“cmr——

45y QO T-/961 2
1}2'/ ITITT e
()

(hoyr -sves)ed -1

Report on the May 1983 Polarized Electron Source Workshop at SLAC® M ASTER

Charles K. Sinclair
Stanford Linear Accelevator Center
Stanford University, Sranford, California 94305 SLAC-PUB--3505

DES5 005313

'i
3
%
]
I
1
!
!
|
i

K Résume*- Les travoux ainsi que les conclusions dem journéies de rravail sur

les electrons pelarinde en 1983 2 SLAC sont passés en trevue. Socnt sussi
inclus quelques progréa achevés depuls.

Abstract - The work and conclusions of the 198) Polaripsd Electron Source
Mothshop at SLAC are reviewed. Some mention of progress since that mevting
is also fncluded.

. Introduct ion

A workshop on polarized e.wcteon gources was sponsered by the International Cocoit-

tee for Sywposia on High Energy Spin Physics, and held st SLAC on Way 16-1%, 1983,

This workshop brought together 1€ physici_ts from the fields of atomic physles,
i surface physics, condensed matter physics, and of course, high energy and nuclear
physics. Our goals were to survey the current situation in polarized electron pro-
duction and electron pelarization measurement, and to study waoys in which the state
of the art in these fields might reasonably be advanced. Out attendees came {rom
four western European institutions, &and nine in the U.S. Of these, only eight had
a6 their primaty discipline either high energy or nurlesr physics. In this brief
veporr, 1 will -eview the activities of the vorkshop and also mention, to the extent
1 am famjliar with 1r, work accomplished since the time of the workshop.

The workshop opened with a raviev of the application of polariced electron sources

in the areas of high energy and nuclear physics, condensed matter and surface physics,
and atomic physics. Thess discussions vill pot be reproduced here as they are either
well known to readers of these proceedings. or are not gersane to the topic of this
corference. In a findl recoomendation session, we prepared a4 lengthy list of exper-
iments which shoulc be attempted and future directions for pew work. Some of rhese
will be covered in the text of this report under the particular sections to vhich
they apply.

Adthough the meeting was opaht Lo, and encouraged, discuseion of all types of pelar-
ized electron sources, the primary interest of a great majority of the participants
was in the Gahs source and other sources of this genoral type, which employ optieal

; pumping in non-magnetic solida. The GaAs source has eeen very wide application to a

: wide variety of problems in basic and applied physics, and is by far the mosr commonly
employed polarired electron source ot this time. In Faet, & fairly large mumber cf
polarized elacrron messureoents have been made only becsuse of the existence and
particvlar characteristics of this source. Despite all this, the SrAs source delivers
only a mediocre polarization and is a demanding source to malntain in operation with
& particle acceleraror. A lazge part of the vorkshop was devetad to a Jiacussion of
aethods to overcome thoae weaknesees. Ko doubt the large amphasis the workshop placed
on the CaAs source was dus to the presence of physicists from f1elds other than high
energy and nu:zlear physics, where the low pnlarization apd ralatively short operating
lifetime of chis acurce is less of 8 problem than for accelerator bdased experiments.

! Other polarized electron svurces which were revieved included those based upon optical

* Work supported by the Departmant of Energy, contract DE=-ACO3-768F00S15.

; 'nvited talk presented at the &th Internatienal Syhposium on High Energy Spin Pnysics,
HE Marseille, France, September 12 - 19 N METRITTAn A g
i ' » Sepresber 12 = 13, 1884 PRUTUTUUE LT JGOMMENT IS LiADREED

N -

D P AN L LT 3T C L L




or magunetic orientation in free stomic beams, and those employing photosmiseion to
release polarized electrons from magnetired golids. MNone of the techniques employing
magnetized solids appear particularly suited as sources for accelerator baged phveics.
Of the atomic beam sources, one, based wpon chemi-fonization of an optically pumped
bheliun afterglow, appears capable of being developed to the poimt where it could
deliver a continuous electron bean of sbout 1 mA with = 90 polarization. Such a
source would delfnitely be useful for some experiments corrently cousfdeved. This
particular type el source is relarively free of many of the troublesome features of
ather polarized sources (e.g. alkali metal beaws, exceptional vecua, difficult optical
sources, etc.).

A [air period of tice was spent discussing the varfous techniques which have been
developed te measure electron polarfzation at 2ow energv. Such weasurements have,

in the past, ¢ften been characterized by rather large and uncertain systematic errvors,
even 10 ¢ircumstances where chere was good statistical precisfon. There 16 a definite
need to have an electron polarization measurement technigue which offers high statis-
ri.al precision in a chort measuring time, freedom from systematic wncertainties and
spurious effecrs, and a well known analyzing power, all contained in & sufficiently
simple apparatus to permit widespread utilizarion. Such a methed is yet to be invented,
although 2 couple fdeas were presented which might well provide such a wethod in the
future.

