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= Abstract

We present a setup for producing and characterizing pi-
cosecond ultraviolet laser pulses for use in the MAX IV
hotocathode electron gun preinjector. Frequency-tripled
laser pulses from a commercial laser system are shaped di-
rectly in the ultraviolet domain using a Fourier-domain pulse
.S shaper. The pulses were characterized using a transient grat-
ing FROG. We discuss a proposed upgrade of the pulse
shaper, as well as its limitations.
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INTRODUCTION AND MOTIVATION

The MAX IV Laboratory is a synchrotron radiation fa-
£ cility. Its two storage rings reach electron energies of 1.5
5 and 3 GeV. In addition to the rings, the lab operates a short
- pulse facility [1], while a design study for a soft X-ray free
H electron laser (FEL) at 1-5nm is currently in progress. Both
2 S rings are injected by a full energy linac at 3 GeV [2]. The
° linac can use either a thermionic or a photocathode gun as a
—0 source of electrons, but only the photocathode gun can de-
; liver the short electron bunches required for the short pulse
2 facility and the possible future FEL. Our 1.6-cell, normal-
< conducting, BNL/SLAC-type photocathode gun [3] is op-
§ erated at 2.9985 GHz. We make use of a polished copper
& cathode. An emittance-compensating solenoid is installed
@ directly following the gun. The emittance requirement for
§ the short pulse facility of 10 um has already been met. The
& more stringent requirement for the free electron laser, of
S 0.4 um, at a charge of 40 pC is likely to necessitate devel-
5. opments of both the gun laser and the electron gun itself.
8 Preliminary simulations conducted in AsTtrA [4] indicate
U that the emittance of a spatially relatively uniform electron
£ bunch is dependent on the shape of the photocathode laser
e © pulse. In the case of a flat-top pulse shape with a finite rise-
E time, decreasing the rise time was predicted to reduce the
emlttance by up to 25%.

Our laser pulses are produced by a commercial laser sys-
S tem, which is capable of outputting 9 mJ infrared pulses at
2 790 nm, with a bandwidth of 25 nm. The laser system spec-
Qg) ifications have been summarized in Table 1. The infrared
2 pulses are frequency tripled in a pair of S8-BBO crystals,
%'yielding ultraviolet pulses at 262 nm, with a photon energy
_z of 4.7 eV, and a spectral bandwidth of 1.6 nm. Table 2 lists
3 the UV pulse properties. These pulses are normally stretched
£ to a duration of about 1.4 ps using a prism stretcher, and sub-
g sequently stacked to a final pulse duration of either 3ps or
£ 6ps using birefringent a-BBO crystals [5]. The pulse energy
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is about 100 W on cathode. The laser setup is described in
more detail in [6].

Table 1: IR Pulse Specifications

Parameter Value

Central wavelength 790 nm

Bandwidth 25 nm
Pulse energy 9mJ
Repetition rate 100 Hz

Table 2: UV Pulse Specifications

Parameter Value

Central wavelength 262 nm

Bandwidth 1.6nm
Pulse energy Im]
Repetition rate 20Hz

The stacked pulses are characterized using two-color
cross-correlation, where the picosecond UV pulses are gated
using the IR pulses that are left over from the tripling, whose
duration is about 100 fs. The IR pulses thenselves are in-
dependently characterized in a second harmonic generation
frequency resolved optical gating (SHG FROG). The pulses
have a double Gaussian longitudinal profile, with a rise time
of about 1 ps.

In order to produce picosecond pulses with a closer to
a flat-top shape, we direct our pulses through a 4-f pulse
shaper (Fig. 1). The pulse is first spectrally dispersed using
a diffraction grating. A lens is placed a focal f length away
from the grating (g=3846 mm™"), collimating the dispersed
beam, and focusing it in the Fourier plane a distance f away.
A double knife edge in the Fourier plane can be used to cut
out some of the spectral components, and acts as a simple
amplitude mask. After the Fourier plane the setup is reversed,
so the beam is first collimated by another lens and finally
the spectral components are overlapped again using another

Figure 1: The principle of Fourier domain pulse shaping.
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grating. Manipulating the different spectral components in
the Fourier plane, e.g. by introducing either transparent
or absorptive elements will modify the phase and/or the
amplitude of the pulse, changing the temporal shape of the
pulse at the output of the shaper. A deviation from the 4-f
geometry would also lead to temporal reshaping the pulse.
We make use of a commonly explored feature of imaging
optical stretchers, where a translation of one of the gratings
in the direction of the beam propagation leads to a quadratic
phase being imparted on the pulse. This phase corresponds
to a linear frequency chirp, which can be either positive or
negative, depending on the direction in which the grating is
moved.

The pulse shaper output is characterized using transient-
grating frequency resolved optical gating (TG-FROG) [7].
The characterization setup is described in [6]. Directly after
the frequency-tripling crystals, the UV pulses are close to
transform limited with a pulse duration of about 80 fs, and
an approximately Gaussian longitudinal profile.

RESULTS

Figure 2 demonstrates the possibilities for pulse shaping
by adding quadratic phase through a modification in the pulse
shaper geometry, in combination with simply cutting out
the spectral components in the tails of the spectral intensity
distribution. The added phase stretches the pulse, while the
cutting the frequencies in the tails reduces the rise time of
the final shape. Here we show the predicted and measured
3ps pulse.

