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Summary

High-current-density, bunched electron beams with
low emittance are required for efficient operation of
rf-linac-driven free-electron lasers (FELs). Laser-
irradiated, photoemissive electron sources are suit-
able for this application. Currents of over 200 A
have been generated in an ultrahigh vacuum chamber
from a 1-cm? CsqSbh photocathode irradiated by a
frequency-doubled, Q-switched pulse from a Nd:glass
laser. These currents are over two times larger than
previously reported from any photocathode The dura-
tion of the electron pulse was 50 ns \rﬁHu;, corre-

sponding to the width of the 532-nm laser pulse.
Introduction

The rf linacs used to drive FELs traditionally
operate at Tow average currents. Conventional dis-~
penser cathodes can provide these currents. For

afEd~ n+ EC1
efficient FEL operation, the thermicnically emitted

electrons are prebunched by rf fields before being
injected into the accelerator. Peak currents of sev-
eral hundred amperes in these bunches can be achieved.
However, both the thermal spread of the emitted elec-
trons and the process of bunching these electrons in
the rf cavities contribute to an undesirably large
emittance of the beam.

The prospect of a different electron source with
reduced energy spread and one that has, in addition,
the capability of emitting the electrons in high-
density pulses is very attractive, because it elimi-
nates the bunching cavities. Laser-driven photo-
emitters appear to meet these specifications. 1In
fact, the use of semiconducting photoemissive cathodes
as stable high-current-density electron sources al-
ready is becoming a reality.

Traditionally, photocathodes are used as detec-
tors to measure extremely low levels of light. The
photosensitive surfaces are encliosed in tube struc-
tures containing nonpoisoning vapors at moderate
vacuums (10‘5 torr). Small current densities of
nanoamperes-to-microamperes per centimeter can be
emitted stably. Operating such photocathodes at
better vacuum Tevels and illuminating them with
higher-power laser radiation, spectra]]y matched to
the surface's photoemissive response, can provide
high-brightness electron beams .

Prototypes of laser-driven photocathodes have
been developed already. Continuous emission of aver
3 A/cm€ was achieved from a 37-um-square, semitrans-
parent CsqSb photocathode, back illuminated by an
argon jon laser.® Energy spreads below 0.3 eV were
recorded for laser wavelengths between 458 and 515 nm,
and these spreads decreased to 0.1 eV with He-Ne laser
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irradiation at 633 nm.2 The brightness of the beam

activated at 488 nm substantially exceeded that ob-
served for LaBg thermionic sources.® In puised emis-
sion, a 20-ns KrF excimer laser beam, operating at 249
nm, extracted a current of 1 A from a 2-cm? aluminum
surface.4 A much larger emission of 60 A in a 1-ns
burst was obtained from GaAs (Cs,0) activated bv a
frequency-doubled Nd:YAG laser.® Recently, a group of
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investigators at the University of Tokyo has irradi-

ated a 1.33-cmé bialkali antimonide photoemissive sur-

face at 53Z2-nm wavelength and generated a train of
picosecond pulses with peak current densities of 75
A/cmé.® Each puise in the train was ~35 ps long, with
a pulse repetition frequency of 2884 MHz (etalon up-
converted from the mode-locked, Nd:YAG laser-pulse
frequency of 169.6 MHz).

In this paper, we report on the emission of elec-
tron pulses, with peak current densities of over 200
A, from a CS3Sb photocathode irradiated by a 50-ns
(FWHM) frequency-doubled, Nd:glass laser beam.

Experiment

The experiment was performed in a vacuum chamber
pumped to 1079 torr (Fig. 1). A Cs3Sb photo-cathode
was fabricated in situ in the following manner: A
nickel-plated copper substrate was retracted from its
normal operating position in contact with the cathode
plate shown in the figure. The substrate was first
thermally cleaned by resistance heating to 450°C.
Next, a thin film of antimony was deposited on the
surface from a resistance-heated antimony bead. The
thickness of this film was monitored by simultaneously
depositing antimony on an adjacent glass slide and
monitoring the optical transmittance of a He-Ne laser
beam. Fipally, with the photocathode substrate main-

tained at 1’1{\0(‘ a metallic r\h:nr\a]

chromate, was heated to supply cesium to the antimony
layer. DOptimized deposition was achieved by irradi-
ating the surface with a Tow~intensity white-Tight
source and monitoring the photoemission continuously
during this procedure. Upon reaching the maximum
photocurrent, the cesium supply was shut off. The
completed photocathode was then pushed forward from
its retracted position until it made contact with the
area around a 1-cm2 hole in the 0.075-cm-thick
stainless steel corona shieid. The edges of this hole
were beveled at the appropriate 22° Pierce angle to
minimize beam expansion at a total current of 200 A.