The techniques to measure electron polarization at high beam energy were not addressed,
glthough the need for betrer methads in this alea is very important, particularly for
the coming generation of higher energy wachines which plan to urilize polarized elec-
trons: SLC, LEP, and HERA.

The details of the GaAs source were reviewed Iin a session which covered the operational
or near operational Bources developed for accelerator applications. These include
operational sources at Mainz and Chalk River, and sources under development fpr the
S5LC and the MIT Bates linac (this latcter source is currently being installed on the
acceleraror). The physics of producing polarized conduction band electroms in GaAs,
and extracting them from the buik mriertal, received the attention of one gession.

A session covering the preparation of GaAs photocathodes received a great deal of
interest. A large numk:: of the workshop recommendacions dealt with producing pheto=
cothodes with good quontum efficiencies and long operational life. lncreased polar-
ization from sources of the GaAs type received the attention of one session as well

Before leaving this introduction, it is worthwhile to nake two remarks. The first is
that, &lthaugh polarized electran sources are usually thought of only in terms af their
yse with lirear accelerators. there 15 no reason in principle why they cannot be employ=-
ed with cirgular machines, at lessz up to beam energfes where the beam energy spread
makes polarization problecatic. The Bonn University group has successfully acceler-
ated polarized clectrons through several resonances, and expect to be ables to provide
polarized electron beams from their next oachine. This work {s discussed in a recent
preprint by W. Brefeld et al. (Bonn University preprint 84-23}.

The second remark 1 thar very little polarized electron aource developwent wotk is
being done In high energy and nuclear physics laboratories. Since high beam polar-
12ation and large beam fntensities are not essential to succegsful polarized electron
experiments in other fields of phyEics, one cannot expect the development of puch
source characteristics from experimenters in these fields. To the extent that these
source characteristice are required for work in our fields, we will have to do that
development ..

The Gaks Source

To set the stage for further discussion, let us briefly review che operation of the
GaAs polarized clectron source. A simplified (though reasomably accurate} view of the
band structure of GeAs near the oindmum direct bandgap. at the of the Brillouin
zone, 16 shown in figure 1. Tramsirions due to photon absorption sre vertical lines
in chis figure. Uhen transitfons frox the Pyy; valence band to the 5),; conducrion
band are caused by 1002 circularly polarized photons. the conduction band eleccroms
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Fig. 1 = The band structure of GaAs near the bandgap =zinimum is shown on the left. On
the tight, the Telative transition rates between the valence end conduction bands for
right (left) circularly polarized photons are shown adjacent to the solid (dashed) lines.
For photon cnergies between Eg and Eg + &, only transitions from the P3/2 valence band
are possible.

have a -507 polarization. This is illustrated in the diagrar of relative transition
rates on the right in figure 1, and is & consequence of angular womentum conservation.
As the photon energy increases to the point where cransiiions from the spin-orbit split
of { Pl!l band are allowed, the polarization decreases to zero.

Electzons photoex¢ited Lo the conduction band are nozinally bound to the crystal by
about & eV. However, by the addition of monolayer guantities of cesium and oxygen to
the GaAs surface, the work function can be lowered to the point where electrons at the
bottor of the conduction band can energetically leave the crystal, & condition known
as negative electron affiniey (NEA). This then completes the basic picture of rhe
Cahs polavized source: optical pumping with a circularly polarized photon beaw o pro-
duce condurtion band electron peolarization, and treatment of the crystal surface to
lower the work function to the point where conduction band electrons may be emi*ted.
The measured electron polarirzation from a typical NEA GaAs photocathode 1s shown in
figure 2.
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Fig. 2 - Measured electyon polarization as a function of circularly polarized proton
enetgy for @ typical NEA GaAs photocathede.



As the spim~orhic spiirzing is sizeabic in Gads (5 C.34 eV} the electres pelarizaciez
15 fajrdy sqsemsitive tc che oprical pkeron energy ta che vigialsy the bandgap
energy. Gais is a very efficiert photoemitter. maxing 1r easv zc obzain quite large
currents of polarized electrons. It is strafghcfervard to reverze the pelavizaticon of
the optical pusp beaz, and with it the electrox polarization,. rapiliyv and without sig-
rifizaneiv alteriag any of the electron-oprical sreperties of the polarized source.

thus =aking iz possitle co achieve a higrly desivable ireedos from systemartc effects
upan pelarization reversal., Each of these projerites makes tha Gads polavized gouvrse
=08t wsedful.

e GaAs source ATe 5o nice, however. The sonclaver

i lower the work fumcticn must e appiled to s
layer oY sontamination from anv other arh
b
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e surface $s v

= S5¥sSTems. =a+ Jdeserh fror
wanTLs acy as 3 funacien of time. Tvpical
TCES On dooelefdiors ate 9n the order 22 10 € Wy
az: 2o sanzs and- or pacr crvseal guality or
feverer good quantum efftciencies. All of
=ake the cleaning, handl and preparaticn of the Cads grystals

and great atfention to detali In
: Sads pelarized source. Finally, the
307 theereticallv, and cfren 33 to «57 in practice §s 4 7eal
1 for those experigents using 1 pelarized target, whete radia-
get heating liz_t the agceptatle bear current.

