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The Darmstadt superconducting electron linear accelerator S-DALINAC has been extended by a new source of polarized
electrons. The polarized electrons are produced by irradiation of a strained-superlattice GaAs photocathode with
circularly polarized laser light. At the new polarized source two laser systems are used, a diode laser and a mode-locked
titanium-sapphire laser. To allow maintenance and further development they were placed approximately 40 m from the
cathode in a separate laboratory. We report on requirements, properties and diagnostics of these laser systems as well as
on the transport of the laser beam to the cathode and the required stabilization of the laser beam in position and in time.

1.

Introduction

To produce spin-polarized electrons at the superconducting electron linear accelerator S-DALINAC [1] in
Darmstadt a photo-source based on GaAs has been
installed [2]. As depicted in Figure 1, electrons are
released by irradiating a strained-superlattice GaAs
cathode with circularly polarized laser light at a given
wavelength. A thin CsO layer is needed so that the
electrons can exit into the vacuum from the conduction
band. Figure 2 shows the wavelength dependence of
quantum efficiency and electron polarization. As is
evident from Figure 2 there is a working point for
polarized-electron production given by large
polarization degrees with still acceptable values of the
quantum efficiency. The strained superlattice cathodes
used presently are operated best at a wavelength of
775 nm. However, for unpolarized beams the laser
system may be operated at shorter wavelengths, thereby
exploiting the increased quantum efficiency.
After releasing the electrons from an electrode at
100 keV they have to be accelerated in the
superconducting structures of the S-DALINAC. This is
only possible in bunches with lengths of 30 ps at a
repetition rate of 3 GHz. To optimally utilize the limited
charge lifetime of the GaAs cathode, it is desirable to
only release electrons when they can be accepted by the
accelerator radio-frequency (rf). Therefore pulsed laser
systems at pulse lengths below 20 ps are recommended.
At higher pulse lengths or when operating in continuous
mode, a chopper system is needed that discards parts of
the beam.
Demanding physics experiments may require
extended operation periods of the source with its laser
systems. Hence stable operation with respect to intensity

and synchronization is mandatory. Table displays the
characteristics of two laser systems that fulfill the
requirements of the electron source. Critical parameters
are highlighted.

Figure 1. Principle of generating polarized electrons with GaAsPhoto-Cathodes.

Figure 2. Quantum efficiency and degree of polarization as a function
of wavelength a. The working point is found at ~ 775 nm.

a
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Data from Institut für Kernphysik (IKPH), Universität
Mainz, Germany.

Table. Characteristics of a Ti:sapphire laser and a External Cavity
Diode Laser (ECDL). Both laser systems fulfill the requirements of the
polarized source. Critical parameters are highlighted

Wavelength
Power
Pulse length
Repetitionrate
Stability

2.

Ti:sapphire
680-1000 nm
2W
220 fs
75 MHz
Sensitive against
external influences

ECDL
780 nm
50 mW
30 ps
3 GHz
very stable

weeks in the laboratory [6]. A strong day-night variation
of up to 12 K is visible. The drifts at the resonator are
smaller as the laser system is set up in a partially
enclosed area of the laboratory for laser safety purposes.
Although this part of the room has air conditioning, the
temperature in the resonator varies by up to 4 K so that
mode-locked operating of the Ti:sapphire over several
hours is not possible.

Laser systems

2.1. External Cavity Diode Laser (ECDL)
The first laser system used at the S-DALINAC
polarized injector is an External Cavity Diode Laser
system. It is very cost efficient and consists of a singlemode laser diode at 785 nm. Based on the ECDL
structure, it is possible to slightly vary the wavelength
by about ± 5 nm. With gain-switching techniques [3, 4]
pulsed light is also possible. Pulse lengths as low as
30 ps have been obtained, but the data indicates that the
short pulses reside on a significant DC background.
Detailed investigations of the electron beam are
foreseen. Nonetheless, even at continuous operation the
simple and robust operation of the ECDL system can be
used if not too high beam currents over extended
periods are required. This holds true in particular for
experiments at 100 keV without further rf
acceleration [5].
2.2. Ti:sapphire laser system
The second laser system is a Ti:sapphire laser system. It
is ideal for producing spin-polarized electrons as the
wavelength can be changed to the important region of
775 nm, and it is possible to have pulsed light with
pulse lengths of less than 1 ps. In our case, the repetition
rate was chosen to be 75 MHz, the 40th subharmonic of
the S-DALINAC's fundamental frequency. To provide
pulsed light, the passive nonlinear Kerr-lens effect in
the crystal is used (passive mode-locking). The
disadvantage of this is its sensitivity against external
influences like temperature and vibrations.
3.

