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Fig. 1. (a) Cesium atomic four-level system, the 852 nm probe laser is locked to the 6S;/, (F = 4) — 6Py, (F = 5) hyperfine trans-

ition, the 509 nm coupling laser excites atoms from the intermediate 6P3/(F = 5) state to nDj 5, nDj3s and nS; ), Rydberg states,

microwave field (MW) couples adjacent Rydberg states, nDs/y —

(n+1)Py9, nDy/y —

(n+1)Py 5, and 1Sy, — nPyj9; (b) schematic

of the experimental setup, EOM represents electro-optic modulator, F-P represents Fabry-Pérot cavity, DM represents dichroic mir-

ror, PD represents photodetector.

050304-2


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

) 3B Z 3R Acta Phys. Sin. Vol. 75, No. 5 (2026) 050304

HIRIZS [2) (6P50, F = 5), PRl it 509 nm #556
Wk 2 BAR A2 (3) . FEAS SEIG Ay LA 2
FEEA nD; o, nDyjp LLE nSy o, WM THES
HH A1 FL AT 25 (3) I J4) . BEAS ST %G AN 1(b)
Fis, ELEMBOCRSE . ™4 REME 5 RE
S g 5 O o TR ) 23 M N ) 5 s |
TR S 2, A0 AT R BB Sl 42 Hok
R AL T KO R AR E 852 nm BRI L Al
509 nm HRE OB %, SCAF 4 e RS
L H TR . M A R T
A ORI AR T TR BN A =2 (A BRAE
T I, R B R T RE. /B
AR 2 G AFE EIT - AT 63548 I 3 4%, 4%
852 nm RMDGAF 540 AR Z T A TR 4 | Ab
FLIRBOGIEE B

2.1 BAES

852 nm MG H Toptica 2 & Y 7MNEE - 4K
WOLE (DL Pro) 74E, JH TR RT3 (6S,)s,
F = 4) Z2PEZ (6P3, F = 5) BKiE. 509 nm 4
&6 Toptica TA-SHG pro {5 LR =4, H
FhF LU0 1018 nm S PR GRS, Hin i 20
NZIES G I MBI BRI RS | 5 A T L LR (o
HH, SRR A, o RENFRE]IA 300 mW. 509 nm
OGN TAE KB 507—515 nm, i i % 47
JEM AR R, AT SRR R, DA R R L
A, WA E TR = 1 [ —t2
V-5, HA M4 5298 100 kHz, Hit—P %
EWOCL TERS B iR BIT {55, X 852 nm &
Jt 2k H i i PDH(Pound-Drever-Hall) £2 43 47
AR BU(HLF 3 BE ), B A S Bl TG 4l 3 ik
70000 [2ESFH I, ZERIR R ETE 16 C, I
BTHSEZ N 1x10° Pa IEHZSKEHN. 491 mW
IR 852 nm #OGHI A K TAEH 560 5 GHz
OB A o R VA Bt B U (= a o
DG4162 (RIGOL) 7= 4E 138 MHz 1 # WK 3155,
fi 852 nm % 1 By ai A R 5 4 T D2 4t
PR, M5, ik DG822 {55 KA 48 "4 9.7 MHz
5%, X DG4162 #E— 2L HEATANRAR A JE . 250
K 9.7 MHz R EIME 57— B F 0 7= A=
WRZEFT, 8 AR A R A ) R G S 5 RO AR 1Y)
L, 37 P11 R B e s T o 11, g 2 S PO A9 30K
B FEHELT 65, o(F = 4) 6P o(F = 5) BKiE

HPRATA I

852 nm R M OEH 509 nm S IEZ 15 m K
PR G LT AL i 2 0 T G == 1 AT A Al
JRFHK, BEMSCFHR A AR L3, K 40 STl
=2 B

2.2 EFEERS

BB 7 A R GG P A ORIV s i e
R | WIS S T €138 - it sy /|
Keysight N5173B EXG X {55 &4 8% (TAEHF
i 9 kHz—40 GHz). {5 5 IER N 10 MHz
SR, HIR P RIRRAER B +£40 ppb (+4x
10°%). TR HLIE AR % B il SO 5 5 AT
B K. A5 5 U4 2 SRR R RS (BONN
Elektronik BLMA 1018-30D) K5 , i3 & il #
£ %% (BONN Elektronik) 43 43 —#4r 4
LRGSR HERE SRR LR, 55— R A i
AP % 1 (Rohde&Schwarz NRP40 SN)#E17
SR T AR W, 3 ) PID SR o T
S (E R, SER OB B A5 5 R AR LIRS E A 5T
R, HosRfa et T 0.1 dB. IR 55T
PR 1 T B TR I B R A R I = P R R
Pk 8 2R LTI UCR S 5 X S 248 1, il
BOCACTICRE B A IV USRI A&, B AR S
Pl 5 IR A LR X 5F.

