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The generalized two-photon excitation cross-section of Xe revisited
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Synopsis Two-photon absorption laser-induced fluorescence (TALIF) is a technique commonly used for densi-
ty and/or temperature diagnostics, mainly of oxygen atoms, in flames and plasmas. Usually, density measure-
ments are based on the comparison with the signal obtained, at a similar wavelength, in pure xenon. The cross-
section of xenon thus appears a key parameter, the measure of which has not been consolidated by independent

measurements. The present experiment is a direct measurement of this two-photon cross-section.

Laser diagnostics in plasmas or flames fre-
quently resorts to the so-called TALIF tech-
nique, which consists in recording the fluores-
cence that follows two-photon excitation of an
atomic species. The density of oxygen atoms in
plasmas can for instance be monitored via the
3p *P—3s °S° 844 nm fluorescence that follows
two-photon excitation of the 3p °P level from
the 2p*°P ground term, at the wavelength
A=226 nm. A widespread protocol is to compare
the fluorescence yield to that measured in pres-
sure-controlled Xe vapor, when illuminated by
the same optical system. Xe atoms can be excit-
ed at the nearby wavelength of 224 nm to a
6p’[3/2], state, then de-excited by spontaneous
emission to the 6s’[1/2], level at the wavelength
A=835 nm, in an atomic scheme quite similar to
the one implemented in oxygen, which makes
dealing with calibration issues easier, both for
the exciting light and for fluorescence detection.

Quantitative analysis, however, relies on an
assumed ratio of the two two-photon cross-
sections 0 involved, namely o”(Xe)/a'?(0).
Yet this ratio was measured only once [1] and
only the cross-section of oxygen o'?(O) has
been measured [2] or calculated [3] directly.

A direct measurement of the cross-section
o®(Xe) of Xenon has thus appeared desirable.
We made it using an injected single-mode
Ti:Sapphire laser [4], which gives perfect con-
trol of the photon statistics and assures a good
reproducibility of the results. An example of a
spectrum obtained in the vicinity of the
6p’[3/2], resonance is given by figure 1. The
corresponding two-photon excitation cross-
section of the 6p’[3/2], level has been found
roughly twice smaller than what had been ad-
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mitted previously. Results on other resonances
will be shown at the conference.
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Figure 1. Two-photon absorption spectrum around the
6p'[3/2], resonance of Xe. The cell length is 51 cm and
the pressure 8.61 kPa. The laser pulse duration is about 6
ns and the beam waist about 350 um. Left axis: transmit-
ted energy. Right axis: 1/(transmitted energy) -
1/(incident energy).
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