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Abstract

For the gemeration of intense sivgle and wultiple
bunches of electrons (»8 nc per bunch) for accelerator
atudies st SLAC, & high pesk current photoemission
elactron gun has been developed. A gallimm arsenide
photocathode £8 illuwminated by the optical beam from a
frequancy doubled, actively mode-locked emd Q-switched
RAITAG laser. The mode-locked optical pulses are of
variebla, sub-napncsecond width and occur with a spacing
of 8.4 nsec, synchrouized with the 2856 Mz accelerator
rf. The gun g designed to be space charge limited at
15 A 20/, 200 kv, although emission of 60 A vas obtained
with a 57 kV test otr ding to a curreamt
dansity of 180 A/cm?., Wicth "the proper cholce of laser
wavalength, the electron beam may be 402 longitudinally
polarized.

Iatroduction

Photoeniesion from solids has rerely been employed
88 & source of electron beams. There are many Teasons
for this, ed wich thermionic or field emission
sources, photosmiccers require a considerably better
vacuum to aspure cathode longevity. The photocathode
must ba activated in situ with alkall metals. For the
besz curcents required im many applications, an intense
light source (typically a laser) is required. Finally,
the gun strusture and beak lipne must allow an optically
clear path to parmit illuminatien of the cathode.

Esch of these difficulties can be handled, hawever,
and the uniqua characterisctics of the photoemission
process warrant its use ir some apecialized applica-
tions. Thesa unique features include the generation of
polarized alsctron beams; the ability to modulate the
beatz current {(or even the pesitien at the cathode) on a
tize pcale impossible with current technology for therm-
donic of field epitters; the preduction of cathode
current densities considerably greater than possible
with therrionic emitters; and the fmproved emittance
wvhich results from the abaence of a grid. 1In the fol-
lowing sections " will review our previous operational
experience with photosmiseion eleectron guns, describe
some rests we have dope To ® the perf of
thesc cathodes under interse short pulse 1liumination,
and discuss the desigr and present status of our high
current, short pulse gun Jdevelopment.

Ixevious Bxperience

For a parity viv ation meu-ul:,l we dev.:loped a
longiruding??> . ler'z.d electron gum employing 3 nega—
tive slectron sllinity gallive stéenide (CaAs) photo-
cathods. The negative electron affinity surface was
prepared by in situ activetion of a clean Gahs wafer
witl casium sod oxygen. The csthodes were norwally
operated at or near liquid nitrogen vemperature (77K)
to improve the beam polarization. Roow temperature

fion is much ier for applicaticus vhere beam
pohﬂu:iu i not required. While the operatiocn of
thegse guns was @ sore complex task than the operation
of conventicnsl linsc guna, we were :ble to malntain
24 hour & dsy oparation for perfods of six weeks, with
93X beam availsdility. A very largs fvuction of the
difficultien associated vith the use of these guns came
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from the lou temperatare operacion of the cathodes, apd
from the details of the laser aystes used to illuminate
the cathode. We belfeve that we will elimdnate mary of
the problems in each of these areas in the second gen=
eration photoenisafon gun now under development.

Cathode 1ifetimes were a atrong functiom of opwr-
ating t Rook cathodes sppesr to
be 14 d by slow ium 4 ion from the sctivated
cathode surface. Such cathodes are aasily restorsd to
full performmce by a brief addicion of cesiom. After
several such re-cesiations, the cathode lifstimes typi-
cally become quite long. We have obzerved some cathode
lifetimes louger than we could reasonsbly ewasure (i.e.,
0o measured decrease in quantuz a!ﬂ:hn:y avear a period
of eeveral weeks). Low Jas ave degr

ed by cryopumping of residual gasas et the cathode sur~
face. Operation with the survounding surfaces at, or
below, the cathode temperature limics degredecion froem
this cause. Such cathodes last from one to several
days in our guns, and can be restotred by in situ heat
cleaning and reactivation.

