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Figure 1 Rydberg transition energy level diagram of the caesium atom

FE=RESL BIT (ARt B, SIABOIZA G IR 0 BAEER, MGkt T &
772E EIT-AT 203, Bl BIT HUEEFHEIE D RNPIA . 558, ks
&= FEUR T REHAL N, IXFP R T BUR EIT 38 51 5 LT 26 R MR R ¢ HL 47 o
JE, HeFZRON AT LU X infipl B AR AR (RIS 2 S50 I &

FRA T8 I B L3 R P TR I N 2K Lorenz WIS 5, BHURERES 2
FAT 154 . Lorenz RG02 R AP IINRTE R G L —, S T HR Kt

fRfa i, HAergik s,

—:x(R—z)—y (1)

Horb, o N IR AR AR, R OVEGAIEL, HOUE RS0 AT,



—_

[\

10
11

12

13

14

15

16

17

18

19

20

21

SVSPIRGIE =&

Sea R, FI A matlab P AEBGRTE RS EE, WK 2 (@) FrR: R
BSEMx y. z ZADERNIEBES, W 2 (b) frox. MEEES 5E
T8 SR T A AR ] 27728 Stark UM, 12N B 7 BRE AR R K L
ERIARAC AL Dy BIT SEIE ARG s BEAR AL, T8 IE 852nm SRNG5S v LLEE
D, oS8R G RS 5 4 AU 73 A A SR a8 BEAT B RS, ST st
TR 5 1 o

VR E D
e

(SWun 1\1\1 )OZ e
HAES8EAE (R

u3is
=3 =

0 2 4 6 B 10
B (8] (ms)

Kl 2 iﬂﬁi‘%ﬂiﬁkmﬁﬁ 25 (a) =41 (b)x. y. z —4EERIRGES
F1g.2 Numerical simulation of chaotic systems generates time-domain signals in
three dimensions (a) three-dimensional images;(b)x, y,and z.

3 SLKEE
S BN 3 Fi. 852nm FRIDEH L SO 3R, BORR LR

Hi )51 D2 2 6S,, = 6P,, BKIT, 509nm #4500 HOGLT OGR4, PO IR
6P, — 658, BAEESIKIER, 852nm PO 509nm L4 B A Al PBS R4t
Sy, 852nm H B H 454 Bl B2, B3, 509nm #iH AN B4, BS. Bl )
FI T AR SOk 1%, BiE 852nm WOk JE T 68, (F=4) —> 6P, , (F=5)7E
D2 JLRIRITZ by B2 DS B4 SO TR = h L e e, BEs
% EIT Jtilk H T90E 509nm Bot. [FIFE, B3 GRS BS Jedifedd kIR 7
=W R SE S AL, F5E EIT H TS0l B AR J5 1 R 4k R A (5 5 AT R

ERAEFEIGRE L, —BIEARRSEAZEES, B BInET R IEw



1

2

3

O 0 9 &N n B

10
12
13

14
15

16

17

18

19

20
21

WA . Hth 852 nm FRMDEHE O IR SR, LI 52 %E S

— —1 1 7
R AR AP R
7 . kﬁ PBS M2 PBS L xhg g PBS r— D2
852nm laser 1 H : O I N * DM4
Bl § B2 B3
Servo <>
system 1#3Cs SAS I PBS
PD DM?2 Cs cell DM1 D1 HR _
— | [
7 .
Servo A ] N{R
system U " <
HR L A2 B4 B5
509nm laser H O , DM3
M2 PBS L A2

Kl 3 s T sni e E K, Hdr, A2 &P PBS BmiR R L
7EiZEBi; DM, DM4 7355 852 nm & SR (HR) A1 509 nm - =iE 4% (HT)
W DM2. DM3 7372 852 nm =it (HT) M 509 nm & St (HR)
WG PD /G HRIIES . SAS RIEAMIRIOLEE: D 2Ot .

Fig. 3 Diagram of the caesium atomic spectroscopy experimental apparatus, where
M2 is a half-wave plate; PBS is a polarising beamsplitter prism; L is a lens; DM1 and
DM4 are dichroic mirrors with high reflectivity (HR) at 852 nm and high
transmittance (HT) at 509 nm, respectively; DM2 and DM3 are dichroic mirrors with
high transmittance (HT) at 852 nm and high reflectivity (HR) at 509 nm, respectively;
PD is a photodetector; SAS is the saturation absorption spectrum; D is the laser
collector.
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Chaos Signal Transmission Based on Atomic Antennas

Zhao Chenhanl)2 SuNanl) LiuYaol) HeJunl)3)}) Zhan Defangl)2) Liu Zhihuil)

Wang Junmin1)3)

1)(Key Laboratory of Quantum Optics and Photonic Quantum Devices, Institute of Optoelectronics,
Shanxi University, Taiyuan, 030006)
2) (College of Physical Electronic Engineering, Shanxi University, Taiyuan 030006)

3) (Shanxi University, Collaborative Innovation Center for Extreme Optics, Taiyuan 030006)

To achieve multi-channel parallel transmission of complex signals

and enhance spectral efficiency, this study presents a Rydberg atomic

antenna system capable of demonstrating multiplexed communication

schemes. Using 852-nm and 509-nm lasers, cesium atoms are excited to

Rvdberg states within a vapor cell, while differential detection techniques

are employed to suppress common-mode noise, enabling high

signal-to-noise ratio (SNR) Electromagnetically Induced Transparency

(EIT) spectroscopy. Under weak electric field conditions, microwave

field coupling induces atomic energy level shifts, leading to two-photon

detuning and rendering the EIT transmission intensity nearly linearly

dependent on the microwave electric field strength. Base on this effect, an

integrated electrode configuration inside the atomic cell introduces

time-varying electric fields, enabling measurements of waveform,

amplitude, and frequency for both microwave and low-frequency electric

fields.Building upon this principle, we decompose complex chaotic

signals into three-dimensional orthogonal electric field components to
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demonstrate time-division multiplexing (TDM) of three-channel signals.

Concurrently, frequency-division multiplexing (FDM) is realized by

modulating the three channels with carriers at 3 kHz, 5 kHz, and 4 kHz,

respectively. Quantitative analysis of correlation parameters between

transmitted and reference signals reveals high-fidelity reconstruction,

with achieved fidelity levels of 95% for TDM and 90% for FDM. These

results validate the feasibility of complex signal waveform reconstruction

using optical atomic antennas and underscore the potential of

Rvdberg-based systems for high-performance electromagnetic field

sensing and communication applications.
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