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Abstract: Quantum-optical states, such as single-photons or quadrature-squeezed light, used for processing quantum-

information easily reach optical bandwidths, however homodyne-detection – a major quantum-information tool, is 

sub-GHz limited. Using optical parametric-amplification we demonstrate effectively bandwidth unlimited optical-

homodyne measurement. OCIS codes: (270.4180) Multiphoton processes; (270.5570) Quantum detectors. 

 

Homodyne measurement is a corner-stone of quantum optics. It measures the fundamental variables of quantum 

electrodynamics - the quadratures of light, which represent the cosine and sine-wave components of an optical field. 

The homodyne process, which extracts the quadrature amplitudes by correlating the optical field against an external 

local-oscillator (LO), forms the backbone of coherent detection and plays a central role in quantum information 

processing. Yet, standard homodyne suffers from a severe bandwidth limitation. While the bandwidth of optical states 

can easily span many THz, standard homodyne is inherently limited to electrically accessible MHz to GHz range, 

leaving a dramatic gap between the relevant optical phenomena and the measurement capability. This gap impedes 

effective utilization of the huge bandwidth resource of optical states and the potential enhancement of the information 

throughput by several orders of magnitude with parallel processing in quantum computation, QKD and other 
applications of quantum squeezed light.  

 

Here, we demonstrate the use of the direct optical nonlinear response of an optical parametric amplifier as the field 

multiplier for two-mode and broadband homodyne, using its pump as the LO. By resorting to a broadband optical 

nonlinearity of parametric amplification as the field multiplier, we measure the entire 55THz bandwidth of a squeezed 
vacuum quantum optical-state simultaneously with a single LO. Specifically, since parametric gain only amplifies one 

quadrature of an input signal but attenuates the other, analysis of the output spectrum enables evaluation of the input 

quadratures. With sufficient parametric gain, any given X quadrature can be amplified sufficiently (even if it was 

originally squeezed) so as to overwhelm the attenuated orthogonal Y quadrature, such that the resulting output signal 

is practically proportional only to the input X quadrature. Alternatively, if the parametric gain in the measurement is 

not high enough to completely neglect the Y quadrature, two orthogonal measurements; one amplifying the squeezed 

quadrature, and another amplifying the stretched quadrature, can provide sufficient information to easily extract the 

complete quadrature data over the entire optical bandwidth. 
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Fig. 1 (a) Demonstration of the Parametric Homodyne Measuring a Broadband Squeezed Vacuum Sate: Quadrature squeezing, reaching ~36% 

(~1.5dB) below vacuum level is observed across >60nm (55THz). (b) Parametric Raw-Output: Even the raw parametric output demonstrates 

a reduction below the measured vacuum input level, indicating broadband squeezing. The inset shows the effect of loss destroying the 

squeezing. As loss is increased the minimum fringes, indicating amplification of the squeezed quadrature, rise. 
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