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Fig. 1. Photon number distribution of two-mode
squeezed vacuum state for different squeezing ampli-
tude: (a) r=1; (b) r=2; (c) r = 3.
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Fig. 2. Schematics of the covariance matrix of the

quadrature components of two-mode squeezed vacuum

state.
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Fig. 3. The Wigner distribution of (Xa, Xp) and (Pa, Pp) for r = 1: (a) The Wigner distribution of (X4, Xp);

(b) the Wigner distribution of (P,, Pp).
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tion of the quadrature components of entangled mi-

crowave signals field.
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Fig. 5. Waveform of entangled microwave signals (the amplitude of the signals field varies with time).
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Fig. 6. Waveform of the extracted quadrature components of entangled microwave signals (the red and blue curves

are a(t) and b(t), respectively):

direction.

M PERPAT T A LR 2 i, ARAEE
A% R R rhons FLREAT PRI, 43 2B S 9 15
5 R P B I T R AR A, e R A AR AR SRR I B 1)
52 PAE T, (B IESZPAE 5 IR AR 1E E A2
(¥, MEREALRFE 0, RALE MRS KRR, &R KR
JEE 7 A 2 S A 5 I ) R i P R, T 4 5
K, AR B LU 5 BAE 5 BOE R,
A PR 5 S R P A2 MR 7 )R AR B I TR 32 A6 1
KA, B T HOL MR EE Rl N [5) 2240 1 1E 9% A5
TOIRHL, X 20 ML AE S T AE A5 AR B 21 98 R AR
FET PR 5 AR A ARAEAE R B, 22 LS 5
e 7 JEL AR AN AT REAFAEAE AT IR KD A 20 30 1 HL B
Berpr, —RdE 5 MIIEE AR KA, WA B AR R
VO] LR AN, i DLAE A P 1 i i 1 FH A #8222
fE AR, 5 B A ZE 0 A5 5 IR, SEEEIE R
PR B /I 7 AR SR H SR EAAR AT 23 Hr

g4
ARSCAE I T T MPTRLBAR 5 177 AL R e
AR ARG, SR T P Ah R R 2 JE RS 5 T
% R ETHER T XU 48 AR SRR, —
it 22 SUHEZR T (R SCHRBEN LS 5 8. B #iRENS
3R 2 YO AS 5 IR AT 70 B 1AV IE S R R AR 1A
(RSO [ 20 122 A R 1 T 58 45 1), 2R 25 S
D2 e, T UM I XU e 4 1S R i

(a) The quadrature component of I direction; (b) the quadrature component of Q
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Abstract

Entangled microwave signal is the reflection of the quantum characteristics of electromagnetic field in a GHz fre-
quency range. Its generation is mainly dependent on superconducting circuits. Owing to the fact that there is no
canonical expression to describe the format of entangled microwave signals, two expressional methods are presented on
the basis of analyzing the characteristics of entangled microwave signals. One is in quantum frame, and the other is
in classical frame. In quantum frame, we express entangled microwave signals in two-mode squeezed vacuum state.
According to input-output relationship and parametric amplifier property in the generating process of entangled mi-
crowave signals, we describe the characteristics by two-mode squeezing operator and quantum Langevin equation. In the
representation of photon number and Wigner function, we analyze the photon number distribution and the quadrature
components’ distribution of two-mode squeezed vacuum state, which shows the entangled two-photon correlation and
the non-localized positive (negative) correlation of quadrature components. These are consistent with the characteris-
tics of entangled microwave signals. Therefore, the results demonstrate that the entangled microwave signals can be
expressed by two-mode squeezed vacuum state. In classical frame, we express entangled microwave signals in correlated
random signals approximately. According to the relationship between quadrature components and the quantization of
electromagnetic field, we construct the relation among electric-field intensity, input angular frequency, and squeezed
parameter. The random number with Gaussian distribution is used as an input state to implement the simulation
analysis. We illustrate the waveforms of entangled microwave signals after measurement and the extracted quadrature
component waveform varying with time. The simulation results are consistent with the measurement results. These
results show that the classical expression can reflect the one-path randomicity and two-path correlativity, which are the
intrinsic characteristics of entangled microwave signals. Therefore, it is rational to express entangled microwave signals
in correlated random signals. These two expressions properly reflect the continuous variable entanglement characteristics
of entangled microwave signals. The expression of two-mode squeezed vacuum state is complete. Plenty of parameters
that represent quantum information can be calculated by two-mode squeezed vacuum state, such as entanglement degree
or the power of noise fluctuation. The merit of the expression of correlated random signals is intuitive, which makes it

easier to understand the nonclassical characteristics of entangled microwave signals.

Keywords: entangled microwave signals, positive and negative correlation, two-mode squeezed vacuum

state, correlated random signals
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