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Abstract

The absolute density distribution of a finely collimated
atomic beam of barium is measured by resonance fluorescence
scattering of light.




Introduction

To determine the particle losses (end plate recombination
and diffusion perpendicular to the magnetic field) in a Q-
device, a knowledge of the absolute density (or flux) distri-
bution of the atomic beam "illuminating" the hot end plates
becomes necessary for the following reasons:

1) According to the "equilibrium" theory [1] end plate recom-
bination should be the dominant loss process at strong mag-
netic fields. The particle balance equations yield a rela-
tion between the atomic flux J Lem™ 2sec"l:\ and the plasma
density nlem™1.

In a cesium plasma, the plasma density n is usually mea-
sured by Langmulr probe and microwave techniques. Additional-
ly, in a barium plasma, the plasma density can be measured
by resonance fluorescence scattering of light by barium

ions.

However, in all the experiments performed up till now to
verify the equilibrium theory, Jo was determined indirectly,
just by measuring the total number of"fresh"ions being in-
jected into the plasma per second, @ [sec-l][2, 5 e Pheg 1
This was done by

TECEL. " j
Jo . nre (1 + La (1)
eff

where La 1s the Langmuir function and r2 =D n(r)rdr
eff Njeak

2) If the recombination at the hot end plates is known, the
diffusion perpendicular to the magnetic field can be deter-
mined by measuring the e-folding length of the radial density
profiles as a function of B as shown in reference (6] .However,
in this experiment a direct knowledge of the atomic beam pro-




files was lacking.

Since the experiments show particle losses much larger
than predicted by the equilibrium theory and the nature of
these losses is not yet understood, a direct measurement of
the absolute density distribution of the atomic beam of
barium "illuminating" the end plate seems desirable. This can
be performed by resonance fluorescence scattering method as
described in this report.

2. Experimental set-up

In order to measure the absolute density distribution of
the atomic beam, the barium oven (in normal operation mounted
near the hot end plate) was moved below the mid-plane of the
Q-device BARBARA (fig. 1) and adjusted in such a way that the
measuring plane "b" (identical with the mid-plane of the device)
(fig. 2) corresponds to the surface of the end plate in normal
operating conditions, the peak of the neutral density striking
the centre of the end plate.

The barium oven is shown in fig. 2. The barium vapor coming
from a hole of 2.5 mm in diameter and making an angle of 450 with
the vertical axis. Two foils, the lower having a hole 1.5 mm
in diameter and the upper having a hole 1.0 mm in diameter, colli-
mated the beam as shown in the same figure. The distance between
the plane "b" and the uppermost hole of the oven collimator system
being 3 cm.

It 1s thus possible to map spectroscopically the density
distribution of the atoms striking the hot end plate.

By changing the plane ofmeasurement in vertical direction, the
solid angle of the neutral beam was checked by measuring the width
of the profiles at different distances from the oven (planes "a"
and: o' irhdg . b)) .




3. Spectroscopy

The application of the resonance fluorescence scattering
method to determine the density in a singly ionized barium plas-
ma of a Q-device using 4554 % and 4934 8 1ines has been des-
cribed in detail in references [7, 8, 9].

In the case of barium atom, 6'S, —> 64Fa transition
[h = 5535.5 R, fop .= 1.4 [10]], see fig. 3, can be easily ex-
cited by the light of a carbon arc. The scattered light is de-
tected perpendicular to the incident light by a monochromator-
photomultiplier system which is calibrated by a tungsten ribbon
lamp. For some of the measurements, instead of the monochromator,
an interference filter of 5 f half-width is used.

Since no accurate measurements of the branching ratio between
5‘91 -*6"50(7\ = 5535.5 %) and 6"P4-+5*D3 (A = 15000.4 &) transi-
tions are available, the determination of densities from the
scattered light intensities is rather difficult. On the other hand,
it can be inferred from the references [10] and [11] that the
transition 5”P4 ""54D3 can be neglected.

The density profiles of the atomic beam are measured by moving
the detecting system along the image of the atomic beam on the en-
trance slit, keeping the solid angle of the scattered 1light con-
stant during a particular run. The volume out of which the scattered
light was detected is about 3.5 x 10 -3 cm3

4, Results

Figure 4 shows the measured spectrum of the light scattered by
the barium atoms. Except the 5535.5 ] line, no other line is ob-
served between 3900 ! and 7000 R.

Figure 5 shows the neutral peak density as a function of oven
temperature, whose reproducibility has been checked over a long
period.




Fig. 6 is a graph of atomic density profiles at different
oven temperature at the plane "b" (see also fig. 2). It is
seen that the half-width is about © mm and the total width

is about 16 mm, both being independent of the oven tempera-
ture T.

Figure 7 represents normalized atomlic density profiles at the
planes "a", "b", and "c" (see also fig. 2). As expected, the
half-width increases with the lncreasing distance between

the plane of measurement and the oven-collimator system.From

these profiles the solid angle is found to be about 10"2sr,




Figure captions
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Q-device "BARBARA" with experimental set-up

Oven-collimator system with measuring planes
llall le!I and Hcll

The low-lying energy levels of Ba'. Wavelengths
in Rngstrdms

Spectrum of the light scattered by barium atoms

The atomic peak density as a function of oven
temperature T

The atomic density profiles at different oven
temperatures

The normalized atomic density profiles at different
measuring planes "a", "b", and "c"
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