Stability improvements

3.1. Stabilization of temperature
To enhance the stability of the Ti:sapphire laser, it is
important to monitor the temperature. Figure 3 (a)
shows the temperature drift during a period of two
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Figure 3. Temperature in laboratory and laser resonator. Without
isolation (a): Strong temperature variations of about 4 K in the
resonator. (b) After isolating with polystyrene and watercooling the
temperature is stabilized to (18.5 ± 0.2) ºC.

To stabilize the resonator with respect to
temperature, commercially available polystyrene was
placed around the Ti:sapphire laser. Furthermore, watercooled copper plates were put inside with radiators for
cooling the system. The temperature of the water was
stabilized to 16 ºC with a commercial chiller. Figure 3
(b) displays the results. The resonator is stabilized to
(18.5 ± 0.2) ºC.
3.2. Passive mode-locking techniques
3.2.1. Hard aperture
The laser system is a Mira HP-D by Coherent Inc. and
uses the so-called hard aperture technique (Figure 4) to
provides ultra-short pulses due to mode-lock. In this
case a slit is inserted into the cavity to cut off the
continuous-wave parts of the beam. Opening the slit
increases intensity and beam quality, but allows
continuous-wave operation only. The stability of the
mode-lock operation depends directly on the quality of
the slit and its location in the cavity. Temperature drifts
may shift the beam position in the laser system, thereby
reducing intensity and seizing mode-lock operation.

Figure 4. Schematic drawing of the Mira HP-D cavity used in this work. The crystal is pumped by an 18 W VERDI system through lens
L1. The cavity is formed by two concave mirrors (M4,M5), two prisms (BP1, BP2) to compensate dispersion and a birefringent filter
(BRF) for wavelength selection. The slit is used to achieve mode-lock operation in hard-aperture mode. For soft-aperture mode-locking it
is fully opened.

3.2.2. Soft aperture
Improved beam quality, higher intensity, and overall
better stability could be demonstrated using the socalled soft aperture. In this case the slit is not used. This
is possible because the Kerr-lens effect provides
changes in the cavity geometry. For the laser to work
when a lens is inserted into a cavity, it is important to
change the distance of another lens inside the cavity to
collimate the beam. In our case this second lens is the
concave mirror M5 (Figure 4). Figure 5 shows the
experimental results for moving mirror M5.
For mirror positions below values of 13.5 mm only
cw laser operation is observed. A region of very stable
mode-lock operation follows, which is attributed to the
soft-aperture effect, as no slit operation is involved.
When operating in this region of M5 mirror positions,
the system also experiences a decreased sensitivity to
vibrations. The average output power is comparable to
cw operation. Typical pulse lengths of 170 fs have been
measured. For mirror positions beyond 15 mm the
output power is reduced by about 1/3 compared to the
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cw value. Mode-locking is achieved, but with greatly
reduced stability. From a simulation of a simplified
resonator geometry (cf. inset in Figure 5), one gains
qualitative understanding of this finding as both cw and
mode-locking operation are possible in this case.
4.

Optical beam transfer

To provide permanent access to the laser system, it is
housed in a dedicated laboratory about 40 m from the
spin-polarized source. Two methods for the laser-beam
transfer to the electron source have been investigated.
4.1. Fibre
A polarization-maintaining single-mode fibre is used to
guide the beam to the source. The advantages of this
fibre are flexiblity and good beam profile.
Disadvantages are the limited maximum average
power of 500 mW and the magnification of pulse length
by dispersion. In our case, it stretches the pulse length
from typically 150-400 fs to nearly 80 ps.
Compensating dispersion is being investigated.

Figure 5. Experimental test [7] of stability of soft-aperture mode-locking by moving the concave mirror M5. The green squares show the
regions where continuous-wave operation is preferred. The red points shows the same for the mode-lock operation in soft-aperture mode,
and the blue triangles show a unstable laser operation. The inset shows a simplified schematic of the laser cavity.

4.2. Free propagating laser
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