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Detection of very weak (few photons level) THz signals is important in astronomy, spectroscopy, imaging
and communications. Direct detection of THz radiation requires cryogenic sensors. Indeed, a 1 THz photon
has an energy corresponding to 48 Kelvin, which means that a warm detector would be flooded by its own
THz radiation. Only few of the THz applications are compatible with cryogenic technology. One way to
circumvent this difficulty is to “visualize” the THz photons by converting them to the optical range. Then
one could take advantage of the low-noise, high-bandwidth, high quantum efficiency optical detectors that
operate at room temperature. The up-conversion efficiency of this approach is limited by the optical second-
order nonlinearity. For example, one of the highest quantum efficiencies (approximately 1.9×10−6 peak and
3.7× 10−9 average) was achieved by irradiating an up-converting crystal placed inside an optical cavity by
sub-THz radiation [1]. This required 500 W peak (1 W average) optical pump power. Taking advantage of
high optical Q-factors of a whispering gallery mode (WGM) resonator made from lithium niobate, it has been
possible to enhance this approach and to achieve the constant wave (CW) quantum efficiency of 5.2× 10−6

with less than 20 mW CW optical pump [2]. Further improvement is expected from realizing a triply-resonant
frequency converter, supporting simultaneously the optical pump, sub-THz signal, and up-converted signal
WGMs. The theory predicts [3] that with feasible Q-factors and coupling parameters such a system can
approach unity quantum efficiency. With the available high-speed optical photon counting detectors one
then will be able to resolve individual events of sub-THz photon detections at room temperature [2].

FIG. 1: A ring-shaped triply-resonant WGM resonator with the couplers (in the center) and the observed optical (on
the left) and sub-THz (on the right) WGM spectra.

To approach this spectacular goal we have manufactured a lithium tantalate WGM resonator shaped as
a ring, see Fig. 1. The resonator ring is is mounted on a dielectric post and equipped with the optical
and THz couplers (a diamond prism and a tapered dielectric waveguide, respectively). The ring shape has
been carefully calculated to simultaneously achieve the optimal overlap between the interacting sub-THz and
optical modes; the optimal coupling of external fields in and out of these modes; and the phase matching
between these modes which is necessary for the up-conversion. Our choice of the nonlinear crystal allows us
to couple the sub-THz WGM to the optical WGMs from different families (TE and TM). As a result, either
the frequency-sum or the frequency-difference can be generated for a continous range of sub-THz frequencies
[4]. We characterize the optical and sub-THz quality factors and coupling efficiency of our resonator based
on the measured WGM spectra (see Fig. 1) and report the observed frequency conversion.
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