
Nuclear Instruments and Methods in Physics Research A296 (1990) 205-208
North-Holland

A MODIFIED VERSION OF
THE

ELFA LAYOUT

R. BONIFACIO, L. DE SALVO and P. PIERINI
Department of Physics, University of Milan and INFN, Sezione di Milano, Via Celoria 16, 20133 Milano, Italy

L. YOUNG
Los Alamos National Laboratory, Los Alamos, USA

In this communication we will outline the modifications on the accelerating part of the ELFA (Electron Laser Facility for
Acceleration) project suggested by PARMELA runs in Los Alamos and the FRED runs in Livermore for ELFA obtained just before
this conference.

1 . Introduction

ELFA [1] is a high-gain single-pass FIEL amplifier
designed to produce microwave radiation in the range
30-300 GHz using short electron bunches from a super-
conducting linac made of 352 MHz LEP-II cavities .
Short bunches means to study the slippage effect due to
the difference between the velocity of the electron and
the group velocity of light . In fact, a previous theory
from Bonifacio et al . [2] predicts that three dynamical
regimes can occur in an FEL depending on the value of
the FEL parameters: exponential gain parameter G,
slippage parameter S and superradiant parameter K,
respectively defined as [1,2]

G = 41rpNw (1 - X/2) > 1,

S = NWAr (1- X),
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where p is the fundamental FEL parameter, defined in
ref. [2] as

2/3
= 1 ( a,

Wp
1

	

= 0.2 .J 1/3Bw2/3A4W 3Yr 1 [mks],
Yr t

	

I+

	

etc w 1

X is the correction for a rectangular waveguide with a
TE10 mode and b is the height of the waveguide .

Those regimes are the well-known steady-state (SS)
regime and the two new regimes of strong and weak
superradiance with peak intensities proportional to the
square of the electron density . Furthermore, the strong-
superradiant regime gives peak power that can be much
larger than the ones of the steady-state regime . The
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condition for the observation of the three regimes are
shown in table 1 .

The SS regime has been already observed with long
electron bunches from an induction linac . The funda-

Table 1
The basic parameters for ELFA

Laser parameter. A = 3 mm
The experiment can be changed easily to produce

8 min wavelength
Beam parameters
1= 400 A
E = 7-10 MeV
c �=0.3X10-3 mrad
8Y/Y=1%
L b=6 cm (Tb = 200 ps = 25' rf, vrf = 352 MHz)
Wiggler parameters
AW =12 cm
BW = 3.6 kG
NW =34(Lw =6 m)
Gap = 3.6 cm
Hybrid
Fundamental FELparameier: p=0.05

Waveguides
- Steady-state and strong superradiance :
6=1 cm-X=0.9
S = 0.2 (small slippage)
K = 0.02, Lb = 50Lc (long bunch)
G =11.2
y, _' 18.4

- WeaF" superradiance
6=3 cm=*, X=0.1
S =10.7 (strong slippage)
K = 0.85, L y _ = L c (short bunch)
G =12.5
yr =14
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2. Accelerating layout
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mental goal of ELFA is to prove that it is possible to
obtain the three regimes of FEL with short electron
bunches as the one from the superconducting cavities
linac, controlling the group velocity of the radiation by
means of different waveguides .

The microwave radiation produced by ELFA will
have the power and the wavelength requirements to
study high-gradient accelerating structures and plasma
heating .

The general layout of the experiment is the one given
in ref. [1] . We now discuss the modified version of the
accelerating part of the project. The final design of the
injector and linac will be decided in collaboration with
Los Alamos Laboratory in the near future. PARMELA
code [3] has been used to study the beam dynamics
from the photocathode to the end of the superconduct-
ing cavities . Following the steps of the Los Alamos 1.3
GHz photocathode and injector, we prefer to use cou-
pled cavities with focusing coils near the cathode in-
stead of decoupled focusing-shaped cavities as in the
previous version of the project. The preliminary design
for the system is shown in fig. 1 . With the analysis of
this scheme we can conclude that the energy spread
(= 396) and the energy distribution (see fig . 2a for the
PARMELA output at the exit of the injector and fig. 2b
for the PARMELA output at the exit of the supercon-
ducting cavities) are worse than that expected . This is
due to the large part (25") of the radiofrequency used
to accelerate the electrons . We are studying not only the

of ELFA

Fig. 1 . Preliminary scheme for the photoinjector.

possibility of increasing the accelerating field at the
injector cavities (this will depend on the klystron availa-
ble for 352 MHz) but also the possibility of using
higher-harmonic cavities to flatten out the energy spread
and improve the electron distribution of the beam.

The beam matching from the linac to the wiggler will
be done with the help of a quadrupole doublet that will
be studied using the TRACE3D code .

3. ELFA results from FRED code

Thanks to E.T . Scharlemann, who made a series of
runs of his 3D-FRED code [4] with various parameters
for ELFA (energy spread, input signal, emittance, beam
current, etc .), we have decided to use an extended-inter-
action oscillator (EIO) as the 3 nun input signal. In fact,
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Fig . 2 . PARMELA outputs . (a) From the injector : or, the left we show the relative electron energy vs the relative electron phase (with
respect to the reference particle) ; energy is in keV, phase in degrees . On the right we show the -nergy spectrum of the beam . (b) As

(a), but at the end of the superconducting LEP-11 cavities .
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Fig. 3. Radiation power evaluated by FRED for ELFA with a
6 m wiggler and 25 W of input signal, for the 1 cm waveguide.
The other parameters are listed in table 1 . The seven curves

correspond to different values of the wiggler field.

as can be seen in fig. 3, ELFA can reach saturation after
= 5 m of wiggler with the low (25 W) input power
provided by a 200 W EIO . This is only 1 m more than
the wiggler length necessary to saturate with 50 kW
input signal we can match in the wiggler from a 100 kW
gyrotron (fig . 4).

With our 1D code, that takes into account also the
slippage between the radiation and electron pulses, we
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Fig . 4. As fig. 3, except for a shorter wiggler (4 m) and a
greater input power (50 kW) .
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Fig. 5 . Power along the radiation pulse evaluated with the 1D
slippage code. (a) The same parameters as in fig. 3, except for a
longer wiggler (8 m), and a beam current of 400 A . The trailing
superradiant spike is clearly seen, with a peak power of ap-
proximately 600 MW. (b) The same parameters as in (a),
except for 10% energy-detuned electron bean, it order to
observe only the trailing superrâdiant spike, which grows up to

3 GW .

can predict the superradiant effect of the trailing edge
of the pulse as it should be seen in ELFA (fig . 5a). It
can be seen (fig. 5b) that with large energy spread and
detuning the steady state is depressed and only the
superradiant pulse survives .

In this paper we sketch the modifications to the
ELFA project which arise from computer runs of
PARMELA in Los Alamos and FRED in Livermore.
As a result the input-signal generator is no more a 100
kW gyrotron but a less expensive 200 W EIO with a I m
longer wiggler. Furthermore, the general design of the
focusing system for the beam transport has been mod-
ified .
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