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agree well with those given by M. Crance, J. Phys. 8
11, 1981 (1978), and by Y. Gontier and M. Trahin, Phys.
Hev. A 19, 264 (1979), and with the measured value of s.

~G. Petite, private communication. An analysis
called the single-rate approximation, similar to mine

but lacking consideration of collisional radiative, or
laser-broadening effects (all assumed negligible here
anyhow), agrees with my results in the cesium ioniza-
tion case. See G. Petite, J. Morellec, and D, Nor-
mand, to be published.
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Multiphoton ionization spectroscopy has yielded the first evidence for triplet absorption
bands in Li2 in the spectral region from 6215 to 5875 A. This spectrum is the first of a
new class of spectra resulting from a two-photon transition from a bound {Z „+) van der
Waals state to a previously unknown bound A„state (where A=o, 1, or 2) through an in-
termediate free state ( II ). The final state either autoionizes or collisionally forms the
2g + ground state of Lj2+

g

The alkali-metal dimer triplet systems are of
interest as potential excimer laser transitions
since the lowest-lying triplet state, 'Z„', is very
weakly bound. ' Another point of possible practi-
cal as well as theoretical interest is that the
lowest triplet state represents the interaction of
spin-aligned lithium atoms, analagous to spin-
aligned hydrogen atoms, a potential high-energy-
density energy-storage medium. ' Despite this
interest, transitions between triplet states have
either not been observed or not been analyzed be-
cause of experimental difficulties. Lithium rep-
resents a special case since accurate ab initio
calculations of its lowest-lying potential curves
are available to aid in the analysis of new spec-
tral features. ' ' Correspondingly, these new
calculations can be tested with new experimental
results.

The techniques of absorption and fluorescence
spectroscopy have yielded much information
about the ground state, 'Z&', of the alkali metal
dimers. However, the 'Z „' state has for the
most part been inaccessible for spectroscopic
investigation since the populations of the levels
in this state are much smaller than those in the
lower levels of the ground state. Moreover,
even these lower levels, in transiti. ons to higher
electronic states, yield a confusion of overlapping
bands.

Two-photon spectra in alkali atoms and mole-

cules have been detected via the method of ioniza-
tion spectroscopy. '" Since these spectra are
detected only if excited-state product species are
ionized, this method discriminates against the
detection of absorptions to lower-lying energy
levels. This detection method in its most sensi-
tive variation, the space-charge ion detector,
has been recently used in the investigation of
photoionization of lithium vapor. " In a previous
paper two of the present authors described both
the method, "heat-pipe diode, " and some prelim-
inary results which established this new method's
utility for the measurement of multiphoton ioniza-
tion spectra. " Spectra from the red region,
which will be discussed below, were not included
in the earlier report.

An ionization spectrum from 5700 to 6300 A is
shown in Fig. 1(c). This was obtained with a heat-
pipe diode at a lithium vapor pressure of 0.5
Torr with excitation by a chopped tunable dye
laser (CR-599 operated broad band with (0.5 A
linewidth), The unsaturated signal of the mol-
ecular features depended upon the square of the
light intensity indicating that two photons were
absorbed to produce each ion. The atomic 2P-
to-3d signal was more nearly a cubic than quad-
ratic function of light intensity and was most
probably due to the same ionization mechanism
as the 2s-to-3d two-photon signal discussed pre-
viously. ""For reference the neon optogalvanic
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FIG. 1. (a) The intensity of the dye laser as

tored by the reference-channel photodiode in the CR-
599 dye laser, (b} the optogalvanic neon reference spec-
trum, and (c}the new Li2 system from the heat-pipe
diode as functions of dye-laser wavelength.

spectrum from an Oriel spectral lamp (b) and
the light intensity monitored from the CR-599
reference channel photoiode (a) were simulta-
neously recorded with this ionization spectrum
on a three-pen chart recorder. Lockin ampli-
fiers were used instead of the tuned amplifier
mentioned in the earlier paper. This ionization
spectrum was found to be markedly different
from a simultaneous fluorescence spectrum
which yielded an order of magnitude more lithi-
um dimer features. The 2p-to-3d atomic transi-
tion yielded the only identifiable spectral feature
which appeared in both types of spectra. "

The potential curves for Li, as shown in Fig. 2

contain unusual features which allow for the en-
hancement of triplet two-photon ionization over
singlet two-photon ionization. In order to achieve
two-photon transitions to states lying above the
minimum of the ground state of Li ' at wave-2

lengths longer than 5875 A it is necessary for the
initial state to be a vibrational-rotational level
lying near the common dissociation of the 'Z '

3 + 8
and Z„states, i.e. , above the dashed line in
Fig. 2. Since the populations of these levels are
comparable, the triplet two-photon transition
will predominate over the singlet two-photon
transition because of the resonant enhancement
by the 'lI

g
dissociative intermediate state. There

is no comparable enhancement in the singlet
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FIG. 2. The potential energy curves of Li2 and Li '
12

from Hefs. 4-7 indicating (arrows} assignment of states
involved in the net system.

manifold. Furthermore, the near parallelism of
th e II

g
and Z„curves yieMs a classical band-3 +

system profile with a "head of heads" and sharp
blue-end onset at 5875 A. The final state of the
transition is tentatively assigned as an ungerade
triplet Rydberg state with an excited ion core
(the 'II„state of Li, '). This assignment leads
to a high parallelism between all three states
since the Rydberg potential '?„(i.e., 'A„with
A=O, 1, or 2) should parallel the 'II„Li, poten-
tial. It is, of course, possible that some part
of the spectrum is due to transitions to the Li '

2

ground state directly or to singlet-state transi-
tions.

This two-photon transition from 'Z ' to 'lI t
39 g

0
?„ in Li, apparently is the first observation of

a bound-free-bound system. It is thus more
amenable to analysis than a bound-bound-bound
spectrum since in that case the condition of exact
resonance allows for only a few transitions from
initial to final levels to be observed. In this case
exact resonance is always possible because of
the continuous range of intermediate-state ener-
gies. This new type of system should resemble
a single-photon bound-bound spectrum with a
resonant modulation of intensities due to the tran-
sition moment integrals between the upper and

1053



VOLUME 42, NUMBER 16 PHYSICAL REVIEW LETTERS 16 APR&L 1979

lower states.
Several fortuitous occurrences discussed above

allowed the observation of a two-photon triplet
bound-free-bound band system in lithium with a
single laser source. The present method, ioniza-
tion spectroscopy, could easily be generalized
for the study of other systems by the use of two
independently tunable dye lasers. Various inves-
tigations of the multiplet and hyperfine structures,
polarization dependence, and linewidths under
high resolution ((3 MHz) using counterpropa-
gating beams are under way at the Iowa Laser
Facility. It is hoped that these will lead to the
full identification of the final state, a rotational
analysis including spin and hyperfine splittings,
identification of the ionization mechanism, and
finally a determination of the extent to which
singlet-state transitions contribute to the signal.
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