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ABSTRACT
We present a novel shot-noise-limited mid-infrared balanced detector suitable for revealing non-classicality in the
light emitted by Quantum Cascade Lasers (QCLs). QCLs are promising emitters of non-classical light states due to
the presence of a non-linear parametric process of photon generation in their active medium. Their non-classical
properties have not been demonstrated yet. In this scenario, our detector is the first step in this experimental
investigation.
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Balanced homodyne detection
In the linear responsivity regime:

And for a high intensity local oscillator:

With this technique it is possible to test a radiation at
the quantum level.
The local oscillator photon
number statistics is Poissonian. Its
variance is at the shot-noise level:

We have to build up a balanced detector and test its
ability in reaching the shot-noise level of the incident
radiation

Mid-infrared balanced detector
Local oscillator:
λ = 4.7 μm
Single-mode emission

We have acquired the AC output signal of the
two detectors:
1.
The sum ⇒ intensity noise of incident
radiation
2.
The difference ⇒ the shot-noise level
of incident radiation
The limit of shot-noise detectability = difference
of the background AC noise

Data analysis and results
Frequency window:
(30 ± 1.5) MHz

The detector is shot-noise limited:
The differential noise (INPSD) ∝ incident power

Maximum ratio between data and
background noise

Conclusion
1.

We built up a mid-infrared
balanced detector

2. We proved that it can reach the
shot-noise level

3. With our detector we will test quantum cascade
lasers emission at the quantum level
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