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Fig. 1. Measurement system energy level structure.
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(¢) saturation spectrum and its frequency discrimination curve.
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4.3 B=EHX EIT JiERIZ0H

TEREVERTT, 2 5 T REA T T A2 28 2 5L
IV, 3K e 2 FEL BIT jE A A RS 17322, Sk IR
BRI TR Stark 0%, HK, BB 73540
S PEET AR IBUE. [, AN[E 2E € T RE L [E]
[ CG REUAIR, 2R A R RE 2 8] 1 R HE
AR, WA AR

TERESERTY , RER 2 RS, ik N

B
Af = g2

> (20)

Z_th:', 93 jﬂ%f@%, my yﬂﬁﬁ%%ﬁ, up R IR
¥, B RAMINEEZ WS EE , b Ry 0 v B X T

Dy BIET, HIEWHMEY (B = 0.1 mT) REHM
BRI — Rk N
Af =gs2 5”33 ~ 4.2 MHz. (21)

ﬁ%ﬁﬁa?ﬁ%%%ﬁﬂ’)ﬁ%iﬁ% (MHz f4%) it
/N T T R fiFs (7 MHz 82),
WA S 2 S S AN TR R E .

4.4  BOLRIRKRE XS B I7 R B AR

BN RES ), LRy Ky 4k 36 Ffn]
AERASRIRE AN 10 Bz, Horh F o HOR 28 &
TR, TR T Reg b il TR % A e 5 i
FUBERY AR BARE TS RS A BES 20 2, iR PR n]
PE— 03 R AR me BRI, mg & FRYRE T
K, HIEN R -F )+ F. R, J??’**
PR RESAE JCS ML I IS DL Ab T 25
I TE T M B PR {)ﬂ'y‘ﬁ'ﬁ*%%y‘ﬁﬂﬁﬁ}?&é’i@ﬂ@?ﬂﬂéﬁﬁ
SR W ZCE TGN L ) | 1H PR BEZR AT O B 26 AF T
ST BRI G5 RS e % D5 1 X ST BRI Y

F=4
F=3 49D52
{F_2 /- /-/
F=1 .'\

= J 6P3/2
F=2 6S1/2

10 FIERE A RES T 1 RE A

Fig. 10. Consider energy level diagrams at fine energy levels.
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Fig. 11. Effect of laser polarisation direction on EIT spectra: (a) Polarization directions of the probe light and coupling light are

parallel; (b) the polarization directions of the probe light and coupling light form an angle of 20°%; (c) the polarization directions of

the probe light and coupling light form an angle of 45°; (d) the polarization directions of the probe light and coupling light are per-

pendicular.
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Fig. 12. D-state atomic orbitals.
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Fig. 13. Measurement results: (a) Parallelism between the direction of polarisation of the probe and coupled laser; (b) 22.5° angle

between the direction of polarisation of the probe and coupled laser; (c) 45° angle between the direction of polarisation of the probe

and coupled laser.
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Abstract

The interaction between an electric field and the energy levels of Rydberg states results in the Stark effect,
which can be used for quantum detection by measuring the frequency shift in electromagnetically induced
transparency (EIT) spectra. By using the functional relationship between the frequency shift and the electric
field, it is possible to measure the electric field in question. However, the mismatch between the probe laser and
the polarization direction of the coupled laser leads to errors in the measurement of the frequency shift,
affecting the accurate measurement of the electric field. In this work, the Schrodinger equation is solved by
perturbation method to derive the functional relationship between the energy offset and the electric field
strength. Then, the functional relationship between the energy offset and the electric field strength is brought
into the solution of the density matrix equation, and the influences of the polarization direction of the detected
light and coupled light on the EIT-Stark mathematical model are analyzed. Then an internal electrode method
is used to prevent shielding effects caused by alkali metal atoms adhering to the surface of the atomic vapor
cell, thereby enabling the application of the electric field. The calibration of the Rydberg state polarisation rate
is achieved by using a standard source and measuring the frequency shift of the EIT spectrum. Finally, the
effects of polarisation mismatch on the measurement results of EIT spectrum and the electric field are verified
by modulating the laser polarization direction. The experimental data show that when the polarization
directions of the probe laser and coupled laser are parallel to each other, it is the most matched polarization
direction for the lasers, the peak value of the EIT spectrum is the largest, and the maximum relative error of
the electric field measurement is 1.67%. When the angle between the polarisation directions of the probe light
and the coupled light laser is 45°, the laser polarisation mismatch is the most severe, the EIT spectral peak is
the lowest and the maximum relative error of the electric field measurement is 10.24%.

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

laser polarisation
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