) 32 % 3R Acta Phys. Sin. Vol. 74, No. 8 (2025) 084204

% HE B AR F R R 3.4 GHyz RUHIREME’

BEaal FaEm) HEMRY

&Y

Ai#E KREY

1) (PG R ER L T T AR, KR 030006)
2) (WL R2EPIREPE, HUM 310058)

(2025 4E 1 A 17 Hig#); 2025 45 1 A 30 B EHEH)

PR Ly Il I e 2R 8 R A () T A 8 v 1 D e ) e )T R i A I BOR B R LA D T S
e S A i AR R RO, R IR 3 A o ST AR G R P I, AT RO R SR AR RO B TR I
T 5 RAEAA A T RS S A R A IR AR T LB 2 A R M R W R 3 R O B e
BOR WIS (R0 Fe 3700 bk AR . FRATSC SRS 178 2 RESURL B 4 T R Gt vh, L P iR 3.4 GHz
T e ) ) e 8 50 4 1 L B 0.3 GHz 3l 253 [ I it ) T4 It 1~ D1 2R A D2 2R M R 22 RE O~ R AT 4L
JO7 i/ LA B AR AR T, AT SR R A S B LGS S B T (BT A TR LSRR A 1

PP A2 1) EIT-AT 5354308 , 52 B 5 14 34 568 0] 4

REEIA): AR, B, S, SR

PACS: 42.50.-p, 42.50.GY, 42.62.Eh, 42.62.Fi
CSTR: 32037.14.aps.74.20250081

1 3

T GE R T RN R T 2 JB R 2k, e, A
T T A —E R R, SRR, BIEME T
I ARZ VAT A R 2R b 8 52 G TE R T
R, ©RA TR TR WO R TR
R N S S G RS ¢ L R
RSB TG S AR I . T B T A AL
P, AR T AR AR Z W] 5137
ARSI A 11, 3 f B IS - RO RE A o T 562
19 ST B BB = A S, o R SR
MG SRR Bt T H SR, I AT AR B R AEAS 2
BRI RIS, A DS 5 4500
AR R L, 2B eI % e 3 1 R A 5
L T BB T A G R AR ] o M EL

il

DOI: 10.7498/aps.74.20250081

Tt B R 2% 3 7 ORI 1) E B BOR 19, oY
FRHH, R H BLEEA ) AT S LU AR e 4 s R T
fEnk B I S AR 1101,

o S BI I  ) BLAE R A5 S T DU g
RIFFARZR TGS B (electromagnetically
induced transparency, EIT) & A T2 A1 AT
7154 (Autler-Townes splitting) RN, SZEL T 7] 3
U 2 315 B i R ) I P 37 B SRR RO o T [
W JG— F 57 G $ 5 S AR TR Sk 1121
FE S 4 FUIARR DG 191 BE DG 1 24K
PR 101,V R DO JE R R ST LR
Hh2E5, HE— 2R T AR T SO R Y 5
AR 3T T RO M 75 B BRI e R B R A 1191,
WA, FIFH T sE AR AR, AT [ e 2 vy ) ok B2
I T 5 201,

BT BIT-AT J7 ik 4 JC 2 L iRl i 1205 3 A

*ER A RFRAI S (S 92476114, 61975102, 11704235), LI HARRM RS HEHES: 20210302123437) . ILFEA HAERHE
WFFEHE4: (Ui 201901D211166) FLLPU A & SE2AASRHE BRI H (HEHES: 2020L0038) % B IRER.

t BIEYEH. E-mail: zht007@sxu.edu.cn
© 2025 FEYIEZS Chinese Physical Society

http://wulixb.iphy.ac.cn

084204-1


http://doi.org/10.7498/aps.74.20250081
https://cstr.cn/32037.14.aps.74.20250081
mailto:zht007@sxu.edu.cn
mailto:zht007@sxu.edu.cn
http://wulixb.iphy.ac.cn
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 % R Acta Phys. Sin. Vol. 74, No. 8 (2025)

084204

R FEE EIT M AT OGS A, A T8
T BLPE AR i i i S ek R RN R R, ARAS
78 EIT AT 3% 2 JCH %8 P27 i o 3 15 455
BT S R 5, #E0 R FOL2% )R (optical
densities, ODs) Z 0]k EIT & 9% 2520, AT
ARG 21 53 R BB G A] 1 AT 8 F43 e, D6 (optical
pumping, OP) vt AT DGl 24 EIT $#5El
PB4 3%, DATTTAT By T v I 2 A g (20301,
FIH P IR FEZE EIT 25 B AR AT H T 5230 Jo 2k
FEL U et R R B T BT590, PRt S0y
HETE | 2k 98 E 1Y = ) U EE ELT S B4R s
TR PRIAR G HE A B H S A A ER.

