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Fig. 1. (a) Energy level diagram for the four-level system. The top part of the inset shows an example EIT feature without a mi-

crowave electric field. The bottom part of the inset shows an example EIT-AT with a microwave electric field. (b) Experimental

set-up used for the experiments!?.
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Fig. 2. Electromagnetic spectrum (terahertz region between microwave and infrared).
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Fig. 4. THz electric field amplitude measurement: (a) Probe
transmission line shape for 2r =0 and best fit line
(dashed) is a single Lorentzian; (b) probe transmission line
shape for 2r/2n=(5.2+1.4) MHz and best fit line
(dashed) is a single Lorentzian; (c) probe transmission line
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Fig. 5. Real-time near-field THz imaging based on Rydberg atom: (a) Experimental layout; (b) spatially resolved THz intensity;

(c) resonant transitions between Rydberg states in the THz band; (d) caesium atomic energy levels and laser excitation scheme;

(e) real time video®.
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Fig. 6. (a) THz electric field measurement using electromagnetically induced transparency (EIT); (b) camera calibration. The camera

signal as a function of THz intensity!sl.
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Fig. 7. THz imaging at ultrahigh speed based on Rydberg atom: (a) Internal energy structure of caesium; (b) spectral characteris-

tics of the fluorescence from the vapor, both with and without the THz field (green and orange lines, respectively); (c¢) diagram of

the imaging setup described in this work; (d) metal mask (center) placed in the object plane of the system/*2.
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Fig. 8. Ultrahigh-speed THz video: (a) THz video of an optical chopper wheel rotating at 700 r/min; (b) capture the dynamics of a

water droplet in free falll32l,
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Fig. 9. Digital communication based on Rydberg atom: (a) Experimental set-up used for the experiments; (b) energy level diagram

for the a ladder-EIT system used for the experiments; (c) probe intensity modulation measured with a fast photodetector; (d) probe
intensity modulation measured with an optical heterodyne; (e) Rydberg EIT (blue) and AT splitting (green) obtained by measur-
ing probe transmission; (f) example demodulated transmission signals; (g) 8PSK sent and received phases; (h) phase constellation of

the received phase in panel (g)P7.

060702-8


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. 70, No. 6 (2021) 060702

HHRL IR 2, = pioEy /R, Qo = posEc/h, 027 =
s Br /LSO B YRR Ap = wp — w12, Ac = we—
wog, AT =wr —ws4. ﬁE{Mﬁlﬁjﬂ%%, M2, =2n x
5.72 MHz, KHF2EH1 AR08 O = 2r x [0, 1,
2.5, 5] MHz i}, EIT-AT 55 24 (%) £ (5 1155 45 5
1 10(b) . Xof Rl 24 2805 A7 W B2 R, i 3k
1309 EIT 5 5 A W HHE . | EITES 1
W R A8 R A5 2 B A 1 A5 . d A A R A
PR, PTARBAEALE B Bt r] S Bl
RS AR B | IE A IR MR R 1 45 R P s o ik i A
SRR

2.4 HEFEFEKXZE Rydberg KiFz&NEiHE
Rydberg Kifzz L5024 BN 11(a) Fis, 3

@
25515 |3) A

b€

6P3/5 |2)

-

2, | 852 nm

651/2 |1> L

WS GA L) JEBEREE42 8 120 pm (70 pm),
&y 82.12 pW (12.24 mW). HRIMDEFIEE 46
TE y Oy W) LA 1 AL 5, KR 25 IR0 o 7 In A% 4%
VR T4 J5 36 . S50 5 F B9 e 4 &1 an &1 10(a)
JT 7 . S 3 v AR P R R AR AR A S R D' ) 9K
AR, LA A2 6815 (F = 4) — 6P35 (F' =5) REZR
BRIT, #G MR TE 6Py (F' = 5) — 258, 5 BEHK
BRI R4 18 11 (b) vt B g sz 2 g R0 2|
B EIT {55, W75 Kbk 25 Ml % 2 338.75 GHz, #4
4 Rydberg e K 2581 )5 — 25P3,5. M K25 %
YEHIEE, Ji Rydberg —REH R GLRY EIT & W i 1
B AT 3, HEEF S HEIRAG KR, AT 7
ZUEBERGA, QA 11(b) B SR E SRR,

— 27 =2nx0 MHz — 07 =2nXx2.5 MHz
— 7 =2nx1.0 MHz — Q27 =2nXx5.0 MHz

1.0

0.8

0.6

0.4

Probe transmission

0.2 F

OF
—-15 -10 -5 0 5 10 15
A,/2n/MHz

K 10 (a) Rydberg TIAEZL RS (b) MHBELPLLLAIFE R O = 21 x [0, 1, 2.5, 5] MHz B, 2 5% 0 () EIT-AT 43 444 (B

e, i, ge)

Fig. 10. (a) Rydberg four-level system; (b) Autler-Townes splitting simulation for 2r = 2n x [0, 1, 2.5, 5] MHz (black, red, blue

and green solid line, respectively).
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Fig. 11. (a) Schematic diagram of Rydberg terahertz experimental device; (b) transmission signal of probe laser (black solid line,
without THz; yellow, pink and green solid line, with THz for A f= 6.29, 12.44, 34.57 MHz).
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Terahertz measurement based on Rydberg atomic antenna’
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Abstract

Rydberg atoms have large electric dipole moments in the microwave and terahertz frequency band. The
detection of electromagnetic field intensity in this frequency band can be achieved by using quantum
interference effects. Theoretically, this detection method can have a sensitivity much higher than the traditional
detection methods. Therefore, electromagnetic field detection and precision measurement technology based on
Rydberg atomic quantum effects has great application prospects in terahertz field strength and power
measurement, terahertz communication and imaging. In this paper, we review the basic theory and
experimental methods to realize the self-calibration and traceability measurement of electromagnetic field based
on Rydberg atomic quantum effects. The principle and technical scheme of high-sensitivity terahertz field
strength measurement, terahertz near-field high-speed imaging and terahertz digital communication based on
Rydberg atom are introduced in detail. Finally, the processing terahertz detection work based on Rydberg atom

by our research team is also mentioned briefly.

Keywords: Rydberg atom, precise measurement of electromagnetic field, terahertz imaging, terahertz

communication
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