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The quantum vacuum is one of the most fundamental states of light and matter fields. From 

quantum mechanics we know that the vacuum is not just empty space: E.g., in the vacuum 

state, even in the absence of any photons, the electromagnetic field is not strictly zero but 

fluctuates. Can one access these fluctuations directly? Despite many indirect measurements, 

this question has remained open until very recently [1]. 

We show that vacuum fluctuations of the electric field in free space can be directly 

detected using the linear electro-optic effect. For this purpose, we developed a general 

paraxial theory of electro-optic sampling of quantum fields [2]. Our calculations adopting a 

thin electro-optic crystal and stable few-femtosecond laser pulses show that nonlinear mixing 

of a femtosecond near-infrared probe pulse with the multi-terahertz vacuum field leads to an 

increase of the signal variance with respect to the shot noise level, as confirmed 

experimentally [1]. The detection method avoids absorption or amplification of photons of 

the probed quantum field. Furthermore, applying the theory to a broadband squeezed vacuum 

state, we predict that temporal oscillations of the electric field noise, significantly beating the 

bare vacuum level, can be traced with subcycle resolution [2].  

We believe that our findings pave the way for an approach to quantum optics 

operating in an extreme time-domain limit, providing access to quantum statistics of light on 

a subcycle time scale. In line with this, we will consider the generation of a pulsed squeezed 

vacuum state out of the bare vacuum by application of a femtosecond near-infrared pump 

pulse to a χ
(2)

 nonlinear optical crystal. 
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