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T. J. Kauppila, L. A. Builta, R.

L. Carlson,

D. C. Moir, and R. N. Ridlon
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Abstract

The Relativistic Electron-Beam Experiment injector
at the Los Alamos National Laboratory is used to gener-
ate a 4-MV pulse across an anode-cathode gap. A simple
metal photocathode is illuminated by a pulsed excimer
laser. Time-resolved measurements of current, voltage,
and current density are made. The resulting quantum
efficiencies are being used to obtain the required
laser power for a muitikiloampere, high-brightness
electron gun to be wused as an injector f r a linear
induction accelerator.

Introduction

In previous work on the PHERMEX electron gun (Ref.
1), 1t was found that excimer lasers and simple metal
photocathodes could provide a source of low-emittance
electrons for injection into an rf accelarator. This
raper describes experiments on tha Relativistic
Elactron-Beam Experiment (REX) machine to provide scal-
ing factors for a high-current photoelectron injector
for potential application to the Dual Axis Radiographic
Hydrotest Facility (DARHT) accelerator. A photocathode
injector would provige a beam with a much lower effec-
tive tempearature than the valvet cathode presently in
use (Refs. 2, J).
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Experimental Set-up

An  injection-locked Lambda Physik [MG 150 EST ex-
cimer laser capable of running on ArF (193 mm, 6.4 eV)

or KrF (248 mm, S5 eV) was wused as the source of
photons.
The laser beam was directed through 8 m of air,

through a quartz window at the entrance of the diagnos-
tics chamber, and onto the metal cathodes surface (Fig.
1). The resulting photoelnctrons from the cathode are
then accelerated across a 15-cm anode-cathode (A-K) qap
of the REX accelerator. The area 1{lluminated on the
cathode was changed by placing a lens in the path of
the laser beam and varying its distance to the cathode.
The area was measured using Dylux UY photosensitive

film. Laser energy was measured with a Gentec ED-500
Joulemeter and was varied by placing 50—mm-thick quartz
flats in the beam. The temporal shape of the laser
pulse was measured with a Hamamatsu R1193V vacuum
photodiods located st the quartz window and sensitive
to light reflected from the cathode. The laser was
synchronized with the arrival of the voltage pulse on

the cathode. The REX electron beam current and voltage

ware measured with a series of probes described in Ref.
J.
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Results

When photoelectrons are produced at the cathode,
the diode currant (Fig. 2) follows the temporal pulse
shape of the laser (Fig. 3) and not the voltage pulse.
Figures 4a and 4b are sample REX voltage and current
traces from the velvet cathode (Ref. 3).

The laser power density varied from 0.77 - 8.8 HH/cmz
for KrF, and from 0.07 — 3.5 Mw cmz for ArfF.

The quantum efficiency (QE) was computed for various
cathode matertals as
Qt = J x E/I (1)
where J = photoelectron current density in A/cmz.
E = eneigy per photon in eV, and

| = intensity of the laser in H/cmz.

The quantum efficiency must be computed in the
emission-limited region because space .narge effects
reauce apparent electron emission.

At laser intensities of - 1 MH/cmz, plasma
electrons were formed on the surface of the cathode.
These electrons are accelerated across the A-K gap and
the temporal shape (Fig. 5) 1s dramatically differet
from the laser pulse (Fig. 3). It was suspected that
surface quality was the cause of plasma formation with
the aluminum and ‘ead cathodes. FMowever, even whan
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these metals were diamond turned to a mirror finish, 1t
was found that plasma formed on the cathods at the same
laser {intansity. This result is fndicative of surface
contamination by a monolayer of gas that forms at

vacuum pressures of - 10-5 torr used 1n the

-6
experiment. The ultimate tase pressure (S5 x 10  torr;
'n REX 1s 1limited by outgassing of the large Lucite
insulator and the Glyptal-coated, field forring
electrode.

The Krf quantum efficiency was 5 «x 10—5 for

-5
a'uminem and 9 x 10 “for lead, "tE corresponding max!-
Muym curcent Jdensities nf 6A‘cm for a‘uminyrm  arz
10 A.cm™ for leag. These va'ues are approximately the
same 4s those c'ted 'n & previous work by Saunders

-4
(Ref. 2). Quantum efficiencies for Arf were 7 x 10
-4
for alumirum ang 8 x 10 for bery'lium, A maxmum

Current Jensity of 108 A/cmz was obtained from poth
mater'als, a value that Is the space-charge limyt :°
the REX dioge. The maximum curre~t of 1| kA was o%-
tarned with the Arf lasar. The currert was limited gue
tC the absorp.ior of 'aser energy In the € m of a'r~ ¢ng
ir the exganding optics.

Conciusicns

The quantum efficiancy of KrfF does rot ‘oo«
prom-sing for deve'cping a pholtocathode fcr a "'3r

Cu "ent 1rjector with these vacuum leve's. Gene-a:-:r
a 2

of "2 Asemt would regqu'"e & Mw:cm"  for

‘ead ang 1C Nu/cmz for a'ur-num  These power Jens':-es

are Substantial’y above L=e plasma thresho'd. An

a'umimum pratocathode capab'e of emitting 3.3 kA wou'd
2

require an ArfF  laser operating al 650 kw.cm . Thiy

wou'd generate 7 A/cmz. and the laser energy 's well
be'ow the plasma threshotad. To construc® a JARMY 1n-
sector (). ) kA, 60 ns), a 1.725%J Arf laser wou'd be
required. This type of lasar 's within current
electron-peam—pumpcl laser technology. ‘urther wecrk Lo
‘Ncredse Quantum gfficrency avd reduce the demandy or
the laser 'y be'ng pursued
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