) 32 2 3R Acta Phys. Sin. Vol. 75, No. 20 (2026) 200315

T BRETSTIIE

BT SR K M R AR

| —3;/D KA

x| F i Y

BRAN 4k

1) ("MERFRERS, P3iRkpe, dbat 100049)
2) (PEBEEBERSE, hEBEERR MR TG, AT 100190)
(2026 4F 4 A 21 Hig#F); 2026 45 5 A 13 B EHEH)

ASCR v sy RE i, FE TR G REEBE (MOT) By Z&AF R, dlad MOT &6 38 I i Wh 52 T i
G vk el AL ERIDE S GO TR, PO R IE L T L N 6 MHz, 208 B & R I 12Ok
T GO 7 D B = 2 —, R R IE P A2 F AR TE S R IR I SR B 5 B9 Autler-
Townes 73 2¢ 5 B AL 50 BE AR MEOCR ) R RUIE T 1 70 RSt 5 2038 AT BERIAAT . SCI0 45 R R,
MOT %64 2% 3% RE 05 76 Of B 1% Sz 47 152 I 9O6 B2 Hh P F i Rl i, S B 798 7 W Bl s v 7 D e 3T
Vo 2 S Saa AT Ve IR T I v Al B it 1 SC S R A2 B A 7 2%

KR G I LR, BEEBE IO R, BAEARF T Autler-Townes 7754

DOI: 10.7498/aps.75.20260556

1 5 =

LR i PR G T K H (A R RT X L3 1Y)
e B R (1, 2 SR Bl Fh 370 s ) e ) AR A
FR 01 M, TR i 2 VA 1 H R 3 T
F1 Autler-Townes(AT) J 244501 I & ff g FL 37 1)
FRC BT R, JFEMEHRGER . n] HRHES:
PeFARAT Tz ot W SR, P 2 VR T Y
28RN | IR T ZiE A S ECURA RR
AR T I T | $92 Sl A PR A Sl Ao ] 45 2 2251
SR PRI, PRI Bt A 2R A0 o) BT gl B 1Y) 14
SeR N 5k T ek 5 AR AR IR HE. BB SO GIR ZIHOR Y
AT, ¥ - it v 1) 225 380 Jo S e R e
i, Lk, PR R AR AR, AR I E] af ik
BOA R AP ORI 2R 23S (A
BEEARRS) 44 T 4600, WA B Mhr iR TR,
SRR TR R A PR, RS B AR S s

CSTR: 32037.14.aps.75.20260556

HEL 37 M S T s 2R 0 R R 55 TRUE, T {ELAS ST

TER IR F IR Z b, EIA, EIT K HAH AT
T E O T LB AR S I 01, v SRR
REAS A M PGz S OC I TE, I AL TE . MR
BEE Y B S R BRI PR BES B AR, X 2R AR T
DT 7 G L S B 5 2R e a1 -
T-FE A R R BRI AT PR 2
FOHC 2 JLRD I 26 I, B eI (A | LS b
ER, XE LS B e i S R S i . TRk, iy
TEPR BV I 7 R T A I (B 3R [ e, 52
BESAFT MISE i, B ¥ T F I 1 i
25 JRE ) R TR A

JEF AR TR MOT 286451 %33 by it B2 152
ARG THTAILE]. RS SRR TR IR T
TRBUR SN B 28 R Hh Z B8R ERIT | Zeeman
JR& GE LA B AR D R MG 5 D B i 2 e 5 21024
AOEEEAL (181 MOTT % 2% 3 bl v it D7 i
AR BLH] 00 SR 15 #8563 (] 39 2 XL

* T RIS T EWH S 1252033, 1262044) Y BRI

t BIE1EE. E-mail: fdjia@ucas.ac.cn
© 2026 FEIEZFS Chinese Physical Society

http://wulixb.iphy.ac.cn

200315-1


http://doi.org/10.7498/aps.75.20260556
https://cstr.cn/32037.14.aps.75.20260556
mailto:fdjia@ucas.ac.cn
mailto:fdjia@ucas.ac.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 2 3R Acta Phys. Sin. Vol. 75, No. 20 (2026) 200315

HFHAREAEAT, JR PR 2 AR LRI R st i
2 MOT B H 55O, e MOT Hh 453451
NESMRIEIE, IO . VLA T 2
KM MOT, Al SedliE 2wtz ith. HEA MOT
PR AE M =, FRECRERIDEAE T R
LR 8 B 2928 16 MHz , B3k 73 BE 4G o — 2
fbzs 1], ARSCRAE MOT 2 641 2 % ML L 1
XoF i 2 A Ak RN B0 Fi 7 T P R O R A i — 2P
5T,

