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Abstract

The PEGASUS photo injector at UCLA can produce
a photo-electron beam with a normalized emittance of 2
mm·mrad at an energy of 12-15 MeV, capable of driving
a Free-Electron Laser in the mid IR regime. The FEL
program, associated with the PEGASUS injector and pre-
sented here, is based on a Self-Amplifying Spontaneous
Emission (SASE) FEL. The studies focus on increasing the
efficiency of an FEL by novel undulator design and com-
pensation of diffraction effects, using waveguides of mil-
limeter size. In this presentation we also discuss the possi-
bility of the PEGASUS FEL as a THz user facility.

INTRODUCTION

The PEGASUS Photo injector [1] is a novel standing-
wave S-band structure for generating photo electrons and
to accelerate them to 12 – 17 MeV. The high-brightness
beam is suitable to drive a Self-Amplifying Spontaneous
Radiation Free-Electron Laser (SASE FEL) [2] down to a
wavelength of 10 µm without further acceleration.

The injector can also deliver the required beam to drive
a Thomson backscattering source [3]: The mechanism is
closely related to undulator radiation which is the basic
radiation process of a Free-Electron Laser. Although the
Thomson backscattering process does not amplify its own
radiation as a SASE FEL does, the resonant wavelength lies
in the X-ray regime, making this radiation source attractive
to the scientific community.

We present here the possible applications for the PEGA-
SUS injector, oriented towards light sources, spanning a
range of THz radiation to X-rays. Other application are
reported elsewhere [4].

INFRARED FREE-ELECTRON LASER

The FEL program is initiated with an existing undulator,
previously used to demonstrate the first SASE FEL ampli-
fication of more than 5 orders of magnitude [5]. The 2 m
long undulator consists of 98 periods with a period length
of 2.05 cm. The configuration is planar and additional mag-
nets supply equal focusing in both plane. The β-function is
22 cm.

With the expected beam parameters of the PEGASUS
injector (Tab. 1, [6]) the SASE FEL resonates at 13 µm.
Because the electron beam size is 170 µm and only one
order of magnitude larger than the radiation wavelength,
the diffraction during the FEL amplification is strong and
lengthens the saturation length to 3 m.

Table 1: Electron beam parameters of the PEGASUS In-
jector

Energy 12 – 18 MeV
Energy Spread 0.15%
Emittance 4 mm·mrad
Charge 1 nC
Bunch Length 1 mm
Repetition Rate 1 – 5 Hz

Although we do not expect saturation, the radiation can
be used to calibrate the IR diagnostics and to compare the
measured performances with the predicted ones, based on
start-end simulations with the codes PARMELA [7] and
Genesis 1.3 [8].

The degradation due to diffraction can be overcome by
embedding an IR waveguide within the undulator. The
waveguide is a glass or silicon tube with a metal and di-
electric layer deposited on the surface. Using silver and
silver-iodide leyers of a few hundred nanometer each, the
transmission is optimized for the wavelength region of in-
terest. Measurements have shown losses of less than 2 dB
over 2 m [9] and these hollow glass waveguides have al-
ready been successfully used for transportation of IR light
[10].

The saturation length is reduced to 2 m with a 1 mm bore
diameter of the hollow glass waveguide. Fig. 1 shows the
performances for different bore diameters. The case for 5
mm differs only by a few percent from the free space case,
excluding any waveguide. A 1mm diameter gives enough
matching tolerance for the electron beam to the undula-
tor focusing structure to avoid particle losses. The perfor-
mance is insensitive to beam offsets or larger emittances.
Although the waveguide is overmoded, the FEL eigenmode
consists predominately of the fundamental TE mode of the
empty waveguide.

