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Fig. 1. Common type of dipole probe (91,
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Fig. 2. Stark spectra of krypton at n = 91 recorded
following vuv-millimeter wave double-resonance exci-
tation [13],
(a) 0 mV/cm; (b) 4.65 mV/cm; (c) 10.57 mV/cm;
(d) 14.53 mV /cm; (e) 19.43 mV /cm; (f) 29.45 mV /cmy;
(g) 44.43 mV /cm.

The value of the applied electric field:

Atom chip

Rb cloud

Imaging
beam
Field plates

MOT beam

® 4 .
> L o @fo
i 3 Distance to surface: | ,", V‘
£ 2} A150pm %7 ". “%A' ABy A
2 0600 pm %
1r \
< 14200 pm
% () Ic‘i’:ﬂléi:ﬁ&' K
b2

Applied electric fleld/V-cm~1!
(b)
3 WIR T HAELRAS Stark KON I 4 A B A5 R HIPH
1T LI e B AN AR BN BB RE S 5 RE R
J R B R 14
Fig. 3.

crostructure of an atom chip using cold Rydberg

Electric-field sensing near the surface mi-

atoms, set-up and the Rydberg excitation spectra (141,
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Fig. 4. Level diagram and experimental set-up using EIT effect to measure microwave electric field (10], The

top part of the inset of Fig. (a) shows an example EIT feature associated the three-level system without a

microwave electric field, the bottom part shows an example of the bright resonance that is produced within

the EIT window when a microwave electric field is present.

160702-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 16 (2015) 160702

- (a,) QMW =0 MHz

Quw = 21X 4.20 MHz

Qyw = 21X 6.65 MHz

Probe transmission/arb. units

Probe detuning/MHz

5 ZREEIT (A& R b ik i 5 8010 AT 4322 (10]

—30 —20 —10 0 10 20 30

— Quw = 21x19.0 MHz
() [\ — 2uw = 21X 39.1 MHz
—— 2qw = 21X 62.7 MHz

il i
A ‘f "l Iu‘l ‘Il .
5% I

Probe transmission/arb. units

—30 —20 —10 0 10 20 30
Probe detuning/MHz

(a) T PR 37 0 BE LA PR 2 B DI B (PR )

WIHH (A£R) 4558 (b) Wb %R EIRGRN, 53Dy /o — 54P3 o BUEERERIT AL B SEA AT 70 2¢

(10].

Fig. 5. Three-level EIT and splitting from the microwave electric fields : (a) the experimental bright

resonance dip and attenuation of the EIT transmission signal for low microwave electric field amplitudes
(black) with theory curves (red); (b) Autler-Townes splitting of the 53D5/, — 54P3,, Rydberg transition

that occurs for larger microwave electric field strengths.
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Abstract

Atom in Rydberg state has large polarizability, large electric dipole and low ionization threshold field. It is very
sensitive to electric field, therefore it can be used to measure the amplitude of electric field, especially the microwave
electric field. The new developed scheme is based on quantum interference effects (electromagnetically induced trans-
parency and Autler-Townes splitting) in Rydberg atoms. Instead of the direct amplitude measurement, this method
tests the Rabi frequency value of the transmission spectrum which is determined by the microwave electric field strength
and the corresponding atom nature. The minimum measured strengths of microwave electric fields are far below the
standard values obtained by traditional antenna methods. Compared with the traditional methods, this new scheme
has several advantages, such as self-calibration, non-perturbation to the measured field and independence of the probe
length. Besides, this scheme can also be used to measure the polarization direction of microwave electric field and realize
sub-wavelength imaging. Through adjusting the wavelength of coupling laser, a broadband 1-500 GHz microwave electric
field measurement can be achieved. This new scheme is benefitial to conducting the continue electric field measurement
and the miniaturization of the test equipment. In this paper, the researches about using Rydberg atom to measure
electric field with high precision are reviewed. The basic theory and experimental techniques are introduced. Finally,
we discuss a promising method of using Rydberg atom interferometer to detect the accumulated phase in the process
of interaction between electric field and Rydberg atoms. This method converts amplitude measurement into phase test,

which may improve the precision and sensitivity.

Keywords: Rydberg atom, electric field measurement, electromagnetically induced transparency,

Autler-Townes effect
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