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Calcium tungstate scintillators are suitable for use as detector materials in experiments
searching for dark matter particles and cryogenic detectors with a CaW04 absorbing medium
have the capability to discriminate between nuclear recoils and electron recoils by
simultaneous detection of scintillation photons and phonons [1]. The optimisation of the
scintillation properties of CaW04 is of primary interest in material and luminescence
research. We present in this paper results of two-photon luminescence experiments with
CaWC>4 performed using a pulsed laser source (parametric oscillator pumped by a YAG
laser).

Intensive laser stimulation (106-107 Won"2) of CaW04 in the 500-450nm spectral range
results in a characteristic emission peaked at 420nm of which the spectral, decay and
temperature dependences were found to be consistent with that of intrinsic luminescence of
calcium tungstate. The emission intensity showed a quadratic dependence with stimulation
intensity, giving clear evidence that the process is non-linear, viz. two-photon stimulated
luminescence. The two-photon luminescence of CaWC>4 exhibits single-exponential decay
with a decay constant of 9.2|is at 295K and 17.0jas at 77K. The temperature dependence of
the decay constant exhibits behaviour that can be explained in terms of a conventional three-
level model of the emission centre in tungstates. The emission has maximum output at ca. 300
K and decreases gradually at lower and higher temperatures. Thermal quenching governs the
luminescence yield at high-temperature, whereas a thermally assisted process leading to
radiative recombination is supposed to control the low-temperature behaviour.

The excitation spectrum of the two-photon emission, presented with a doubled photon
energy scale, exhibits the onset in the region of 4.8eV (T=295K) and this agrees with the one-
photon excitation spectrum of the crystal. The two-photon excitation spectrum shows a red
shift with increase in temperature that is consistent with the thermal change of the energy
band structure of the crystal. We presume that in this case making use of two photons
coupling with virtual or real intermediate states creates the excitations in CaWC>4.

These results demonstrate that a two-photon luminescence technique represents a
complementary method of testing scintillator materials. It provides the possibility of
determining most of the key parameters. An essential advantage of this technique is its ability
to explore the optical properties of the bulk crystal interior in contrast to other luminescence
methods that analyse emission mainly from the thin surface layer and are therefore strongly
affected by surface effects.
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