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Fig. 1. Experimental setup. SHG, second harmonic generation; OPA, optical parameter amplifier; EOM, electric-optic modular; MC,

mode cleaner; DBS, dichroic beam splitter; FI, Faraday isolator; PZT, piezoe-lectric transducer; PD, photodetector; BHD, balance

homodyne detector; SA, spectrum analyzer; LPF, low-pass filter; HPF, high-pass filter.
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Fig. 2. Pump power dependence of anti-squeezed and
squeezed quadrature variances. These measurements are re-
corded at a Fourier frequency of 3 MHz, with a resolution
bandwidth (RBW) of 300 kHz and a video bandwidth
(VBW) of 200 Hz. The data still include electronic noise,

and represent direct observations.

FZRH IR (Thorlabs $130 C) %454
FWOEIR G IAT 10 IR, IFBCEENE I R
WD, Bl TR + 3% MIEATE
B, W 2 R SRR T S R 2 R,
ARBRIRZEREFIRL AR K BEAh, Bl F I EDR g N,
45 3tk i S T 22 SRS N DA R f AR R R
PSR N, S50 B I R R4 S B, AHA
I ohE I R Ay A R, S EUES  miR
ZEBRR T RE i iR 2

SR, 7RIS C TR A KT, BRI i 45 1R 4
BRESR R, (HILE 40 e s g Kk
Hg TR EBAL, XFE T ARSI
RA R TGS LII L IEAR . BT LAAS G BCR
HTH Ry 50 mW HEAT B 58 1 40 25 6 5 1 4 1 4
UL IR T2, B RSB -6 dB, K46 A
6.13 dB, ZliJE K 98.5%.

1 25 R FH R 5 2 TR] kR B 57 A5 5 11 SR 0
SEHNERES (B 3(a) fE 3(c) b2
22 ) AR R Y T AE 43 B i MR A A AR
5 (I 3(a) FEL 3(c) HiE i ), [E5 M
FEE 3(a) FE 3(c) HhiE B s E e LI TS
W BRSS9 64T T 0 — 4k ab 2. 3l i A EOM3
FREINA AR A 3 MHz BIE 54055, HH R i

154203-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 15 (2021) 154203

Voltage
Quadrature values
Voltage
Quadrature values

|Pmn‘

B3 (a), (b) ARIEAT S M4 45 00 B 8 H S 25 0 75 I dul 00 ik 25 2R M a1 2 07 5 X 2 9 88 BE LB (), (d) EAT R R i I 5
s 207 285 e 75 T Sl ) 5 2R B S A S R Y R R
Fig. 3. (a), (b) Time domain signal and corresponding density matrix of bright squeezed state before linearly manipulating, respect-

ively; (c), (d) time domain signal and corresponding density matrix of linearly manipulated bright squeezed state, respectively.
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Fig. 4. Photon number distribution of the bright squeezed state at 3 MHz: (a) Before linearly manipulating optics; (b) after linearly
manipulating optics.
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Fig. 5. (a), (¢) Wigner function and the contour plot of the bright squeezed state obtained by maximum likelihood estimation

without linearly manipulating optics, respectively; (b), (d) Wigner function and the contour plot of the squeezed state obtained by

maximum likelihood estimation with linearly manipulating optics, respectively; (e), (f) Wigner functions of the bright squeezed state

obtained by the method of artificially homogeneous phase distribution without or with linearly manipulating optics, respectively.
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Abstract

Generation and manipulation of continuous variable quantum states are the building blocks of quantum
communication, quantum key distribution and quantum networks. According to the second-order nonlinear
process of the periodically-poled potassium titanyl phosphate (PPKTP) crystal, we design a semi-monolithic
optical parametric amplifier (OPA) cavity to generate the bright squeezed light at a wavelength of 1064 nm.
With the injection of a seed beam, the squeezed state generated by the OPA has a coherent amplitude, so called
bright squeezed state. The squeezing level is directly observed to be —11.6 dB when the pump power is 310 mW
at an analysis frequency of 3 MHz. However, with the increase of the pump power, the purity of the squeezed
state gets lower and lower due to the increased influence of the anti-squeezing quadrature component on the
squeezed quadrature component in the detection process. To obtain a higher purity of the squeezed state for
achieving linear optical manipulation and quantum tomography, we choose the pump power of 50 mW, the
squeezing level decreases to —6 dB, and the purity of the squeezed state is 98.5% in this case. An electro-optic
modulator is adopted to realize the liner manipulation of the squeezed light in the phase space. During the
measurement of the bright squeezed state, all the data are taken on condition that the length of the OPA cavity
and relative phase between the seed beam and the pump beam are locked by a locking loop. The direct current
(DC) signal of the balanced homodyne detection (BHD) is used to accurately determine the phase
corresponding to the time domain signal of the squeezed state, while the alternate current (AC) signal of the
BHD is mixed with the signal generated by the function generator, after passing through a low-pass filter and a
high-pass filter, the signal is then amplified by using a low-noise amplifier. A high-performance oscilloscope is
finally used to simultaneously collect the signals, thus obtaining the quantum noise signal of the bright squeezed
light after linear manipulation. Together with the maximum likelihood estimation algorithm, the quantum
tomography, the density matrix and the Wigner function of the bright squeezed light are obtained, that is, all
the information such as the photon number distribution of the quantum state is determined. Multiple iterations
are taken in the maximum likelihood estimation algorithm process to eliminate the influence of the low

quantum efficiency on the detection system, so that the density matrix is fitted well with the theoretical results.

Keywords: bright squeezed state, quantum tomography, Winger function, maximum likelihood estimation,

optical linear manipulation
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