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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 combined 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 5S;/5, F' =2 — 5P3/5, F' =3
transition, the 480 nm coupling beam further excites the atoms to the 46D3/, or 46D5/, Rydberg state,

and the fy = 22.94330 GHz microwave field couples the 46D/, — 47P;/, transition. The wavy arrow

denotes the 5P3/s, I = 3 — 5S4 /2, ' = 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 uW and I, = 40 mW.
The horizontal axis is the two-photon detuning Ay, whose zero is defined at the 46Dg/, 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 46Dg/, and 46D/, Rydberg states.

RS 45 S R SR M EE S A AT AR RE B T ERIEAR N T A A +212 MHz ORISR,
WA P TEVEP A B A SR . R A AR B R SRS BRSO B AN 4T 1 2001 SR 45
R A UWAOCRE R AZER, RGeS il 2 A 46D M 46Ds ), HIROLTILIRFA, KT
TR 2 PRI Y o X — PP RATRE S TERD PHF BHEAT . TR SR S BRvA 20 10 25 24
T, MNP AE S R SE AR AR S B ROR B, SEIL T R IR ESL . AR, AR

SR I I B SR e T A . TR R, BN ISR EE AN e A E . I ARC FE RO IHE
5P3/5 — 46Dy 1 5P3/5 — 46Ds5/5 W5k SCHEMTHLARIRAERE TC, 45 SRR WP 2@ 1A R R A2 AE W 2
et FEMFERIRBCE T, 5Pg0 — 46Ds o IERIA RURMHT-T7 414 5P3 /0 — 46Dg), IR 9 5.
WL, Pl 2 R SRR R R I 22 S T DA A RS B AT A S8R 45 iR E [ 22 e L PR R A BB
5K B T o 7 B B ) LA R R AN A R 1Y MOT 56tk IR IR (S35 - MOT () Zeeman



TREGANE . k> Jufilia i i DL E SR AR B St it — DR B TR, Bl ARC 4t
L) 9 Aok 28 F T U B IR H R 2 e ) 2 B BRI, T A A g S0 I H7 R B2 LU AR 32 R E AL

N R G S H UL B 5 SEB I B BN L, ATRGW T 7RG DR I, MG I, X
MOT %GR L 58S 5 5 LI . A6 T Y AOGAE SR T = A KD BE R RN, PR s AR
DN ZEERCT SO . SEEREBDER G IIRAN 40 mW BIFMAT, WE FARRIDCIR I, T
TR, ZRWNE 3(a)fin. B 3 T FWHM ¥l O6HURIER @il G338 SUaEEN
o, W FWHM = 2v2In20. B 3(a) W B s FWHM S ER MG DR F 0L 6 MHz, 5
STRb 5P3/5 # HARZLFE Tsp/2m ~ 6.07 MHz AH. SEENDCIIE I, W T4 40 uW J5, L3RI
SR DU O K PR, (HR R AR A2 7 MHz M. W BT RES P 2 8 8 R se B 5 ), B
B RS BIR T B /T, POE R R E TR oE, DR LRI T 2 e v AN 24 AT 22 9 14 £ S350

K 3(a) T HILLE T SRR SR B 45 1 0GR R I SR BRI G Th 2 T, AR AL 200 R4 AXAE
IR “CgIhRX PRGN, mIERKETFE” WERRSH MLk, mATE kIR RSB ML,
BT HEA RN RESER, Bdnabsd e g i oiZp A 2

S(P) = Sy + Ak /(1 + 2r), (1)