THZ FREE-ELECTRON LASER

THz radiation sources are of particular interest to the
science community [11] for various solid state, cluster
and molecular studies. A tunable source such as a Free-
Electron Laser is highly desirable. The undulator parame-
ters are modified to increase the radiation wavelength with-
out changing the energy of the driving electron beam. In or-
der to radiate at 100 µm, which corresponds to a frequency
of 3 THz, the period is increased to 5 cm and the undula-
tor parameter to 1.5 at a beam energy of 15 MeV. A helical
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Figure 1: FEL performance of the PEGASUS IR waveg-
uide FEL. The corresponding bore diameters are from the
top: 0.8 mm, 1 mm, 1.5 mm, 2 mm, 3.5 mm, and 5 mm.

undulator has the advantage of increasing the output power
and reducing the saturation length as compared to a planar
undulator. The latter helps to reduce the impact of diffrac-
tion, which is even stronger than in the case of the IR FEL.
In the gain guiding mode of the linear regime of the FEL
the equilibrium radiation size is 2 mm. The impact of the
strong diffraction yields an FEL performance very similar
to the IR FEL, except for the wavelength. Three meters are
required to reach saturation. Fig. 2 shows the radiation and
current profile at saturation, which occurs at 3.5 m and the
total energy of the radiation pulse is 120 µJ.

Although we have not studied the problem in detail yet,
it is expected that an embedded waveguide will improve
the performance of the FEL as is the case for the IR FEL.
The aspect ratio between wavelength and bore diameter is
smaller and the waveguide is less overmoded. This reduces
the coupling to higher waveguide modes because the phase
velocity is different and, thus, they are less synchronized to
the electron beam.
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Figure 2: Radiation and current profile (solid and dashed
line, respectively) at saturation for a THz SASE FEL.

THOMSON BACKSCATTERING X-RAY
SOURCE

Thomson Backscattering is an alternative to multi-GeV
electron beams and long undulators for a tunable X-ray
radiation source. The necessary electron beam energy is
between 10-50 MeV for a wavelength of 800 nm of the
scattering laser. Despite the fact that the process lacks the
collective instability of the FEL and emits on the sponta-
neous radiation level, the reduced size of the driving lin-
ear accelerator and the existence of TW drive laser makes
this radiation source attractive. The obtained pulse length
are comparable to those of an Free-Electron Laser such as
LCLS [12] or TESLA FEL [13].

With the high-brightness electron source of the PEGA-
SUS injector, a Thomson backscattering source becomes
feasible. A schematic of the beam line and the drive laser
is shown in Fig. 3. There are two different method of oper-
ation. With an incident angle of 90 degrees the pulse length
of the X-ray pulse is determined by the shorter length of the
electron or laser pulse: for a reasonable focused 50 – 100 fs
Ti:S laser it is around 100-200 fs. However the overlap of
the laser pulse with the electron beam is minimal, resulting
in a rather low photon flux of about 2.1 · 105 photons per
pulse, based on the parameter given in Tab. 2.

A head-on collision maximizes the overlap between the
electron beam and the laser pulse. The flux is three order of
magnitude higher (1.0·108) but the X-ray pulse is stretched
to 3 ps. In this case the wavelength is 2.2 Å – twice as short
as for the 90 degree incident case.

We are considering a set-up which allows the operation
of both 90 and 180 degree incident angle. The required
instrumentation for X-ray transport and diagnostic has to
be further studied.

Figure 3: Schematic layout of a Thomson backscattering
X-ray source at the PEGASUS injector.

CONCLUSION

With the compact design of a high-brightness photo elec-
tron beam source the applications of Free-Electron Lasers
and the related Thomson backscattering process become
feasible and attractive. In particular the small scale of the
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Table 2: Expected performance of the Thomson Backscat-
tering X-ray source at the PEGASUS injector.

Incident Angle 90◦ 180◦

Wavelength 4.4 Å 2.2 Å
Pulse Length 250 fs 3 ps
Photon Flux 2.1·105/pulse 1.0·108/pulse
Opening Angle 33 mrad 33 mrad

required space is appealing as a tunable radiation source
“on location” for a wide class of science experiments in-
stead of the remote location of light sources such as APS,
ESRF or Spring 8 [14].

The prospect of a light source for the PEGASUS lab
can be enhanced with the combination of the Thomson
backscattering experiment with the THz SASE FEL, both
attractive to the science community. The backscattering
process does not degrade the beam quality of the electron
beam and, thus, allows for a downstream operation of the
THz FEL. A delay line of the X-ray pulse is required for
pump-probe experiments with the THz pulse. It is desir-
able to use a variable-gap undulator for the THz FEL, so
that an independent tuning of the X-ray and THz wave-
length is possible.
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