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A source of polarized electrons has been installed at the superconducting 130 MeV Darmstadt electron linear accelerator
S-DALINAC. Polarized electrons are generated by irradiating a GaAs cathode with pulsed Ti:Sapphire and diode lasers
and preaccelerated to 100 keV. A Wien filter and 100 keV Mott polarimeter are used for spin manipulation and
polarization measurement, and various beam diagnostic elements are installed. A chopper as well as a two-stage
harmonic prebuncher section modulates the time structure of the beam. Successful operation has been demonstrated.
A two-cell capture cavity complements the injector linac for acceleration of 100 keV electron beams. To measure the
beam polarization downstream of the superconducting injector linac, a 5-10 MeV Mott polarimeter and a Comptontransmission polarimeter have been developed. We report on the status of the polarized electron source and foreseen
experiments.

1.

Introduction

At the superconducting electron linear accelerator SDALINAC [1] with its design energy of 130 MeV,
nuclear structure studies are carried out. So far, the
experiments use unpolarized electron beam only,
provided by a thermionic gun. However, polarization
degrees of freedom can provide access to further
observables. The polarized electron source will deliver
100 keV polarized beams with polarization of about
80 %, a mean current of 60 A and 3 GHz cw or
subharmonic time structure. The beam line of the new
injector includes a Wien filter to adjust spin precession
through the bending magnets, a 100 keV Mott
polarimeter to monitor the beam polarization directly
after production and different diagnostic and steering
elements.
2.

S-DALINAC

A schematic drawing of the S-DALINAC with the
position of the new injector is shown in Figure 1. The
current experimental program at the S-DALINAC
includes electron scattering experiments as well as
photon scattering researches. Nuclear resonance
fluorescence experiments are performed behind the
superconducting injector at energies between 3.5 and
10 MeV with average beam currents of up to 60 A.
The same experimental site is used for
photoactivation experiments of type ( ,n). The electron
beam behind the main linac is presently used for
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electron scattering experiments. For that purpose, two
electron spectrometers  a high-resolution energy-loss
system and a large-acceptance spectrometer of QClam
type  are available.

Figure 1. Layout of the accelerator hall of the S-DALINAC. The
polarized source is located between the thermionic source and the
superconducting injector. The laser beam runs through a fibre or an
evacuated transport line from the laser lab.

Two setups provide photons behind the main linac
section: a bremsstrahlung site for about 50100 MeV
electron beams and a high-resolution photon tagger for
astrophysically relevant photodisintegration and photon
scattering studies between 10 and 20 MeV.
The installation of the polarized electron source
between the unpolarized thermionic gun and the first
superconducting accelerating structure make polarized
electron scattering experiments and experiments with
circularly polarized photons possible. The scattering of
polarized electrons allows one to measure the fifth

structure function in the break-up of nuclei at low
momentum transfer. This structure function is sensitive
to the final-state interaction. When applied to light
nuclei, effects of the three-body force may become
visible. Polarized gamma-ray beams will be produced at
the S-DALINAC by bremsstrahlung. Planned
experiments include the search for parity-violating
effects in photon scattering and photo-induced fission.
Examples for future experiments with polarized beams
at the S-DALINAC are discussed elsewhere [2].
3.

Teststand of the polarized electron source

Prior to the installation of the source at the SDALINAC, the main components have been set up at a
separate teststand. A photograph of the teststand is seen
in Figure 2. The electron beam is produced from a
strained-superlattice GaAs cathode held at the tip of an
electrode at the high-voltage potential of 100 kV.
Separate preparation and load-lock systems provide
for the (re-)activation and the fast exchange of cathodes,
respectively. At the teststand, a diode laser system was
used to irradiate the cathode. Preparation chamber,
high-voltage chamber, and the adjacent vertical beam
line including an alpha magnet deflecting the beam into
the horizontal direction form an ultra-high vacuum
(UHV) system with typical pressure below
2 10 11 mbar, achieved by different pump types. In the
horizontal test beam line, the polarized electrons leave
the UHV system through a differential pumping stage.
The degree of polarization is measured by detecting
count-rate asymmetries in electron scattering on nuclei
due to the spin-orbit interaction. This Mott-scattering
asymmetry occurs only in case of transverse electron
spin orientation with respect to the direction of the
electron motion. Thus the initially longitudinally
oriented spins need to be rotated by 90º into the
transverse direction. This is done by a spin rotator or socalled Wien filter. This device is also implemented to
adjust the spin orientation at different experimental
areas of the S-DALINAC, providing 100º degree spin
rotation. The maximum degree of polarization measured
at the teststand amounted to 86(3) % from a strainedsuperlattice cathode irradiated by a laser with 780 nm
wavelength.
During the operation time of the teststand, cathode
lifetimes of about 100 h have been achieved and a
maximum current of 50 A has been extracted.
Beam
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Figure 2. Photograph of the teststand of the electron source with the
corresponding beamline in a final state in summer of 2009. On the
back side one can see the cathode chamber and in the front the Mott
polarimeter.

profiles have been measured using fluorescent screens
and wire scanners. A normalized transverse emittance of
the beam of n,x= 0.15(3) mm mrad and n,x= 0.10(2)
mm mrad was obtained for beam currents between a few
nA and about 10 A (DC operation). At this teststand,
experiments
on
polarization
correlations
in
bremsstrahlung production have been carried out [3, 4].
4.

