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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. I) 
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 Me!: 

e-b.inch duration 20 ps 

macropulse duratiorl 5 pm 

average current 200 mA 

peak current 4A 

vertical emittance 6 rrmm mrad 

horizonta. emllttance 18 rrmm mrad 

energy spread 0.5 $ 

Low erlr?rgy , r.f. electron bean. sources have 
indeed a potential application as driver for FEL 
operating ir the far-infrared, since they can provide 
short pulses of coherent radiation in a spectral 
region not covered by conventional lasers. 

The lay-out of the facility is sketched in 
Fig. I. 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 snort-length guiding structures (up to 43 cm 
length) as: 

- dielectric loaded wavcgu:des (Cerenkcv-FEL) 111 

- metal gratings (Orotron) 121 

- 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 Experimerlt 

'I'h i s type of FEL source js bdsed Oli tilt 
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 wavelerlgth of the cmitced radiatiorl is iri a 
first approximation proporti~,rr.i; to the tn:ckr.ess of' 
the dielectric film ar.d to the electtor: energy, 
according to the relationship: 

r- 1 
A ‘2fl dj’ - (1) c 

which is valic for y 2, 1 arid I v d, wher,e y is the 
relativlstic factor and 1 the dielectric constant 0: 
the film. 

A quasi optical resonator u1th a novel electron 
beam injection 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 rmn long an3 2: mm wide, coated 
with a p"iyethylene film (see Fig. 31 
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Fig.2 - Scheme of the interaction process 
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NEW RESONATOR FOR THE CERENKOV-FEL 
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Fig.3 - The quasi optical res’anator 

k 3 mm high cylindrical copper mirror, 11’;O m71 
radius :!f curvature is used at 0,,63 end of the 
resonator for confiring tne optical mode ir the 
horizontal plane. The mirror can be moved along the 
optiral 4x1s. to tune the resonator length, by men,~s 
of a piezoclectric !nchwc’rm trarrsia~or. 

A w 1 i-e grid reflector 1 n contact with the 
copter' pldtt: i:; us% as output cuu~l~r~. Two couples of 
small perrxnent nagrets, placec t;lmmctrically sideways 
at the entrance of :he resonatcr , allow t!le electron 
bean, to enter the resonator. abcvti the irtput mlrrcr and 
be theri p~it‘~llel illsplaced close to the surface 3f the 
diel?ctr ii f:ln. the gap betwecri the magnets carr be 
remtcly <idJUSt~d lli cr,der to optimize the coupling of 
the ClCiiI oils :o tlhe dielectr,lc l’llm. 

Expcr, lmerltal mesurements h<ive coriflrmed the 
e.xcel 1ir.t rr.Jection prxopcrtles of this structure. 

Experimental Results 

‘l’he Cerenkov-FE: degilce has been successl’i~ll~ 
operated at wnvelergthi of 90cb pnl 3rtc 1.6 mm errp1oyir.e 
polyethy.ene films of 25 pm drid 50 krrn respectively ar;d 
no resonator. 

‘l‘hc produced outpu: power’ rancut; between 20-100 
W over a macropulse duration of’ 4 ps. 

-II 1 I 1 I < I I 1 , I 1 I 1 , I L_LII 

0 1 2 3 
Lm m-J 

F1g.4 - Fabry-Perot lnterferogrdrrr for, the 50 pm 
dielectric film 

An analysts 0:' the spectral proper~tles of the 
emitted rad-atior (see F1g.4) performed with a wire 
grid Fabry-Perot, has shown a lloehldth of severa; 
percent in agr’eement with the theoretical predictions. 
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