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Detection of microwave and terahertz waves based on Rydberg atom
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Abstract: Rydberg atoms can be used for high—precision, self-calibrating measurements of
microwave and terahertz fields due to their large polarizability and electric dipole moments and high
sensitivity to external electric fields. In this paper, the research progress of using the
Electromagnetically Induced Transparency(EIT) effect and the Autler—-Townes(AT) splitting of Rydberg
atoms to achieve high—precision detection of microwave and terahertz fields, is reviewed, as well as the
research of Rydberg atoms in fast terahertz imaging.
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Fig.1 Level diagram and experimental set-up!'”’. (a) Schematic diagram of the four—energy level transition of cesium atoms. The top part of the inset
shows an example EIT feature associated the three—level system without a MW electric field. The bottom part of the inset shows an example of the
bright resonance that is produced within the EIT window when a MW electric field is present; (b) the experimental set—up used for the experiments
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(a) EIT spectra for experiments (black) and theoretical (b) EIT-AT spectra at high MW field strength incidence. AT
(red) at low MW field intensity splitting of the 53D;,,—54P;, Rydberg transition that occurs

for larger MW electric field intensity

Fig.2 Four—energy EIT and AT splitting"'"
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Fig.3 Four—level EIT transmission signal as a function of MW
electric field intensity!”
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Fig.4 Basic principle of the Rydberg—atom superhet!
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Fig.5 Demonstration of the optimal point and proof of principle of linear detection!')
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Fig.6 Sensitivity and uncertainties of the electric field measurement!'”)
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(a) Doppler frequency measurement based on Rydberg—atom superhet
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(b) MW field phase measurement based on Rydberg—atom superhet

Fig.7 Frequency and phase detections!"!

Pl 7 AR FIAR S A )

MW AR BA 00 7 0 m v AUE B R, P, EEME . RHN . AR IT . 2Bk TR E AR W

W45 SR AT T3 T2 R o AR G5 TR 1 MW Il & 7 ik EE LA 2 H s K A ok, ik, L
AE LT Rydberg J5t 1~ (1 5 A 2800 M 12 H R O 45 BNR AR BIF 5800 F/ R A T

E F Rydberg [ F8 THz M= R G AR



2 FamE: FIABREEEFRMNBIEMAHZROFAR 129

) T2 o P B B, TR AR R 2 O ) RO B T A U X, IR THz B LA s R L O T RE AR L
Fetk, T A TAA R . R JEAE BT AR S P

B 5B THz 3 0B R 5 2 5 AR | R FHR I 220 S 28 46 s VR ST . S 3 & . AR
U85 AR ME R 28 A5, M R B IR, A e AR R T B RIR TS TAEA BE S LA AF P R b . R,
MRS, REGEEITNAR R B R A . BB L T SR R R ) B AR THZz B3 E R T S 80 R
L2 RE M AR, SCBXS THz {5 5 IR (B A AR I o % FE 4000 25 A0 1 1 4R 6 A L DY ol S 300 2% RN 3 R0 0T A R
4. B THz B2 R A & R, XF T THz 8800 #% R UE 2kt g P 3 5, 32 3] Rydberg Ji 77 MW 5 R
PRI JE A, NATTBE 3 Fl )5 ¥ 0% T THz B4R . WADE C G 25 ) FH 1 18] 8(a) it 7 4 46 J5 1 T BE 2% & %2 A1 A 8(b)
rh Sz B ST P T M R R 0.634 THz ) THz 35 M 27 24 THz 3557 IR 35 R Q= 2n x (5.2 +1.4) MHz I, 5E
WA RN 9 R . @ik Tk Z BT, WA CRE)EITHES(EQ) Hava. JF B, & 28 X0
U4 EIT-AT 53 245 5 (L0 ) L BRI LG W) & FE sy, BN G) T35 1 st if THZ 3% 5854 (25 £ 5) mV/em.,

|nP3/2>

[7S,,), [D,,yor|(n-2) D)

Rydberg laser (A==780-1 000 nm)
| 7810, F=4) () Rydberg laser probe laser
|71 F"=3) camera

coupling laser (A=1 470 nm) q PBS | I
| 6P, F':5> photodiode =160 mm
1
|6P3/2’ F74> C’ % =y % // s f {
|6Pm F':3> PBS coupling laser
? 852 nm filter __ f=100 mm

) terahertz beam
probe laser (A=852 nm) 11.75 GHz input

"
5.9 B -
| 6S,p, F:3> AMC PMT

Fig.8 (a) Schematic diagram of four—step excitation of cesium atoms; (b) experimental set-up used for the experiments*”
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Fig.10 (a) experimental set—up used for the experiments. experimental setup showing the geometry and propagation directions of all lasers, the THz field,

and the magnetic field; (b) **Rb five-level diagram. **Rb energy level diagram showing the transitions coupled by our light fields™!
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Fig.14 (a) EIT signal without both coupling laser and terahertz waves (yellow solid line), EIT signal with only coupling laser (red dotted line), EIT-AT
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Fig.16 (a) EIT-AT signal changes under different coupling laser field intensities. We choose 1 kV/m (blue solid line), 3 kV/m (red dot line), 5 kV/m
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Fig.17 (a) experimental setup; (b) terahertz fluorescence imaging; (c) Rydberg atomic transition frequency; (d) schematic representation of the transition of

cesium atoms; (e) real-time imaging video!*’!
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Fig.18 (a) THz electric field measurement using EIT; (b) camera calibration!*”
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Fig.19 (a) schematic diagram of the transition of cesium atoms; (b) spectral characteristics of the fluorescence from the vapor, both with and without the
THz field(green and orange lines, respectively); (c) diagram of experimental setup!**!
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