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Fig. 1. Experimental setup and energy level diagram.
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Fig. 2. MTS-EIT spectral and frequency discrimination signal.

170301-4


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
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. 75, No. 17 (2026)

170301

0—200 kHz), [& 3(c) BILL A5k FRoR BAEA (G &
M AAAE (Dl —n—, Bl 85—115 kHz), T
SR E S AEER AR TR BEIEAE 100 kHz Ab 23
ARG, T R G IZAR A 5 A e e b
Wep 17, Xof 07 27 24 -C RN 5 I BRR, (55 Rk
R TES AR (90—110 kHz) N, JCH Wi
AT | (5 M L KO- REAS PRI A5 5 AR IE SRR ] 5
PE, #E—2B500FE T R G T KBS S I iE
PE. 55— T, AR R G b 1 ORI RS LA
PRI 2 1R S i 1) RE A B HILAS 35 LA 178 R o7 Mg
AT RES U B 225570 INFRE R ZRIE AL, B
i 5 = A ML AR, & 3(c) BN T BLAEAA LS
SHFALE, ERERWAEE S AR EN, A
T AN B SR R IR, RET AR
Mg 75 7K JRAIR, ARRE 57 M N P AR AR AR A
B TR S BOR M m R B, % 22-C Ik vh (55
REAS BEHERR SO0 LB SR AE, PR G RE A% S 4%
2 R T A

B2 CAE MR ER T 2% 55 5 HE
BME S Z M AAERLE, T2 2-C 55 1 i 7
1 T L 3E o B S O A T 5 I R IR,
PRI 55 PR FLRE 5055 MR 2 TR AE G, 17 FELAE
ARG AN Z B R R s TORIU0 R i A5 45
W S, I 32 B A 2R e R 7S I A
Wi, {55 5 P 2 G ANBIFSE a8 i 15 A B I
FEAMEE A A3 MR P 52 e, B iy 3 I8 R 1Y) T
By, PR EEAY 2-CETS5SEEY
) B R G BR B AR IE E AT 0 —fb AL 3, 45 51 4n
Fl 4(a) Fizn, B g 920 I — 4k BAH
28 (YNBSS FE-1—1), £0 s bRic e R AR s RO I

0.3

16F :
40.2
1.4
1.2 4 0.1
< . 0 >
;R 1.0 7 ;&
= 08f — R 1-o1 &
£ o6l B {-02 3
;‘ﬁ 0.4F M EFSEa% 1 0.3 ‘?:
E o2l f — BHENANE | 01 L
o 0 I £
5 / T 1-0.579
3 oM WA il
B g2} 1-0.6
{1-0.7
704 L
1-0.8
_06 L
: : : . : d_0.9
0 100 200 300 400 500
i) /ps

FE, T AL AN S AEA R (B 5 R B9 AR
JE. MAAEHT I 1R] O BRI 52 AR BER PRI, ff
HJE 0.980 HL 1, ISR R ME 572 Z 0 5 I
FEAHDC HLME A T4/, (7 5 S U Rk g R
FL, PO T 2GR B0 e DR ELRE L e DR ILRE B S
Fi TGS R ry TSRk, DI 2 T A SEIE S
HERR B U I 5 R A S FE A,

11 JE|Z (envelope-to-cycle difference, ECD)
FRALLRHE 30 ps 5505 =0 ) 2 2 [A] Y I [a] 2%
G SRS A LR B 2-CES R
3 T8 o 5 U A B e 00 R ] R i RE ]
B, TR 2R W 37 5 B S OB R IR 25 &
EIT S & Mo p 2 i sh A ks, iZsh S ms 2
HWE 2E-CAF T L L R RS B, T e 235
NG M AE N B A J8] 22 2, R e (5 1 BR
ERPUE. NI, AHSTE T MTS-EIT RS0 X0
WP A S ShASA 5 S5, ) 1O IR A
AT RS ; [RS8 At M L 3 0
AR 1 A S BUN BEHURS S . A
FERHCHR BN RIS 2-C 55 )5, B % -
C HIR B G SEF S a2, DUk opE LG TT R
t=0, 115t =30 ps AR 55 ZIE A %N
R TE) 2 Z5 R ANIE 4(b) Fios: B St FoR
iES AR, L EOSEL NS T, KO
LR Ebme G ) 0 BIX0 30 ps 2%
2 S RN IR F A, TR RS
P RFAE. (L8 220 0.08 ps T B2 24-C {5 5
Hh i) JB] 22 A XHE < 2.4 ps” 47 AR 5 bR 2R 120,
X —2E UL MTS-EIT 840 2 40F B L3 #b
BB AW TR B F  EEA 5, TR

(b) 1.00 I TeE—
»( I — DR SR
é 0.75
S 050F
& 0.25
0
0 50 100 150 200
Wiz /kHz
(c) n
g /2 |
PR
:L:_|
E _—n/2f N o
L
. ) : . . .
85 90 95 100 105 110 115
Wiz /kHz

RABMAE 22-C {55 B S5 Bk i

Fig. 3. Time-domain and frequency-domain analysis of Rydberg Loran-C signals.
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Fig. 5. Comparison of time-domain signals for true code odd period and complement code even period.
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High-fidelity reception of long-wave timing signals
based on Rydberg atoms®
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CAO MingtaoP" DONG Ruifang? LU Xiaochun ZHANG Shougang !
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Abstract

Rydberg atoms exhibit exceptional sensitivity to
long-wave electric fields, presenting a promising
solution to the signal degradation that plagues ground-
based long-wave time-service systems in remote or

weak-signal regions. However, practical Loran-C signal

reception using Rydberg-atom sensors is currently 03

limited by fidelity deterioration, primarily caused by N 102
electrostatic shielding from vapor cell walls and 101
frequency-doubling noise. In this work, we prepare % 0 o1 i
Rydberg atoms via a two-photon excitation scheme % 7£§}§§ 1 02 B
and integrate them with a modulation transfer WA | 0.3

. . = BEESRASEYE | 04
spectroscopy (MTS) and electromagnetically induced g p\

. {-05 ©

transparency (EIT) frequency-stabilization system. By gg e A _06 B
employing a parallel-plate vapor cell subjected to a 1-0.7
strong DC bias field, we leverage the DC Stark effect 1-08
to precisely control the EIT resonance frequency shift, 100 200 300 400 500
thereby overcoming the aforementioned limitations. M1k /s

This approach enables high-fidelity reception of Loran-C signals, accompanied by comprehensive time- and
frequency-domain analyses. Quantitative measurements demonstrate a single-pulse fidelity of 98.0% and an
envelope cycle difference (ECD) of 0.08 ps. Furthermore, by extracting and comparing the phase-reversal
characteristics of odd- and even-period pulse trains, we rigorously verify the phase stability of the Rydberg-
atom antenna. This work provides a robust technical foundation for the reception and demodulation of long-
wave time-service signals using Rydberg-atom sensors, paving the way for next-generation, high-sensitivity

monitoring and evaluation systems in navigation and timing infrastructure.
Keywords: Rydberg atoms, longwave time serving, Loran-C signal, quantum measurement
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