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ABSTRACT   

We present our implementation of an optical homodyne detector used to measure optical Schrödinger cat states. We 
show how we minimized the losses and mode-mismatches associated with homodyne detection, which become 
important when measuring non-classical states of light. We present a pulse-shaping scheme applied to the local oscillator 
to improve its temporal mode overlap with the non-classical state. 
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1. HOMODYNE DETECTION 
 
1.1 Background  

Homodyne detection is an important tool for the study of optical quantum states. A homodyne detector directly measures 
the phase dependent quadrature of the quantum state’s electric field. Therefore homodyne detection enables continuous 
variable quantum key distribution schemes with classical and non-classical states [1-4]. It also allows phase estimations 
at the Heisenberg limit [5, 6]. Very interesting properties of non-classical states of light can be observed by use of 
homodyne detection, e.g. negatively valued Wigner distributions [7-10]. However, the observation of such features 
requires low loss in the detection of the input state. Interaction with the environment, i.e., optical losses, mode 
mismatches, etc. degrade the measurement of the non-classical state. In the limit of high loss, the non-classical state will 
become a classical coherent state with small amplitude. In this paper we report on the development of a homodyne 
detector used for the generation of optical Schrödinger cat states used in an earlier study [10]. We define optical 
Schrödinger cat states as the superposition of two coherent states with opposite phase. We can approximate these states 
by photon-subtraction from squeezed vacuum [11]. We will describe the principle of homodyne detection, our 
homodyne detector, and adaptations to our optical setup in order to be able to measure the non-classical input state with 
low loss.  

Figure 1 shows the general homodyne detection scheme. A strong local oscillator (coherent laser beam) and a weak 
quantum state signal (input state) are superimposed on a 50/50 beam splitter. Each output port of this beam splitter is 
monitored by high quantum efficiency photodiodes (PD1 and PD2). The individual output signals are subtracted and the 
resulting difference signal is recorded. A relative phase (φ) between the input state and local oscillator (LO) can be 
introduced by changing the relative optical path lengths. This allows measurement of the input state’s quadrature as a 
function of phase angle. 

The expectation values in̂ ,i.e., measured output voltage, at output ports i = 1 and 2 after propagating the input modes 

through the beam splitter are † *
1

1ˆ ˆ ˆ2 LO LOn a aα α⎡ ⎤ ⎡ ⎤= − −⎣ ⎦ ⎣ ⎦  and
 

† *
2

1ˆ ˆ ˆ2 LO LOn a aα α⎡ ⎤ ⎡ ⎤= + +⎣ ⎦ ⎣ ⎦ , 

respectively. Subtracting these output signals and use of the relation ( ) ( )† †1ˆ ˆ ˆ ˆ ˆcos sin
2

q a a i a aφ φ φ⎡ ⎤= + + −⎣ ⎦  

leads to [12]: 

2 1ˆ ˆ ˆ2 LOn n qφα− = ,      (1) 

where †â ˆ( )a is the creation (annihilation) operator, LOα is the LO amplitude and q̂φ is the phase-dependent quadrature 
of the input state’s electric field. Equation 1 shows that homodyne detection directly measures the projection of the input 
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3. SUMMARY 
We presented our homodyne detection system and experimental setup for the generation and detection of optical 
Schrödinger cat states. We showed improvement in the squeezing purity of a squeezed vacuum when mode-matching the 
LO modes to the crystal output modes. Implementing an LO pulse shaping technique to match the temporal mode of the 
generated squeezed vacuum improved the squeezing purity significantly. We implemented a fast FET reset switch to 
allow for charge integrated balanced homodyne detection with a high signal to noise ratio and a repetition rate of up to 1 
MHz.  
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