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Abstract

A compact FEL facility designed to operate in
the far-infrared and sub-millimeter regions of the
spectrum has been realized at the ENEA research center
of Frascati.

Results obtained with a dielectric loaded
waveguide (Cerenkov-FEL) will be presented.

Introduction

A sub-millimeter FEL facility which utilizes a
5 MeV microtron as electron beam source (see Tab. 1)
has been developed in our research center within the
framework of the Project for Optical and
Electrooptical Technologies.

Table I - Electron beam parameters

e-beam energy 5 MeV
e-bunch duration 20 ps
macropulse duration 5 um
average current 200 mA

peak current 4 A
vertical emittance 6 nmm mrad
horizontal: emittance 18 nmm mrad
energy spread 0.5 %

r.f. electron beam sources have

application as driver for FEL
since they can provide
spectral

Low energy,
indeed a potential
operating in the far-infrared,
short pulses of coherent radiation in a
region not covered by conventional lasers,

The lay-out of the facility 1is sketched in
Fig. 1. A resonator chamber, which allows a "straight-
line" electron beam propagation, has been designed and
realized in order to be used as a test-bed for differ-
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Fig.1 - Lay-out of the facility

ent short-length guiding structures

length) as:
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-~ dielectric loaded waveguides (Cerenkcv-FEL) [1]
- metal gratings {Orotron) (2]
- short period undulators.

Beam position monitors are included in the
resonator chamber, together with an insertable 45°
copper mesh reflector, which is used to extract the
radiation coming out of the resonator.

The first application of this facility has been
the test of a Cerenkov-FEL device,.

Cerenkov-FEL Experiment

This type of FEL source s based on the
interaction between a beam of relativistic electrons
and the evanescent field of a surface wave produced in
a dielectric loaded waveguide (see Fig, 2) [3,4].

The wavelength of the emitted radiation is in a
first approximation proportional to the thickress of

the dielectric film ard to the electron energy,
according to the relationship:
e—1
A 2udy (13}
S
which 1is valid for y » 1 and 1 #d, where y is the

relativistic factor and ¢ the dielectric constant of

the film.

A quasi optical resonator wWith a ncvel electron
beam linjection scheme and an "electron transparent”
output coupler has been utilized for the experiment.

The resonator is composed of a diamond machined
flat copper plate 310 mm long and 25 mm wide, coated
with a polyethylene film (see Fig. 3).
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Fig.2 - Scheme of the interaction process
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Fig.4 - Fabry-Perot interferogram for the 50 pm

Fig.3 - The quasi optical resonator dielectric film
4 3 mm high cylindrical copper mirror, 450 mm An analysis of the spectral properties of the
radius of curvature is used at one end of the emitted radiation (see Fig.d) performed with a wire
resonator for confiring tne optical mode in the  grid Fabry-Perot, has shown a linewidth of several
horizontal plane. The mirror can be moved along the percent In agreement with the theoretical predictions.

optical axls, to tune the resonator length, by means
of a piezoelectric inchworm translator.
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