Table 1. Tvpicat Operating Chiracteristics of Cads Pelarized Electron Soutves

Beaz Polarization 35T te 457, longpitudinal

Bear Jufrent 1 24 fontinuous Lo 15 A peak current
pulses

Dutv Facter 1-2 nmsec. pulses to contlnuous heaw

Cathode Quantum Efficiency 0.!7 to about 53

Carhede Operating Temperature TTR to 300K

Source Vacvuz 1977 torr,

Operatiang Liferime A few hours to about 100 hours, betore

in sicu recleaning and reactivarion 4s
necesLary

Oprical Source Tvpically a dve laser, waveiength
between 030 and 800 n=. L00% circular
peiarizat ion

Table 1 gives @ sutmary of somr of che operating parameters of GaAs acurces used wich
zarticle acceleraters. These nuabers coze frem experience wich eoutces at SLAC 71/,
Hainz J2/, and Chalk River /3f. Addirfonal sources are under development forv the

SLC /f4/, the MIT Bares linac /5/. and at Nagova, Bonn Umiversity, snd Main:. Ferhaps
the most novel of the sources under development are those for the SLC and the Mnin:
microtron. The first is notable for the abiliey ro deliver very short, high curremt
bunches, and the latter is a lovely plece of source engineering. The Mainz wicretren
source will operate at tke high voltage terwinal of the injector Van de Graaff, and
thus be physicelly Inaccessible. It is both smsll and light, and incorporates dif{-
erential puuping to permit connection to the poor vacuum of the Van de Graall. The
Mainz group has alec accomplished ancther impressive feat: che source they use wich
their linac is regularly rewoved and re-installed, in alternation with a therolonic
gun! The spurce has been detsrched and transported avay fyoo the 1inac undey vacuum
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a number of times.

While each polarized electron gun has its own particular festures, figure 3 shows a
view of a typical such gun. This one was employed for the SLAC parity violation work
a fev vears ago /§/. The Mainz end Chaelk River guns are very similar to this gun.
This gun is, in Fact, very sioiier to the thermienic guns used on SLAC, with the major
dilferences being the replacemant of the thertwionic emitter with a GaAs wafer, the
addit ion of apparatus to activate the GaAs surface, and a means to cool both the GaAs
crystal and the inner walls eof the vacuum chawber.

Figure & displays s complete polarized electron injection system, again as used at

SLAC for the parity viclarion experiment. Most of the first generation of polarized
electron {njectors were installations of similar complexity. All these complex install-
ations pale by comparison to the very compact and simple source for the Mainz wicrotron.
Operaticnal experience with GaAs sources ar a number of laboratories has led to the
conclusion that it Is not necessary to operate the GaAs at liquid nitrogen {or colder)
teoperatures to achieve good polarizarion, and chat It ip unnecessary te incorporate

a Mott scattering apparatus to weasurc the source polarization. In all polarized
electron experiments to date, provision 1s made to measure the beam polarization at

che high energy end of the accelerator. Generally speaking, the high energy beaz pol-
arization measurements are as fast and precise as Mott scattering at the source energy,
and are thus as good a measure of source performance. Of course, source development
work requires soze means of polarization measuremeut in a laboratrory setting, and for
this Mott scartering is still appropriate.

CERAMIC INSULATOR

PLATINUM COATED

GaAs GATHODE CATHODE ELECTRODE

RETRACTABLE CESIATOR
{IN POSITION FOR CATHODE
ACTIVATION}

LNy COLD SHEELD

Fig. 3 - The polarized electron gun developed for the SLAC parity violatien experiment.
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Fig, & - The complete palarized electron injection system constructed at SLAC for the parity violation experiment.




