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A polyisotopic sodium beam of ' ' Na, produced by spallation of Al, was illuminated
with a tunable cw dye laser. The atomic beam, analyzed by a six-pole magnet is then
ionized and detected by use of a mass spectrometer. The results are as follows: iso-
topic shifts relative to Na, Na=- 53.5 mK, Na=-25. 3 mK, Na=+23. 1 IK, Na
=+44.6 mK; pr(' Na) =+3.685(22)pg, b factor in the I'3y& state of Na =- 16(8) MHz.

Half-lives, ' masses, ' and other properties of
short-lived sodium isotopes have recently been
determined by use of a mass spectrometer on-
line with an accelerator. As an extension of this
work, we wished to determine other static prop-
erties of these nuclei. We have thus attempted
to measure the hyperfine structure and isotope
shift (IS) of the atomic D lines of sodium isotopes.
The purpose of this paper is to present the first
results that have been obtained with a newly de-
veloped method that could eventually extend our
knowledge on the shape and magnetic properties
of nuclei far from stability.

The hfs of the ground state of " Na has al-
ready been measured by different methods~; re-
cently a determination of the absolute value of
the magnetic moment of "Na has been published. '
However the hfs of the excited 3P states are un-
known for the unstable isotopes and there are no
data available for isotope shifts.

This type of measurement on a series of iso-
topes can give interesting indications on nuclear
shapes. The observation of irregularities of the
hfs and IS of short-lived Hg isotopes' has been
especially fruitful in that context. In the case of
sodium, however, the same method as in Ref. 6
would fail because of the Doppler broadening,
and it is necessary to use one of the new methods
of Doppler-free high-resolution spectroscopy. ' '

The special requirements of our on-line experi-
ment have in fact led to the development of a vari-
ant of one' of these methods of detection of opti-
cal transitions in an atomic beam. " In essence
this method rests upon the magnetic detection of
the optical pumping which occurs when a laser
beam is tuned to the frequency of one of the hy-
perfine components of the D lines. This optical
pumping changes the population distribution be-
tween the states m& =+ 2 of the atoms of an atom-
ic beam, and the change is detected by means of
a magnetic filter consisting of a six-pole magnet
which focuses the atoms with m~ =+ —,

'
and defocus-

es the atoms with m~=--,'.
In the actual experiment, the isotopes of sodium

are produced in the spallation of aluminum by
150-MeV protons from the Orsay synchrocyclo-
tron. Since this nuclear reaction results in a
mixture of the different isotopes and their opti-
cal resonances might overlap, it is necessary to
separate them on-line using a mass spectrome-
ter.

A highly efficient target has been developed in
order to have the best sodium-isotope produc-
tion. We have used a molten-metal target in a
graphite container. It was loaded with 10 g of
high-purity aluminum and heated by alternating
current up to 900'C. The yield of the spallation
reaction s7A1(p, 3pxn)Na with 150-MeV protons
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FIG. 2. Sc emS h matic view of the experiment.
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TABLE I. Relative isotopic shifts of Na. and M. Jacotin (electronics of the mass spectrom-
eter).

Isotopes
Isotopic shift

(mK)

2 1Na 23Na

Na- Na
"Na-"Na
"Na-"Na

—53.5(2)
-25.3(2)
+23.1{4)
+44 6(2)

diofrequency techniques for '"'~"Na within the
limits of the statistical uncertainties of the sig-
nal and accidental irregularities of the scanning
by the sigma-meter. Our value for the magnetic
moment of "Na is pz =+ 3.685(22)p„. The value

I p, l I
= 3.710(70)p, „given by Deimling et al. ' is in

agreement with our number.
The measured values of the isotope shifts are

given in Table I. It appears that the measured
values follow the law of the normal plus specific
mass effect within the experimental errors. This
type of experiment can also lead to a determina-
tion of the nuclear electric quadrupole moment
if the hyperfine structure of the P», state can be
measured with a good precision. For that pur-
pose, we have also observed the four (F = 2, 3-F
= 2, 3) transitions in the D, line of "Na, which
mere only partially resolved mith the present col-
limation of the atomic beam. From this measure-
ment we have estimated the b factor for the I'3/2
state to be b = —16(8) MHz. An experiment with
a better collimation for the measurement of b is
in progress.
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