With ceramic stand-offs in the support structure,
both the corona shield and the cathode were electri-
cally isolated from ground. A current lead from the
cathode fixture passed through an insulated feed-
through in the vacuum chamber to externally connect
the cathode to ground A Pearson current transformer
surrounded this lead outside the chamber and measured
the photocurrent emitted by the cathode.

The anode of the diode was a stainless steel
torus with a major diameter of 7.0 cm and a minor di-
ameter of 2.5 cm. The torus was turned on edge with
its closest point located ~4.6 mm from the photo-
cathode surface. The frequency-doubled beam from the
Nd:glass laser was transmitted through a window in the
vacuum chamber, irradiating the photocathode at an
angle of about 65° to the normal.

The electron-heam accelerating field was provided
by a 200-kV dc power supply that charged a 500-pF
capacitor outside the vacuum chamber connected di-
rectly to the high-voltage feedthrough to the anode.
At applied voltages above 50 kV, a four-stage Marx
generator, with an erected capacitance of 1350 pF,

supplied the field. Each stage could be charged to a

maximum of 30 kV. Large overvoltages at the diode,
which led to undesirable premature breakdown, were
1imited by damping resistors located in the Marx

containing cesium
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Fig. 1. Experimental apparatus.
cathode.
corona shield.

about 65° to the normal.

power supply. By using an appropriate delay circuit,

we forced the laser beam to emit 0.5 to 1 us after the
Marx generator was fired, which was sufficient time

to allow any voltage oscililations on the diode to die

out.

Results and Discussion

Cs3Sb is a positive electron affinity photo-
emissive material, which is relatively easy to fabri-
cate, and which, when irradiated at the frequency-
doubled Nd:glass laser emission of 532 nm (2.33 eV),
should operate with a quantum efficiency of about 4%.
The threshold of emission for
Nominal energy spreads at 532
about 0.2 ev.2

If this energy spread is
rents, then the thermal limit
emittance can be calculated as follows:
normalized emittance e as

nm are expected to be

maintained at high cur-
of the beam's transverse
Define the

en=wB~yre (m

where © is the ratio of the transverse-to-
longitudinal-electron momentum,

) 2 EN 172
R : (2)
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o

and r is the radius of the emitter. Substituting

Eq. (2) into Eq. (1),
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0

If we can consider the energy spread to be a good ap-
proximation for the transverse energy E. of these
photocathodes, the thermal 1imit of the normaljzed
emittance of a 1-cm? beant will be about 5 wemm-mrad.
Requirements of the Los Alamos rf linac FEL inciude a
beam emittance in the 10 to 30 w-mmemrad range.’

For a current of 200 A, this low emittance would be a
significant improvement over the measured values of

(3)
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A toroidal anode is suspended on a
high-voltage feedthrough and located, edge-on, about S mm from the photo-
The outer edge of the cathode plate is curved back to form a
The photocathode is shown in its operating position. A
Q-switched, Nd:glass laser illuminates the photocathode at an angle of
The photocathode substrate is retractable to a
position where it is exposed to the cesium and antimony evaporators.

Cs3Sb is 640 nm (1.94 ev).

operating accelerators.®
How low this small emit-
tance near the cathode can
be maintained as the elec-
trons are accelerated
through actual devices has
yet to be demonstrated.

The experimental data
of this study are presented
in Figure 2. The photo-
currents are seen to be
dependent on the applied
voltage to the three-halves
power. Because of the
rounded surfaces of the
anode, the effective spac-
ing of the diode was about
5.6 mm. The data show that
for a Cs3Sb photoemissive
surface, a peak current of
at least 200 A can be
drawn. The quantum effi-
ciencies of the photo-
cathodes used in this work
were in the range of 2 to
3%. These results are
consistent with those
predicted by numerical
simulations of the diode
with its specific geometry.
A typical temporally re-
solved oscillogram trace
of the photocurrent is

POLARIZER NG GLASS LASER POLARIZER

shown in Figure 3. The
overall shape is seen to track the laser pulse. The
rise time of the pulse is about 10 ns. Stable shot-
to-shot operation was noted.
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Fig. 2. Space-charge-1imited photocurrent measured

as a function of the applied voltage, which was either
dc (dots) or ac (crosses). (The solid line represents
the Child-Langmuir relation with the applied field
approximating that pertinent to this diode
configuration.)
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Fig. 3. Oscilloscope trace of the photocurrent
profile recorded for an applied voltage of 50 kV.
The peak of this profile corresponds to 80 A.
Traces obtained with higher peak currents using
the marx generator were noisy.

Conclusion

Preliminary photoemissive studies of Cs3Sb
show that this material, when irradiated by an
intense, pulsed laser beam, will provide a stable
200-A/cm? beam of bunched electrons that may be
suitable for use
in rf linac FELS.
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