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Fig. 1. (a) Schematic diagram of the BBO crystal under the tight focusing; (b)—(d) setups and JSIs with the incident angles of
42.29°, 41.79°, and 41.29°, respectively; (e) three dimensional (3D) model for calculating the incident angle of an arbitrary point p
on the pump; (f)-(h) distribution of the incident angle using lenses with the focal lengths of 50, 100, and 200 mm, respectively.
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Table 1.

different incident angles.

Wavelengths of the signal and idler under

0/(%) A0 /(%) Ao /nm Aj, /nm
40.79 -1.0 777.834 844.941
41.29 -0.5 793.565 827.130
41.79 0 809.897 810.103
42.29 0.5 826.854 793.819
42.79 1.0 844.459 778.243
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Fig. 2. Joint spectral intensities and marginal projection under different focusing conditions: (a) No lens; (b)—(d) using lenes with fo-
cal lengths of 200, 50, and 100 mm, respectively; (e) focal length of the lens is 100 mm and the BPF with a bandwidth of 12.1 nm;

(f) transmittance of the BPF, A is FWHM.
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Fig. 3. Simulated HOM interference under different focusing conditions: (a) Using no lens; (b)—(d) using lenes with a focal length of
200, 100, and 50 mm respectively; (e) focal length of the lens is 100 mm and a BPF with a bandwidth of 12 nm. In the figure, V is

the visibility of interference, and FWHM is the width of the interference fringe.
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Fig. 4. Experimental setup of HOM interference.
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ence pattern obtained from rough scanning; (c) HOM interference pattern obtained from precise scanning.
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Hong-Ou-Mandel interference of entangled photons
generated under pump-tight-focusing condition”
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Abstract

Hong-Ou-Mandel (HOM) interference is a non-classical effect of photons and plays an important role in
quantum optics. The S-barium borate (BBO) has a high nonlinear efficiency, and is commonly used to generate
biphoton states, thereby exhibiting HOM interference. However, in previous experiments, researchers often used
band-pass filters, so the resulting spectrum was directly determined by the band-pass filter. As a result, the
original spectrum of the BBO crystal, especially the spectrum under tight focusing, was lack of systematic
research. In this paper, the biphoton spectral distribution and HOM interference generated by the BBO crystal
under the condition of tight focusing are systematically studied for the first time. Theoretical calculations show
that using a lens with 50-mm focusing length, the spectral width of the down-converted photons is increased by
7.9 times that of the non-focused case; the width of the HOM interference fringe is reduced to 1/8, and the
visibility of the interference fringe increases from 53.0% to 98.7%. We experimentally prepare the energy-time
entanglement state by using type-Il BBO crystal and perform HOM interference, thereby obtaining the
interference visibility of (86.6 & 1.0)%. The increasing of the HOM visibility is due to the improvement of
biphoton's spectral symmetry. In addition, the proposed technique by which different spectral distributions are
obtained at different incident angles is expected to be applied to the preparation of high-dimensional qudits in
the future.

Keywords: Hong-Ou-Mandel interference, 5-barium borate crystal, bunching effect, quantum information
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