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Details are given of the construction and performance of a 4He discharge lamp and optical system
for optical pumping of 2381 3He. The lamp is made of fused quartz and is water cooled. It is excited
by 160 MHz radio-frequency power applied to internal electrodes. The first part of the light gathering
system is built into the lamp as an integra] part of the cooling jacket. For a radio-frequency input of
600 W, 1.4 X 1017 circularly polarized photons S-1 are delivered in a cone of half angle 30° to the
specimen to be opticaUy pumped. The width of the 1.083 11line emitted is about 0.087 cm -1. This
lamp has behaved satisfactorily during extensive life tests.

Nous donnons des details de construction et de fonctionnement d'une lampe de 4He et d'un systeme
optique pour Ie pompage optique des atomes de 3He dans J'etat 2381, La ]ampe est construite de verre
quartz et est excitee par un champ de radiofrequence de 160 MHz transmit au moyen d'electrodes
internes. Une partie du systeme coUecteur optique fait partie integrale du compartjment annu]aire de
refroidissement de ]a lampe. Nous avons mesure une intensite de 1.4 x 1017 photons circu]airement
po]arises s-1, emis dans un cone de 30° de moitie d'ang]e de sommet it J'emp]acement de ]a celJule de
pompage optique. La ]argeur de ]a raie 1.083 11emise atteint it peu pres 0.087 cm -1. Cette ]ampe a
fonctionne d'une fa<;on tres satisfaisante au cours de nombreux essais.
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I. Introduction

In experiments where nuclear orientation is
produced by optical pumping techniques, it is
desirable to have as intense a light source as
possible. Budick et ai. (1965) have described
hollow cathode lamps suitable for this purpose
when the optically pumped material is a metallic
vapor. For the optical pumping of gases, how-
ever, the most promising type oflight source is the
low pressure, high frequency discharge. In
general, such sources can generate light of high
intensity, narrow spectral line width, and low
self-absorption (Brewer 1961). This paper de-
scribes the construction and performance of an
RF helium lamp and optical system capable of
producing an intense beam of 1.083 ~ radiation
for the optical pumping of 3He gas at low pres-
sures. Most of the technical details have already
been presented by Collins et ai. (1969) and will
not be repeated here. The lamp uses 4He gas since
optimum nuclear polarization in 3He can be
obtained by utilizing the chance,coincidence of
the 23S 1 ~ 23P 2 transition in 4He with the 23S 1
(F = 3/2) ~ 23pO (F = 1/2) transition in 3He
(Greenhow 1964; Timsit and Daniels 1971).

In a discharge in an oscillating electric field of

1 Present address: Department of Physics, University of
Waterloo, Waterloo, Ontario.

frequency ro/21t,the electrons oscillate in quadra-
ture to the electric field, in the absence of a
damping mechanism, and thus absorb no power
from the field. The principal source of damping is
collisions with atoms and the power absorbed
from the electric field is a maximum when the
mean time between collisions is about l/ro. This
optimum frequency varies with the conditions of
the discharge, but for a bright discharge in
helium at 1 Torr pressure it is about 3000 MHz.
For higher frequencies, the amplitude of oscilla-
tion of the electrons is smaller. Electrons are thus
kept in the discharge and the layer where they are
removed by collisions with the walls is thinner.
We decided to excite the lamp with a radio
frequency of about 160 MHz. This is about the
highest frequency which can be produced by con-
ventional vacuum tube oscillators; the equip-
ment required for producing radio-frequency
(RF) power of higher frequencies is considerably
more expensIve.

The usual light source excited at an RF fre-
quency consists of an electrodeless discharge tube
filled with gas at a pressure of approximately
1 Torr and placed in the tank circuit of a power
oscillator or in a microwave cavity (Brewer 1961;
Zelikoff et ai. 1952). One of our requirements,
however, was that the lamp had to be at a con-
siderable distance from the oscillator, and thus
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FIG. 1. Cross-sectional views of the light source.
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it had to be matched to a coaxial cable feed. Now
the impedance presented by an electrodeless dis-
charge at these frequencies-either inductively or
capacitatively coupled-is almost a pure react-
ance, and the matching depends very much on
the state of the discharge. For an electrodeless
discharge, it has been our experience that, as the
matching is adjusted, the discharge becomes
brighter and brighter, and then suddenly goes out.
It is then necessary to put the matching adjust-
ment back to its original position, to strike the
discharge, and to start again. Such "tempera-
mental" behavior (i.e. backlash) is most un-
desirable. On the other hand, a discharge excited
by internal electrodes presents an impedance
which has a phase angle ofil.bout 45°, and which
can be matched to a 50 Q line, without backlash,
using a pi network. One disadvantage of internal
electrodes, however, is that in a heavy discharge
they sputter, and the sputtered material is de-
posited on the walls of the discharge tube making
them opaque. A thick layer of sputtered material
produces strain in the substrate and eventually
causes the discharge tube to break. Furthermore,
heavy ion bombardment may lead to intense
heating and subsequent melting of the electrodes.
One of the problems is, therefore, to keep the
electrodes cool, the sputtering to a minimum, and

to find an arrangement whereby the sputtered
material does not obscure that part of the wall
through which the light emerges.

II. The Light Source

Our final design is shown in Fig. 1. The body of
the lamp is made of fused quartz, and the light
is produced iil the constriction which is 2 cm x 2
cm x 1 mm thick. The constriction is offset from
the main tube, partly to satisfy optical require-
ments, but also to prevent sputtered electrode
material from settling on its walls. The thickness
of 1 mm is about the maximum which can be
tolerated-this thickness of helium discharge is
almost opaque to the 1.083 f.11ight,and a greater
thickness would need a greater power for the
same light output, and would lead to excessive
broadening of the spectral lines. The discharge
tube is surrounded by a cooling jacket through
which liquid is circulated. If the constriction is not
kept uniformly cool, the discharge does not fill
the constriction, but is confined to a narrower
channel, which jumps about erratically. The cool-
ing jacket is designed as part of the optical
system, and the Lucite "condensing lens" is
cemented to the quartz cooling jacket. In spite of
the fact that light is emitted from the discharge in