Two variations of the basic GeAs mource are worchy of mote. In the fivet of these,

one esploys a semicanductor wicth the same basic hand structure 85 GaAy, but with ¢
lavger dicect bandgap. This moves the optical wavelength required to produce the
polarized bean coward shorter wavelengths, uhich may be convenient for wome applica-
tions. It {a quite fessible to produce a polarized amitter which operstes st the vave-
length of the cozmon heliuo-neon laser, for exauple. The Mainz source utilizes a

GaA: _5.,70 cathode which perwits operatiom at 8 650 um wavelength. Thir ts 5 per-
ticulirly .l.h‘gernuu technique, becavse in principle, larger hondgap GaAsP photocath-
odes ahould pe far pore steble than those of GaAs. Alrhough CaAsP is commercially
avajlable, it is normally n-type, while p-type material is required for photocathedes.
Mainz uses n-type materinl vhich is converted to p-type at the surface by lon implants-
tion. It may be that the low quantum efficiency of the Mainz source is the resvlt of
crysta) dapage caused by this ion isplantation. It wonld be useful to obtain sowe
p-type GaAs? material prepared by sowe high guality epitaxial process, to see if good
guentun efficiency and good polarization could be obizined from this ssterisl, It s
not feagible to try to produce a source operating ar longer wavelengths than Gais, as
the cathodes become less stable, and ix 1s difficult to obtain negetive slsctron affin~
ity conditions onh smaller bandgap materials.

A group bt KFA (JBlich) has also experimented with wider bandgap materisls, which they
grev in their lavoratories by molecular beam epitaxy /7/. They observed high polar-
ization from Al . Gap, 748, with a bandgap of about 1.75 eV. While AlGaAs is sasier
to grow than G sg. E; suffers from having a very reactive syrface, 1t is difficult
to prepare good quantum &fficlency photocathodes on this material if it has ever been
sxposed to atmosphere, apparently due ta the aluminum oxide which rapidly grews on the
surface. The Julieh group has solved this problem by a process known as arsenic cop=
ping. An arsenic cap layer is grown on the AlGaAs surface in the growth chamber, and
protects tho surface from oxidation during transfer through the atmosphere. This srgan=
ic layer is readily removed by heating the sample after installation in the polarized
souTCe VARUUT system, Use of this process may make it possible, in the future, to
ezploy polarieced photocathodes of AlGaAs. It is uwseful to note that both the Mainz
and Julich groups achieve good polarization from their cathodes in reom Lemparature
operation,

The JUlich group has also reported the highest polarizations to date froz= GaAs, 491,
or gssentially the cheoretical limit /8/. This is sttributed o the ralatively thin
layers of GaAs they use, 'The point is that the elecrrons have ko cope from a small
depth iIn the ¢rystal, and have not had a great deal of opportunity tuv depolarize. At
the vorkshop, Lazpel presented a straightforward model for the electron polariszacion
in the bulk GaAs and of the emitred electrons. The podel was checked by the actual
weaguceaent of both of these polarizations in a very lovely experiment /9/. The Te-
sults indicace that the spin relaxation constapt im about half the bulk recombination
conetant in che GaAs. This model, and the results obtained sre sufficient co indicace
& higher polarization from thin GaAds layers, and tn also show indivectly thac there
1e no depalarization of che electrons in passing th gh the activation layer.

lepraved Polarization From Gads Type Sources

Increased polarization from GaAs type sources inwolves renoval of the Jegemeracy at
the cop of the Py y valence band. This may be accomplished by several wethods., The
application of & uniaxial stress to the CaAs, for example, Tewoves the degeneracy.
This has been scudied cheoretically, and the increased polarization of the electrous
in the bulk material obeerved by weasurtment of the civculsr polarizetion of the ve-
combinacion radiacion /10/. B » the d e bands eve split by only & Tew
meY par kbar of applied stress. To cbtaln splictings large enough to enhance tha
polarization in pr. tical sources, very large stresses are required, oftem Tesulting
in broken crystals rather than hroken degeneracy. It is also difficult to imsgine
4 polarized souree vhieh Iucorporates uniaxial stress along with 81l of the other
Tequiraments in A pract ical arrangewent. This idea has yer to be sttespted in a pol-
arized pource,

Artificia) semiconductor structures, such as GaAs-CeAlis multilsyers, which have a
uniaxial variation in the bandgap energy. can also produce highly polayized electrons



4in the conducticn band, as has been d rated by lumi 6 ot Bell
Labs /11/. MHowever, most of the variation of the bandgap eénergy orcurs in the conduc-
tion band, making transport of the highly polarized electrons to the surface very pro-
blematic. Experiments at KFA failed to shou any enhancement from this effect /12/.

Ar SLAC, experiments on somewhat different materisl showe” a small polarigation en-
hancement at the eorrect wavelength, but nc one has reported any large polarization
improvement from multilayer structures to date. In principle, 1f ome could design

a multilayer structure in which the bandgap energy variation appeared in the valence
band, rather than the conduction band, highly polarized electroms should be produced
and easily extracted. No one has prepared such a eiructure, however.

