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SHe volarized iocn source is based on the 233,
atomic state. _,We produce an intense meta-
eam, & x10%5 p.se .sr ', of energies between
and 0.1 ev, u;lné cold cathode discharge. The
! f Zeeman components
and (F:%,m, is effected with a sextupole
of ¥ariable gap. #&n adTfabatic RF transition erhances
the nuclear palarization (theoretical) to 100%. Moss
desigr. paramsters of the source are now frozen for
operation inside the d.V. terminal of a CK van de
Graaff, bu®t the source is of unlversal use in (+) ion
accelsrators.

Introduction
The development of polari

4 des-
Irterest

*He ior sources
vite their intrins: , has teen slodzj
There ig at present cnly one polarized Ee beam at the
RBirminehem cyzlotron®>*’, vroduced by the Lamb shift
methcd, and tae recent performance is rather modest:
2 nA witr 70% polarization. -h methed is bas=4d on
the JHet(28) state, with a lifetime of 2x107%s. This
easily de%t“oy?d by POl_lSlQnS and by per-

flelds.

ed
1)

state 13

turbing slecromagnetic

cheme nas been proposed recently5> using the
279, stat, of the neutral atom, which is very long

/, the transition to the ground state being
dovkly fornidden. An atomic beam of thermal metasta-
bles can be subjected to falrly standard techniques
:sed with hydrogen or deuterium atoms, mulatis
mufdndLb. Very high densities of metastables can be
acniev rresent, However, in our particular
case we are constrained to the power and space avai~
lable in the H,V. terminal of the Laval CN Van de
Creaff. A basic criterion of eccnomy has dominated
cur approach to the realization of this pclarized ion
source. There 13 a basic advantage in dealing with
metas-adles as compared with hydrogen a‘oms, it is
that one can derive an electric current frem them,
and hkence diagrostics becomes simple.

Detection of metastables
Tae poss3ibility of using the emission of electrons

by a metallic surface upcn contact by metasteble ncble
gases was known since the forwies. However, the
guar=itative mesurs of saccndary slectron emission
ccefficients are rather recent. For a sbainless steel
gas contaminated surface the coefficient is
0.7Lhz0,009 75 The mechanism of emission is
: an 2lectron from the metal surface is caphur-
and forms the state 1150 with the 1s electron.

exan energy 1s spent in evaporating the 2s
In order %o enit properly these electrons
surface It iz necessary to add an electric
A gradient of 20 V/em suffices for these pur-
We have constructed our metastable gdetectors
using a cylindrical geometry, with provision for good
pumpirg, using both stainless steel and copper (the
latter differs little in i%s conversion coefficient).
In what follows, however currents are quoted as
measured directly, without using conversion coeffi-
cients.
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Metastable production and velocity measurement

The ideal source of metastsbles 1s one producing
low velocity {thermal) atoms with high intensity.
Open avenues for such objectives that were explored
ara: 1) Deceleration and neutralisation of a ‘He'
beam, 2) Direct production a) in a RF discharge,

Canada

simple and double. b) In a duoplasmatron source. 3)
Zlectron beam production with a cold cathode discharge,
For the purpose of measuring the velocity of the me~
tastatle beam we have buil® a chopper with five g°
slots on an aluminum disk., The rotation speed was
slightly over 20,000 r.p.m. The details 27 this chopper
may be found elsewhere?)., The refererce signal was

provided by an electroluminescent diode and a photo-
The particle signals were obtained from <he
Both signals were displayed

diode.
metastable detector.

Fig.1l Ckopper and cold cathode source.

ugirg an oscilloscope and recorded with a polarcid ca-
mera. A full account of the results for all zhe studi-
ed methods of metastable precduction is given in Ref.8.
In the language of atomic beam “echnology 1) and 2) pro-
duced "tot" beams (i.e. 5 eV). The third method, vpro-
ducing metastables By electron bombardment, was used
elready long time ago by Eolt and K“ofkov91 in their
determination of the cross sectlon up to 23 eV incident
energy. After this pioneering work there has been a
host of experiments using electron or ion bomba“dmeqt
for the produo*lhn of metastables. Fahey et a? and
Rundel el al. ') procuce besms of metastad-es around
0.07 eV by_giectron bombardment of an atomic beam. The
flaxes cited are 3.5x10'* and 2x10'" Sr_ls— . The sim-
plest method in that of Ref.1l, whose authors used a
cold cathode discharge with a current o 3 mA. We have
constructed a similar discharge svstem which, af-

ter some iImprovement in the materials, like using
quartz tubing and tungsten cathodes we have produced
with a discharge of 30 mA,a flux of 6x10'% sr71s™%,

The set up for the measursmert of the velocity is shown
in Fig.l, together with the cold cathode metastable
source a% right. Fig.2 shows the discharge in de-ail.
The scope display is shown in Fig.3. The path length
is 60 cm the distance besween the square refersnce
pulses correspord to 600 urec. In stable operatior the
flow of helium for the producticn of metastables Is
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Detail of the cold cathode discharge.

from the metastable
ses are the reference

Flg.3 Time cf flight

we have recirculated

However,
s in a closed circult without any aporeciable

308 1t NTF per day.

intersity of metastatle production. The me-
able source 13 practically ponctual and thus

ia of geometrical optics are applicable to zhe
lation and analysis of trajectories.

erlach szlection and R.F. transition
foupling of nuclear and atomic moments yield
s1x ayperfine aponents split in a magnetic field.
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Pumping System
It consists ©
Heraeus having a

turbomclecular pumps Leybold-

speed of 360 £ s over an extended
pressure range. The gauge pressures are 10 terr in
the discharge regicn and 3x10°° in the sextupole
regicn. Both turbc - puips arebacked DY mechanical
pumps.

Ionisation

The ionisation potential of metastables
low, 4.6 2V and the cross section ions rises quickly to
6x107 % em®. The efficiency o7 gn 2lectron bombardment
ioniser for this case should comecloss 30 12% according
to ionization potential scaling laws “). Taking
into account the high cross section with respect to
the ionization of hvd“ogeﬁ. the efficiency 11 ki—

B i 111 hi-
gher. BExcellent discrimination with respect to back-
ground 1s expected.

is quite

15 ot

Photcionisation is alsc feasible in this case, using
mean UV radiation, for example the light from the low

nreassyure Hrv A1 acharce Tre

1

=
ressuy digcharge. The cticn near thres-
¥ 52

hold 1is hlgh. 7X10"18 cm? 15), and corresponds well



the Hg resonance line at 2537 4. 1In this case discri-
mination from backgrcound would be absclute.

Conclusion A

The Zon source 1s under construction ;gcording to
the drawing in Fig.5. Icnisaticn to °He & will be
effected via stripping with a 12 pg C foil ahead of
the Wien filter, at 50 keV. The metastable beam
alter the Stern-Gerlach and RF transition hag an
intensity close to 103 2.5 " and a current of ‘Ee
of 100 nA seems assured with the ionisation efficien—
cles at hand. The source is scheduled to be install-
ed in the terminal of the Van de Graaff in 1984,
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