Hrt Sy ATRIL A ARERE, P, ASHBWNIE, k= P/P. AA—UNFESH AL 3(a) T, 4
LR SR 581, F = 2 — 5Pg)p, F/ = 3 LifiRAASWADE 1)) = 3.05381 mW/em? P9, 458
JRF =429 1 mm FOEREEAS, B SRBEFIRE T = P/[r(d/2)?] fi5, FXT RS H D%
P~ 24.0 uW.o {ESLEEAL B, HSRIRBET 3] So ~ 0 A1 A = 1999.0 mV, AR EH L5 %
ek, FTULE 2, SCae (5578 J LR bLva i A IR 38, JFAEZ) 60 uW JRIZHTENTBIX, il 100 uW
CAL THRIDETY 2 T X (R P9 o 2% 58 B A3 rh BRIDEAR X T S A /E +212 MHz 2R3, RN R 5
2B 2 Re OIS LA S SR B R B D2 IR, 1% 58 IR U T e TAEI ), A T3
HERTBER BN )1 2K, BT LIREER, RSN B S IIE T 100 pW VE AR TAED R D%
eGSR Pt HO A 1 AR RO S 5, RN B ik~ BRI D% MOT J5 1 =& A L Z N .

FERfE R DA X WL R, FRATHE BT USRI I XSRS A 5 iR ALY
o S L E RIDETI N 100 uW, HREE LTI 10 mW ZHHINZE 70 mW, WS4 R
& 3(b)Fizrse & 3(b) P A G s FWHM s FIFEERF/EZ) 6 MHz, 5 5TRb 5Py 25 H IR AT
Y. BEH I A 10 mW B9INZE 70 mW, FWHM REIRGIERR, WIEZR S HEE N, L5

7



14 14
=== 5Py, natural linewidth === 5Py, natural linewidth
0] M;a;‘nred linewidth @@ _ 1000 [0} M;asured linewidth // 1200
12} ==- Empirical saturation tren L_[FE----m~~"8 12} === Empirical sauration trend o
_ gl -£f% . .
m Measured loss signal W m Measured loss signal ’
P ’>: el % 1000 g
10 @,@ 800 E 10 'ﬁ 5 0
~ P! = — o’ et
N a S N s
T s & el @/’ 800 b
= 4 m z = 8 o @
= / @ Fr © §e§§m§ g % 600 % = 3 § % % ’ % % § % é
S ) 8 =
=) / 0] - =l e § -
Z 6" ,‘%-@ EeeegP% ----- i ---------------- g £ 6p--—-—f--=--- % ————————— :,v‘ L S I 600 é
5 : ¥ leoo o>
/ 400 o § I- 4
afl/ g 4 p'@ 400 S
/B = il =
2 b S T
% 200 2r - % % 200
i
0 i 6 8 10 12 1 16 18 e 3 3 7 5 3 5 3
V1, (VW) VI, (VmW)
(a) (b)

K3 SRIDEARE LIRS J5 5 MOT FCH R R IE S B 52m . i (015 el Oy el s il & 45 21
M mAas, WHORARR SR 5Py, SHRKTESH: L0775 PR KI T R IEE EE O
LA, 2R S A ZRBF-aA L S(P) = So+ Ax/(1+2k), H k= P/P. (a) EEMEN
W I, = 40 mW, FSHRNDEIIR 1, JFH P ~ 24.0 pW: (b) EERMDETIE I, = 100 pW, 35
METIE I, JFEL ARC TR EI 5P;/ — 46D, AMEWHAITIE PR ~ 6.52 W, BREHERRZ UM
LI AR o
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 8"Rb 5P/, natural-linewidth reference. The red squares denote the measured fluorescence-loss signal
on the right axis, and the red dashed lines are empirical saturation trends S(P) = Sy + Ax/(1 + 2k),

where k = P/P,. Panel (a) shows the scan of I, at fixed I, = 40 mW with 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;*g ~ 6.52 W for 5P3/5 — 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 v/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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Microwave Electric Field Measurement Based on
Magneto-Optical Trap Fluorescence Loss

Spectroscopy™
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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 8"Rb 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 5P3/, 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 46D3 /o
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and 47P /5 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

SEeNnsors.

Keywords: Microwave Electric Field Sensor, Magneto-Optical Trap Fluorescence Loss
Spectroscopy, Rydberg Atom, Autler-Townes Splitting
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