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Summary

Development of aa intense polarized ¥~ source for
the AGS continuas at Brookhaven Matiomal Laboratory.
[nicial cests with about one mtllisapare, 40-keV
puived neutral-cesius beam, colliding with mora than
tw-nillisapere polarized hydrogen stoms, produced
about one-half atcrosspere polarized negative ioas,
extracted et 20 keV. A new pulsed cesium source with
an snticipated ~iatput of 5-15 mA snd an improved
neutralizer are under construction,

Descripeion

The colliding atomic besm principle, developed st
the University of Wisconsia in Mim,l couverts
polarized thermel hydrogen atoms into polarized nege~
tive hydrogen fons by colinear interaction with an
energetic neutral cesium besm. Figure 1 shows the
principle of this method. The systsa consists of a
molecular hydrogen dissociator, sextupole magnecrs, rf
induced traasition units and a ccsium beam ionizer,

The polerized asutral Lydrogen bsas is obtained
in a conventionsl ground state atomic beam apparatus,
which makas use of rf dissociation of the hydrogen
moleculee, and focueing and slectron polarizetion
of the atomic hydrogen besm by sextupole magnats.
Nuclesr polarization is cbtained by rf induced
transitions. The molecular hydrogen dissociator noz-
zle 13 cooled by a closed-cycle halium refrigerator
to isprove the acceptance of the beam in the sextu-
pole magnets. The gas feed is pulsed. Typical H*
and H, pulses, detectad with a residual gas analyzer
are lgovn in ruu:e 2. So far, polarized densitiee
of the ordar of 101! atoms ca~) have bean measured
near the intersction region and we expect further
improvement by a factor of 2 to ] by optimization of

the various cosponents.
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Figute 2 ~ Traces of typical atomic and molecular
hydrogen pulses near the interaction
Tagion. e (H); -~ {(H,).

A major thrust of the developmsnt effort has been
toward the reslization of & 5 to 10 mA, pulsed neu~
tral cesium beam transported one mater dowmstream
into the 1.5 cm diameter interaction ragioa. The ANL
cesium source wa; modified to accept an J/i” diameter
spherical porous tungstea surface ionizer and cesium
boiler. Tha radius of curveture of the tuagstea
button and the inter—elsctroie spacings were chosen
to be the same a8 those ussd at Wisconsin and a four~-
th electrode was sidded. Figure 3 shoue the esssncial
parts of tha Cs source and the electrods voltage
pulsing scheme. A spherical ball joint was added for
machsniczl beam steerfng.

Porous tungsten ionizers normsily are used for
d.ce cesium ion bsams. Howaver, in this application
we roquire only 0.5 =8 beam pulses, which may offer
advantages in terms of increased reliabilicy (less
cesium contamination, sputtaring and outgsssing of
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Figure 1 ~ Schematic diagram of the My source.

*Work performed under the auspices of the U.S.

Deparceent of Energy-

*a{niversity of Mtchigan.
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Figure 3 - The essential parte of the cesium source
and tha voltsr~- on the electrodes.

downstream surfacaa). The aperation of the tungsten
button in the pulsed mode has been achieved by oper—
acing the tungsten button and basm-forming electrode
forming electrode at approximately +40 k¥, while the
extraction slectrode is held at approximately +45 kV
and pulesd to ground. Thie backbias pravente cesium
ions from leaving the surface betwesn pulsss. The
extcacted ion current density is decermined by tha
ion evaporation rste, which depends on the surface
coverage reached betwaen pulses snd the button tes—
perature.“ As the surface coverage changes due to
the ion sxtraction, tha ion evaporation rate and the
pulse shape change ss well., 3Besm curreats of up to
12 sA and sufficient pulse width have been obtained
from a 3 cal tungscen ionizer with a button tempers-
ture of about 9509 C end a boiler temperature lass
than 70° C.

Special attention has been paid to the besm op-
tics. Space charge etfects of the 10n beam are sig-
nificant. It ctakes typically 0.5 to 1 me for the
beam to become spacs charge neutralized and well
focused. As expectsd, this phenomens was not ssen
for the Cs* beam, which could be well focused aven at
the start of the pulss. The basm becomss very di-
vergent dus to space chage forces when the third
slectrode, normally biased negative to prevant back-
strasming electrons, is grounded. The beam optics
was in good agresmeat with computer calculations
using the SLAC Electron Irajsctory rro;r-.’ Vich
this modified sourcs we are able to gst approximacely
S0Z of a 6 mA cesium besam through the intsraction
reglon." A new cesium sourcs is praseantly under
construction, which will supply (in principle) cesiwm
besms of 10-15 mA into the interaction ragion without
significant basa losses.
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The cesium neutralizer operates with a megeeti-
cally pulsad flaprer valve in the cesium supply line
in order to minimizs the cesium loss race st the open
ends. Figura & shows the principle of thi: msutral-
iser. The losa rate was measured to be 0.23 xg/hour
for the cemperarures shown and a 2¥ duty cycle.
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Figure 4 ~ Schematic diagram of the nsutralizer with
typical operating temperacures.

Preliminatry operation of the overall system has
shown a polarized H— output of 0.5 uA per milliampere
of neutral cesius besm. Ue expesct a much highar
efficiency whan all componants, in particular the
atomic baam components, are proparly optimized.
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the
United States Governmert. Neither the United States Goverament nor any agency
thereof, nor any of their employces, makes any warranty, express or implied, or
assumes any legal liability or responsibility for the accuracy, completeness, or use-
fulness of any information, apperatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference hercin 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 Govcrnment or any agency thereof.
The views and opinions of suthors expressed hereir. do mot necessarily state or
reflect those of the United States Government or any agency thereof.