The top panel shows the pulse in the spectral domain. A
Gaussian with the FWHM of 1.6 nm is a good approximation
for the measured spectrum, while a pure quadratic phase
is assumed. The amplitude mask that was applied to the
pulse is also shown. The middle panel shows the calculated
temporal intensity and phase of the pulse. Here we also
compare the resulting pulses with and without an amplitude
mask applied. The effect of the mask is two-fold. While it
does decrease the rise time of the pulse, it also introduces
ringing in the amplitude, due to its sharp edges. The bot-
tom panel shows the measured temporal shape of the pulse,
which is in very good agreement with the calculated tempo-
ral shape. The temporal profile of a pulse produced through
pulse stacking is plotted for comparison, and to highlight
the improvement in the rise time.

In order to achieve a greater degree of control over the tem-
poral shape of the pulse, we propose using a programmable
device in the Fourier plane of the pulse shaper. A number of
devices capable of shaping the electric field of a laser have
been demostrated, however only an acousto-optic modula-
tor (AOM) can be used for the short wavelengths needed to
photoionize a copper cathode [8,9]. An AOM is essentially
a programmable transmissive grating, consisting of a crystal
and a piezo-electric transducer attached to it. Fused silica
is commonly used at UV wavelengths. An RF wave sent to
the piezo forms an acoustic wave in the crystal, resulting
in a density and refractive index modulation. The device
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Figure 2: [Top panel] shaped laser pulse in the spectral do-
main: spectral intensity (sold blue), spectral phase (solid
red), amplitude mask (dashed black). [Middle panel] shaped
laser pulse in the temporal domain: temporal intensity with
the amplitude mask applied (solid blue), and without the
amplitude mask (dashed blue), temporal phase with the am-
plitude mask applied (solid red), and without the amplitude
mask (dashed red). [Bottom panel] measured pulses, at the
output of the pulse shaper (blue), stacked pulses (yellow).

allows for independent modification of the spectral phase
and amplitude. It is worth noting that amplitude modifica-
tion results in losses, while a smooth phase modification in
principle does not.

The limitation in the phase variation rate an AOM can
achieve is set by the pulse dispersion in the Furier plane,
as well as by the response of the AOM crystal itself. Com-
mercially available AOM devices are typically operated at
frequencies in the 100-200 Mhz range. At the commercially
available 3dB bandwidth of 100 MHz, the rise time is lim-
ited to 10ns. In our case, at f=450 mm, the spatial spread
in the Fourier plane is 1.9 mm/nm and thus the slope of the
phase variation rate is limited to about 100 rad/nm. This
also limits the pulse duration that can be reached by apply-
ing only a quadratic phase to about 2 ps given our current
optics and an input bandwidth of 1.6 nm. For this reason, we
propose the use of a combined method. If the desired pulse
shape is significantly longer than the input pulse, then the
phase needed to achieve that pulse will have a large quadratic
component. This component can be imparted on the pulse
geometrically, i.e. by departing from the 4-f configuration.
The pulse shaper is then only used for smaller adjustments
in the pulse duration, as well as to shorten the rise time of
the pulse.
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E Figure 3, top panel, shows a pulse shaped to produce a
5 nearly flat-top distribution in the temporal domain. The
Z phase need to achieve this is a sum of quadratic and a gen-
% eralized Gaussian component, which are shown separately.
4 The parameters of the generalized Gaussian were optimized
£ in order to obtain the desired pulse shape. In addition, a
£ smooth amplitude mask (a Tukey window) can be applied
% to the pulses. The bottom panel shows the same pulse in the
= temporal domain, including a comparison beteen the shapes
,;i obtained with (solid blue) and without (dashed blue) the
5 phase mask. It is evident that applying a phase mask results
§ in a reduction in the rise time, from about 0.7ps to 0.3ps.
5 Using a smooth amplitude mask also reduces the ringing
E significantly. This highlights the clear advantages of using a

h

g fully controllable amplitude filter over a simple knife-edge
3
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S Figure 3: Top panel: a shaped laser pulse in the spectral
© domain. Here we show the spectral intensity (solid red)
§ and the spectral phase (solid red). In addition, a the phase

8 is decomposed into two components, a quadratic one (red
g dash-dotted line) and the remaining quasi-Gaussian (dotted
; red). A phase mask is shown (dashed black). Bottom panel:
A the same pulse in the temporal domain. We plot the temporal
O intensity corresponding to the pulse with a Gaussian spec-
£ tram (solid blue), and a temporal intensity corresponding to
S truncated Gaussian spectrum (dashed blue). The temporal
é phase is also shown (solid red).
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CONCLUSION

We briefly present the laser setup used to produce fem-
tosecond ultraviolet pulses. We discuss the different ap-
proaches to stretching and shaping these pulses. An existing
setup consisting of a prism stretcher and birefringent crystals
is compared with a newly built Fourier domain shaper. In
addition, the use of a AOM device to improve the temporal
shape is discussed, and simulated pulse shapes are presented.
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