Characterization of the Tunable Mid Infrared Photon Pair Source realized in the nonlinear AgGaS2 medium
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Quantum states of light provide a solid foundation for the realization of real-life systems based on quantum technologies. Quantum imaging exploits the properties of entangled photon pairs. The most efficient method to generate entangled two-photon states is spontaneous parametric down-conversion (SPDC). This process in the nonlinear crystal allows the conversion from a single pump photon into a correlated photon pair, referred to as the signal-idler photon pair. Newly generated photon pair holds spatial, spectral and polarization correlation and it can be highly non-degenerate in wavelength. Imaging technique, such as quantum imaging with undetected photons (QIUP), uses idler photons to probe the sample and read the gathered information by detecting only signal photons. By virtue of QIUP, one can image samples in a mid infrared spectrum without the need for detection in that region. Mid infrared spectrum holds absorption lines for many chemical molecules, which is why this spectral region is referred to as the fingerprint region.
A promising candidate to generate photons within the fingerprint region is SPDC in silver-gallium-sulfide (AGS) with its transparency from 500 nm to 12.5 μm [1]. Experimental realization of the AGS crystal as an infrared source from 1.8 μm to 6.3 μm was achieved by utilizing a tunable pump in the near infrared spectrum [2]. AGS crystal was also utilized in quantum spectroscopy in the mid infrared region from 7.4 μm to 8.4 μm [3], and quantum Fourier transform spectroscopy [4]. 
In our work, we built a setup for SPDC within the AGS crystal in the type-I configuration using a pump at the 660 nm wavelength. By angle tuning the phase matching condition of the bulk AGS crystal, we are able to generate idler photons in the fingerprint region from 5.6 μm up to 10.9 μm. Corresponding signal wavelength from 747 nm to 703 nm was measured with a scientific complementary metal-oxide-semiconductor camera and with a fiber-coupled spectrometer. Signal photon count as a function of pump optical power confirmed the low gain regime of the SPDC. The maximum brightness of the AGS photon pair source was calculated to be 3*104 kHz/mW. In pursuit of building a future quantum imaging system in the mid infrared region, we also characterized the signal beam properties for different pump beam radii to achieve quantum microscopy resolution limited by the diffraction limit of the idler photons.
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