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A driving component for the development of diverse quantum information applications is the ability to efficiently engineer non-classical states of light. We present the conditional preparation of high-purity single-photon Fock state [1] based

on a continuous-wave type-II optical parametric oscillator (OPO) [2] and coherent state superposition (CSS) based on a type I OPO.

High fidelity non-Gaussian resources generated via conditional preparation

Using a continuous-wave type-II OPO far below threshold, we demonstrate a novel source of heralded single-photons with high-fidelity [1]. The

generated state is characterized by homodyne detection and exhibits a 79% fidelity with a single-photon Fock state (91% after correction of detection

loss). The low admixture of vacuum and the perfect spatiotemporal mode are critical requirements for their subsequent use in quantum information

processing. Thanks to the OPO cavity, the spatial mode enables to reach high interference visibilities without the need of additional filtering. Moreover,

the frequency-degenerate interaction makes the operation much simpler than previous realizations.

As shown in the experimental setup, the orthogonally-polarized signal and idler modes (1064nm) are separated by a polarizing beam-splitter (PBS).

The idler mode is spectrally filtered (Conditioning Path), in order to eliminate the non-degenerate modes from the OPO, and then detected by a

superconducting single-photon detector (SSPD). Given a detection event, the heralded single-photon is characterized by quantum state tomography.

The signal from the homodyne detection is processed to obtain the quadrature measurements in the temporal mode of the OPO [3]. Accumulated

measurements give the marginal distribution of the state. The data are then processed using a maximum likelihood algorithm (MaxLik) to estimate the

density matrix.

By a similar scheme, involving a type-I OPO and tapping a small part of the output with a beam splitter, we also demonstrated the generation of a

state closed to a coherent state superposition.

“Schrödinger’s kitten” with a type I OPO

Experimental setup

(a) Diagonal elements of the density matrix of

the generated state without correction from

detection losses.

(b) Corresponding Wigner function without

correction from detection losses.

Single-photon with a type II OPO

HybridNet

(a) Squeezing obtained with a

pump power close to

threshold

(b) Photon number distribution

for the generated coherent

state superposition

(c) Corresponding Wigner

function without correction

from detection losses.
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Single photons are attractive carriers of

quantum Information and they are the main

constituents of various quantum communication

protocols [4,5]. Single photon state can be

prepared by conditional detection of one photon

from photon number correlated beams, i.e. twin

beams.

CSS state has potential applications in high precision metrology and plays an

important role in many quantum information processing tasks including

quantum computation and quantum teleportation. An ideal squeezed vacuum is

a superposition of even photon-number states, thus one-photon subtracted

state is a superposition of odd photon-number states which is similar to the

superposition of coherent states with small amplitude.

Automatic locking system based on micro-controller
In quantum optics experiments, locking of cavities or phases is very common. In the practical case, because of the optical and electronic noises in the locking system or thermal and mechanical noises in the experimental environment, these

cavities and phase locking can be disturbed sometimes. It is thus very desirable to have a automatic locking system which would allow the experiments to steadily run for a long time. Digital control of optics experiments has many

advantages over analog control systems, specifically in terms of the scalability, cost, flexibility, and the integration of system information into one location. Here we present a digital locking system based on micro-controller that enables

automatic and sequential locking and is easily scalable.
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1. Microcontrollers (200KHz) are slower than FPGA, but

still enough for many applications.

2. Microcontrollers are low-cost, much lower than FPGAs.

This is specially true for small applications and large

quantities.

3. Users can use the C/C++ as their developing language

instead of learning new one, such as VHDL for FPGA.ADuC7xxx Evaluation board

Microcontroller VS FPGA

Flowchart of the locking algorithm

The locking algorithm is based on

maximum (or minimum ) searching,

which is extremely simple and

without the need of error signal.

This method is successfully applied

to lock the interference phase,

parametric gain, OPO cavity (F=60),

mode-cleaner (F=200) and μ-FP

cavity (F=1000).

(I) Cavity is locked. 

(II) Light is blocked, go to the short scan. 

(III)Long scan for learning the rough peak position.

(IV)Find the rough start point. 

(V) Short scan for learning the precise peak position. 

(VI)Find the precise start point. 

(VII)Back to locking.

The example of locking a mode cleaner

Temporal and spectral 

analysis of two types of 

locking, tilt locking technique 

and MCU locking.  
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