S-DALINAC Polarized Injector

Upon completion of the testing phase the source was
dismounted and rebuilt in the accelerator hall of the SDALINAC between the thermionic unpolarized gun and
the superconducting injector. Figure 3 shows a
schematic drawing of the source at the new position
with the thermionic gun on the left. An additional
differential pumping stage separates now the thermionic
gun from the UHV part of the beam line of the polarized
electron source. To improve vacuum pressure inside the
UHV part of the polarized source, the vertical beam line

Figure 3. Schematic drawing of the polarized electron source at the S-DALINAC. Electrons are produced after irradiation of the strainedsuperlattice cathode in the cathode chamber. The electrons accelerated to 100 keV are guided downward and deflected by an alpha magnet
into the horizontal direction. For the spin rotation a Wien filter was installed, and a Mott polarimeter determines the degree of polarization.

was coated with NEG a material, and an additional NEG
pump was installed in the cathode chamber. After the
bake out procedure a vacuum pressure better than
10-11 mbar has been achieved. The preparation chamber
was rearranged, and the downstream differential
pumping stage was rotated due to spatial restrictions.
Also, the Mott polarimeter is installed in a vertical beam
line following a 90º bending magnet due to spatial
constraints.
Between the alpha magnet and the entrance into the
first superconducting accelerating structure, the beam
line is used both for the polarized beams with energy of
100 keV from the new source as well as the beam with
the energy of 250 keV from the thermionic gun. Besides
all steering and focusing magnets that have been
designed to guide electron beams with these different
energies through the beam line the radio-frequency (RF)
parts have been also modificated.
A new chopper will ensure electron bunch lengths
of at most 50 ps. The device consists of a copper cavity
and a copper slit located downstream. The operation of
this device causes intensity losses of the electron beam
of about 90 %. The design was adapted from the
chopper used at MAMI [5]. To ensure good and
efficient acceleration, this bunch length needs to be
reduced to about 5 ps at the accelerator entrance. The
compression is achieved using a two-stage harmonic
a
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prebuncher system, also adapted from the Mainz
injector [6]. In addition to a 3-GHz copper cavity, a
6-GHz cavity provides for an increase of the linear
regime used for the bunching process.
The superconducting injector linac contained so far
three niobium cavities: a five-cell capture cavity and
two twenty-cell cavities for further acceleration. Each
cavity was operated at a gradient of up to 5 MV/m in
continuous-wave mode and had a fixed cell length of
5 cm, corresponding to a phase velocity of the electron
bunches of = v/c = 1. However, the injection velocity
of the polarized beam with an energy of 100 keV will be
lower so that an additional two-cell capture cavity with
cell length of about 4.2 cm has been re-installed to
reduce phase slippage in the cavities. This capture
cavity was first designed and operated in the mid1990s [7] and was re-installed with the new source.
The S-DALINAC polarized injector can be driven
by a laser system based on either a diode laser or a
mode-locked Ti:Sapphire laser. Both can provide
continuous or pulsed laser beams with a suitable
repetition rate for acceleration in the superconducting
part of the S-DALINAC. To enable permanent access to
the laser system for research and development, it was
placed at a separate laboratory about 40 m from the
source. To transfer the laser beam to the cathode either a
polarization-conserving optical fiber or a line of
evacuated tubes can be used. For the stable operation of

the Ti: Sapphire laser, a pointing and centering system
has been developed. Details about the laser system at
the S-DALINAC are discussed elsewhere [8].
4.1. Recent Operational Experience
After installation and bake out the cathode lifetime (i.e,
the time in which the quantum efficiency of the cathode
decreases to 1/e of its initial value) was found to be
of about 1160 h for the case when no beam was
extracted from the strained superlattice cathode. With
extraction of an electron beam of 7 A, the lifetime
amounts to 600 h, which corresponds to a charge
lifetime of about 10 C.
Due to the limited cathode lifetime, full
transmission of the produced polarized beam to the
experiment is preferred. As using the of chopper to
produce pulsed electron beams causes big intensity
losses, pulsed electron beams will be produced directly
from the cathode using a pulsed laser beam. The length
of the electron pulses that were produced after the
irradiation of the photo-cathode with a laser beam with
pulse length of about 380 ps was verified to be > 5 ps.

Following a basic magnet design, the layout of the
detector system is being prepared as is the connection to
the accelerator beam line. The challenge with the Moller
polarimeter is the low electron beam energy from which
large scattering angles of the scattered and recoiling
electrons result. At the tagger as well as the QClam
spectrometer
additional
Compton-transmission
polarimeters are foreseen.
4.3. Outlook
A source of polarized elecrons has been installed at the
S-DALINAC and the first tests have been done. The
new normalconducting injector beam line for unpolarized electrons from the thermionic source has been
comissioned successfully. After the recent repair of the
re-installed two-cell capture structure, we anticipate
comissioning of the the gun at the end of 2011.
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4.2. Polarimetry

1.

For polarization determination during the future
operation of the S-DALINAC polarized source, several
polarimeters are being constructred and set up. Besides
the 100 keV Mott polarimeter in the normalconducting
part of the injector beam line, another Mott polarimeter
has been installed at the experimental site behind the
superconducting injector linac where up to 10 MeV
beams are available. The construction consists of two
scintillators at a backward angles of 165º. Monitoring
the degree of polarization at the injector experimental
site will realized using a Compton-transmission
polarimeter described in Ref. [9]. Behind the main
accelerator section, electron beam polarization will be
determined by a Møller polarimeter that is being
designed for energies between 50 MeV and 130 MeV.
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