Perhaps the best zethod for providing increased polarization {rowm optically pumped
non-magnetic seiide 16 to employ a material with a band structure in which the undes-
irable degeneracy 18 not present. In principle, band structures exist which should
deliver 100X eleetron polarization. Many members of the II-IV-V, family of chalco-
pyrite semiconductors have band structures which should deliver high polarization.
While all members of this fawily should have a good valence band structure, i.e. mo
polasization defeating degeneracies as in GaAs, thers are different structutes for
the conduction bands of these waterials, some of which are not syited for high polar-
izavion. Tihe best candidate material for a highly polarized source from this family
15 Cd5iAs,. Figure 5 compares a simple view of rhe band structure of this material
to that of GaAs, indicaring the removal of the valence band degeneracy, and the trans-
ition at 1.74 eV which should give high polarization. Unfortunately. this material
is not readily evailable. SLAC has supported growth experiments for this material

at the Research Triangle Instirute, and the first epiraxial layers of this material
have recentl; been produced. The material grows on an InP cubstrate, Zn emactly the
correct orientation to prnduce high polarizacion. Deratlled studies of surface clean-
ing, ¢athode preparatior, and polarizatfion measurement should begin before too long.

At ETH [Zurich), other chalcopyrites have been measured as candidate polarized electron
emitters /13/. They had smmples of ZrSiAs; and ZnGeds The first of these materials
has a conduction bdand scructure not well Euited to higﬁ priarization, while the secound
material has a band gap too emall to give a NEA surface, and thus the presumably highly
polarized clectrons cannot be emitted. More recently, SLAC has obrained aoze very

high quality samplea aof ZnSiAs, and hove attewmpted te reproduce the ETH results. The
ETH results aleong with the 5!.&(2. results are presented in figure 6. The ETH sawples were
small and of uncertain crystalline quality, while the S5LAC crystals were grown epitax-
ially by MOCVD, and were of the correct orientatjon to produce high polarization. As
can be cbserved in figure &, these crystals produced lower pola-ization than the ETH
samples, It 15 worth noting that the guantum efficiency from the SLAC samples was
drapaticelly greater than that of the ETH samples. This may mean that the electrons
were able to diffuse to the suriace of the crystal from deeper in the material, and
thus had a greater opportunity to depolarize, Continued experiments at SLAC are plan-
ned to determine if operacing with a non-REA gurface could produce higher polarizatica
from these samples.

Cubic Zincblende Chalcopyrite
GoAs CdSias

n
10-n4 /-7\ anbiAl

Fig. 5 - Comparison of the band structures of GaAs and C25iAs. in the region of cthe
mininus direct bandgap. The valence hand degeneracy of GaAs Is Tewoved in the chel-
copyrite material, and the high polarization transition iz indicaced.
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Fig. 6 - Measured polarizarion from ZnSiAs; as a Function of photen energy. The pol-
arization from several cathode preparations is indicaced, The gquantum efficfencies of
these prepararions are indicaced gualitatively as “pcor" and "better”. The SLAC guan-
tur efficiency was much higher than that reported 3y the ETH group. The lacucicn of

the transition which should produce high polarizscion is indicated by the dazl.ed line.

It may also be that further work with ZnGeAs, could be successful in producing higher
pelarization. The ETH cathodes were made by applyiig cesium alone to the surfage. It
is difficult to produce NEA on this material as its fundamental band gap 1s quire smsll,
sbout 1.2 eV, and cesium rfloue would not be expected to produce NEA., However, techni-
ques ere known which can lower the work function to about 1.0 eV, through sctivation
with cesium and fluorine, rasther rhan cesium and oxvgen /l4/. Polarization measure-
ments should be made on this material treated with cesium and fluorine.

In any event, emitted electron polarizations in excess of 50X from optical pumping in
non-magnetic enlids has yet to be observed . It does appear that all the avenues for
higher polarization from sources of this type have not been exhausted, and several
promising lines of work are still underway. The difficulties are present, hewever,
as indicated by the offer of Prof. H. C. Siegmann of ETH. MHe has offered a case of
chanpagne and plane tickets to Zurich to the first person te produce 70T polarization
by this method, and to come to Zurich to reproduce the vesults!

Techniques For Preparation Of Photacathodes

In & sessiop which aroused great interest and provoked wuch discussion, Pref. W. Spicer
of Stanford revieved for several hours the techniques for photocathode preparationm,

and the extent of quartitative knowledge about activated cathode surfaces. As can be
imagined, quantitstive and structural knewledge abour surfaces having sub-monolayer
quantities of materials is difficult to obtain. Much of Spicer's work was done in
conjunccion with Variun, end as such, was proprietary, and chus was not discussed.
Hovever, published work by Spicer's group on activated Gahs photocathodes was presen—
ted and diccussed /15/, Much of the information on thke preparation of these surfeces
is still ewpirfcal. An excellent recent review of NEA phorocathodes is contained in
the article of Escher /:t/f.