The GaAs disks we used for our cuthodes were cut
from alabs of commercially grown and polished bulk aate-
rial. This material has a rather low minority carrisr
diffusion length, compared with carefully grown epitax-
ial material. As a result, the cathodes we prapare have
a low quantum efficiency compared with the best perform-
ance GaAs photocathodea, We typically prepaved cathodes
with a few percent guantum efficisncy, We regatded 8%
as a very good resule, and 12 as & poor performance.

Our guns delivered peak photocurrents of eeveral
hendred mA, and many tens of coulemba of integrated
chargz duriong thefr total use. Wa balisve this good
performance is due to Chd excellent vicuuas we maintain
in our guns (2 to 3 x 1011 torr) and to the fact that
liccle or none of the beam atrikes say surface in the
vicinity of the cathode, causing & locally poor vacuum
through desorption. These conditions are quite different
from those in, for example, s Gais photomultiplier,
where the tube performance is significently impaired
afcer the delivery of far less integrated charge. On
the basis of out axperience, we belisve that Gais photo-
cothodes can deliver very high peak currents snd very
large integrated chatge, with oo nore than oceasionsl
re-cesiation reguired.

High Current, Short Puine Cathods Tests

Theorecically, one expects that a Gads photocathode
shoulu be capable of delivering emisaion current densities
of mmdreds of A/ca®. The eadtted curreat should follow
the incident oprical pulse shape dcum to & time scals
spproaching the optical absorptics depth divided by the
Fermi velocicy ac che battam of the conduction W. i-c- ’
futo the plcosecond regime. Thus, such cathodes shou!

b: capable of dg!.herlng nty intense lhort Yurets o!
11y By L the
apticnlpuhumdunnud. ﬂnh-pullullulln
delivered in a stable phase vith respect to the sccelar~
aving field. [he need for a eource of single, high charge
tunches for the uvroposed SLAC limear collider, coupled
vith the considerable physica desirability of haviag
longitudinally volarized electron besams, led naturally
to the consideration of & phatoenission el
Before begiuning a full-szale gun development program,
wve constructed a small test gun, desiganed caly to show
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that large currents sud short pulse widths could be
obtained vith Gads photocathodes.

The test gun uas Jdesigned to deliver, at S0 k¥, a
30 A space charge limited current from a 1 ca dismeter
cathode. The beam current was obsarved by a Vataday
ecup beam dump, and with a cepacitively decoupled 1 ohm
resistor in series with the cathods. The Faradey cep
and ite surroundimg varmm chasbar were designed to be
a 3 olm coaxial line. This line was carefully termi-
nated extemel 1o the vacuum systam, allowing the time
structure to be observed with e 4C0 IHs veal tine
oseilloscope. Tha cup was calibrated by allowing the
bean current to charge a known capacitor. An air core
salanoid of up Lo 2 x 10" awp-turns strengeh covered
the region between the anode snd tha entrance to the
Faraday cup. ‘The short optical pulses were produced by

employs & Z cm dismeter eathode, The anvde to cathods
spacing is too short to sllov easy access for activa~
tion. Thus the cathode is mounved on a bellous assem=
bly which allows it to bs retracted for activation.
The structurs was baked once in the lsboratory, and
reached & pressure of 2 x 107" torr. The gun {s cur~
rently installed on the subharmonic buncher section,
and is undergoing its final vacuue bdakeou”.

The optical pulsss for the gun are cbtained by
frequency doubling the gutput of an actively mocde-locked
and Q-guitched Rd:VAG lagser oscillator. Thism lager
is a wodified version of the oscillacor used with the
SHIVA and ARGUS fusion lasers at the Laurence Livermora
Laboratory,” Oui modificatians sllov opevation at high-
er repatition rates than neceasary for the LIL use.

The lsser im actively mode~locked at 59.5 Miz, the &fti
bh mic of the 2856 MHz linac rf frequency. Cut-

rapidly pulsing a Pockels cell placed b
polarizers and located in the cutput of a frequency
daubled Nd:TAG laser.