ARSCRA 2DREEBE (MOT) JJR SL 3 i 5%,
il %8 [k MOT G R ML R G RHENDE S
AL IR LR 58 B A S0k B AR, R R
WO TR A 18], FEBLSERE  FRATR A
PRJG 7E 42 58 MOT D45 2 13 I S A A5 |
() AT 5324, Ffit—25 ST v 373 B B il 2%
R R ) A . AR SRR 2 TSI S T
B, 50 3 eI AE A A L], A
55 4 TR

(a) Glass cell PBS

o N

Probe light

J E—<— [46Ds,2)

) I ‘ DM

Coupling light PBS

\ PMT

BS/CCD branch

BT IR MOT 2G40 2% 1 I 4k ) 5 6 % B A BE O T 1A

v

2 LR ER L

S R B8 JE AR it Z4EREOEHE (2D
MOT) #il%&, W 1(a) Bz, ZRGEH—X =L
JE RS W 7 T 4 B . =% IE2E 1 K 2 780 nm 1Y
Bt (Cooling light) 5 FH-ZETH L S —~
FLAS PERE A . S8 G IRE S 2 IR 25 2k e A
[F), A S5 1 7 L AT B PRI Al ] 7 AE
25 1.6 G/cm [ HESH B EE . HHEE T 5458 3D MOT
1129 10 G/em Y SRV I G B0 BE | 3X — 4%
IINER BE AN Bl T34 I8 I = A KAl I 1] O
IS (OD), [R] e A s/ VB B/ 375 | S Y
Zeeman JEETE. SR HIZIE IR & @ AR, 2R T
SRR TE G SR BE T S, DT R B S S Awiip H
G R . el G AR, 2D*MOT |
He I o LS T S PR3 SR J T, IR L —
VA, LAY T OIE S — K SRR T
= ZIE T ZU R W K EE LY 4 mm , 2w

(b)  [46Ds5/)

119.9 MHz
MW
22.94330 GHz
[47P1/2)
+3-- +212.0 MHz

=

;
= s
2 2
23
SE
ISBKd
sl

=2

(a) SLHAZ LA BN BIEL ARG & K SE R R T B AL

T B O, BEMOE (Probe light) F#E 456 (Coupling light) 78 A S A 28 R 48 73 A% (polarizing beam splitter, PBS ) 2 Jf I ik
FE N H AW PR, 2 A8 (dichroic mirror, DM ) & 3 2 5 = fill i ; 12 #15% (Cooling light) A T 4+ MOT # 4235 17. MOT %
JeZ Ly Ly MR BB B iR R GRS , %38 70 SR 4% (beam splitter, BS) 43 ZOLH A7 4 (photomultiplier tube, PMT )
Hl CCD A% 3 % . 1% (microwave, MW ) K £k M 1] 45 BR s == . (b) XU HLAE 6% 80 & R GRS & BB 2L &]. 780 nm #RM S
(Probe light) #§4+ 581 /9, FF = 2 — 5P3 9, F/ = 3BT, 480 nm#855'% (Coupling light) #E-25#UK 2 46Dy 9 B 46D5 /o HAELR L,
fo = 22.94330 GHz Ry A IARFE & 46D3/5 — ATPy o BRIE; PIRHGK KR 5Py 9, F' = 3 — 5815, F = 2 B MOT SR AT
Fig. 1. Experimental setup and energy-level scheme for MOT fluorescence-loss spectroscopy. (a) Schematic of the experimental
setup. The probe and coupling beams are reflected by polarizing beam splitters ( PBS ), selected to be vertically polarized, and com-
bined by dichroic mirrors ( DM ) before counterpropagating along the atom-cloud. The cooling beams keep the MOT continuously
operating. The MOT fluorescence is collected by the two-lens imaging system formed by L; and Lo, and split by a beam splitter
(BS) to the photomultiplier tube (PMT ) and CCD imaging branches. The microwave (MW ) antenna irradiates the atom cloud
from the side. (b) Energy-level diagram of two-photon Rydberg excitation and microwave coupling. The 780 nm probe beam drives
the 58Sy, F' =2 — 5P3/5, F’ = 3 transition, the 480 nm coupling beam further excites the atoms to the 46D3,5 or 46D5,5 Ry-
dberg state, and the fo = 22.94330 GHz microwave field couples the 46Dz, — 47Py /5 transition. The wavy arrow denotes the
5P3/2, F'=3— 5812, F' = 2 fluorescence readout.
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Fig. 2. Pseudocolor map of the MOT fluorescence signal under different optical-field conditions. From top to bottom: simultaneous

probe and coupling beams, coupling beam only, probe beam only, and without the probe and coupling beams. The typical optical

powers are I, =100 pW and I. =40 mW . The horizontal axis is the two-photon detuning Az, , whose zero is defined at the

46D3/5 two-photon resonance, and the color bar denotes the PMT voltage signal in V. The two dark bands correspond to two-

photon excitation to the 46D3,, and 46D5,5 Rydberg states.

