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Abstract

This scurce 1s based on the atomic polariza-
. 3
tion of the 2°S5; metastable state of the neutral atom.

A version suitable “or opesration on the high voliage

terminal of a CN Van de Graaff has been constructed,
tench tested and installed in the terminal of a 7.5 MV
machine., The polar*zaulon of the atomic beam is higher
than 90%. It is now fully opera-ional and a current
cf 3He' of 300 n& has been measured aSter acceleration.

1. Introduction

The prelimirary work on this source has been
described ir the literasure [1] in some detail. The
rrirciple of overation of the source is common to other
atomic beam sources: selection of hyperfine components
by an inhomogeneous magnetic field (multipole). The
difference resides in the use of atoms in an excited
metastatle state [2]. These are produced by a cold
cathode discharge on a helium flow defined by a nozzle
ané a sximmer. Thus a beam of thermal metastables
mostly in the 2381 state 1s produced and subsequently
manipulated, with usual techniques in atomic beam sour-
ces. However, the challenge 1s to adapt the source to
the hostile environment inside the HV terminal of a CN
Van de Graaff, operating auclear high pressure (10
atmosgheres).

2. Review of the stages of the source

There are five stages in the production of

He polarized ions in the present source:

1) Production of metastables of He

2) Stern-Gerlach selection of hyperfine components

3) Radiofreguency transition

i) Ionizaticn in a strong B

5) Spin rotation.
The cecié cathode dischargs produces a flux of
€x1015 ws~lsr-! The beam iz defined by a

atoms.
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0.17 mm ¢ nozzle and 0.6 mm ¢ skimmer, the energy is
0.085 eV, adequate for z‘omic beam techniques. The
system (atomic electrons + nucleus) for the 235, metas-
table state of He yields a total angular momentum
?:34‘»?’ where the symbols have the usual meani rg.
re 1 shows the six hyperfine components as a :uncvion
of magnetic field. Stern-CGerlach selection of compo-
nents CD and C@ is effected by a sextupole with its
pcles in the sequence S-N-N-S5-N-N, i.e. producing a
field with quadrupoie characteristics for small ampli-
tudes. Figure 2 shcws the metastable source and sextu-—
pole. The latter is a "short” sextupole 1L cm in
length with a tapered section and a straight section,
as shown in Fig., 2. The RF transition {adiabatic) fol-~
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Flg. 2 Schematic of the source components

yield a nuclear polarization of 100% (thecretical).

The radiofrequency field is generated by coils, perpen-—
dicular to the beam direction a* 30 MHz and the power
injected is 45w. The transition, vroducing reversal
of the polarization of the atomic beam, was complete
and instantansous, as determined using Steran-Gerlach
deflection methods [4]. An electron bombardment ioni-
zer at a fie2d B=0.2T follows the RF transition region.
Tt is inspired by the ANAC "superioniser”, although its
design differs in several important details. Firstly,
the dimensions are considerably smaller (Fig. 2). The
magnetic field is generated by coils tailored to the
requirement of a uniform B with minimum weight. The
ionisation region is 15 cm long. The ionisation
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habile atom: " He snhould be close
to 30%. Fig. 3 shows a view of the glow of the iorizer
from above. The atoms are singly ionized at the ioni-
cer: CEeT. Tue to the difference in ionization ener-
gy betwzen metastables and eground staze atoms 1% is
possiol Imirate the polarized atcms from the
unpolaris: backgrourd. Spin rotatlon is pessible with
a smzll magnetic fleld, arcund 10 gauss, which is opre-
vided by an electremagnet following the ionizer. Twe

s ———————

fig. 7 Tonizer glow viewed from above.

vairs of elecsrostatic plates at 960 with respect to
2ach other follow the spin rotation, permitting <he
centering of the beam in the accelerating tube. Tae
mechanical, electrical ard electronic components of
the source have been all constructed at the workshop
of the Ven de Graaff laboratory. Figz. lshows the sex-
tupole ard its proud bullders. Note that the coil

the vacuum, where only the pole pleces are lo-
rated. Alvhough atomic beam techniques are well krown
and used Tor polarized lon sources of hydrogen isoto-
s, in the present case all steps had
sked and verified, as this source is the first
Tn this respect, the fact that metasta-
inging on a metal produce an electric current
ectron emission, was of paramount usefulness
effect a diagnostics of beam selection,

outslde

pes and other ato

ing and radicfrequency transitions.

