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The spectral properties of the SPDC photon pairs are especially important as they are strongly
coupled to the Shih-Alley/Hong-Ou-Mandel-type two-photon quantum interference effect, which is
at the heart of many quantum information and quantum metrology applications of entangled photons.
Complete understanding of the spectral properties of the entangled photon pairs generated via the
SPDC process, therefore, is an essential step toward developing engineered two-photon entangled
states(1-2).
In this paper, we report experimental and theoretical studies on the single-photon spectra and the

two-photon joint spectral properties of the entangled photon pair generated via frequency-degenerate
type-I SPDC pumped by a cw uv laser in both the collinear and the noncollinear regimes.
In the noncollinear frequency-degenerate type-I SPDC, the signal and the idler photons propagate

by making an angle  with respect to the pump beam, see Fig. 1. In this case, the single-photon
spectra showed broadband nature but the spectra were not centered at the degenerate wavelength.
The two-photon joint spectrum, on the other hand, exhibited much reduced two-photon bandwidth
and the experimentally observed two-photon joint spectrum was not symmetric about the degenerate
wavelength. See Fig. 2(a). We have explained the observation by studying the properties of the
noncollinear degenerate type-I SPDC, taking into account the experimental setup, i.e., the collection

Fig. 1 Experimental setup for measuring the spectral
properties of noncollinear degenerate type-I SPDC
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angles of the photons. We have found that the effective two-photon bandwidth of noncollinear
degenerate type-I SPDC is strongly affected and greatly reduced by the limited pair collection
angles. As a result, the two-photon joint spectrum for noncollinear degenerate type-I SPDC is
extremely sensitive to small alignment errors while the single-photon spectra are not.
For collinear degenerate type-I SPDC, we have found that the single-photon spectra and the

two-photon joint spectrum are both very broadband in nature. See Fig. 2(b). In addition, the
symmetric two-photon joint spectrum showed frequency anticorrelation between the pair photons
for broad spectral ranges.
The experimental results reveal that the two-photon joint spectra for type-I SPDC have

distinctive features depending on the specific phase matching condition used. To correctly account
for the observed data theoretically, it is necessary to explicitly include the emission pattern of the
SPDC photons when calculating the single-photon and, especially, the two-photon joint spectra. A
theoretical model which correctly account for these features will be presented, in addition to the
complete set of experimental data.
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Fig. 2 Measured two-photon joint spectra of type-I SPDC
under different phase matching conditions. (a) non-collinear
(±3) (b) collinear degenerate type-I SPDC.
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