It was suggested that preparation of cathodes with cesium and fluorine might give
better resvits than the more sLandard cesium and oxygen preparation. At 5LAC, we have
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subsequently prepared 2 number of photocasthode activations on the same sazple of Gads,
using both of the above tachniques. Preparation with fluorine consfii: ently gave a
higher quantuz efficiency than preparation with oxygen, 1In addition, cathodes activa-
ted with fluorine shoved about one order of magnitude less sensitivity to elevatcd
pressures of Ci, and CO, compared to the oxygen activations. The view was expressed

at the workshop that CH, was a very bad _ontaminant gas for these phorocathodes, as it
cauld be the source of carbon contamination, which is known to be bad. The experiments
to date at SLAC do not bear this out. Both oxygen and fluorine activated cathodes
showed the lcast sensitivity to CH,, greater sensitivity to CO, and very great sensi-
tivity te COy, Work is underway to reproduce these results on additional GaAs samples
pricr to publication. Cathode activation with fluorine rather than oxygen may represent
a significant Improvement f[or polarized source work, if these resulrs provc to be repro-
ducible.

Atomic Heam Pplarized Sources

Three tvpes of polarized sources employing atomic beams were diszussed. The first of
these used a beam of oriented Li° atoms which are pliotolonized by unpolarized Juight
from an arc lamp. This source has been employed ar SLAC for several experiments on
the scattering of pelarized electrons from polarized protons, ard has been thoroughly
described in the literature /17/. One development for this snurce would be to pump
the Li® atoms with circularly polarizer resenance radiation, sga‘n followe. by ionjza-
tion by unpolarized arc lamp light. 1In principle, this could produce somewhat higher
beam polarization, about a factor of ten greater beaxz current, and the great advantage
of optical pelarization reversal, rather than the magnetic reversal required in the
present version of this source.

A second type of atomic beam source has been developed for accelerator applica-
tions by the Bonn University group. 1t utilizes the photolonization of alkali mecal
beazs by circular polarized light of a wavelength which gives high electron polariza-
tion through the rano Effect. Two of these sources have been developed at Bonn, one
using cesiuwm, and one tubidium [18,19/. Sources of this type are capable of the high-
est bean pclarizations developed for &ccelarator work.

The third source discussed has never been used with an acculerator. It is based
upon the cheml-ionization of optically pumped helium metastables f20/. This source
is able to deliver quite a high beawm polarization if enough optical pumping power is
prrovided, and should be able to deliver conginuou: bear currents of up to 1 A, Cur-
rents of this size are possible from the Li” source and the Fano gource only »3 a pul-
sed basis, due to the optical sources required for the ionization. An additional
advantage of the helium chemi-ionizarfon source is relative simplicity. Alkali metal
beams and good vacuum systems are not regquired. While 1 mA is not a large current by
contemporary standards, there are polarized electron experiments under consideration
which could profit from such a source. This source is shg-n schematically in figure
7. Basically, microwaves are used to produce a beam of 275 helium merastables, which
are then aptically pumped by a near infrared laser. Chemi-ioniza“iun af these pumped
metasrables liberates the polarized electrons.
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Fig. 7 - The helipr chemi-jionization polarized eleccron source.
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The aperational characteristics of these three sources are given briefly in Teble il.
whers the results actually achieved with each of these sources 1s noted, along vith
the parameters vhich the workshop concluded could be reached with = waxiual develop-
ment of each of these source types. In general, these sources deliver much higher
bean polarization and much lower beam current tham the CaAs sources. sud are in general
more complex installations than rhe currest generation of GaAs sources. FoT those
experiments vhere che beam eurrent is limited by other comsidz-atious, s in polarized
target experiments, these sources may be very useful.

Table I1. Characteristics of Atomic Beam Folarized Elecsyon Sources

Source Type Resulrs Achieved Possible wvith Maxisun
Developeent
Phototonizetion of Z x 10° e/pulse 2 x 10°* e/pulse
oriented Li P = 852 P ¥ 0%
180 pps 180 pps
magnet ic reversal optical veversal
Fono Bffeet 3 x 10° e/pulse 1.5 x 20%? e/pulse

P %931 {Cs); ! pps P s 93X (Cs)
P = 672 (Rb); 50 pps 180 pps

optical reversal optical reverssl
Chepi-ionization of P s 70-80Z, 1 ya CW 1 mA CW,
helium mecastables P 5 402, 50 A CW Pz 902

optical reversal optical veversal

Two final points need to be made regarding atowic beam sources., We have not »0 far
sentioned the emittance of the source because the Cals sour.as have both excellent
emittance and very small c¢nergy spreac, and have no <ifficulty in meeting the accept-
ance specifications of accelerators. This is not necessarily true of atomic beam
sources. Those which have a wmagnetic field in the region frem which the electrons
originate will have an enlarged emitrance. Those wich & significsnt electrzic flald
over the volume from which the electrons originate will have a pubstantial beac anargy
apread, Thase effects can be very impertant. For exumple, st SLAC, the linac sccepred
the sarce fraction of cthe beam from the GaAs source thar is accepted from the normal
thermionic guns, while it dig not accept this frection frow the Li® gource, which had
both a larger emittance and & substantial beam energy spread. The helium efcerglow
source ia believed to have an emittance about as good as that of the GaAs source.