Test results with this gun showsd a beax current of
60 A leaving the cathode, of which 30 A wvas Jetected in
the Pavaday cup, at a gmn veltaga of 37 kV. The elec-
tron besm pulse shape wan observad to follow the opti~
cal pulse shape, as determined with a fast photodiode,
duto the 1.5 to 2 nsec regime, the fastest which could
reliably be chserved with our 400 Miz oscilloscope.
The illuminated area for these seasurauents was 6 mm in
dismeter, giving a peak current of 180 Afcn?, far great-
4ar than currents obtainsble with conventionsl thermienic
aaitters. It is worth noting that these short pulses
usre obtained without the use of a grid.

The gquantym efficiency of the cathode was messured
with both a 2 wW He-Ne laser, snv with an 80 kW pulse
from che doubled N4:YAG laser. Within the precision of
these measurements (ahout 25%), the quantum efficiencies
vare the same, Iindicating that no limiting mechanise is
eccurring in the fads over a range of & x 107 in {nei-
dent optical power. With 57 kV oh the gun, the field
at the cathode was 80 kV/cm, demonstrating that ceslated
esthodes can operate in these high fields without break-
down. No cathode deterforatfon ¥as observed during the
tests, slthough they were of far shorter duvation than
the actual ruoning time accumulated on ths cathodes used
in the parity experiment.

Developmental Bigh Cargent San

On the streagth of the teste described sbove, ve
decided 1o develop a photoemission gun to deliver in-
tepse single (und multiple} bunches of charge (7.5 x
1019 elgctrons per bunch) to tha SLAC linac for sccaler-
ator physics stydies for the proposed linear collider.
¥hile our test results indicated thit we could in prin-
eiple construct a gun to deliver this charge in a time
short epcugh to allow direct bunching at the S-band
linac fraquency, calculsticns indicated that space charge
offacts were too sevare to be confident that we covld
succeed with such a program. As 3 sonssquance, we
decided upon a subharmonic bunching schema® and choms
a bunching frequency low enough (178,53 Miz) to perait a
high porformance thermionic gun to be used as well.
Suth & gun is wader duvelopment at SLAC,?

The photosnission g as built is shown in figure
1. It esploys sn 1atermadiste focua electrode which
allrws the mum to deliver a sliphtly comvargent bemm
vhile msintaining a good emiteance. The emittamce is
calculsted to be 1.0 x 1079 u c-ca, using the SLAC Rlec-
tron Trajactory & The gun is designed to oper-
ate st 200 kV, and 1o nsulated by atmospheric prassure
8F, The forus electrode de located o heap the fiald
at the cathods to the 80 kV/ca we schieved in the cast
gui. The dusign is spack charge limited at 15 A, and

put pulses are produced svery 8.4 nsec, at each zero
croasing ¢f the 59.5 MHz. The optical pulse width ¢an
be varied between about 100 and 1300 psec by changing
the laser bandwidth and the drive power to the mode-
laciing modulator. After frequency doubling (to 532 na),
single or sulriple pulsed® can be delivered 1o the cath~
ode with the aid of a Porkels cell switchout unit. The
entire laser system is curtently operatiomal ac 30 Hz
Tepetition rate, and most components have been operated
at over 100 Hz. We anticipate being able to operate at
the 180 Hz linac repetition frequency with further work
on this laser or a varisnt.

The 532 un wvavelengeh 1e nor appropriate to oper-
ation vith polarized besms. To chbiain besn polarize-
tion, it is necessary to use a photon energy only
alightly greater than the oinicum bandgap energy, about
1.5 eV for GaAs. Various techniquea, such as using the
532 na pulses to pump a ays laser tuned to the proper
wavelength, will ba used in the future to generate po=
larized beams. Current efforts are directed to study=-
ing the behavior of fntense aingle bunches fn the linae
structure, and the intersction of one intense bunch
wich snother following some time later.
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Figure 1. As«~puilt view of the high current nhotoemission gun. The GaAs cathode is shown in
the retracted position for activaizon. In cperation, the cesium and oxygen systems
are retracted, and the GaAs moved into the cathode electrode.



