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Abstract.
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Figure 1: Schematics of the calibration method: Genera-
tion of SPDC light in a nonlinear crystal (a). The wavelength
of phase matching is changed by turning the crystal. The ra-
diation is brought to the far field with an achromat. We then
pick one mode with a pinhole (b) and send the ration into a
spectrometer, where we detect it with a CCD camera.

The discovery of Planck’s law over 100 years
ago was one of the founding moments in mod-
ern physics and marks the beginning of quantum
mechanics as we know it today. It describes the
radiation spectrum of a black body—a perfect
absorber in thermal equilibrium—and only de-
pends on the temperature and fundamental con-
stants. Besides its significance for the foundations
of quantum mechanics, it is the primary realiza-
tion of a spectrally known source and routinely
used for intensity calibration of spectrometers.

In our work, we propose a different primary
realization using another effect of quantum op-
tics: spontaneous parametric down-conversion
(SPDC) from a nonlinear crystal [1]. We demon-
strate that it is possible to perform relative intensity calibration of a spectrometer based solely on
physical principles and compare the response function of the spectrometer to one obtained from a
NIST-traceable lamp; see Figure 2. However, our method does not rely on detecting coincidences of
the biphotons emitted by the SPDC source [2], but solely on phase-matching arguments.
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Figure 2: Comparison of the response function R of the
spectrometer obtained from a NIST-tracable lamp (black)
and from SPDC (red dots) for different wavelengths λ.

Similar to a black-body, the radiation emit-
ted in an SPDC process depends on the density
of states multiplied by the photon number dis-
tribution function. The latter one is well-known
for SPDC and consists of the pump spectrum and
profile, the nonlinearity, the phase matching func-
tion, and the frequency dependence of the vacuum
electric field. For phase matching, a monochro-
matic plane wave pump and a frequency indepen-
dent nonlinearity we therefore obtain a very sim-
ple functional behavior that only depends on the
vacuum field. Key to our method is to change
the wavelength of phase matching by rotating the
birefringent crystal and thus changing the angle
between the crystal and the pump, as shown in
Figure 1. By taking the maximum of different
SPDC spectra, we are able to scan the response

function of the spectrometer, see Figure 2. We find good agreement between our method and the
calibration lamp and therefore demonstrate that an SPDC source can be used for calibration, without
relying on coincidence measurements but only on basic physical principles.
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