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WLSED 4-NQV ELECTRON INJECTOR UITH AN EXCIHER LASER DRIVEN PHOTOCATHODE*

1. J. Kaupplla, L. A. Bullta, R. L. Carlson,
D. C. Holr, and R. N. RidIon
Los Alms National Laboratory

P. O. BOX 1663
Los Al&ms, New Hexlco 87545

Abstract

lh~ Relativistic Electron-Beam Experiment injector
at tha Los Alamos National Laboratory 1s used to gener-
ate a 4-NV pulsa across an anode-cathode gap. A Slm$lle
metal photoc.sthodc 1s Illuminated by a p~lsed ●xcirner
ltser. Time-resolved rneasuranents of current, voltage,
and currmnt density ire made. The resulting quantun
efflclenclts are being used to obtain the required
laser powe: for a nwltikllownpere, high-brightness
electron gun to be used as an injector f r a linear
induction accelerator.

Introduction

In prtvious work ~n the PHERHEX cloctron gun (Ref.
1), it was found that arnclmer lasers and slmplc metal
photocathod~s could provlda I source of lo++anittance
eltctrons for injection into ●n rf acctlarator, This
paper describes experlment~ on ttla Relativistic
Elnctron-Bewm Experiment (REX) machlno to provido scal-
ing factors for ● high-current photoelectron injactor
for potenti~l application to the Dual Axis Radlographlc
Hydrotest Facility (DARHT) accelerator. A photocathocle
injector w~~uld provlaa a baun with a much lower mffec-
t~vo tmparatur~ than tha valvot cdthodo presently In
use (Rafs. 2, 3).
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Experlrnental Set-up

An injection-locked Lambda Physik [K 15D EST ex-
cimer laser capable of running on ArF (193 MTI, 6.4 eV)
or KrF (248 rsn, 5 eV) was used as the source of
photons.

The laser beam was directed through 8 m of air,
through t quartz wlndou at the entrance of th~ diagnos-
tics chunbor, and onto tha metal cathodes surface (Fig.
1). The resulting photooluctrons fran ths cathode are
then accelerated across a 15-cM anod-cathoda (A-K) qap
of the REX acc~lerator. Tho area illuminated on the
cathodo WtS changed by placing a I@ns in tho path of
the lasar bo&n and varying its distance to ths cathods.
Tho area was metsur@d usin~ Dylux UV photosms$it!vo
film. Laser tnorgy was rneasurgd with a G@ntac ED-500
Joulumter and was varied by pl~clng 50+twthlck quartz
flats in tht bean. Tho t~ral shapa of tha Iascr
pulse was nmasurcd with a Hmunatsu .C1193U vacuun
photodiodm locatod at tho quartz windou and sensitive
to Ilght reflected frcun tha cathode. The la$er was
synchronlzsd with tho -rrival of ttm voltage pulse on
the cathoda.
were nwasurod
3.
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Tho REX .Ioctron bcun currant and volta~o
with a series of probas doscribecl in Ref.
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Results

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

The laser power density val

for KrF, and from 0.07 - 3

The quantum efficiency (QE
cathode materials as

QE=JxE/I

“2
led ?ran O.?? - 8.8 MW/cm

5 MU cm2 for ArF.

was cwnputed for various

(1)

where J = photoelectron current density in A/cm2,
E = ●nelgy per photon in ●V, and

I - intensity of the l?ser in W/cmz.

The quantm ●fficiency must be Cmputed in the

emission-llmlted regton because space ~llarge effects
reouce apparent electron mlsston.

At laser intensities of - 1 MH/cm2, plasm6
●lectrons were fofmed on the surface of the cathode.
These electrons are accelerated across the A-K gap and
Lhe temporal shape (Ftg. 5) Is dramatically dlffere,;t
from the laser pulse (Fig. 3). It was suspected that
surface quality was the cause of plasma formation with
the aluminum and “cad cathodes. F!owever, ● ven when
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Fig, 2, Photocathode Eleccron Beam Current (l-
d]ode).
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[lg. 4, DIoum (a) VolLaGo and (b) Curr@nt U&vefofms
with Velvet Cathodo.
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these metals were dlmond turned to a mirror flnlsh, II
was found that plasma fotmad on [ha cathoda at [ha !UIM
laser lntenslty. This result Is lndlcatlvc of skrface
Con LUnlnation by a monoliyer or gas that fOrMS at

-5Va:um press~res of - 10 tOrr used In the

●kperlment. The ulc!mate te~e pre~lu-e (S ~ ]0
-6

torr;
In REx 1s llmlLed by Outgasslng of the large Lucite
insulator and the Glyptal-coated, r!eld rumlnq
●tec Lrode.

The KrF quanL~ efrl~lency ~as 5 “ 10-5 for
-5

a’umlnm ind 9 M IO for lead, W’C

mun cur~enc denslcles nf ~A:cj~~rre’pondln~ m~x,_a!wnlnurr ~P:

IO A,cm fOr lead. These va’uef ar~ ippronlmacely the
5&me as chose Cl Led In 4 previous work by ‘ja~nderj

(Ref. 2). Ouanf,m efflclencle! for Arf were 7 E 10-4

for almlcwn and B I 10
-4

for bery’llun, A ma~!mun

Cu.penl denilty or 10EI A;cm2 was obtained frcm tIoLh
mater ’als, 6 vd!ue LfIa L IS the Space-charqe Ilmlc :?

Lhe RI I dl)de. The maalmun current of 1 kA was o:.-
La,led with tl?a Arf Iasar. The currert was llmlLed a~e
CC the absorp. lor of ‘aser energy In the F m Of a.- Lna
1P Lhe espandlng opLlcs.

Conc:uslcns—. .- .—

The quantun e??lclency o? KrF does FOL ‘!Jom
pr~, sing for de.e’cplng a photocaLhode fcr a ‘,2P

cd ‘en: lr;e:t~r .lLn Lhc\e ~acuu’n leie~l. Gc~e-a:. :r
7

of “~ blcm’ woula redu”-e 4 Mb,cmz for

‘cad and lC Mb/cmz for a’~,.,~ Thesa power ,jensl:-es
are Sdbscantl al’, above L-e Dl asma tnresho:d. An

a’ml”m F ‘:,tocathod@ cacab’e of amlttlng ],] kA w:u!d

re~wl.e an Arr Iasor aperaLlng a: 650 ku.’cmz, Ihl,

WOIJ”CI ganeraf~ ‘2 A/cmz, and Lh@ laser anorgy It Wgll
Bb’aw the Dl asma LhrPShOld. TO [jnsLruc: a ~AfftIT ln-

;ecLor .1.] kA, 60 ns). a 1.75-J ArF laser would be
regul r~d. TII)I LyDO Of Iaiar IS wlchln c~rrent

•lectrcn-~e~p~c:: lasar Technology. ‘urlhe- wc.k LC
lnc-else quantm gf?lclency ald reduce tne demands OF

Iasa. ‘i b~’ng purluecl
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