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INTRODUCTION

Smith and PurceH1 have demonstrated that an electron beam traveling
close to a metallic grating, parallel to the surface of the grating, and
perpendicular to its rulings will emit electromagnetic radiation. They ob-

tained for the fundamental wavelength of the radiation

X = d(§ - cos6) (1)

where d is the grating spacing, v is the speed of the electron, ¢ is the
speed of light, and 6 is the angle between the direction of motion of the
electron and the emitted ray.

Recently, the Smith-Purcell effect has generated a large interest to
many worker‘sz'5 because it has shown much promise in the tunable laser
technology. Sources of tunabie coherent electromagnetic radiation are
highly desirable in application of many areas in applied physics, e.g.,
radio-isotope separation, plasma physics, and Intelligence Surveillance
and Target Acquisition (ISTA).

The Free-Electron laser, based on the Smith-Purcell effect, shows
promise of a truly tunable laser because, in principle, any wavelength can
be obtained by merely changing the velocity of the incident electron, how-
ever, the proper choice of grating spacing must be taken into account.

The purpose of the research was fto (nvestigate the feasibility o4 a
Smith-Purcedd type Free-ELectrnon Casen by usding cfectron energy Loss tech-
niques. A non-refativistic electrion beam was passed over and cfose to the
sungace of a metallic grating, paraflel to the suijace of the grating, and
perpendiculan to its mukings. Measwrements of the energy Loss of the elec-

twon beam, after traveasing the grating, were measwred and compared with
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the predicted enengy Loss due to radiation. The electron energy Loss
measurement should give a direct measure of the nadiative efficiency of

this type of device.

THEORETICAL BACKGROUND

The energy loss of an electron beam that traverses a metallic grating,
parallel to its surface and perpendicular to its ruling was studied as a
function of the energy of the incident electron beam and as a function of
the geometrical configuration of the grooves of the grating. The parameters
and information from this study are very important in the design of a
Smith-Purcell Free-Electron laser.

An estimate of the time average of the total rate at which the energy
of a moving charged particle is converted into radiation as it moves across

the grating is given by the expression6

dw)_ naezc ers (2)

dr 75 d2 (1 - 82)2 sec

\

c:

where e is the electronic charge and 8
This expression was obtained from a harmonic analysis of a zig-zag
path similar to the contour of a typical cptical grating which yields d/20
as the amplitude of the fundamental oscillation, and from the classical for-
mula for the time average of the total rate of radiation from an accelerated
charge instantaneously at rest.
Choosing 8 = 90° in Equation (1), and making the assumption that the
total rate of radiation should be about four times the rate of radiation in
the first harmonics, the combination of Equations (1) and (2) gives the ex-

pression for the conversion of electron energy into electromagnetic radiation
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per unit electron path as
dx 75)\2 (1 - 82)2 cm

As can be seen from Equation (3), the efficiency of the conversion of elec-
tron energy into radiation increases with increasing 8 and decreasing A,
and decreases with decreasing 8 and increasing A.

Consider a typical optical grating (600 Tines/mm) which gives a grating
spacing of approximately 1.7 x 10'4cm. If the kinetic energy of an electron
is 25 KeV, the corresponding wavelength () = dB'l) would be ~5.48 x 10-4cm
(infrared). The corresponding electron energy loss estimated from Equation
(3) would be ~0.94eV/cm which would not be difficult to observe.

For a frequency 230Ghz (1 = 1.3mm), the energy loss for a 25 KeV elec-
tron (g = 0.31) and a grating spacing of 0.4mm would be approximately
1.7 x 10-7eV/cm. This loss value would be much too small for us to observe.
Even if a 1 MeV electron (g = 0.89) and a grating spacing of 1.16mm were
considered, the energy loss would only be roughly 10-4eV/cm.

However, the electron energy losses based on beam and grating parameters
obtained in the infrared wavelength range can be extrapolated to the near-
millimeter-wavelaongth region, and would be useful in obtaining optimum con-
ditions for the operation of a Free-Electron laser (Orotron) as the one

developed by leavitt et. nl.s at Harry Diamond Laboratory.

EXPERIMENTAL SET-UP

The electron scattering apparatus that was used to measure the electron
energy loss of the beam due to radiation has been described previously by.

Marton and Simp30n7 and Mend1OWit28. The data-recording system has been
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described previously by Spe]]erg. The electron scattering apparatus has five
basic components: (1) tele-focus electron gun; (2) specimen chamber; (3) de-
celerator; (4) magnetic velocity analyzer; and (5) accelerator. The data-
recording system is a photomultiplier detector coupled with a multichannel

analyzer and a micro-computer.

RESULTS AND DISCUSSION

The electron beam was passed over an optical metallic grating (600 -
lines/mm) and the loss spectrum obtained is shown in Figures (1) and (2).

The loss peak values were determined to be between “(1.8 - 1.9 ev) for
kinetic energies of the incident electrons at 20 KeV - 25 KeV, respectively.

From Equation (3), in the previous section, we see that if the kinetic
energy of an electron traversing this particular grating is 25 KeV, the es-
timated electron energy loss should be “0.94 eV/cm. The width of the grating
used was 2.6cm, thus giving a loss estimate of ~2.4 eV.

Because of the fact that our measured loss values are in fair agreement
with the predicted values, and because they complietely disappear when the
grating is moved away from the beam, we strongly feel that the loss peaks ob-
served are due to the grating. However, more data and other related energy
loss experiments are necessary for confirmation and for a full understanding
of the loss mechanism of this type.

We checked to determine if there was a surface plasmon loss for gold in
the enerqy region 2.0 eV. From previous electron energy loss measurements
of gold made by Speller, no loss was observed in this energy region.

Numerous attempts were made to reproduce these results, however, we

failed to see the "loss effect” again. Different metailic gratings, as well
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as the original grating, were used, yet the electron energy loss spectrum

still could not be reproduced. We must note that the passage of the elec-
tron bean parallel to the surface of the grating and at the proper distance
above the grating (glazing) are critical factors in observing the "loss
effect." Many adjustments were made before the electron energy loss spectrum
was measured the first time.

We have net vet given up on this experiment because we believe that
enengy Loss specthum obtained 48 neal. With an improved method c¢f adjusting
the beam nelative to the sunface of the grating, and modifdications in the
detection and data acquisition systems, hopefully, the neproducdbility of
the enengy Loss spectrum can be obtained. We 4eel this type of «nfoumation

A5 verny Lmpontant and could have sdgnificant impact on the Strategic Defense

Initiative (SDI) proghanm.
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