The sacond point conterns the importance of optical reversal of the sourca polarization.
Even in experimentz wiilch do not explore swall parity violating asymmetriea, such as

in polarized electron - polavized proton scatterimg, rhe exper‘mencal asymmecries ate
generally quite emall after twu polarizations. useful carget content, backgrounds,
kinematic depclarizarions, and the real physics asymmerry are all consideved. The
syatematic effects associated wich a magnetic polarization reverspl schew, no matter
how corefully controlled, are a real limitatfon. Optieal polarfzation reversal (s

guch to be desired.

folarjzed Eleccrons from Magnetized Meterials

Polarized elactrons may be emlited from magnetized marerials by elthe. field or phote-
smission. Examples include polarized electron photoemissicn from Fe, Co, Wi, and Eu0.
and field emigsion from EuS costed tungsten needles. To date, [ield emission has
required operation at LHc cemperature, snd has delivered only vevy shb.l currents
without deacruction of the emirter. This techmique was not discussed. Fhotoemission
from Eud hag deliversd modeet pulsed currents of reasonsble polarizatiow, but 1s no
longer pursued as a pol: ¢ized source. Photoemissfon from wmetals Like Fe, Co, and N1
1s characrerized by: (1) emirring marerials which sre durable and stsble; (2) the
naed to £1ip a magnetic field to effect polarization reversal; (3) » quantud yleld
nsar threshold, whers polarization is the highest, which is quite low (ea. 10°° o/
photon); and (4) the need for quire high photon emergy (ca. 5 eV), The vork functiom

11

V|



of these metals may be lowered by the addition of cesium, but this dees not improve
the vield significantly, although it does ease the photen energy requirement. Photo-
ezission from the 110 face of Wi crystals has recently been shown to give essentially
1007 electron polarization, but in the face of the many disadvantages of a source of
this type, this lefty pelarization seems rot so significant. It was the eseentialiy
unanimous opinion of the workshop participants that electron emission from magnetized
materials is not a very suitable source technology,

Electron Polarization Measurement

One tessior was devoted to 2 discussion of methods for <lectron polarization measure—
men: at typical source energies of tens of voits to about 100 kV. The important area
of eleceron polarization measurerent ar high energy was left undiscussed. The follow-
ing polarization measurement technlques were discussed: (1) Mott scattering; {(2) pol-
arized low energy electron scattering; (3) absorbed current detectors; (4) excitation
of aroms with pularized electrons, followed by a determination of the electron polar-
ization by optical wmeasurements of the atomic decay radiation; and (5) correlations

in polarized electron bremsstrahlung.

Mott scatterinp is still the technique most commonly emploved for measurement of elec-
tron polarization, alcthough the difficulties and weaknesses of the method are well
known. Separation of elastically and inelastically scattered electrons requires that

a target thickness extrapolation be done. The thinnest targets available, gold foils

a few hundred angstroms thick (il self-supporting) are not thin enough to be unimpor-
tant; if thinner, non-self supporting foils are used, corrections for the foll support
are needed. It was emphasized that the theoretical form of the foil thickness extra-
polation was not known, and that this eifect alone givas about a 5% sbsolute uncertainty
to all Mott scattering measurements.

A Mott scattering apparatus empleying a new geometry was described /21/. This apparstus
permits the use of lower voltages than normally employed with Mote scattering (20 to

40 kV versus the more nmormal 100 to 120 kV), and gives excellent diserimination against
inelasrically scartered electrons. Another advantage is that the apparatus 1is operated
ar grovnd parential. The instrument has a good figure of mwerit. A Mott analyzer based
on cylindrical geowetry, and incorporating several of the good features of the better
spherical geometry has been described earlier by the same group /22/. No doubt Mott
scattering, with all its prublems, will centinue to be used in the future, and analyzers
of the sort described in these reperts will likely be the designs of choice for future
work.

A polarized low energy electron diffractisn analyzer was described. While such an
analyzer has a very high figure cf merit. tungsten, the only c¢rysral employed to date

for such an analyzer, vequires ar UHV environment and frequent cleaning of the crystal.
As with other low energy electron processes, one expects great sensitivity to the details
of the cryvsral surface. Were a stable crystal surface which could be u.ed in a less
demanding vacuun systee to be Found, this methud would be more attractive. This det-
ector f{s described in a paper by Kirschner end Feder /23/.

