on a planned experiment to
study the efficiency and yield of slow positrons ptoduced
by the low-energy intense electron beam from the AWA
drive Iinac. We discuss simulations, experimental
configurations, and instrumentation. Possible future
directions will also be mentioned.

2 POSITRON YIELD CALCULATIONS
TheEGS4 electromagnetic shower Monte-Carlo code

[7], together with a C-language user interface code [8],
was used to optimize the production target thickness for
maximum positron yield. Phase-space coordinates of
positrons exiting the target were taken as input to beam
optics codes used for design of the spectrometer and
detector. The incident electron beam energy was taken as
14 MeV, corresponding to the beam energy from the
AWA drive Iinac. The production target is made of
tungsten.

Raw positron yield was studied at various energies as a
function of target thickness [9]. The maximum yield of
-0.005 e+/ e- occurs at around 2.5 mm; this thickness will
be used subsequently in this paper. In the simulations, the
incoming electron beam energy is represented by a
Gaussian distribution whose mean and standard deviation
are 14 MeV and 0.7 MeV, corresponding to the measured
AWA average beam energy and energy spread. The beam
size is similarly represented by a Gaussian distribution of
zero mean and standard deviation equal to an rms beam
radius of 1.5 mm. The beam is normal to the target.
Positrons exiting the target are distributed over a broad
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installed at the head of the APS linac during the March
1999 maintenance period (Figure 2,) The photocathode rf
gun system can produce a beam at 5 MeV with 300-A
peak currenh 3 z mm-mrad rms emittance, and 0.1%
energy [3]. It will be used as the primary electron source
for the APS SASE FEL.

-
-

Figure 2: The photocathode rf gun in the APS linac

3.2 Laser System

The photocathode rf gun drive-laser system resides in a
radiation shielded room immediately adjacent to the
upstream end of the linac vault. The 119-MHz, Nd:Glass
laser oscillator produces 260 fs FWHM pulses timing
stabilized to better than 1 ps rms. A single pulse at 5 Hz is
sent to the Nd:Glass regenerative amplifier. The amplified
IR pulse is then up-converted to the W. The maximum
energy of the UV pulse is 400@. Some bandwidth is lost
in the amplification process, and so the minimum W
bunch length is -1.5 ps FHWM.

3.3 Linac

The APS Iinac is composed of fourteen 3-m, 2856-MHz,
SLAC-type, constant-gradient accelerating structures
powered by six 35 MW klystrons, three of which are
SLEDed. One klystron is used to power both a single
accelerating stmcture and one of the two thermionic rf
guns. Here, two high-power rf switches are used to select
between either gun or an rf load. The sixth klystron is
used is to drive the PC rf gun. The Iinac is capable of
producing electron beam energies of up to 650 MeV.

In addition to the acceleration and requisite transverse
focusing quadruples, the linac’ is equipped with many
beam diagnostics. These include ctmrent monitors; beam-
position monitors; Chromox, YAG, and optical transition
radiation (OTR) screens; two spectrometer systems;
bunch length measurement capability through a higher
harmonic rf cavity or by use of a streak camera/OTR
screen system; as well as all rf power and phase
measurement diagnostics.

3.4 Transfer Lines

Originally, the beam from the Iinac was sent directly to
the positron accumulator ring (PAR). For the FEL

experiment however, the beam follows a different path
through a new beamline system. This additional beamline
is directly in line with the Iinac and so avoids unnecessary
bends, which could lead to emittance dilution. It is fully
instrumented with appropriate diagnostics.

3.5 Undulator System

The undulatory chosen for this FEL project are based on
the standard undulator used in the AI%. Table 2 lists the
main undulator parameters.

Table 2: APS SASE FEL undulator parameters

Parameter Value
Undulator Period [cm] 3.3
K 3.1
Peak On-Axis FieId [Tl 1.006
Undulator Length [m] 2.4
Cell Length [m] 2.7265
Peak Quadruple Gradient [T/m] 16
Quadruple Effective Length [mm] 56

A simple planar undulator system is used. For
simplicity, the natural focusing of the undulator in the
non-wiggle plane is used. Additional focusing in the
orthogonal plane wilI be performed using quadrupoIes
placed in gaps between undulator sections. The required
undulator system is made up of a series of undulator cells
each 2.7265 m in length, of which 2.4 m is undulator. The
remaining space is reserved for the combined function
quadrupoleJcorrector magnets, diagnostics, and drift
space.

The diagnostics in each undulator cell include a YAG
fluorescent screen, wire position monitors, a mirror to
pick off the generated light, and a very high resolution
beam position monitor capable of single-pass submicron
measurements [4].

3.6 Undulator Hall and End Station Building

The hall housing the FEL undulator system is 3.5 m in
width and nearly 50 m in length. It is a separate radiation
zone, and therefore access is permitted during standard
APS operation. It is a concrete enclosure with earth berm
used as integral shielding. The building was designed to
house two beandines both fed from the linac. This will
allow testing of a beam-switchyard, multiplexed system
as envisioned for fourth-generation light source facilities.

Attached to the end of the undulator hall is an end-
station building. It is outside the radiation environment
and may be occupied when beam is being delivered to the
undulator hall. There are staggered penetrations for
extraction of the undulator light. Additional optics in a
transition area are used to send the light to the optical
diagnostics benches in the end-station building. Also, this
end-station building houses most of the technical services
that power and control the equipment within the undulator
hall.
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4 COMMISSIONING RESULTS

4.1 Thermionic RF Guns

The high-performance thermionic rf gun is routinely used
for APS operation, and so most tuning to date has been
toward that goal [5,6]. Commissioning of diagnostics and
diagnostic tools is still underway [7].

4.2 Laser System

The laser system is fully operational and all optical
transfer lines into the radiation enclosures have been
installed and aligned; however, fine-tuning of
performance is ongoing. The laser system was used to
generate photoelectrons from the photoelectron rf gun
while the gun was located in the rf test area.

4.3 Photocathode RF Gun

Very preliminary testing of the PC rf gun was performed
while it was located in the rf test area. This testing
consisted of full rf conditioning and photoelectron
production. It was then relocated to the head of the linac
and is waiting dedicated commissioning time [8].

4.4 Beamlines and Diagnostics

Using the therrnionic rf gun, the transfer line was
commissioned to the beam dump at the end of the
undulator hall in February 1999. Figure 3 shows a beam
image on the YAG screen at this end dump. Calibration
and testing of the diagnostics system are now underway
[9]. When beamline commissioning is complete, the fwst
two undulatory will be moved in place rmd first SASE
FEL experiments will begin.

Figure 3: First beam at the end of the bearnline.

5 IMMEDIATE TIMELINE

More undulatory will be arriving at a rateof about one per
month. Following success in the visible, the beam energy
will be raised and additional undulatory added. Full
saturation in the UV will then be attempted. This process
will be continued until the full energy of the APS linac is
reached.

6 SUMMARY

TheAPS FEL system represents a prototypical fourth-
generation synchrotrons light source and will be used to
explore the many issues re@red to build a new
synchrotrons light source user facility in the future. Many
components of the AM FEL are installed and
commissioned. The first two undulatory will be installed
in April 1999 and FEL gain should be observed shortly
afterwards. Additional undulatory will be installed in the
summer of 1999 and full saturation in the visible should
be achieved.
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In April of 1999, the first two undulatory will be installed.
The photocathode rf gun will be ready to send beam to
the unduiator hall at this time.

A minimum of three undulator cells will be installed in
the summer of 1999. Provided beam quality is sufilcient,
full saturation should be possible in the visible (Table 1).


