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Fig. 1. Influence of gravity field on M-Z atomic interferometer.
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Fig. 2. Uncertainties of 7 in microscopic particles weak
equivalence principle test based on atom interferometry.
MPQ, Max Planck Institute of Quantum Optics; ONERA,
The National Office for Studies and Aerospace Research;
LUH, Leibniz University Hannover; UF, University of Flo-
rence; WIPM, Wuhan Institute of Physics and Mathemat-
ics; HUST, Huazhong University of Science and Technol-
ogy; UB, University of Bordeaux.
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Fig. 1. The performance of our active vibration isolation [*8]. The data acquired before (a) and after (b) we isolate the whole system
from the main noise source and decrease the environmental noise. The logarithmic vertical axis shows the equivalent acceleration
noise measured by the seismometer. The black line represents the vibrational noise on the passive platform with the feedback
loop off, while the blue line represents the residual vibration measured by the in-loop seismometer and red line is the out-loop

measurement with the feedback loop on.

160402-3


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 16 (2018) 160402

JEF A WEP A5 56 S50 75 55 S g o (1 5 B il
R A PR B R P R | L 8 e R R
AR L P BN A 5y S5 TP LA 75 40
[N EReE RIIESEAETLISEWIpr S

4.1 #REHEEFEBIHIH

TR A, R zh g it by &0t O
BB E T RSN AN . T BRI E
TPACHI A AL e 75 T 8O AR S T
PRBNIFBRE. ST LTI RAL T 1/T MRS
B AURR, R AT IR 2 Mg 75 X D o ) B 3 e 1)
ARG K. AT R E R T T A WEP K5
SEIG RS B, TE LB R TR IR R
RS IR R . A S s A
0.01—10 Hz (RARIR S e 75 Tang & I R @ T
— AT FE SR L KR S BN RRIRE AR, R X Fh
NI B b4k 5 G0 68K 1 5t 10 3R 20 e 0 )
A, #0.01—10 Hz B AR Bl M s 15 2 B IR 2
1079 g/v/Hz /KF, SEEGEE B 3 Fios. B4 &K
HE2RRIE R G0 fG — 4R T F a8 i xt b, a1
PUE R EZ IR R G005, 7T 80
et A B .

2.2

2'1 T . . .
Active isolation on

2.0 A

3/arb. units

1.9

1.8 A

1.7

1.6

Atom number in F

0 100 200 300 400 500
Points

4 FEFRIETAEN T = 70 ms BRFTF5 %5045 3
i (48]

Fig. 4. The atom interference fringe of 7' = 70 ms is
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uration; (b) double-diffraction Raman transition configuration.
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1/10~8 Uncertainty/10~8

Experimental data —491.6 0.8
Effective wave vector error —494.4 0

Second order Zeeman shift 0 0.01
Gravity gradient 0.01 0.03
Coriolis effect 0 2.9
ac Stark shift 0 0.2
Total 2.8 3.0
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Fig. 8. Ellipse fitting of population in two atom interferometers: (a) Ellipse figure obtained with synchronous

and (b) Lissajous figure obtained with proportional scans (721,
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Abstract

The equivalence principle is one of the two basic assumptions of general relativity. It is the extension of weak
equivalence principle. At present, a lot of experiments have tested the weak equivalence principle within a certain
accuracy. However, the new theories that unify the gravity and the standard model require the weak equivalence
principle to be broken, so the highly accurate test of the weak equivalence principle has important scientific significance.
The test of the weak equivalence principle using microscopic particles complements and extends that using macroscopic
objects. In this paper, the principle of the atomic interferometer is introduced, and the history and status quo of
experimental study on weak equivalence principle of microscopic particles using atomic interferometer are reviewed. The
precision of experiments using different-mass atoms is improved from 10~7 to 1078, the precision of experiment using
different spin-orientation atoms reaches the level of 1077, and the precision of quantum test using superposition-state
atoms reaches the level of 107°. The key problems in the weak equivalence principle test using dual-species atom
interferometers are summarized. Advances have been made in vibration noise suppression, frequency shift and phase
noise suppression of Raman laser, four-wave double-diffraction Raman-transition atom interference, signal detection and
data processing. The development of long-baseline atom interferometers for improving the free evolution time of atoms
has progressed. The precision of demonstration experiment of weak equivalence principle test using atom interferometers
in weightlessness reaches 10™* level. The space plan for atom interferometer based weak equivalence principle test is
also gradually implemented. The test precision of microparticles’ weak equivalence principle using long-baseline atom

interferometers or space atom interferometers is expected to reach the level of 107*~10717 in the future.
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