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Fig. 1. (a) Energy levels of '3Cs ladder-type EIT and coupled lasers. Where |g), |e) and |r) are the ground state, the excited state
and the Rydberg state, the 852 nm probe laser and 509 nm coupling laser couple the ground state to the excited state and the ex-
cited state to the Rydberg state, respectively, A, and Ac are the frequency detunings of the probe and the coupling lasers; (2,
and (2. are the Rabi frequencies of the probe and the coupling lasers; It and I are the decay rate from the excited state and Ry-
dberg state. (b) Diagram of the experimental setup to excite the Rydberg spectrum of the Cs atom. A\/2, half-wave plate; \/4,
quarter-wave plate; CM, cavity coupler; M, mirror; L, lens; PD, photodiode; SAS, saturation absorption spectroscopy; PZT, piezo-
electric transducer; PBS, polarization beam splitter; FA, fiber amplifier; SHG, second harmonic generation; WM, wavemeter; shut-

ter, optical shutter; F-P cavity, Fabry-Pérot cavity.
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Fig. 2. Theoretical (a) and experimental (b) diagram of the transmissive intensity (left axis in the figure) and contrast (right axis in

the figure) of the probe laser versus the coupling laser detuning in free space (black line) and cavity (red line). The experimental
and theoretical results are obtained with the same parameters (2,/(2n)= 10 MHz, 2./(2n)=14.4MHz, I./(2n) = 5.2 MHz,

I;/(2n) = 1 MHz, N, = 3 x 10'%m~3. The inset is the magnified spectra with the coupling laser far-detunned with the resonance.

087801-4


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 % 3R Acta Phys. Sin. Vol. 72, No. 8 (2023) 087801

PRI HE AR B i 25 25 FAT G 2R 09, T P
57 ARG R 7 AR P . 7E S5
T EXDERERT LR SRR AT B R, IF
HAEENE P 1l i A Teo i — 202 RDLTE XS
FURE (AT fiE:

TE S0 R A IR BRI AE 25 °C,
FORFFERIN DG B DL LR AE 2,/ (2m) = 10 MHz.
5 F oz [ AL IS, SR 5 i
JE TR E MBS Tro Ry 74%; UG LI 2
XOLTIARIS, 41 3(a) B TR, PRINDEIE 5
RAYHG T AT FEAREOCHL LA AR nmisg oK, f
KA 10%. 8 3(a), (b) 73 BIFRAR M CTE A b2
) R0 J 8 5 (90 DG 1 a2 A s HE (7 h) FOXT LU RE (A7
i) BERR S OCOIE AL M. BREIDERYZE R DER EE A
— AR AR A I A BB HE, XTI
—GEN A 2] R 02/ (2n) = 3.2 MHz Y565 X H
FE. i 3 AT LI ), FEXOE T3 IRAL, SRIE7E
I T2 [ RIS PR3 S Y6 1) DR/ N RIR L B B R
LR AN T3 K.

2 115f(a) 16
g
o110t 14
o)
E 0 4 8 1216
L 1.05¢ 12
= 0./2n/MHz
2 1.00 [eigisomint i bt . 0 3
g B
R —32MHz g é
o 7.2 MHz
2 20t —— 10.2 MHz | 40
g —— 14.4 MHz
% 15F — 17.6 MHz | 20
=
1.0 = n . T 0
—100 —50 0 50 100
A./2n/MHz

K3 RIDGTES R [ 2 B BT A BT (a) FI0E S N E
AT BURY R (b) 0935 5550 8 (A2 i) FOGIEX LR (f
Tl ) RS 5 D't 2 9 I B S BG EAR L R B L AR AR
Fe A5, 2,/(2n) = 10 MHz , #5456 (9 B b A5 3R 96 K
2/(2n) = 3.2,7.2,10.2, 14.4, 17.6 MHz. i [ J& £ U 5% 78
I Fh 2 [ £ 325 S 3 f) 15 e A 5 D'fir L A A< i 8 4k
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Abstract

High-precision spectra of Rydberg atoms are of significance in studying the interaction between Rydberg
atoms, the energy level structure of Rydberg atom, and the precision measurement of the electromagnetic field.
To enhance the measurement sensitivity, it is necessary to achieve the high contrast, high signal-to-noise ratio,
and narrow linewidth of the spectra of the Rydberg atoms. In this work, the cavity-enhanced spectra of
Rydberg atoms are studied theoretically and experimentally. Comparing with the free-space spectra of Rydberg
atoms, the contrast and the signal-to-noise ratio are enhanced by 11.5 times, with the linewidth unchanged.
Under the condition of two-photon resonance, both the electro-magnetically induced transparency and the
double-resonance optical-pumping process can suppress the absorption of the probe laser, thereby improving the
impedance matching of the cavity. As the intracavity probe laser intensity turns stronger, the contrast and
signal-to-noise ratio can be improved further, and the improvement depends on the transmission of the probe
laser through the atom vapor. It is expected that the contrast and signal-to-noise ratio can be improved by a
factor of 23 through optimizing the temperature of the cesium atom vapor. This work provides an important
reference for improving the contrast of the spectra of Rydberg atoms and the sensitivity of Rydberg-based

precision measurements.
Keywords: Rydberg atom, optical resonant cavity, Cs atomic vapor cell, impedance matching
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