
VOLUME 2, NUMBER 5 PHYSICAL REVIEW LETTERS MARcH 1, 1959

level width of the K-level, which can be deter-
mined from the line width of x-rays. %e got 57 ev
for the K-level width of Pb, extrapolating the
most accurate value for Bi proposed by Mladje-
novic'(Z-dependence according to a Z' law). With
this value, the mean life of the 3.403-Mev level
of Pb~ is 7 =1.8X10 "sec. Compared with the
transition probability of a single proton, 7 the 1.72-
Mev electric dipole transition is slowed down by
a factor of about 50.

%e are deeply indebted to Mr. F. Stuber for the
chemical preparation of the source. Vife mould
like to thmQr. the cyclotron group of the Univer-
sity of Birmingham for the irradiations.
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Several techniques' have been proposed to pro-
vide beams of polarized protons. One of the ear-
liest proposals was put forward in a paper by
Lamb and Retherford' where a basic outline was
given for a method utilizing the Lamb shift. This
technique had been considered to be unfeasible
because of the problems of obtaining intense
beams of metastable hydrogen atoms. '

In this note a method is proposed to produce
relatively intense beams of metastable hydrogen
atoms and their subsequent ionization. In addi-
tion, preliminary experiments related here indi-
cate the feasibility of the proposed technique.

A proton beam can be formed by conventional
methods with a beam energy of the order of 10

kev. The metastable hydrogen atoms are then
produced by passing this proton beam through a
chamber of hydrogen gas, or another appropriate
gas at pressures of the order of 10~ to 10 3 mm
Hg. The high cross sections' (of the order of
0.5vao') for pickup (or charge exchange) of an
electron by a proton in the beam provides an effi-
cient mechanism for the production of metastables.

After one removes the residual charged parti-
cles by deflection, the neutral beam, consisting
of metastables and ground-state atoms, is then
passed into a magnetic field of the order of 575
gauss. In the magnetic field the lower component
of the 28 state becomes degenerate with a 2P level
and decays to the ground state. Since the upper
2S state also possesses a hyperfine splitting, an
appropriate rf field enables one to quench out the
desired hyperfine component. The resultant neu-
tral beam now consists of metastable atoms having
polarized nuclei and ground-state atoms and mol-
ecule s.

The metastable state can be preferentially ion-
ized by the introduction of ultraviolet radiation in
the region of 3650 A using a high-pressure mer-
cury arc source. At this 'point the emerging
charged particles consilt of polarized protons.
These can be separated from the neutral beam
into an accelerator by an appropriate deflecting
field.

Preliminary experiments have been performed
to test this proposal for the method of producing
a beam of metastable hydrogen atoms. In these
experiments a 10-kev beam was used from a
standard radio-frequency-excited ion source. A
diaphragrxi having an aperture of 1-mm diameter,
50 cm from the ion source, defined a low-intensity
beam. This diaphragm also served to provide a
back pressure of hydrogen gas at 2 &10~ mm Hg
in the volume nearest the ion source. Although
the mean free path at these pressures was many
times the path length in the gas volume, a reason-
able amount of pickup into the 2S state was de-
tected. Both magnetic and electric fields were
provided at the point where the beam of neutral
and charged particles emerged from the dia-
phragin (the prequenching region). These fields,
which could be applied independently, served to
deflect the charged particles from the beam, as
well as to quench the neutral metastable beam.
An adjustable electrostatic or magnetic field was
placed 50 cm from the diaphragm behind a second
aperture. These second fields provided a quench-
ing region for the detection of the metastable
beam. A small region in the center of the volume
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containing the second quenching fields was viewed
by a Lyman alpha Geiger counter. ' The purpose
of the experiment was to measure the decay of
the atoms from the 2S state as a function of the
intensity of the electrostatic and magnetic quench-
ing fields at the position of the detector and in the
prequenching region.

Since the atoms were in the quenching field be-
fore they passed the field of view of the Lyman
alpha counter, one would expect the counting
rates to reach a maximum at a given field strength
and then to drop off as the field is increased fur-
ther, since at high field intensity the metastables
would be quenched before they could reach the re-
gion viewed by the counters.

This behavior was observed for both electric
and magnetic quenching. The effective quenching
rates are of course different, since the magnetic
quenching field not only provides a motional elec-
tric field perturbation, but also changes the en-
ergy of the states. The magnetic quench curve
implies that electric quenching does not produce
additional excited states giviag rise to Lyman
alpha radiation. The results given in Fig. 1 show
a typical electrostatic quenching curve and the
field dependence seems to agree with expectation.
The qualitative agreement of the theoretical and
experimental curves supports the evidence that
the electric fields are not giving rise to extrane-
ous excited states which would then provide Ly-
man alpha radiation.

One can set the detector quenching fields so that
the counter records the maximum rate, and sub-
sequently observe the effect on this rate due to
the field intensity in the prequenching region.
Figure 2 shows the effect of prequenching elec-
trostatically, where an electric field was used
in the detector quenching region. It is important
to notice that the theoretical predictions are very
sensitive to the precise field configurations, the
viewing region, and the beam velocity. The com-
parison of theory to experiment therefore does
not represent high precision, but rather the fact
that the experiments behave correctly in a qual-
itative way. A rough estimate of Lyman alpha
intensity indicates that the pickup cross section
is &0.01ma, '.

The results of the preliminary experiments
seem to indicate that a beam of metastable atoms
can be achieved by the pickup process. The ion-
ization of these metastahles will provide a 50fo
polarized beam without the introduction of radio-
frequency quenching. It is of interest to notice
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FIG. 1. The detection rate of Lyman alpha radiation
from the beam as a function of the electrostatic field
strength in the detector quench&~g region. The para-
meters used in the solid theoretical curve correspond
to a proton beam energy of 10 kev, a path length in the
viewing region of 0.4 cm, and a path length preceding
the viewing region of 0.2 cm.

FIG. 2. The rate of Lyman alpha radiation from the
beam as a function of the electrostatic field strength
in a prequenching region 50 cm before the detector
quenching region. The parameters used in the solid
theoretical curve correspond to a beam energy of 10
kev and a path length in the prequenching region of 8.3
cm.
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