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Development of «a Intense polarized H- source for
th* ACS continues at Irookhaven National Uboratory.
[•ittlal tests with about on* mllllaapsre, «0-k«V
puitfud n*utral-c*slua beam, colliding with aora than
two-milllaapar* polarized hydrogen atoas, produced
about one-half microampere polarised negetlve ions,
extracted at 20 kaV. A new pulsed cealua source with
an anticipated output of 5-15 aA and an Improved
neutrallzer are under construction.

Description

The colliding atoaic beaa principle, developed at
the University of Wisconsin In Madison,' converts
polarized thermal hydrogen atoas Into polarized nega-
tive hydrogen Ions by collnear Interaction with an
energetic neutral cesium beaa. Figure 1 ahowa the
principle of this method. The system consists of a
oolecular hydrogen dissodator, sextupole magnets, rf
induced transition units and a cesium beaa Ionizer.

The polarized neutral hydrogen beaa is obtained
in a conventional ground state atoaic besa apparatus,
which makes us* of rf dissociation of th* hydrogen
molecule*, and focusing and electron polarization
of the atoaic hydrogen beaa by sextupole aagnets.
Nuclear polarization la obtained by rf Induced
transltiona. The molecular hydrogen dlasodator noz-
zle Is cooled by a closed-cycle helium refrigerator
to improve the acceptance of the beam In the sextu-
pole magnets. The gas feed Is pulsed. Typical H*
and H, pulses, detected with a residual gas analyzer
are shown in Figure 2. So far, polarized densities
of the order of 1 0 n atoms cm"3 have been measured
near the interaction region and we expect further
improvement by a factor of 2 to 3 by optimization of
the various components.
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Figure 2 - Traces of typical atoaic and molecular
hydrogen pulses near the Interaction
region. (M); <Hj).

A aejor thrust of the development effort has been
toward in* realization of a 5 to 10 aA, pulsed neu-
tral cesium beaa transported ooa aster douutrsaa
Into th* 1.5 ca diameter interaction region. The ANL
cesium source was aodlfled to accept an 3M~ disaster
spherical porous t tings tea surface Ionizer and cesius
boiler. Th* radius of curvature of the tuagstsn
button ana th* inter-electroJe spaclogs ware chosen
to be th* saa* as those used at Wisconsin aad a four-
th electrode was aa«ed. Figure 3 shove the essential
parts of th* Ca source aad the electrode voltage
pulsing scheme. A spherical ball joint Mas added for
mechanical beaa steering.

Porous tungsten ionizers normally are used for
d.c. ceslua ion beams. However, In this application
we require only 0.5 as beaa pulses, which aay offer
advantagea in terms of Increased reliability {less
cesitai contamination, sputtering and outgasslaf of
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Figure 1 - Tilum*Mr diagram of the of source, ?to functions of the various parts are iadicated.

•Work performed under th* auspices of the U.S.
Department of Energy.

"University of Michigan.
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Figure 3 - Tha essential parta of th« c u l w source
and the voltawz an cha alactrodaa.

downstream: aurfarss). Tba operation of eha tungsten
button in cha pulsad aoda haa baan achieved by oper-
ating tha tungsten button and beam-forming alactroda
forming electrode at approximately +40 tV, while tba
extraction electrode la hald at approximately -K5 kV
and pulaad to fround. Thla backbla* pravaata cesium
Ion* from laavlng tha surface batiwan pulses. Tha
extracted ion currant danalty la determined by tha
ion evaporation rate, tfhlch dapanda on tha aurfaca
coverage reached between pulaas and the button tem-
perature.2 As the surface coverage changet due to
the Ion extraction, the Ion evaporation race and Cha
pulse shape change aa well. Sean currents of up to
12 aA and sufficient pulse width have been obtained
from a 3 cm2 tungsten ionizer with a button tempera-
ture of about 950° C and a boiler temperature lesa
than 70° C.

Special attention haa been paid to the bean op-
tics. Space charge effects of the ion bean are sig-
nificant. It takes typically 0.5 to 1 ae for the
beam to becoa* space charge neutralized and well
focused. As expected, thla phenomena was not seen
toe the Cs* beam, which could be well focused even ac
the start of tha pulse. The beam becomes very di-
vergent due to space chage forces when Che third
electrode, normally biased negative to prevent back-
streaming electrons, is grounded. The beam optics
waa in good agreement with computer calculations
using the S U C Electron Trajectory Program.3 With
this modified source we ere able to gee approximately
SOZ of a 6 mA ceslta beam through Che Interaction
region.1* A new cesium source is presently under
construction, which will supply (in principle) cesium
beams of 10-15 mA into the Interaction region without
significant beam losses.

9 M ceslue aeutrallsee operates with a magneti-
cally pulsod. flapner valve In the cealum supply lime
In order to minimize the ceslua loaa rare ac the open
ends. Figure 4 ahowa Che principle of taij mauCral-
laer. The loss rate waa measured co be 0.23 Kg/hour
for che temperatures shows and a 22 duty cycle.
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Figure 4 - Schematic diagram of the aeutraliccr with
typical operating temperatures.

Preliminary operation of the overall syatea has
shown a polarised K- output of 0.3 M per •llliampexe
of neutral cesium beam. He expect a auch higher
efficiency when a l l components, in particular the
atomic beam components, are properly optimised.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of tbe
United States Government Neither tbe United States Government nor any agency
thereof, nor any of their employees, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, compktenets, or use-
fulness of any information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference herein io 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 tbe United States Government or any agency thereof.
Tbe views and opinions of authors expressed heieir. do not necessarily state or
reflect those of tbe United States Government or any agency thereof.