200315-4


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. 20 (2026)

200315

PRSI AR AT AR R . ST [ E RS A
FON 40 mW I SRAET, & T ARG 1,
TRy Z RS, 2R WA 3(a) iR, B 3 HH
FWHM ¥ #2640 Rk W i i il 545 31 A 8G
FRifEZ A o, W FWHM = 2v2In20. & 3(a) T
W £ [ Bl s FWHM B00E 76 R C D %
H23T 6 MHz, 5 5TRb 5Py 0 25 H SR 4k 98 Dop/2m ~
6.07 MHz A0 4. SGHRMSEDI 3 1, 5 T2 40 pW )7,
SISy B e N ) SR (S
A AERFTE L) 7 MHZ FFHE . ¥ JEFRE i 238 i
VoA T E TN, B R MR B iR | /T, s
KA DR R E, PRI T 3R R TEAS 2 2 i
2R TE I 3 I
&l 3(a) H YL 7 S /s (B 5 B8 25 1 T ¢
DU Nl Y RS By ) S Y A AR SN 25
AU H 3 55 Dy 28 DXCPGEIE I | 1 Dy 2R X 1
BMEISH ML, MAE R 4% IR P RE
AR, ME T BN RS R T E S G5, £
P b PR AN T PRI 2
S(P) = So + Ar/(1 + 2k), (1)
Horbr o A RI, A KR REL, PSS H A
WK, k= P/P, HIH—L YIRS 72K 3(a)
LI LR I 3TRb 58y 0, F = 2 — 5Py 0, F' = 34K

14
(@) E% 11000 .
il e LR
bl oy
N 10 il 1800 £
£ - :
i 5 . % )
wn
L et Ho S
; 6 § %'é R e §
2 |/ 41400 8
= 4 L/ ——- 5P3/2 natural linewidth é
/B & Measured linewidth =
2 % --- Empirical saturation trend {200

O Measured loss signal

4 6 8 10 12 14 16 18
I},/Q/pwl/z

iR B A ADESE I = 3.05381 mW /em? P9, 254
JEF A2 1 mm FOEBEELAR, T 5T [RIBEF- 3
SRIE T = P/[n(d/2)2) A%, AIARXER B 225 1AL
AP~ 24.0 pW . TEBLIERN B, py SE B0 75 )
Sy~ 0F1A=1999.0 mV , MRS K ArY LT
S ML, WTLIES, L85 S EJL T
NI ISR FF7EZ) 60 pW IS Bk A B X, 31
B 100 wW O A TR T 38 1 A DX (] Y. 25
FA SIS PRI SEAR XS T A AE +212 MHz
P, [N R 27 B 2 Re iz LT £ 3
R B 1220 sem, 252 2k S e TR
X [H], AN TR P RER 5 1% S50 T
FIREER T SR ) S BE R 100 pW R K
DGR TAED) R, 1% )5 Re A8 S (LR e Th R ) FL A
CRIR AR, R i G aff — 25 38 R S T %)
MOT JiF 2= 1 AL E .

FEBE RGBT L 52 fe , AT —
ARG G ET A 1 X R i 2k v A 5 o
FERSENR . SEH [ E BRIDETI 2R 100 pW , RS
HETI M 10 mW ZE AL HEIN 2 70 mW , I HEAH 2]
g5 IR nE 3(b) Frs. & 3(b) o iy € 5 S TR
FWHM %4 [ FE4E R 7E 29 6 MHz, 5 87Rb 5P3 5
B HRLETEM Y. WE I A 10 mW BT E 70 mW
FWHM K2R GPER K, SR ZHE &L &

14

(b) —-- 5Pj3/2 natural linewidth A 1200

12k & Measured linewidth S >:
——- Empirical saturation trend /," %A 1000 S
N 10 O Measured loss signal Aflﬁ % g
as . )
= i {800 @
3 8 a8 7
e ; =
N % ______ {,____@_é__,jil:_uz_i_i_i___i_i 600 ¢
é % e ;@m’/ §
2 4 ¢ B {400 %
20 g 1200 &

ul

0

1 2 3 4 5 6 7 8
12 /mW/2

B3 RIDEARLG G A XN T MOT $2 G e i R AR S 500 52 . i €2 108 B A7y o3 S0 0045 15 B I ek i A2 92, i
HELRF 7R 8TR P55 25 HARLR W6 S % L0 G T7 Yo NAR (9 OG0 2R e (EL S BE (% L A7 0 A ), 00 €00 Rl £ S 2 6 1 0 4 th £

