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Using quantum states of light or matter in combination with new detection schemes has lead to novel 
measurement strategies that surpass the current standards [1]. Development of these measurement 
strategies resulted in the now flourishing field of quantum metrology. However due to a convenient test-
bench that phase estimation in a Mach-Zehnder interferometer (MZI) provides, most of the advances in 
this field could be related to the search for very accurate and super-resolving phase estimation protocols. 

We have recently proposed a phase estimation protocol based on quantum light in a two-mode 
squeezed vacuum state with  photons on average and with measuring parity of the state (even or odd 
number of photons) of the output modes of MZI [2]. Our study showed that phase estimation is super-
resolving, signal demonstrated a narrow feature at the origin, as well as super-sensitive, estimated 
uncertainty of the detected phase was lower than 1/  limit. These results, together with recently reported 
generation of the two-mode squeezed vacuum state with 11 dB of squeezing [3] and homodyne 
implementation of parity detection protocol for the Gaussian states such as the two-mode squeezed 
vacuum [4], stimulated these study. Here we report how our phase estimation technique performs in the 
presence of loss and with experimentally available sources of quantum light. 

Figure 1: Schematic representation of the 
apparatus. Laser light is upconverted through 
second harmonic generation (SHG) process. 
An upconverted portion pumps an optaical 
parametric ampliphier (OPA) to stimulated 
nondegenerate parametric down conversion 
and generation of light in a two-mode 
squeezed vacuum state.  This scheme also 
suggests that a non-converted portion of the 
light form the laser could be used for the 
homodyne based parity detection protocol [4]. 

We rely on a Wigner quasiprobability distribution function formalizm to describe the performance of 
our phase estimation technique in the presence of loss and inefficient parity detection. We observe 
degradation of phase sensitivity and lessening of phase resolution and discuss the conditions that warrants 
experimental observation of super-resolution and better than 1/  sensitivity. We also study a possibility 
of using two single-mode but phase-locked sources of squeezed vacuum and found out that most of them 
are two noisy for super-sensitive phase estimation with the best one reported in Ref. [5]. 
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