AT TSR RS T B R
TR b ZHE AR ZTIA OP R 6 2% EIT £ 58
BRI AI LR, R Tt v flipte 0 20 2 0 R
FE R T ELAEFH, JT B S BE T nT SE AR R ) v
HraE, B T AEAE R P D14k OP MLl D2 £
AR SIE K EIT & —A>Z e 2 R
HAEAE R, Ead ks BIT 2656, 3 A R 1
EIT-AT ¥, SRR BRI 1 3G 5800

2 BEMRETRARMET RN E

K 1 o AR 1930 JE T A R O R LB R EIT
I EIT-AT 3155 BUREN 700 2 A9 )51 RS 4 F L
L9 2 . e AR G h AR I T 6 S RESL
HN, A5 2 D EEES |g1) i |ga) (6812, F = 3) Fll

(a) NDg /o m—— [r)
nD3/s ---‘r-----

1

(n+1)Ps/2 [4)

¢

SO~
~
~
SN
s,

200, F = 4go)

6281/2 F:’?"gl)

1612, F = 4) ), 2 PIHIZS |e) (Dy £RMH [6P3 o, F' =
4) Fl Dy 2K (1 [6P, ), F = 4) ), DA 2 4~ BLARA &
WA |r) F[4) (59Ds5 o F1 60P 5 ). —HBL HAT R
kg 02 BOERIE AN — H L AN Qe BIFEEER
JEF MIEZS | go) BRI |e) 2230 B LB 25 |r)
FI BRI EIT R4, £ X0EF R &M T EIT
BN T BRI BRSO N, 6 A
AIAS E BN, R EIT # 8. Y
Y (RF) 5 BAEARES |r) F1 |4) Z 8] & AT
ILPRERIERT, TRk BAEAAS (n = 59, 60) 5
e G B SR AR R A AP, 5 DR A |r) P2
W3 AT /338, EIT ik 7034, FRICh EIT-AT
A3ZE 10N E 2(a) T PR ER N B T R, a2
FIRE R Af = (—Avw £ VAl + 24w)/2, Aaw =
wa — wa,p FI niw AN FL I I 5038 G 1B RN AT
R Ap = wp — We, g, MIRMIEIIRE. K I 35 X6 43
SOETER I SRR Evw = 2rAAf /4y
ISRV EZNILN

SEG I 2 B AN 1(b) iR, 852 nm AMEE
RO (Toptica) VE MG, Horbub i Kik
BN 852.36 nm, £ 7 MR R (PBS)
Ay, BEBRIKCOE RO AR T R A
509 nm FOGEE (FUE) VENRRE OGS IRIDE 5 1A
VEFFIRFSM, HmPRZe -0 h fn PBS 43 )5
VEBE AT IR, D% (852 nm) TIR A 400 pW,
FeBE H AR K/NA 790 pm. #EA G (509 nm) Ui R
30 mW, JGEE B AR K /MK 980 pm. UK (RF)

(b)

K1 BT RO S (a) B PCs T REAL (b) SRR BN K

Fig. 1. Rydberg atomic microwave measurement experiment: (a) Rydberg '¥3Cs atomic energy level diagram; (b) schematic diagram

of the experimental setup.
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Fig. 2. Experimental results of microwave detection: (a) Four-level EIT-AT fission spectra; the black line is the EIT-AT spectrum
(3.4 GHz) of microwave and Rydberg state resonance coupling, the red line and blue line are the coupling spectrum of microwave
frequency with red shift or blue shift (3.276-3.516 GHz); (b) EIT and EIT-AT spectra with enhanced OP effect; (¢) the enhance-
ment characteristics of EIT peak by different repump optical frequency detuning; (d) the comparison of EIT-AT spectral width

between OP effect and no OP effect.
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Fig. 3. Effects of different microwave frequencies and mi-

crowave power on EIT-AT splitting spectrum.
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Abstract

The Rydberg-based microwave detection is an all-optical technology that uses the strong coherent
interaction between Rydberg atoms and microwave field. Different from the traditional microwave meter, the
Rydberg atomic sensing is a new-type microwave detector that transforms the microwave spectrum into a
coherent optical spectrum, and arouses increasingly the interests due to its high sensibility. For this kind of
sensor, the coherence effect induced by coupling atoms with microwave plays a key role, and the decoherence
may reduce the sensitivity. A multi-level Rydberg atomic scheme with optimized quantum coherence, which
enhances both the bandwidth and the sensitivity for 4 GHz microwave sensing, is demonstrated experimentally
in this work. The enhanced quantum coherence of Rydberg electromagnetically induced transparency (EIT) and
microwave induced Autler-Townes (AT) splitting in EIT windows are shown using optical pumping at D1 line.
The enhanced sensitivity at 3.4 GHz with 0.3 GHz bandwidth can be realized, based on the enhanced EIT-AT
spectrum. The experimental results show that in the stepped Rydberg EIT system, the spectral width of EIT
and microwave field EIT-AT can be narrowed by optical pumping (OP), so the sensitivity of microwave electric
field measurement can be improved. After optimizing the EIT amplitude and adding single-frequency
microwaves, the sensitivity of the microwave electric field measurement observed by the AT splitting interval is

improved by 1.3 times. This work provides a reference for utilizing atomic microwave detection.
Keywords: quantum coherence effect, Rydberg, microwave measurements, optical pumping
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