S(P) = So + Ak/(1+ 2k) , Hith k = P/ Ps

(a) BEMACIFE I = 40 mW , HEFTRMDCIHE 1, , IFB P ~ 24.0 yW ; (b) [

SEFRMDEI R I, = 100 pW , FHEAOEH 1o, IFBARC HH AR R 1Y 5Py 5 — 46D3 5 AAEMIFI IR Ph ~ 6.52 W . 2255

FETR LU N T S 1) o 2

Fig. 3. Dependence of the measured linewidth and fluorescence-loss signal on the probe and coupling-light powers. The blue circles

denote the Gaussian-fit FWHM , and the blue dashed line marks the 87Rb 5Pg /2 natural-linewidth reference. The red squares de-

note the measured fluorescence-loss signal on the right axis, and the red dashed lines are empirical saturation trends
S(P) = So + Ak/(1+ 2k) , where k = P/Ps . Panel (a) shows the scan of I, at fixed Ic =40 mW with P;P”p ~ 24.0 uW , while
panel (b) shows the scan of I. at fixed I, =100 uW with the ARC-based intrinsic saturation power P;ljc ~ 6.52 W for

5P3/9 — 46D3/5 . The error bars denote the standard deviations of repeated measurements.
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Fig. 4. MOT fluorescence-loss spectra and AT splitting under different MW field amplitudes. (a) Spectra at the resonant MW
frequency of 22.94330 GHz; the side peaks are AT -dressed peaks and the center peak is a residual uncoupled or weakly coupled
component. (b) Extracted Afar versus Eyw, with +/Pyw shown on the upper axis. The star marks the 7.5 dBm operating

point and the calibrated A fres &~ 36.09 MHz , which is used for the detuned AT model curve in Fig. 5(b).
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Fig. 5. Rydberg AT splitting spectra and detuning response under different MW frequencies. (a) Fluorescence-loss spectra at
7.5dBm. (b) Afar = fs — f1 from resolved Peak 1 and Peak 3; the orange dashed line uses the Fig. 4(b) calibration, and the
green dash-dotted line is a free fit. (¢) Branch trajectories of Peak 1 and Peak 3 with fixed A fres .
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SPECIAL TOPIC — Ultracold atomic and molecular physics

Microwave electric field measurement based on magneto-
optical trap fluorescence loss spectroscopy’
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2) (CAS Center for Excellence in Topological Quantum Computation, University of Chinese Academy of Sciences,
Beijing 100190, China)

( Received 21 April 2026; revised manuscript received 13 May 2026 )

Abstract

Cold Rydberg atoms provide long coherence times and strongly enhanced electric-dipole moments, but
many cold-atom microwave electrometry schemes rely on cyclic preparation and probing sequences that reduce
the measurement duty cycle. We demonstrate microwave electric-field measurement based on magneto-optical
trap (MOT) fluorescence-loss spectroscopy in a continuously operated cold 37Rb ensemble. A 780 nm probe
beam and a 480 nm coupling beam drive a two-photon transition to the 46D Rydberg states. When the two-
photon resonance is reached, atoms are transferred out of the MOT cooling and fluorescence cycle, producing a
measurable decrease in the MOT fluorescence and enabling real-time optical readout without switching off
the trap. By optimizing the probe and coupling laser powers, we obtain a fluorescence-loss linewidth of about
6 MHz, close to the linewidth limit mainly set by the natural linewidth of the 5P/, intermediate state and
approximately one third of the linewidth reported in previous cold-atom / fluorescence-loss microwave
measurements. With a resonant microwave field coupling the 46D;,, and. 47P;); Rydberg states, the loss
spectrum exhibits Autler-Townes splitting, and the extracted splitting increases linearly with the microwave
electric-field amplitude. For detuned microwave fields, the measured peak separation follows the detuned
Autler-Townes relation, providing a route to infer microwave detuning under calibrated conditions. These
results show that MOT fluorescence-loss spectroscopy can preserve the low-Doppler environment of cold atoms
while retaining continuous operation and real-time fluorescence readout, offering an experimentally simple
pathway toward continuous cold-atom Rydberg microwave sensors.

Keywords: microwave electric field sensor, magneto-optical trap fluorescence loss spectroscopy, Rydberg

atom, Autler-Townes splitting
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