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Nonlinear Resonant Photoionization in Molecular Iodine
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Strong photoionization spectra have been observed in molecular iodine following laser
excitation in the near ultraviolet. The dependence upon laser power, and the structure of
the spectra are consistent with three-photon ionization with resonance in an intermediate
state excited by two photons.

Ionization of the I, molecule has been detected
following absorption of three photons of the same
frequency at many points in the spectral range
3660 to 3800 A. The light source was a Molec-
tron DL-300 tunable dye laser pumped by a UV-
1000 nitrogen laser, which provided 5-nsec puls-
es of bandwidth approximately 0.2 A. The peak
power was 14&& 10 ' J/pulse at 3779 A. The laser
beam was focused with a 17-cm-focal-length lens
between parallel-plate stainless-steel electrodes
in a glass cell containing I, vapor at room tem-
perature. The electrodes, separated by 1.1 cm,
were maintained at a constant potential differ-
ence of 300 V. The frequency of the incident
light was continuously variable. The experimen-
tal set up is shown in Fig. 1. The voltage across
a 1-MQ resistor in series with the anode was
fed into a boxcar integrator and displayed on a

chart recorder. The gate width of the boxcar
integrator was 50 p, sec and the integrating time
constant was 0.3 msec, effectively averaging
over six laser pulses. Strong bandlike signals
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FIG. 1. The apparatus.
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FIG. 2. The output current signal at the laser wave-
length 3742 A as the laser light intensity was varied
with calibrated filters of neutral density 0.147.
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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

1209


