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PROGRAMMA DI RICERCA STM

Titolo del programma: “Parametric down-conversion in hexagonally poled photonic crystals”

Ricercatore ospite: Katia Gallo, Prof. Applied Physics, KTH-Royal Institute of Technology,
Stockholm

Istituzione ospitante: Istituto di Fotonica e Nanotecnologie (CNR-1FN), Como.
Date and duration of the mission: June 6-17 2016

The guest scientist, Katia Gallo, performed her 10-days mission at the CNR-IFN unit in Como from
the 6™ to the 17™ of June. According to the plan, she was hosted by Alessandra Gatti and Ottavia
Jedrkiewicz to conduct:

(1) experiments in the Nonlinear Optics Lab
(2) theoretical studies on the nonlinear photonic crystals devices she brought with her from KTH.

For the experiments (objective nr 1) Ottavia Jedrkiewicz and Katia Gallo built an ad-hoc setup in the
Nonlinear Optics Lab of the CNR unit and characterized spontaneous parametric downconversion
(SPDC) to the infrared range in the 1 mol % MgO-LiTaOs; samples from KTH, which were
hexagonally poled with a period of 8.3 um. The experiments were performed in the picosecond
regime with a pump source at 527 nm, yielding signal and idler emission aroud 800 and 1550 nm,
respectively. Figure 1 illustrates the structure of the sample and the SPDC detection and
characterization principle.
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Figure 1. a) sketch of the 2D periodically poled 1 mol % MgO-LiTaO; samples, z being the symmetry axis of the nonlinear
photonic crystal (NPC). Structure of the hexagonal NPC in b) real (x,z) and c) reciprocal space; d) sketch of the
configuration used for the analysis of the NPC output in SPDC with a pump propagating along z: the SPDC spectral and
angular output at 800 and 1550 nm is analysed with a camera (or imaging spectrometer) in the far-field (Fourier plane).

In the two weeks of the mission, Katia Gallo and Ottavia Jedrkiewicz performed a full spectral-
angular mapping of the SPDC response of the nonlinear photonic crystal as a function of the pump
energies (10-100 wJ) and incidence angles. They systematically analyszed the spectral and angular
distributions of the SPDC ouput by: 1) imaging of the signal and idler outputs in the far-field with
high-sensitivity (CCD/IR) cameras; 2) measuring the spectral distribution of the far-field emission by



repeated 1D vertical and horizontal sampling (Jobin Yvon imaging spectrometer). Figure 2 illustrates
some of the experimental findings.
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Figure 2. Experiments and simulations of SPDC for the 2D nonlinear photonic crystal sample of KTH. Simulations of the
signal ouput angular distributions (6, &) for: a) symmetric and b) asymmetric SPDC, to be compared with the far-field
distributions (X.Y) in the experiments, measured in the Fourier plane with a 5¢cm lens imaging the output of the nonlinear
crystal: ¢) symmetric and d) asymmetric SPDC. Spectral distributions along vertical (e-f) and horizontal lines (g-h) of the
SPDC emission in the symmetric case (a,c). Vertical SPDC line for the degenerate signal mode (&=0, signal collinear with
the pump): e) theory and f) experiments. Horizontal SPDC line (&=0, i.e. in-plane, X-Z, emission): g) theory and h)
experiments. The ‘hot spots’of enhanced signal emission correspond to SPDC multiresonant points, with coalescence of signal
modes (central point, at the crossing of the SPDC curves) and of idler modes (symmetric spots, above and below the central
one, corresponding to coupled signals cross-seeded by coalescingidlers)

During her stay at Como, Katia Gallo could also take full advantage of the theoretical expertise
available in the Quantum Optics Group (objective nr 2), thanks to the joint discussions which took
place with Alessandra Gatti and Enrico Brambilla, besides Ottavia Jedrkiewicz. Through regular
meetings, we could compare and discuss experimental results and theoretical predictions, in real time
during the mission. This provided further insights and guidelines to develop the experiments and
refine the model, yielding in the end an excellent agreement between the two.

We are currently finalizing the analysis in view of a joint publication (KTH-CNR) of the
experimental results in the coming months (autumn 2016). Moreover, the interactions have provided
further stimulus for the formulation of a theoretical model to describe novel effects arising from the
coalescence of multiphoton resonances in the nonlinear photonic crystals, observed for the first time
in the course of the experiments. We are currently exploring further this regime and the classical and
quantum correlations of its SPDC emission. We expect this to result in at least two more journal
publications between the end of this year and the beginning of 2017 and in a long-lasting
collaboration between our groups and possibly joint bids for funding at EU level in the future.
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