An OK for coherent
ultraviolet light

If investigators in various departments
of physics, materials science, chemistry
and biology had coherent ultraviolet light,
they could do many things better than
they do now and some things they can’t do
now. However, few lasers operate in the ul-
traviolet, especially in the range called the
vacuum ultraviolet, which is so called be-
cause air absorbs it and experimentation
with it must be done in vacuum.

Now a group of physicists working at the
Laboratory for the Utilization of Elec-
tromagnetic Radiation at the University of
Paris-South in Orsay, France, report that
they have developed a source of coherent
radiation for the vacuum ultraviolet range
(wavelengths less than 2,000 angstroms).
It is called an optical klystron (OK). They
report that at a wavelength of 3,350 ang-
stroms it produced an enhancement of 100
to 1,000 times its ordinary spontaneous
emission (B. Girard and eight others in the
Dec. 17 PHYSICAL REVIEW LETTERS).

An ordinary klystron is an electron tube
that produces or amplifies radio waves. As
an amplifier, a klystron takes energy from
electrons energized by an electric field to
increase the power of an incoming radio
wave. The influence of the incoming wave
makes the electrons in the klystron form
bunches of a size corresponding to its
wavelength, and then a magnetic field
makes the electron radiate in synchrony
with the incoming wave, thus strengthen-
ing it. One important scientific application
of klystrons is producing the radio waves
that accelerate particles in the world’s
largest accelerators.
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Schematic of optical klystron's operation

The OK works in roughly the same way.
It takes electrons from a storage ring (the
ACO ring at Orsay) because for visible or
ultraviolet light they have to have much
higher energy than they could get from
electrostatic forces in a large vacuum
tube. The electrons enter the first stage of
the OK, which is the field of an undulator
magnet called the “modulator.” This un-
dulator is a magnet whose field reverses
direction every 78 millimeters. There are
seven such reversals altogether. In the un-
dulator the electrons encounter the fo-
cused beam of a laser. In combination with
the undulating magnetic field the laser
beam modulates the energy of the elec-
trons in a way that resonates with its own
wavelength.

The electrons then enter the second
stage, the “buncher.” This can be either a
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magnetically shielded drift tube or a
steady magnetic field. Here the energy
modulation of the electrons converts itself
to a spatial bunching, whose dimensions
match the wavelength of the laser (in the
experiment 10.6 micrometers).

The bunched electrons then enter
another undulator field, which induces
them to radiate not only at the fundamen-
tal frequency of the laser but also at higher
harmonics (integral multiples) of it. The
experiment used electrons with 166 mil-
lion electron-volts to produce the coher-
ent radiation at 3,550 angstroms. The OK

yielded a maximum of 600,000 coherent
photons per 12-nanosecond laser pulse.
Theory predicts 4 million photons per
pulse. The experimenters attribute the dif-
ference to the experimental setup not
being optimum for this purpose. They
chose to work with the visible wavelength,
3,550 angstroms, for ease of recording.
The principle, they say, is easily applicable
to wavelengths as short as a few hundred
angstroms, by increasing the energy of the
electrons. Under optimum conditions it
should yield 10 billion to a trillion photons
per pulse. —D. E. Thomsen
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