. Enginesring details

()

Bench tests of the polarized ion scurce were
corpleted In August 1984 with good success. Kever-
theless the adaptatior of the source to function wi-
thin the terminal of a CN Van de Graaff, under a pre-
sence of ten atmospheres is by ne means trivial nor
straightforward. There ere space and power limita-
tions. The 3He gas is expensive, hence it is necessa-
ry tc recirculate and purify it. We believe that some
original engineering sclutions have been es-adlished
in order to overcome then proolem

3.1 Gas in‘ection to the metastable source and pumpings

The system —o feed the cathode discharge in
order to produce the metastable beam is a closed locp
which recirculat The region of the dischar-
ge is pumrped by turbomolecular pump (Leyobcld-Heraeus)
with a punpirg speed of 36C 25~! for air. The heliunm
gas 1is d ard returned to tke imput of the
metastable source by a sealed mechanical pump (Alcatel-
ZM 20122AH) with a 200 & min~! pumping speed. An ac-
tivated carbon filter is placed after the mechanical
pump. The injection pressure is 50 torr. The pressu-
re is controlled by a piezoelsctric valve. Additional
ig injected using a solenoid activated valve. The

he gas.

gas
pressure in the discharge region is around 2x1C-% +orr.
A% the exhaust of the turbo pump it is 0.2 torr. The
tubing is made of stainless steel and thre couplings

(type KF) also.

A second turbo pump (same model as above)
pumps the sextupole regiorn, where a pressure of
3%107° torr is mairtained. Its exhaust is sent via a
molecular sieve filter to the head of the turbo pump
at the metastable source. This arrangement is very
efficient and the net flow of helium is in the range
cf a few cc per hour, less than in the operation of a
conventional impolarized helium ion source.

A third turbo-pump with a rmechanical pump is
located below the ilonizer and provides a vacuum of
3x10-% <orr at the head of the accelerating tube,
whereas such region has normally a vactum of 2x10~°
when pumped via the bottom of the tube. The exhaust
of the mechanical pump is sent to a bottle with a ca-
pacity of 2.5 £, sufficient for some 350 hours of
operation.

The meckanical pumps are driven by belts
coupled to ~he main belt axle in the HV terminal.

3.2 Cooling systen of punps and

uit with a pump,
;nq

It cousistg of a closed 2irc
it exchanger and tubing transporting the cool
fluid to and £ro the HV termiral. The pump (turbine
type, Aurora CO4) develons a Tlow of 2 Z2/rirc for a
water column of 46 meters. The heat exchanger can be
cooled with orcéinary water from the mains or with re-
frigerated water. The coocl? fluid is a silicone
liquide {(DC 200) with low viscosity, with a dielectric
rigidity of 120 KV em~! cooling is provided For “he
three turbo pumps, the sextupcle and the ionizer coils.

3.3 Turbomolecular pumps operation

These pumps located in the HV terminal regqui-
re a three-phase power supply with 42 V at 750 Hz.
The standard supplies from the manufacturer are inade-
quate fer operation inside the terminal. It has been
necessary to develop a supply that oculd be utilizsd
reliably there. This ccnsists of a Delcco-Remy alter-
nator, modified by lifting the rectifiers and connec-
ting in star configuration the stator windings. Set-
ting the rotation speed at 5625 t min-! and adjusting



itation veltage it has been possidle to obtain
tage and frequency required by the synchronous

3.4 Electrenics and controls

Ruggedized elactronics s essential for cpera-
tion inside the HV terminal, due to the transients
orovoked by sparks of the accelerator. Particularly
vialnerable are silicon rectifiers. Firstly, circuits
are ernclosed in thick metal toxes, leads are fed
through using capacitive connectors, and varistor
voltage limiters have been daveloped in a redundant
fashion in order to protect the circuits. Controls
are selsyn driven variacs and pots. Switches are ccn-
trolled by slectromagretic plungers. Readouts are
digital and transmitted via optic fibers from the HV
terminal te boxes outside the pressurized reservoir
neusing the machine.

4. Initial operation

The first full operation of the source on top
of the terminal of the machine (open, unoréssurized)
was accomplished in December 198L. A current of 3pet

of 50 to 100 nA was measured at the boitom of the acce-
Fig. 5 shows

lerating tube, at about 10 keV energy.
the source as assembled on the terminal.

Source installed on the terminal of the Van de
ce Graafl.

The operaticn inside the pressurized reservoir
nas encountered some problems due to the difficulty of
diagnostics o leaks and the Tact that the ensusing
pcisoning of 3ffe gas in the recirculation loop destroys

_the mesastable population.

A main valve separaticg the ion scurce from
the zccelerating tube remains to be installed and
should aid significantly tc lmprove leak hunting and
reconditioning of source parts, like the metastable
producing dicharge section, filters, tubings, etc.

The ion source beam optics at extraction has
been improved and presently the current of 3Het at the
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bottom of the machins stands at 30C nA.  Some preli-
minary measurements of asymmet: {312,001
fore improvement of the beam optics indicate
3He polariza+ion, between 50 and 7C%. These values
should improve as the sourcs and the accelerator enter
into a stage of routine operation.
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