The ultipate in polarimeter simplicity is the absorbed current spin detector. The net
current absorbed by & sewple placed in a polarized electron beam depends on the electron
spin through either the exchange interaction in a ferromagnetic material, or the spin-
orbit interaction in 8 high Z material. The effect is considerably enhanced ar those
energles vhere the serondary yield crossover occurs; i.e. where the number of back-
scartered and secondary electrons equals the incident beam current, 1In facr, there

are two secondary yleld crossovers, one for each spin, such thar at a particular energy,
only electrons of one spin orientation induce an absorbed current. The figure of meric
for detectors of this type may be very high. This type of detector has been analyzed
in detail by Pierce et al. /24/. These detectors do have some problems in their app-
lication. They are clearly a low energy instrument, making their use difficult with
pelarized scurces of interest as injectors for accelerators. Secondary emission is a
surface sensitive process, requiring good vacuumw conditions and stable surfaces. There
45 the unpleasant possibility chat the electron beam incident on the surface can change
the surface conditions, and thus the analviing power, of the detector, particularly
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at basm currents in use with scceleraters. The techni.ue Appaays very useful in a
small laboratory devoted to studying polarized electron physica.

| Eleceron polarization may be messured optieally by exciting stoms with polarized elec~
trons &nd measuyring the circular polarization of the resonance vecombinatiun Jight.
This methed, spplied to pinc atoms, was used for the measurements of Exinysn and
Lappel, noted sarlier /9/. The advantage of this wmethod is the possibility of an ab-
solute polarization measurement. While it is unlikely that this technique would be
adopted as & standard laboravory procedure, it could be usefully employed to calibrate
other polariziiion analyzers which have a higher figure of merit. 1In an unpublished
eontridution, Tim Cay suggested the use of heliur atoms as the snalyring targer. Theve
are a nusber of advantages to the use of helium, and the numbers dsternmined by Cay in-
dicate that the measvresent should be feasible.

Finally, the poasibility of using polarization correlations in the bremsstrablung of
polarized electrons was yevigwed. While cheory and measurement are in agresmenc, it
appears that there are no sdvantages in the use of this difficult tachnique.

Sumnary

The following conclusions and suggestions for further work seceam wost likely to be of
benefit to polarized electyom svurces for accelerator applications.

|
|

(1) The GaAs source has proven so useful rthat attemprs to avercooe the two weaknesses
of this source, sediccre polarization and short operarional l'ifetimes, are vorth vigor~
ous pursuit. One @ay obtain some pelarization improvewent by the use of thin emitting
layars, as done at JUilich, with possibly some loss in quantum efficiency. To abtain
wuch higher polarization will require a source with nu GaAs-like degeneracy at the top
of tha valenca bend. This might be achieved with a wultilayer structure which placed
wost of the bandgap variatjon in the valence tand. Other materisls posssss band struc-
tures which have the cerract band structure £o give high polarization directly. CdSias,
appedra to be a very desirable candidace material. First samples of this material are ~
now coming available for cathede preparation. Anothev cendidate material is ZnGeAs,,

if che work function can be lewered sufficiently ty the use of cesium and fluorine
activatioen. The preparation ¢f many of these special maceriale might be materially
aided by the svsilability of a molecular-beam-epitaxy system in the polarized elecrron
compunity., The succoss of the arsenic capping techrique indicaces that materisls

grown in these systems may be removed and ctramsperted. 1t should be pnssible to resol-
ve the poor operating life problem wirh the approprisce attantion to cleanliness and
surfaes preparation. The fact that long lived cathodes are prapared commercially pives
hope that a solution exists.

A VY aeidf et

(2) Momic besm sources of fer the highest electron pelarizations. Until such tipe
as & solid statr source rellably delivers a highly polarized beam, the atomic sovrces
wili bave an important rele, porticularly in experiments shere their limited current
can be colerated. . '~xity is the primary disadvauntage of these sources. Only
sourcés which have gptically veversed polarization should be developed. The heliwm
cheai~ionization sdurce wppedrs capable oi development to a very usefn) level, and

is the least cosplex of sources of this type.

(3) Polarized electron emission from magnetfzed mater 18 1s not s suitable sourca
tachnolagy for accelerator based applicaricos.

(4) the Yott polarimater is likely to remain the "industry standard” for eccelerator
beased alectyon polarization work. Polariweters with spherical (and cylindrical) geo-
aetry offer a number of adventages for these polarimeters. For a wource development

: laboratory, other siepler metheds may be the most useful for fast, non-absolute measur-
H ments. The use of optical polarization measurement techniques, with their possibilicy
for absolute nolarization measurement should be pursued, particulerly 18 a way to cali-
brate other poiarization snalyzers.

(5) Techniques fer polarization measurement at high energy, although not discussad
at the workshop, nead astudy and development.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Government. Neither the United States Govermment nor any agency
thercof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulress of aay information, apparatus, praduct, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein to any spe-
cific commercial product, process, or service by trade name, trademark, manufac-
turer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government ¢r any agency thereof.
The views and opinions of authors expressed herein do not pecessarily state or
reflect vhose of the United States Government or any agency thereof.