2.3 ESHFEERE

852 nm %5 509 nm O 2 B A 4 0w G
L1 15 m BABOCEF AR 2 R Tk, PEOEY
PREE KPR, K 3 cm, BEJE 0.5 mm, 18
4.5 mm [ B4 SR 3% N DL A 7 =0
KA 2 R AT 2 R TE. S5
YERJE 1Y 852 nm % i 509 nm HLEE LR i 4k
Z T s, 20 852 nm Al IE
FUEBR 25 B0, B2l SRR (REME
APDA410 A/M) BOIF 40 R iAo . il a5 =X
TR A (PicoTech 5443D) SR4E EIT JGi%,
Kl 2(a) 7R, R IARRAEASBEE R 100 kS/s, X
AT 32 YCRFE LI BB E M . S8,
852 nm FOEHIE N 150 pm, 25 T3 J it
A 509 nm JGCEF ARG AL 30%. FRIMDETIAE 2
10 pW, FE TR R 25 mW, 763 % PR E
9100 pm, 2800 A6 B 1 3R A5 20 8 MHz £k
Yi, EIT JGik. JFJR A5 5, ST 3O d b

050304-3


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

) 3B Z 3R Acta Phys. Sin. Vol. 75, No. 5 (2026) 050304

JEEEZRRINURL, BT HIEFTIT OGLF L
R F Rk, WO A 78 AR A S R ERAE, 7
A AT 260, AR 2(b) s EIT-AT 4
2O ES.

(a)
>
g 50
~
g
5
be]
g 251
2,
w
&
m 0
—600 —300 0 300 600
Coupling laser frequency/MHz
> 50
g (b)
Z
£
=
o
st
g 25
a,
wn
o0
=]
£
=, 0
2
H
< L L L
—600 —300 0 300 600

Coupling laser frequency/MHz

Bl 2 (a) 68Dy HLAEMMA M EIT L% (b) 1 V/m ik
IR T 68D;,,~69P;, BB Y AT 432615

Fig. 2. (a) EIT spectrum of the 68Dy state; (b) AT split-
ting spectrum of the 68D;,,—69P;,, Rydberg transition un-

der a microwave field strength of 1 V/m.
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Fig. 4. Measurement of the resonant transition frequency

for the Cs atomic 39Dj;,5—40P;3/, Rydberg transition.
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Table 2.  Summary of systematic uncertainty.
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Abstract

The precision determination of Rydberg state transition frequency is important for quantum sensing and
computation. In this study, we prepare 3*Cs Rydberg states of nDj )5, nDg /s, and nS, /, by using a cascaded two-
photon excitation scheme with counter-propagating 852 nm probe light and 509 nm coupling light in a cesium
vapor cell. Furthermore, by using a microwave field to couple adjacent Rydberg states, we obtain the transition
spectra between the Rydberg states based on electromagnetically induced transparency (EIT) and Autler-
Townes (AT) splitting effects. Frequency calibration of the sampled data points collected by the oscilloscope is
achieved using either the fine-structure splitting interval between nDj/; and nDj/, Rydberg states for n*Dg )y —
(n+1)*P3/5 and n*Dyj — (n+1)°Py )y transitions, or using a second EIT signal generated by an acousto-optic
modulator frequency-shifted 852 nm laser for nS,; 2 n’P, /2 transitions. To reduce systematic errors, we use a
microwave frequency detuning method for calibrating the AT splitting intervals at different frequencies, and
measure the resonant frequencies of three typical cesium Rydberg state transitions: n?Dj /2 (n+1)%Py /2 (n=
39-53), n’Dyjy = (n+1)*Py)5 (n = 39-47), and n*S;, — n*Py), (n = 59-62). Characterized by experimental
simplicity, high precision, and broad applicability, this method is suitable for high-precision measurements of
alkali metal Rydberg transition frequencies. Discrepancies between the experimentally measured transition
frequencies and the theoretical values from the open-source Python library ARC (Alkali Rydberg calculator) are
all less than 850 kHz, with an average difference of 449 kHz. The analysis of the influences of various physical
effects such as Zeeman effect on the measurements of Rydberg state transition frequencies shows that the
obtained measurement uncertainty is 410 kHz. This small discrepancy demonstrates the exceptional capability
and reliability of the EIT-AT splitting method in overcoming environmental interference and achieving MHz-
level precision measurements of Rydberg state transition frequencies. These results provide important data for

Rydberg atom precision spectroscopy.

Keywords: Rydberg state, cesium atom, electromagnetically induced transparency, absolute transition

frequency
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