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Introduction to the Special Issue on Free-Electron
Lasers

HIS is the fourth Special Issue of the IEEE JourNaL

OF QUANTUM ELECTRONICS devoted to the topic of
Free-Electron Lasers (FEL’s). Spaced about every two
years (August 1981, March 1983, and July 1985), these
issues fairly represent the substantial progress in a field
requiring multidisciplinary teams of scientists and engi-
neers. The period since the third Special Issue in 1985 has
been especially productive as evidenced by many reports
of important experimental achievements, verification of
theoretical predictions with experimental results, plus a
host of new proposals for advanced devices.

Recent reports of successful laser operation, in chro-
nological order, have included: 1) ~3 pum operation of
the Stanford University FEL driven by their room-tem-
perature, Mark-II1 RF linac, 2) 2 percent energy extrac-
tion during tapered-wiggler (a.k.a. undulator) oscillator
experiments at ~10 um at Los Alamos National Labo-
ratory, 3) ~40 percent energy extraction from a tapered-
wiggler FEL amplifier at 8.6 mm by Lawrence Livermore
National Laboratory, 4) first operation of a Cerenkov FEL
tuned between 400 um and 1 mm by a Dartmouth Uni-
versity/Ecole Polytechnique at Palaiseau team, 5) first
visible-wavelength operation (528 nm) of an RF-linac-
driven FEL by a Stanford University/TRW team using the
Stanford Superconducting Linear Accelerator, 6) coher-
ent harmonic FEL production in the vacuum-ultraviolet at
177 and 106 nm by bunching the electrons circulating in
the ACO storage ring (University of Paris at Orsay) with
an external 532 nm laser, and 7) 3 percent spectral tuning
at 4 um by use of a H,-gas-loaded wiggler in the Mark III
FEL at Stanford University.

To verify the potential for high-efficiency FEL opera-
tion, two experiments were conducted to demonstrate the
principle of energy recovery from a recycled electron
beam. At Stanford University, a racetrack configuration
first accelerated and then decelerated the electrons in the
same superconducting traveling-wave linac structure. En-
ergy-recovery experiments at Los Alamos National Lab-
oratory used separate standing-wave structures (room
temperature) to accelerate and decelerate the electrons
with an RF coupling element between the two to return
the recovered energy to the accelerator cavities. While
lasing at 10 wm with beam energy of 20 MeV and 0.1 A
-average current, 70 percent of the residual electron energy
passing through the wiggler was recovered.

Major advances in accelerator components have in-
cluded RF-linac injectors that produced low-emittance
beams of unprecedented brightness. With the Mark III
Stanford University injector, normalized emittance values
as low as 47 mm-mrad (90 percent of electrons) were
measured with 20 A peak current by use of a field-emis-

sion gun with a LaBg cathode. At Los Alamos National
Laboratory, a laser-driven photocathode injector also pro-
duced beams with very low normalized emittance of
~ 107 mm-mrad with substantial micropulse charge of 5
nC. Peak currents to 400 A and average currents to 3 A
were reported for the latter injector. These new injectors
will lead to vacuum-ultraviolet FEL’s, as well as opera-
tion in the visible region with higher powers and enhanced
extraction efficiency.

We are pleased that a number of the achievements cited
above are included in the 26 papers in this Special Issue,
The collection begins with four Invited Papers that review
substantial experimental progress. Special recognition is
given the first paper by Elias, since the FEL research con-
ducted at the University of California at Santa Barbara has
led to the first FEL user facility dedicated to scientific
experiments in the far infrared (130-800 um). Official
commissioning of the UCSB facility occurred earlier this
year. The three following invited papers review the ta-
pered-wiggler FEL results at Los Alamos, the operating
characteristics of the new photocathode injector, and de-
tails of the tapered hybrid undulator designed and con-
structed for the Boeing Aerospace Corporation/Spectra
Technology visible-wavelength FEL demonstration ex-
periments.

The contributed papers are divided into three catego-
ries. The first includes short-wavelength lasers ( <1 mm)
which generally operate in the Compton regime, i.e.,
where electron-electron interactions can be neglected. A
second category includes six papers dealing with undu-
lator physics and design which are primarily, but not ex-
clusively, useful for short-wavelength FEL’s. The pro-
posed undulator (wiggler) designs include those produced
by focused laser beams, plasma waves, electromagnetic
standing waves, and a design that both wiggles the elec-
tron beam and reaccelerates the electrons as they lose en-
ergy to the radiation field. The third category includes
FEL’s operating in the so-called Raman regime where
collective effects within the electron beam are important.
For both the Compton and Raman FEL categories, the
papers reporting experimental results appear before the
more numerous papers concerning FEL theory.

In the next few years, the number of operational FEL’s
will undoubtedly increase, assisted by the valuable data-
base from existing systems, much of which has been re-
ported in these four JQE Special Issues on FEL’s. Al-
though almost all of the FEL research has been conducted
by a few nations (U.S.A., France, U.5.5.R., Italy, United
Kingdom, and Israel), we expect to hear about experi-
ments in additional countries, including China, Japan, and
West Germany, where FEL experimental programs have
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begun or are planned. The number of user groups devoted
to FEL applications will also increase from the one at
UCSB to include those béing organized now at Stanford
University, Los Alamos, NBS-Gaithersburg, Vanderbilt
University, and the University of Paris at Orsay. With
maturing of this field, the new user facilities should reach
shorter wavelengths (even below 100 nm), increased
power, and greater reliability. Results of unique applica-
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tions of free-electron laser radiation should begin to pro-

liferate.
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