Fig. 5. Sodium condensing cell showing im!
heaters and cooling tubing.

Fig. 4. Sodium vaporizer ducting and planar nozzle
showing heater jackets, heaters, and thermocouples
clamped in position. Heater and thermocouple feed-
through flanges are also evident.
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OPERATING EXPERIENCE WITH THE POLARIZED ELECTRON GUN AT SLAC*
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During the two years of operation of the SLAC Polarized
Electron Gun (PEGGY), the electron intensity delivered to
the target has increased from 7 X 107 e™/pulse to 1 x 109 e-/
pulse. The polarization is 0,85 with no measurable degrada-
tion caused by acceleration through the linear accelerator.
The predominant cause of downtime is replenishment of lith-
ium, which now averages 43 hours. The lifetime of a lithium
load is about 175 hours.

The Polarized Electron Gun (PEGGY) has been in opera~-
tion on the SLAC three-kilometer linear accelerator for about
two years. 1 Figure 1 ghows that during this time the elec-
tron beam intensity, I has increased by an order of mag-
nitude while the figure of merit Pexf_le - where P, is the elec-
tron polarization - has tripled, (For a fixed time interval
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Fig. 1. PEGGY's development as a function
of time and projection for the near
future. The open circles and thin
crosses in the upper plot are, re-
spectively, maximum current and
polarization measurements with
resonant depolarization effects
present. The filled dots and heavy
crogses are measurements with
resonant depolarization effects re-
moved,

during which a spin-dependent scattering asymmetry is mea-
sured, the statistical exror is inversely proportional to this
figure of merit.) During this same period the availability of
the polarized electron beam has increased from ~ 407% to ~
75%. Transmission of the PEGGY electron beam through the
accelerator to the target has averaged ~40%,

The Iongitudinally polarized electrons are produced by
the photoionization of a state-selected lithium atomic beam.

*Research supported in part by Energy Research and Devel-
opment Administration and the German Federation of Re-
search and Technology, University of Blelefeld.
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Improvements in the source® since the initial operation on the
linac include a larger oven which triples the lifetime of a
lithium oven load. The atomic beam intenaity has been in-
creased by using a larger bore six-pole magnet. A new vor-
tex~stabilized flash lamp and an ellipsoidal mirror which sub-
tends a larger solid angle have greatly increased the UV light
available for photoionization.

As the light intensity increased, significant depolariza-
tion associated with the resonant excitation of the 2P atomic
state was observed.?»® With the resonant excitation light
removed with a UV filter, we now measure the electron po-
larization, B,, to be independent of light intensity and equal to
the calculated atomic beam polarization of 0.85. The results
of simultaneous polarization measurements by Mott scatter-
ing at 70 keV and by Méller scattering at GeV energies show
no degradation of electron polarization caused by accelera-
tion through the linear accelerator,

The present PEGGY operating characteristics, summa-
rized in Table I, are matched to the requirements of high-

TABLE 1
Operating Characteristics of Polarized Electron Beam

Experimental Value  Projected Value

Characteristic

12/76 for Near Future
Pulse length 1.5 us No change
Repetition rate? 180 pps No change
Electron intensity
(e”/pulse)
At 70 keV (2.0 2 0,3) X 10° 4x 10°
(2.6 % 10¥ max.)
At GeV energies  (0.74 +0,14) ¥ 0 nrxw’
(1,1 10¥ max,)
Pulse to pulse
intensity variation <5% No change
Elgctron polariza- 0.85 No change
tion, Pe
Polarization re- 3s No change
versal time
Intensity difference 57 b <2%
upon reversal
Lifetime ofclithium 175 h 150 h
oven load
Time to reload
tithium 43h % h
Overall availability 75% No change

4Modulator and flash lamp are usually operated at a repeti-
tion rate of 180 pps with 120 pps injected into accelerator
and 60 pps used for polarization measurement at low en-
ergy.

b'I‘he intensity difference can be reduced to < 1%.

CLifetime based on filling oven to 740 g capacity.

energy experiments with polarized-proton targets,2 viz.,
high polarization but target limited intensity. The electron

A0



intensity shown is the average over the last full accelerator
cycle, which includes about 940 hours of PEGGY operation.
Minor improvements in the source throughout the cycle re-
sulted in an electron intensity averaged over the last third of
the cycle that was 10% higher than the overall average. Ad-
ditional improvements, primarily in the atomic beam inten-
sity, are expected to result in a doubling of the electron
beam intensity in the near future.

The latest PEGGY operating costs are given in Table Il

TABLE II
Monthly Operating Costs
Lithium 1200 g ¢ $0.30 per g?
Other materials  $800
Shop support $1200
Manning 4 man-months

aSpecial ERDA rate.

About 50% of the lithium actually used is recycled. During
operation the source is manned 100% of the time by one op-
erator with three persons required for a 6-hour period during
the lithium-replenishment downtime, Future plans include
the possibility of substantial periods of remote operation.

Significantly higher electron intensities without loss of
polarization may be possible by optically pumpiéxg the 2P
state of lithium with circularly polarized light.® The in-
creased figure of merit which would result is desirable for

high-energy experiments when the intensity is not target lim-
ited, A solid-state polarized-electron gun which is expected
to produce high intensities with moderate polarization is cur-
rently under development at SLAC. 7

We wish to acknowledge the invaluable assistance of the
members of the groups that have done the experiments with
the polarized electron beam at SLAC and in addition the
SLAC Accelerator Operations Group.
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